MODELLING CHANGES IN EASTERN MEDITERRANEAN OCEAN CLIMATE FOR THE EARLY
HOLOCENE
Fanny Adloff 1* and Uwe Mikolajewicz 1
1 Max-Planck-Insitut fuer Meteorologie, 20146, Hamburg, Germany - fanny.adloff@zmaw.de
Abstract
We use the ocean general circulation model MPIOM to simulate the changes in hydrography and circulation for the eastern
Mediterranean Sea during the early Holocene 'climatic optimum'.
Keywords: Paleoceanography, Eastern Mediterranean, Circulation Models, Hydrography
During the Holocene, a series of changes in the conditions of the
Mediterranean hydrography occurred, essentially led by the orbitally-induced
changes in the insolation. This study aims to investigate these changes. We
focus on the Mediterranean because this semi-enclosed basin has largeamplitude reactions to external forcings. To understand the sensitivity of the
Mediterranean Sea to high- and low-latitude climate forcings and to estimate
the response to expected global change, we are modelling the Mediterranean
Sea at different time slices of the Holocene. We set up a regional version of the
general ocean circulation model MPIOM for the Mediterranean (26 km
horizontal resolution, 29 levels). We forced the model with atmospheric data
derived from equilibrium time slice simulations with the coupled atmosphereocean-dynamical vegetation model ECHAM5/MPIOM/LPJ. The experiments
are performed for both time periods 6000 years and 9000 years before present
as well as for the pre-industrial conditions (500 years of integration for each).
Diverse proxy records available from the marine cores are used for the
validation of our simulations. The effect of insolation and fresh water input
changes on the Mediterranean ocean climate for the Holocene are analyzed.
The amplitude of the SST seasonal cycle is stronger, leading to colder winters
with a resulting cooling of the deeper layers. The enhanced summer warming is
restricted to the very uppermost layers leading to a strong vertical
temperature gradient. For 9000 years BP, the increased Nile runoff (due to the
enhanced North-African monsoon) is overcompensated by the missing
outflow from the Bosphorus and the location of Aegean deep water formation
is shifted westward. For the 6000 years BP, the Nile runoff is enhanced as
well and the outflow from the Black Sea is reduced due to drier climatic
conditions in SE Europe. The model results are compared to available SST/SSS
reconstructions derived from paleoproxy data.
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Abstract
In the past the Nile floods transported large quantities of fine-grain sediments and nutrients at the end of each summer to the inner
shelf of Israel which is part of the Nile littoral cell. In order to determine the influence of the damming of the Nile on the sea floor 9
short cores (~30cm) were taken at ~40m in a S-N transect. The sediments, dated by Lead-210, significantly coarsen in the postAswan High Dam period with 5-10 times increase in >63μm size fraction, ~50% increase in CaCO3, ~50% decrease in total organic
carbon and ~2.5‰ decrease (-19.5 to -22) in δ13Corg. These parameters indicate a rapid and large scale change in the sedimentary
regime and increasing oligotrophy during the last ~40 years, with far reaching implications for the future of the southeastern
Mediterranean.
Keywords: Continental Shelf, Nile Delta, Eastern Mediterranean, Sediment Transport
Introduction
The southern inner shelf of Israel is located in the distal part of the Nile littoral
cell. Until recently most of the sediments in the 30-50m silt belt [1] were
derived from the Nile floods that reached the Israeli coast at the end of each
summer by the alongshore northward current [2]. During the last century a
series of dams were built along the Nile and since the operation of the Aswan
High Dam almost all the discharge to the southeastern (SE) Mediterranean
stopped, including ~107 tones/y of fine sediments [3]. This completely changed
the hydrological and biological regime in the SE Mediterranean turning it into a
hyper-oligotrophic sea. In this study we intend to characterize the consequences
of the shut down of the Nile River discharge to the SE Mediterranean and
examine the post-Aswan High Dam sedimentation pattern in the middle part of
the inner shelf of Israel, an area which is considered to be highly affected by
these recent man-made changes.

unlike the pre-Aswan High Dam summer floods that were of significant and
large magnitude and affected annually the Israeli shelf.
The decrease in TOC and δ13Corg, indicators of nutrient supply and primary
production, predates the sharp sediment coarsening. This may indicate that
earlier phases of Nile damming had already contributed to the increasing
oligotrophy of the SE Mediterranean, which accelerated after the operation of
the Aswan High Dam.

Material and Methods
Nine short cores were sampled along ~160 km of Israel inner shelf from off
Ashqelon in the south to off Acre in the north. The sediments were taken from
the silt belt at 35-40m water depth, an area most sensitive to changes in Nile
River discharge [1]. The sediments were cut into 1 cm thick slices, lyophilized
and then analyzed for granulometry, clay mineralogy, major and trace elements,
CaCO3 and total organic carbon (TOC) content and δ13Corg. Chronology was
determined in three cores using Lead-210.
Results and Discussion
The inner shelf of Israel is an integral part of the Nile littoral cell and is located
on its distal part under the affect of the alongshore northward current [4]. In the
past, this current transported Nile derived nutrients and fine sediments to the
Israeli coast [2]. The sediment regime of the inner shelf is expected to directly
record changes in Nile discharge resulting from its damming during the last
century. The top ~10 cm, which accumulated during the last ~40 years are
significantly coarser than the underlying pre-Aswan High Dam sediments. The
sand content exceeds 60% in post-Aswan High Dam compared to <10% in the
pre-Aswan High Dam sediments (Fig. 1). Grain size mode increased gradually
from ~5µm in the pre-Aswan High Dam to ≥85µm in the post-Aswan High
Dam sediments. Silt fraction, comprising ~75% in the pre-Aswan High Dam
sediments decreased to ~45% in the post-Aswan High Dam sediments and clay
content decreased by ~50%, from ~20% to <10%. The coarsening in grain size is
more abrupt and rapid in the southern shelf, closer to the Nile, than in the
northern distal part. In the later, the coarsening starts earlier, is more gradual and
increases in two steps apparently as a response to an earlier stage of damming
of the Nile that was hardly recorded in the southern shelf.

Fig. 1. Sediment dynamics in the last ~100 years at the distal part of the Nile
littoral cell (southern shelf of Israel): (a) % >63μm size fraction (circle) and %
Al (x); (b) Grain size mode (μm); (c) % CaCO3; (d) TOC (wt.%); (e) δ13Corg
(‰). Note that the major change in the sedimentation pattern coincides with the
operation of Aswan High Dam at 1965
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Sediment coarsening is also accompanied by a distinct but moderate increase in
CaCO3, from less than 10% to 15-20% in the southern shelf and to ~80% in the
most distal northern part. TOC content of 0.8-1wt.% with δ13Corg of about 19.5‰ in pre-Aswan High Dam sediments decreased to less than 0.5wt.% TOC
and about -22‰ δ13Corg in the overlying younger sediments. The decrease in
these variables reflects a major change in the regional nutrient budget and a major
decrease in primary production that coincides with the damming of the Nile [3].
The trend of increasing oligotrophy in the inner shelf of Israel differs from
recent reports on a major anthropogenic contribution of nutrients that supports
increasing fishery in the Mediterranean coastal waters off Egypt [5]. This
increase in fertility seems to be of local scale restricted mainly to the delta area,
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Abstract
Based on new multibeam bathymetric data and high and ultrahigh resolution seismic -reflection profiles, different types of massmovement deposits have been mapped in three geomorphological environments (seamounts, valley walls and open slope) of the
Almeria margin and adjacent Alboran Trough. Different factors have been invoked to explain the triggering of theses mass movements.
Keywords: Alboran Sea, Stratigraphy, Western Mediterranean, Sedimentation, Acoustics
Introduction

In the Almeria canyon-channel mass movement deposits (iii) include mostly
slides scars, and mass flow deposits and that are identified on their walls. Here,
the occurrence of mass-movement processes is also evidenced by the
canyon/channel fill deposits whose seismofacies reveal ancient cut and fills
features, and mass-flow deposits (Fig.2).

Mass-movement deposits of various types and sizes have been described in
different sectors of the NW Mediterranean Sea as for example in the Balearic
Islands, Ebro margin, and Gulf of Lion (1). But few examples have been studied
in the SW Mediterranean Sea (2, 3) in spite of mass-movements represent an
important process in shaping its margins. The present study focuses on the
Quaternary mass-movement deposits of the Almeria margin and adjacent Alboran
Trough in the eastern Alboran Sea (SW Mediterranean) which is a tectonically
active area characterised by a complex morphostructure with margins, basins, and
seamounts.To analyse the morphologies and distribution of the mass-movements
as well as to examine their relationship between sliding and the environment
where they occur, a large data set including multibeam bathymetry, ultrahigh
resolution seismic profiles (Topas system) and high resolution seismic profiles
(Airguns) have been analysed.
Results and discussion
Mass-movements have been identified in three geomorphological environments,
seamounts, open slopes, and valley walls in the Almeria margin and adjacent
Alboran Trough (Figs.1 and 2).

Fig. 2. Topas seismic profile illustrating the mass-movement deposits identified
in the walls of the Almeria Canyon.

Different factors have been invoked to explain the triggering of mapped massmovements. Those deposits in the seamounts and open slope environments
result from the interplay of earthquake activity associated to fault activity and/or
slope overstepping. While in the canyon-channel environment, the massmovement deposits are mainly related to the erosion activity and/or the slope
overstepping. The different size of the mass- movement deposits in the seamount
environment is conditioned by the available run-out distances and their
topography profile morphology and slope gradients.

Fig. 1. Topas seismic profiles illustrating the mass movements in (A) the Sabinar
Seamount and (B) the open slope environment.
The mass-movement deposits affecting to the seamounts (i) comprise slides scars
and slides on the walls (10º-27º) that evolve downslope to mass-flow deposits
resting on the slope break. These mass-flow deposits show a lobate shape in plan
view and a lenticular geometry in cross-section and acoustically are characterized
by semitransparent facies. Within the Quaternary sequence, the lobes of massflow deposits are vertically stacked and their size decrease progressively upward
suggesting the occurrence of successive episodes of failure and their decrease in
importance with time. These mass-movement deposits can be divided into two
groups based on their size: small-scale (few km in length) and medium-scale (tens
of km in length). The smaller deposits are identified in the Pollux, Sabinar, Gata,
Maimonides, El Monsour, Yusuf, and Adra seamounts. With respect to the largescale mass-movement deposits they have been mapped in the south flanks of the
Sabinar and Pollux seamounts (Fig.1A).
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In the open slope environment (ii) a buried isolated body of mass-flow deposits
has been identified at 800 m water depth, where the slope gradient is about 3º. It
is located close to NE-SW La Serrata fault and to WNW-ESE anticline structures,
both with surficial expression. This body displays a lenticular shape and
seismically is defined by chaotic facies with reflections of high reflectivity that
interrupt the lateral continuity of the stratified surrounding open slope deposits
(Fig.1B).
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Abstract
The foraminiferal taxonomic composition and density, granulometric composition, carbonate and organic matter contents were
determined in recent surface sediments of the Zrmanja river estuary in June 2008. The results indicate that foraminiferal distribution
strongly depends on location in the estuary and organic matter and carbonate contents, and granulometric composition of the
sediments.
Keywords: Adriatic Sea, Estuaries, Foraminifera, Sediments
INTRODUCTION
This study was conducted at twelve stations in the Zrmanja river estuary,
which is located in the north part of Dalmatia (eastern Adriatic coast). The
Zrmanja river is approximately 69 km long and discharges into the Adriatic
Sea, forming a highly stratified estuary [1]. The estuary can be divided in the
upper (river Zrmanja from Jankovic buk to Novigrad Sea), middle (Novigrad
and Karin Sea) and lower part (Velebit channel and the strait between
Novigrad and coastal Adriatic Sea) [2]. The correlation between foraminiferal
assemblages and sedimentary facies has been determined in estuarine and
continental shelf areas [3,4], therefore we aimed to determine the relationships
between foraminiferal distribution and chemical and granulometric
composition of the sediments in the Zrmanja estuary.
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MATERIALS AND METHODS
Surface sediment samples (0-2 cm) were collected using Van Ween grab in
June 2008. The sediment was immediately frozen, stored at -20 °C and freezedried in the laboratory. Foraminifera were counted in the fraction larger than
125 µm, in the aliquots containing about 300 foraminiferal specimens. The
granulometric composition, carbonate and organic matter contents in the
sediment were analysed as described in the reference [5;
RESULTS AND DISCUSSION
Based on the statistical analysis of foraminiferal composition and abundances
and sediment properties at the investigated stations, the results are as follows:
1) The differences between the five stations in the upper estuary sediments
were considerable. Sand content decreased from Jankovic buk (97.5%) to
Zrmanja mouth (10.6%). The same trend was noticed for carbonate content
(34.2 and 72.3%, respectively), while portion of organic matter increased
(1.13 and 6.87%, respectively). Foraminiferal density at these stations ranged
from 2 to 971 specimens per 1 gram of dry sediment, and was dominated by
the cosmopolitan species Ammonia tepida (40.8-80.2%). The other abundant
taxa were Aubignyna perlucida (0-16.9%), Cribroelphidium decipiens (014.1%), Elphidium spp. (1.7- 42.1%) and Quinqueloculina spp. (0-10.5%).
Species Ammonia tepida and Aubignyna perlucida are found in other areas
with lower salinity [6,7]. The station in the strait between Novigrad and
coastal Adriatic Sea had the highest gravel (37.9%) and carbonate contents
(72.3%). Connemarella rudis (26.5%) and Triloculina tricarinata (14.3%)
were dominant species. Presence of Connemarella rudis is in accordance with
its preference for sandy sediment [4], while Triloculina tricarinatais usually
found in areas with intensive circulation [8]. The six marine stations in the
Novigrad Sea, Karin and coastal Adriatic Sea were characterized by the
foraminiferal density between 104 and 475 specimens per 1 g of dry sediment,
the highest organic matter (6.55-10.68%) and lower carbonate contents (15.845.9%). At these stations Cribroelphidium decipiens (11.1-16.5%), Ammonia
tepida (1.6-20.8%), Bulimina aculeata (0.3-15.2%), Protelphidium granosum
(0.5-10.7%) and Asterigerinata mamilla (0-11.8%) were dominant. Those
species are associated with fine-grained sediments [4,9], and at these stations
fine-grained clay particles contents were the highest (39.0-53.5%). These
results indicate that in the river Zrmanja estuary foraminiferal distribution is
strongly affected by the locations in the estuary, as well as by organic matter,
carbonate contents, and granulometric composition of the sediment.
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Abstract
Observation of coastal areas may address to different aspects of the environment such as parameters and processes of water quality,
hydrodynamics, geomorphology, meteorology and ecology. Satellite and airborne remote sensing can provide an important contribute
for assessing and monitoring the status of water quality. Selected case studies, which describe data acquisition and processing, outline
improvements in the advanced methodologies and provide examples of gaps and barriers to produce useful applications in coastal
areas, are presented.
Keywords: Coastal Waters, Remote Sensing, Adriatic Sea
Introduction
Coastal areas are characterized by small-scale processes, high spatial and
temporal variability of the main physical and biogeochemical properties of the
water, hazards and unpredictable events. These areas are very sensitive to the
impact of human activities and land use in watersheds, along the coast and
further inland, of fluvial discharges, and of marine processes.
Local and national authorities require innovative methods and technologies for
managing coastal risks and monitoring water quality, in order to satisfy
operational, spatial and qualitative requirements with a good cost-benefit ratio.
In the recent decades, a helpful contribution has been obtained by the Remote
Sensing data, which can significantly enhance the information available from
traditional data sources providing synoptic views of large portions of Earth with
a relatively high revisiting frequency and therefore early detection of anomalies
and degradation of the ecological status.
Remote sensing of the bio-optical parameters can be an important way for
monitoring the coastal environment. Whereas the optical properties of open
ocean (Case 1 water) are primarily a function of phytoplankton concentration,
coastal waters (Case 2 water) represent a more complex optical environment [1].
The optical properties in these areas are due to a mix of phytoplankton,
suspended sediments, and CDOM that can vary independently from each other.
Besides the water colour can be influenced by bottom reflectance and we must
take account of the natural variability in the types of bottom (e.g., sand, mud,
rocky, algae or seagrasses covered).
Water quality parameters may be derived from hyperspectral data [2] [3] [4].

The selected applications of hyperspectral observation techniques in the
Adriatic sea, financed and conducted in the framework of international projects
(i.e. NERC, ESA, ASI, Italian Environmental Ministry), provide examples of
the remote sensing efficiency in the field of integrated coastal environmental
management.

Methodology and results
In the last years, we have investigated the capability of multi and hyperspectral
remote sensing data to meet the information needs of end users in the coastal
zone and we present some case studies which describe data acquisition and
processing, outline improvements in the advanced methodologies and provide
examples of gaps and barriers to producing useful applications.
During satellite and airborne overpasses on the Adriatic Sea (Lagoon of Venice ,
2001-05; Sacca di Goro Lagoon, 2005-06; Montenegro, 2007-09, see Fig. 1), we
acquired an extensive in situ data set: the field campaigns retrieved inherent
optical properties, apparent optical properties, substrate reflectance spectra,
and water quality parameters with advanced instruments. The efforts aim at
making a first step in the construction of a feasible and timely methodology for
quantitative assessment of water quality parameters detectable from
hyperspectral data. The adopted analysis techniques of satellite and airborne
imagery were: the empirical algorithm for CDOM/chl-a retrieval; the
classification techniques for algae and submerged vegetation identification with
spectral libraries; the complex physically based model that considers analytical
formulations of radiative transfer equations and the application of numerical
simulations (Hydrolight software).
In particular, for the Venice Lagoon the authors have been involved in the tuning
of a physical model for the highly turbid Venice lagoon waters and developed an
inversion technique appropriate for hyperspectral data processing to retrieve
water constituent concentrations from remotely data.

Fig. 1. Location of case studies: Lagoon of Venice (1), Sacca di Goro Lagoon (2),
Montenegro coastal area (3).
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Conclusions
Within the hyperspectral VIS-NIR spectral range, several parameters are
detectable from space: presence/absence of algal blooms, concentration of
phytoplankton with some information on content of different pigments,
suspended matter and yellow substances concentrations, diffuse attenuation
coefficient, water colour, water transparency and, over shallow waters,
bathymetry, submerged vegetations and substrate types.
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Abstract
Deep dessication in Western Mediterranean has been proposed in 1973 by W.B.F.Ryan and al. Leg. 13 of Joides. Subsidence in
Tunisia was proven in Eastern Tunisia both in Kerkennah Islands (La Mer Pélagienne, Geol.Med.t VI.1.1979) and Eastern Tunisia on
land and off shore.
Keywords: Messinian, Salinity
In Eastern Tunisia, South of Sousse, outcrops of Marine Messinian are known
near Zeramedine and Bou Merdas with fossils including Bryozoa, Oysters and
microfauna. They overlay the Tortonian Somaa sands and are followed by the
continental Segui Formation Off-shore, above the Somaa sand there is a marine
unit called Melqart Formation with a few beds of limestone and a rich
Messinian microfauna. In the upper part it begins to be lagoonish with
gypsum layers and is named Oued Bel Kredim Formation. They are overlain
by the marine Early Pliocene Raf-Raf shale. In North East Tunisia (Bizerte
and Raf-Raf area) the post-orogenic molasse presents above the Kechabta
Tortonian detritic unit, the Oued Bel Kredim Formation: open marine at base
with Messinian microfauna, it becomes lagoonish in the upper part and
presents some lacustrine limestone layers. It is overlain, with angular
unconformity, by the Early Pliocene Raf-Raf shale. It is evident that the
presence of open marine Messinian sediments excludes the presence of deep
holes with dessication in the Western Mediterranean. On an other hand, a
thick sequence of Salt is known. The western Mediterranean was a lagoon
with concentration of halite. The hypothesis of a deep dessication was due to
an erroneous tectonic interpretation. In fact, there has been a regular
subsidence during and after the salt sedimentation: a present rate of subsidence
of 1 or 2 millimeters by year is known in numerous places around the
Mediterranean.
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Abstract
Several brine basins appear to occur in the deep waters of the Eastern Mediterranean. These are characterized by extreme
environments with high pressure and density, redox conditions and saturated salt concentrations. These basins are probably the result
of the dissolution of Miocene salt deposits that became exposed to seawater after tectonic activity. The high densities of the brine
fluids contrast with seawater limiting the mixing with overlaying oxic seawater. As a consequence, isolated habitats evolved in which
adapted microbiological life exists. Distinct differences occur between the various basins related to chemical composition and density.
Keywords: Anoxia, Eastern Mediterranean, Interfaces
At the bottom of eastern Mediterranean Sea (~3500 m water depth) several
deep hypersaline anoxic brine basins have been discovered in the last 30 years.
Amongst these are : Atalante (AB), Bannock (BB), Discovery (DB), Nadir
(NB), Medee (MB), Tyro (TB), and Urania (UB) all names after the ships
involved in their initial discovery (Fig. 1). The general composition of the
brine pools resulted from the dissolution of subterranean late-Miocene
evaporitic salt deposits, underlying the Mediterranean sediments . It is most
likely related to the collision of the African beneath the Eurasian tectonic plate
[1, 2]. Alternatively the deep submarine basins might have been formed by
accretionary processes and may have subsequently been filled with fossils and
highly concentrated relics of Messinian water trapped in the interstitial area of
the deep-sea sediments [3]. Waters enclosed in these depressions are
characterized not only by high pressure and density, but also and for most by
their redox state, lack of oxygen and saturated salt concentrations. Strong
salinities and density gradients prevent mixing with the oxic seawater above
and hence lead to stratification of the water column forming sharp and
distinctive seawater/brine interfaces of 1 - to 2 m (Fig. 2). Moreover the
elevated density and salinities basically tend to reduce biodiversity [4].
Despite these extreme conditions and the limited exchanges between brine and
overlying seawater, anoxic basins are not biological deserts since several
microbial communities appear to have developed under these conditions,
usually considered as harsh [2]. In particular the oxic/anoxic boundaries are
considered to be a hot spot for biological activity where the sharp redox
potential differences create favourable conditions for different types of
sequential metabolic processes [3]. The main microbial reaction in the lower
part of the interface is thought to be the anoxic oxidation of methane (AOM)
directly coupled to the reduction of sulphate (equation 1), where sulphide
oxidation and possibly ammonia oxidation are more dominant in the upper
reach of the seawater - brine interface (equation 2), according to the following
equation [4]: CH4 + SO42- à HCO3- + HS- + H20
(eq. 1) HS- + 2 O2
à HSO4- (eq. 2) According to the most recent bio-explorations the deep
hypersaline basins are mostly dominated by Bacteria rather than Archaea with
a great variety of microorganisms adapted to the different chemical interfaces
composition. All brine basins show a relatively stable structure according to
the geochemical composition and temperature gradient. Despite that, 3
specific lakes (AB, DB, UB) geographically close to each other (Fig. 1), show
the largest differences in terms of geochemical composition and density. For
instance in Urania concentrations of Methane and Sulfide are relatively higher,
whereas the salinity is lower. The most remarkable difference is referred to the
composition of Discovery mainly dominated by MgCl2 in concentration
considered as a limit for the life [6]. The existence of microbial life in such
hostile environments suggests the high capability of microbial adaptation to
salinity. It also hints to the possibility of life in other extreme environments
such as the planet Mars, where the occurrence of high-salinity waters have
been suggested [7]. The study of these brine basins is part of the European
MIDDLE project with the general aim to investigate the extreme habitats of
deep hypersaline basins of the Eastern Mediterranean Sea. Preliminary results
from a multidisciplinary study of water and sediment samples collected during
the 2008 DOPPIO cruise with RV Pelagia will presented.

geochemical evidence for the origin of Urania and Bannock brines at the
eastern Mediterranean: Effect of water-rock interactions. Geochim. Cosm.
Acta, 62: 3221-3228.
4 - Borin S., Brusetti L., Mapelli F., D'Auria G., et al., 2009. Sulfur cycling
and methanogenesis primarily drive microbial colonization of the highly
sulfidic Urania deep hypersaline basin. Proc. Natl. Acad. Sci. U.S.A., 106:
9151-9156.
5 - Valentine D.L., 2002. Biogeochemistry and microbial ecology of methane
oxidation in anoxic environments: A review. Anton Leeuw. Int. J. G., 81: 271282.
6 - Wallmann K., Suess E., Westbrook G.H., Winckler G., et al., 1997. Salty
brines on the Mediterranean sea floor. Nature, 387: 31-32.
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Abstract
During the last two decades an increasing number of anoxic hypersaline lakes has been discovered in the eastern Mediterranean and
characterized in successful EU projects such as PALAEOFLUX, MEDRIFF, SAP, and BIODEEP, and the French-Dutch
MEDINAUT programme. Brine basins are extreme environments with one of the highest dissolved sulphide concentrations ever
reported for the ‘open marine’ environment (up to more than 12 mM), and demonstrating large compositional differences between
different brine pools: going from a nearly 5 M MgCl2 solution and below seawater Na content (Discovery Basin) to a nearly saturated
5.3 M NaCl solution(Tyro Basin). The recently discovered Nadir brine is high in NaCl, methane, and possibly sulphide, and seems
rather ‘recent’. The Medee Basin, recently reported, is also NaCl-rich.
Keywords: Eastern Mediterranean, Deep Sea Processes, Deep Sea Basins
One of the most extreme environments thus far discovered is Urania Basin
which contains the highest radiogenic supersaturations ever observed for the
marine environment (3He / 4He of 1.10-7 and 40Ar / 36Ar of 470) [1], the
most extreme d11B (28‰) [2], the highest methane content (> 260 μl/ml), and
the highest bottom water temperature (> 48oC). Irregular methane-driven
mud-eruptions appear to occur from the latter bottom at least up to 600 m
above the basin-floor, i.e. to a water depth of 2900 m. The composition of
most of the brines seems to relate to a ‘relict brine’ or the dissolution of
evaporites both originating from the Messinian period during which the
Mediterranean is thought to have been desiccated (Bannock, Atalante and
Tyro Basins). On the basis of various isotopes for most of these basins the
'relic brine' option seems the most plausible. In addition, the compositions of
relevant major and minor elements appear to be in near coincidence with the
theoretical seawater evaporation path. Urania brine is the most extreme
exception to this picture, its major and minor element composition, but in
particular its isotopic signature clearly relates to a source area that must be
much deeper than that of the Messinian evaporites, and which is clearly
influenced by high-temperature interactions with old sediment and volcanic
units. In addition to their individual compositional characteristics, each brine
demonstrates a typical and for most of them rather stable internal brine
structure of various different brine levels. Subtle as well as outspoken
temperature and compositional differences occur between the different brine
levels in individual basins. The transition between different brine levels, and
between brine and seawater may be relatively gradual but usually is extremely
abrupt. In particular the seawater/brine transition is dramatic changing from
seawater to 10x seawater concentration within a depth interval of 100 cm. The
interface is further characterized by a strong dip in Transmission (= high
suspended matter content, but possibly partly related to reflection of waters
of different densities) [3, 4].
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Abstract
The sediment of the shallow water areas of the Venice Lagoon was investigated by collecting 50 cm-long cores from 380 sites.
Samples were analysed for heavy metal, polycyclic aromatic hydrocarbon (PAHs) and polychlorinated biphenyls (PCBs) contents.
Pollutant concentration shows a wide variability both spatially and along the vertical profile, but not evident situation of acute
contamination are observed. However, the contamination level of mercury deserves attention, its value resulting quite often above the
NOAA-ERM limit.
Keywords: Metals, Pcb, Pah, Sediments, Lagoons
Sediments are widely recognized as a suitable medium for assessing
environmental quality, as they both reflect and integrate contaminant inputs to
the marine environment, thereby allowing sources and sinks to be investigated
[1]. The lagoon of Venice is a coastal shallow waterbody with a surface of 550
km2 and an average depth of about 1 m. The impact of the human activities
affects the various shallow water areas to a different extent, in response to
local water renewal and position with respect to the pollution sources. This
study focused on heavy metals (Al, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn),
arsenic, polycyclic aromatic hydrocarbon (PAHs) and polychlorinated
biphenyls (PCBs) distributions in the sediment of the whole lagoon. In 2008,
fifty centimetres-long cores were collected in 380 sampling sites (Fig.1). Each
core was sliced in five parts, obtaining 1900 samples corresponding to the
following depth layers: 0-5 (named layer “A”), 5-10 (“B”), 10-20 (“C”), 2030 (“D”) and 30-50 (“E”) cm. Metal concentrations were determined by
inductively coupled plasma atomic emission spectrometry (ICP-AES) [2].
Concentrations of 14 PAHs (USEPA priority pollutants) and 7 PCB congeners
(named indicator-PCBs) were analyzed in the 760 samples from layers “A”
and “B” with high performance liquid chromatography (HPLC) and by
capillary gas chromatography (GC), respectively [3]. Analyses of grain-size
distribution and nutrient (C, N, P) contents were also performed. The
obtained 3D dataset updates and upgrades the knowledge on the lagoon
sediment characteristics, and permits to investigate their spatial and temporal
variations as well as quality conditions with a great detail. Pollutant
concentration shows a wide variability both spatially and along the vertical
profile. Higher metal concentrations (particularly Cd, Cu, Hg, Pb and Zn) are
found in the correspondence of knew sources (freshwater tributary inlets,
industrial area, city of Venice), but also new situations of sediment
contamination are evidenced in some areas. Mean concentration values
calculated in the five sampling layers (Table 1) give a first picture of the
contamination level of the whole lagoon sediment. For comparison, the table
also shows the percentage distribution of concentration data measured in the
1900 samples with respect to the NOAA sediment quality guidelines (SQGs):
effect range-low (ERL) and effect range-median (ERM) [4]. Arsenic, Cd and
Ni concentration exceeds the ERL value in a significant number of samples
(37%, 29%, and 16% respectively). However, the most relevant outcome is
the high concentration of Hg, which exceeds the ERL and the ERM values in
76% and 27% of the samples, respectively. Concerning the two superficial
layers, it is worth to observe that the mean concentration in “A” is lower by
about the 10% with respect to “B”, for all metals. Mean PAH and PCB
concentrations, instead, do not show variation with the depth.

Fig. 1. Location of the 380 sampling sites

Tab. 1. Average concentration (mg/kg, dry weight) of contaminants in the five
investigated sediment layers. The last three columns report the percentage
distribution of the 1900 samples with respect to the NOAA-SQGs.
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Abstract
The distribution of cold seeps in relation to the seabed tectonic features of the Calabrian Arc is examined using multibeam
data.Integration of swath bathymetry with backscatter data indicates the presence of at least 40 seepage sites, recognized as subcircular to elongate high backscatter patches of varying form (e.g. cones, calderas, domes, pies, scarps). Many resemble mud
volcanoes, proven at several sites by seismic and core data. Most cold seeps lie on the inner to central Arc, a distribution inferred to
reflect the long-term dynamics of the accretionary prism.
Keywords: Mud Volcanoes, Swath Mapping, Active Margins, Geomorphology
A new Mediterranean cold seep province was discovered offshore southern
Italy during the summer 2005 campaign of the Italian research vessel OGS
Explora, which acquired the first regional multibeam coverage of the Calabrian
accretionary prism [1, 2]. Detailed investigations at two sites provided seismic
and sample evidence of tectonically-driven mud volcanism since the late
Pliocene [3]. These two sites were further investigated during two campaigns
equipped with remotely-operated vehicles (ROVs), which found seabed
evidence of geological and biological seepage activity [4, 5]. Here we present
new information regarding the wider distribution of cold seeps across the
accretionary prism in relation to its main tectonic features.

observed distribution of cold seeps, which (as on the Mediterranean Ridge) are
absent on the outer Arc where thick evaporites have been incorporated into
the accretionary prism.
Seabed investigations of the Madonna and Pythagoras mud volcanoes provide
evidence of ongoing seabed seepage of gas (methane) and warm mud, in places
supporting chemosynthetic ecosystems [4, 5]. Gas seepage is also indicated
by acoustic data acquired by OGS in 2009 across a mud volcano 6 km
offshore Catanzaro Marina (Calabria , Italy). At present we have no
information as to how many other seepage sites on the Calabrian Arc are
currently active, whether gas hydrates are present, the type and quantities of
gases and/or fluids that are being released into the water column, or the forms
of chemosynthetic microbial and macrofaunal life that may be supported by
seabed emissions of hydrocarbons. Preparations are underway to undertake
further multidisciplinary investigations of seabed hydrocarbon seepage in the
Calabrian Arc cold seep province (OGS HYDROCAL proposal).
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Fig. 1. Distribution of seepage sites across the Calabrian accretionary prism as
inferred from integration of multibeam swath bathymetry and backscatter data

Multibeam data across water depths of c. 1000-4000 m reveal the main seabed
tectonic features of the Calabrian Arc, within three main zones [cf. 6]: inner
forearc basins (Spartivento-Crotone), a central thrust-fold belt and the outer
cobblestone area (underlain by Messinian evaporites). Integration of swath
bathymetric and backscatter data indicates the presence of at least 40 sites of
seabed seepage across the inner and central Arc, recognized as sub-circular to
elongate high backscatter patches of varying form. Some features lie along
linear trends that appear to correspond to seabed fault scarps. Many features
have forms that resemble mud volcanoes (cones, calderas, domes, broad pies).
Mud volcanoes (MVs) are proven at three main sites by cores of mud
breccias, complemented by seismic profiles: the Madonna dello Ionio MVs
(including three extrusive centres, 1.5-3 km in diameter), the Pythagoras mud
volcano (a mud pie up to 9 km in diameter) and the Sartori MV (a small dome
c. 1.5 km across). The latter is identified from cores of ‘chaotic sediments’
recovered in 1981 and originally interpreted as tectonic breccias [7]. The
former two features have been shown to be the tops of subsurface extrusive
edifices >1 km thick that record extrusive activity and subsidence over several
million years, triggered by the rise of fluids from deep within the accretionary
prism [3]. This model of tectonically-driven fluid escape is consistent with the
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Abstract
Theseabed dynamics of the Ionian Calabrian Margin are currently being examined in the context of the project MAGIC (Marine
Geohazards along the Italian Coasts). Multibeam and shallow seismic data show that the seafloor within X km of the Calabrian coast
is characterized by the presence of canyons, slump, slides, diapirs, mud volcanoes and cold seeps. The presence of these
morphologies, indicative of ongoing processes of sediment transfer and fluid flow, makes this area particularly interesting in relation to
assessments of seafloor geohazards.
Keywords: Ionian Sea, Continental Margin, Geomorphology
The Ionian Calabrian Margin (ICM, Fig.1) is a tectonically active convergent
margin, the structures of which reflect two main processes: frontal compression
and fore-arc extension during the SE advance of the Calabrian accretionary prism
since the late Miocene[1]; and a rapid uplift (up to 1 mm/yr) of onshore and
shallow shelf areas since the mid-Pleistocene [2].

Miocene-Pleistocene deposits of the Crotone basin. The northern area includes
two main canyon systems (Corigliano and Neto) that feed into the Taranto
valley. The main geological risks identified along the ICM during the first two
years of the MAGIC project are the retrogressive headwall activity of the Capo
Colonna, Esaro, Neto, Punta Alice e Capo Trionto canyons along the southern
part of the margin in proximity to the coastline. Other possible risks are are due
to the presence of canyons, slump, slides, diapirs, mud volcanoes and cold seep
and their relative proximity to the coastline.
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Fig. 1. Bathymetric map of the Ionian Calabrian Margin

The morphological expression of these processes at seabed is a broad, irregular
offshore area that comprises the southern Apennine fold-and-thrust-belt,
overlain southwards by the Spartivento-Crotone fore-arc basins. The IMC is
currently being investigated in the framework of the MAGIC project
(Marine Geohazards along the Italian Coasts). The objectives of the project are
the definition of elements that may constitute geological risks for coastal areas.
This study is based on geophysical data acquired by the r/v OGS Explora in
summer 2005 in the framework of the WGDT project, carried out in
collaboration with Universities of Calabria and Trieste, and in Spring 2009 in the
framework of the MAGIC project. The dataset consists of a swath bathymetry
DEM with variable cell size (5-50 m), plus Chirp sub-bottom profiles (27KHz) and available multichannel seismic (MCS) reflection data (Ministeriali
Zona F) [3], [4]. The interpretative method adopted at OGS for MAGIC
consists of mapping seabed morpho-bathymetric elements in relation to the
acoustic facies of near-seabed sediments identified on the sub-bottom data. This
allows the identification of the principal depositional and erosional features on
the margin, as well as indicators of recent seismo-tectonic activity. This
approach has been used to construct maps of morphological lineaments and
units in order to assess principal sites of geological risk. Morphologically, the
seabed of the ICM is characterized by a narrow (in places absent) continental
shelf above depths of c. 150 m, above a slope of irregular morphology that
extends to depths of 2000 m. In the north, the slope is broad and dominated by
the ridges and intervening basins (e.g. Amendolara Ridge and Basin, Corigliano
Basin), which are morphological expressions of the southern Apennine fold-andthrust belt. The fold-and-thrust belt is overlain to the south by the late
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Abstract
.
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To date there is a strong debate about the question if the current rise in global
temperature is in range of the normal climatic “noise” or if it is a significant
positive anomaly. A way to obtain more insight into this question is by
studying past time intervals where potential analogue conditions existed. One
of these time intervals is the “Roman Warm Period” (RWP: ~200 BC – 600
AD). Although it is generally thought to be an time interval where global
temperatures were relatively high, reconstructions vary remarkably for
different regions. Even within a region, reconstructions are not always
uniform. For example, the SST in Bermuda Rise studied by Keigwin (1996)
shows a temperature decrease between 200 BC and 200 AD. Mangini et al.
(2005) and Taricco et al. (2009) also suggest a cold and dry period based on
18O isotopic records of stalagmite from the Central Alps and foraminifera
from Central Mediterranean. However, a recent review (Reale and Dirmeyer,
2000) of Mediterranean climate history indicates a gradual warming during the
Late Roman Period, and Sicre et al, (2008) reports SST between 0 and 100AD
that are similar to those observed during the MWP from the Atlantic, off
North Iceland. To obtain more insight into the climatic variability during the
RWP there is an urgent need for highly detailed climatic reconstructions.
It has been proved that Mediterranean is a suitable area for paleoclimate
studies as it is located between low and mid-latitudes and is influenced by
both monsoonal and NAO climate systems. In this study we will present the
results of a high temporal resolution study on the climatic and
paleoceanographic changes during the “Roman Warm Period” in the Eastern
Mediteterranian region (off southern Italy). Excellent time control based on
AMS dating and tephra-chronology allows the establishment of three-annual
resolution reconstructions. Detailed information about the variability in the
organic dinoflagellate cyst associations of piston core DP30PC (39° 50.07' N,
17° 48.05' E, water depth 270 m) allows the reconstruct of short term climatic
steered cyclic changes in upper water temperature, productivity and bottom
water oxygen concentrations as well as of Italian local river
discharge/precipitation signals. Possible mechanisms behind the observed
records will be discussed.
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MULTIPLE SEISMIC STUDIES IN THE MARMARA SEA FOR HIGH RESOLUTION MAPPING OF THE
NORTH ANATOLIAN FAULT
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Abstract
Fault motion and basin evolution in the Marmara Sea are 4 dimensional. The Sea of Marmara developed along the highly active, right lateral North Anatolian Fault, which produced devastating historical earthquakes along its 1600 km length. A cruise took place in July
2008 of high-resolution MCS data throughout the Marmara Sea under TAMAM (Turkish-American MA rmara M ultichannel) Project.
Seismic sections across the Western Ridge, a transverse ridge separating the Tekirdag and Central Basins, show folding of strata
above a blind thrust. Growth structures show that the eastern anticline of these folds is active and rapid subsidence and tilting in the
Marmara Trough are responsible for widespread gravitational collapse.
Keywords: Tectonics, Seismics
The Sea of Marmara developed along the highly active, right -lateral North
Anatolian Fault (NAF), which produced devastating historical earthquakes along
its 1600 km length. A cruise took place in July 2008 using the R/V K. Piri Reis
collecting >2700 km of high-resolution MCS data throughout the Marmara Sea
under TAMAM (Turkish-American MArmara Multichannel) Project. TAMAM
was supported by NSF and used the facilities of Seismic Laboratory at Institute
of Marine Sciences and Technology (Fig.1). The seismic source was 45-45 cubic
inch GI gun, - fired every 12.5 m and sometimes 18.75 m. The streamer had 72
channels with a group spacing of 6.25 and a – maximum ofset of 55 m. The
North Branch of the NAF accounts for most of the current plate motion and is
associated with all three main basins in the Marmara Sea. Seismic sections
across the Western Ridge, a transverse ridge separating the Tekirdag and Central
Basins, show folding of strata above a blind thrust. Growth structures in the
sediments show that the eastern anticline of these folds is active and probably
propagating eastward above the blind thrust. Some profiles show that rapid
subsidence and tilting in the Marmara Trough are responsible for widespread
gravitational collapse. One of the major regions of geological interest is the area
close to the North Anatolian Fault (NAF) where evidence of gas hydrates and
fluid escapes have been observed during previous scientific cruises (Géli, L., et
al., 2008). Helium gas, gas hydrate and oil leaks on western high and biogenic gas
have been sampled in Çinarcik basin. Most of the gas appears to be focused on
the Western and Central Highs and in the Imrali Basin. The near future goal of
the demonstration mission project (MARMARA-DM) is to contribute to the
establishment of optimized permanent seafloor observatory stations for
earthquake monitoring in the Marmara Sea, as part of European S eas
Observatory Network (ESONET) of Excellence Project (6th FrameWork
Program of European Union) and includes high-resolution seismic surveys to
image the fluid conduits in the upper (1 km) sediment layer.
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Fig. 1. A cruise took place in July 2008 using the R/V K. Piri Reis collecting
>2700 km of high-resolution MCS data throughout the Marmara Sea under
TAMAM (Turkish-American MArmara Multichannel) Project
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THE MELILLA CARBONATE MOUNDS: DO DEEP-WATER CORAL MOUNDS COUNT ON SEEPING
FLUIDS IN THE ALBORAN SEA?
Menchu Comas 1* and Luis M. Pinheiro 2
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Abstract
A large cluster of Holocene to Present deep-water coral mounds -the Melilla Mound Field (MMF)- occurs in the southeastern margin
of the Alboran Sea. High-resolution and multichannel seismic, side-scan swath bathymetry, acoustic sub-bottom profiling, and sampling
have investigated the MMF. The mounds are ridge-like buildups 100–250 m wide, 2-6 km long, and 20–60 m (up to 200 m) high above
the seabed, which lie in water depths ranging from 230 to 500 m. Sampling proves that mound are largely formed of cold-water corals
with a muddy matrix. Seismic profiles across the MMF show that faults exist beneath the mound-ridges, so that mounds nucleation
would have influence from fluid venting via fractures that may leak thermogenic gas or cold hydrocarbon seepages in addition to any
likely oceanographic control in mound’s origin.
Keywords: Alboran Sea, Bio-Accumulation, Deep Waters, Sediments, Seismics
A cluster of Holocene deep-water carbonate mounds -the Melilla Mound Field
(MMF)- was discovered in the southeastern margin of the Alboran Sea
(Morocco margin) during the MARSIBAL-06 Cruise (R/V BIO Hespérides,
2006) [1]. The carbonate-mound field was revisited and sampling during the
TTR-17 Leg 1 survey [2]. The MMF occurs from the upper to the middle
slope, with NW-SE trending, on a gentle-dipping margin segment and covers
an area of more than 20 km2. Deep-water carbonate mounds, comparable to
those of the MMF, have not been documented before in the Alboran Sea.
Swath bathymetry, acoustic sub-bottom profiling, high-resolution MAK-1
side-scan sonar, multichannel seismic, high-resolution seismic, and coring have
investigated the MMF Seafloor mounds appear as ridge-like buildups 100–
250 m wide, 2-6 km long, and 20–60 m (up to 200 m) high above the seabed;
which lie in water depths ranging from 250 to 500 m. They are also
surrounded by elongated erosional moats, probably caused by bottom currents
on the sea floor, which are 5-10 m deep and 50-100 m wide. Some ridges have
no linear but branched shapes. Buried or partly buried mounds, as showed by
sub-bottom profiles, are elongated and domed families of buildups
(transparent acoustic facies) rooted on highly reflective sedimentary layers
and surrounded by dark reflective moats, with dome-size increasing seaward.
They grow beneath the upper slope off the shelf break (water depth from 230
m), producing bulges in the seafloor, and give way to seabed mounds with
depth. At least three generations of successive mound-growth families are
observed. Some ridged-mounds nucleated upon former ones so that buried
constructions (columnar appearance in acoustic sections) grow up to 160 m
high. The internal architecture of mound-cluster prograding seawards suggests
that mounds developed during a period of sea-level drop or slope tilting.
Sampling by coring, TV grab and dredging during TTR-17 Leg 1 encountered
that mounds are formed of biogenic accumulations made up of corals
(Madrepora occulata, Caryophyllia sp, Desmophyllum sp, Lophelia pertusa)
and other common associated fauna. Colonies of dead scleratinean corals and a
diverse community dominated by soft corals, sponges and asteroids were
observed in TV runs. So that it is proved that mounds from the MMF
correspond to modern cold-water carbonate knolls The MMF occurs about
200 km to the east of the Alboran Mud Diapir Province were mud volcanoes,
pockmarks fields, seepages (methane) and fluid vents are well documented as
controlled by recent or actual tectonics. The geological setting indicates the
entire Alboran Basin, which is depleted of Messinian evaporites, is affected
by a significant Plio-Quaternary and still active wrench tectonics producing
local subsidence and uplifting. Seismic profiles across the MMF show that
faults exist beneath the mound ridges, so that we propose and argue that in
addition to probable oceanographic control, mounds nucleation may have
some influence from fluid venting via fractures that may leak thermogenic gas
or cold hydrocarbon seepages. in addition to any likely oceanographic control
in mound’s origin. Contribution from Projects SAGAS CTM2005-08071-0301, MARCAL CGL2006-13327-C04-04 and TOPO-IBERIA CSD200600041 (Funded by R & D National Plan of the Ministry of Science and
Technology and FEDER funding, Spain) and Research Group RNM 215
(Junta de Andalucía).

Field Revisited. In: Geo-Marine Research on the Mediterranean and
European-Atlantic Margins. International Conference and TTR-17 PostCruise Meeting of the Training-through-Research Programme. Granada, Spain,
2-5 February 2009. IOC Workshop Report, 220: 8-9
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SLOPE-TO-BASIN SEDIMENTARY PROCESSES IN TECTONICALLY ACTIVE SETTINGS : A
COMPARATIVE ANALYSIS OF THE CALABRIAN AND LIGURIAN MARGIN DURING THE LAST 5MA
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Abstract
This study aims to better understand the processes of formation and evolution of six submarine canyons along the western margin of
the Ligurian Basin, in relation to the regional geological context and to do a comparative preliminary analysis with the Calabrian
Margin.
Keywords: Geomorphology, Continental Slope, Continental Margin, Ligurian Sea, Sediment Transport
Sediment transfer from continental shelves to deep-water basins is an important
control on the morphological and architectural evolution of continental margins.
Downslope transfer of sediments via processes of erosion and deposition result
in the construction of typical features such as submarine canyons. This study
aims to better understand the processes of formation and evolution of six
submarine canyons along the western margin of the Ligurian Basin, within an
offshore area extending from Nice (France) to Imperia (Italy). Processes of slope
failure are analyzed within the same zone in order to investigate a wide range of
gravity-driven sediment transfer processes.
Analyses of seabed morphology, subsurface structures and present-day
sedimentary processes are based respectively on swath bathymetric data,
seismic-reflection profiles (24-channel) and side-scan sonar imagery, acquired
during the MALISAR 1 and 2 surveys. These data allow an analysis of the main
geometric characteristics of the canyons and of failure scars (width, depth,
incision shape), and of their internal structures, in order to better understand
their origin, construction mechanisms and evolution in relation to the regional
geological context. We show that submarine canyons adjust to the general
evolution of the margin topography, via processes including regressive erosion
and deviation of the thalweg axis. Canyons can therefore be used as markers of
deformation of the Ligurian Basin margin, which is an example of a passive
margin that has been reactivated in a compressive sense since later Pliocene time.
Deformation of the Ligurian Basin increases eastward and basinward, in
response to uplift of the Ligurian coast. Thus, canyons in the west are
considered as mature canyons, with concave longitudinal profiles, their upper
parts characterized by V-shaped thalwegs (in cross-sections), and high slopegradients, while their lower parts by U-shaped and low slope-gradients. In
contrast, canyons in the east present convex longitudinal profiles and V-shaped
thalwegs (in cross-sections), with increasing slope-gradients towards their lower
parts, and are described as immature canyons that are being readjusted by
regressive erosion.

Fig. 1. Bathymetry of the Western Ligurian Margin, longitudinal profiles and
cross-sections of thalwegs of the Var canyon and the Verde canyon

References
1 - Béthoux, N., 1992. A closing Ligurian Sea, Pure and Applied Geophysics,
139(2): 179-194.
2 - BigotCormier, F., Sage, F., Sosson, M., Déverchère, J., Ferrandini, M.,
Guennoc, P., Popoff, M., Stéphan, J.F., 2004. Déformations pliocènes de la
marge nord-Ligure(France) : les conséquences d’un chevauchement crustal sudalpin, Bull. Soc. G.ol.Fr., t. 175., n¢X2, p197- 211.
3 - Migeon, S., Mulder, T., Savoye, B. and Sage, F., 2006. The Var turbidite
system (Ligurian Sea, northwestern Mediterranean)-morphology, sediment
supply, construction of turbidite levee and sediment waves: implication for
hydrocarbon reservoirs. Geo-Marine Letters, 26: 361-371.
4 - Praeg D., Ceramicola S., Barbieri R., Unnithan V., Wardell N., 2009,
Tectonically-driven mud volcanism since the late Pliocene on the Calabrian
accretion Prism, central Mediterranean Sea, Marine and Petroleum Geology, 26,
1849–1865; doi:10.1016/j.marpetgeo.2009.03.008.

A similar study is in progress for the Ionian continental margin of Calabria ,
using similar data to undertake a first analysis of slope-to-basin sedimentary
processes over Pliocene timescales. This will facilitate a comparative analysis of
these two tectonically active margins, the Ligurian Margin (passive margin
reactivated in compression) and the Calabrian Margin (active subduction
margin).
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EASTERN MEDITERRANEAN ANAXIMANDER AND NILE MUD EXPULSION STRUCTURES: DEEP
ORIGIN FOR FLUIDS AND GASES.
Gert J. De Lange 1*, Vincent Mastalerz 1 and Anke Daehlmann 1
1 Geosciences, Utrecht University, 3584CD, Netherlands - gdelange@geo.uu.nl
Abstract
Mud expulsion structures occur in eastern Mediterranean Passive and Active Margin settings. Active structures have major fluxes of
methane and also higher hydrocarbons. The porefluid and hydrocarbon isitopic composition idicate a deep source for the water and for
the gases. Variable salinities of the porefluids are encoutered as related to the presence or absence of underlying Messinian
evaporites.
Keywords: Active Margins, Passive Margins, Eastern Mediterranean, Mud Volcanoes
In the Eastern Mediterranean not only the Mediterranean Ridge (Äctive
Margin”) but also the Nile Fan area (“Passive Margin”) are characterized by
active mud expulsion structures. These structures at Anaximander area and
Nile fan have been sampled for the integrated study of fluid and gas
systematic, including the potential occurrence of Gas Hydrate (GH). At
Anaximander, the active top part of mud volcanoes is usually characterized by
fluids of reduced salinities (~10 ‰), whereas in the Nile area, these structures
have fluids of near-normal salinity to brine composition (> 300 ‰). The low
salinity waters are related to deep dewatering during smectite-illite transition,
whereas the high salinities result from dissolution of underlying Messinian
evaporites [1]. It seems therefore, that the salinity of the advecting fluids is
dramatically different between the two areas, whereas the measured methane
concentrations are similar, ranging from 1 to 3 mM for Anaximander and from
1.5 to 3.5 mM for the Nile area. In addition, in both areas but in particular that
of the Nile, major expulsions of gas occur into the water column [2,3]. In the
Anaximander area low sub-bottomwater temperatures occur associated to GH
decomposing during recovery, whereas in particular the Cheops and Chefren
mud volcanoes in the Nile area have enhanced salinities & temperatures being
150 ‰ & 57oC at Chefren and > 300 ‰ & 37 / 25oC at Cheops. The latter
two mud volcanoes situated inside the large Menes Caldera, 8 km diameter,
have a distinct chimney-like brine/mud pit. Inside these muddy brine
structures, the liquid mud has been sampled for gas, and for porewater. At
both sites, the profiles are rather constant with depth and do not differ
between cores and accompanying brine-CTD's. The depth of the brine is
approximately 300 meters at Chefren and 10 meters at Cheops, which needs
to be compared to a 80 m depth of the Menes Caldera itself. Concurring with
the enhanced temperatures, the Si concentration in the cores has higher values
at Chefren (500-600 µM) and lower values at Cheops (300 µM).
Hydrogensulfide was found in higher concentrations in the central cores of
Chefren MV (up to 1.5 mM), and only in minor amount at Cheops. Two
camembert-like more shallow structures have also been studied in detail: Isis
and Amon mud volcano (MV). IN the central part of both MV’s methane has
similarly high concentrations af for the earlier mentioned sites, but salinity is
below normal for Isis and slightlyl above normal for Amon. It is in particular
the high sulphate that is remarkable for the latter, pointing to a gypsym
evaporate contribution. This results in the peculiar co-occurrence of high
methane and sulphate within these sediments, where only in the topmost
interval methane is noticeably being degraded [3] . This work is supported in
part by the EUROMARGINS Programme of the European Science
Foundation (NWO 855.01.032, MEDIFLUX project) and the EU
ANAXIMANDER project (EVK-2001-00123).
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BASIN-WIDE ISOCHRONOUS SELECTIVE FORMATION AND PRESERVATION OF EASTERN
MEDITERRANEAN SAPROPEL S1
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Abstract
Initial deposition and preservation of the most recent sapropel S1 took place basin-wide and iso-chronous. Our basin-wide approach
further elucidates that the watercolumn below ~ 1.8 km must have remained predominantly anoxic during sapropel S1 deposition. A
marked Mn-rich sediment bed formed during the onset of reventilation at the end of sapropel S1. Its postdepositional preservation is
dependent on organic matter and sulphide content and subsequent sedimentation rates.
Keywords: Sediments, Paleoceanography, Deep Sea Processes
Mediterranean marine deposits found on land and at the seafloor, all
demonstrate a clear cyclic pattern in their composition that appears related to
Milankovitch astronomical variations [1-2]. The clear expression of these
climate cycles in Mediterranean deposits in particular is partly related to
restricted circulation in this semi-enclosed ocean basin.This restricted
circulation results not only in a delicate oxygen balance, but also in a
bottomwater formation and residence time that is very sensitive to Global
climatic variations in past, present, and future. Variations in riverine fluxes
concording with humidity-related climate cycles not only lead to variations in
bottom water conditions but also in nutrient fluxes [3]. These variations have
resulted in alternating organic-rich (sapropels) and organic-lean (marls)
sediment intervals. This astronomical cyclicity serves as a perfect time-marker
for Mediterranean Miocene to recent sediments, which permits an
unprecedented comparison of samples in identical time-slices but from
different locations. Some of these organic-rich units have a high degree of
lamination [e.g. 4], thus permitting high-resolution studies, whereas the
sedimentary expression of precessional cycles, volcanic ash layers and other
time markers permit a high degree of age control. Potentially basin-scale
reconstructions are possible for such time-slices, in particular for the most
recent S1 period [5]. Such reconstruction may not only involve the
oceanographic aspects of this model-ocean, but also the various land-ocean
interactions, such as riverine and eolian inputs from various surrounding
landmasses [6].

and 5.7 14C ky BP at all water depths greater than a few hundred metres [5].
Another effect of the increased precipitation over evaporation is water-column
stratification, and the resulting restricted deep-water ventilation. This has
caused predominantly anoxic water column conditions and as a consequence
preferential preservation of organic matter has occurred below 1.8 km during
4,000 years of S1 formation (Fig. 1). Several diagenetic features are associated
to sapropels, during their formation and during subsequent more oxic
environmental conditions [7]. During sapropel formation the downward
export of excess sulphide has resulted in an interval of reduced sediment
immediately below S1 [8], whereas the post-depositional excess oxygen
content has resulted in the downward removal of the topmost S1 interval [e.g.
9]. In addition, the deep-water reventilation thus re-oxygenation event has
resulted in a marked MnO2 bed (previously referred to as Marker Bed; [10]).
Using the S1 as a case study similar features can be recognized in older
sapropel units.
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Fig. 1. In dark grey: deep water, thought to have been (nearly) permanently
anoxic during sapropel S1 formation (5.7-9.8 ka 14C BP); Analysed core sites
are indicated.

As a consequence, climatic variations are accurately recorded not only by
giving variations in typical ‘marine’ signals, but also in typical ‘continental’
signals. The ‘Monsoonal index’ is strongly associated with the paleoclimatic
conditions in the area around the Eastern Mediterranean, i.e. Sahara/ Africa,
Middle East, Southern Europe. This association is clearly present in its
sediments, mainly in a ~ 21 kyr precession-controled cycle: during ‘humid’
climatic periods organic-rich sediment (Sapropel) is deposited containing
strong river and marine productivity signals, whereas during ‘arid’ climatic
periods organic-lean sediment is deposited containing high dust input signals.
As a consequence of the increased fresh water (monsoon) input between 10.4
– 5.0 14C ky BP, sapropel S1 formed basin-wide synchronously between 9.8
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THE MONTENEGRO-NORTHERN ALBANIAN CONTINENTAL MARGIN: MORPHOTECTONIC FEATURES
IN A SEISMICALLY ACTIVE REGION.
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Abstract
During four cruises within the ADRICOSM-STAR project high-resolution CHIRP profiles, morphobathymetric data and bottom
samples were collected along the seismically active Montenegro and northern Albanian margin. Preliminary analysis of our data
suggest that seismogenic structures are marked at the seafloor by morphological features due to deformation of the sediments and
possibly to fluid and gas escape.
Keywords: Adriatic Sea, Continental Margin, Geophysics, Tectonics, Bathymetry
The Montenegro coastal region is characterized by intense seismicity and by
the occurrence of large historical earthquakes, such as the Great Dubrovnik
Earthquake (M=7, 6 April 1667), the June 13, 1593 event (M=6.5), with
epicenter located close to Kotor, and the June 1, 1905 event, with epicentre
near Skadar. The last large earthquake affecting the region is the M=7.1 (15
April 1979) whose epicentre was located fifteen kilometers from the
Montenegro coast between Bar and Ulcinj (Fig.1). This last event stressed the
importance of studying the Montenegro offshore to localize seismogenic
features and trying to understand their behaviour in time. The Montenegro
offshore and coastal area has been included in the northern segment of the
Ionian-Adriatic coastal earthquake belt ([1]). This area constitutes the eastern
boundary of the Adria microplate, a block of continental lithosphere presently
colliding with the Dinarides chain since the late Miocene ([2], [3]); it
constitutes the most external sector of the chain. Along the Adriatic coast of
Montenegro, the 200 km-long plate boundary consists of a WNW trending
thrust belt (Fig. 1), cut by NS and rarely ENE oriented strike-slip faults
which laterally segment the major thrust front ([1], [2], [4]).

such as dunes and sand ridges are present on the seafloor. These features are
mostly observed in the bathymetric range 60-120 m and are mainly made
of relict coarse sandy material that seems to be cleaned by bottom current
reworking.

Fig. 2. Morphobathymetric image of compressive deformation along the
margin. See figure 1 (box 1) for location

Typical geo-morphological and structural features observed along the margin
through integrated analysis of seismic reflection profiles and high resolution
bathymetric maps are: 1) hundreds-meter scale bathymetric swells, possibly
interpreted as mud volcanoes; 2) elongated, heavily deformed ridges, marking
compressive deformation fronts (Fig. 2); 3) rectilinear scarps offsetting the
seafloor. All of these features appear aligned with regional tectonic boundaries,
described by several authors ([1], [2], [4]) and are thus probably genetically
controlled by deep-seated faults. Moreover, a correlation between these
features and local seismicity (moderate to large historical earthquakes and
recent events) is also observed ([5]). Preliminary analysis of our data suggest
that seismogenic structures along the margin, such as thrusts and strike-slip
faults, are marked at the seafloor by morphological features due to
deformation of the sediments and possibly to fluid and gas escape. This very
preliminary results need to be confirmed by further analysis and collection of
new data along the margin.

Fig. 1. Structural map of the Montenegro margin ([4] modified). Circles
indicate local seismicity and main historical events ([5]). Boxes indicate areas
where morphological features possibly related to tectonic deformation were
observed
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Despite its geological interest and the high seismic hazard, the Montenegro
offshore has been poorly investigated in the past, if we exclude extensive
multichannel seismic reflection surveys carried out by oil companies, not
available to the wider scientific community, and few seismic lines collected
during the ’90 in the Albania offshore ([3]). During 4 oceanographic cruises,
carried out from May 2008 to July 2009 with the Italian CNR research
oceanographic ships Urania and Mariagrazia in the frame of ADRICOSMSTAR project (ADRIatic sea integrated COaStal and river basins Management
system: Montenegro coaSTal ARea and Bojana river catchment), we collected
a set of marine geological and geophysical data offshore Montenegro and
northern Albania. Our dataset includes high-resolution seismic reflection
profiles and multibeam morphobathymetric data, as well as several sediment
samples, gravity cores, grabs, and box corers collected in key areas, selected
through interpretation of geophysical data. The sediment accumulation in the
coastal area is variable along the margin, probably due to the effect of strong
alongshore bottom currents. First results from combined interpretation of
seismic profiles and sediment samples suggest that wide areas in the shelf are
presently starved, and LGM (Last Glacial Maximum) sedimentary features,
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GEOPHYSICAL SIGNATURE FOR SEEPAGE ACTIVITY AT THE MENES CALDERA: AN EXCEPTIONAL
SITE OF BRINE, GAS AND MUD EXPULSIONS IN THE DEEP WATERS OFF NORTH-WESTERN EGYPT
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Abstract
The Nile Deep Sea Fan hosts numerous active fluid escape structures associated with large gas emitting mud volcanoes, authigenic
carbonates, pockmarks and briny mud volcanoes. During the Medeco2 expedition (HERMES Program), some of these seeps were
investigated with the research vessel Pourquoi pas?. Subbottom profilers and water column imageries were acquired with a CHIRP
and an EA600 echosounder. Near bottom geophysical investigations were conducted with the use of the Victor ROV that was
equipped with 1) a Reson 7125 multibeam system for high-resolution bathymetry and backscatter seafloor imagery and 2) an OTUS
camera for black and white imaging. We present here the geophysical characterization of the large mud volcano Menes caldera
complex located in the Western Nile Province.
Keywords: Deep Sea Processes, Eastern Mediterranean, Geophysics, Mud Volcanoes
The Menes Caldera discovered on the foot of the northwestern Egyptian
continental slope [1, 2] was surveyed in 2007 in great details with in particular
the use of the Victor ROV for near bottom geophysical surveys and in situ
samplings and measurements. The dataset previously acquired [1, 2] was
completed by geophysical imageries of the sediments, the seabed and the
water column.
Extending by 3000 m water depths with a diameter of ~8 km, the Menes
Caldera contains several active mud volcanoes. Chephren and Cheops mud
volcanoes located in the south and roughly in the centre of the caldera,
respectively, are the most spectacular.
The Chephren structure is composed of two craters of 250 to 300 m in
diameter each. The northern crater is filled up with muddy brine sediments.
Within this brine lake, salinity reaches high values (120 to 145 psu). Gas
analysis in the water column revealed high methane concentrations, 0.4 to 5.6
mmol/l. The temperatures within the lake indicate uniform values with depth,
reaching ~60°C. In contrast, the southern crater is relatively cold with thermal
gradients similar to background values. This crater 10 to 20 metres deep
corresponds to a former brine lake that is at present inactive in terms of brine
seepage. Running outflows emitted from the northern brine lake are visible all
around the mud volcano with the most recent activity located at the northern
side. The seepage activity there corresponds to highly unstable seafloor
environment. The fauna is mostly restricted within the close periphery of the
brine lake. The small and narrow subcircular plateaus that composed the
upper part of the crater attracts many crabs and polychaete tubeworms.
Within the brine lake, the less unstable areas appear to be characterized by
dense accumulation of white filaments that correspond to sulfur associated
with arcobater, sulphide oxidizing bacteria (Boetius et al.).
Cheops mud volcano, similarly to Chephren, exhibits high salinity values and
methane concentrations (respectively 210 to 240 psu and 2.4 to 3.7 mmol/l).
Cheops mud volcano, with an average diameter of ~250m, is composed of a
brine lake surrounded by an almost continuous depression ring, covered in
some places with recent outflows. This latter probably corresponds to a
former edge of the lake. As previously suspected by [2], the inner domain of
this mud volcano correlates with an almost flat top where numerous muddy
brine pools, decimetre to metre in scale and covered by whitish filaments,
were observed at the surface of the lake. An average temperature of ~43°C
was recorded from the surface of the lake down to 440m through a very
unconsolidated material. The uniformity of the temperature profile with depth
clearly supports the occurrence of first order active convection within a
mud/brine/fluid conduit.
The newly acquired geophysical dataset and high-resolution seabed
photographic images brought more details, in particular, in the seabed
morphology and spatial distribution of the seepage activity. The seepage
activity is not restricted to the major mud volcanoes. The entire caldera is
disturbed by fluids associated in depth with numerous faults and fractures and
at the seabed with brine-related features. Acoustic anomalies were detected in
the water column using the 38 kHz echosounder of the R/V Pourquoi pas?. An
echo contiguous to the seafloor was recorded up to 600 m above the seafloor
at the south-western border of the Menes. This acoustic anomaly is
interpreted as a gas flare associated with a listric fault in relation with salt

tectonics.
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INVESTIGATION OF SEISMO-GEOMORPHOLOGIC FEATURES OF FLOWER ISLANDS FAULT OF THE
GULF IZMIR
Can Eytemiz 1*, Atilla Ulug 1 and Faik Erdeniz Ozel 1
1 Dokuz Eylul University Institute of Marine Sciences and Technology, 35340, Izmir, Turkey - can.eytemiz@deu.edu.tr
Abstract
Gulf of Izmir is located within a weakness zone known as Izmir – Balikesir transfer zone which is dominant by strike-slip faults. This
zone's last activity has verified by 17-20 October 2005 dated “Gulf of Sigacik Earthquakes”. The aim of our study is to investigate the
seismo-geomorphologic features of Flower Islands Fault which we consider as a part of this zone.
Keywords: Geophysics, Hydrography, Aegean Sea, Seismics
The relation between gulf's seabed deformations and regional stress fields is
known from Ocakoglu ve dig. [1]. Large numbers of strike-slip faults are
indicated in the region according to their multi-channel seismic studies in the
Gulf of Izmir and Gulf of Kusadasi. The cinematic analysis studies of the Gulf
of Izmir and it's environs show a NNE – SSW directed expansion and WNW –
ESE directed compression during the Quaternary – Holocene period [2]. The
region changes it's shape under the influence of the transtensional tectonic
regime in which NE and NW directed faults work together. Approximately N-S
directed Flower Islands Fault is a fault which is located in this tectonic system.
In this study, multibeam sonar (240 Khz – 480 beams), sub-bottom profiler
seismic (3.5 Khz) and magnetometer methods are conducted to determine the
fault with it's geomorphologic features (Fig. 1).

Fig. 1. Seabed surface fracture of the Flower Islands Fault.

Our reviews show a surface fracture of the fault more than 12km and a vertical
component more than 2m – 3m. Seismological fault analyses are still being
performed for the determination of the fault's other properties.
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Abstract
Wave climate exerts a significant influence on the development of Holocene sedimentary prograding wedges. This is demonstrated by
the fact that near-bed orbital velocities between 0.10 and 0.14 m/s (threshold for resuspension) occur in the vicinity of the infralittoral
prograding wedges (IPW) offlap-breaks during storm-weather conditions, but during medium wave energy conditions in the case of
prodeltaic wedges.
Keywords: Alboran Sea, Continental Shelf, Waves, Sediment Transport
Introduction
Holocene prograding wedges are sigmoidal-shaped sedimentary bodies located
between the infralittoral zone until the mid continental shelf. They are
basically composed both infralittoral and prodeltaic wedges depending if
littoral and fluvio-deltaic processes are dominant. The offlap-break determines
an important physiographic change in the morphology of these
aforementioned wedges and its depth in the infralittoral wedges has been
related with the mean level of the storm wave base ([2],[1]).

Fig. 1. Near-bed orbital velocity distribution in the study area.
Inner and middle shelf persistenly undergo bed stress exceeding the threshold
of sediment motion. The magnitude and frequency of sediment transport ,
testing its role in the offlap-break point location.events are critical controls on
the intensity of physical reworking ([4]). In this contribution, we aim to
understand the controlling effect of different wave base levels on the
prograding wedges deposits processes and evolution
Methods
Wave-generated near-bed flows are dependent on wave height, H, period, T,
wavelength, L, and water depth, h. Near-bed wave orbital velocities (Ub) at
the seabed have been calculated by using the following equation ([3]):
Ub= H/ T sinh (2 π h/L)
Three energetic wave levels have been used off the coasts of east-southern
Iberia (Figure 1), following the classification by Ortega et al. (2004), to
calculate Ub: a) High-energy storm conditions, with H=3.5 m and T=8 s
(Figure 1); b) Medium-energy, for 50th-percentile of the wave height, with
H=1.5 m and T=7s; c) Low-energy fair-weather conditions, with H=0.75 m
and T=4s. Water depth values (h) were collected with a 300 kHz Simrad
EM3000D multibeam echosounder.
Results and discussion
Near-bed orbital velocities can be used to identify wave-driven sediment
transport at a site given representative erosion thresholds. In the study area,
those near-bed orbital velocities range between 0 and 1.33 m/s, with maximum
values occurring over the topsets (Figure 1 and 2). Bottom wave velocity
thresholds for resuspension range between 0.10 and 0.14 m/s, corresponding
to bed shear stresses of 0.1-0.2 N/m2 ([5]). The spatial distribution of this
velocity interval correlates with IPW offlap-break location during highest
stormy conditions, and with the offlap-break location of prodeltaic wedges
during medium-energy conditions. This important difference must be due to
the fluvio-deltaic processes dominance in the prograding wedges evolution,
which determined differences on sediment supplies and sediment grain sizes.

Fig. 2. Near-bed orbital velocity for three different wave conditions and water
depth profiles in two locations of the continental shelf. A) Prodeltaic wedge.
B) Infralittoral prograding wedge.

Conclusion
Wave energetic conditions have control the Holocene sedimentary prograding
wedge morphology and evolution, since they conditioned the offlap-break
position in time.

References
1 - Fernández-Salas, L.M., 2008. Los depósitos del Holoceno Superior en la
plataforma continental del sur de la Península Ibérica: Caracterización
morfológica y estratigráfica. Ph. D. Dissertation, Universidad de Cádiz, pp
277.
2 - Hernández-Molina, F. J., Fernández-Salas, L. M. , Lobo, F.J., Somoza, L.,
Díaz-del-Río, V. and Alveirinho Dias, J.M., 2000. The infralittoral wedge: a
new large-scale progradational sedimentary body in shallow marine
environments. Geo-Mar. Lett., 20: 109-117.
3 - Soulsby, R.L., 1997. Dynamics of Marine Sands. Thomas Telford,
London, pp 264.
4 - Wheatcroft, R.A., P.L. Wiberg, C.R. Alexander, S.J. Bentley, D.E. Drake,
C.K. Harris and A.S. Ogston, 2007. Post-depositional alteration and
preservation of sedimentary strata. In: Nittrouer C. A. et al. (ed.), Continental
Margin Sedimentation: From Sediment Transport to Sequence Stratigraphy.
Blackwell Publishing, Malden, pp 101-155.
5 - Wiberg, P., 2000. A Perfect Storm: formation and potential for
preservation of storm beds on the continental shelf. Oceanog., 13, 3: 93-99.

23
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)
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Abstract
An integrated approach, combining the directly measured individual radium contributions and hydrodynamic model results, allowed for
the calculation of the mass balance of naturally occurring short-lived Ra isotopes (223,224Ra) in the Venice Lagoon. Hydrodynamic
data allows for the calculation of the Ra mass balance in sub-areas of the Venice Lagoon, which are characterized by physically
homogeneous properties, instead of the entire lagoon. Both the seasonal and spatial variability of the submarine groundwater discharge
(SGD) in the Venice Lagoon were investigated. SGD estimates were correlated with the residence time calculation to better
understand spatial and seasonal variation.
Keywords: Circulation Models, Hydrology, Lagoons, Water Transport
Introduction - Methods
Submarine groundwater discharge (SGD) has gained increasing attention, both
from the scientific community and coastal resource managers over the last
decade [1]. Previous investigations showed that SGD plays an important role in
the physical and biological properties of the Venice Lagoon ecosystem [2, 3]. In
this study we extended the investigation of SGD to the whole lagoon, through
the use of Ra measurements and hydrodynamic modelling. The mass balance for
Ra can be expressed by the equation:
Lout + Ldecay = Lin + Lriver + Ldiff + Lmarsh + Ldesorp + LSGD (1)

total input of groundwater into the Venice Lagoon is 43±25 and 40±17×109 L
d−1 using the 223Ra and 224Ra mass balance respectively. Remarkably, both
223Ra and 224Ra suggest that SGD accounts for 6% by volume of all water flux
into the lagoon. Fig. 1 shows the pattern of clear seasonality in the Venice
Lagoon. The discharge calculated by both short-lived isotopes is lowest in
winter, and higher in spring, summer, and fall. Some divergence occurs between
the isotopes in the spring and summer of 2007 which is likely a function of
residence time. It is possible that the same forces that determine residence time
also drive a re-circulation of seawater through the sediment as there is a strong
inverse correlation between residence time calculated using a hydrodynamic
model and SGD as calculated by the Ra mass balance method (R2 values are
0.85 and 0.66 for 223,224Ra respectively.

which considers the different Ra sources and sinks from the lagoon: water
exchanges at the inlets (L in, Lout), river discharge (Lriver), desorption from
sediments (Ldesorp), diffusion from sediments (Ldiff), percolation of porewater
from marshes (Lmarsh), and SGD (LSGD). Each of these contributions were
calculated by using the experimental data obtained from an extensive field and
lab campaign (APAT research project “Afflusso di Acque Sotterranee in Laguna
di Venezia”, 2005-2008) and the application of a hydrodynamical model
(SHYFEM), as described by Ferrarin et al. [4]. The lagoon was divided into 4
sub-basins with similar physical characteristics to better characterize SGD using
the 223,224Ra mass balance and to allow a more precise estimate of the fluxes
from the different sub-basins and through the inlets which connect the lagoon to
the Adriatic Sea. Integrating the results of the hydrodynamic model and the
point measurements of Ra enabled the calculation of the different sources of Ra
for each sub-basin in every season and the volume of the flux associated with
SGD. The Ra mass balance calculation utilizes the hydrodynamic information
and was effective for both 223Ra and 224Ra. In addition, the application of the
hydrodynamic model and a transport model allowed for the calculation of the
residence time in each sub-basin per season.
Results
Surface distribution of 223,224Ra showed significant seasonal variation during
the six surveys, however, in general, the spatial pattern of distribution within
the lagoon was similar with higher activities in the northern and southern subbasins. In all seasons activities were elevated in the lagoon as compared to river
and open Adriatic Sea waters. 224Ra activities were much lower, throughout the
lagoon, during the winters of 2007 and 2008 (avg. 43±21 and 55±27 dpm 100
L−1 respectively) than during the falls of 2006 and 2007 (avg. 75±52 and 90±33
dpm 100 L−1 respectively), the spring of 2007 (avg. 108±41 dpm 100 L−1), and
the summer of 2007 (avg.108±65 dpm 100 L−1). 223Ra activities were lower in
the winters of 2007 and 2008 (avg. 2.8±1.4 and 3.2±1.6 dpm 100 L−1
respectively) than in the falls of 2006 and 2007 (avg. 4.9±2.8 and 6.4±3.1 dpm
100 L−1 respectively), the spring of 2007 (avg. 6.3±3.3 dpm 100 L−1) and the
summer of 2007 (avg. 5.4±3.6 dpm 100 L−1). The activities of 223Ra in lagoon
waters show a similar pattern. Average 233,224Ra activities for the whole lagoon
in all seasons are 4.8±3.5 and 79.1±43.6 dpm 100 L−1. The results of the
hydrodynamic model show that the residence time of the lagoon has an average
value of 7.7±4.6 days and has a marked seasonal variation. The average and
standard deviation of the water residence times in the four sub-basins are
8.8±3.6 and 4.9±2.8 days for the two northern sub-basins, 8.3±4.8 and 5.9±3.1
for the central sub-basin and southern sub-basin. More than half of the total Ra
entering the lagoon cannot be accounted for by the inputs detailed above and the
significant excess of short-lived Ra observed in the Venice Lagoon can,
reasonably, be attributed to submarine groundwater discharge. The calculated

Fig. 1. Seasonal SGD (223Ra and 224Ra) and residence time (dashed line)
variation in the Venice Lagoon
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LONG-TERM SEDIMENT TEMPERATURE OBSERVATION REVEALS RAPID COOLING AFTER A RECENT
ERUPTION AT NORTH ALEX MUD VOLCANO ON THE WESTERN NILE DEEP-SEA FAN
Tomas Feseker 1*
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Abstract
The West Nile Delta Project at IFM-GEOMAR aims to analyze the relationship between deep gas reservoirs and mud volcanoes on
the western Nile deep-sea fan. Long-term monitoring of sediment temperature as an indicator of fluid seepage and mud expulsion at
North Alex mud volcano revealed that infiltration of cold bottom seawater accelerates the cooling of the sediments after an eruption
and points to rapid transitions between extremely active and dormant stages of this mud volcano.
Keywords: Mud Volcanoes, Nile Delta, Temperature, Models
North Alex mud volcano (MV) is located on the upper slope of the western
province of the Nile deep-sea fan at a water depth of around 500 m. It is a
circular structure with a diameter of less than 2 km and an elevation of nearly
50 m above the surrounding seafloor at its highest point. The central plateau is
characterized by gentle slopes towards a steep edge of about 40 m height,
which separates the central mud pie from a surrounding moat. Based on a
geophysical mapping campaign, North Alex MV was described as a deeprooted active gas chimney that may have triggered slope destabilization
associated with significant northward sediment flows and slumps, following
the local slope gradient [1]. Further investigations in 2003 showed a moderate
sediment temperature anomaly of around 0.8 °C/m and sporadic gas ebullition
at the center [2], indicative of a minor level of activity.
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More recently, North Alex MV has been the focus of the West Nile Delta
Project at IFM-GEOMAR, aiming to study the relationship between deep gas
reservoirs and mud volcanoes on the Nile deep-sea fan. A first detailed
assessment of the sediment temperatures in the mud volcano during the P3622 cruise of R/V Poseidon in February 2008 revealed extremely high
temperatures of up to more than 70 °C at around 6 m below the seafloor
(mbsf) at the center, corresponding to temperature gradients of more than 10 °
C/m [3]. The focus of the temperature anomaly was found at the highest point
and the temperature gradients decreased rapidly towards the flanks of the mud
volcano, such that the temperature gradient generally correlated with the
morphology. Particularly in the central area, however, the sediment
temperature distribution was heterogeneous, which suggested a very recent
eruption.
A second assessment of the sediment temperatures at North Alex MV was
conducted during the 64PE298 cruise of R/V Pelagia in November 2008 [4].
While the sediment temperatures at the center had remained as high as 9
months before, the outer parts of the plateau had cooled significantly and the
lateral extent of the main temperature anomaly had decreased by around 50
percent. Using an ROV, numerous gas seeps were observed in the central area
of the mud volcano, where a very rough morphology of the seabed with fresh
cracks and superficial faults pointed to recent mud eruptions. During the same
cruise, an uncabled seafloor observatory was installed close to the center of
North Alex MV. Bottom water temperature and pressure, temperature at the
seabed, and sediment temperature down to a depth of 5 mbsf is recorded at an
interval of 30 minutes in order to monitor the activity of the mud volcano.
The first data from the observatory was obtained via an acoustic link to the
R/V Poseidon during the P388 cruise in July 2009 [5]. Unfortunately, due to a
malfunction in the modem software, the time series could not be downloaded
completely. However, the currently available sediment temperature data
documents clearly that the temperature of the sediments decreased more
rapidly than by simple conductive cooling in contact with the relatively cold
bottom seawater. The most likely explanation for the accelerated cooling is the
infiltration of seawater into the mud volcano sediments. This hypothesis is
supported by several concave-upward shaped sediment temperature profiles
measured on the central plateau, which also indicate downward flow of
porewater. In addition, the time series revealed small temperature fluctuations
over time scales of several days to months, suggesting that intermittent pulses
of rapid fluid expulsion interrupt the general cooling trend.
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TRACE ELEMENT DISTRIBUTION IN SEA WATER AND SEDIMENT PORE WATER FROM THE
NOVIGRAD SEA AREA (EASTERN ADRIATIC)
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Abstract
In order to study water geochemistry, digenetic changes within the sediment and processes at the water/sediment interface, levels of
trace elements (As, Ba, Co, Cr, Fe, Li, Mn, Mo, Ni, Rb, Sb, Sr, Ti, U and V) in sea water and sediment pore water from the Novigrad
sea area were investigated.
Keywords: Adriatic Sea, Geochemistry, Sediments
Introduction
The Novigrad sea is a small, semi-closed bay located in the central part of the
eastern Adriatic coast, about 20 km from Zadar (Figure 1). It is connected to the
Adriatic sea in the northwest by Velebit channel and the Karin sea in the
southeast. Sedimentation processes in the Novigrad sea are dominantly
influenced by small karstic river Zrmanja, which discharges in its eastern part,
forming highly stratified estuary [1]. Smaller streams like Bašcica, Draga and
Slapaca, as well as water inflow from Karin sea have less pronounced but still
important influence on the sedimentation in this basin. The aim of this study
was to investigate geochemistry of sea water and sediment of the area and
establish possible natural and anthropogenic influences on the trace element
levels.

levels. Pore water trace element content is believed to reflect mineralogy of
sediments and ongoing diagenetic processes in anoxic environment.

Fig. 2. Vertical distribution of Mn and Co concentrations in the sediment cores
from sampling stations NM3, NM8, JM and KM.
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Fig. 1. The map of investigated Novigrad sea area.

Sampling and methods
Samples were taken at four locations, including Novigrad sea, Karin sea and
Velebit channel (Figure 1). The sea water was sampled from the surface and
bottom layers, whereas pore waters were extracted by centrifugation from
sediment cores previously cut into subsamples at 2 cm intervals. Immediately
after sampling Eh and pH were measured in sediments, at the same locations.
Concentrations of trace elements in sea water and pore water were measured by
high resolution inductively coupled plasma mass spectrometry (HR ICP-MS).
Results
The Eh values in the cores became negative almost immediately bellow the
sediment-water interface, while the pH values exhibited small variations along
the profile. The measured Eh values imply anoxic conditions starting already
from the sediment surface. Comparing to the sea water, the pore waters were
found to be generally enriched in trace elements. The redox-sensitive elements,
Fe and Mn, generally follow the Eh distribution pattern. Co is often associated
with Mn oxides which could explain their similar depth profiles (Figure 2). The
concentrations of Ba, Mo, Sr and Rb were variable in the upper 8 cm, whereas
As, Cr, Li, Ni, Ti, U and V concentrations show variations throughout the
profile in all cores. Concentration levels of all analyzed elements in examined
surface and bottom water samples were in the range of values reported by
Mikac et al. [2] for Krka river estuary and are considered to reflect natural
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TSUNAMI POTENTIAL IMPACT IN THE LEVANTINE BASIN AT THE ISRAELI COAST BY EARTHQUAKES
AND BY SUBMARINE LANDSLIDES USING VERY HIGH RESOLUTION COASTAL GRIDS
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Abstract
This paper presents detailed quantification of tsunami impact by application of a very high resolution numerical model studying a
number of the worst tsunami feasible scenarios in the eastern Mediterranean and their impact on the Levantine coasts, focusing
particularly on the Israeli coast.
Keywords: Bathymetry, Levantine Basin, Models, Waves
Introduction
The study reported here [1] is the first stage in thepreparation of a data bank of
potential tsunami scenarios for the Israeli coast, which would enable early
tsunami warning upon receipt of tsunami alerts from regional tsunami watch
centers being established under the IOC/UNESCO Intergovernmental
Coordination Group for the Tsunami Early Warning and Mitigation System in
the North-eastern Atlantic, the Mediterranean and Connected Seas
ICG/NEAMTWS) or from local tsunami detection sea level sensors operated
by IOLR. Here we present outcomes of a numerical study of the impact of
tsunami scenarios for a number of the worst potential events in the eastern
Mediterranean's sea, focusing on their impact on the Israeli coast.
Study overview
The simulations were carried out by a state of the art open source numerical
model named GeoClaw. It is based on a larger software package called ClawPack
that is aimed to solve hyperbolic partial differential equations up to 3 space
dimensions, including nonlinear systems of conservation laws. Furthermore, a
special feature of the numerical method is its adaptive mesh refinement (AMR),
which enables the implementation of meshes with a large range of scales,
property that is extremely important when one is interested in solving problems
with a multitude of geometric scales, such as for tsunamis. The adaptation of the
code and other changes were checked against well accepted benchmark runs.
Two mechanisms for tsunami generation were considered: i) submarine
earthquake resulting from the Crete-Helenic arc, and ii) submarine landslides
induced by earthquakes at the Dead Sea Transform. Based on older studies [2],
the worse cases were chosen accordingly. The movement of the undersea terrain
was modeled for the above two mechanisms. Our results were compared with
those of older studies and showed agreement for the large scale features. The
modeling of the sources in the GeoClaw package is in general a description of
the time change of the sea ground. In order to generate these changes, we
reconstructed models that describe both earthquakes and landslides.
Schematically, the model for the earthquake is taken as a translation of certain
quadrilateral region (the moving region) in a linear way. For landslides, a volume
in a general form of half elliptic paraboloid is sliding on given chosen track and
velocity profile (depends on time).
Significant progress has been made by
implementing high resolution digital bathymetric and topographic data. The
nearshore (shallower than 500m) bathymetry and the topographic data at the
coast and river estuaries are on a grid of about 5m cell size.

Fig. 1. Example of a maximum inundation map at the Haifa Bay induced by a 8.3
magnitude earthquake off SE Crete.

In order to understand the generation, evolution and dispersion of the tsunami
waves, animations were produced. They enable observing complex wave
refraction, wave reflection and wave-wave interactions, and the corresponding
forcing on the nearshore and coastal structures, cliff, beach erosion, etc.
The presentation will show results of computed flow velocities, flow flux and
momentum at various positions and times, where structures such as
breakwaters, coastal cliff and other structures are located, as well as the extreme
forces assessed for these locations.
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Results
Maps for maximum inundation, maximum set down, maximum wave height and
various time snapshots are produced. The maps for inundation and set down
were generated by supplementary Matlab codes which were developed by the
first author. Because the solution is found on an adaptive grid (that is also time
dependent), one has to interpolate it on a uniform grid for the various snapshots
in order to create maximum or minimum maps. For the maximum wave height
we introduced for the GeoClaw package a list of sea level gauges located at the
lines of zero sea level. From the raw output of a run, we filter out time intervals
where the grid is coarse and the information is inaccurate. Next step is to write
the maximum of the waves for each gauge point. Example of an inundation
map at Haifa bay coast is shown in Fig.1 for the case of an 8.3 earthquake off
the eastside of Crete.
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Abstract
Redox sensitive metals enrichment has been used for the reconstruction of deep water ventilation in the Eastern Mediterranean. We
compare fixation of Mo and U on the Black Sea, the present day largest anoxic basin, and sapropels from different periods to
elucidate formation conditions based on the recent analogues. Most sapropels present preferential Mo enrichment, attributed to
different degrees of water column anoxia and primary productivity. Some layers present Mo:U ratio similar to present day seawater,
suggesting anoxic bottom water and constant turnover. Basin stagnation comparable to the Black Sea is only punctually observed in
the Mediterranean for the most intense sapropel events.
Keywords: Anoxia, Black Sea, Sapropel
Redox conditions of the water column and circulation in the Eastern
Mediterranean during sapropel formation has been extensively discussed [e.g., 1,
2, 3], yet stagnation is still under debate [1, 2]. Using ICP-MS geochemical data,
we compare the behaviour redox sensitive elements on Mediterrranean
sapropels spanning from 2Ma to recent, from 4 ODP sites, and sediments from
a cores in the Black Sea and data from [4]. The co-variation between Mo and U
in the sediment depends on sea water chemistry, water column circulation, and
shuttle transport adsorbed to organic matter, [4]. The rate of turnover and
different fixation process for Mo and U must also have an effect.

so that none is depleted in the waters. Recent sediments from the deep basin
(stripes) follow the same sea water trend, whereas the last sapropel shows
relatively constant Mo concentration and progressive U enrichment. This was
interpreted [4] as the result of stable stagnant condition that depleted Mo from
the upper water layers. A similar representation on Mediterranean sapropels
samples shows similar trends. A cloud of background sediments are slightly
enriched in U under sub-oxic conditions. Only when the redoxcline shifts
upwards into the water column Mo starts to be fixed. Where deepwater
circulation allows U and Mo input, a steady state is reached and Mo:U runs
parallel to the sea water line. This is the case for S1 at sites 964 and 967 (Fig.1-b
and 1-d) and Pleistocene sapropels at 966 (Fig 1-e). Most Plio- Pleistocene
levels are preferentially enriched in Mo on sites 964 and 969, which may imply
restricted bottom water circulation and thus limited U fixation. However,
intermediate water circulation and Atlantic input was not restricted so Mo was
continuously scavenged from the anoxic water column, favoured by organic
matter shuttle, [4]. A situation similar to the Black Sea sapropel, with a stable
shallow chemocline and long term stagnation, is only inferred locally for S5 and
S7 at sites 969 and 964 (Fig. 1-b and 1-c, discontinuous black line).
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Fig. 1. Mo:U variations (in Enrichment Factors) for Black Sea (a) and Eastern
Mediterranean (b-e) sediments. Sea water line marks average Mo:U ratio on sea
water (7,8 aprox.). Shading on 1-a distinguish platform (solid grey) and basin
(stripes) sediments. Data from the deep basin are from [4].

Black Sea sediments show two trends (Fig.1-a): Samples from the platform
(grey shading) are either slightly enriched only in U or following the trend of sea
water Mo:U. Fixation of U begins earlier than Mo, and occurs by diffusion into
the sediment, whereas Mo can be scavenged from the water column. These
evidences indicate a variable chemocline and a constant input of both elements
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THE LEGNAGNONE SECTION (NORTHERN APENNINES): HIGH-RESOLUTION
PALAEOENVIRONMENTAL EVOLUTION TOWARDS THE ONSET OF THE MESSINIAN SALINITY CRISIS.
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Abstract
An integrated study is presented on the lower Messinian, pre-/syn-evaporitic Legnagnone section, located in the Northern Apennine.
The study of ostracodes, foraminifers, benthonic macrofossils and pollen associations, together with magnetostratigraphic and
foraminiferal biostratigraphic data, allow reconstructing a chronostratigraphic framed paleoenvironmental evolution during the
uppermost phase leading to the Messinian salinity crisis and an high resolution stratigraphy of the pre-/syn-evaporitic transition.
Keywords: Messinian, Paleoceanography, Stratigraphy, Evaporites
An integrated approach to the study of the pre-evaporitic sediments in the
Mediterranean basin [1] permitted to define a precise time frame of the
evolutionary steps towards the MSC (Messinian salinity crisis).
Unfortunately, these studies are often carried out in sections lacking primary
gypsum (PLG [2]); conversely, they record the deposition of clastic
evaporites, both sulphates and carbonates (RLG and Calcare di Base, [2]).
Due to these problematic, comprehensive palaeoceanographic reconstructions
of the evolution towards the MSC are related to different geological settings.
An integrated study of the Legnagnone section (Northern Apennines) was
carried out to reconstruct the chronology and palaeoenvironmental evolution
of the latest pre-evaporitic events preceding the MSC onset in a marginal area.
The Legnagnone section is located in the Northern Apennines chain. It rests
unconformably on Miocene calcarenites and it shows a fining upward trend
from deltaic conglomerates and sandstones to marls with limestone
intercalations. At the top of the prevalently marly portion of the section, two
limestone/organic-rich shale couplets are present just below the first gypsum
bed that is up to 10 m thick. Based on facies and stacking pattern
characteristics of PLG evaporites in the western Mediterranean [3], the two
basal cycles are here missing. Thus the first local gypsum bed can be
correlated with the third PLG cycle. Biomagnetostratigraphic data allow to
correlate the Legnagnone section with the Molinos-Perales section [4] and
thus with astronomical curves. The presence of two Turborotalita multiloba
influxes, an influx of Globorotalia scitula, several influxes of planktonic
foraminifera, the coiling ratio of Neogloboquadrinids, and the Gilbert chron
base indicate that the Legnagnone section is comprised between ca. 6.15 Ma
and 5.9 Ma.
On the basis of benthonic macrofossils, foraminifers and ostracods, three
distinct intervals can be recognised, depicting a palaeoenvironmental evolution
from infralittoral well-oxygenated domain (up to ca. 6.13 Ma) to upper
circalittoral-upper bathyal settings (from 6.13 to 6.03 Ma) and back again to
infralittoral depths (from 6.03 Ma up to the MSC onset), both characterized
by dysoxic bottom water.
The high percentage of reworked palynomorphs, especially dinocysts, makes
unreliable the climatic value of palynological data from the base (54 m) up to
35 m (ca. 6.13 Ma). On the contrary the quite rich pollen assemblages in the
upper part of the section, dominated by arboreal taxa (Taxodium type,
Engelhardia, Quercus, Ulmus, Juglans), testify for a prevalent humid and
warm climate.
Concluding, the proposed age of 5.96 Ma [5] for the onset of the MSC is
marked by the disappearance of benthonic foraminifers and ostracods,
preceded by the disappearance of planktonic foraminifers. However, data
indicate that the deposition of sulphates is here delayed of at least two cycles.
The lack of several gypsum cycles, replaced by laminated limestone, at the
base of PLG deposits is a common features observed also at Sorbas basin and
in Piedmont [6] casting a new light on the onset of the MSC.
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GEOCHEMICAL COMPOSITION OF RECENT SEDIMENT FROM THE SW ADRIATIC SEA AND THE GULF
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Abstract
Previous studies from the Gallipoli shelf area indicate continuous sedimentation and high accumulation rates with low disturbance
from bioturbation ([1]) permitting high resolution paleoclimate investigations. In this study major and trace elemental composition bulk
organic Carbon and Nitrogen, δ13C and δ15N from a multi core (NU04MC) from the Gallipoli shelf is presented. These data is used
for a paleoclimate reconstruction using results from 47 surface sediments from the area (Gulf of Taranto and SW Adriatic).
Preliminary results indicate a strong anthropogenic influence in the last 100 years.
Keywords: Geochemistry, Eastern Mediterranean, Global Change, Paleoceanography
To improve our understanding of causes and consequence of climate and
environmental change on decadal to millennial time scales more comprehension
is needed on the underlying processes. The Mediterranean lies between low
and mid-latitudes and is influenced by both the monsoonal and NAO climate
systems making it a key area for paleoclimatic investigations. Continuous,
high resolution sedimentary paleo climatic archives permit us to study in
sufficient resolution the required time scale. Previous studies from the
Gallipoli shelf area (39N46;17E54) indicate continuous sedimentation and
high accumulation rates with low disturbance from bioturbation (e.g[1])
permitting
high
resolution
investigations.
Carbonate
contents,
thermolumuniscense, oxygen and carbonate isotopes ([2]) and sea surface
temperatures ([3]) all display compositional cycles at frequencies known from
solar cycles. The origin and processes related to these variations, however,
remain unclear. Therefore, a study is presented here in which recent surface
sediments elemental composition from the area are compared and calibrated
with recent environmental factors. These results can then be used for a
paleoclimatic reconstruction of the last few hundred years using multicore
NU-04-MC . For this study the first centimeter of 47 multicores has been
sampled (Fig 1.)The multicores are from the area and recovered during the
Cappuccino cruise ([4]). These samples have previously been analysed for
their foraminiferal isotope composition and Dinoflagellates ([5]). In addition,
these samples were analyzed for their total inorganic geochemistry using total
destruction and ICP-OES. These data and Bulk organic carbon have been
correlated with local environmental variables such as Primary Productivity,
Temperature, Oxygen levels and Salinity. Preliminary results show a
decreasing trend along the surface sediment transect (Fig 1.) for some elements
(e.g. Ba/Al, Cr/Al) indicating them as an indirect proxy for the amount of
Adriatic Surface water. Furthermore correlations were found within a range of
cores between oxygen penetration levels and redox elements. Bulk organic
Carbon and Nitrogen content showed correlations with satellite-derived
chlorophyll-a concentrations in different seasons. Furthermore a multicore
was retrieved from the area (NU04-MC) which contains finely laminated
sediments. Preliminary dating resulted in an estimated age of 400 years for the
380mm core depth. Every 2.5 mm was sampled and analyzed. Correlations
found for the surface sediments are used to explain the variability within the
core. First results of the core NU-04-MC show increasing trends of some
elements know as anthropogenic indicators together with an increase in Ba/Al
ratios (Fig 2.) from a depth of 100 mm towards the recent. Increased Ba/Al
ratio’s can be indicative for an increase of primary productivity but could also
indicate a different source for clay minerals [6]). The timing of the increase in a
variety of elements including Ba, however, suggests an anthropogenic origin.
This work is supported by the EUROCORES/EUROMARC Program of the
European Science Foundation (NWO.817.01.002 MOCCHA project).
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A UNIFYING BIOGEOCHEMICAL MECHANISM FOR SHALLOW GYPSUM VS. DEEP DOLOMITE
FORMATION DURING THE MESSINIAN SALINITY CRISIS
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Abstract
The Messinian Salinity Crisis (MSC) is an event ~ 5.9 Ma ago that resulted in deposition of 0.3 -3 km thick evaporites at the
Mediterranean seafloor (1-3). Controversy existed on the formation mode,but recently a consensus was reached on several aspects
(3).The latter has also clarified remaining issues, such as for the observed shallow gypsum versus deep dolostone deposits (3-5).A
recently proposed scenario for the Lower Gypsum units of the MSC infers that primary gypsum only formed in silled marginal basins
while dolostones are found at deeper settings. We agree but reject the suggested coincidental presence of similar sills for all marginal
basins. Alternatively, we present here a unifying mechanism in which gypsum formation occurs at all shallow water depths but its
preservation is mostly limited to shallow sedimentary settings.
Keywords: Messinian, Evaporites
The onset of the Messinian Salinity Crisis is marked by the deposition of
gypsum-sapropel alternations (Lower Gypsum unit). Increasing evidence has
recently been put forward to show that this gypsum precipitation only
occurred at marginal settings, while non-evaporitic rocks have been reported
from deeper settings (5-7). The difference in sedimentary environment
between marginal and deep Mediterranean settings is only tentatively
explained by physical properties like tectonic restriction and/or sea level
lowering, for which there is no solid evidence. The chemical processes of
gypsum formation during the Messinian salinity crisis, however, are poorly
understood and commonly neglected. These may, however, explain that
different MSC deposits formed in shallow versus deep environments without
the necessity of exceptional physical boundary conditions. For this we have
to consider the following processes that are important:

gypsum and the presence of erosional unconformities at the sill-less
Mediterranean passive margins concord to such removal mechanism. In
addition, large-scale resedimentation of gypsum has also been found for deep
Messinian settings in the Northern Apennines and Sicily. Only at those
marginal settings that were silled, the marginal gypsum deposits have been
preserved (3-7,10).
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a. Water column stratification due to continuing (but episodic?) inflow of
oceanic water and enhanced evaporation thus enhanced salinity of
Mediterranean water
b. Organic Matter (OM) debris fluxes settling into the deep waters and being
decomposed through oxygen and sulphate
c. Gypsum precipitation is controlled by the product of Ca2+ and SO42concentrations
Gypsum precipitation in evaporating seawater takes place at 3-7 times
concentrated seawater (8 and refs therein); seawater is always largely
oversaturated relative to dolomite but its formation is thought to be inhibited
by the presence of dissolved sulphate (9). Thus the conditions for formation
of gypsum exclude those for the formation of dolomite and vice versa.
Another process that links the saturation states of gypsum and dolomite is
that of OM degradation by sulphate reduction. In stagnant deep water oxygen
is rapidly depleted through OM degradation, then sulphate becomes the main
oxidant for OM mineralization, thus reducing the deep-water sulphate
content. In the latter process also considerable amounts of dissolved carbonate
are formed. Implicitly this means that low-sulphate conditions (as anticipated
for the MSC deep waters), i.e. unfavorable conditions for gypsum formation,
always coincide with anoxic, i.e. oxygen-free conditions, although there is no
direct relationship between the two. the Messinian Mediterranean would have
been characterized by a reasonably well-mixed upper water mass (‘shallow
waters’), and a strongly stratified lower ‘deep-water mass’. The MSC
stratification with deep concentrated brines, is very stable, and can only be
replaced by an even higher salinity water mass. As a result, continued
evaporation and water replacement leads to (episodically) enhanced Ca and
SO4 concentrations in the shallow waters, thus potentially to gypsum
precipitation. Decreasing sulphate and concomitantly increasing dissolved
carbonate in the deep waters limit gypsum preservation and permit dolomite
formation to occur. Ultimately, it is the balance between OM-fluxes (primary
productivity) and sulphate supply to the deep-water (ventilation, settling
gypsum fluxes) that determine the environmental deep-water conditions, thus
formation rate of dolomite. On the basis of this unifying mechanism, we have
shown that gypsum precipitation in shallow water depths and dolomite
formation in deep water settings during the early phase of the MSC in the
Mediterranean is not incompatible. As a consequence one would expect a bath
tub rim of gypsum at all shallow depths but gyupsum appears mainly at silled
marginal basins. However, a thick package of heavy gypsum on top of more
liquid mud in a marginal/slope setting is highly unstable, thus any physical
disturbance such as tectonic activity or sealevel change, would easily lead to
downslope transport of such marginal gypsum deposits. The absence of
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HIGH RESOLUTION BATHYMETRY AND SHALLOW SEISMIC STUDIES IN THE IZMIR GULF, AEGEAN
SEA
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Abstract
A new poster, based upon high resolution multibeam sonar surveys, shows the bathymetry of the Izmir Gulf basin. The image reveals
in detail many features of the offshore. The shallow seismic investigations was done on the same profile of bathymetry and interpreted
at advance geophysics processing and G.I.S programs.
Keywords: Bathymetry, Aegean Sea, Seismics, Swath Mapping, Gis
Material and Methods
The bathymetry of Izmir Gulf off western Turkey [1] is shown in this poster
at 1:50,000 scale on the Universal Transverse Mercator (UTM) Projection
(Zone 35), with WGS-84 datum. Water depths change from about 1m to over
60m in the Izmir Gulf. The survey was carried out between on June 2009 and
April 2010 by the vessels R/V K.Piri Reis and Dokuz Eylul-1 using an
ODOM ES3 multibeam echo sounder. The ES3 has 480 beams operating at
240 kHz spread over an arc of up to 1500 total coverage, giving maximum
swath coverage of up to 3 times of the water depth. Besides, seismic data
collected by Triton SB-Logger and Strata Box Marine Geophysical
Instrument. The study area approximately 380 km2 and in this area the survey
involved some 685,218 km of track.
Results
a) We produce high quality and standardized database of the seafloor in the
Izmir Gulf, organized in the Marine G.I.S. b) This cartography will help at all
sectors with interests in this area and allow to have an element of great help
for the integral management of the coastal area and continental shelf and show
the variety of the relief, the superficial geology [2], different types of
sediments, and sedimentary bedforms generated, etc..
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GRAIN SIZE DISTRIBUTION ANALYSES AND FACIES CHARACTERISTICS OF THE HOMA LAGOON
IZMIR BAY, AEGEAN SEA, WESTERN TURKEY
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Abstract
This study aims to introduce mechanisms of sediment supply and processes and to investigate their effects on the formation of
ecosystem and habitat, based on the grain size distribution of recent deposits of Homa Lagoon. According to the grain size distribution
analyses, Homa Lagoon shows the typical characteristics of the following environments from the land to the sea. Samples of Homa
lagoon pond show typical characteristics of lagoon pond deposits which are rich in coarse to medium-sized silt with negative skewness
and imply that the lagoon was lack of effects of high-energy waves, storms and terrestrial sediment supply. It is concluded in this
study that the Homa Lagoon has recently been supplied by low-energy fluids from the land and wave effect was very slow and low in
sediment distribution.
Keywords: Sediments, Sediment Transport, Lagoons
Homa Lagoon covers an area of 1852 ha and is located in Izmir Bay, 40 km to
the northwest of Izmir and 500 m to the south of Izmir Bird Paradise. More
than 200 bird species live in the lagoon where fishery is one of the important
occupations of local population. Birds and fishes use the lagoon for feeding,
habitat, reproduction and maturation.
This study aims to introduce mechanisms of sediment supply and processes
and to investigate their effects on the formation of ecosystem and habitat,
based on the grain size distribution of recent deposits of Homa Lagoon.In
order to accomplish this aim, Homa Lagoon is divided into three transverse
and seven longitudinal sampling stations. Samples are 24 cm in thickness and
were collected by Gravity Corer. According to the grain size distribution
analyses, Homa Lagoon shows the typical characteristics of the following
environments from the land to the sea:Marsh, landward lagoon beach, seaward
lagoon beach, lagoon pond, sand barrier (dune) and shoal (back and front)
(Reineck & Singh, 1980; Reineck, 1971).
That the coast and the sand barrier are rich in fine sand grains and include fine
silt shows that wave effect is poor. Seaward lagoon beaches and poorly
developed landward lagoon beaches are represented by medium to well sorted,
fine sand with approximately symmetric skewness degree and reflect low
wave effect. Samples of Homa lagoon pond show typical characteristics of
lagoon pond deposits which are rich in coarse to medium-sized silt with
negative skewness and imply that the lagoon was lack of effects of highenergy waves, storms and terrestrial sediment supply(Visher, 1969). It is
concluded in this study that the Homa Lagoon has recently been supplied by
low-energy fluids from the land and wave effect was very slow and low in
sediment distribution. These conditions would be expected not to have sudden
and disturbing impacts on habitat and ecosystem.

References
1 - Reineck, H., E., 1971. Der Küstensand. Natur Mus. 101, p. 45 -60.
2 - Reineck, H. E. & I. B. Singh., 1980. Depositional Sedimentary
Environments. Springer Verlag, p. 549.
3 - Visher, G. S., 1969. Grain size distributions and depositional processes. J.
Sediment Petrol, 39. P. 1077 – 1106.

33
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

THE LEVANTINE INTERMEDIATE WATER IN THE WESTERNMOST MEDITERRANEAN DURING THE
LAST 20 KY CAL BP: GEOCHEMICAL PROFILES OF MANGANESE AND REDOX CONDITIONS.
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Abstract
The Mediterranean thermohaline circulation plays a major role in the transference of energy between climate and ecosystems. The
Levantine Intermediate Water (LIW) is a distinctive water mass that occupies intermediate layers in the entire Mediterranean Sea.
Redox sensitive elements can be used in order to reconstruct the physic-chemical changes and the evolution of the LIW during the
last glacial peridod. Different paleoceanographical proxies have been studied in three cores from the Alboran Sea and the Mn/Al ratio
has been selected to reconstruct redox oscillations associated with redoxcline variations.
Keywords: Alboran Sea, Intermediate Waters, Paleoceanography, Redox
Introduction
The LIW is formed during winter in the Levantine basin and spreads to the
entire Mediterranean until reaching the Alboran basin and the Gibraltar Strait.
The LIW is essential to the Mediterranean thermohaline circulation and is the
main contributor to the Mediterranean outflow (MOW), which has been
associated to the recovery of the Atlantic thermohaline circulation and the
subsequent end of the past glacial conditions [1].
Main text
Three cores have been analyzed that were recovered at different water depths in
the Alboran slope: core TTR-300G (36º 21,532 N,1º 47,507 W 1860 mbsl),
TTR-302G (36º 01,906 N, 1º 57,317 W at 1989 mbsl) and TTR-304G (36 º
19,873 N,1º 31,631 W at 2382 mbsl). The studied time interval spans the last 20
ky cal BP.

Fig. 2. Mn/Al ratio vs. age plots show profiles from the sallowest to the deepest
sites: TTR-300G TTR-302G and TTR-304G. Grey vertical bars indicate
Heinrich 1 event (H1), Younger Dryas (YD) and sapropel S1 (S1a and S1b) time
intervals. Grey rectangles indicate discussed Mn/Al peaks.

Mn enrichment disparity is especially relevant because it is not observed in
others geochemical profiles as as the Ba/Al ratio or the detrital record linked to
the Mg/Al ratio [2]. In addition, the Mn/Al peaks are not coincident with the
major climatic changes occurred in this region. Instead, the Mn content in these
sediments mainly reflects redox conditions in bottom waters, and maximum Mn
fluxes have been recognized when changes in bottom waters redox conditions
occurred [3]. The most plausible explanation for the described Mn/Al
enrichments is the presence of a redoxcline at the studied depths. The redoxcline
could have beeen originated in relation to the boundary between the LIW and the
WMDW water masses. Our data suggest a redoxcline deepening during the H1,
as occurred with the base of the MOW in the Gulf of Cadiz at the same period.
During the Last deglaciation and YD the Mn/Al enrichment peaks are no
recorded, probably due to major changes in the water column in the WMS that
allowed the formation of the Last Organic Rich Layer [3]. During the Middle
and Late Holocene newly Mn/Al enrichement peaks are observed, after the ORL
deposition, probably linked with WMDW variations associates to Bond cycles.
Acknowledgments: Projects CGL2009-07603,CTM2009-07715,CSD200600041(MICINN); 200800050084447 (MARM), Project RNM 05212, Research
Group 0179 (Junta de Andalucía)and Training-Through-Research Programme.

Fig. 1. Bathymetric map of the western Mediterranean showing the location of
the studied cores, TTR-300G, TTR-302G and TTR-304G. Arrows represent
the main oceanographic currents Levantine Intermediate Water (LIW) and
Western Mediterranean Deep Water (WMDW)

The Mn/Al ratio profiles support that that this ratio is highly sensitive to
paleoceanographical changes associated to different climate/oceanographic
events as the Younger Dryas, the S1 sapropel deposition and the cold event 8.2
(Fig. 2). It is worth mentioning the obtained Mn/Al ratio obtained in the TTR320G, that clearly records the changes occurred in the easten Mediterranean, as
the end of the S1a and S1b sapropel deposition (Fig. 2). This location is
therefore of key importance for the reconstruction of the physic-chemical
conditions of the LIW when reaching the westernmost Mediterranean. When
comparing the analyzed records, the Mn/Al enrichment peaks are not
time coincident, especially during certain events such as the Last Glacial
Maximum and the Heinrich event 1 (HE1) (Rectangles in Fig.2).
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MECHANISM OF THE LAND-SEA INTERACTIONS IN THE NERETVA RIVER DELTA (CROATIA): THE
DISTRIBUTION PATTERN OF SEDIMENTS AND TRACE ELEMENTS
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Abstract
This study, for the first time, examines the transport of sediments, their longitudinal distribution pattern, and their role in disposal of
metals in river-dominated deltaic depositional system of the Neretva River and its adjacent coastal region. The results have shown that
longitudinal distribution of metals in sediments follows the deposition pattern of the river-borne clayey mineral particles. The highest
concentration of metals was found in the semi-enclosed area of the Neretva Channel. This region is characterized by deposition of
fine-grained particles and prevalent accumulation of metals. This study exemplifies the role of Fe oxide and oxyhydroxide coatings on
the clay mineral surfaces as a major factor in the adsorption and deposition pathways of trace elements.
Keywords: Adriatic Sea, Sediments, Trace Elements
Study Area
The Neretva River is the largest river on the Croatian part of the eastern
Adriatic coast, and the only one forming a deltaic system. The length of the river
is 240 km with the catchment area of about 10,100 km2 [1]. Most of the
sediment load carried by the river originates from the mountain region in the
upper part of drainage area. At the river mouth, Neretva discharges its water
into a semi-enclosed narrow bay called the Neretva Channel.

governed by their direct binding on clayey particulate surfaces and/or on coprecipitated inorganic coatings.

Materials and Methods
The field surveys in the Neretva delta and its adjacent coastal region were
conducted in May and October 2009. Sediment cores up to 50 cm long were
retrieved using Uwitec gravity corer at locations marked in Figure 1. The
sediments were analysed in order to determine mineral composition, grain size
distribution, SSA, CEC, and the concentration of trace elements.

Fig. 2. Concentrations of trace metals (M) vs. Fe content in the surface
sediments of the Neretva Channel (N1) and the Neretva River (N2-N7).
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Fig. 1. The Neretva River delta system showing the sampling stations.

Results and Discussion
The Neretva River and its mouth provide a good example of the biogeochemical
land-sea interactions occurring in a microtidal, low-wave energy, and riverdominated deltaic environment of the eastern Adriatic coast. As a result of a
simple sedimentation dynamic, the distribution pattern of trace elements can be
easily determined. According to Shepard’s classification scheme [2] and the
ratios of different grain size fractions, obtained by granulometric analyses, the
surface sediments along the investigated area, were classified as sandy silts and
silty sands with variable content of clay ranging from 1 to 12 %. All sediments
were composed of quartz, calcite, dolomite, clay minerals, and feldspar and
plagioclase. A significant difference in distribution of clay minerals was found.
Their share is significantly higher in the adjacent coastal area, especially at the
sampling station N1. The concentrations of metals showed a prevalent
accumulation in the fine-grained, clayey fraction. Numerous studies have shown
that clay minerals are important vehicles of transport of trace metals [3, 4].
They are involved in simultaneous and complex physico-chemical interactions
with metal ions, organics, and iron and manganese oxides and oxyhydroxides.
The latter, in the form of surface coatings, have significant impact on the
adsorption, transport and deposition of metals. Figure 2 shows good correlation
between content of Fe and the concentrations of Pb, Cu, Ni, and Co, in surface
sediments. Accordingly, the distribution pathways of these metals are mainly
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GEOMORPHOLOGICAL CHANGES OBSERVED BETWEEN 2006 AND 2009 IN A FRESHWATER
SUBMARINE GROUNDWATER DISCHARGE (SGD), KALOGRIA BAY, SW PELOPONNISSOS, GREECE
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Abstract
An impressive SGD in Kalogria Bay (SW Peloponnissos) was surveyed for the first time in 2006, revealing the existence of 2 major
and 2 minor point sources of freshwater (salinity ~1-2); the discharge was ~1000 m3 h-1. The major point source was located inside a
karstic cavity at 25 m depth. In July 2009, the site was revisited and divers reported that only the largest point source was active,
whereas the roof of the cave had collapsed. The underwater discharge was not very strong, the water was flowing from many
dispersed points, and salinity range was 20-36. Following visits will show if the SGD has turned to a diffused type and if changes in
salinity are permanent, thus hampering the possibilities of water exploitation.
Keywords: Geomorphology, Hydrology, Coastal Processes, Salinity, Eastern Mediterranean
Introduction
Knowledge concerning submarine groundwater discharges (SGDs) has existed
for many centuries [1]. However, SGDs were neglected scientifically for many
years because of the difficulty in assessment and the perception that the
process was unimportant [2]. Within the last two decades, that notion has
changed, and now there is growing agreement that groundwater inputs can be
chemically and ecological important to coastal waters [2]. Here we present new
data regarding a large karstic freshwater SGD situated in Kalogria Bay, near
Stoupa town, in SW Peloponnissos (Fig. 1). We focus on the geomorphological
changes that were observed between 2006 and 2009, which may have
consequences on the salinity of the discharged water.

strongest SGD emanated, had collapsed almost entirely. The second SGD was
completely filled with sand, and similarly, as the two smaller ones, they were
inactive. The behavior of the major point source was also different, because the
water was not any more concentrated as a single jet flowing from the bottom of
the cave towards the surface, but it was scattered and emanated under rocks,
from little cracks, and was generally rather diffused. Salinity measured in various
spots was high (20-36). Elevated salinity can be attributed to the altered
morphology of the submarine spring and particularly to the much more diffused
character of the flow. However, it should not be disregarded that all
measurements conducted in 2009 reflect summer and early autumn conditions,
where rainfalls are practically absent in this territory, and therefore freshwater
supply from the land should be at the lowest levels. In this perspective, the
entire SGD represents minimum freshwater outflow allowing faster mixing with
the sea water and brackish character of the outflowing water.
Measured flow velocity was on average 0.25 m s-1, which corresponds to 900
m3 h-1 if we assume that all small discharges cover a surface of just 1 m2. This is
a very conservative assumption, and the discharge can be many times higher. A
possible explanation for the collapse of the conglomerates could be related to the
extremely high rainfall that occurred during the winter and spring of 2009.
Residents of Kalogria stated that during March 2009, after an intense rainfall,
the SGD was ‘boiling’ at the sea surface, other smaller SGDs in the bay were
also very active, and the sea was colored red. The red color is probably
attributed to ‘terra rossa’, which is the final product of limestone dissolution
during karst formation, and was transported to the sea.
In September and October 2009, a small freshwater spring (salinity ~3-4,
temperature 12-13 °C) was spotted in Kalogria beach discharging exactly at the
coast. According to geological observations conducted by the Agricultural
University of Athens, this freshwater springs from the mountains and is
hydrologically connected to the studied SGD. Most likely, freshwater reaches
the SGD, but due to low discharge, it gets rapidly mixed with seawater between
the impermeable marble bedrock and the sea bottom, where permeable
formations prevail (sand, gravel, etc.). The available geological evidence suggests
that a fault line or an impermeable rock formation (e.g. schist) blocks the
freshwater flow on the marble bedrock and creates the SGD at this site.

Fig. 1. Study area location map

Conclusions
Significant geomorphological changes have occurred in the studied SGD, which
may have consequences on the type of the flow (from point to diffused), and
possibly to the salinity of the water. Winter observations will reveal if elevated
salinity is due to the sampling period (summer, low terrestrial water supply) or
due to the changes of the rocky structure. Potential water exploitation will
depend on a full year of observations.

Materials and Methods
The site was first visited in November and December 2006. During the latter
visit, a multifaceted operation with divers, a remote operated vehicle, a portable
CTD, and other equipment was implemented, which provided ample samples,
videos, and other data from the site. Another visit was conducted in February
2008, and then in July, September, and October 2009. During 2009, apart from
sampling with divers, a lander equipped with conductivity, temperature, current
velocity, and g-ray spectrometer sensors was deployed permanently.
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Results and Discussion
In 2006, the entire submarine spring feature formed an ellipsis with dimensions
approximately 60 m x 40 m. Two major point sources discharged from
Pleistocene conglomerates; the strongest, in terms of discharge, underwater
spring emanated from the bottom (diameter ~2 m) of a cave, at 25 m depth.
Salinity was ~1-2. Two minor SGDs discharged from the sandy seabed. Using
222Rn measurements [3], the discharge was estimated at ~1000 m3 h-1 at the
second point source (water depth ~26 m). This morphology was maintained
unaltered between 11-2006 and 2-2008. In July 2009, the underwater
morphology appeared completely changed, as the roof of the cave, where the
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ORGANIC DINOFLAGELLATE CYSTS AS BIO-INDICATOR OF MARINE POLLUTION, SOUTHEASTERN
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Abstract
This study depends on the detection of water pollution by means of the organic dinoflagellate cysts in bottom sediments collected from
the coastal waters, southeastern Mediterranean close to Alexandria, Egypt. For the first time in the Egyptian Mediterranean waters,
the dinoflagellate cysts are used as indicators of pollution to formulate environmental considerations on the effects of anthropogenic
activity in the Abu Qir Bay. Fifty-two different dinoflagellate cyst morphotypes representing 15 genera were identified in the top 2 cm
surface sediments. The most common cysts that were detected (inter alia, Alexandrium minutum, A. affine, Alexandrium spp.,
Gymnodinium catenatum, Protoperidinium denticulatum) are capable of producing paralytic shellfish poisoning (PSP), as a result
of severe pollution.
Keywords: Eutrophication, Sewage Pollution
Introduction
Abu-Qir Bay(Figure 1) which islocated between Longitude 30° 50' and 30° 22' E
and Latitude 31° 16' and 31° 28' N (about 35 km east of Alexandria), was
considered before 1965, as one of the most important breeding and nursery
ground for economically important fish and shellfish. The Bay receives
considerable amounts of waste waters sources including drainage water from ElBehera province as well as industrial waste from several industries (Tayel,
1992). Such pollutants have a drastic effect on various aquatic fauna and flora.
Question To what extent has the current polluted marine environment effect on
dinoflagellate cysts types and distribution in the bottom sediments? The answer
to this question is the aim of the present study.
Materials and Methods
Eighteen bottom sediment samples from 18 stations covering nearly different
sites of the Bay (Figure 1), were collected, during the end of May and December
2006, using Van Veen grab sampler, in addition to short core sample (~25 cm
length). The selected bottom sediments and core samples were treated for
palynological study by standard palynological technique for marine sediment.
The quantitative and qualitative results for dinocysts identification were based
on the published references such as: Fensome et al. (1993), Williams et al
(1998), Rochon et al. (1999) and Matsuoka and Fukuyo (2000).

Fig. 2. Diagram showing the concentration ofAlexandrium and other Cyst orders
in the bottom sediments collected during May 2006

Conclusion
1. Alexandrium cystshave been seen in surface sediment layers in the vicinity of
the most coastal stations. This species was the most abundant of the cyst types
in the area. However, Alexandrium cysts showed lower surface concentrations
or are missing in several stations of the center of the bay.
2. Cysts of three potentially toxic dinoflagellate species, Alexandrium minutum,
A. affine and Gymnodinium catenatum were detected at E-Mena, El Madia, in
bottom sediments and in the core sediments at 5-15 cm depth.
3. The high concentration and occurrence of dinoflagellate cysts in the Abu Qir
Bay are suspected to reflect the serious changes in the environment and
anthropogenic activities in that coastal zone.
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Fig. 1. Location map of Abu Qir bay, showing locations of core and bottom
sediment samples

Result and Discussion
Dinocysts abundance varied greatly among studied locations. The high number
of cysts was observed in the near shore stations can be explained as the
extensive human activities in this area which led to the accumulation of muddy
sediments. The number of cysts, particularly heterotrophic ones, (7646 cyst/g)
is significantly high (Figure 2), most of them are toxic species.

37
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

CORE-TOP CALIBRATION USING THE LIPID-BASED TEMPERATURE PROXIES UK’37 AND TEX86 ON THE
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Abstract
The core-top calibration of lipid-based temperature proxies along the south Italian shelf suggests that UK’37 primarily records winter
temperatures while TEX86 tend to reflect summer temperatures, in particular in offshore regions. Additionally, a bias of TEX86 due to
terrestrial input or transport cannot be excluded. Our study provides a robust basis for future reconstructions of winter climate
variability in this region during the last two millennia in sediment cores with a temporal resolution of 4 yrs, which is likely to provide
important information on the extension of the AO/NAO in the Mediterranean.
Keywords: Adriatic Sea, Temperature
Introduction The southward extension of the AO/NAO during winter is crucial
for the Mediterranean water budget. The ESF project MOCCHA aims at
providing climatic reconstructions for the Gulf of Taranto (S. Italy) with a <4year resolution. The sediments in this region are excellently suited for this
purpose [e.g., 1]. To fully exploit the sedimentary archive, a better
understanding of the relation between environmental conditions and sedimentary
composition is needed. Therefore a core-top calibration of molecular
paleotemperature proxies has been performed. The lipid-based UK’ 37 and
TEX86 proxies presumably reflect the temperature in the habitat of the source
organisms, i.e., haptophytes and crenarchaeota, respectively [Fig. 1].

the south Italian shelf.
Material and Methods The analysed sediments represent the top 2 cm of
multicores from 48 stations obtained during P339 POSEIDON cruise
‘CAPPUCCINO’ in June 2006. Homogenized samples were extracted by using
an accelerated solvent extractor (ASE 200, DIONEX). Alkenones were
quantified using GC-FID. Analysis of GDGTs was based on HPLC-APCI/MS
[7]. The most recent global transfer functions were used for temperature
conversion [4, 5]. Satellite based environmental data and mean annual sea surface
temperatures (SSTMA) derive from OBPG MODIS-Aqua Monthly Global 9km data base [8].
Results and discussion In our study, the alkenone-based UK’ 37 reflects
winter/spring SST [Fig. 2]. This agrees with maximum haptophyte production
in the colder season as evidenced by chlorophyll data and sediment trap
analysis. In contrast, the TEX86 data are more complicated. For the near-shore
sites the TEX86 suggests that the GDGTs have been produced in winter but
with increasing distance from shore the inferred ambient water temperature
increases; consequently most offshore sites reflect summer SST. This is
probably due to differences with respect to timing and/or depth of production,
or transport of allochthonous GDGTs. Our core-top calibration documents
varying degrees of seasonal bias of the two SST proxies in a regional context.
This improved understanding of SST signal formation at the Gallipoli shelf
provides a robust basis for future examination of temperature changes in
sedimentary records covering the last millennia.

Fig. 1. Structures of GDGTs and alkenones and their related temperature proxy
indices, TEX86 and UK’ 37, respectively [2, 3].
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Fig. 2. Map of southern Italy showing the difference between alkenone-derived
SST and satellite-based mean annual SST (ΔSSTUK’37-MA) at the SW Adriatic
coast and the Gulf of Taranto.
Usually, the transfer functions applied to the lipid composition of the surface
sediments closely agree with the annual mean temperature in the overlying
surface waters [2-5]. In many open oceanic settings the main productivity takes
place when ambient water temperatures are close to the annual mean [4], which
is not necessarily the case in the Mediterranean [e.g., 6]. Here, we elucidate the
temporal relation between the lipid composition of sediment surface samples
and monthly satellite-derived sea surface temperature and productivity data at
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ARGUMENTS IN FAVOUR OF A HOLOCENE RAPID TRANSGRESSION IN THE BLACK SEA
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Abstract
Since Ryan et al. 1 theory about a rapid reconnection between the Black Sea and the Marmara Sea in the Holocene, an important
international work have been undertaken to study the Quaternary water level fluctuations of these two bodies. It is now well
established that the Black Sea has encountered complex water level fluctuations with high lake levels occurring during wet and
melting period after the LGM and low lake levels occurring during drier conditions as the Younger Dryas was for this region. This
presentation will summarise results obtained in the Black Sea from different research cruises and compare them with other semienclosed basins. These permit a rise in the understanding of the mechanisms linked to high resolution sequence stratigraphy
preservation and how they have recorded the abrupt climate changes of the last deglaciation
Keywords: Black Sea, Bosphorus, Seismics
The location of the Black Sea, between Europe and Asia, makes its water level
dependent on Eurasian climatic fluctuations. This inland sea is a perfect
present-day example of what is a marginal basin where connection changes
dramatically with sea level. The Black Sea is at present the world's largest
anoxic basin, making it an important modern analogue for past anoxic
conditions, while during the last glacial period, it was a low salinity
oxygenated lake, isolated from the Mediterranean. The Black Sea and the low
sea level periods when were deposited lake sediments represents valuable
archives for the study of past climate changes. Actually, the glacial period
northern ice cap prevented major East European rivers to flow north as they
do today. During ensuing interglacial periods, these rivers were diverted to the
south in the direction of the Black Sea and Caspian Sea receiving basins and
consequently have increased the size of these Drainage Basins Therefore,
unique conditions specific to the Black Sea were established while this water
body became isolated from the Global Ocean. This results in avoiding the
hysteresis effect which is the latent period needed by the Global Ocean to
respond to the consequences of ice melting. This presentation is part of one of
the objectives of the INQUA/IGCP 521 project (Black Sea-Mediterranean
Corridor during the last 30 ky: sea level change and human adaptation) which
is to obtain a good as possible reconstruction of climate dynamics and the
changes from wet to arid periods together with the determination of
palaeodepths. Such results are of interests for the CIESM as they will lead to
a cooperation in the construction of a sea-level curve for the Black Sea.
Presently, it is well established that the Black Sea has encountered complex
water level fluctuations with high lake levels occurring during wet and melting
period after the LGM and low lake levels occurring during drier conditions as
the Younger Dryas was for this region. As the Black Sea, abrupt Sea-level
rises have been recorded in many different semi-enclosed basins around the
world. The link to rapid transgressions is easy to do, even if the mechanisms
are completely different. Large and rapid releases of freshwater from ice sheets
since the LGM to sensitive areas may also arise from several mechanisms. The
last deglaciation provides the level of preservation necessary to identify
specific mechanisms of ice-sheet forcing and attendant climatic responses. The
presentation will summarise results obtained in the Black Sea from different
research cruises and compare them with other semi-enclosed basins. These
permit a rise in the understanding of the mechanisms linked to high resolution
sequence stratigraphy preservation and how they have recorded the abrupt
climate changes of the last deglaciation. When the Black Sea was isolated, both
the lack of saltwater input and the increase of fresh water run-off from the
rivers, led to reduced salinity levels in the Black Sea. This process happening
during the glacial periods, linked to water level fluctuation, is measured in the
fauna succession showing an abrupt change from salt-water to fresh/brackishwater species. The initial hypothesis of a rapid saltwater flooding of the
freshwater lake that was the Black Sea in the Late Glacial Maximum (LGM)
was proposed since 1996 by Ryan et al. The flood hypothesis raised
controversy and initiated refutation, but recently also received supports The
European Project ASSEMBLAGE (EVK3-CT-2002-00090) provided
geophysical and sedimentary data collected in the north-western part of the
Black Sea from the continental shelf and slope down to the deep-sea zone.
This project focused on applying sequence stratigraphic models to seismic
data recorded on the north-western Black Sea shelf, in order to correlate the
sequences interpreted using seismic stratigraphy methods to sea-level
fluctuations. To achieve the project's objectives, very high resolution seismic
data were acquired during the BlaSON cruises (1998 and 2002) on board the
research vessel LE SURO; and during the ASSEMBLAGE 1 (2004) cruise on
board the research vessel LE MARION DUFRESNE. During the first two
cruises paleo-shorelines and sand ridges were identified and a set of seismic

data was acquired on these targets to support pseudo 3D analyses. This
coupled with a multiproxy approach emphasizes that the Black Sea water
level is dependent on Eurasian climatic fluctuations. This sequence
stratigraphy study is validated by dated samples obtained from long cores (up
to 50 m long) providing a firm calibration of Black Sea water level fluctuation
since the LGM. It especially shows that the Black Sea experienced a
contemporary rise in water level with the melting of the Fennoscandian Ice
sheet followed by a drop of the water level from the Younger Dryas to the
Pre-Boreal. This recent lowstand is confirmed by the presence of the forced
regression sequences, the wave cut terrace and the coastal dunes still preserved
on the shelf, even after the Black Sea was rapidly invaded by
Mediterranean/Marmara marine waters.

Fig. 1. BlaSON and ASSEMBLAGE survey multibeam results for the Black
Sea
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VERY LARGE SUBAQUEOUS DUNES ALONG AN OUTER CONTINENTAL SHELF (SOUTHERN EBRO
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Abstract
High resolution Multi Beam data and sediment samples were collected across the outer shelf region of the Columbretes Islands
(Southern Ebro continental shelf, Western Mediterranean Sea). Very large subaqueous dunes were observed across relict sand bodies
and their distribution and morphological characteristics have been analyzed to evaluate possible potential formation mechanisms. It is
discussed that these bedforms could be produced by the action of the Liguro-Provencal-Catalan (LPC) geostrophic current, flowing
southward and reaching very intense near-bottom curents when interacting with the local geomorphology of the study area.
Keywords: Continental Shelf, Geomorphology, Swath Mapping, Western Mediterranean
Large and very large subaqueous dunes [1] have been observed in a number of
outer shelf regions around the world, usually developing on fossil sand bodies
and ridges [2,3]. Dunes observed on outer shelves usually display large
dimensions with maximum longitudes reaching up to 500 m and heights up to 20
m [3,4]. Forcing mechanisms able to induce their formation have been described
as strong bottom currents related to tidal variations and water masses flowing
under geostrophic conditions, usually controlled and enhanced by local
geomorphologic configurations [2,3,5]. In this study, such bed features have
been recognized around the Columbretes Islands, mapped and measured, with
the aim to reconstruct which are the forcing processes that could generate them
in relation to the local settings of the area.
Swath-bathymetry around the Columbretes Islands was collected using the
Simrad EM-300 30 kHz (R/V Vizconde de Eza) and the Elac Seabeam 1050D
180 kHz (R/V Garcia del Cid) Multi Beam echo-sounders for a 50-400 m water
depth range. Additionally, sediment samples were recovered by means of a VanVeen grab and a HAPS corer, to carry out grain size analysis of surface
sediments. Bathymetric data revealed the presence of three main relict sand
bodies along the outer shelf, for a 80-116 m depth range, above which
asymmetrical, slightly asymmetrical and symmetrical large and very large 2D
and 3D subaqueous dunes were observed (Fig.1). Dunes range from 150 to 760
m in wavelength and from tens of cm to 6 m in height.

Fig. 1. Shaded relief image of large subaqueous dunes developed on relict sand
bodies along the Columbretes outer shelf. SCC: Southern Columbretes Canyon.

These bedforms are composed of sandy sediments, presumably coming from the
degraded relict sand bodies on which they developed, mixed to fine fractions,
coming from the recent draping holocenic sediments. The orientation of the
dunes is SSW and progressively turns to W directions moving towards the
southernmost sector of the area, following the trend of the shelf-edge. Observed
dunes display a strong asymmetric profile for those occurring along the shelfedge (Symmetry Index (SI): 2.6) and lose progressively their asymmetry
towards the inner portion of the shelf (SI: 0.5), being 0.6 the minimum SI value
to classify the dunes as asymmetric [6]. The subaqueous dunes observed along
the studied region are amongst the largest ever recognized on an outer shelf
setting. Morphologic characters and the orientation towards SW and W
directions suggest the LPC current as the primary forcing factor in their
formation.
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Contemporary hydrodynamic measurement at the Ebro continental shelf-edge
show that near-bottom wave action is negligible in this area, whereas maximum
shear stresses induced by currents are able to resuspend fine sand particles and
prevent the relict transgressive deposits from being covered by mud [7].
However, recorded values are below the critical shear stresses for transport the
relict coarse sands found in the study area and form large bedforms. The
comparison of successive bathymetric images and the aspect of the wavelenghtheight regression curve suggest that the described very large dunes are inactive
features over long periods, as observed in similar environments along several
continental margins. Thus, the morphological configuration of the Columbretes
outer shelf must have played a crucial role in enhancing the southward flowing
bottom currents during energetic hydrodynamic events, giving them the
potential to generate bedforms.
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A GEOSTATISTICAL ANALYSIS OF PRODELTAIC UNDULATIONS OFF THE GUADALFEO RIVER IN THE
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Abstract
A geostatistical analysis of multibeam bathymetric data in two fields of prodeltaic undulations located off the Guadalfeo River,
northern margin of the Alboran Sea, was conducted in order to obtain useful insights into genetic mechanisms. The geostatistical
analysis was based on the determination of characteristic parameters and derived relationships. Our results support the contention that
prodeltaic undulations off the Guadalfeo River should be regarded as sediment waves, mainly generated by strong normal-to-contour
sediment flows with a riverine origin.
Keywords: Deltas, Continental Shelf, Geomorphology, Swath Mapping, Alboran Sea
A detailed study of the along- and across-shelf variability of geostatistical
parameters such as rms (H), strike azimuth with respect to north (Θs),
characteristic width (Ln) and characteristic length (L s) defining the von
Kárman covariance function, as well as the wave or vertical form index (Ln/H)
and aspect ratio (Ls/Ln), provides valuable information about the genetic
interpretation of submarine undulations found in highly dynamic prodeltaic
systems. Those systems have been particularly documented in several settings
of the Mediterranean Sea [1, 2, 3], a region characterized by seasonal climatic
patterns and strong physiographic control on drainage basins. Our analysis
provides evidence to support the hypothesis that the prodeltaic undulations
can be considered as a type of sediment waves, resulting as the final products
of energetic sediment flows emanating from river outlets.
Overall, geomorphological statistics indicate that the undulations under
consideration bear high similarity with prodeltaic undulations developed in
deltaic systems where a primary control of hyperpycnal flows has been
proposed. The parameter values in the Guadalfeo River prodelta (Fig. 1)
suggest the imprint of very intense sediment flows, with increased
proportions of bedload sediment transport in relation with other undulation
areas. This may be a consequence of the extreme seasonality and torrentiality
dominant in the drainage basin of the feeding system.
Most of the geostatistical parameters are disposed in basically consistent
distribution patterns, especially in the along-shelf direction. Amongst them,
the Ln/H ratio observes the most clearly discerned geomorphological patterns,
by defining two identifiable depositional axes, whose location seems to be
controlled at large by changing river mouth position. The most recent, western
undulation field is highly symmetrical,with higher H and lower Ln/H and Ls
values, suggesting the action of very intense and focused flows, with relatively
high amounts of bedload sediment with decrease rapidly both laterally and
downslope. In contrast, the eastern field shows lower H and higher Ln/H and
Ls values, indicating the influence of less energetic flows with increased
proportion of suspended sediment. In the end, those differences are also
indicating a temporal change, as the western field undulations appear to be
active, relatively in equilibrium with recent/present flow regime, whereas the
more subdued profile of the eastern field undulations would indicate a higher
quiescence.

Fig. 1. Prodeltaic undulations off the Guadalfeo River: A) Geographical setting
of the study area, located in the northern margin of the Alboran Sea,western
Mediterranean Basin. B) Shaded relief of the study area, showing two main
undulation fields (western and eastern).

Changes of Θ and Ls also support a main genetic mechanism through normalto-contour flows, as the undulations are disposed around two adjacent lobes
and show relatively low lateral continuity when compared to other
Mediterranean undulations. Those parameters fit with the depositional model,
described by two main point sources that irradiate sediments concentrically.
In contrast to the previous parameters, Ln does not show a predictable
pattern, as no significant systematic change is detected in the study area.
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RESUSPENSION EVENTS AND SEDIMENT FLUXES ACROSS BARCELONA CONTINENTAL SHELF
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Abstract
Near-bottom sediment fluxes were measured at several locations across the Barcelona continental shelf (NW Mediterranean) during
the SEDMET Study. Current meters equipped with turbidimeters were installed on instrumented tripods deployed at 20, 30 and 40 m
water depth. Measurements of near bottom currents and water turbidity, from October 2007 to June 2008, in combination with wave
data provided information about the physical forcing and resulting resuspension and sediment fluxes on this Mediterranean continental
shelf. This contribution analyses the results obtained during the first recording period (September – December, 2007) characterized by
a high wave-energy regime. During this period, six moderate storms occurred, being identified as the main contributors to the sediment
resuspension events recorded between 20 and 40 m depth.
Keywords: Sediment Transport, Continental Shelf, Western Mediterranean
Sediment resuspension in the Western Mediterranean Sea is caused primarily
by the wave-storm activity when wave periods increase significantly. Some
authors showed that sediment resuspension in response to storm waves on
the Ebro Margin (NW Mediterranean) is mainly effective on the inner-shelf
region [1] [2]. The present project involves studying resuspension and
sediment transport events in a littoral system affected by industrial and urban
activities, Barcelona (NW Mediterranean) (Figure 1).

events, the mean component of the near-bottom currents was 1-2 orders of
magnitude higher alongshelf than across-shelf with a resultant flow
predominantly directed towards the SW.

Fig. 1. Map of the Barcelona continental shelf showing the three tripods
locations. Depth contours and UTM units are in meters.

During the SEDMET Project, three benthic tripods were deployed in the
northern Barcelona continental shelf at 20, 30 and 40 m water depth (Figure
1). Each tripod was equipped with an Aanderaa Doppler current meter
(RCM9) coupled with a pressure sensor, a temperature sensor, and 2
Aanderaa turbidimeters of different ranges. These sensors were measuring at
0.6 meters above bottom (mab). In addition, an NKE ALTUS 2 Hz altimeter
and a sediment trap were incorporated to the tripods structures. For this
study, the current meter recording intervals were set at 20 minutes, and the
observational period lasted in total 8 months in 3 deployments of 2-3 months,
beginning 28 September 2007 and ending 19 June 2008.

Fig. 2. Time series of significant wave height (Hs), peak wave period (Tp),
near-bottom current vectors and SSC (0.6 mab) at 20 m depth during the high
wave-energy period. Vertical lines identify the six resuspension events.

The near-bottom SSC during the recorded period showed a high temporal and
spatial variability, and mean values decreased offshore. At 20 m depth, the
SSC was less than 0.5 mg/l during fair-weather conditions and increased up to
50 mg/l during storms (Figure 2). Finally, regarding to the sediment flux, the
mean alongshelf sediment fluxes at all the recording sites were higher than the
across-shelf component and decreased with increasing depth.

The meteorological and the waves conditions were obtained from “Puertos del
Estado” WANA model calibrated with data obtained from the Llobregat buoy
of the XIOM (“Generalitat de Catalunya”). In addition, vertical hydrographic
profiles were made monthly using a SBE 25 CTD, coupled with a Seapoint
turbidimeter. Water samples were collected during each cast near the bottom
and at the surface. To obtain time series of suspended sediment concentration
(SSC), turbidity sensors were calibrated with estimations of SSC measured
from filtered water samples.

Acknowledgments This work was funded by the Spanish Ministry of
Science and Technology within the SEDMET project (CTM2006-06919).

References

This paper analyses the data recorded during the high-energy season, from the
28th of September to the 29th of November 2007, at the three tripod locations
(20 m, 30 m and 40 m). During this first deployment, there were six moderate
storms with significant wave height (Hs) of about 2-3 m and peak wave period
(Tp) around 10 s, increasing during the strongest storm to Hs up to 3 m and a
Tp of 12 s (Figure 2).
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The highest near-bottom current speed at the three locations were associated
with storms events, reaching maximum values up to 25 cm/s. During those
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USE OF GEOCHEMICAL FEATURES TO IDENTIFY CHANGES IN RECENT SEDIMENTATION ON
SEAMOUNTS OF THE DJIBOUTI BANKS AREA (NW ALBORAN BASIN)
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Abstract
The geochemical features in surficial sediments on seamounts of the Djibouti Banks allow determining a boundary between two
sediment groups which fits with the seamounts summit break. The differences between these groups seem to be related not only with
a physiographic limit but also with the influence of bottom currents, external inputs and geochemical processes.
Keywords: Sediments, Geochemistry, Trace Elements, Alboran Sea
Introduction and oceanographic setting
Changes in sediment features on seamounts can be related with both source
and oceanographic conditions, but also geochemical interactions can be
involved once particles are settled or along the water column. In order to
ascertain the relation of those processes with the geochemical composition of
recent deposits, a group of 28 sediment grab samples have been analyzed on
two seamounts of the Djibouti Banks area (NW Alboran Basin). The studied
seamounts are Avempace and Djibouti that show a tabular configuration at
top with both tectonic and volcanic origin. The water masses involved in this
area are the salty and dense Mediterranean water and the lighter Atlantic
surficial water, which mixing process causes valuable effects on the
geochemical transference between dissolved and particulate phases.

phyllosilicate dominance on deep water sediments. This could be related with
sedimentary inputs coming from bottom currents of Mediterranean origin that
somehow prevent biogenic deposition at the slope of the seamounts.

Results and discussion
Studied sediments are sandy mud and muddy sand with sand-sized
foraminifera and ostracoda tests that also include variable amounts of
glauconite grains. Neither heavy minerals nor quartz grains are observed in
quite amount, what implies the sediment origin is mainly related to authigenic,
pelagic and dust sources. Rare earth elements (REE) are quite sensitive to
environmental changes. In order to evaluate the length of the fractionation
along the series (Fig. 1), they have been normalized by Shale [1]. It can be
observed an increase on (La/Yb)Shale index with depth as a result of the
progressive enrichment of Light REE (LREE: La to Gd) that it is not showed
by Heavy REE (HREE: Tb to Lu). This is due to the preferential removal of
LREE by adsorption and/or scavenging onto clay-sized Al-bearing minerals.
Otherwise, HREE are preferentially retained in solution as consequence of the
formation of steady carbonate-ion complex in seawater [2] and almost do not
show variation with depth, except if any external input is involved. In this
latter case a possible Sahara dust input could enhance the Yb concentration
observed in the sediment, but further studies are required to find the right
relationship with this source.

Fig. 2. Geochemical features of sediments with indication of the depth
boundary (dashed line) where main changes occur on Avempace (open dot)
and Djibouti (black dot) seamounts.

Conclusions
Preliminary results suggest a change on geochemical features in sediments
deposited around 300 and 380 m depth for Djibouti and Avempace,
respectively, that approximately fits with the physiographic summit break of
both seamounts. According to this boundary two different sediment groups
can be identified in recent deposits on the Djibouti Banks area. Shallower
sediments are depending on geochemical reactions along the water column and
biogenic deposition, while deep water sediments could be related with
Mediterranean bottom currents and external inputs of Sahara dust.
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Fig. 1. Range of REE-Shale normalized pattern for sediment (ppm) with depth
and average Mediterranean seawater (pmol kg-1) [3].
Additionally, the depth evolution of selected elements has been studied in
order to be used as geochemical proxies of sediment origin. The relation of
Fe/K and Ca/Sr with depth (Fig. 2) show two main depths related to
glauconite formation from foraminifera tests. Those depths are around 300 and
380 m for Djibouti and Avempace, respectively, and imply a low
sedimentation rate on both summits. It is also in good agreement with the
minimum content of lithogenic elements (Al, Li, Th, V, Ti) observed in the
sediment composition that later increase with depth as a consequence of the
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MUD BRECCIAS AND HEMIPELAGIC DRAPES OF MUD VOLCANOES FROM THE WEST ALBORAN
BASIN: GEOCHEMICAL AND MINERALOGICAL CHARACTERIZATION.
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Abstract
Mud volcanoes from the West Alboran Basin were first discovered and surveyed during several TTR cruises. Provenance and nature
of the mud breccias extruded by the Alboran mud volcanoes have been investigated by using geochemical and mineralogical proxies.
This study presents preliminary results obtained from the analyses of mud breccia and pelagic drapes from gravity cores collected at
different mud volcanoes (Perejil, Dhaka, Carmen and Maya). Mineralogical analyses showed a clay dominant composition of mud
breccias, and major and trace element composition have revealed potential differences in parental affinity.
Keywords: Alboran Sea, Mud Volcanoes, Geochemistry, Mineralogy
Mud volcanoes were first discovered in the West Alboran Basin (WAB) during
the TTR-9 cruise, in 1999 [1] and further investigated during the following
TTR cruises (TTR-12, TTR-14 and TTR-17). The mud volcano field is
located in the inner part of the Gibraltar Arc, where the major sedimentary
depocenter is recorded (up to 7km). Previous studies have proved that this
depocenter matches with an extensive Mud Diapir Province, which feeds mud
diapirism and associated mud volcanoes. The mud diapirs are formed by undercompacted shales and olistostromes from the lowermost marine sedimentary
sequence early to middle Miocene in age, as show both seismic interpretations
[2] and micropaleontological studies of the extruded materials [3]. In order to
investigate the provenance and nature of the mud breccias extruded by the
Alboran mud volcanoes, we have analyzed three gravity cores (MS283G,
MS285G and MS419G) from the top of Perejil, Dhaka and Maya mud
volcanoes respectively, and one (MS385G) from the flank of the Carmen mud
volcano. Perejil MV is located in the northern whereas Dhaka, Carmen and
Maya MVs are located in the southern of the Mud Diapir Province. All of
them occur between 400m and 850m depth and they are showed as positive
structures. However, their morphologies are variable, ranging from semicircular to elongated; as well as size in high, from 25m to 90m and in diameter,
from 120m to 1600m. Continuous samples were taken from the hemipelagic
drapes in all mud volcanoes and every 2cm at the top of the mud breccias. The
rest of the mud breccias were sampled every 5 or 10cm at 2cm intervals.
Samples were processed for mineralogical and geochemical analyses and
different techniques were used: X-ray Diffraction (DRX), Atomic Absorption
(AA) and Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). The
analyzed cores evidence similar bulk mineral composition at the four studied
MVs. However, differences in mineral abundances could suggest a major
contribution of clays in the northern volcano field as shown by the clay
content at Perejil MV. In contrast, MVs from the southern volcano field
(Carmen and Dhaka MVs) show similar abundances in bulk mineral
components, thus supporting similar source contribution. Maya MV shows
mixed bulk mineral composition. Such differences between the northern and the
southern fields are further supported by the composition of the clay mineral
assemblages. Differences are found in the smectite and illite abundances, being
the smectites the predominant clays at Perejil MV, while illite is more
abundant in Carmen and Dhaka MVs, whereas Maya MV shows particular
proportions of smectite and illite. Such dissimilarities allow us to suggest
distinct composition and/or depth of the source feeding materials between the
northern and the southern volcano fields [table 1].

source layers and depths. Oscillations in redox-sensitive elements (U, Mo, V,
Cr, Ni, Pb and carbonate associated elements as Sr) are observed at about the
same depth than those reported for detrital elements, which also support a
potential link with the nature of the source materials. Further investigation in
clay mineral transformations will be need, in order to verify a potential
smectite transformation in relation with a different depth source. Statistical
analyses and chemical index of compositional maturity is in progress to
confirm the relationship between chemical composition and source materials of
the muc breccia as well as the influence of fluid activity in diagenetic process.
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Tab. 1. Bulk mineralogy and clay mineral assemblages in mud breccias from
Maya, Carmen, Dhaka and Perejil mud volcanoes.

The distribution of major and trace elements across the studied intervals
resulted from a large number of processes. Typical detrital elements (Al, Si, K,
Mg, Rb, Th and REE), which preserve the characteristic trace-element
distribution of source rocks, show that mud breccias are not chemically
homogeneous, because reported down core differences in detrital-element
content from Perejil, Carmen and Dhaka MVs suggest potential differences in
parental affinity as divergences in the relative contribution of the diverse
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3D PALAEOCHANNEL RECONSTRUCTION IN THE LAGOON OF VENICE THROUGH GEOPHYSICAL
EXPLORATION
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Abstract
From 2003 to 2009 an extensive survey in a large area of the Venice Lagoon was carried out by means of acoustic techniques. The
measurements were performed in extremely shallow water (up to 0.5 m). The acoustic data revealed the presence in the sediments of
a complex network of buried palaeochannels and palaeosurfaces confirmed by numerous ground truth analyses carried out on the
cores extracted in the area. In this note, a high spatial resolution sub-bottom mapping of the central Venice lagoon is presented.
Keywords: Lagoons, Geomorphology, Acoustics, Mapping
Introduction
The Lagoon of Venice is the result of natural processes and intense human
activities that determined its morphological evolution. The shallowness of the
lagoon environment (average depth of about 1m) has for long time prevented the
use of acoustic methods in this area. However, recent studies demonstrated that
the use of sub-bottom profilers can be very useful to describe different phases
of the lagoon evolution ([1], [2], [3] and refs. therein). In this contribution, we
present the results concerning ultra shallow water (<1m) acoustic survey in the
central lagoon between the industrialised area of Marghera and the city of
Venice. The aim of our work is to reconstruct the complex subbottom
architecture of a very anthropized environment through a multidisciplinary
approach using acoustic and environmental data.

sand deposition and channel migration and a later low energetic regime with a
finer filling and apparently no migration. The two phases can be related to a
change of the area hydrodynamics due to a climate worsening between the IV
and VI century AD [4].

Methodology
With this purpose, a high spatial resolution survey was carried out using a
traditional 30 kHz ELAC echosounder (with vertical resolution of about 10 cm)
together with a DGPS system. Given the complexity of the buried
morphologies, a 50 m parallel line survey grid was carried out in south-north
direction (fig. 1).

Fig. 2. Buried palaeochannel intersected by the core SG25 (black vertical line).
The thick black lines show the channel point bar migration and stratification,
while the dashed lines indicate palaeosurfaces. The grey line corresponds to the
channel’s shape about 1600 ± 90 cal yrs BP.

These palaeochannels probably incided the alluvial sediments, as, in this area,
we found the lagoonal sediments down to about 2-3 m from m.s.l.. In particular,
the core SG33 shows a transgressive sequence related to the expansion in
historical age of the lagoonal margin over the mainland. This sequence is
underlined by an environmental succession that goes from the alluvial to the high
salt-marsh (at -1.47m) and, eventually, to the low salt marsh environment (at 0.77m m.s.l.).
This multidisciplinary approach allows for the first time a very detailed 3D
reconstruction of palaeochannel paths and internal structures, of their
meandering behaviour and of the palaeosurfaces evolution related to possible
change of the central lagoon hydrology.
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In correspondence with interesting acoustic discontinuities, several ground cores
were extracted. Here, we present the results of the two cores SG25 and SG33,
drilled inside and outside the palaeochannels, respectively.
Results and discussion
The high spatial resolution grid of the acoustic survey allowed a 3D
reconstruction of three palaeochannels. Their meandering paths is presented in
fig. 1, where, at the same time, the information about the palaeochannel acoustic
signal depth is mapped. In particular, the central palaeochannel was intersected
by the core SG25. The SG25 stratigraphic record presents mainly clayey-silty
sediments from -1.2 to -5.2 m and sandy sediments from -5.2 to -6.60 m from
the mean sea level (m.s.l). The 14C dating taken at -5.2 m between the two facies
allows the reconstruction of the palaeochannel shape of about 1600 ± 90 cal yrs
BP (grey line in fig. 2). The inclined reflectors in the southern side of the
acoustic profile correspond to the palaeochannel point bar migration. The grey
line seems to separate two different phases: an earlier high energetic regime with
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PRESENT-DAY REACTIVATION IN THE EASTERN IBERIAN AND BALEARIC MARGINS: MESSINIAN AS
VERTICAL MARKERS.
Agnes Maillard 1* and Christian Gorini 2
1 LMTG, University of Toulouse, 31400, France - maillard@lmtg.obs-mip.fr
2 University of P. et M. Curie, Paris 6, France
Abstract
The offshore Eastern Spain and Balearic margin area is studied with seismic lines and bathymetric data. The aim of the study is to use
the MSC markers (erosions and deposits) in order (1) to provide a complete scenario of the Crisis from land to deep basin and (2) to
quantify the vertical movements and recent tectonics implications.
Keywords: Messinian, Tectonics, Balear Islands, Continental Margin
The Balearic area is located between two extensive basins, the Valencia OligoMiocene aborted rift to the North and the Algerian oceanic basin to the south.
It is however the place of intense compressive activity as it has been affected
by the Betic thrusts ([1], [2]), well known in the Ibiza and Mallorca Islands.
The north of the Balearic promontory was during the Miocene a
compressional front, whereas its southern border was the northern
&ldquo;passive or transform margin&rdquo; of the Algerian basin ([3], [4]).
From the Tortonian to now on, the northern edge of the Balearic promontory
seems to have been affected mostly by extension. In southeastern Spain, the
Western Internal Betics Ranges are actually affected by deformation like
strike-slip, thrusts faults and uplift and by an important seismicity, as well as
the adjacent Alboran Sea ([5], [6]). Between the Alicante Margin and the Ibiza
Margin a strait connects the Valencia Trough and the Algerian Basin. An
important work [5] studied the Present day deformation in the Alicante
Region and showed a recent reactivation of the structures. Offshore, we show
that the Eastern Margin of South Spain and south Balearic margin are also
submitted to inversion. A dense net of seismic lines is used and the structural
information is correlated with the very accurate multibeam maps that have
been acquired [7] and show highs correlated to uplifted Miocene and/or PlioQuaternary units. For example, a 650 m bathymetric high (150 m high relative
to the surrounding seafloor, "El Cid" High) forms an E-W threshold between
the La Nao Cape and Ibiza, also
observed by the seabeam map ([8]; figure 1).

relationship between deep basin evaporites and marginal evaporites. The
studied area is well located because it records the MSC continuously from the
land (evaporites in Salinas area, Bajo Segura Basin) to the deep basin, and from
the intermediate depth basin (Valencia) to the deep basin (Algerian). The
observations in this area provide a new basis to discuss not only the
development of the MSC, but also the reconstruction of the uplifted and
compressive structures in this area since 5 millions years. One important
point is to understand how the compressional stress transmits from Algerian
margin to Eastern Spain through the thinned continental crust of the Alboran
Sea once, but also through, which is more complex, the Algerian oceanic crust.

Fig. 2. Seismic line between the Eastern Spain and Ibiza Island showing the
pre-MSC (Betic front) and post-MSC (“El Cid” high) deformation.
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Fig. 1. Bathymetric map and sonar between the Eastern Spain and Ibiza
Island, from [8].

The Messinian unconformity between Miocene and Plio-Quaternary units is
well marked in the area (M on figure 2). It has been followed and mapped
from the Valencia Basin to the Algerian Basin through the high Balearic area
and is a precious chrono-stratigraphic marker of the end of the Miocene. The
El Cid fold is E-W elongated, in that parallel to the Betic front. The Betic front
clearly predates the actual deformation, as shown by the Messinian
unconformity that sealed the deformation. Figure 2 shows the proximity of
structures deformed before the Messinian Salinity Crisis (MSC) and
structures deformed after. Uplift can be important as eroded Miocene units
and even MSC units can reach the sea-floor. The MSC resulted in the Balearic
promontory not only in erosions but also in thin depositional units
(combination of clastic, fluvio-lacustrine sediments, reworked material and/or
evaporites?) that can be compared to the ones deposited in the Valencia Basin
[9]. Those thin deposits are distributed in several small basins between
Valencia and Algerian Basins. An isobaths map of the base of the Pliocene
units (Maillard et al., in prep) shows that the area is however shallower than
the Valencia area. The MSC markers must thus record the recent tectonics that
uplifted the area. The location of these basins should however question the
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Abstract
Based on the age model put forward by the CIESM in 2008 a new Strontium (87Sr/86Sr) isotope curve for the Messinian salinity crisis
(interval 6.5 Ma to 5.2 Ma) has been obtained plotting the available data from the literature and new data obtained from various
regions of the Mediterranean area during the last years.
Keywords: Messinian, Stratigraphy, Geochemistry, Evaporites, Paleoceanography
Isotope geochemistry based on 87Sr/86Sr ratio have been used during the last
decades to reconstruct the hydrological changes affecting the Mediterranean
Sea during the Messinian salinity crisis ([1], [2], [3], [4]).
Unfortunately, the age models adopted for the calibration of these data appear
not sufficiently accurate and not well stratigraphically constrained.
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model for the Upper Gypsum (Sicily, Italy): chronological and
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Lugli and M. Babel (eds) "Evaporites through space and time", Journal of the
Geological Society, 285, 143-154.

Following the new age model put forward by the CIESM consensus report
([5], [6]) and its successive refinements ([7], [8]) the strontium isotope data
(87Sr/86Sr) available from the literature have been re-plotted, from 6.5 Ma to
5.2 Ma, together with new data obtained from various regions of the
Mediterranean area during the last years.
According to the two-steps/three stage stratigraphic model ([5], [6]) the
Messinian salinity crisis can be split into three main hydrological stages
sharing different isotope trends.
Stage 1 (5.96-5.6 Ma)
The first stage, dominated by CaSO4 evaporites, corresponds to the
deposition of Primary Lower Gypsum (PLG). Most of the samples yield
non-oceanic Sr isotope ratios with several exceptions that plot within coeval
oceanic waters suggesting an evaporite basin dominated by continental waters
that received significant marine recharges ([9]).
This stage was characterized by selenite precipitation in small and moderately
deep (< 200 m), periodically oxygenated basins, and deposition of organicrich, barren shales and dolostones in larger, deeper basins characterized by
oxygen-depleted seafloors. Evaporite facies and isotope characteristics suggest
precipitation from a relatively homogenous Atlantic-fed water body with a
partially reduced outflow with a significant contribution of continental waters.

Stage 2 (5.6-5.55 Ma)
The second stage, mainly characterized by CaCo3-NaCl-K salts, is
characterized by a maximum Sr isotope data dispersion ranging from the global
ocean field to lower values.
This phase marks the MSC acme and was triggered by a combination of panMediterranean tectonic and climatic factors which caused a drastic reduction
of the Atlantic connections and a possible short-lived blockage of the
Mediterranean outflow, leading to salt and evaporitic carbonate precipitation
during the TG14-TG12 interval.
Stage 3 (5.55-5.33 Ma)
The third stage, characterized by CaSO4 evaporites, saw the deposition of the
Upper Gypsum (UG) and Lago Mare sediments and is characterized by
overall lower values of strontium isotope ratio than the coeval oceanic waters.
Furthermore, the lower portion of this interval (Stage 3.1) is characterized by
a depletion-upward trend, whereas the upper portion (Stage 3.2) is
characterized by lower and less dispersed values.
UG selenite precipitation occurred from a large, residual water body only
partially connected with the Atlantic. Surface waters sporadically undergoing
progressive dilution due to a change in the precipitation regime and periodic
inflow of evaporated continental waters. Tectonic quiescence and more
generalized subsidence, also comprising the delayed effects of salt loading,
were responsible for the progressive reestablishment of full connections with
the Atlantic and the final Zanclean flooding.
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MINERAL PRECIPITATION BY IDIOMARINA LOIHIENSIS AND MYXOCOCCUS XANTHUS:
IMPLICATIONS FOR THE BIOGEOCHEMICAL CYCLES OF CARBON AND BARIUM IN THE
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Abstract
Microbial processes played a major role in mineral precipitation throughout the Earth’s history. Such processes have been widely
discussed for the last few decades with regard to carbonate precipitation. Other than microbial precipitation of carbonates, in natural
environments is also of great interest the potential role of microbes in the precipitation of marine barite. Regarding carbonates, our
experiments show how certain isolated bacteria from the Alboran Sea surface waters are able to precipitate different Mg-rich
carbonates at modern marine seawater salinity. Ongoing work also focuses on bacterial precipitation of marine barite and its role in
the biogeochemical cycle of barium and in the record of this element in Mediterranean paleoenvironments.
Keywords: Bacteria, Mineralogy, Alboran Sea, Sediments
Introduction
Microbial processes have played an important role mediating carbonate
production throughout the Earth’s history [e.g., 1]. In particular, precipitation
of microbial dolomite has been the focus of extensive research [e.g., 2], being
this mineral is of key importance for understanding biogeochemical processes
and cycles in past and modern environments. Thus, understanding of the
microbiogeochemical processes involved in the precipitation of Mg-rich
carbonates is essential to further understand the dolomite production in
ancient environments. In this context, recent experiments have revealed that
Ca-Mg kutnahorite, a mineral with a dolomite-ordered structure, can also be
precipitated by bacteria [3]. As for dolomite, precipitation of Ca-Mg
kutnahorite has been mostly obtained in hypersaline bacterial culture
experiments. However, our recent work has demonstrated that marine bacteria
were also able to precipitate this mineral at modern marine seawater salinity
[4]. In addition to the investigation of microbial processes in relation to
carbonates and the carbon cycle, the investigation of the biogeochemical cycle
of Ba is also of major importance since both cycles are closely related and Ba
is considered and excellent proxy of past marine biological productivity. The
mechanism by which barite precipitates in undersaturated seawater still
remains unknown. Considerable research has focused on this element over the
last decades, but living organisms that directly precipitate barite have not yet
been identified in seawater. Nevertheless, a reasonable proposal would seem
to be that bacteria could play a role in this process. As an initial approach to
this hypothesis we carried out an experiment using Myxococcus xanthus, an
abundant and ubiquitous heterotrophic soil bacterium, and it was
demonstrated that this microorganism induced barite precipitation [5]. As
myxobacteria are recognized mainly as soil bacteria, ongoing work is being
focused on the role of marine bacteria in sulfate precipitation.

reached and thus carbonate precipitation occurred. It has also been suggested
that specific attributes of certain bacteria promote calcium carbonate
formation [6]. Precipitation of carbonates may thus be related to
heterogeneous nucleation on negatively charged bacterial superficial structures.
Furthermore, the nature of the organic matrix determines which ion is
preferentially adsorbed and, consequently, which mineral phase is formed.
Bacterial carbonate precipitation could therefore be strain specific. In this
sense, a significant characteristic of the Idiomarina genus is its uniquely high
content in odd-iso-branched fatty acids, suggesting that this particular
membrane characteristic could induce Ca-Mg kutnahorite production. In fact,
this production is not related to the medium composition since other bacteria
also cultivated in the MM medium did not produce this mineral. In this regard,
the precipitation of Mg-Ca kutnahorite by the investigated Idiomarina strains
strengthens the hypothesis that the precipitation of a carbonate with a
dolomite-type-ordered structure also occurs in marine environments at
standard salinity [4]. In the case of sulfate precipitation by M. xanthus,
crystal growth evolves from spheres to aggregates in which barite crystals
become visible. The initial phase is a P-rich precursor phase, which suggests
that phosphoryl and carboxyl groups in the structural polymers of the cell
wall outer membrane may be sorbent constituents, which play an important
role in the precipitation process [5]. These results were the first to indicate
that barite precipitates in bacterial cultures, and the results support the
hypothesis that the origin of this mineral may be bacterially mediated. Such
precipitation suggests that in marine environments, bacteria may enhance
barite production by providing nucleation sites and by producing crystal
growth. This is, however, only an initial approach for future investigation
regarding the role of bacteria in the Ba biogeochemical cycle.
Acknowledgements: Projects CGL2007-61489 and CGL2009-07603
(MICINN); 200800050084447 (MARM), Projects RNM 3943 and 05212
(Junta de Andalucía).

Materials and methods
For carbonate precipitation experiments, a bacterial strain, MAH1, has been
isolated from a seawater sample collected from the Alboran sea surface waters.
It has been characterized using polyphasic taxonomy as Gram-negative,
growing between 2-43 ºC, heterotrophic, aerobic and required NaCl for
growth. Results of phylogenetic analyses evidenced that the strain belongs to
Idiomarina loihiensis species. For biomineralization experiments, the solid
medium used was the marine medium (MM) (% w/v, yeast extract 0.5%,
triptone 1%, purified agar-agar 2% in seawater from Alboran Sea, pH 7.6). For
sulfate precipitation experiments, M. xanthus cells were inoculated on a solid
culture medium with Ba (CM-Ba) (0.4% yeast extract, 2 mM BaCl2 · 2H2O,
2% purified Difco agar-agar in distilled water). To recover the precipitates
formed, a needle was used for the largest crystals, and the small ones were
recovered by melting the solid medium in a microwave oven. After this,
crystals were washed with distilled water to eliminate culture medium remains
and cell debris. Precipitate composition and morphologies were studied by
Scanning Electron Microscopy (LEO Carl Zeiss GEMINI-1530, coupled with
energy-dispersive X-ray microanalysis). Precipitate mineralogy was
determined by X-ray diffraction using a Bruker D8 Advance diffractometer.
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Results and dicussion
The MAH1 produced Ca-Mg kutnahorite and struvite at seawater salinity
conditions. In this case, the amino acid metabolism resulted in a release of
ammonia and CO2. Such release increased the pH and CO3 2- concentration of
the culture medium, creating an alkaline environment where saturation is
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Abstract
High-resolution swath data acquired using ship-borne and near-bottom multibeam systems have considerably increased our
knowledge and understanding of active sea floor processes in the Mediterranean Sea. Swath mapping of large areas with ship-borne
systems has revealed the regional distribution of seabed seepage structures in particular across the Eastern Mediterranean Sea deepsea basins. Near-bottom multbeam data have revealed remarkable details of seabed features resulting from the expulsion of mud, fluid
and gas. The latter data almost bridge the gap between ship-borne data and visual observations, and have been especially useful for
planning in situ observations, measurements and sampling.
Keywords: Eastern Mediterranean, Swath Mapping, Mud Volcanoes
Multibeam seabed surveys conducted during the last decade in the
Mediterranean Sea [1] have modified our understanding of the active geological
and related biological processes that impact the seafloor of this oceanic space
over time. One of the most spectacular results concerns the numerous seepage
structures mapped and studied on the sea floor of the Eastern Mediterranean Sea,
within two different tectonic settings: (a) tectono-sedimentary accretionary
wedges (the Calabrian Arc and the Mediterranean and Florence rises) resulting
from subduction of Africa beneath Europe [2] and (b) passive margin segments
(particularly off northern Egypt) that have been the locus of huge sedimentary
accumulations since Mesozoic times [3]. In this presentation, we briefly discuss
and illustrate different types of data obtained using swath multibeam systems
operated at different frequencies, and the potential level of interpretation they
are providing to better image, study and understand the various fluid expulsion
features and processes within the Eastern Mediterranean Sea. Multibeam
systems provide two types of swath data: morpho-bathymetric data, and
acoustic reflectivity (also often called backscatter or acoustic imagery). Swath
data may be acquired using either ship-borne systems, typically located on
research vessel’s hull, or at much higher resolution using systems operating at
near-bottom depths (10 to 50 m above the seabed), carried by Autonomous
Underwater Vehicles (AUV) [4] or Remotely Operated Vehicles (ROV) [5]
(Figure 1). - Swath bathymetric and acoustic imagery from ship-borne systems
have allowed regional mapping of extensive fields of fluid escape structures, only
some of which were previously known from either standard bathymetric
mapping or discontinuous sonar studies. Compilation of data from numerous
multibeam surveys [1] have provided regional maps at various scales (DTMs
with pixel sizes ranging from 30-500 m depending on the area and the system
used), which reveal the regional distribution of relatively large-scale features (a
few hundred metres up to several km in diameter, and a few tens metres in
elevation) such as mud volcanoes, mud flows, gas chimneys and caldera-like
features [2,3]. These results have afforded insights into the relationship between
seepage structures and the regional tectonic framework. For example, a clear link
between back-thrusting and the distribution of mud volcanoes on the
Mediterranean Ridge implies a fundamental role of tectonic lineaments as
conduits for mud and fluid expulsion [2]. Similarly the non-random distribution
of gas chimneys along the Egyptian continental margin may be explained by
specific regional characteristics such as the presence or absence of underlying
seals (Messinian salt deposits), the occurrence or lack of buried organic-rich
deposits, and the re-activation of former fault zones [3]. In addition to regional
mapping, ship-borne swath data have provided the necessary morphologic and
acoustic backgrounds to better locate “in situ” studies of active fluid seepage
using manned submersibles (e.g. the Nautile from Ifremer) [5] and/or ROVs (the
Victor from Ifremer or the Quest from Marum) [4] - High-resolution swath data
from near-bottom multibeam systems were first recorded over seabed seepage
features in the Mediterranean Sea only 4 years ago (at least on the academic
side). On the Egyptian continental margin, the first use of a multibeam system
mounted on an Autonomous Underwater Vehicle (AUV) allowed the
construction of morpho-bathymetric and backscatter maps with 1 m pixel
resolution from mud volcanoes in water depths of 1200 m [4]. Elsewhere on the
Egyptian margin, maps with pixel sizes of 30 cm have recently been obtained
using a ROV over two active mud volcanoes in water depths of 3000 m. These
data provide new insights into the functioning of fluid escape structures and
facilitate in situ samplings and measurements at high accuracy. The acquisition of
seafloor bathymetric and acoustic imagery of such high-resolution almost fills the
gap in spatial scale between conventional ship-borne multibeam data and in situ

direct or video observations made from submersibles or remotely operated
vehicles.

Fig. 1. 3D high-resolution bathymetry view of “Chephren” twin mud volcanoes
(1m grid) by 3000 m water depth (Northern Egyptian Margin) acquired with a
multibeam mounted on the Victor ROV and operated at 400 kHz.
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Abstract
The continental slope offshore the city of Nice was investigated in 2006 and 2009 using an AUV operating a multibeam EM2000
system. Abundant evidences of past and more recent failures were identified. Processes of flow transformation were also deduced
from the changes of seafloor morphology suggesting that rapid processes of transformation of cohesive debris flows into turbulent
flows occurred over short distance, less than 6-8 km downslope from the scars.
Keywords: Ligurian Sea, Swath Mapping, Sediment Transport, Deep Sea Processes
Submarine failures are probably the sedimentary process which has the
strongest impact on the erosion, shaping and evolution of continental slopes
through time. Large-scale failures of volumes exceeding several hundreds of
km3 are fortunately rare, with a return period of several thousands of years or
more. Small-scale failures with volumes of several hundreds of m3 are still
difficult to detect using conventional geophysical tools but are probably much
more common, as return periods of 5 years or less have been evaluated where
repetitive surveys were conducted (Smith et al., 2007). Thus, repetitive smallscale failures could also have a strong impact on the evolution of continental
slopes over a short time, and lead to the deposition of high-frequency
turbidites in the deep basins.
For marine environments, valuable geohazards and risk assessments require
the precise identification of the different types of slope instabilities and
evaluation of their recent or past activity, recognition and discrimination
between several pre-conditioning and triggering factors (Locat, 2001).
Identification of potential areas where slope movements could be triggered
requires data whith higher resolution than those classically used until now in
marine geosciences researches. Similarly, return frequency and triggering
factors of slope failures are usually deduced from the study of past and buried
landslides. It is then speculated that return frequency and triggering factors of
future, present-day and past landslides are similar, but without any certainty.
To address the problems of small-scale morphology of failures, recent
triggering of landslides and volumes of slope deposits that could be
remobilised during a failure event, the continental slope offshore the city of
Nice was mapped in 2006 and 2009 using an AUV (Autonomous Undersea
Vehicle) operating an EM2000 multibeam system.
The Nice slope is a real natural laboratory to investigate submarine landslides
and gravity-flow processes. Using classical EM300 bathymetry (spatial
resolution of 25 m) collected in the frame of the MALISAR project, 150-200
scars with volumes less than 8 x 108 m3 were identified on the continental
slope from the shelfbreak to a water depth of 1200 m (Migeon et al., Soumis).
The HR bathymetric data (spatial resolution of 2 m) collected on the NIce
slope using the AUV during the AUVGEO and MALISAR4 cruises revealed a
greater number of failure-related scars with several morphologies: some scars
are themselves affected by retrogressive processes of erosion, suggesting
failures were triggered a long time ago, while some scars are still steep with no
evidence of post-failure erosion, suggesting they could have been triggered
recently. Downslope from the scars, seafloor exhibits the presence of
abundant blocs, 5-m high and 40-m wide as an average, then well-developed
asymmetrical waves, 1-m high and 20 m in wavelength as an average. Such
evolution could evidence the transformation of the deposits reworked in the
scars into cohesive debris flows responsible for the transport of blocs of
undisturbed sediment, then into turbulent flows responsible for the
construction of the waves. Such transformation took place usually in less than
6-8 km. In the areas of the continental slope where AUV data were collected
in both 2006 and 2009, changes of the seafloor morphology were always
identified. They consist in the apparition of new sacrs 10-20-m high or in the
refreshing of pre-existing scars. These observations reveal the failure processes
on the NIce slope are still active over very short periods of time.

months of geomorphic change in upper Monterey Canyon (2002-2005).
Marine Geology, 236: 79-94.
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INVESTIGATING THE ROLE OF MECHANISMS LEADING TO STAGNATING DEEP WATER IN THE
EASTERN MEDITERRANEAN
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Abstract
An ocean general circulation model is used to study the effect of several mechanisms that could have led to to stagnating deep water
and thus formation of sapropels in the eastern Mediterranean.
Keywords: Paleoceanography, Circulation Models, Sapropel, Eastern Mediterranean
During the early Holocene, the Mediterranean circulation has undergone
considerable changes. These changes are reflected in the occurrence of organicrich marine sediment (called sapropels) in the eastern Mediterranean, which
indicate the presence of oxygen depleted deep waters. The relative isolation of
the basin together with a good coverage of available proxy data make this
region an ideal test bed for modelling past climate changes.
The work presented here is a first step towards elucidating the mechanisms
responsible for the formation of the sapropels. A regional version of the ocean
general circulation model MPIOM (has been set up for the Mediterranean.
This model was forced with daily atmospheric data derived from equilibrium
time slice simulations with the global coupled atmosphere-ocean-dynamical
vegetation model ECHAM5/MPIOM/LPJ (Mikolajewicz et al. 2007) for
9000 years before present. As the forcing data set has a length of 100 years,
interannual as well as decadal variability are contained in the model forcing.
The model derived river-runoff and ocean hydrography were used as
additional forcings, the latter used as boundary condition at the Atlantic
margin of the regional ocean model. Starting from homogeneous water, the
model has been integrated for several centuries until a quasi-steady-state was
reached. For the early Holocene, the runoff from the Nile is increased in
comparison with present day conditions due to the enhanced African
monsoon. The Bosphorus is assumed to be closed for this time period. These
changes in freshwater input largely compensate each other in their effect on
the upper-ocean salinity in the Levantine basin. The amplified seasonal cycle
with reduced incoming short-wave radiation in winter leads to a general
cooling. The enhanced summer warming is restricted to the uppermost layers.
The model simulates the Adriatic as the main source of deep water for the
eastern Mediterranean. Convection in the northern Aegean is strongly
enhanced. Deep water ventilation rates show a marked decadal variability due
to variations in the forcing. The obtained steady-state for 9000 years before
present serves as baseline state for several perturbation experiments, which
aim at elucidating potential mechanisms leading to stagnant deep water in the
eastern Mediterranean. These experiments show that a sudden onset of an
outflow from the Bosphorus or and or a sudden surface warming due to a
reorganization of the Atlantic meridional overturning circulation are more
effective to reduce the deep ventilation of the eastern Mediterranean, than a
gradual freshening of the inflow from the Atlantic due to melting ice sheets.
The vertical mixing reduces the effect of the initial perturbation and ventilation
of the deep water slowly increases. An initial perturbation is sufficient to
produce stagnant deep water for several centuries. In order to keep the deep
water stagnant over several millennia, a strong initial perturbation needs to be
combined with a weak, but permanently acting change forcing, e.g. the
freshening due to the melting ice sheets.
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INTRAANUAL VARIABILITY OF BIVALVIA ASSEMBLAGES IN THE TRANSITIONAL COMMUNITY OF
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Abstract
Present study is a part of comprehensive investigation of the soft bottom benthic communities in the northern Adriatic circalittoral
zone. The goal of this study was to estimate intraanual dynamics of Bivalvia assemblages in the transitional community of detritc
bottoms. Bivalvia assemblages structure was determined by the presence of 58 species, dominance of Nucula nitidosa, Phaxas
pellucidus, Tellina distorta, Thyasira flexuosa, Kurtiella bidentata, and diversity ranged 19-31 species or 3,37-4,13 bits./ind. The
results indicated abundant, diverse and stable community.
Keywords: Adriatic Sea, Bivalves
Introduction
The major part of the Adriatic Sea bottom belongs to the circalittoral zone and
nearly all of the area of the mobile bottom is of the costal detritc type [1]. In
this zone, variability of abiotic parameters is less pronounced than in the
shallow infralittoral. Such environment support sustainable and stable benthic
communities if strong environmental gradients and/or disturbance are not
present. However, the northern Adriatic Sea is characterized by the full range of
features associated with sensitive marine ecosystems, including temporary
oxygen depletions [2, 3]. The community considered in this paper experienced
heavy disturbance due to anoxia in 1989 [3, 4], but from that time severe oxygen
crisis was not repeted [5]. Macrobenthic fauna and Bivalvia assemblages, in
particular, are considered as very good indicators of ecocystem instability. In
order to assess stability of transitional community of detritic bottoms,
intraanual dynamics of Bivalvia assemblages was studied.

(Tab. 1). In order to examine intraanual diversity changes, several univariate
indices were calculated (S, d, J’, H’). Statistically significant differences were
found only for abundance values between March and May and for ShannonWiener diversity index between March and July, at p<0,05 level. Compared
with results of previous study, provided at the same site in disturbed and
unstable environmental conditions [3], this study revealed rather high values of
univariate indices as well as its low intraanual variability. This investigation
figured out rather abundant, diverse and stable Bivalvia assemblages with no
clear seasonal distribution and thus, suport the hypothesis of sustainable and
stable benthic community.
Tab. 1. Results of ANOSIM test (R=0,186, p=0,1%). Statistically significant
differences between pair of months where indicated with asterisk (*).

Materials and Methods
Bottom samples were collected with a 0,1 m2 van Veen grab (five replicates) at
sampling station SJ 007 (45° 17,0'N; 13° 16,0'E) in the northern Adriatic Sea
from February 2003 to January 2004. This site is caracterized by depth 31 m
and silty-sand type of sediment dominated by fine and very fine fractions [3].
Benthic biocoenosis is classified according Pérès and Picard [6] as transitional
community of detritic bottoms [7]. The material was treated according to
standard field and laboratory procedure: sieving (1 mm mesh), fixation
(neutralized 4% formalin and 70 % ethanol), sorting and counting of macrofauna
[8]. Collected bivalves were counted and identified to the species level [9]. The
bivalve assemblage structure was analyzed with the PRIMER v. 5 software
package [10].
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Results and Discussion
A total of 58 species belonging to 25 families were recorded. Classification
analysis based on Bray-Curtis similarity matrices separated three group of
samples with moderate to high affinity (Q=53-75%), associated with higher
(>15 °C), intermediate (10-15 °C), and lower near-bottom water temperatures
(<10 °C), Fig. 1.

Fig. 1. Hierarchical classification of samples. The affinity level based on Bivalvia
assemblages structure was expressed as % of faunistic similarity among months

The global ANOSIM test showed significant differences (R=0,186, p=0,1%) in
assemblages structure between months but without a clear seasonal pattern
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Abstract
Rapid climate variability in the Western Mediterranean for the last 4000 years is reconstructed using high resolution marine sediments.
Fluctuations in chemical and mineralogical sediment composition are linked to fluvial-eolian input and redox conditions coinciding with
wet (Roman Humid Period, Medieval Warm Period) and dry (Little Ice Age, Late Bronze Age-Iron Age) periods. Such oscillations
support the coupling of the Mediterranean climate with the North Atlantic climate system.
Keywords: Western Mediterranean, Alboran Sea, Paleoceanography, Geochemistry, River Input
Introduction
Although relatively more attention has been traditionally devoted to major
climate changes during the last glacial cycle, the Holocene has also been
punctuated by significant rapid climate variability including polar cooling,
aridity and changes in the intensity of the atmospheric circulation [1]. During
the Late Holocene (last 4000 years), the Medieval Warm Period (650-1150 cal.
BP) and the Little Ice Age (150-650 cal. BP) have been the best identified
climate fluctuations worldwide[2]. Previous work has revealed that Western
Mediterranean is a highly sensitive area to abrupt forcing at millennial scales
during the last glacial cycle ([3], [4]), supporting its link with the North Atlantic
ocean-atmosphere system. The aim of this work is to reconstruct the
paleoenvironment of the last 4000 yrs based on a multi-proxy approach that
includes major and trace element-content and mineral composition of marine
sediment records.
Material and methods
Two gravity-cores (305G, 306G) recovered during the Training Through
Research Cruise 14, Leg 2, in the East Alboran Sea basin in 2004 have been
selected. Both cores were sampled at 1 cm thick slices, to obtain a high
resolution record of the last 4000 years. Samples were air-dried and
homogenized to carry out mineralogical and geochemical analyses: X-Ray
Diffraction, Transmission and Scanning Electron Microscopy, Atomic
Absorption and Inductive Coupled Plasma-Mass Spectrometry. Grain size was
also determined as a cumulative mass percentage using Sedigraph. The age-depth
model has been based on six 14C-AMS dates performed on planktonic
foraminifera (Globigerina Bulloides) extracted from the >125 μm fraction.
Redundancy analyses of the datasets were carried out using the R software.

Fig. 1. Detrital proxies from core 305G. Light grey bars indicate dry
periods (LIA= Little Ice Age, LBA-IA= Late Bronze Age-Iron Age) and
dark grey bars indicate humid periods (MWP= Medieval Warm Period,
RHP= Roman Humid Period).
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Results and discussion
Fluctuations of chemical and mineral composition of marine sediments coincide
with significant Late Holocene climate oscillations. A decrease in fluvial-derived
elements/minerals (e.g., Rb, detrital mica) occurred during the so-called Late
Bronze Age-Iron Age and the Little Ice Age Period, while an increase is
recognized during the Medieval Warm Period and the Roman Humid Period.
This last trend is parallel to a decline of element/minerals of typical eolian
source (Zr, kaolinite) with the exception of the Roman Humid Period when the
Zr/Al ratio increases. Although barium has been proposed and used as a
paleoproductivity proxy in the Mediterranean Sea at time of sapropel
deposition, geochemical and statistical analyses show that during the Late
Holocene, instead it provides information on detrital input, being associated
with alumino-silicates. Furthermore, during this period, productivity reached
low levels in relation to previous productive episodes (e.g. sapropels, Heinrich
events). In fact, biogenic barite has not been detected in the studied cores. In the
most recent sediments, an anthropic contribution is evidenced by a significant
increase in the Pb content.
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MODÈLE MATHÉMATIQUE CONCERNANT LE TRANSPORT ALLUVIONNAIRE PAR LE DANUBE VERS
LA MER NOIRE
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Abstract
On considère un modèle mathématique pour le transport alluvionnaire. Le modèle est basé sur l’équation de convection-diffusion de
l’écoulement non permanent. Les équations sont intégrées numériquement à l’aide d’un schéma de différences finies.
Keywords: Water Transport, Models
Introduction
On présente un modèle mathématique pour le transport alluvionnaire en
courant naturel dans différentes conditions. Parmi les processus impliqués
dans ce phénomène, on prête une attention spéciale au transport alluvionnaire
par l’eau courante et son interaction avec les sédiments de fond. Le modèle est
basé sur les équations de Saint-Venant, caractéristiques du mouvement
unidimensionnel non permanent des fluides à surface libre et l’équation de
convection-diffusion.

l’environnement.
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Modèle mathématique concernant l’écoulement unidimensionnel
non permanent avec la surface libre.
On applique les équations de Saint-Vénant :

où : V – vitesse moyenne en section, g – accélération de la gravitation, A –
surface de la section transversale, x – distance au long de l’écoulement, t –
temps, z - côte de la surface libre, Q - débit qui passe par une section
d’écoulement, B - largeur moyenne, R – rayon hydraulique, n – coefficient de
Manning [1].
Les déversements en mer posent un important problème de pollution lié à
l’accroissement local de la turbidité et au dépôt de sédiments sur le fond. La
turbidité, associée à la concentration de particules solides en suspension,
provoque une extinction plus rapide de la lumière solaire et une réduction de la
synthèse chlorophyllienne.
Dans les mers peu profondes, on se limite généralement à l’étude de la
concentration moyenne dans la colonne d’eau et de la concentration du dépôt
sur le fond.
L’équation décrivant l’évolution de la concentration moyenne des suspensions
est obtenue à partir des équations de dispersion tridimensionnelles par
intégration sur la profondeur. La moyenne sur la profondeur des termes
quadratiques de convection donne deux contributions : la première contient le
produit des moyennes, la seconde, la moyenne du produit des déviations
autour de la moyenne. Cette seconde contribution a une structure analogue à
celle des tensions de Reynolds et les expériences montrent qu'elle est
effectivement responsable d'une dispersion turbulente, mais souvent beaucoup
plus intense. Cet effet porte le nom "d'effet cisaillant" [2] parce qu'il est lié à
l'existence d'un gradient vertical de vitesse. Il a été décrit par de nombreux
auteurs dans des conduites, des canaux ou des estuaires. Dans ces cas, l'effet
cisaillant apparaît après intégration sur toutes sections droites de l'écoulement
et se traduit par un terme de dispersion longitudinale dans une équation de
diffusion unidimensionnelle. Le mécanisme de diffusion est essentiellement
bidimensionnel et les modèles établis pour diffusion doivent être généralisés
[3].
Les particularités de l’équation de dispersion (présence de dérivées croisées et
du terme de sédimentation, dominance des termes d’advection) imposent
l’utilisation d’une méthode numérique spéciale [4] et [5].
Résultats et Discussions
Dans le cas du fleuve Danube, le cours entre Tulcea et la Mer Noire, les débits
liquides varient entre 5 000 m3/s et 12 000 m3/s, tandis que les débits solides
entre 10 kg/s et 22 kg/s. Le diamètre granulaire varie entre 74 et 100
micromètres. Dans l’évaluation des résultats, on a tenu compte du relief du lit
du Danube, de la granulométrie, ainsi que d’autres paramètres hydrauliques
(vitesses d’écoulement, pente hydraulique, coefficient de Maning, rayons
hydrauliques des sections tranversales données). Les résultats théoriques
concordent avec les observations accumulées lors des campagnes
d’observation organisées dans le cadre d'un programme national roumain sur
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IRON AND MANGANESE SPECIES IN THE REDOX ZONE IN TWO DIFFERENT BASINS WITH ANOXIC
CONDITIONS: THE BLACK SEA AND THE OSLO FJORD
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Abstract
The joint analysis of the data of iron and manganese species distributions (dissolved Fe(II) and Fe(III), dissolved Mn(II), dissolved
bound Mn, particulate Fe and Mn) obtained in the Black Sea and the Oslo Fjord allowed to reveal the common features, that testify
the similarity of the mechanism of the redox layer formation in these regions.
Keywords: Black Sea, Redox, Vertical Profile, Metals, Anoxia
Distributions of chemical parameters in the redox zone were studied in the
Black Sea (northeast region, central and coastal parts) and Oslo Fjord
(Bunnefjorden and Baerumsbassenget), during spring-summer 2008 and 2009.
The specific features of the hydrochemical structure observed in the studied
objects are summarized in Table 1.

enabled the role of a number of factors (amount of Mn, intensity of mixing,
sinking rate, anoxygenic photosynthesis) to be assessed [1]. We suggest that in
nature all the factors analyzed are not constant and can vary from region to
region and from time to time. Their exact combination results in the shape of
the distributions of the observed parameters.

Tab. 1. Parameters of Mn and Fe distributions in the redox zones of the Black
Sea and the Oslo Fjord
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Iron and manganese species distributions and redox zone structure at all are
very similar in the Black Sea and the Oslo Fjord/Bunnefjorden. The
abnormality of the biogeochemical structure in the Baerumsbassenget can be
connected with the influence of a river or/and anoxygenic photosynthesis,
because this redox interface is in a very shallow position, about 20 m. The
suboxic zone in this fjord has a reducing character [1].
Our investigations demonstrated that Mn bound in stable complexes with
hypothetically organic matter or pyrophosphate is observed in the redox zones
in significant concentrations (up to 2 uM) [2], and is likely presented by Mn
(III), an intermediate product of Mn(II) oxidation. On the base of the recent
data obtained in the 100th cruise of RV “Professor Shtokman” (March-April,
2009) it was found that the bound Mn could exist in two forms – colloidal
(0.02-0.40 um) and truly dissolved (<0.02 um) that perhaps results from
complexing with different types of ligands. Bound Mn in colloidal form
amount to 50-90% of total bound Mn in coastal and central parts of the Black
Sea respectively.
Redox interfaces are characterized by a formation of a so-called “phosphate
dipole” with a minimum above the sulfidic boundary and a maximum just
below, with a steep increase in concentrations between the two. The
hypothesis that P and Mn cycles are interconnected by the formation of
complexes between Mn (III) and P-containing ligands can explain the presence
of the shallow phosphate minimum above the sulfide-interface [2, 3]. The
presence of the deep phosphate minimum (below the sulfidic boundary) is
probably due to the formation of P-containing iron particles [4]. This dipole
structure serves as a geochemical barrier that decreases the upward flux of
phosphate from the anoxic layer.
Modeling results shown that exactly manganese cycle (formation of sinking
down Mn(IV) and presence of dissolved Mn(III)) is the main reason of oxygen
and hydrogen sulfide direct contact absence [3]. The model experiments
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Abstract
We present the first obtained time series of a monitoring project studying a submarine groundwater discharge (SGD) in Kalogria Bay,
Greece. During a previous survey in the area, salinities ~1-2 were detected. The emerging flow and the physical characteristics of the
upwelling water are recorded by means of a rotor flow meter and a CT probe. Both were deployed on a metallic frame which was
placed at the sea bottom inside a karstic cavity. Salinity values between 20 and 36 have been recorded, indicating a brackish water
outflow during the dry season of the year (July-October 2009). The water outflow exhibited velocities ranging from 8 to 28 cm/sec.
Keywords: Salinity, Monitoring, Brackish Water, Eastern Mediterranean
Submarine groundwater discharges (SGDs) are detected in many coastal areas
on a global basis and today they are recognized as important factors of landocean interaction, with potential socioeconomic benefits [1]. In the
Mediterranean Sea, they are traced mainly along coasts with karstic structures
within the inland coastal zone [2]. In December 2006, an expedition carried
out on board the R/V AEGAEO of the Hellenic Centre for Marine Research,
visited the eastern Messiniakos Gulf coasts around the Kalogria-Stoupa
marine area (SW Peloponnissos). A CTD probe, carried by a diver inside a
submarine karstic cavity, where groundwater discharged, recorded salinities
~1-2 at a water depth of ~25 m. The low salinity encouraged a monitoring
project in prospect of exploitation of the discovered fresh water. In July 2009,
a flow meter (model Sensordata 6000), and a conductivity-temperature (CT)
recorder (model SBE-37) were deployed, attached on a stainless-steel frame
close to the sea bottom inside the cavity. The instrumentation is scheduled to
be recovered for

variation does not exhibit a similar behavior, but a normal transition between
the 1st and the 2nd deployment period. Contrary to salinity, temperature
follows a normal fluctuation with the highest values of 24-26 oC occurring
during the last days of August. The strong turbulence also affects the
temperature variation with a constant oscillation amplitude of 2-4 oC. As far
as it concerns the flow measurements, the values recorded during the first few
days of the deployment, they were between 20-27 cm/sec. Unfortunately, an
instrument malfunction truncated the first deployment period to a total length
of only 4 days (30 minutes interval). To ensure a total coverage of the
deployment period during the second deployment, a pair of flow meters were
installed on the frame, one at the same position as the previous, and another
one exactly at the base of the frame. The latter covered the period from 2 to 15
September 2009, and the span of useful data was limited to the half of the
deployment period due to a blockage of the rotor by a coarse sand grain with a
diameter of 1-2 mm. During that period, upward water flow velocity ranged
from 18 to 24 cm/sec, with an ascending trend during the last days of
recording. In order to extend the recording period, the upper flow meter was
set to take measurements at a time interval of 3 hours. This flow meter
provided a useful period of flow velocity records until 30 September 2009,
with velocities strongly fluctuating between 8 and 28 cm/sec. A spectral
analysis performed to the flow measurements highlighted both diurnal and
semidiurnal peaks of the power spectral density. This is expected, as in
general the SGDs can be modulated by the prevailing tidal regime [4]. In
summary, the obtained monitoring data demonstrate a strongly turbulent and
unstable SGD, regulated by the geomorphologic (karstic) structure of the
coastal zone and modulated by factors as the local yearly precipitation cycle
and the tidal regime. Continuous monitoring of the SGD will reveal in detail,
the annual cycle of the discharged water velocity, volume, and salinity
variations, since they are the crucial parameters for the potential exploitation
of the outflowing water. In summary, the obtained monitoring data
demonstrate a strongly turbulent and unstable SGD upflow, regulated by the
geomorphologic (karstic) structure of the coastal zone and modulated by
factors as the local yearly precipitation cycle and the tidal regime. The
monitoring of the SGD will reveal in details, the annual cycle of the upward
flow and the salinity fluctuation since they are the crucial parameters for
exploiting the upwelling water.

Fig. 1. Salinity fluctuation near the disharge point.
maintenance and data uploading from time to time, usually at monthly
intervals. Figure 1 shows salinity variations during the first two deployments,
from 22 July 2009 to 8 October 2009. The main feature observed is the
relatively high salinity values, when compared against the value of salinities
~1-2, which were recorded in December 2006. Salinities fluctuate between 20
and 36, accompanied by a persistent high frequency oscillation with an
amplitude range between 2 and 6. Another characteristic is that the oscillation
amplitude is fluctuating proportionally with the salinity. As salinity values
decrease, the oscillation amplitude is apparently reduced. We can also observe
the remarkable jump in salinity values between the recovery and
redeployment of the CT probe on the 1st of September (Fig. 1). This sudden
rise could be primarily attributed to the very low discharge of the SGD (dry
period, summer-early autumn), which results in an extremely unstable
turbulent regime around the discharge point, and secondly to a possible slight
different position of CT probe after the redeployment. The latter could be
related to a possible rotation of the frame, and a consequent slight increase of
the distance from the water discharge point. Another possible explanation
could be attributed to external factors associated with the local circulation
patterns. The coastal sea current may drive the upward flow and cause a
declination from the vertical direction. Such persistent sea currents prevail at
times in Messiniakos Gulf with their maximum speed occurring near the
coastline [3]. However, still this jump remains unclear, since the temperature
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Abstract
Active methane seeps are present at the sea floor in the Eastern Mediterranean and Marmara Sea. The flow rate, temperature and
chemistry of venting fluids differ largely from one site to another, depending on the source and depth of fluids. We present here the
mineralogical and stable isotope compositions of carbonate crusts and concretions that were precipitated at or close to the sea floor
and have registered the great variability of the fluids from the Mediterranean Ridge, Nile Deep Sea Fan and Marmara Sea cold seeps.
Keywords: Bacteria, Eastern Mediterranean, Marmara Sea, Deep Sea Processes, Mud Volcanoes
Active cold seeps in the Eastern Mediterranean were described since years
80’s and their study was completed by deep-sea observations and sampling
during oceanographic cruises using submersibles (MEDINAUT in 1998,
NAUTINIL in 2003, MEDECO in 2007). In the Marmara Sea, cold seeps
were observed in 2002 during the MARMARASCARPS cruise with ROV
dives [1] and they were sampled using the submersible Nautile during the
MARNAUT cruise in 2007. A few articles refer to the carbonate crusts from
the MEDINAUT and NAUTINIL cruises [2],[3],[4].
Methane-rich fluids venting at sea-floor through geological structures as mud
volcanoes, pockmarks and faults support specific chemosynthetic ecosystems
where the microbial communities are particularly active in the carbon and
sulfur cycles. The most important microbial process involved in these
environments is the Anaerobic Oxidation of Methane (AOM) that is coupled
with Bacterial Sulfate Reduction (BSR). During this process, the methane
contained in the advected fluids is oxidized by the sulfate ions provided either
by diffusion from bottom seawater or by advection of sulfate-rich brines.
The overall reaction describes the transfer of oxidized and reduced carbon and
sulfur components:
3CH4 + 3SO42- + Ca2+ ---> 3HS- + CO2 + HCO3- + 4H2O + CaCO3
Carbonate and sulfide minerals are the two most important by-products of
this reaction; their mineralogy may vary, depending on the cations and metal
elements that are available in the fluids. Calcium carbonates (aragonite, calcite
and magnesian calcite) dominate, especially in the upper sediments whereas
magnesium-rich and iron-rich carbonates (dolomite, ankerite, siderite) increase
progressively at depth.
The oxygen and carbon isotopic compositions of the diagenetic carbonates
display very wide ranges that define three groupings :
1] The Mediterranean Ridge: the carbonate crusts are characterized by ∂13C
values mostly in the range from -15 to -30‰ and more rarely down to -45‰;
they include the highest ∂18O values (from 2.4 to 7.1‰).
2] The Nile Deep Sea Fan : the carbonate crusts display generally lower ∂13C
values than the previous grouping, from -25 to -41‰; the range of ∂18O values
is relatively narrow (2.4 to 4.8‰), except rare outlier lower values (-0.5 to
1‰).
3] The Marmara Sea : the carbonate crusts show the largest range of ∂13C
values from -13 to -47.6‰ ; the range of ∂18O values is shifted to negative
values (3.6 to -2.1‰).
The very low ∂13C values of diagenetic carbonates at all cold seep sites
confirm that they are methane derived; the close association of carbonate with
pyrite in the diagenetic crusts as well as biomarker proxies indicate that AOM
was operating in conjunction with BSR.
The ∂18O values of carbonates mostly reflect isotopic equilibrium with the
present-day bottom sea water; the heaviest ∂18O values from the
Mediterranean Ridge are explained by the contribution of 18O-rich fluids
originating from clay mineral dehydration at great burial depth; the lowest
∂18O values are due either to high heat flow in Amon mud volcano or to the
contribution of brackish fluids in the Marmara sea.

A., Wallman, K., and Lericolais, G., 2008. Cold seeps along the main
Marmara fault in the Sea of Marmara (Turkey), Deep Sea Research Part 1, 55,
552-570.
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MEDINAUT Scientific Party, 2000. Methane-related authigenic carbonates of
eastern Mediterranean Sea mud volcanoes and their possible relation to gas
hydrate destabilisation. Earth and Planetary Science Letters, 5675, 1-18.
3 - Bouloubassi I., Aloisi G., Pancost R., Hopmans E., Pierre C., and
Sinninghe Damste J. S., 2006. Archeal and bacterial lipids in authigenic
carbonate crusts from eastern Mediterranean mud volcanoes. Organic
Geochemistry, 37, 484-500.
4 - Gontharet S., Pierre C., Blanc-Valleron M-M., Rouchy J-M., Fouquet Y.,
Bayon G., Foucher J-P., Woodside J., Mascle J., and the NAUTINIL
Scientific Party, 2007. Nature and origin of diagenetic carbonate crusts and
concretions from mud volcanoes and pockmarks of the Nile deep-sea fan
(eastern Mediterranean Sea). Deep Sea Research II, 54, 1292-1311.
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Abstract
The Calabrian Arc (CA) is part of the most active seismic belt in the Central Mediterranean region and it has been struck repeatedly
by very strong historical earthquakes often associated with destructive tsunami. We addressed CA tectonics through an integrated
geological/geophysical approach which has the potential to reveal if subduction is active, to map location and geometry of major faults
absorbing plate motion, and to unravel relationships between tectonics, sedimentation and fluid flow in the accretionary wedge.
Keywords: Ionian Sea, Active Margins, Tectonics, Sedimentation, Seismics
The Calabrian Arc (CA) subduction complex connects the E-W trending Sicilian
Maghrebian belt with the NW-SE trending Southern Apennines (Fig. 1) and
develops along the African-Eurasian plate boundary in the Ionian Sea.

through the interpretation of available data (outer and inner deformation fronts
and the western lateral boundary of the subduction complex at the foot of the
Malta escarpment). Sediment cores have been collected above morphological
swells related to argilo-kinetic processes and within sedimentary basins in order
to apply submarine earthquake geology in the CA and analyze the geological
record of past catastrophic events in the subsurface. We collected well targeted
sediment samples in tectonically controlled sedimentary basins to study the
indirect effects of fault activity (i.e. mass wasting events, sand injections,
turbidites, etc). Sediment cores from the Ionian abyssal plain and slope basins
on the accretionary wedge have sampled turbidite sequences which likely
contain a record of the great earthquakes or catastrophic events in the region.
Radiocarbon ages will be obtained from monospecific planktonic foraminiferal
samples above and beneath suspected seismic related deposits, while Pb210 and
Cs137 radiocarbon dating will be applied to selected cores to resolve
sedimentary structures associated with some recent events. If we will be able to
make correlations between the sedimentary record (of earthquake-triggered
submarine landslides or turbidites) and the earthquake catalogue in Southern
Italy, we will try to extend the paleoseismic catalog further back in time. This
approach has the potential to determine which portions of the arc have recorded
catastrophic events in the past and which is the recurrence time of major events
in the different regions of the subduction system. The lack of seismicity along
the CA subduction fault plane (with a characteristic shallow dipping thrusttype focal mechanism) can mean either that subduction has ceased or that
subduction is active but aseismic or locked. Diverse earthquake scenarios can be
envisioned depending on which of these hypotheses is taken into account and
the implication of each scenario for the hazard facing this region vary widely.
The integrated analysis of the multi-scale geological/geophysical data-set
acquired in the frame of the CALAMARE project has the potential to
reconstruct CA active deformation and improve seismic risk assessment in the
Central Mediterranean region.

Fig. 1. Tectonic map of the study area with location of profile CROP M2B.
Tectonic model from [1]. Seafloor bathymetry: GEBCO One Minute Grid.

At the toe of the CA, the thick sedimentary section of the African plate has
been scraped off and piled up along thrust faults. This contributed to emplace a
thick and about 300 Km wide subduction complex represented by a well
developed accretionary wedge, multiple slope sedimentary basins and a seaward
dipping continental backstop (Fig. 2). Although the regional architecture of the
margin geometry has been described through the analysis of high penetration
seismic data [2,3,4], some major questions are still debated: where is located the
outer deformation front marking the Africa/Eurasia plate boundary? What is the
location, nature and geometry of active faults absorbing plate motion? Are there
evidences of the geological record of past catastrophic events in the subsurface?
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Fig. 2. Line drawing of pre-satck depth migrated MCS line CROP M-2B across
the CA subduction system.

In order to address these issues we analysed in detail the structure and the
evolution of the external CA through an integrated multi-scale geophysical
approach that involves the combined analysis of multi-channel and single
channel reflection profiles together with morpho-bathymetric data [5]. The
interpretation of this multi-scale data-set represented the basis for a
geophysical/geological cruise (CALAMARE cruise - Calabrian Arc Marine
Geophysical Experiment) carried out in April-May 2008 with R/V CNR Urania
[6]. We acquired geophysical (high resolution MCS reflection profiles and subbottom CHIRP) and geological data (gravity cores) in three key-areas selected
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Abstract
Multidisciplinary studies of mud volcanoes at two sites on the Calabrian Arc provide evidence of post-glacial eruptions, and of ongoing
seabed seepage that supports ‘hotspot’ ecosystems. Mud breccias within gravity cores record at least one extrusive episode since the
last glacial maximum c. 20 ka. Seabed investigations using ROVs document ongoing seepage of gas, at one of the sites associated
with chemosynthetic ecosystems and with localized outflows of warm mud. Gas hydrates are theoretically stable on the Calabrian Arc
and their post-glacial destabilization represents a possible driver of seabed extrusive and seepage activity.
Keywords: Eastern Mediterranean, Ionian Sea, Deep Sea Sediments, Mud Volcanoes
Mud volcanoes were discovered offshore southern Italy during the 2005
HERMES-HYDRAMED campaign of the Italian research vessel OGS Explora,
which acquired the first regional multibeam coverage of the Calabrian
accretionary prism [1]. Many possible seepage sites were recognised [see 2], of
which two were proven to be mud volcanoes through the acquisition of
multichannel seismic data and gravity cores containing mud breccias. Seabed
investigations of these two sites were subsequently undertaken using remotely
operated vehicles (ROVs) during campaigns of the r/v Meteor (M70/1, 2006)
and the r/v Pourquoi pas? (MEDECO, 2007). In this presentation we
summarise evidence for recent eruptions and ongoing seabed seepage.

Glacial-interglacial changes in sea level and bottom water temperatures suggest a
possible climatic influence on mud volcanism. Gas hydrates are theoretically
stable on the Calabrian Arc and their post-glacial destabilisation in response to
warming bottom waters could provide a driving mechanism for recent eruptions
and ongoing seepage.

The two investigated sites lie in water depths of 1600-2300 m on the inner and
central Calabrian Arc. Within the inner Spartivento forearc basin, the Madonna
dello Ionio comprises three MVs, twin cones each up to 140 m high and 1.5 km
wide, and a caldera up to 3 km across. On the central thrust-fold belt, the
Pythagoras MV is a single mud pie up to 9 km wide, rising up to 350 m above a
seabed moat. Seismic data grids across both features show the seabed mud
volcanoes to be the tops of extrusive edifices that extend over 1 km into the
subsurface and interfinger with the flanking sedimentary succession above a
regional unconformity of mid-Pliocene age, c. 3.5-3.0 Ma [3].
Recent extrusive activity is indicated by sediment cores from the Madonna dello
Ionio and Pythagoras MVs that show oxidized mud breccias to lie near seabed,
beneath a veneer of hemipelagic sediments. At the Madonna dello Ionio MVs,
mud breccias have erupted since the last glacial maximum (c. 20 ka), based on
radiometric dating and stratigraphic markers within the hemipelagic sediments.
In the caldera at the head of the Madonna, mud breccias are overlain by
sediments dated to c. 15.5 ka, and appear correlative to a mud breccia lens in a
nearby core 1 km from the edge of the caldera. A younger extrusive episode may
be recorded by mud breccias at the base of one of the twin cones of the
Madonna which are overlain by marine sediments dated to c. 2 ka.

Fig. 1. Location of investigated sites of mud volcanism on the Calabrian Arc
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Seabed investigations using ROVs (video observations, geothermal probes,
sediment and water samples) provide evidence of ongoing seepage. At both
sites, bottom waters contain methane concentrations 100-200 times normal
background levels. At the Madonna dello Ionio, all three MVs have elevated
geothermal gradients, 2-20 times higher than adjacent areas, and fresh outflows
of warm mud were observed on two of the MVs. The tops of all three MVs are
otherwise characterized by a metre-scale relief comprising mud breccia flows
mantled by hemipelagic sediments, the latter exhibiting intense bioturbation in
the form of conical burrows; a 30 cm blade core contained chemolithotrophic
tubeworms (polychaetes) and other fauna consistent with reduced conditions.
At the Pythagoras MV, an area of chaotic seabed, with irregular relief developed
in exposed mud breccias, suggests a recent and violent local extrusive episode.
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Abstract
Climate variability for the last 20.000 years in the western Mediterranean Sea has been reconstructed using geochemical and
mineralogical proxies. An excellent high-resolution record from the East Alboran Sea basin has been analyzed. Geochemical data
have provided detailed information on paleoclimate conditions and have allowed to establish fluvial and eolian input oscillations during
abrupt climate changes, as well as the paleoxigenation conditions at time of sediment deposition.
Keywords: Western Mediterranean, Alboran Sea, Deep Sea Sediments, Atmospheric Input, Geochemistry
Introduction
Eolian input from the Sahara and other arid regions surrounding the
Mediterranean has provided a considerable amount of dust particles contributing
to the terrigenous sedimentation [e.g., 1]. This contribution was especially
significant during glacial times when the eolian dust into the atmosphere
increased through intensified surface winds, lower surface humidity and
enhanced desertification [2]. The high sedimentation rates from the westernmost
Mediterranean provide excellent conditions for reconstruction of the eolian
input record at very high resolution and in turn atmospheric response to climate
variability.
Material and methods
A gravity core 293G (402 cm length), recovered in the East Alboran Sea basin
during the cruise Training Trough Research 12 Leg 3 (Lat. 36´10.414N, Long.
2´26.071W, water depth 1840m) was chosen for this study. It contains
hemipelagic sediments composed of homogeneous green-brownish mud with
some shell fragments, foraminifera and bioturbated layers. A continuous
sampling every 1.5 cm was carried out for the interval spanning the last 20 kyr.
Radiocarbon ages and stable oxygen isotope record from planktonic foraminifera
(Globigerina bulloides) have provided a detailed age model. Sediment samples
were analyzed using X-Ray Diffraction, X-Ray Fluorescence and Inductively
Coupled Plasma Mass Spectrometry.

Fig. 1. Geochemical proxies profiles versus calibrated 14C ages (Element/Al ratio
for major elements and Element/Al ratio *10-4 ppm for trace elements). Light
grey vertical bar indicates the warm period Bölling-Alleröd (B-A) time interval.
Dark grey bars indicate main cold periods, Younger Dryas (YD) and the
Heinrich event (H1) time intervals. Very short dashed grey arrow indicates the
“8.200 yr” cold event. Greenland Stadials (GS-1, GS-2) and Interstadials (GI-1)
are indicated by white horizontal boxes.

Results and discussion
Preliminary results indicate that the Heinrich event (H1) has been a generalized
cold and dry period as shown by high δ18O values and increasing ratio of eolian
input proxies such as Zr/Al, Ti/Al and Si/Al (Fig. 1). In addition, an increase in
deep water ventilation points to the injection of large volumes of freshwater
from melting iceberg that reached the westernmost Mediterranean, causing a
weakened in the Mediterranean thermohaline circulation [3]. During the BöllingAlleröd period (B-A), a stable trend in thermohaline circulation is evidenced by
lower oxygen bottom conditions and the oxygen isotope record. Therefore, this
warm and humid period has been characterized by a decrease in values of eolian
detrital proxies, indicanting a weaker atmospheric circulation as also supported
by pollen records from this region [4]. Geochemical proxies also evidence a
particular atmospheric configuration during the Younger Dryas chronozone
(YD). Variations in detrital proxies suggest an increasing fluvial activity at the
onset of this period, which points to a coupling between the hydrological cycle
and the cold atmospheric configuration due to enhanced sporadic rainfalls. More
stable climate conditions characterized the Holocene that is also punctuated by
significant climate fluctuations such as the 8.200 yr cold event.
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Abstract
Based on a revisitation of the main outcropping Messinian successions on Cyprus, Zakynthos, Crete and of subsurface data from
offshore areas, a preliminary stratigraphic model for the Eastern Mediterranean basin has been reconstructed and compared to the
Western and Central Mediterranean basins.
Keywords: Messinian, Stratigraphy, Evaporites, Eastern Mediterranean
The Eastern Mediterranean record of Messinian events is mainly preserved in
deep offshore basins. The limited and scattered Messinian outcrops of
marginal basins offer a unique opportunity to find out a key for interpreting
coeval offshore successions and thus reconstructing the development of the
Messinian salinity crisis (MSC) of this area. This is a fundamental step for
establishing the stratigraphic relationships between western and eastern
Mediterranean Messinian units and testing the MSC two steps/three stages
scenario recently put forward by CIESM [1], [2]. We focussed in particular
on the Messinian successions of Cyprus and Zakynthos. A complete
revisitation of Southwestern Cyprus Messinian basins (Polemi, Pissouri and
Maroni/Psematismenos) led to point out that the local Lower Gypsum unit
actually consists of clastic evaporites associated with subordinate gypsum
cumulates deposited in very shallow depocenters, thus suggesting that only
the second MSC step is here recorded (stages 2 and 3). The basal part of the
unit usually comprises clastic carbonates (“barre jaune”) containing
resedimented selenite fragments formed during the first MSC step (PLGPrimary Lower Gypsum). This unit passes upwards to both stratified and/or
chaotic gypsum-bearing clastic deposits. Gypsum cumulates commonly occur
in the intermediate part of the unit; at Maroni the latter deposits show
evidence for precipitation in very shallow water (bird tracks), but no clear
desiccation features have been observed throughout the succession. We
interpret these deposits as a shallow-water equivalent of the RLG unit
(Resedimented Lower Gypsum), defined in western and central Mediterranean
[1], [2] and recording the very short second MSC stage during which large
volumes of halite and K-salts precipitated in deeper basins. These deposits are
conformably overlain by the Upper Gypsum and Lagomare units which are
very similar to their Sicilian equivalents [2], [3]. According to this
interpretation, the base of the local Lower Gypsum unit is actually a regional
unconformity corresponding to the Messinian erosional surface (MES) which
can be traced downbasin in the offshore domain at the base of the deep basin
evaporitic unit (Mobile Unit in [4], [5]). Halite is not preserved in this basin,
but according to the regional scale considerations [6] it is possible that small
lenses can be found included within the RLG unit. The Zakynthos Messinian
succession shows a complex evaporite distribution largely controlled by
synsedimentary compressive tectonics, very similar to what we have observed
in the Northern Apennines and Sicily [2], [7], [8]. Step 1 Primary Lower
Gypsum cyclically stacked selenites (PLG), cut on top by the MES and
unconformably capped by thin paleosoil-bearing Lago Mare deposits, occur in
shallow wedge-top basins (Kalamaki section); deeper depocenters formed in
front of the main thrust fronts are characterized by the accumulation of thick
clastic gypsum (RLG), also comprising displaced selenite blocks (Agios Sostis
section). Subsurface data indicate that the RLG unit also contains thin lenses
of halite developed in the more subsiding sectors of the basin(s) (K. Nikolaou,
Hellenic Petroleum, 2009, pers. comm.). These results suggest that, like in the
western and central Mediterranean areas, the eastern Mediterranean record of
the 2nd MSC stage is characterized by the generalized dismantling of first step
primary evaporites (PLG). This was probably triggered by tectonic activity
coupled with sea-level falls during TG12-TG14 glacials which caused a
concurrent short-lasting block of deep Mediterranean water outflow and the
consequent widespread precipitation of halite in deeper basins and of gypsum
cumulates in shallow marginal basins. However, the lack of evidence for
desiccation in the latter settings suggests that the amplitude of the associated
sea-level drop could have been considerably lower than the usually envisaged
1.5 km. A revisitation of available cores suggests that the evaporites included
in the Upper Evaporites seismic unit in both western and eastern deep
Mediterranean basins have mainly a clastic and subaqueous nature. Moreover,
the high 87Sr/86Sr values of halite and/or anhydrite recovered from DSDP sites

374 and 376 suggest that, similarly to what observed for the Lower
Evaporites, the usually envisaged correspondence between the seismically
defined and the outcropping Upper Evaporites units is highly questionable.
These data and observations result in a comprehensive MSC evolutive
scenario based on more reliable stratigraphic correlations between marginal and
deep basins across the western and eastern Mediterranean basins.
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Abstract
The present work reports the main results obtained from a number of different acoustic and video investigations carried out at
different spatial scales within the Mediterranean Santa Maria di Leuca (SML) Cold-Water Coral (CWC) province (south eastern Italy
– northern Ionian Sea). The different scale of data sets here presented and discussed vary from small scale maps that resolve regional
geomorphology of the Apulian plateau, to large scale maps provided for one representative site, where video-data, high resolution side
scan sonar mosaic and micro-bathymetry well describe micro-scale variations in mound geomorphologic attributes and associated
habitats.
Keywords: Geomorphology, Swath Mapping, Mapping, Ionian Sea, Biodiversity
Along the oceanic margin and in particular in the Mediterranean Sea, CWC
distribution has been better known during the last decades thanks to the new
technologies nowadays available for exploration in deep sea environments.
The recent use of acoustic survey techniques and remotely operated vehicles
(ROVs) revealed the presence of living CWC at different locations in the
Mediterranean sea (i.e.: the Straits of Gibraltar [1], the Alboran Sea [2, 3], the
Sicily Channel [4, 5], the Ionian Sea [5, 6, 7], and the Southern Adriatic Sea [5,
8]); although the Ionian Santa Maria di Leuca (SML) CWC province
represents the largest occurrence of a living white coral community known in
the Mediterranean so far. Several national and international oceanographic
expeditions (e.g. the 2002 CNR COR2 cruise, the three cruises of the 20032005 Italian aplabes project, the 2006 CNR CORSARO cruise promoted by
the cooperation between Euromargins/Eurocore ‘Moundforce’ ESF program,
the 2006 METEOR M70 cruise and the 2007 MEDECO cruise of the EU
‘Hermes’ project) were initiated after the SML province's discovery,
producing a number of different “seafloor mapping data”. From these, three
different scale of data sets are here presented and discussed: (1) a small scale
morphobathymetric map (1/1000000) that resolve the regional geomorphology
of the Apulian plateau; (2) a detailed medium scale morphobathymetric map
(1/50000) obtained from multibeam data acquisition; (3) a large scale
morphobathymetric map of one representative coral mound, where video-data,
high resolution side scan sonar mosaic and micro-bathymetry have been
collected. Small scale map (coming from the Gebco Digital Atlas) shows that
the SML CWC province is located along the upper slope of the gently southeastward dipping Apulian continental margin, the large-scale morphology of
the area is related to a strong tectonic control. The multibeam data set
collected between -300m and -1300m of water depth, over more than 900-km2
survey area, provided a detailed medium scale morphobathymetric map, in
which several geomorphic processes are recognized, superimposed on the
regional large-scale morphology [7]. In particular broad slope erosion,
sediment sliding, block tilting and collapse and prominent downslope massmovements were identified and drift sedimentation is also recognised along a
central large ridge [6, 7]. Within this dataset CWCs are found along a depth
belt between 500 and 900 m and in different physiographic settings, although
they look to be abundant within the broad area affected by downslope masstransport deposits [7], [9]. Here a detailed ROV-based survey, carried out in
the framework of the Hermes project by the use of the VICTOR6000 ROV
(MEDECO cruise – R/V Pourquoi Pas?), provided a high resolution mapping
survey [10] at one representative seafloor feature identified as a coral
colonised positive structure (coral-mound) during previous cruises. The
relevant seafloor mapping data here presented, collected at different spatial
scales, show how the large-scale mapped coral distribution and the mound
morphology are well correlated to the environmental controls under which
coral mounds can develop. These results also show how large scale maps can
help in provide a proper assessment on CWC distribution along small scale
maps and therefore show how such methodologies are essential to
support deep-sea habitat mapping purposes, finding a way to extrapolate
substrate maps into habitat maps based on acoustic proprieties.
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TAPES PHILIPPINARUM (ADAMS & REEVE) HARVESTING EFFECTS ON SEDIMENT SETTLEMENT
RATES AND EROSION PROCESSES IN THE LAGOON OF VENICE (ITALY).
Adriano Sfriso 1*, Chiara Facca 1 and Sonia Ceoldo 1
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Abstract
Tapes philippinarum harvesting by means of mechanical and hydraulic dredging systems heavily affects the benthic habitats and the
water column as huge amounts of sediments are resuspended. In the present paper the results obtained in three areas of the lagoon of
Venice (Italy) are compared in order to quantify such effects and to highlight the different impacts occurring in the free clam harvesting areas against the clam-farming ones. In field the sediment settlement rates were measured by means of sedimentation
traps and the changes of bottom level were recorded by means of suitable devices fixed to the sediment surface. Results proved that
clam-farming areas were affected by a minor sediment loss. In addition, marine seagrasses appeared to significantly favour the
sedimentation and trapping of resuspended particles.
Keywords: Bivalves, Sedimentation, Erosion
Introduction
Tapes philippinarum (Adams & Reeve, 1950) was introduced in the lagoon of
Venice in the early 1980s for economical proposes. In a few years’ time it
colonized large lagoon areas triggering an intense and indiscriminate harvesting
activity. Until the late 1990s, harvesting areas, boat efforts and number of
employees were not regulated, producing dramatic consequences for the
environmental conditions. Since 2000 the local authorities have promulgated a
plan for the management of clam resources in order to safeguard the ecosystem
and to guarantee the maximum sustainable yield [1]. The main idea was to turn
the free clam-harvesting into clam-farms, identifying suitable areas for this
activity. The present paper aims at describing the effects of both free clamharvesting and clam-farming activities on the sedimentation rates and bottom
erosion.
Materials and Methods
Three areas were identified in the lagoon of Venice: one north of the Venice
historical centre (northern area), the second in the central (central area) and the
third in the southern (southern area) parts of the lagoon. The northern and
central areas were still characterized by free clam-harvesting whereas the third
was among the first licensed zones. Two sites were chosen in each area in
order to have a harvesting/farming area and a control area. In each site a
sedimentation trap, which collects settling sediments [2], and a device, to
measure changes in bottom level [3], were placed. The sites were monitored
monthly from February 2001 to January 2002.

efficient tool to reduce the sediment resuspension. Moreover, the presence of
seagrass meadows around the clam-farming areas can contrast the loss of fines
reducing the environmental impact of such activities.

Results and discussion
The results showed that the northern area (Fig. 1), with 268 kg dwt m-2 y -1 in
the control site and 735 kg dwt m-2 y -1 in the harvesting site, was affected by
a high sediment settlement so highlighting the strong impact of clam-catching.
As in this part of the lagoon the water residence time is quite high, it can be
considered that the resuspended sediments settled in almost the same zone
where they were removed. On the other hand, the central area is characterized
by a high water renewal, so the resuspended sediments are mainly lost
seawards. In fact, in such area, the annual sedimentation (control: 119 kg dwt
m-2 y -1; harvesting site: 282 kg dwt m-2 y -1) was, approximately, 2-3 times as
low as in the northern one, although the harvesting pressure was even higher.
In the site of the southern area, where clams are farmed, the sedimentation
rates were not significantly different from the control one (control: 266 kg dwt
m-2 y -1; farming site: 257 kg dwt m -2 y -1). In the farming area the low
harvesting impact (1 harvest per m-2 in two years instead than 10-15 harvests
per m-2 each year, as in the free clam-harvesting areas) and the role of
seagrasses to avoid sediment loss were observed to be relevant. In fact,
sedimentation rates were strongly different only in spring, because of seagrass
unrooting inside the farming area, whereas in the other period sedimentation
rates were similar (Fig. 1). In addition, the dense seagrass populations growing
all around the farming area reduced the loss of fine sediments which were
resuspended during the farming activities. Although the different
sedimentation rates observed in the fishing and control areas, all the studied
sites, on a yearly basis, showed an increase of the bottom level and hence a
depositional trend; only few observations had negative values. Because a
significant loss of fine material was recorded in other studies [1, 2, 3], these
results probably depend on the fact that the selected stations were placed in
areas low affected by the lagoon hydrodynamics or inside seagrass meadows.
However, the results show that, in general, the sedimentations rates were
significantly higher in the harvesting areas than in the control areas, whereas
no significant differences between the clam-farming area and the control one
were found. The planning of seeding and harvesting activities can be a really

Fig. 1. Seasonal means of the sedimentation rates in the studied areas.
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SEDIMENTOLOGICAL AND GEOCHEMICAL CHARACTERISTICS OF MODERN ARAGONITE-RICH
SEDIMENTS IN MEDITERRANEAN KARSTIC MARINE LAKES (MLJET ISLAND, ADRIATIC SEA)
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Abstract
Sedimentological and geochemical characteristics of aragonite-rich sediments in semi-enclosed, karstic, marine lakes on the island of
Mljet (Adriatic Sea), have been investigated. The lakes and their sediments are a unique sedimentological environment characterized
by authigenic formation of aragonite mud in a restricted Mediterranean environment [1,2]. The results have shown that distribution,
diagenesis, and the historical record of the presence of trace metals are mostly dependent on sedimentological processes associated
with the inorganic formation of aragonite, and prevailing physico-chemical conditions.
Keywords: Geochemistry, Trace Elements, Adriatic Sea
Study Area
Veliko and Malo Jezero (the Mljet Lakes) are located in the western part of the
island of Mljet (42o 47′ N, 17o 21′ E; Adriatic Sea) (Fig.1A). These are two
typical semi-enclosed karst depressions (doline or sinkholes) which were formed
under subaerial exposures, and are today submerged due to the Holocene sea-level
rise [3]. Being connected with the sea, they contain sea water and therefore, can be
termed marine lakes. Due to their depth of 47 and 29 meters, respectively, they
can not be termed lagoons, because these are usually defined as shallow semienclosed water bodies having depths that seldom exceed a couple of meters.

concentration of Sr, and its distribution in sediments, is directly influenced by
authigenic formation, deposition pattern and the content of aragonite. The
obtained results should help to understand the processes involved in distribution
of trace metals, governed and accompanied by early diagenetic processes and
physico-chemical conditions, in aragonite-rich sediments in the Mediterranean
marine environments.

Materials and Methods
Undisturbed sediment cores were collected at three sampling stations (Fig. 1A) by
an Uwitec gravity corer, and immediately frozen and kept at -20oC until further
analyses were performed. Cores were cut into 2 cm segments and analyzed by Xray diffraction, scanning electron microscopy, laser diffraction particle size
analysis, high resolution inductively coupled plasma mass spectrometry, and
gamma spectrometry.

Fig. 2. Vertical distribution of redox potential (Eh) and concentration of Mo in
the sediment cores from sampling Sations 1 and 2.
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Fig. 1. The investigated area of the Mljet Lakes with: (A) sampling stations; (B),
SEM microphotographs of needle-like aragonite particles; and (C) framboidal
pyrite in sediments from Malo Jezero (Station 1).

Results and Discussion
The results have shown that sediment cores consist of muddy sediments which,
according to Folk & Ward [4] can be classified as slightly gravely mud (Stations 1
and 2) and gravely mud (Station 2). There were no changes in the granulometric
characteristics in core sediment samples with depth. Samples were mainly
composed of aragonite, calcite, Mg-calcite, and dolomite. However, the ratio of
carbonate polymorphs in surface sediments varied. Aragonite, in the form of
needle-like particles (Fig. 1B), was the most abundant mineral phase in sediments
at Station 1, with approximately 70% in total carbonate content. The vertical
distribution patterns for redox sensitive trace elements, particularly Mo (Fig. 2),
together with the presence, morphological characteristics and size of framboidal
pyrite at the deeper part of core sediments (Fig. 1C), suggest the existence of
euxinic conditions in the sedimentary system in lake history of the Malo Jezero
(Station 1) [5]. Higher concentration of Cu, Cd, Zn, Sn, and Pb in surface
sediments, taken from the sediment core from Station 2, indicates a substantial
increase in their loads in the last 50 years. The only cause for this enrichment
could be anthropogenic activities. However, the measured concentrations still
reflect a relatively low level of anthropogenic metal pollution. The observed high
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MUD VOLCANOES IN THE WEST ALBORAN BASIN: AGE VARIATION OF SOURCE SEDIMENTS, RECENT
MUD VOLCANIC ACTIVITY, AND THEIR ROLE IN PALEOECOLOGY.
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Abstract
Our micropaleontological investigation on the mud breccia matrix from three mud volcanoes in the Alboran Sea (Western
Mediterranean) reveals that the extruded sediments are from olistoliths of different ages contained in the main olistostromic complex.
The ages of their more recent activity has been dated with AMS 14C. The mud breccia acts as an ideal substratum for cold-water
coral colonies, whose development is, however, not linked to seepage activities.
Keywords: Alboran Sea, Mud Volcanoes, Foraminifera
The Dhaka, Maya and Carmen mud volcanoes (MV), located in the Mud
Diapir Province in the Western Alboran Basin along the Moroccan Coasts
were cored during the TTR-17 Leg 1 research cruise. Cores were taken on the
top of mud volcanoes at Dhaka (water depth of 370 m) and Maya (water
depth of 410 m) and on the flank at Carmen MV (water depth of 806 m).
Recent volcanic activities have been dated by mean of AMS 14C. At Maya
MV the most recent activity is as old as 15583 +/- 185 yrs BP. At Dhaka MV
the most recent volcanic activity occurred between 4346 +/- 60 yrs BP and
4165+/- 62 yrs BP.
Mud diapirism and mud volcanism in the area are supposed to originate in the
lowermost sedimentary sequence on the basis of both seismic interpretation
[1] and micropaleontological analysis of the extruded mud breccias [2]. A new
micropaleontological study was undertaken to better constrain the age of the
source sediments.
At Dhaka MV the planktonic foraminiferal assemblages present in the mud
breccia matrix result to be mostly composed by rare Recent-Holocene forms
and more abundant mixed Late Cretaceous (Lower and Late Maastrichtian),
Miocene (generally Serravallian) and Pliocene species. Late Eocene and
Oligocene specimens, together with very rare shallow water benthic forms
such as Amphistegina sp. and Elphidium spp. are also documented.
At Maya MV planktonic foraminifera of Late Cretaceous (Campanian Maastrichian) are dominant, while Miocene and Oligocene forms are very rare.
Shallow water specimens of Elphidium are present but generally rare.
At Carmen MV the mud breccia contains dominant planktonic foraminifera
from Zones N8-N10 (Middle Miocene). Late Cretaceous species are very rare
and only very rare specimens of Upper Albian species have been observed.
Shallow water species include Ammonia beccarii and Elphidium spp.
Based on these observations we identify the lowermost olistostromic
sedimentary unit present in the Alboran Sea and documented in [1] as the
main source of the extruded material at Dhaka, Maya and Carmen Mud
Volcanoes [2]. We also suggest that the age difference in the source sediments
of the three mud volcanoes is due to the presence of olistoliths of different
ages in the main olistostromic complex.
On top of the mud breccia extruded by both Dhaka and Maya MVs small
patch reef and/or isolated cold-water corals found an ideal substratum for
colonization. However, no relation with seepage is observed at both mud
volcanoes as indicated by carbon isotopes values of benthic foraminifera in the
range of “normal” marine waters not affected by hydrocarbon.
This study is funded by the Swiss National Science Foundation Projects
200021-111694 and 200020-117928.
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GAS BUBBLING AND ROCKS FORMATION IN THE ADRIATIC SEA
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Abstract
Gas seeps and related rocks are known both in the northern and central Adriatic sea. Gas imageries – “ghosts” included – in boomer
records appear to be limited north of the Jabuca deep only but are very frequent north of the Po delta. The rocky outcrops in the
northern Adriatic – locally named “tegnue” by fishermen – are made up by organic reefs grown upon base rocks (methanites) formed
by the cementation of local sediments because of methane seeps. The timing of these processes is certainly related to the sea level
and climatic changes and will be properly defined, as hereby outlined
Keywords: Shoreline Evolution, Sediments
The rocky outcrops off the Italian coasts both in the northern and central
Adriatic are related to gas seeps, but the ones in the northern part lie at limited
depth (less than 50 meters) and host abundant organic growth capable of
forming luxurious algal reefs [1]. The others, in the central Adriatic, are
relevant to the pock marks area in about a 100 meters water depth, east off
Ancona. They are located over a large oil/gas field [2], and the dredged rock
samples appear free of organic growth. The area is poorly studied and the
situation appears to be very similar to the much better known North Sea pock
marks. The Northern Adriatic Sea rock outcrops are formed by hard substrata
supporting the growth of algal reefs [3], locally named “tegnue” by fishermen.
These base rocks are locally sea bed sediments lithified by methane seeping
through them [4]. Depending upon the sediments permeability (both
horizontal and vertical), the seeping methane forms horizontal slabs,
sometimes superimposed and cemented to one another, or vertical pinnacles
less than 2 meters high. Since all these rocks must have been cemented only
under a sediment cover, their outcropping must be due to a strong erosion,
responsible of wiping out at least 7 metres of loose sediments, as one of the
rocks is about 6 meters high [5]. The ages of the algal reefs (not yet properly
determined) which now live at depths from about 8 to 45 metres are strictly
depending on the time the base rocks were uncovered and/or submerged during
the last deglaciation. Other questions are the age of the bed rocks found at
different depths: the ages of their datable carbonates might have been
corrupted by the age of the methane involved in their cementation New
outcrops of base rock have been found last year off Grado, in about 2.5 metres
water depth only, close to the remains of a ancient church, submerged now at
3.5 metres water depth. And yet archive documents testify that church hosted
a holy service in 1723 ! These unexpected findings suggest further new ideas
on the Northern Adriatic Sea evolution since at least the last glaciation.
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GAS DETECTION CAPABILITIES, GAS INDUCED ACOUSTIC STRUCTURES AND GHOST IMAGERIES IN
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Abstract
UNIBOOM and similar boomer systems can easily monitor the presence of even the slightest gas content in the sediments, because
of the relevant variations in the sound velocity and in the acoustic impedance The gas behaviour related to the grain size and the
permeability versus the frequency and the signature of the acoustic impulse give sometimes inexplicable or at least very difficult
imageries and records.
Keywords: Stratification, Sediments, Geophysics, Acoustics
For a proper appreciation of the importance of gas in the acoustic behaviour
of wet sedimentary sequences we must take into account the strong variations
in the sound speed in the different systems, according to the gas percentage in
the interstitial waters. The relevant sound velocity in waters can vary from
about 1500 m/s down to about the same speed in air, that is in the order of
350 m/s! This implies large variations of the acoustic impedance and very
strong gradients in limited space, depending from the gas content only. The
history of sedimentary sequences may be better described [1] if different gas
diffusion and/or intrusion can be attributed to episodes of the same type but
occurring in different times. A good example is offered by the sedimentary
sequence of the Jabuka deep [2] in the central Adriatic, where surface
pockmarks and buried ones (aborted?) appear to have occurred in different
times, but driven by the same and much more deeper gas source. Gas
concentrations in sedimentary layers give more problems than help in
evaluating the acoustic records given by UNIBOOM, boomers or similar high
resolution microseismic systems. In any case the presence of gas always
reduces more or less the acoustic penetration. Vertical penetration of 100
metres or more can be easily achieved, in fine, no-gassy sediments as in the
southern part of the central Adriatic sea, where a resolution of about 20
centimetres can be achieved. Penetration over 200 metres is rather unusual and
achievable only in areas free from potential gas sources as in the gulf of
Taranto, in the Jonian see. Some other examples are given, as also “ghost”
imageries and geologic hazards [3]. The excellent results can be achieved only
if the behaviour of the used system is very well “understood” by the user,
with special regard to the geometry of the towed gears. Most of the “tricks”
used to achieve the best results lie in regulating the distances and the reciprocal
position of the hydrophone and the boomer plate, respectively emitting and
receiving the signals. If the geometry is perfectlyset, the acoustic multiples
will disappear and there will be no need at all to filter the received echoes. In
some cases the geometry must be adjusted to the acoustic characteristics of
the boat or ship used. Such difficulties are generally underestimated by the
“standard” users, who are not always satisfied with their results. The
conclusion is that in the last ten to twenty years the use of UNIBOOM and
similar sound systems has largely diminished in favour of systems that are
much more simple and easier to handle, like sub-bottom profilers, CHIRP and
similar ones
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Abstract
Empty shells of the upper intertidal limpet Patella rustica were recovered in the central Adriatic at a depth of c. 200 m. These shells
dated at 1050 ± 97 yrs BP cal. were likely discarded by medieval seafarers, probably using limpets as food or fish baits.
Keywords: Adriatic Sea, Gastropods, Fisheries
Introduction
Offshore sampling of death shell assemblages in the central Adriatic during
CNR cruise ARCO of RV Urania recovered empty shells belonging to Patella
rustica Linnaeus, 1758 (Fig. 1) at an average depth of c. 200 m. This common
upper intertidal limpet inhabits rocky substrate in the Mediterranean Sea and
Eastern Atlantic Ocean (e.g. [1]).

discard the first option; bird discard so far from the nearest coastline is a
remote possibility. Therefore, in all likelihood, these medieval limpets were
deliberately discarded by humans, possibly Adriatic seafarers. In general
limpets were and are collected either for human consumption or as baits for
fishing (e.g., [2; 3]). We cannot identify at present neither who were the users
of limpets nor the limpets’ actual utilization. As a working hypothesis we
suggest that seafarers possibly came from Dalmatian coasts characterized by
abundant and accessible limpet populations because of the widespread of
suitable rocky shores.
Acknowledgments : Thanks are due to Captain , cruise and colleagues onboard
RV Urania during cruise ARCO (December 2008). Partial funding provided by
CNR and EU Hermione project.
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Fig. 1. Patella rustica Linnaeus, 1758. - St. ARCO 40

Two adult shells were identified at stations ARCO 40 and 50 (tab.1)
characterized by an abundance of deep water corals (Lophelia pertusa,
Madrepora oculata and Dendrophyllia cornigera)dated at the latest Holocene,
and last glacial molluscs (predominantly the subtidal bivalves Pseudamussium
peslutrae and Panomya norvegica). Since Patella rustica is ecologically
inconsistent with both assemblages, the reason of its occurrence in such
deposits was inquired.

Tab. 1. Two adult shells were identified at stations ARCO 40 and 50

Discussion and results
One shell (ARCO st. 50) was AMS-14C dated providing a calibrated age of
1050 ± 97 yrs BP. The presence of limpets of such an age in these offshore
deposits may be accounted by (i) natural transport from a nearby insular rocky
shore, (ii) dropping from birds (for example a seagull), or (iii) by human
interference. The absence of suitable rocky substrates in this area permits to
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GEOLOGICAL RISK AND CLIMATIC CHANGES ON THE IONIAN CALABRIAN COASTAL
ENVIRONMENT: A CASE STUDY
Chiara Tessarolo 1* and Alessandra Savini 1
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Abstract
The recent origin and the active dynamism of the Italian margins, associated to the sea level variations and the climate, represent an
important aspect connected to the actual coastal environment. Recent Morpho-Bathimetric survey allows to map a wide area of the
Calabrian margin, pointing out interesting features and characteristics suitable for the geomorphology and the possible coast
modification comprehension.
Keywords: Coastal Systems, Swath Mapping, Active Margins
The tectonic evolution of the italian region, connected to the climate impact and
to the sea level oscillation [1], make the coastal domain a very variable and
interesting zone to study and comprehend.
Going beyond this environmental point of view, the strong colonization of the
coasts in the past decades has strongly impacted its actual conformation, pushing
both the research and politic interests to a deeper consideration of this zone [2].
One of the main aim of these studies is based on the comprehension and
evaluation of the coastal zone evolution, in function of climate changes and of the
directly connected suitables risks [3]. From this point of view, the Geologic
Sciences and Geotechnologies Depatment of the Milano Bicocca University has
been recently involved in the study of a sector of the Ionian Calabrian Margin,
first with the VECTOR Project (Vulnerability of the italian coastal area and
marine Echosystems to Climatic changes and Their rOle in the mediteRranean
carbon cyrcles), and more recently by the MAGIC Project (Marine Geohazards
Along the Italian Coast).
These two projects lead to the realization of an high detail Morpho-Bathymetric
data mapping on a wide sector of the Calabrian seafloor, realized using a
Multibeam Echosounder System (Reson Seabat 8160).

Fig. 2. Risk elements on the considered margins: the canyons head, deep incided
on the shelf and very close to the coastal line, and the seismo-stratigraphic
evidence of creep like, instable features, observed on channel rim.

Fig. 1. Location and detail of the realized swath survey on the Ionian calabrian
Margin (Magic-Vector Projects)

The data processing and elaboration allow to investigate the shelf and slope
domains, recognizing interesting features developed at different scale (Canyons,
incisions, slope and slide scars and deposits,.. [4]), and to advance preliminary
hypothesis about the local margin evolution.
The actual configuration of this margin is in fact the result of the traslation of the
calabrian Arc linked to the Tyrrhenian basin opening (Miocene), and of the
coupled occurrence of compressive stress on the Eastern advancing front, cause
of the local high relief, of the narrow shelf, and of the still active tectonic [5], with
an evaluated uplift trend of 0.89 – 1.4mm/y [6].
These elements, coupled to climate regime, contribute to the occurrence of mass
wasting episodes on the shelf and upper slope, increasing the local instability of
the whole submerged margin, and stressing the possibility of risks, for the human
infrastructures and cities wide extended on the coastal zone, whose
comprehension is the main aim of the indicated studies.
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SOUTH WEST ADRIATIC MARGIN MORPHOLOGY AND DEEP-SEA MACROBENTHIC ECOSYSTEMS
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Abstract
The integration between high-resolution multi beam bathymetry, side scan sonar data, high resolution chirp sonar provide a frame
functional to the identification and mapping of a variety of deep -sea benthic habitats including healthy Lophelia, Madrepora,
Dendrophyllia and Desmophyllum often associated with sponges and polychaetes. Coral growth took place in areas of irregular
topography, created by large slide blocks such as Gondola slide, or on the steep flanks of Bari canyon and Dauno seamount. In both
cases a key factor is the concurring action of dense NAdDW water mass impacting seasonally the SW Adriatic margin.
Keywords: Continental Slope, Currents, Swath Mapping, Deep Sea Ecology
The SW Adriatic Margin stretches NW-SE for about 150km and it is affected
by numerous failure events that generated slide scars up to 10 km wide and
extensive slide deposits with run out distances greater than 50 km from the
shelf edge to the slope base (Gondola slide). On the open slope, the
interaction between cascading and contour-parallel bottom currents with the
irregular morphology of the margin leads to the definition of locally enhanced
energetic condition at the sea-floor, as suggested by a suite of intermingled
bottom current deposits and related erosional features (sediment drifts,
bifurcated sediment waves, furrows and scours) ([3]). Bari Canyon is the main
sediment conduit deeply entrenched in the SW-Adriatic Margin formed
approximately 400ky ago through mass failures and turbidity-current down
cut during successive glacial sea-level low stands (Fig. 1).

Fig. 2. Multi beam Bathymetry of the Gondola slides integrated with chirp
profile and coral occurrences. Coral growth took advantage of the irregular
topography with positive relief created by large mass wasting deposits
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Fig. 1. High Resolution Multi Beam Bathymetry of the SW Adriatic Margin
(Grid size 20m).
The integration between high-resolution multi beam bathymetry, side scan
sonar data, high resolution chirp sonar provide a detailed morphological
reconstruction of the entire margin and the characterization of the main
geological features and sedimentological processes. Furthermore, it provided a
frame functional to the identification and mapping of a variety of deep-sea
benthic habitats ([2]). Under this respect noteworthy is the discovery along
the SW Adriatic margin of a number of deep-water coral occurrences including
healthy Lophelia, Madrepora, Dendrophyllia and Desmophyllum often
associated with sponges and polychaetes ([1]). Coral growth took advantage
of the irregular topography with positive relief created by large mass wasting
deposits, such as Gondola slide and the concurring action of dense NAdDW
water mass on the irregularly shaped SW Adriatic margin (Fig. 2).
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THE IMPACT OF DENSE SHELF WATER CASCADES ON THE SEAFLOOR OF THE SW ADRIATIC SLOPE
Fabio Trincardi 1 and Frederica Foglini Foglini 1*
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Abstract
Cascading North Adriatic Dense Water (NAdDW) impact energetically the seafloor of the SW Adriatic margin, eroding and
depositing large amounts of fine-grained sediment below a markedly erosional upper slope. This cascading NAdDW is generated in
the broad and shallow North Adriatic shelf through intense winter cooling and evaporation. The NAdDW flows, southward along the
Italian coast, reaches the shelf break, typically over a prolonged interval (several weeks) at the end of the winter season, and sinks
across the slope By cascading across the slope, the dense NAdDW impinges the seafloor and interacts with the complex margin
morphology, generating: 1) patchy fields of large-scale mud waves, 2) a variety of erosional bed forms, such as moats, furrows and
comet marks, 3) an area of widwspread sea floor erosion.
Keywords: Currents, Deep Sea Sediments, Adriatic Sea, Swath Mapping
The North Adriatic Dense Water (NAdDW), represents the densest water of
the whole Mediterranean and generates in the broad and shallow North Adriatic
shelf through intense cooling and evaporation. The NAdDW forms during the
winter months, flows southward along the Italian coast and cascades off the
shelf break, over a prolonged interval (typically several weeks) at the end of the
winter season. The South Adriatic basin is also intruded by the LIW (Levantine
Intermediate Water), a salty water mass that enters the south Adriatic through
the Otranto Strait and flows southward along the western Adriatic, along the
upper slope ([2]). The NAdDW is active every year for a short interval can
exceed speeds of 60cm/s ([4]), depending on the meteorological conditions for
each year, and may or may not reach a density capable to allow sinking all the
way to the basin floor (in 1200m); the LIW, less energetic, impacts the sea floor
only at depths less than 600m. By cascading across the slope, the dense water
impinges the seafloor and interacts with the complex margin morphology,
caused by the presence of active faults and exposed slide scars and a variety of
mass-transport deposits, generating patchy fields of large upslope-migrating
mud waves that are spatially associated with moats, furrows and comet marks
([3], [4]) (Fig. 1)

or remains focussed along a narrow belt In this context, what dynamic
interaction occurs between the NAdDW and the slope parallel (salty) LIW
4.The upslope-migrating mud waves have furrowed seaward limbs indicating
that they undergo erosion. Is this an indicator of an ongoing intensification of
the bottom current regime or, rather, of a reduction of sediment supply.

Fig. 1. 3D image of the Multi Beam Bathymetry of the SW Adriatic Margin
Fig. 2. 3D image of theBari Canyon System (BCS) representing the major
sediment conduit on the SW Adriatic margin. The figure shows two preferred
paths along which the NAdDW cascade into deeper waters before exiting the
Adriatic through the Otranto Strait.

Sediment cores and seismic correlations suggest that all these bed forms, both
erosional and depositional, are primarily active during the modern interglacial as
well as during the last interglacial, when climatic forcing also allowed the
formation of the NAdDW on the shallow north Adriatic shelf ([5]). The spatial
distribution and inferred genetic association of erosional and depositional
bedforms on the SW Adriatic slope define two preferred paths along which the
NAdDW cascade into deeper waters before exiting the Adriatic through the
Otranto Strait. Both pathways: 1) represent the time-averaged response of
repeated dense-water cascading; 2) extend to the bottom of the basin (1200 m);
3) define a few-km-wide "core" and a "fringe" area where mudwaves develop
and show increasing continuity away from the "core" (Fig. 2).
More in general, the sedimentological study of the modern sea floor in relation
to near-seafloor oceanographic processes, inevitably relies on implicit
assumptions on the equilibrium between the sea floor (and its erosional and/or
depositional bedforms) and processes that can only be observed (and measured)
over a time span of few months to few decades, at the most ([1]). A major
theoretical and practical question is therefore establishing whether the modern
sea floor “landscape” is the product of 1) extreme events, 2) rather uniform
events that repeat themselves with some sort of regularity or 3) a combination
of both.
By reviewing the main morphological and stratigraphic products of the densewater cascading process in this area, this contribution aims at addressing the
following, more general questions: 1. Do oceanographic processes on the shelf
lead to focussing of cascading processes along preferred slope pathways 2. How
does the interannual variability in production of dense water, affect the location
where cascading is initiated, the duration of the process (few days to several
weeks) and its capability to reach the bottom of the basin (1200m) 3. During its
downslope flow, does the NAdDW spread laterally, entraining ambient water,
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RADIO ISOTOPES AS TRACERS FOR THE STUDY OF THE SUBMARINE GROUNDWATER DISCHARGE OF
KALOGRIA BAY, SW PELOPONNISSOS, GREECE
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Abstract
A preliminary study has been performed estimating the residence time of a submarine groundwater discharge in Kalogria Bay (SW
Peloponnissos, Greece). A number of naturally occurring radio-nuclides (222Rn, 214Pb, 214Bi, 228Ac, 208Tl, 40K) have been used as
tracers measuring samples of sea, rain and groundwater by means of LSC and HpGe. Radon daughters measurements were also
performed using the in situ underwater autonomous gamma-ray detection system “KATERINA”. The estimation of the residence
time of groundwater has been attempted using a different approach to standard methods, based on activity ratio concentrations of
radium daughters
Keywords: Radionuclides, Instruments And Techniques, Monitoring, Brackish Water, Aegean Sea
Introduction
During the last decades, submarine groundwater discharge (SGD) has been
recognized as an important hydrological mechanism affecting numerous
phenomena (e.g. elements cycles, contamination by heavy metals and
radionuclides, eutrophication) relating to the coastal zone. The main methods
for detection and quantification of SGD are based on: a) direct physical
measurements with e.g. seepage flux meters; and b) tracer techniques,
estimating the concentrations of geochemical substances which are naturally
enriched in groundwater paths. Amongst the tracer techniques, those based on
radioactive isotopes as radium, radon and their daughters were used in several
studies to investigate the temporal and spatial distribution of SGD [1, 2], the
coastal mixing rates [3] and the residence time of groundwater through the
aquifer paths [4]. In this work, a radiological study is presented involving
numerous radiotracers (40K, 222Rn, 214Pb, 214Bi, 226Ra, 228Ac, 208Tl, 3H )
for the estimation of groundwater residence time of the SGD point source
located in Kalogria Bay (SW Peloponnissos) .

estimation of groundwater was applied, as proposed in the literature [4]. This
model assumes the investigating system is in steady-state which means that
radium isotopes additions (radium flux from groundwater) are balanced with
losses (mixing and radioactive decay). The activity ratio of 224Ra/228Ra has
been substituted by 208Tl/228Ac as 228Ra and 228Ac reach a secular
radioactive equilibrium after 1.5 days while the activity ratio of 224Ra to 208Tl
remains constant (≈ 2.6) after 2 days. By means of a HpGe detector, radium
daughter isotopes 208Tl (224Ra) and 228Ac (228Ra) concentration activity
ratios was calculated into the groundwater path (outlet region), as well as in
the inventory where the groundwater discharges. The residence time using the
aforementioned model was calculated at 2.5 ±1.3 days. The increased
uncertainty is due to low concentrations mainly of 228Ra daughter (228Ac).
The sensitivity of the applied method for the estimation of the residence time
would drastically be improved measuring in a lower gamma-ray background
environment.
Conclusions
During the period 2009-2010, a comprehensive study is in progress at the
SGD site in Kalogria Bay (SW Peloponnissos). Radioactive tracer techniques
are being applied estimating groundwater’s residence time by means of HpGe
gamma-ray spectrometry, and the water age by means of 3H concentration by
LSC method. Also, the application of in situ gamma-ray spectrometry method
based on "KATERINA" detector offers simultaneously concentrations of 40K
(relative to salinity) and 214Bi, 214Pb (relative to radon concentration), which
are strongly correlated with the mixing processes between ground and sea
water at the SGD site. These long term measurements will also contribute
significantly to the estimation of water velocities and water flux rate of the
specific SGD source.

The study area, materials and methods
The Kalogria Bay is located in southwestern Peloponnissos, in the Messinia
prefecture. Many locations of submarine groundwater discharges are easily
visible around the bay, although the main SGD point source is located ~180 m
offshore. At this location, groundwater is emanating into the sea mainly
through a small submarine cave at 25 m depth. The site is reached by small
boats and divers are occupied to collect water samples and to deploy inside
the cave a small lander equipped with several sensors. In situ measurements
are performed by “KATERINA”, an autonomous underwater gamma-ray NaI
(Tl) detector [5, 6], monitoring the radioactivity concentration of radon
daughters (214Pb, 214Bi), 228Ac, 208Tl and 40K. Also, for subsequent
measurements in laboratory, a quantity of 10 mL from the water samples is
immediately added by syringe inside plastic vials containing 10 mL of
scintillation cocktail. The vials are transported to the laboratory within the
first 24 hours after sampling, for gross alpha and beta counting of radon and
its daughters by a Liquid Scintillation Counter (LSC) TriCarb 3170 TR/LS.
Furthermore, 0.6 L of water samples are measured in the laboratory by means
of a High Purity Germanium detector (HpGe) for any gamma-ray emmiter. In
addition, after a simple distillation procedure 8 mL of groundwater, water
from terrestrial springs, and rain are added in glass vials containing 12 mL of
scintillation cocktail for tritium (3H) concentration measurements by LSC
method.
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Results and Discussion
In situ gamma-ray spectra from "KATERINA" detector exhibits radon
daughters contributions since gamma-ray emitters at 351 keV (214Pb), 609
keV (214Bi) are clearly observed. Measured 214Pb and 214Bi activities are 550
± 45 Bq/m3 and 575 ± 45 Bq/m3, respectively. The activity of 40K is 11300 ±
95 Bq/m3 while 228Ac and 208Tl exhibit activities of 130 ± 11 Bq/m3 and 160
± 15 Bq/m3 respectively. Radon activity concentration by the LSC method
during the same period (July 2009) exhibited values varying from 1200 ± 100
to 800 ± 100 Bq/m3. Regarding 3H concentration, the estimated values varied
between 4.3 ± 1.7 to 5.9 ± 1.7 TU. These measurements have to be combined
with 3H measurements of rainwater collected from the same region in order to
achieve an ageing of the water. Also, a method for the residence time
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Abstract
The relative sea level change during the Holocene geologic times for the Hisaronu Gulf (SE Aegean Sea) and surroundings were
investigated performing high resolution seismic and bathymetric survey. Hisaronu Gulf is affected by sea level rising in the last glacial
period (20.000 BP) and local tectonic movements. Comparing with the eustatic sea -level curve and our seismic stratigraphic
interpretations considered paleo-shoreline positions, it can be said that the relative sea level change for the Holocene period is result of
the tectonic subsidence of the coastal plain.
Keywords: Sea Level, Sedimentation, Tectonics
Introduction
The global eustatic sea level in the Aegean Sea and surroundings in the Late
Pleistocene-Holocene time (20.000 yr BP) rose from -120m below present sea
level to its modern position because of melting ice sheets since the last glacial
period ([1], [2]). The aims of this paper are to describe the seismic units that
formed the Hisaronu shelf during the Holocene period from high resolution
seismic data and reveal the model of sequence stratigraphic analysis to seismic
profiles to interpret the relative sea level change controlled by eustatic rise and
local tectonic movements comparing with similar studies performed on
Mediterranean coasts.

the half graben structure of the area is the main trigger of the relative rise in sea
level.

Study area
The Hisaronu Gulf is bordered by the Datça Peninsula to the north, the Simi
Island to the south, and the Bozburun Peninsula to the east (Fig. 1). The Gulf is
a part of the western Anatolia – southeastern Aegean Sea regions, which are
currently under an N–S regional extensional tectonic framework dominated by
the westward escape of the Anatolian plate as a result of collision of the
Arabian and African plates with Eurasia ([3]).

Fig. 2. Seismic reflection profile from Datça Shelf (A) and the chronology of
depositional sequences suggested from [2] sea level curve (C).
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Fig. 1. Bathymetric and seismic line map of the Hisaronu Gulf

Materials and Methods
This study is mainly based on high-resolution seismic reflection profiles using
ORE Subbottom Profiler System and using Bathy 2010 Chirp System in 2002
and 2008 with 3.5 kHz frequency collected during a cruise of R/V K. Piri Reis of
Institute of Marine Science and Technology (Fig. 1).
Results
The relative sea level changes are the result of eustatic sea level fluctuations and
tectonic movements. The seismic sedimentary chronology suggests that the
average rate of vertical tectonic movement in Aegean Sea for the last 120.000
years has been around 0.5 mm/yr in Gokova Gulf ([4], [5]). During the
Holocene geological times, glacio-eustatic sea level changes formed two major
depositional units in the Hisaronu Gulf and surroundings: transgressive systems
tract (TST) related to the last post-glacial transgression (20-8 ka); and highstand
systems tract (HST), related to the Holocene higher sea level (8 ka to present)
([2]) with maximum 25 ms thickness. The conceptual model of sequence
stratigraphy, has been applied to our high resolution seismic data which allows
the study of the youngest depositional sequence during the last sea level rise in
the Holocene (Fig. 2). By considering the global sea-level curve and paleoshoreline positions, we found out the relative changing in sea level result from
local tectonic movements. Besides eustatic reasons, tectonic subsidence due to
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NEW CONSTRAINTS ON MESSINIAN SEALEVEL DRAWDOWN FROM 3D SEISMIC DATA OF THE EBRO
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Abstract
In this study 3D seismic and well data from the Ebro Margin, NW Mediterranean Sea are used in combination with backstripping and
coupled isostasy and river transport and drainage evolution modeling techniques. The objective is to present new lights on the origin
and sedimentary processes that took place on the Messinian Erosion Surfaces (MES) of the Valencia Trough (Mediterranean Sea), to
provide a minimum estimate of the sea level fall in the Ebro Margin and to offer new constraints on the evolution of the adjacent
subaerial Ebro Basin.
Keywords: Continental Margin, Erosion, Evaporites, Messinian, Models
The recognition of subaerial erosional surfaces at the rims of the
Mediterranean basin has been one of the first and strongest evidences put
forth to support the hypothesis of an exceptional Messinian sea level low
stand that exceeded substantially any possible eustatic change (e.g., [1]). This
study builds on a large 2700 km2 3D seismic survey, which provides
unprecedented detail and areal coverage of the Messinian Erosion Surface
(MES) on the Ebro margin. The aim of this paper is to present new lights on
the origin and sedimentary processes that took place on the MESs of the
Western Mediterranean Sea, provide a minimum estimate of the sea level fall
in the Ebro Margin and offer new constraints on the evolution of the adjacent
subaerial Ebro Basin, particularly with regard to the time when full open
drainage conditions towards the Mediterranean of this formerly endorheic
basin were reached. Four major seismic units are identified on the Cenozoic
Ebro Margin, based on the seismic data, including two major prograding
megasequences (Serravallian-Tortonian Castellón Group and PliocenePleistocene Ebro Group) that are separated by a major unconfirmity: the MES
(see also [2] and [3]). . Offshore, the MES evolves into a paraconformity and
is onlapped by shallow water detrital bodies. The 3D seismic data provide an
unprecedented view of the MES displaying characteristic features of subaerial
incision including a drainage network with tributaries of at least five different
orders, terraces and meandering rivers. The Messinian landscape of the Ebro
Margin presents a characteristic stepped-like profile that allows to subdivide
the margin in three different regions roughly parallel to the Present Day
coastline. Such a stepped profile is also evident in numerous areas of the
Mediterranean Sea [4, 5]. No major tectonic control exists on the boundary
between the different regions. The boundary between the two most distal
regions can be identified to mark the location of a relatively stable water table,
and this is used in backstripping analysis to identify the sea level drop
associated with the Messinian Salinity Crisis on the Ebro Margin: in the order
of ~1300 m, in agreement with the maximum amount of fluvial incision on the
margin. The MES on the Ebro Margin is dominated by a major fluvial system.
The observed width of the channel and modelling results suggests that this
major valley corresponds to the Messinian Ebro River that should have
already attained a drainage area comparable to the present one. Constraints
provided by the data set, onshore geology and coupled isostasy and river
transport and drainage evolution modeling techniques indicate that drainage of
the Ebro River into the Mediterranean Sea occurred prior to the Messinian,
most probably during the Serravallian/Tortonian, which is the age of the first
significant >1-km thick siliciclastic deltaic megasequence deposited in the Ebro
Margin.

4 - Bertoni C. and Cartwright J., 2006. Controls on basin-wide architecture of
Messinian salt deposits, eastern Mediterranean. Sedimentary Geology, 188–
189: 93–114.
5 - Lofi J., Gorini C., Berne S., Clauzon G., Dos Reis A.T., Ryan W.B.F. and
Steckler M.S., 2005. Erosional processes and paleo-environmental changes in
the western Gulf of Lions (SW France) during the Messinian Salinity Crisis.
Mar. Geol., 217: 1-30.
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Abstract
Eastern Mediterranean and in particular the Aegean Sea have been often affected by catastrophic events such as strong earthquakes
and related tsunamis. However, field evidences of tsunamis from the late Holocene are quite rare. This study, carried out in southern
Lesvos Island (NE Aegean), individuated a large accumulation of boulders dislocated by tsunami events providing important
information concerning the current coastal hazard of the area.
Keywords: Aegean Sea, Coastal Processes, Waves, Coastal Management
Geomorphological evidences of past catastrophic events represent an
important tool to assess the current hazards, especially in coastal areas. In
particular, large boulder deposits have been often used to determine wave
heights, age of deposition, magnitude and frequency of extreme waves or
tsunami events along the Mediterranean coasts [1]; [2]; [3]. Due to its tectonic
setting, the Aegean Sea region is particularly susceptible to earthquakes and
related tsunamis but few field evidences of the impacts of these catastrophic
waves are reported in literature [4] This study was carried out in Lesvos
Island (NE Aegean), the third largest Greek island with an area of 1,630 km2
and about 300 kilometres of coastline. In particular, the study area is located
in the southern part of the island, between the towns of Plomari and Vatera,
where the coastline develops for more than 30 km, being characterised by high
cliffs and large sandy beaches, often interrupted by beachrocks outcrops.
Here, a big amount of large boulders (up to almost 15 t) were individuated in
four sites having different geomorphologic and geological frameworks. Direct
observations on each boulder were carried out in order to measure it (size and
weight, distance and elevation respect the shoreline) and individuate the pretransport setting (underwater or sub-aerial position) [5]. A further survey of
their long axis orientation and distribution was carried out in order to recognise
the geographical origin of the waves. The Nott [5] approach was applied to
understand if the boulders displacement was compatible with the local storm
wave regime or if they were dislocated by tsunami events. The orientation of
elongated boulders allowed to detect two main provenience of the catastrophic
waves, one comprised between 150N and 180N and the second between 210N
and 240N. The study of wind-wave climate of the area excluded a surge storm
origin as cause of the large boulder accumulation. A tsunamitic origin was then
attributed to the studied blocks. Moreover, the bimodal distribution suggested
that two different events could have affected the area and further datation on
the fossil material found on the boulders (bryozoa, vermitids, serpulids) could
confirm this hypothesis. The radiometric datation will also allow to confront
the events with the historical ones present in different Greek and
Mediterranean tsunamis catalogues [6]; [7]. In conclusion, this study provided
new and important information in terms of current level of coastal hazard in
southern Lesvos and, in particular, in Plomari, the second largest town of the
island, with almost 5000 inhabitants where the results should be converted to
recommendations for the local governments in order to plan different activities
for the mitigation of the vulnerability.
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Abstract
Detail reprocessing and analysis of a multibeam bathymetric data set and seismic profiles have allowed identified several complexes
of sedimentary instabilities along the southeastern flank of the Alboran Ridge. A Large Slope Apron System could be defined in this
area that includes isolated slides, complex of slides and slope apron systems. These features show different sizes and evolutionary
stages. Seismicity and the Quaternary tectonic activity are considered the main factors controlling their development.
Keywords: Geomorphology, Sedimentation, Tectonics, Alboran Sea, Western Mediterranean
Introduction
The development of sedimentary instabilities and mass movements on active
tectonic reliefs has been described frequently [1, 2]. The Alboran Ridge is the
most relevant physiographic feature of the Alboran Sea Basin, it extents along
approximately 200 km in a WSW-ENE trend and is constituted by five aligned
seamounts. This complex feature is a tectonic relief uplifted from the Miocene
to the Quaternary, by means of folding, lateral and compressive faulting, and
volcanism. The structure of the Alboran Ridge has been described as a main
anticline bounded by oblique left-lateral/reversed faults [3]. Nowadays, only
few sedimentary instabilities have been analyzed in the Alboran Basin [4], but a
more important development can be expected.This study focuses on the
sedimentary instabilities occurred on the southern flank of the farthest east
seamount of the Alboran Ridge. Several methods were used to investigate these
features including multibeam bathymetry and a scarce net of ultrahigh (Subbottom Profiler and TOPAS systems) and high (Airguns) resolution seismic
profiles.

concomitant slides, some remain on the surface but mostly extend from the
slope break toward the Southern Alboran Basin where the deformed and
disrupted slide material deposits forming lobes/wedges of chaotic facies with a
rough seafloor surface (boxes 1 and 4).Thus, these complexes would represent
slides and associated mass-flows deposits.
Two types of slope apron systems are identified based on their internal
sediment source that conditions the resulting architecture: point source apron
(box 3) and multiple source apron (box 5). The point source apron (box 3)
comprises a submarine canyon (3.5 km length) whose head indents into the
summit of the ridge and extends down to the break of slope and from that point
develops a turbiditic apron (5 km wide, 7.5 km length) defined by chaotic facies
with numerous shallow channels (6 km length). The multiple source apron (box
5) comprises several channel systems of different orders of magnitude that
extends downslope from the summit of the flank and converge at 870 m water
depth, a little before to reach the break of slope of the flank, and develops a
depositional turbiditic apron (4 km wide, 5.7 km length) from that point spreads
to the Southern Alboran Basin.

Results and discussion
Sedimentary instabilities have been identified along both flanks of the Alboran
Ridge, northeastern and southwestern. Their occurrence has been recognized
based on features indicative of the disappearance of sediments and of
deformational features. The southeastern flank forms an abrupt scarp (6-10 km
wide) that extends between 70 to 1050 m water depths and displays average
slope gradients between 8 and 18º. Both types of features, mass-movement
deposits (from slides to turbidites) and valleys (canyons and channels) are
identified. The following systems have been differentiated based on genetic
processes and relationships (Fig. 1): isolated slides (box 2), complexes of slides
(boxes 1 and 4), and slope apron systems (boxes 3 and 5). The slide scars are
mainly located at upper part of the flank (70-140 m) where gradients average
20º, and have lengths between are 1.5 and 7 km.

From a sedimentary point of view, the southern flank of The Alboran Ridge
forms a Large Slope Apron System that is made up of minor-order systems
consisting of both constructional and erosional architectural elements. All these
elements reflect the occurrence of sedimentary instabilities associated to the
general mass-wasting process that affects to the southern flank of the ridge. The
continuous moderate seismic activity in the Alboran Sea region and the
Quaternary tectonics of the Alboran ridge must be invoked as the main
controlling factors of this intensive mass wasting.
Acknowledgements: This is a contribution of the DEEPER (IEO) and
MONTERA (CTM2009-14157-C02) projects.
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Fig. 1. Bathymetric map of eastern Alboran Ridge segment illustrating the
different systems of sedimentary instabilities (Boxes 1 to 5) identified in the
southern flank.

The complexes of slides have lengths between 1.8 and 6.6 km, and comprise
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Abstract
Changes in the depositional environment of the Adriatic Sea during the late Glacial-Holocene sea-level rise have been investigated by
means of magnetic measurements. Both concentration and grain size dependent parameters show a different magnetic signature that
reflect differences in the source area of the sediments and diagenetic processes as well as modification in the shape of the basin.
Keywords: Adriatic Sea, Geomagnetism, Sea Level, Sedimentation
Rock-magnetic techniques applied to marine deposits provide informations
about the amount, the grain size and the mineralogy of the magnetic fraction
within the sediments. In a first instance, these properties are a function of the
supply of the clastic fraction, but they also represent post-depositional
processes occurring within the sediment. So they reflect physical changes in the
depositional environment that are strictly related to paleoclimatic and
paleoceanographic changes as well as human environmental impact. In this
study we present the results of natural (magnetic susceptibility, X) and
laboratory-imparted rock magnetic properties such as anhysteretic (ARM) and
isothermal (SIRM) remanence measured from marine cores collected in the

the rapidly accumulated mud wedge that with the contribution of Appenine
rivers stretches for 600 km along the Adriatic italian coast. In the northern part
of the basin rivers from the Venetia-Friulan plain (Adige, Piave, Tagliamento)
control the sedimentation. As the catchment of these rivers are different it is
expected that the magnetic signature in the sediments reflect the primary signal
when diagenetic processes do not introduce significant alterations. The
differences are confirmed by mineralogical data showing a significant presence of
dolomites in the sediments collected in the northern shelf. The results from
recent sediments obtained from a core retrieved in the Po Delta were used as
reference signature and compared with the results from other cores.
Concentration-dependent parameters (X, ARM, SIRM) point out to an
increasing contribution of ferromagnetic minerals in the sediments belonging to
the Po with respect to the other sources. The magnetic properties also indicates
a time-dependent signature of both concentration and grain size that represent a
signature of the different physiographic conditions of the basin during the Late
Glacial/Holocene times. Coarse grained detrital magnetite (high SIRM, X and
SIRM/ARM values) characterizes Late Glacial deposits from Central Adriatic
with an increasing contribution of fine grained magnetic materials
during the Holocene (high ARM, low SIRM/ARM values) (Fig. 2) with peak
values after the maximun flooding [1]. The dominance of finer materials reflects
the increasing contribution of bacterial magnetite to the remanence of the
younger sediments, but could be also related to the landward shift of the source
area of the terrigenous input during Holocene time.

Fig. 1. Location map of the studied cores and Late-Holocene mud wedge areal
distribution dated post 5.5 kyr.
Adriatic Sea from the northern shelf to the Mid Adriatic Depression (MAD)
(Fig.1). The studied parameters are indicative of magnetic concentration, but
they are sensitive to different grain size implying that interparametric ratios (i.e.
SIRM/ARM) are indicative of change in grain-size. The Late PleistoceneHolocene age of the cores is constrained by the stratigraphic framework of the
area supported by C14 datings and paleomagnetic record of the secular
variations of the earth magnetic field. During the Last Glacial Maximum (LGM),
a wide part Adriatic shelf was subaerially exposed. The drainage network on
this large alluvial plain likely comprised the paleo Po as the main river, with the
Alpine and Apenninic rivers as tributaries. With the postglacial sea-level rise,
the low shelf gradient (40 m/100 km), and low sediment input, favors significant
landward shifts of depositional environments. The late Holocene Po delta
formed after the present sea-level highstand represents a major component of

Fig. 2. Plot of mass specific magnetic susceptibility (units: 10-9m3kg-1) vs
SIRM/ARM for the studied samples.
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Abstract
A study of nutrient concentrations in Dor Bay suggests that the groundwater discharging directly to the bay is a mixture of three
components: (1) nitrate and silica-rich groundwater, (2) nitrate and silica-depleted recirculated seawater, (3) depleted saline water
(salinity of 31), which is the result of mixing between recirculated seawater and denitrified fresh groundwater. Subterranean estuarine
processes are reflected just in the slightly elevated concentrations of ammonium and possibly phosphate in the discharging water. This
suggests that the nutrients are being mainly carried to the bay by the fresh groundwater, while the role of recirculated seawater in this
conveyor is merely secondary.
Keywords: Coastal Processes, Estuaries, Hydrology, Eastern Mediterranean, Nutrients
Submarine Groundwater Discharge (SGD) is now widely accepted as a major
factor affecting coastal water quality. More specifically, it was suggested by
several authors [1,2] that the recirculation of seawater and the mixing with
fresh groundwater in the aquifer (the ‘subterranean estuary’) is a dominant
factor in the transport of some nutrients and other solutes to the sea. During
2006-8, we conducted a detailed study of the composition of groundwater
discharging from the sea floor at Dor Bay (Carmel coast, northern Israel). As
detailed below, our results suggest that while fresh groundwater is a major
source of nutrients to the coastal water, recirculated seawater, even when
mixed with fresh groundwater, carries a relatively small amount of nutrients to
the sea. Two different geological units are discharging to Dor Bay, a
Pleistocene calcareous sandstone (locally called ‘Kurkar’) and an overlying
Holocene sand unit. The two are hydrologically separated by a confining clay
unit. 222Rn time series and seepage meter studies suggest that SGD at Dor is
on the order of 10 cm/d, and that about half of it is recirculated seawater.
Based on radon and salinity, it was established that fresh goundwater
discharge was mainly from the underlying Kurkar unit, while seawater
recirculation was restricted to the shallow sand. Nitrate concentrations were
high in onshore groundwater and very low in the bay water (200-400 and <3
µM NO 3+ NO2, respectively). The concentrations in water discharging from
seepage meters deployed on the bay floor were at the mid range (2-130 µM
NO3+ NO2). On a diagram of nitrate versus salinity, all discharging water plot
in a narrow zone between two mixing lines that meet at the high-nutrient fresh
water end. Silica concentrations also suggest mixing between nutrient-rich
groundwater (100-400 µM) and nutrient-poor seawater. These results suggest
that the groundwater discharging to Dor Bay is composed of three
components: (1) nutrient-rich Kurkar groundwater, (2) nutrient-depleted
recirculated seawater and (3) nutrient-depleted water with salinity of 31.
Component (3) is probably the result of mixing between recirculated seawater
and fresh groundwater that underwent denitrification. We identify the latter as
sand groundwater, which likely resided for a relatively long time in the bay
sediments. This implies that in Dor Bay, nitrates and silica are conveyed to
the sea just by the fresh groundwater (which also suffered partial
denitrification), and that seawater recirculation and its subterranean mixing
with fresh water have no effect on nitrate and silica mobilization. Phosphate
was very low both in the seawater and in the Kurkar groundwater, while
relatively high in the sand groundwater (0.1-0.2 and up to >4 µM,
respectively). Seepage meter water contained up to >1 µM of PO 4, probably
due to a contribution from the sand groundwater or to the recirculation of
seawater in the subterranean estuary. Similarly, ammonium was quite low
both in bay water and in all onshore groundwater (≤4 µM), while higher in
saline groundwater and in water discharging from the bay floor (up to 20 µM),
obviously due to seawater recirculation. However, it was still one order of
magnitude lower than the nitrate concentrations in these water samples. To
conclude, the main conveyor of nutrients (nitrate and silica) to Dor Bay is the
fresh groundwater, while the effect of seawater recirculation in the
subterranean estuary is restricted to a relatively small load of ammonium, may
be also of phosphate, that is carried by the discharging water. Low nutrients in
the recirculated seawater as compared with the fresh groundwater were also
reported from other SGD sites (e.g. [3,4]). However, in other cases (e.g.
northern Gulf of Mexico) recirculated seawater was characterized as nutrientrich [5]. It is suggested that the difference between the SGD sites is in their

nutrient source. While at Dor and similar sites, nutrients are mainly landderived, thus bwing mainly transported by fresh groundwater, the nutrients
at other sites are derived by remineralization of marine organic matter in the
subterranean estuary [5], thus being enriched both in the fresh groundwater
and in the recirculated seawater.
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Abstract
Since the 90’ ENEA CRAM is involved in the environmental monitoring of the Eastern Ligurian coastal marine ecosystem. The
observatory includes meteo-marine observations from fixed platforms (meteorological station, buoys and moorings), at sea campaigns
with in situ sampling and underwater surveying of benthic and pelagic communities. The aim is to control the evolution of
environmental conditions for climatic studies as well as for the management of the coastal area. The long-term observations allowed
to detect the “intrusion” of alien and harmful invasive species favored by the warmer surface water temperatures, and to approach a
comprehensive study of the mortality events which affected benthic species in this area.
Keywords: Monitoring, Time Series, Coastal Systems, Ligurian Sea
Since the 90’ ENEA CRAM is involved in the environmental monitoring of the
Eastern Ligurian coastal marine ecosystem within ELIOS (Eastern Ligurian
Interdisciplinary Observing System). In addition to the scientific need to
monitor coastal ecosystem changes and predict future trends, there is an
increasing request to provide data for a science-based management of a coastal
zone subject to increasing anthropogenic pressures. This observation network
offers an ideal platform to study specific processes characterized by seasonal
and higher temporal resolution time scale.

This observing system, providing a continuous environmental and meteo-marine
monitoring, allows a better understanding of the sensitivity of marine organisms
and communities to the rapid changes of the environmental conditions,
particularly in time of climate change. In addition, the real time surveillance
could support local administrators in the management of navigation and
environmental emergencies.

Within ELIOS, the monitoring activities are carried out multidisciplinary. The
meteo-marine conditions are provided by integrating different systems of
measurements, to ensure the necessary spatial and temporal resolution
including: a coastal meteorological station [1] measuring wind speed and
direction, solar radiation, air temperature, relative humidity and atmospheric
pressure, precipitation; a shelf sea meteo oceanographic buoy located at a sea
depth of 28 m providing meteorological measurements, sea temperature,
salinity, fluorescence, oxygen and ph profiles in the upper 25 m of the water
column; an oceanographic mooring deployed at 30 m depth providing currents,
temperature and salinity measurements at 15 m and 25 m depth. Some
autonomous temperature sensors have also been fixed to the rocks. Repeated
(weekly during summer) synoptic surveys in the Gulf of La Spezia include
temperature, salinity, fluorescence, profiles; nutrients and turbidity (Secchidisk) in the water column and sampling of phytoplankton. Open-sea meteo
oceanographic observations (atmospheric parameters, sea temperature and
salinity, ADCP currents profiles in the thermocline) are available from the
meteo-oceanographic buoy ODAS ITALIA 1 located in the Central Ligurian Sea
and form the oceanic mooring deployed nearby. Benthic communities
(coralligenous and Posidonia meadows) and the presence of invasive and
harmful species (Ostreopsis ovata) are regularly investigated through
underwater surveys and sampling at fixed locations.

Fig. 1. Location of the observing system in the Eastern Ligurian Sea

References
1 - Picco P., Bozzano R., Schiano M.E., Bordone A., Borghini M., Di Nallo G.,
Schirone A. and Sparnocchia S., 2007. Marine Observing Systems from fixed
platforms in the Ligurian Sea. Boll. Geof. Teor.Appl., 48: 227-240
2 - Cupido R., Cocito S., Bordone A., Sgorbini S. and Santangelo G., 2008.
Response of a gorgonian (Paramuricea clavata)population to mortality events:
recovery or loss? Aquat Conserv: Mar Fresh Ecosyst 18: 984-992.
3 - Cupido R., Cocito S., Barsanti M., Peirano A. and Santangelo G. 2009.
Unexpected long-term population dynamics in a canopy-forming gorgonian
following mass mortality. Mar. Ecol. Prog. Ser. (doi: 10.3354/meps08260)

Data collected by the two buoys allowed to investigate thermal anomalies below
the sea surface, how these affected at different degree the coastal and the open
sea area and to follow the evolution and the response of the ocean-atmosphere
system to that particular event. In particular, the persistence of calm weather
conditions caused a sea temperature anomaly of about 4 degree down to 25 m.
Twelve-year monitoring of gorgonian population trends allowed to analyse
population size structure, colony and recruitment density of a damaged
Paramuricea clavata population after 1999 and 2003 mortality events and to
identify changes in biological, ecological and demographic features [2]. This
population supplies a paradigmatic example of the response of a population
living from 16 to 25 m depth, thus near the edge of the summer thermocline, to
the mortality associated to anomalous temperature increase. The high colony
recovery and recruitment rates found (4 fold increase) suggest a good resilience
for this population due to the reproductive output of the smaller-younger
colonies [3]. Nevertheless, its geographical isolation, together with an increased
frequency of mortality events, could challenge its persistence.
The long-term observations allowed to detect the “intrusion” of alien and
harmful invasive species favored by the warmer surface water temperatures. In
the Gulf of La Spezia the first Ostreopsis ovata bloom took place during the hot
summer of 1998. When meteo-marine conditions favourable to O. ovata
development, mainly high temperature and flat sea, persisted for weeks blooms
took place with the production of millions of cells causing hypoxia and
sometime damage to human health. On the contrary, rough sea and waves caused
a sharp reduction of O. ovata density.
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Abstract
The M2 internal tide energetics in the Sicilian channel have been investigated by using a three-dimensional sigma coordinate model
(ROMS). Realistic topography and stratification from existing observations were used. We have identified three potential sites of M 2
internal tide generation, namely the western sill of the Adventure Bank, northwest of Sicily and north of Pantelleria isle. The
conversion rate from the M2 surface to internal tide energy integrated over the whole model domain amounts to 47.5 MW, 75 % of
which are found to be generated over the three prominent topographic features mentioned above
Keywords: Tides, Sicilian Channel
Introduction
The Strait of Sicily has been extensively studied during the last years [1, 2].
However, very few is known about the generation of the internal tide in this
strait. Indeed, except sparse observations [3, 4], the vertical structure has not
been sufficiently addressed. Within the framework of what has previously been
studied concerning the internal tides generation and propagation in some
potential areas, we try to clarify the distribution of the M2 internal tides in the
Strait of Sicily as well as its energetics. We use a fully three-dimensional sigma
coordinate model, the Regional Ocean Modeling System (ROMS). The
horizontal resolution is 1/32° in both longitudinal and latitudinal directions.
Internal tidal energy budget
The governing equation for the baroclinic energy is given by

where
is the reference water density,
is the background basic density
stratification, is the water density perturbation, is the baroclinic
velocity, wbt is the vertical velocity induced by the barotropic tide flow, pi is
the internal pressure perturbation, D and A denote the dissipation and the
advection of the baroclinic energy, respectively. The left side of (1) is the rate
variation of the baroclinic energy density,
is the energy flux that is
associated with the propagation of the internal tide, and
represents the
conversion rate from surface to internal tide energy.

Fig. 1. The depth-integrated M2 baroclinic energy flux
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Assuming that the advection of baroclinic energy is neglected, integration of the
equation (1) over a given domain and taking the average over one tidal period
(denoted by an overbar) yields:

The model-predicted distribution of the depth-integrated conversion rate from
the M 2 barotropic to baroclinic tidal energy shows that there are three distinct
sites of strong generation, one at the narrowest passage through the western sill
of the Adventure Bank, and the two others are in the northwest of Sicily and the
north of the Pantelleria isle. The M2 mode conversion integrated over these
prominent topographic features sums up to 35.6 MW, which is 75% of that
integrated over the whole model domain. M2 internal tide is mostly efficient
over the narrowest passage through the western sill where the baroclinic energy
conversion amounts to 17.1 MW. It is about 11.3 MW in the northwest of
Sicily and 7.2 MW in the north of the Pantelleria isle. The net M2 baroclinic
energy flux away from the region including the western sill accounts for 8.5
MW, 5.5 MW of which is directed toward the north and 3 MW toward the
south. For the region including the Pantelleria isle, the energy flux divergence has
been estimated to be 60% of the integrated conversion energy, mainly directed
toward the Tunisian coasts (2.6 MW).
The local dissipation within the western sill of the Strait of Sicily amounts to
8.9 MW corresponding to 52 % of the baroclinic energy conversion where it is
about 40 % within the north of Pantelleria isle and about 71 % in the northwest
of Sicily. It is important to note that 42.3% of the barolinic energy generated in
the whole modelled region is dissipated in close proximity to the baroclinic M2
generation sites already identified.
The baroclinic energy flux divergence (Figure) emphasizes the localised nature of
generation and depicts the propagation of energy away from the narrowest
passage through the western sill toward the north and southwest. The main
direction of propagation from the Pantelleria isle is toward the Tunisian coasts.
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Abstract
A simulation and two re-analyses from 1985 to 2005 have been produced for the Mediterranean sea circulation using different
assimilation schemes: a Reduced Order Optimal Interpolation and a new three-dimensional variational scheme. The general circulation
model used is the OPA 8.1 code. The observational data sets assimilated are vertical temperature and salinity in situ profiles and along
track satellite sea level anomalies (SLA); daily mean fields of Sea Surface Temperature are used for correcting the fluxes. The
results of both reanalysis are comparable and they are qualitatively consistent to the known structures of the circulation in the period
of interest.
Keywords: Circulation Models, Inverse Methods
Introduction
Re-analyses are different from analyses because they are consistent for the
whole period since the oceanic state estimates are produced without changes
in the modelling assumptions and they are usually done with systems, which
are more advanced then the available systems at the time of the observations
collection. A fundamental part of a re-analysis system is the data assimilation
scheme, which minimizes the cost function penalizing the time-space misfits
between the data and the numerical solutions, with the constraint of the model
equations and their parameters. In this work we will compare ocean circulation
estimates provided by pure simulation, a system in which the assimilation
scheme is based on a sequential algorithm: Optimal Interpolation (OI) and a
three-dimensional variational scheme (3dvar).

Conclusions
This study describes the development of modelling and data assimilation tools
for the production of re-analysis for the entire Mediterranean Sea. In order to
carry out a re-analysis two major steps were undertaken in this work. In the
first, the general circulation model was upgraded to have the correct air-sea
water fluxes. In the second, two assimilation schemes, one new and the other
consolidated, were compared to show their impact on the quality of the reanalysis. The general circulation model used in this study is shown to be
capable of reproducing quite accurately the ocean dynamics of the
Mediterranean Sea. The results have shown that the model solution is in
agreement with data and observations, even though some parameterizations of
the model should be improved (i.e. heat flux and mixing processes). The new
implementation of a realistic water flux, proposed in this study, has improved
the model solution so that re-analysis is possible. The study of these reanalysis shows that both products are sufficiently accurate for appropriate
climate studies. Both assimilation schemes show good capabilities in
correcting the solutions provided by the dynamical model. Moreover the
ability of both systems in retaining this information and projecting it in the
future has been shown. Eventually, even for very complex non linear systems,
with millions of prognostic variables, the equality between the Sequential
Kalman Filter Approach and the Variational method as been demonstrated.

Method
The OGCM used in this work is based on OPA 8.1 code [1], which has been
implemented in the Mediterranean Sea by Tonani et al.[2]. The model has
1/16th horizontal resolution and 71 unevenly spaced vertical levels. The
present model formulation uses a realistic water flux with river runoff that
improves the realism of the simulation. One re-analysis is produced with the
Reduced Order Optimal Interpolation (ROOI) [3] and the other with
OceanVar[4]. The observational data sets assimilated for both reanalysis are:
1) the historical data archive of MedATLAS [5] which contains vertical in situ
profiles of temperature and salinity from bottles, XBT, MBT and CTD
sensors;2) temperature and salinity profiles collected in the framework of
MFSPP and MFSTEP (Mediterranean Forecasting System) projects;3) CLS
along track satellite sea level anomaly data from ERS1, ERS2, Envisat,
Topex/Poseidon, Jason1 satellites [6]. Reanalyzed daily mean fields of Sea
Surface Temperature (SST) from Medspiration [7] and the Delayed-Time
operational product of CNR-ISAC have been used to relax the model SST.
The Mean Dynamic Topography of Dobricic [8] has been used for both
experiments. The model is forced with a combined dataset of ECMWF
analysis when available and ERA-15. The precipitations are monthly mean
climatology of the NCEP re-analysis [9], the river runoff data are monthly
mean climatology from the Global Runoff Data Centre (GRDC) and from
Raicich [10] for the minor Adriatic Sea rivers.
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Results
Both re-analyses show significantly better results than the simulation reducing
both bias and root mean square error even though the structure of the error
remains almost the same of the simulation: the largest error for tracers is
confined in the thermocline especially in summer, highlighting a problem in the
mixing parameterization; the major error for SLA is confined in the most
dynamically active areas. Satellite altimetry observations appear to be a
fundamental dataset to constrain model solution. Since its homogeneity in the
sampling the SLA dataset permits a consistent assessment of the model
behaviour. During the years without SLA observations in-situ observations
give a less accurate assessment, because their sampling is extremely
inhomogeneous both in time and space. The model results permit the
recognition of gyres, jets, boundary currents, recurrent eddies, etc, typical of
the Mediterranean Sea mean circulation. The results are promising for the
detection of the timing of current reversal in the Ionian Sea, the salinity
changes and the outflow from the Aegean Straits, its spreading and
accumulation phase.
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Abstract
The patterns of the vertical distribution of mesozooplankton in relation to physical and biological heterogeneities were studied in a 5day time series at a fixed station in the Catalan Sea (NW Mediterranean). CTD, microturbulence, and TAPS® (high-resolution
acoustic probe) profiles, and depth-stratified LHPR® hauls from 15 depth-strata (from 0 to 200 m depth), were alternated along the
time series. Strong density gradients and microturbulence (epsilon), related to deep fluorescence layers were determinant for the
daylight distribution of zooplankton.
Keywords: Zooplankton , Vertical Profile, Western Mediterranean, Phytoplankton, Hydrography
Introduction
In most of the plankton production models, space is not taken into
consideration, as if the pelagic trophic relations took place in an evenly
distributed universe. Food or predators are parametrised as average
concentration values, although spatial heterogeneity and time variability
(patchiness) at all scales is a constant characteristic for marine physical and
chemical variables, as well as for plankton communities. The vertical structure
of plankton in patches or layers has been described since long [1], but their
effects on the coupling between the different trophic components and the
oceanographic singularities that control the matter and energy transfer have been
poorly studied. In order to allow us to explain some paradoxical features of
consumers production under conditions of low average resource availability, in
the Framework of the PERFIL-MED cruise we studied the time-changes on the
vertical pattern distribution of meso- and microplankton in relation to physical
heterogeneities during the summer stratification period.

detailed study of the time series for the corresponding variables.

Study area and methodology
The study took place on board the R/V García del Cid, from the 27/06/09 to the
01/07/09 in the Catalan Sea, NW Mediterranean, at a fixed station (40.45 ºN,
2.39 ºE). Profiles of physical (T, S), chemical (O2) and biological (fluorescence)
data were made with a CTD SBE 911plus. The high-resolution vertical
distribution of the rate of turbulent mechanical energy dissipation, epsilon, was
obtained with a MST micro-structure profiler®. The vertical distribution of
organisms ranging from 50 µm to 2 mm ESR was obtained with a TAPS® (high
resolution acoustics, 6 frequency channels from 265 to 3000 KHz). For depthstratified plankton hauls (15-level, from 0 to 200 m depth) we used a LHPR®
fitted with 200 and 50 µm-mesh gauzes, and the on-board analysis of
microplankton was made with a FlowCam® on depth-selected water samples.
All the profiles were obtained in the 0-200 m depth water column. The analysis
of zooplankton biovolume, the organic Czoo contents (from biovolume and a
conversion factor, [2]), individual numbers and the identification of taxonomic
groups, was made using the free software ZooImage® [3], which uses ImageJ®
for the step of image analysis, and R for classification and data analysis.

Fig. 1. Examples of two vertical profiles at day (grey lines) and night (black
lines) of A: Temperature (ºC) and fluorescence (relative units). B:
Microturbulence; C: Zooplankton biovolume (mm3 m-3 from high-resolution
acoustics, TAPS (thin lines) and LHPR samples (thick lines). The horizontal
dashed line indicates the depth of the fluorescence maximum at day.
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Results and discusion
A clear deep phytoplankton (fluorescence) layer, accompanied by higher
microplankton biomass (data not shown) had developed at the base of the
thermocline (Fig. 1 A) , the depth of the peak slightly differing for day and night
profiles (52 m night, 58 m day). The same pattern was observed for daylight
zooplankton biomass (Biovolume, BV, Fig. 1 C) both directly measured in
LHPR samples and that obtained using acoustics (TAPS). Nocturnal
zooplankton profiles showed not only higher BV both for LHPR and TAPS,
but a shallower peak (vertical migration). The zooplankton LHPR maxima
coincided with higher microturbulence (epsilon) values (Fig. 1 B), and during the
day with the fluorescence maxima.
The pattern of TAPS profiles was very similar to that of LHPR, although
appeared shallower probably due to the effect of internal vawes in the time
interval between both samplings. The higher food concentration in the deep
fluorescence layer (both phyto and microzooplankton) could explain the
coincidence of zooplankton day maxima with the deep fluorescence layer. A
better comprehension of the control exerted by physical and biological variables
for the vertical heterogeneity of zooplankton biomass would be obtained after a
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Abstract
Monthly temperature and salinity of the upper and lower layers in the Strait of Istanbul are evaluated between February 1996 and
February 2009 to obtain long term changes in physical parameters in the strait. The volume fluxes of the layers are also calculated by
using monthly ADCP transects data collected in both exits of the strait, from June 1999 to February 2009. Long term variations of
temperature, salinity and volume fluxes supplies calculation of the water budget in the strait.
Keywords: Bosphorus, Temperature, Salinity, Water Transport, Time Series
The Strait of Istanbul (Bosphorus) connects the Sea of Marmara and the Black
Sea. It has a two-layer exchange flow system. The upper layer with ~18 psu
flows from the Black Sea and the lower layer with ~38 psu flows from the Sea
of Marmara [1]. The southward barotropic flow in the upper layer and
baroclinic flow in the lower layer are separated from each other by a thin
interface. The average volume fluxes of the layers (600 km3year-1 in the upper
layer, 300 km3/year-1 in the lower layer) were calculated in terms of the salt and
water budget of the Turkish Sea Straits [1, 2].

The flow exchange is mostly influenced by the hydraulic conditions, the
geometry of the strait and rapid changes in the atmospheric conditions [3]. In
the strait of Istanbul, the volume fluxes given in Figure 2 vary in an extensive
range (upper layer: 5-1051 km3y -1 lower layer: 0.6-866 km3y -1in the northern
exit; upper layer: 0-1216 km3y -1 lower layer: 0-654 km3y -1in southern exit).

The data given in this study were collected in the Strait of Istanbul (Figure 1) by
R/V ARAR of the Istanbul University, Institute of Marine Science and
Management (IMSM-IU).

Fig. 2. Monthly volume fluxes
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Investigation of monthly temperature, salinity and ADCP measurements at the
two ends of the strait indicate that these parameters vary in wide range. The
temperature changes between 1.9°C in February 1996 and 26.7°C in July 2002
in Black Sea enters. The salinity is in the range of 15.01-18.64 psu.
Our observations indicate that hydraulic control sections agree with a two-layer
numerical model [3]. The composite Froude number (G2 ) is generally found
greater than unity in the southern exit of the strait, in the contraction and in the
northern sill. However, current speeds are not high enough to generate hydraulic
controls in some situations. For maximal exchange flow two control sections are
required in the strait southern exit or the contraction and in the northern sill. We
found critical flows at the two ends of the strait at the same time in some
months. Usually supercritical flow is observed in only one control section.
Especially when the flow is critical in the contraction and southern exit of the
strait the lower layer is very thin in the northern section.
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Abstract
Climate change, resources management or environmental protection are some of the questions that scientists have to deal with in the
current century. The management of the marine environment requires multidisciplinary and multitask observing systems which have to
consider oceanographic structures, coastal/open sea interactions and those between different basins. This can only be achieved
through the international cooperation of national monitoring programs. Here we describe the monitoring system RADMED,
implemented in the Spanish Mediterranean by the Instituto Español de Oceanografía. We provide examples of results obtained in the
frame of RAMED in such different fields as climate change, distribution of biochemical variables or resources management.
Keywords: Monitoring, Western Mediterranean, Time Series, Hydrology, Plankton
The Instituto Español de Oceanografía carries out four cruises per year covering
a large set of oceanographic stations (fig. 1). These stations cover the Spanish
Mediterranean and are distributed along transects normal to the coast. The basic
strategy is to cover the different areas where differences in the large scale
oceanographic conditions could be expected.

ones. Deviations or anomalies along time can be followed. In all the stations the
following sampling is included: Temperature, salinity, dissolved oxygen,
chlorophyll-a, inorganic nutrients, phyto and zooplankton abundance and
taxonomic composition. At present, other variables of key importance for the
analysis of the sea health state are being included. These variables are: pH, Total
Inorganic Carbon, nitrous oxide and methane, thanks to the collaboration with
IFM-GEOMAR and IMEDEA under the umbrella of DESMMON project.
The objective of this monitoring program is to make an along shore and crossshore description of the variables mentioned above, defining ranges of variability
and mean values. This is possible thanks to the length of time series available,
such as temperature (fig.1). Long term changes in temperature, salinity and heat
absorbed have been evaluated showing the present warming and salinification of
Mediterranean waters in the frame of climate change [1]. The evolution of these
time series has many purposes. As an example, it has been shown that
monitoring programs can be used in the management of short life cycle species
such as O. vulgaris (fig. 2) which, in the case of the Alboran Sea, seems to be
highly influenced by temperature variability [2]. In the near future we expect to
extend the basic description of the health state of the Spanish Mediterranean to
gases of greenhouse effect such as carbon dioxide, methane and nitrous oxide.

Fig. 1. RADMED and DESMMON stations (upper panel) and time evolution
of the WMED heat content along the twentieth century

Fig. 2. Octopus landings in the Alboran sea (black line) and landings predicted
by a model based on temperature time series

This monitoring includes productive areas such as the Alboran Sea, oligotrophic
waters as those to the north of Cape Palos and around the Balearic Islands, or
areas of special interest as those surrounding the Ebro river. Coastal, shelf and
deep stations are included. Deep stations provide a description of the water
column along the time. The sampling during the four seasons of the year allow
us to filter out the seasonal cycle for the purpose of long term climate change
studies. At the same time permits the study of some seasonal phenomena such
as the intermediate water formation. We can accomplish the description
of coastal/open sea and latitudinal gradients in the biochemical distributions of
the waters surrounding the Spanish coast. We calculate climatological values for
different variables along the Spanish waters, including surface and deep
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SORA: A HIGH FREQUENCY FLUX MONITORING STATION AT THE LOWER RHÔNE RIVER
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Abstract
The Rhône River Observatory Station in Arles (SORA) allow quantifying suspended sediment fluxes to the marine environment as
well as liquid and solid fluxes of major nutrients and various natural and artificial radionuclides. This instrumented platform is especially
devoted to the survey of flood events through high frequency flux monitoring
Keywords: Sediment Transport, Hydrology, Monitoring, Radionuclides, Rhone Delta
Riverine fluxes towards the marine environment of suspended solids and
associated potentially contaminating trace elements (PCTE) represent key
environmental data because rivers constitute the main link between continent
and ocean in most biogeochemical cycles. This especially concern the Rhône
River as its inputs affect primary production significantly in the NorthWestern Mediterranean area and play a leading role on the marine ecosystem
functioning in the whole Gulf of Lions [1]. The importance of floods in annual
sediment budgets is now basically known and has been demonstrated in case
studies [2-4]. Flood monitoring is nevertheless sensitive as high frequency flux
measurements have to be carried out to register such hazardous events [5].
The Rhône River Observatory Station (SORA) was developed by IRSN to
register such episodic events. The Station is located at Arles on the right bank
of the Grand Rhône River, 3.5 km downstream the diffluence between the
Grand Rhône and the Petit Rhône and 45 km upstream the River mouth. The
Grand Rhône branch exports to the Sea 85 to 90% of the liquid and solid
Rhône river flows. Water is collected at a distance of 7 m from the bank and
0.5 m under the surface whatever the discharge and continuously supplies the
Station. High frequency monitoring is displayed into two main modes
depending on the liquid flow rate of the River:
Below 3000 m3s-1: Daily samplings for TSS and particulate and dissolved
nutrients analyses result in 16 sub samples of 150 ml automatically collected
each 90 minutes. Radionuclides activities within the dissolved and particulate
phases are determined onto monthly integrated samples obtained through sub
samples of 15 l automatically collected each hour.
Above 3000 m3s-1: Samples for TSS analyses are collected each 4 hours
resulting in 8 sub samples of 150 ml taken each 30 minutes. Particle bound
radionuclides are measured onto samples taken each 8 hours through 24 sub
samples of 5l automatically collected each 20 minutes.

material and associated radionuclides to the sea during flood events of the
Rhône River. In: Proceedings of the ECORAD 2004 international symposium,
6-10 sept. 2004, Aix en Provence, France, P3: 35.
3 - Radakovitch O., Roussiez V., Ollivier P., Ludwig W., Grenz C. and Probst
J.L., 2007. Input of particulate heavy metals from rivers and associated
sedimentary deposits on the Gulf of Lion continental shelf. Estuar. Coast.
Shelf S., 77, 2: 285-295.
4 - Antonelli C., Eyrolle F., Rolland B., Provansal M. and Sabatier F., 2008.
Suspended sediment and 137Cs fluxes during the exceptional December 2003
flood in the Rhone River, southeast France. Geomorphology, 95, 3-4: 350360.
5 - Moatar F. and Meybeck M., 2007. Riverine fluxes of pollutants: Towards
predictions of uncertainties by flux duration indicators. Comptes Rendus
Geosciences, 339, 6: 367-382.
6 - Pont D., Simonnet J.P. and Walter A.V., 2002. Medium-term changes in
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chenal du Rhône aval. PhD thesis, Université Aix-Marseille I, 272 p.

The threshold flow rate of 3000 m3 s-1 was chosen on the basis of previous
studies: [6] observed a breakdown in the relation between liquid flow and TSS
concentrations corresponding to the beginning of the sediment transport under
flood condition. These observations were confirmed by [7] that furthermore
observed higher TSS concentrations with depth. Samples for TSS analysis are
poisoned with HgCl2 and conserved at 5°C until they are filtrated on 1µm pre
conditioned glass fiber filters (dried at 450°C for one hour). Uncertainty on
TSS concentrations is estimated to 5 10-4 g.l-1. Daily and hourly liquid
discharges in Arles are made available by the CNR (Compagnie Nationale du
Rhône). These data allow quantifying liquid and solid fluxes associated with
each sampling periods and especially with flood events.
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Abstract
Long-term ecological research (LTER) plays a crucial role in tracing and predicting ecosystem trends in response to environmental
changes. Within the LTER-Italy network, which is part of the International LTER network, a great scientific effort is concentrated on
the marine environment. To this end several different Italian institutions, working in four coastal sites, are networked with the aim of
sharing methodologies, experimental approaches, and ecological data. This intellectual and experimental partnership among disciplines
and researchers represents an essential requirement also for knowledge driven environmental policy.
Keywords: Time Series, Plankton, Biodiversity, Coastal Systems
Long-term ecological research (LTER) is fundamental to assess the main trends
of marine ecosystems and relate them to variations in climate and anthropogenic
impact at the interannual and decadal scales. LTER is also essential for testing
ecological theories, enhancing our capacity for short- and medium-term
forecasting and the managing of the environmental resources. The LTER-Italy
network, which is part of the European (www.lter-europe.net) and international
LTER (www.ilternet.edu) ones, presently includes 20 sites, 4 of which are
marine (Fig. 1): the Northern Adriatic Sea, the Gulf of Naples, the Sardinian
coastal waters and the Portofino Marine Protected Area.

Fig. 1. Marine sites in the LTER-Italy network

Fig. 2. a) Northern Adriatic: shifts in zooplankton biomass related to
temperature variations (modified from [1]) b) Gulf of Naples: Clorophyll a
decrase during last two decades winters (modified from [3])

Intensive monitoring programmes and interdisciplinary experimentation at these
sites are carried on at six Italian scientific institutions. The main common
ecological investigations concern: i) patterns and trends in plankton and benthos
communities, ii) carbon pathways and budgets in the pelagic food web, iii)
trophic state and biodiversity variations, in relation to local and global changes.
Relevant examples of results of these activities concern mainly the detection of
interannual changes in plankton patterns and scales of variability as well as
significant shifts [1, 2, 3] (Fig 2). In some key areas advanced automatic
acquiring systems are operating, as early warning systems for dystrophic events
and a validating centre for numerical models. An intense effort has been done to
disseminate this kind of information among different stakeholders. For a couple
of examples see: www.ve.ismar.cnr.it/piattaforma/, s1.bo.ismar.cnr.it. and
portofino.macisteweb.com/.
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While the research carried so far has been based on efforts of individual
institutions, it is predictable that the LTER network will help generating and
sharing ideas, protocols, data sets and research facilities, in order to address and
answer research questions on important environmental topics in a coordinated
way, giving also a scientifically sound support to environmental management.
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AQUA ALTA – THE OCEANOGRAPHIC TOWER OF ISMAR-CNR AFTER ALMOST 40 YEARS OF ACTIVITY
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Abstract
The oceanographic tower “Aqua Alta” of the Institute of Marine Sciences of CNR is located in the Northern Adriatic Sea, 15 km
offshore the Venice lagoon on 15 m of depth. The tower, operational since the early ‘70s, hosts a very large variety of instruments,
meteorological, oceanographic, physical and chemical. Some of the time series collected on board are among the longest ones in the
world. The tower allows both long term automatic instruments deployment, connected in real time with the land station, and extended
periods for people on board for devoted campaigns. Multiple power sources, also controlled from land, are available. Measurements
done during one of the worst historical storms has led to the evidence of one of the key processes controlling the tidal level in the
lagoon in Venice in cases of serious floods.
Keywords: Adriatic Sea, Monitoring, Time Series
The oceanographic tower “Aqua Alta” of ISMAR-CNR (see Figure 1) is located
15 km offshore the coast of the Venice lagoon, in the Northern Adriatic Sea, on
16 metre of depth. It is the only fixed marine scientific structure in Italy, and
one of the very few in Europe, that allows people on board for prolonged
periods for intensive campaigns in the middle of the sea. The capability of
having a structure in the open sea, large enough to withstand the worst storms,
but small enough not to interfere, as with the large oil or gas platforms, with the
surrounding environment allows highly accurate and hard to get measurements
also in heavy difficult conditions.

instruments, devoted to meteorological, oceanographic and chemical parameters.
Measurements go back to the early ‘70s, so that some time series provide
sufficient information to consider climate changes. The abundant, sometime too
much, submarine life has provided ample material for biological researches.
Most of the instruments are devoted to long term measurements. However, a
substantial part of the use of the tower concerns specific campaigns carried out
for prolonged periods with people on board. Cavaleri provided in 1999 an
extensive review of the researches on board till that year [1].
The wind and wave data available from board have provided essential
information for the design of the barrages, presently under construction, that
will save the Venice lagoon from the worst floods. The floods are associated to
the sirocco storms.
An extremely intense one, the strongest in memory after the catastrophic 1966
one, happened in December 1979. Heavy damage was caused on board, with the
second floor completely destroyed. Notwithstanding the lack of power, two
mechanical instruments, an anemometer and a mareograph, provided essential
data. In particular the latter provided the first evidence in the world of coastal
set-up, the accumulation of water, with the consequent local sea level raising,
that takes place as a consequence of wave breaking toward the coast.
This finding, properly modelled [2], is now integral part of the local tidal
forecast system. Recently a substantial upgrading has been done on the tower,
with the introduction of extensive remote control and data handling in real time.
A new tide-wave recording system is in operation at 50 m distance from the
tower, with direct connection, together with meteorological data, to the display
in ISMAR. Some webcams have been installed for direct visualisation of the
meteo-oceanographic situation and control of the area. An advanced experiment
has just started with an automatic system, controlled from land, capable to
obtain at high rate continuous 3-dimensional measurements of the sea surface
under storm conditions.
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Fig. 1. The oceanographic tower "Aqua Alta".

The tower has three floors plus the terrace at 12 metre height above the mean
sea level. The structure is composed of four 60 cm diameter vertical poles, a few
metres apart, connected at four different levels by multiple smaller poles. The
tower is fully self-sufficient for what energy is concerned, powered by two
diesel power generators complemented by a very large set of batteries plus solar
and wind generators. “Aqua Alta” is fully equipped with a very large set of
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Abstract
POM and ROMS ocean models were used to perform a year-long simulation of the Adriatic circulation. Both models had almost the
same setup which allowed for a reliable comparison between their results. Although these models successfully reproduced the basic
characteristics of the Adriatic circulation, some differences appeared and they could be related to the different numerical formulation
of two models. Model results were evaluated with the CTD and HF radar measurements. Simulated fields from both Adriatic models
were used for the open boundary conditions in several coastal domains along the eastern coast through a nesting procedure. The
impact of the selected open boundary conditions on the circulation and thermohaline properties in the coastal domains was assessed
with ADCP and CTD measurements.
Keywords: Adriatic Sea, Circulation, Circulation Models, Coastal Models, Air-Sea Interactions
Current variability in the Adriatic Sea from November 2007 to October 2008
has been simulated with two three-dimensional nonlinear sigma models:
Princeton Ocean Model (POM) [1] and Regional Ocean Modeling System
(ROMS) [2]. In a year-long simulation both numerical models were forced
with atmospheric, river and tidal forcing. Atmospheric forcing for the ocean
models was calculated from the output fields of the meteorological mesoscale
model ALADIN [3] having 8 km horizontal resolution and 3 hour resolution in
time. A tidal function was applied on the southern open boundaries of both
models for denivelation and transport, while the radiation condition was
applied for the three-dimensional current field. The ocean models had
horizontal resolution of approximately 2 km while along the vertical 22 and 30
sigma layers were defined for POM and ROMS respectively.

Shchepetkin, A., 2000. Model evaluation experiment in the North Atlantic
Basin: simulations in nonlinear terrain-following coordinates. Dyn. Atmos.
Ocean 32: 239-281.
3 - Cordoneanu E. and Geleyn J.-F., 1998. Application to local circulation
above the Carpathian-Black Sea area of a NWP-type meso-scale mode, Contr.
Atmos. Phys., 71: 191-212.
4 - Beg Paklar G., Isakov V., Koracin D., Kourafalou V. and Orlic M., 2001. A
case study of bora-driven flow and density changes on the Adriatic shelf
(January 1987), Cont. Shelf Res., 21: 1751-1783.

Surface mean monthly current fields obtained by the POM model show
significant resemblance with the corresponding fields from the ROMS.
Although considerable variability can be observed in the modelled current
fields, they also indicate some common features in accordance with wellknown characteristics of the Adriatic scale circulation. The general circulation
is cyclonic with several imbedded, mostly cyclonic, gyres. Two cyclonic gyres
are around the main pits – South Adriatic and Jabuka Pit, and one can be
observed in the northernmost part of the Adriatic. Current fields in the winter
period resemble bora induced current fields [4], indicating the bora wind as an
important driving mechanism for the Adriatic general circulation. Current
intensities during summer decreased and numerous small-scale eddies
appeared. A South Adriatic cyclonic gyre over the deepest Adriatic area is
present in all monthly current fields but with variable intensities. A cyclonic
gyre above the South Adriatic Pit is a well-known characteristic of the
Adriatic circulation and it is supposed to be topographically controlled by the
South Adriatic Pit and Palagruža Sill.
The main difference between POM and ROMS monthly averaged current
fields is manifested through the current velocity intensities, mainly in jet
currents that are attached to the outer boundary of the Croatian outer islands,
as well as through the intensities of the cyclonic South Adriatic gyre. The
evaluation of the modelled fields was based on the thermohaline measurements
along the Split-Mt Gargano transect and HF radar measurements in the
northern Adriatic.
The results obtained from both Adriatic-scale models were used to define
open boundary conditions for the coastal shelf model embedded along the
eastern coast using one-way offline nesting procedure. The horizontal
resolution of the shelf model was approximately 1 km. Furthermore, two local
models with resolution of 200 m were nested in the coastal shelf model by
using the same methodology. The evaluation of the modelled fields in the
coastal area, as well as the assessment of their sensitivity to the choice of the
open boundary conditions was made through CTD and ADCP measurements
via RMS errors and correlation coefficients.
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Abstract
Intense dense shelf water cascading events occurred in the North-Western Mediterranean Sea in early 2005. These events have
contributed to the basin-wide spreading of a deep thermohaline and turbid anomaly, which has been extensively observed by many
authors. The major volume of dense shelf water formed on the Gulf of Lions shelf is exported through the Cap de Creus Canyon, at
the western edge of the gulf. The intensity of the 2005 events gives the chance to perform numerical process study simulations of the
down-canyon dense water flow. The Regional Ocean Modeling System (ROMS) is used to study the dense plume cascading
dynamics, first using an idealized but realistic canyon topography and then the multibeam derived bathymetry.
Keywords: Gulf Of Lions, Western Mediterranean, Models
The Gulf of Lions is one of the regions in the Mediterranean where dense water
formation occurs by open-sea convection process as well as by dense shelf
water cascading when coastal surface waters over the wide shelf become denser
than the underlying water masses and cascade downslope until reaching their
equilibrium depth [1]. Dense shelf water cascading is one of the main processes
of shelf-ocean basin exchanges, enhanced by the presence of submarine canyons
that deeply cut the continental shelf-edge and slope.

converges. Dense waters preferentially enter the Cap de Creus Canyon across
the southern canyon wall due to the coastal constrain, showing a pulsating
nature with a periodicity of 3–6 days, presumably associated with the crossslope fluctuation of a topographic wave [4]. For this reason, the model was
setup with the plume entering the domain at its southwestern edge.
In order to compare model results with available data, the tripod and mooring
mooring measurements (Fig. 1) were analyzed, focusing only on the beginning of
the 2005 cascading event. In particular we chose the first plume, detected at the
deepest mooring, from February 3rd to 8th 2005 (Fig. 2). Despite this event
being constituted by a succession of 8-9 smaller impulses, each of them lasting
less than 1 day (Fig. 2), its time scale resulted to be particularly suitable for
being modelled with a process study approach, focusing on the dynamics of a
“single” plume, instead of the dense water cascading during the whole winter.

Fig. 1. Bathymetric map of the southwestern end of the Gulf of Lions showing
the location of the Cap de Creus Canyon. Symbols represent the location of
near-bottom instruments deployed along the canyon axis, at 145 m depth
(tripod) and at 200, 500 and 750 m depth (moorings).
Fig. 2. Temporal evolution of potential temperature, recorded by the 750 m
depth mooring, during the selected plume event extracted from the whole record.

The occurrence and characteristics of dense shelf water cascades from the Gulf
of Lions have been continuously monitored at the Cap de Creus submarine
canyon head (between 145 m and 750 m depth), in terms of near-bottom current
velocities, temperature, salinity and turbidity (Fig. 1).

This study could be the framework of a model-based experimental design, since
the numerical results can provide helpful information about the most suitable
locations of continuously measuring instruments along the canyon, increasing
the probability to detect the main flow of the descending plume.

The Regional Ocean Modeling System (ROMS), a free-surface, hydrostatic,
primitive equations, general circulation ocean model, that uses stretched, terrainfollowing coordinates in the vertical and orthogonal curvilinear coordinates in the
horizontal was setup with an idealized and a realistic bottom topography. The
horizontal resolution was variable increasing from 500 m up to 100 m across the
canyon axis (y direction of the model) to better describe the steep topography.
Along the canyon (x direction of the model) the resolution was 500 m, while in
vertical 40 levels were used, with higher resolution in the bottom boundary
layer.
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Different sets of numerical experiments have been done to explore how the
downslope flow develops into a gravity current cascading event, and the time
scales characteristics of such events.
Since the objective of the work was a process study, the background
thermohaline field has been defined using the MEDAR winter climatology and
the characteristics of the simulated plume from the mooring data available along
the canyon. According to [2] and [3] the Cap de Creus Canyon is the main
pathway for dense shelf water cascading, due to its strategic position at the
point where the cyclonic circulation of the dense water formed in the Gulf
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Abstract
Les paramètres hydrologiques (température, salinité, sels nutritifs) et biologique (chlorophylle ‘a’) ont été étudiés au niveau d’un
transect vertical dans le détroit de Gibraltar (radiale Camarinal) en 2006 et 2007. Les diagrammes T/S et les profils CTD montrent
l’existence de deux masses d’eau : l’une superficielle d’origine atlantique, chaude et moins salée et l’autre profonde, froide et plus
salée, d’origine méditerranéenne. La variation de la teneur en chlorophylle ‘a’ est moins accentuée le long de la colonne, par contre
elle diffère d’une période à l’autre, avec une faible richesse en période froide (décembre).
Keywords: Chlorophyll-a, Strait Of Gibraltar, Temperature, Salinity, Nutrients
Introduction
Le détroit de Gibraltar est le siège d’une circulation complexe caractérisée par
l’existence de deux systèmes de masses d’eau : l’eau atlantique entrant en
surface de direction est et l’eau méditerranéenne sortant en profondeur de
direction ouest [1] et dont le débit moyen d’échange à travers le détroit est
estimé à 0,7 Sv [2]. La couche d’interface AMI (Atlantic-Mediterranean
Interface), a une épaisseur significative, caractérisée par une halocline bien
marquée, définie à 37 psu avec des valeurs plus élevées vers l’est [2], [3]. A ce
niveau, l’abondance de la chlorophylle et du microplancton, a tendance à
augmenter du sud-ouest au nord-est et coïncide avec l’élévation graduel de la
profondeur de l’interface dans la même direction [4].

au delà d’une profondeur de 200 m (station 3). La variation des nutriments le
long de la section Camarinal montre une richesse qui suit l’apparition de l’eau
méditerranéenne marquée par une nitracline importante à partir de l’interface
jusqu’au fond (Figure 1, cas de la station 3). La zone d’étude se caractérise
également par la présence d’ondes internes qui peuvent modifier le profil des
paramètres hydrologiques le long de la colonne d’eau, (cas de la station 3, mai
2006). Ces ondes internes sont générées près du chenal Camarinal [5].
La distribution de la chlorophylle ’a’ est peu variable le long de la colonne
d’eau et les concentrations sont faibles (< 0,5 µg/l). Généralement, l’eau
atlantique est relativement plus riche en chlorophylle ‘a’ que l’eau
méditerranéenne profonde, malgré sa forte richesse en nutriments. Dans les
couches sub-superficielles, les conditions en lumière sont optimales mais
limitées en éléments nutritifs, alors que la situation est inverse au fond. Le
suivi temporel de la teneur en chlorophylle ‘a’ au niveau de la station 3,
montre des valeurs très faibles le long de la colonne d’eau, enregistrées en
décembre, en relation avec la variation saisonnière. Le maximum (0,47µg/l) est
observé en mai, à 80 m de profondeur, associé à la thermocline (Figure 2). Le
développement et l’importance du maximum de chlorophylle (DCM = Deep
Chlorophyl Maxima) sont inversement liés à la distance entre l'AMI et la
thermocline [4]. Cette position est décisive, car la vitesse à proximité de
l’interface est faible ce qui permet une accumulation préférentielle des cellules
phytoplanctoniques à ce niveau [4].

Matériel et Méthodes
Le transect étudié est situé sur la longitude 05°45’W et comporte 5 stations
entre 35°52,7 et 35°58,5N. Les périodes d’étude correspondent à mars, mai,
décembre 2006 et mai, juillet, novembre 2007. La température et la salinité ont
été mesurées par la CTD et les échantillons d’eau ont été prélevés selon un
dispositif de bouteilles associé à la CTD. Le dosage de l’oxygène dissous a été
réalisé par la méthode de Winkler, les sels nutritifs par spectrophotométrie et
la chlorophylle ‘a’ par fluorimètrie (Turner Desings-10 AU).

Fig. 2. Distribution de la chlorophylle ‘a’ au niveau de la station 3
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Résultats et Discussion
Les diagrammes T-S et les profils des paramètres physiques (CTD), montrent
l’existence de deux masses d’eau, séparées par une interface d’épaisseur
variable (40 à 50 m) et dont la position est variable (100 m à 160 m) selon la
profondeur maximale de la station. Cette zone est marquée par une halocline
très nette surtout au niveau de la station 3, située dans le chenal principal.
Ainsi, en surface, l’eau atlantique est caractérisée par une salinité moyenne de
36,3 psu et une température variable en fonction de la saison (>15°C) ; alors
que l’eau méditerranéenne plus salée (> 38 psu) et froide (< 13,5°C) est située
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Abstract
The present tidal forecast system in Venice has been operational for more than 20 years. The present average accuracy is of better
than ten cm for forecasts up to 6-hours.. In highly severe storms wind waves contribute substantially to the tide level in the Venice
lagoon via the set-up effect. Therefore ISMAR and IPSM are jointly managing an operational wave forecast system for the Adriatic
Sea. The driving is given by the surface winds produced by ECMWF as input to the WAM wave model with 1/12 degree resolution.
The results are validated using the data collected at the ISMAR oceanographic tower, 15 km offsahore the Venice lagoon
Keywords: Models, Adriatic Sea
The area of interest
Large scale wave modelling are openly available. For instance, the European
Centre for Medium-Range Weather Forecasts (ECMWF, Reading, U.K.)
provides ten day forecast worldwide. However, these large models, while very
accurate in the open oceans, fail to provide comparably accurate results in the
inner seas, like the Mediterranean or, at greater extent, the Adriatic Sea. This led
to the development of systems as NETTUNO, a combined product of the
Italian National Meteorological Service and ISMAR, and HENETUS, here
described, a system devoted to the Adriatic Sea [1] with the aim, among others,
of improving the tidal forecast in the Northern Adriatic Sea. The grid used for
our purposes has 1/12 degree resolution. A higher resolution can be used in front
of the Venice lagoon to take into proper account the coastal effects of breaking
waves (see
below).

graphical output for the most northerly part of the Adriatic Sea is shown in
Figure 1. It represents a strong event of sirocco happened in April 2009. The
use of shading plus the arrow pointing to wave height and direction provides a
clear and intuitive representation of the situation. These maps are available at 3hour intervals for the next 72 hours. These forecasts in front of the Venice
coastline are verified by comparison with the data recorded at the ISMAR
oceanographic tower. The statistics is shown in Figure 2, showing the results for
the later analysis (AN) and for the forecasts at 1 (F1), 2 (F2) and 3 (F3) day
distance. The comparison shows clearly the high quality of the forecasts, more
than enough for any practical use.

Fig. 1. Wave field forecast in the Northern Adriatic Sea

Input information
The input to the model is the daily forecast provided by ECMWF. However,
the ECMWF winds on the Adriatic are strongly underestimated. Therefore,
before passing them to the wave model, the wind speeds are corrected with an
objective procedure based on long term comparison between the ECMWF
winds and the extensive data available from the QuikSCAT scatterometer [2].

Fig. 2. Comparison between analysis and forecast wave heights versus the
measured values on the "Aqua Alta" ISMAR oceanographic tower.
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Modelling
The WAM wave model [3] is used for the daily application. WAM has been the
first advanced, so-called third-generation wave model.. The ECMWF wind data
are daily received by ICPSM and passed to ISMAR. The wave results are
available early in the day and transferred immediately to ICPSM. Tidal forecast
by ICPSM has been operational for more than 20 years with ever increasing
accuracy, presently between 5 and 10 cm at 6-hour distance . However, to avoid
an underestimate during the most severe sirocco storms associated to set-up,
wave effect on coastal sea level needs to be taken into account..
Model results
The output of the model is available both as numbers and graphics. The
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Abstract
We study the climate variability of the Mediterranean Sea and the Eastern Mediterranean Transient by carrying out a simulation over
1961-2000 with a Mediterranean OGCM driven by realistic interannual high-resolution air-sea fluxes. Interannual databases for
Atlantic T-S characteristics and rivers and Black Sea runoff are used. The sequence of the EMT events is well reproduced: the high
winter oceanic surface cooling and drought over the Aegean Sea in the early 1990's, the high amount of dense Cretan Deep Water
formed during these winters and the overflow and the spreading of this CDW in the eastern Mediterranean.
Keywords: Eastern Mediterranean, Water Convection, Circulation Models, Aegean Sea, Air-Sea Interactions
In this work, we study the Mediterranean interannual variability and in
particular the Eastern Mediterranean Transient, by using NEMOMED8, an
eddy-permitting Mediterranean OGCM at 1/8° of resolution (about 10 km),
regional version of the NEMO model. A realistic hindcast is performed from
1961 to 2000, forcing the model with daily atmospheric fluxes produced with
ARPERA, a dynamical downscaling of the ERA40 reanalyses (resolution of
about 50 km). Interannual datasets are used to represent the hydrological fluxes
of the river runoff [1], the Black Sea discharge [2] and the Atlantic Water
characteristics [3], in addition to the freshwater flux from the atmosphere.

The sensitivity of using different hydrological fluxes on the simulation of the
sequence of the EMT is investigated in [7].

Considering heat and salt contents at basin-scale, the simulation show a good
agreement when comparing to an interannual gridded database based on
observations [4]. This simulation is able to reproduce the sequence of the EMT
events in very good agreement with the observations [5]:
- the strong heat and water losses at the surface of the Aegean Sea observed
during the winters 1991-92 and 1992-93 (respectively -73 W/m2 and -2.0
mm/day in NDJF 1991-92, -65 W/m2 and -2.8 mm/day in NDJF 1992-93, in
agreement with [6]), due to the relatively high resolution of the ARPERA
atmospheric dataset,
- the strong winter convection in the Aegean Sea triggered by these strong
atmospheric fluxes (1.22 Sv of waters denser than 29.2 kg/m3 formed in 1993, in
which 0.48 Sv are denser than 29.3 kg/m3),
- the huge outflow of dense waters from the Aegean Sea to the Ionian and
Levantine basins through the Cretan Arc straits, especially through the eastern
part during the two years following the intense convection event,
- the spreading of this water mass in the eastern Mediterranean, with a scheme
of the path followed by this dense water mass from 1993 to 2000 (Fig. 1): the
waters exiting the Aegean Sea through the western straits of the Cretan Arc
spread in a cyclonic manner in the Ionian Sea; the waters exiting the Aegean Sea
through the eastern straits of the Cretan Arc spread in the Levantine basin: a
part of them crosses the Cretan Passage and joins the waters outflowing from
the western straits while another part sinks at deeper levels in the Levantine
basin. That part first spreads southwards following the bathymetry in a
cyclonic manner and also propagates eastwards mainly driven by diffusive
processes or trapped by eddies.

Fig. 1. Scheme of the path followed by the CDW after having exited the Aegean
Sea. In full lines: direct advective path. In dashed lines: indirect diffusive path.
Contours in back: bathymetry (in meters) of the NEMOMED8 model, interval
of 250 m from 1000 m to 4000 m.
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Among the preconditioning hypotheses proposed in the literature, we find that
in the simulation:
- the surface circulation was modified in the late 1980's and the early 1990's,
changing the AW path in the Levantine basin; combined with a long drought
period over the far eastern Mediterranean which induces a salt increase of the
surface layer in this area, this led to a salt increase of the Aegean Sea through a
saltier Asia Minor Current,
- the three anticyclonic eddies observed in 1991 play a role in deviating and
trapping the AW in the Levantine basin, rather than the LIW as mentionned in
the literature, whereas those eddies are not at the observed locations,
- there was no huge decrease of the Black Sea freshwater discharge during the
early 1990's according to our interannual dataset,
- several convection events in winters 1987, 1989 and 1990 took place before
the major events of winters 1992 and 1993; they induced a steady filling of the
Aegean Sea by the dense waters formed during these winters.
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Abstract
A multi-scale coastal ocean model representing the entire Turkish Straits System (Aegean-Marmara-Black Seas and connecting
straits) is one-way coupled to a 1 km basin-scale ocean model of the same region. The modeled three-dimensional circulation and
density structure of the TSS is examined through comparison to observations of currents and density taken during the TSS08 sea trial.
Keywords: Coastal Models, Circulation, Bosphorus, Dardanelles, Marmara Sea
Two narrow, shallow straits, i.e. the Dardanelles and the Bosphorus, form a
physical connection between the Marmara Sea and its adjacent water bodies,
the Aegean Sea to the southwest and the Black Sea to the northeast. This
collection of seas and straits is known as the Turkish Strait System (TSS).
Saline, dense water from the Aegean flows in a deep, lower layer through the
Marmara Sea to the Black Sea while fresher, lighter Black Sea water flows in a
surface layer to the Aegean Sea. Though the TSS dynamics are the result of
interconnections between the interconnected straits and ocean basins, earlier
modeling efforts (e.g., Staneva et al., 2001; Oguz, 2005; Kourafalou and
Tsiaras, 2007; Kanarska and Maderich, 2008) have focused on dynamical
studies of individual straits or seas. Often the geometric complexity, broad
range of spatial scales present, and computational requirements to represent
such disparity have prevented study of the TSS as a whole.

2, ADCIRC is initialized by temperature, salinity, velocity and water surface
elevation fields from HYCOM-AMB solutions. At the open ocean
boundaries, HYCOM-AMB values for elevation, temperature and salinity are
updated daily throughout the ADCIRC model simulation. Surface forcing for
both models is derived from the Navy’s Coupled Ocean-Atmospheric
Mesoscale Prediction System (COAMPS). The capability of ADCIRC to
represent two-layer stratified flow dynamics both in the straits and in the
Marmara Sea is examined along with the response of the currents and density
structure over the water column to wind forcing. Observations include
measured currents from ADCP moorings located at the ends of each strait in
the TSS, CTD casts along the Dardanelles Strait and drifter deployments in
the Marmara Sea. Observed features of interest include flow reversals in the
straits during strong storm events, high-frequency current variability, and the
persistence of circulation gyres in the Marmara Sea.

For this study, we utilize state-of-the-art modeling practices to capture the
range of spatial scales, geometric complexity and interconnected dynamics of
the TSS (Figure 1). A model based on unstructured grids has the resolution,
using a minimum element edge length of 20 m, necessary to model flow in the
narrow straits whose minimum width is approximately 600 m. The ADvanced
CIRCulation Model (ADCIRC), solves the three-dimensional flow and
transport equations using a finite element discretization with a terrainfollowing, generalized, stretched coordinate system applied in the vertical
(Luettich and Westerink, 2004; Dresback and Kolar, 2009). Flexibility of the
finite element mesh not only captures the fine scales within the straits but is
also able to represent mesoscale variability in the Marmara Sea while coupling
to a basin scale model in the Aegean and Black Seas. Basin-wide dynamics are
captured by the HYbrid Coordinate Ocean Model, HYCOM, which applies
the finite difference method over a structured grid to solve the primitive mass
and momentum balance equations (Bleck, 2002). HYCOM’s hybrid vertical
coordinate allows the use of three vertical coordinate types (depth, terrainfollowing and isopycnal) which better represents thermohaline dynamics in
waters of rapidly varying bathymetric change. Within the HYCOM AegeanMarmara-Black Sea model (HYCOM-AMB), both straits are represented as
idealized channels since the current resolution (~1.3 km) is not sufficient to
resolve the geometry of the straits.

Fig. 2. The ADCIRC-HYCOM coupled model system.
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Fig. 1. ADCIRC finite element model domain for the Turkish Strait System
including a zoom of the mesh refinement in the Dardanelles Strait (upper left)
and Bosphorus Strait (lower right).

Model experiments presented focus on the period of the TSS08 sea trial (a
joint project between the NATO Undersea Research Center and the U.S.
Naval Research Laboratory), starting in late August and extending through
November 2008. During one-way coupling as shown schematically in Figure
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Abstract
Eddy processes of the Western Adriatic Current near Cape Gargano are highly modulated by the wind, growing during calm periods
following strong wind events. Both single anticyclones and trains of multiple eddies with a regular spacing are observed. Suppression
of a single anticyclone in the lee of the Cape was observed by profiling SEPTR moorings to occur when the horizontal gradient of the
thermocline depth was increased by the wind. Eddies also form cyclonic filaments extending offshore. Such a filament was observed
through the new technique of seismic oceanography to have downslope tilting isotherms and a long, thin, offshore extension in the
bottom boundary layer.
Keywords: Fronts, Mesoscale Phenomena, Adriatic Sea, Instruments And Techniques, Turbulence
Recent measurements from two international collaborative research programs
reveal new details of eddy activity and instability of the Western Adriatic
Current (WAC) as it rounds Cape Gargano in the central Adriatic Sea. The
“Dynamics of the Adriatic in Real-Time” (DART) program was focused on
understanding the predictability of this system with observation and
modelling from October 2005 through September 2006. These included, among
other things, measurements from long-term current moorings, profiling SEPTR
moorings, tow-yo CTD profiles, remote sensing, and high-resolution
modelling using the U.S. Navy Coastal Ocean Model. Remote sensing and
modelling, supported by in situ observations, revealed two distinct cases of
WAC eddy activity [1]. In the first case, a single anti-cyclonic circulation cell
(typically 20-30 km horizontal and 25 m vertical scale) forms on the
downstream side of the cape in the Gulf of Manfredonia (Figure 1a). In the
second case, a multiple eddy train (30-40 km crest-to-crest wavelength) forms
along the coast upstream of the cape and proceeds around it (Figure 1b). Both
cases are linked to wind patterns; eddies grow and propagate as southeastward
winds relax, and are suppressed when these winds are strong. Profiling SEPTR
mooring measurements observed anticyclonic eddies in the lee of the Cape
when the thermocline slope was weak and the absence of eddies when strong
southeastward winds strengthened this thermocline slope.

[3]). Both microstructure profiler and seismic sections crossed the filament
multiple times. The filament frontal structure was baroclinic with downsloping isotherms. Near the bottom, the tilt extended into a long, thin, offshore
extension of coastal waters in the bottom boundary layer, followed by a subtle
up-tilting structure offshore. These structures were all successfully imaged
(Figure 2) by seismic measurements, revealing new fine-scale details of the
filament structure that couldn’t have been measured otherwise.
Although Adriatic wind regimes and Cape topography provide the background
setting for eddy formation, frontal instabilities and mixing processes determine
many details of eddy structure and evolution.

Fig. 2. Seismic reflectivity image showing the structure of the vertically tilting
WAC filament edge (left), thin offshore extension of cold bottom water
(center), and offshore up-tilting structure (right). Reflectivity is measured at 510 m horizontal resolution and is associated with band-limited vertical
temperature gradient. E.g., the colder water at the bottom causes a decrease in
sound speed and a negative reflection (black over white). The largest
reflections correspond to temperature changes of about one degree C over ten
meters of depth.
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Fig. 1. Remote sensing Chlorophyll-a images from MODIS Aqua showing
representative cases of (a) single anticyclonic WAC eddy downstream of Cape
Gargano and (b) multiple eddy train around the Cape. This is a reproduction
of Figure 2 from [1].
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The AdriaSeismic09 research campaign used the new technique of seismic
oceanography [2] to image the temperature gradient structure of the WAC
frontal system during March 2009 at very fine horizontal scales (order 10 m).
Sampling captured the details of a third WAC eddy case, a cyclonic filament
extending offshore following a strong wind event (also observed during DART
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Abstract
From September 2008 through February 2009, Acoustic Doppler Current Profilers (ADCPs) measured flow in pairs at the four
entrances and exits to the Turkish Strait System. Barotropic tide structures were observed for both diurnal and semidiurnal
frequencies in the Aegean/ Dardanelles entrance. At the Dardanelles/Sea of Marmara entrance some baroclinic structure was
observed with diurnal tides having higher energy in the upper layer compared to the lower layer. Baroclinic structure in the semi diurnal tides was observed at the Bosphorus/Sea of Marmara entrance and diurnal oscillations were weak. Both diurnal and semidiurnal oscillations were weak at the Bosphorus/Black Sea entrance as the temporal evolution of the flow was more concentrated at
low frequencies in the form of a mid-water-column jet.
Keywords: Aegean Sea, Black Sea, Bosphorus, Dardanelles, Tides
The U.S. Naval Research Laboratory in collaboration with NATO Undersea
Research Centre and the Turkish Navy Office of Navigation, Hydrography and
Oceanography, undertook a scientific research program, Exchange Processes in
Ocean Straits (EPOS) that included an observational effort from September
2008 through February 2009 of maintaining pairs of bottom-mounted, upwardlooking Acoustic Doppler Current Profilers near all entrances (exits) of the
Turkish Strait System. Simultaneous current measurements allow connectivity
ranging from high-frequency to seasonal processes to be investigated. One
aspect of EPOS was to examine the frequency response of this system which
includes very narrow passages and two vertical layers of opposed and energetic
flow and exchange [1]. E.g., how do processes that are forced synoptically or
faster propagate through the system and what is the baroclinic structure of their
evolution?
To investigate this, rotary spectra were calculated from all the ADCP records
separately for all depths. We used Welch’s averaged periodogram method over
block lengths of 43 days and 50% overlapping Hanning windows. No significant
polarity differences were found between clockwise and counterclockwise
spectra suggesting the absence of inertial activity at all four sections. There is a
remarkable difference in the spectra results for each ADCP current section,
particularly with regard to tidal oscillations. Diurnal and semidiurnal tides were
clearly present at both ends of the Dardanelles Strait. The structures were
primarily barotropic at the Aegean/Dardanelles entrance (Fig. 1, left) . In
contrast, at the Dardanelles/Sea of Marmara entrance the diurnal fluctuations in
the lower layer entrance were notably weaker than fluctuations in the upper
layer (Fig. 1, right). This suggests that the Dardanelles Strait geometry and/or its
baroclinic structure has acted to extract some energy from the barotropic tide
and convert it into baroclinic processes. Also, the differences between the
diurnal and semidiurnal responses show a frequency dependence on this action.

Fig. 1. Clockwise rotary spectra for representative moorings and depth levels in
the Dardanelles Strait. The major tidal frequencies are marked by dotted lines.

At the Bosphorus/Sea of Marmara entrance the tidal frequency spectral peaks
were different than those observed at the Dardanelles/Sea of Marmara entrance.
Diurnal fluctuations were mostly absent and the semi-diurnal fluctuations had
baroclinic structure, again with stronger spectral peaks in the upper than the
lower layer (Fig. 2, left). This suggests that oscillations at diurnal and semidiurnal frequency are not passing unaltered through the Sea of Marmara. The
observed spectra at the Bosphorus/Black Sea entrance differed the most from
the others as spectral energy was concentrated in the middle of the water
column and at lower frequencies (Fig. 2, right). Flow was maximized in the
upper portions of the lower layer in a jet-like structure as compared to
maximums in the upper portions of the upper layer at other sections. Weak
(primarily semidiurnal) tidal oscillations persisted in the upper layer and the
flow maximum jet, but were virtually absent in the bottom of the water
column. This suggests that the Bosphorus Strait geometry and/or its baroclinic
structure also acts to alter or block higher frequency oscillations.

Fig. 2. As in Figure 1, but for the Bosphorus Strait.
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Analysis of these results has just begun and is ongoing. However, we can
conclude that diurnal and higher frequency oscillations are an important
component of the variability of the flow in parts of the Turkish Straits system,
and that the Straits System acts to significantly affect the transmission of these
frequencies.
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Abstract
The mass contribution to Mediterranean Sea level variability is estimated from steric -corrected altimetry and from GRACE
observations for the period August 2002 to December 2006. The good agreement between GRACE observations and steric-corrected
altimetry supports the quantification of the long-term mass contribution in terms of non-steric sea level in the Mediterranean. For the
past decades, total sea level fields are reconstructed using a reduced-space optimal interpolation of altimetry and tide gauge data. The
steric component is evaluated from hydrographic observations available for the same period. Results indicate that the mass content
has increased at a rate of 0.8±0.2 mm/yr for the period 1948-2000. When the effect of the atmospheric pressure is removed, the trend
of the mass component is 1.2±0.3 mm/yr.
Keywords: Sea Level, Geophysics, Global Change
Introduction
In this paper we first use altimetry, GRACE and hydrographic observations
spanning the period 2002-2006 to assess the consistency between total sea level
and its two components (steric and mass) in the Mediterranean Sea. FenoglioMarc et al. [1] and García et al. [2] carried out similar works for the period
2002-2004, but they only focused on the seasonal sea level cycle. Here we
consider both intra and inter-annual variability. Other differences with respect
to those works are that they use model data (not hydrographic observations) to
estimate the steric cycle and that an improved and longer GRACE data set has
been made available since then. The good agreement found between GRACE
observations and steric-corrected altimetry supports the quantification of the
mass contribution in terms of the non-steric sea level in the Mediterranean.
Hence, we also evaluate the mass contribution to sea level for the period 19482000.
Data sets
The Level-2 Release-04 (RL04) gravity coefficients computed at the Center for
Space Research (CSR) and distributed by the GRACE project are used to
estimate water mass variations in the Mediterranean Sea between August 2002
and December 2006. A hydrologycal model is used to correct the effect of land
waters. The post glacial rebound correction is also applied. To obtain the basin
average a smooth averaging kernel is used.

Fig. 1. Mediterranean mean sea level variability and its components with
error bars for the period August 2002 to December 2006:
(atmospherically-corrected) total sea level (top), the steric component of
mean sea level (middle), and the mass component of sea level (bottom).
Black lines show the observed estimates from satellite altimetry (top), the
Ishii dataset (middle) and GRACE (bottom), respectively. Grey lines show
the estimates obtained by adding or subtracting the other two
observational components.

For the period 2002-2006 the Mediterranean mean sea level is computed from
Altimetry data while for the period 1948-2000 total sea level fields are
reconstructed using a reduced-space optimal interpolation of altimetry and tide
gauge data [3]. The steric component is evaluated from hydrographic
observations [4]. The errors associated with total sea level and the steric
component are evaluated in order to obtain the uncertainty of non-steric sea
level.

Acknowledgements
This work has been carried out in the framework of the VANIMEDAT project
(CTM2005-05694-C03/MAR) funded by the Spanish Marine Science and
Technology Program and by the FEDER program of the European Union. F. M.
Calafat acknowledges an FPI grant and M. Marcos acknowledges a “Juan de la
Cierva” contract, both funded by the Spanish Ministry of Science and
Innovation.

Results and discussion
Consistency between non-steric sea level and GRACE observations is found for
the period August 2002 to December 2006 (Fig.1). The observed mass
component from GRACE and the estimated contribution from non-steric sea
level have a correlation of 0.75 (significant at the 95% confidence level). The
existence of a seasonal cycle in the mass component of Mediterranean mean sea
level is not evident and, if it exists, it is not the most energetic signal. The linear
trend of the steric-corrected altimetry and that obtained from GRACE are fully
consistent: their values are 2.1±0.6mm/yr and 2.1±0.5 mm/yr, respectively.
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The consistency between non-steric sea level and GRACE observations
supports that the mass component can be obtained as the non-steric
contribution of Mediterranean sea level for a longer period. The overall trends
computed for the period 1948-2000 are -0.25±0.04 mm/yr for the steric
component and 0.96±0.05 mm/yr for the atmospherically-corrected total sea
level. The net mass contribution to sea level trends would then be of the order
1.2±0.3 mm/yr. When the atmospheric component is included the mass
component shows a smaller trend: 0.8±0.1 mm/yr. Those values are in
agreement with the global mean value obtained by Domingues et al. [5] for the
period 1961-2003 (between 0.8 and 1.1 mm/yr).
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Abstract
Data collected from meteorological stations in the Turkish Straits System around the Marmara Sea are used to assess the
performance of atmospheric models in predicting the winds. The Coupled Ocean/Atmosphere Mesoscale Prediction System,
COAMPS is applied using different spatial resolutions ranging between 1 km and 27 km to investigate the effect of model spatial grid
resolution on accuracy of the computed wind field. The influence of the ocean dynamics on the atmospheric winds is also investigated
by comparing wind field predictions from a fully coupled COAMPS with those from the uncoupled (stand -alone atmospheric)
COAMPS. Following the examination of the wind products, the importance of using high resolution wind forcing for ocean circulation
predictions is evaluated.
Keywords: Marmara Sea, Air-Sea Interactions, Wind/Font, Circulation, Atmospheric Input
The Turkish Straits System (TSS) contains the Dardanelles and the Bosphorus
straits that connect the Marmara Sea to the Aegean and the Black Seas,
respectively. Fresh, light Black Sea water flows at the surface towards the
Aegean Sea while saline, dense Mediterranean water flows deep in the opposite
direction resulting in a two-layer stratified flow in both straits. Winds over the
region play a major role in generating various features within the TSS system,
i.e. blocking of the deep (surface) flow within the straits by Northerly
(Southerly) winds; the spread of the Dardanelles outflow plume over the
Aegean Sea; and the circulation pattern within the Marmara Sea among the
others. Since the winds are the dominant external forcing applied to the ocean
models, accurate predictions of winds by atmospheric models are crucial for
accurate predictions of the flow dynamics.
Hourly wind direction and speed data collected from 13 meteorological stations
located around the Marmara Sea between May 2008 and June 2009 are used to
assess the performance of atmospheric models in predicting winds. The
measurements recorded every ten minutes by two Meteo-buoys on the
Marmara and Black Seas are also included in the evaluation. The atmospheric
models under consideration are the Coupled Ocean/Atmosphere Mesoscale
Prediction System, COAMPS [1], and the numerical weather prediction model,
COSMO-ME, based on the non-hydrostatic Lokall-Model(LM) [2]. COSMO
is the COnsortium for Small scale MOdeling and COSMO-ME is a particular
application running on the Southern Europe/Mediterranean Sea domain managed
by USAM (Meteorological Service of the Italian AirForce). It has a spatial
resolution of 7-km while COAMPS has a coarse operational grid resolution of
27-km. Local configurations of the COAMPS model for grids of 9-km, 3-km and
1-km are also considered.

Fig. 2. Frequency and coherence spectra of wind direction measurements vs. the
COAMPS (27-km) and COSMO (7-km) model results for Canakkale and
Bandirma meteorological stations.

Both model inter-comparisons (COAMPS vs. COSMO) and model-data
comparisons are conducted. Model-data comparisons consider both the raw and
filtered time series of wind speed and direction. A more detailed statistical
analysis is done by examining the frequency spectra of the modeled and
measured wind fields and the coherence between them. The coarser COAMPS
model is able to capture the low-frequency (36-hour averaged) wind speed
variability as shown in Fig. 1. COAMPS-COSMO comparisons indicate similar
wind field predictions (shown in Fig.1) with the exception of wind direction
during higher frequency wind events such as the semi-diurnal cycle or the
land/sea breeze events as shown in Fig. 2.
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Fig. 1. Wind speed variation (36-hour averaged) over September and October
2008 at Canakkale and Bandirma meteorological station locations:
Measurements (solid), 7-km COSMO model results (dash) and 27-km
COAMPS model results (dot).
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Abstract
During 2001 three oceanographic cruises were carried out in the northern and central Adriatic Sea. Several measurement were
situated along multiple transects. In each station physical and chemical parameters were collected in order to study the dynamics of
the coastal and off-shore area through the space and the time. The basin showed high nutrient variability during all the year. Nutrient
concentrations appeared influenced by river discharge, vertical mixing in the different cruises and uptake from phytoplankton groups.
Keywords: Adriatic Sea, Nutrients, Salinity, River Input
The Adriatic is a continental basin of the Eastern Mediterranean Sea, located
between the Italian peninsula and the Croatian coast; it is elongated in the SENW direction. The northern sub-basin is very shallow and gently sloping, with
an average bottom depth of about 35 m. River runoff is particularly strong in
this area and affects the circulation through buoyancy input and the ecosystem
by introducing large amounts of organic matter. the Po river, with an average
annual discharge of 1500 m3s-1, accounts for about 50 % of the total northern
Adriatic river runoff [1]. The middle Adriatic is a transition zone between
northern and southern sub-basins, with the three Jabuka depressions reaching
270 m depth. Two currents dominate the circulation in the Adriatic: the West
Adriatic Current (WAC) flows toward southeast along the western (Italian)
coast, and the East Adriatic Current (EAC) flows northwest along the eastern
(Croatian) coast, [2, 3].

nitrite concentrations (2-4 µmol l-1). The late summer cruise (September)
showed similar patterns of the late spring cruise.

The temporal variations of physical and chemical parameters in the Adriatic Sea
were observed during three periods (January, June and September 2001) in order
to increase the understanding of the area. The CTD (Conductivity-TemperatureDepth) data were collected at all the stations with a SeaBird Electronics SBE
911-plus CTD, equipped with other ancillary sensors. Water samples were
obtained by the upcasts with a SeaBird Carousel rosette water sampler. Water
samples were collected to analyse nutrient salts and DO (Dissolved Oxygen)
with the potentiometric titration method.
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The Adriatic basin showed more nutrient variability during the winter period
because of major river discharge during autumn 2000 and vertical mixing. In
particular, during spring and summer the nutrient concentrations decreased in
most of the basin and this was probably due to uptake from phytoplankton
groups under conditions of high available light. This feature was also evidenced
by high DO concentrations in these periods respect to winter cruise. The
redfield ratios (N/P and Si/P) off-shore were similar to the classic ocean model
but with nutrient concentrations slightly higher. The western coast showed high
redfield ratios that implied processes of eutrophycation probably due to high
river input.
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Fig. 1. Winter (a) and late spring (b) surface field of: Salinity (black contour,
interval 1) and Nitrate (color shading, µmol l-1). The dots represent the sampling

During the winter cruise (figure 1a) in situ measurements indicated cooler,
fresher water to the north and warmer, saltier water to the south of the front
located at the southern tip of Istria. Furthermore two months before the cruise
the river discharge was about 3 times higher that the mean value (about 5500 m3
s-1). Nutrient concentrations were high along the western boundary and
decreased rapidly toward the east forming a strong front along the western side
of the Adriatic. The nutrient contribution from the Po plume to the northwestern basin is evident in the high nitrate concentrations (6-8 µmol l-1)
associated with the salinity minimum of the plume. During the late spring cruise
(June, figure 1b) the Po plume remained a significant feature in the northern and
western Adriatic. Offshore from the mouth of the Po River, the surface layer
was characterized by low salinity (30-32) and high temperature (22-23 °C). The
Po plume extended much more eastward in late spring than in winter because the
vertical mixing is reduced [4, 5]. Low nutrient concentrations were observed in
the central basin despite the northern Adriatic shown relatively high nitrate +
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Abstract
In the framework of the SESAME European project, a coupled physical-biogeochemical model has been developed to simulate the
ecosystem of the Black Sea during the last decades. The biogeochemical model describes the foodweb from bacteria to gelatinous
carnivores and explicitly represents processes in the anoxic layer down to the bottom. After validations of the model, equilibrium states
from climatologic runs are presented, corresponding to identified key time slices. From them interannual run are studied to compare
the interannual variability scales with those between different climatological equilibrium, for the different component of the ecosystem.
Keywords: Black Sea, Models
In the framework of the SESAME European project, a coupled physicalbiogeochemical model has been developed to simulate the ecosystem of the
Black Sea during the last decades when eutrophication and invasion by
gelatinous organisms seriously affected the stability and dynamics of the
system [1]. The biogeochemical model describes the foodweb from bacteria to
gelatinous carnivores and explicitly represents processes in the anoxic layer
down to the bottom.
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For calibration and analyses purposes, the coupled model has first been run in
1D in the central Black Sea [2]. The biogeochemical model involves some
hundred parameters which are first calibrated by hand using published values.
Then, an identifiability analysis has been performed in order to determine a
subset of 15 identifiable parameters. An automatic calibration subroutine has
been used to fine tune these parameters. In 1D, the model solution exhibits a
complex dynamics with several years of transient adjustment. This
complexity is imparted by the explicit modelling of top predators. The model
has been calibrated and validated using a large set of data available in the Black
Sea TU Ocean Base.
The calibrated biogeochemical model is implemented in a 3D hydrodynamical
model of the Black Sea (GHER). A first experiment is driven under
climatologic atmospheric, riverine forcings and initials conditions constructed
to correspond to three different time-slices: 60-70 (pre-eutrophication phase),
83-90 (severe eutrophication phase), 93-2000 (recovering). This experiment is
conducted in order to differentiate the equilibrium states reached by the model
for those different forcing sets. Resulting spatial and temporal variations in the
annual cycle of the different species, as well as chemicals dynamics will be
presented using representations and criticized.
A particular way of representation has been studied to reduce the
dimensionality of the data at hands, making use of the Self-Organized Maps
technology. We will present the basic principles of this method which
automatically recognize self coherent regions in a temporal-multivariate way
of speaking, allowing to gather in a single glance the gross annual dynamic of
the entire model [3].
Then, inter-annual computations have been initialized from those equilibrium
states. Physical dynamics can be accurately criticized in regards with
circulation structures and thermo haline annual cycle, using processed sea
surface satellite images, circulation features identified in literature and in-situ
measurements. This allows us to assess a certain level of confidence
attributable to the biological patterns observed in the results. This comes as a
complement to what the scarcity of biological data allow us to directly
criticize concerning their spatio-temporal correctness [4]. Inter-annual
variability is then explored under the light of precedent analysis concerning the
different equilibrium states.
During this study, a particular interpolation technique using the software
DIVA has been used to reconstruct the 2D and 3D fields for biological data
needed for initialisation of the model, and those that are used for visual
comparison with the results. This kind of reconstruction, made tricky by the
scarcity of data but nonetheless essentials to model study, will be given some
minutes for presentation and the obtained results will be presented.

References
1 - Oguz T. and Gilbert D., 2000, Abrupt transitions of the top-down
controlled Black Sea pelagic ecosystem during 1960– Evidence for regime-

101
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

STRUCTURE AND VARIABILITY OF THE ABYSSAL WATER MASSES OF THE EASTERN
MEDITERRANEAN
Vanessa Cardin 1*, Manuel Bensi 1, Dagmar Hainbucher 2 and Angelo Rubino 3
1 Istituto Nazionale di Oceanografia e di Geofisica Sperimentale, Trieste, Italy - vcardin@ogs.trieste.it
2 Universitat Hamburg - Institut fur Meereskunde, Hamburg - Germany
3 Università Cà Foscari - Venezia, Italy
Abstract
During the EMT water inflowing the Adriatic basin were characterised by an anomalous low salinity. After the year 2003 saltier
waters associated with the Aegean Sea outflow at higher horizons, were able to enter the Adriatic basin and create the necessary
conditions for the deep convection in the Southern Adriatic Pit. The newly dense waters formed profoundly differ from waters of
Adriatic origin observed in the region previously being saltier and warmer than in the past. To confirm this, cruises in two specific
periods (2003 and 2008) were analysed. Data analysis confirmed the increase in salt and temperature in the abyssal area of the Ionian
Sea (Zone A) so as the presence of Adriatic Dense water (ADW) in the northwestern Ionian (Zone C)
Keywords: Eastern Mediterranean, Adriatic Sea, Circulation, Water Convection, Deep Waters
Using in situ data collected during the last 10 years we investigated the structure
and variability of the abyssal water masses of the Eastern Mediterranean Basin
(EM). Waters inflowing the Adriatic basin were characterized by an anomalous
low salinity over the entire water column and by the absence of the typical
salinity maximum associated with inflowing Levantine Intermediate Water
(LIW). After the year 2000, saltier waters were able to enter the Adriatic basin
and were able to create the necessary conditions for deep convection in the
South Adriatic Pit. The dense waters which were formed since then, however,
profoundly differ from waters of Adriatic origin observed previously in the
region: they are substantially saltier and warmer than in the past. A tendency
toward warming and, especially, salinification, seems to be confirmed by the
preliminary analysis of very recent data acquired in the area [1], which agrees
with the conjecture that very salty intermediate waters flowing toward the
Adriatic basin contribute to reinforce the Adriatic source of EMDW. To confirm
this tendency, temperature, salinity, and oxygen data sampled during 2008
SESAME cruises in the central (Zone A) and northeastern (Zone C) part of the
Ionian basin are compared with the same parameters data obtained during
previous years on the METEOR71-3 (2007) and POS298 (2003) cruises (figure
1).
Fig. 2. Oxygen profiles from CTD casts carried out during the SESAME (2008)
cruises in the northwestern zone.

Another branch of water follows the south westerly direction from the Otranto
Strait reaching the deepest part of the central Ionian. We observe a general
increase of temperature and salinity, hence density, during the period 2003-2008
in the bottom layers of the central Ionian Sea. This could be directly related to
the changes in the thermohaline properties of the water mass coming from the
Adriatic Sea described above. This trend is confirmed through the time series of
temperature and salinity recorded in the Southern Adriatic Pit, which shows an
increase of salinity and temperature for both Adriatic Deep Waters (ADW) and
LIW between 2003 and 2008 [3]. Starting in 2008, however, this trend seems to
have reverted again, as lower intermediate salinity waters are now observed to
enter the Adriatic Basin.
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Fig. 1. Deep layer salinity profiles carried out during the 2003 and 2008 cruises
in the central Ionian Sea.

The analysis of thermohaline parameters of the 2008 cruises confirms the
differences in the EMDW properties for the deep layer (>3000 m) between
2003 and 2008 [2],while no significant changes are observed between the 2007
and 2008 cruises. The analysis of profiles positioned in Zone C (northeastern
Ionian), collected during March 2008 cruise, shows clearly the presence of a
vein of Adriatic Deep Water in the layer between 1300-1500 m. Oxygen values
(figure2), potential temperature and salinity present similar characteristics as
those found previously in the Southern Adriatic Pit at ~800m, which seems to
outflow almost geostrophically and which may be attributed to the Adriatic
Deep Water (ADW).
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Abstract
The HYPerspectral for ADriatic COastal Monitoring project meets requirements for understanding and monitoring the coastal
environments. The understanding of the coastal areas dynamics, their processes and significance for the environment, is becoming
even more a milestone for any future conservation and protection of these areas. The demand for coastal zones managements has
progressively risen due to the increased direct impacts by human activities, which may cause an irreversible damage to the local
natural balance. In particular, the project focuses on improving the knowledge of the Albania and Montenegro coastal area by
integrating different high resolution spatial and spectral remote sensing technologies.
Keywords: Coastal Waters, Remote Sensing, Adriatic Sea
Introduction
The HYPAD.COM project takes place at this strategic moment, when the
Earth Observation (EO) has become an essential component of the global
effort to deal with global challenges.

surveyed area to define a spectral library of the main land cover units and on
the more significant material in order to be applied in a spectral “data base”
and to be integrated with the airborne survey.

The purpose of the HYPAD.COM is to promote capacity building in EO, on
existing initiatives and sector-specific needs, like GEOSS planned, in order to
achieve comprehensive, coordinated and sustained in situ and airborne
observations of the coastal area.

Conclusions
The HYPAD.COM activities have been carried out within a close and
continuing collaboration of the some Italian and foreign research agency. The
results of the project have generated strongly interest to continue the scientific
research with the involved Institutions.

The HYPAD.COM activity programme meets the need for timely and quality
local scientific information as a basis for decision making, and enhances
delivery of benefits to society especially in the following areas, recognized in
the GEOSS 10-Year Implementation Plan: “Improving the management and
protection of terrestrial, coastal, and marine ecosystems” [1].

In front of that, on the Joint Committee of the July 31, 2008 the Ministry of
Environment of the Republic of Albania, Institute of Hydrometeorology of
Albania e University of Tirana declared their formal declaration of interest to
collaborate in the HYPAD.COM project at the Italian Ministry for the
Environment and Territory, as the below minute states:

In the framework of the HYPAD.COM, the integration of the EO
hyperspectral data (airborne and ground-based) has been performed to
improve the quality of the information available from EO data as well as to
characterize the Albania and Montenegro coastal area and the surrounding
lands.

“Hypad.com (HYPerspectral for ADriatic COastal Monitoring).
Members of the Joint Committee agreed that, since involvement of the
Albanian Institutions (MoEFWA; Institute of Energy, Water and
Environment; Institute of Albanologi Studies) has been important in the
definition of the monitoring activities and of the major environmental
problems affecting the area, the possibility of involvement (onerous) of the
above mentioned Albanian Institutions will be taken into consideration in the
proposal of extension of the activities of this project”.

For the purposes of the HYPAD.COM project, the following scientific
objectives, for the coastal area, have been identified:
a) the characterization of the coastal water;
b) the detection of the coastal fresh water;
c) the spectral characterization of submerged aquatic vegetation [2].
The aims of the project devoted to characterize the surrounding land are:
d) the spectral characterization of vegetation/land use and land cover;
e) the spectral characterization of the bauxite refinery residues derived from
aluminium production [3].
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Methodology and results
The CNR (National Research Council) through the mediation of Italian
Ministry for the Environment and Territory “Direzione Ambientale Ricerca e
Sviluppo” has implemented cooperation with some Italian and foreign research
agency for the success of the project. These agencies have shown great interest
in and willingness for project activities, collaborating, constructively and
proposing suggestions. The Albanian - Montenegrin coastal environments
have been selected as study areas in accordance to the local Institutions
requests.
On the basis of the scientific objectives and proposes defined in the project,
several actions have been taken:
§ Three oceanographic cruises have been realized, in synergy with the
Adricosm-star project [4], to spectrally characterize the water constituencies
of the coastal waters along the Albanian and Montenegro shorelines. About 90
water column stations were caracterized [5];
§ June 2008, airborne hyperspectral MIVIS survey (53 flightiness) has been
deployed on part of the Montenegro and Albanian coast and on the
Buna/Bojana river;
§ July 2008 spectral signatures of the main submerged vegetation species were
collected on Montenegro coastal with the objectives to map the submerged
vegetation extension (e.g. Posidonia oceanica) and to analyze the impact of a
growing urbanization of the coastline. About 40 sites were caracterized [3];
§ June-July 2008, field CAL/VAL campaigns were conducted along the
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NUMERICAL MODELING OF THE SURFACE CIRCULATION IN THE SEA OF MARMARA DURING THE
TSS EXPERIMENT (SEPTEMBER 2008 – MARCH 2009)
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Abstract
ROMS and SWAN models are used to simulate and to exploit the Marmara Sea general circulation and the response to windstorms
within the framework of the international scientific program “Turkish Straits System (TSS) 08-09”. Model results show a general
circulation in agreement with previous literature and the data collected as well as a remarkable impact of windstorms with complete
reversal of the surface flow and frequent upwelling events.
Keywords: Marmara Sea, Currents, Circulation Models
Between August 2008 and March 2009, the international scientific program
“Turkish Straits System (TSS) 08-09” was carried out under the coordination
of the NATO Undersea Research Centre (NURC, La Spezia, Italy), jointly
with the NRL project “Exchange Processes in Ocean Straits” (EPOS). During
September 2008 and February 2009 the NR/V Alliance sampled extensively
the Marmara Sea waters with the deployment of several different instruments
(e.g., CTDs, moorings, bottom-mounted ADCPs and profilers, surface
lagrangian drifters, Wave Raider, meteorological buoy etc.), some of them
providing 1 to 6 months time-series of currents, tracers or meteorological
conditions.

4 - Warner J.C., Sherwood C.R., Signell R.P., Harris C. and Arango H.G.,
2008. Development of a three-dimensional, regional, coupled wave, current,
and sediment-transport model. Comput. Geosci., 34: 1284– 1306.
5 - Carniel S., Warner J.C., Chiggiato J., Sclavo M., 2009. Investigating the
impact of surface wave breaking on modeling the trajectories of drifters in the
northern Adriatic Sea during a wind-storm event. Ocean Modell., 30: 225–239.

Several realistic numerical experiments of the Marmara Sea circulation have
been carried out in order to understand the ongoing dynamics, providing
simulations of the autumn-winter general circulation and the windstorminduced circulation. The core ocean model used is the Regional Ocean
Modeling System (ROMS, [1]), run uncoupled or coupled 2-way with the
wave model SWAN [2]. The numerical grid (same for both models) covers the
entire Marmara Sea, with two open boundaries located a few kilometers up
strait in the Bosphorus and Dardanelles straits and a varying horizontal
resolution of 500 – 1500 m. CTD data collected during the field trial either in
late August 2008 or early February 2009 provide the initial field for the ocean
model. Lateral boundary conditions are provided by NRL bottom-mounted
ADCPs (momentum fluxes) while available moorings and CTDs provide
temperature and salinity profiles in the straits. The non-hydrostatic, highresolution (7 km in the horizontal) numerical weather prediction model
COSMO-ME, run at the Italian national meteorological centre of the Italian air
force provides surface boundary conditions for both ROMS and SWAN.
The general circulation derived using ROMS is in agreement with the general
picture provided by [3], and fairly agrees with the observations collected. A
major focus of this modeling exercise is to study the wind driven circulations
in the Marmara Sea and model results show complete reversal of the upper
layer flow depending on the sector of provenance of the wind storm.
Westward (eastward) flow associated with north-easterlies (south-westerlies)
also trigger upwelling/downwelling dynamics along the coastline of the
Marmara Sea, with relevant storm-induced basin-wide oscillation of the mixed
layer depth.
In addition, the 2-way coupled ROMS/SWAN model is used to simulate
wave-current interactions in the area. Wave-current interactions are considered
using the Mellor’s equation for the inclusion of radiation stress and stokes
drift in the momentum balance equation [4] and the inclusion of wave breaking
as TKE injection as surface boundary condition of the Generic Length Scale
turbulence model following [5]. The impact of wave current interactions is
eventually assessed using skill scores based on surface lagrangian drifters.
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EFFECTS OF THE ADRIATIC-IONIAN BIMODAL OSCILLATING SYSTEM (BIOS) ON THE
BIOGEOCHEMISTRY OF THE ADRIATIC SEA
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Abstract
The Adriatic-Ionian Bimodal Oscillating System (BiOS) is an internal mechanism capable to shape the thermohaline properties and the
biogeochemical pool in the Southern Adriatic. The BiOS mechanism determines the upper-layer circulation (anticyclonic or cyclonic)
in the Ionian Sea. Biogeochemically, the interfaces (i. e. the nutricline, and the oxygen minimum / nutrient maximum layer) at the
border of the gyre in the northern Ionian are upwelled or downwelled depending on the circulation regime. This results in varying of
the water characteristics advected northward through the Strait of Otranto, and the dynamics and the trophism of the Adriatic Sea.
Keywords: Adriatic Sea, Ionian Sea, Nutrients
Recently, the upper-layer circulation in the Ionian Sea has been associated with
the deep thermohaline circulation [1] through a negative feedback mechanism
[2], here called Adriatic-Ionian Bimodal Oscillating System (BiOS). In few
words: the Ionian upper-layer circulation reverses from anticyclonic to cyclonic
and viceversa (Fig. 1).

of biomass immediately after the stratification. Consequently, the nutrient pool
is reduced as a function of the intensity and the number of convective events
[3]. To conclude, we show that the Ionian upper-layer circulation has a great
impact on the major water masses pathway and on the horizons of the
biogeochemical interfaces. In turn, the Southern Adriatic represents a sensor for
the Ionian circulation and for the state of the thermohaline cell of the Eastern
Mediterranean. In this context, the intense activity of OGS and other Italian and
Croatian institutions within the recent established Southern Adriatic
Interdisciplinary Laboratory for Oceanographic Research (SAILOR) will be
further implemented.

Fig. 1. Anticyclonic (left) and cyclonic (right) circulation modes and the
consequent pathways of the major water masses according to the BiOS
mechanism.
Fig. 2. Nitrate time-series in the southern Adriatic and northeastern Ionian
averaged in the 200-800 m layer.

The anticyclonic circulation allows the modified Atlantic Water (AW) to enter
the Adriatic, decreasing the average salinity there. In turn, the Adriatic produces
and exports water with progressively lower density. Subsequently, the
isopycnal surfaces along the pathway of the Adriatic Deep Water (AdDW) at
the flanks of the Ionian deepen, the corresponding sea level increases, gradually
weakening the anticyclonic upper-layer circulation and finally inverting the
surface pressure gradient and the circulation from anticyclonic to cyclonic [2]. In
turn, the cyclonic circulation favours the ingression of salty water of Levatine
and/or Cretan origin, now no longer diluted by the presence of the AW. This
increases the salinity in the Adriatic, lowering the sea level along the pathway of
the exported water at the flanks of the Ionian, inverting the surface pressure
gradient and finally re-establishing the upper anticyclonic circulation [2]. Due to
the BiOS mechanism, the averaged thermohaline properties in the Southern
Adriatic exhibit a quasi-periodic variability at a time-scale of about 10 years.
The same behaviour, but with an opposite phase, is reported for the time series
of averaged nitrate concentrations during the last 25 years (Fig. 2).
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In this case, the decadal variability seems to be associated with the vertical
displacement of the interfaces at the border of the Ionian gyre. The sequence of
anticyclones and cyclones in the Ionian Sea causes a vertical oscillation of the
nutricline and of the oxygen minimum/nutrient maximum layer, determining a
significant variations of the biogeochemical averaged concentration of the
portion of water column horizontally advected towards the Adriatic through the
Strait of Otranto. The comparison of the long-term variations of nutrient
concentrations in the Southern Adriatic and in the northeastern Ionian reveals
that the two show coherent behaviour. Major differences in concentration values
are reported for periods when strong winter convection occurs in the Southern
Adriatic [3]. At the re-establishment of the stratification following the winter
convective mixing, the nutrient in the enriched surface layer is consumed by the
primary producers (phytoplankton). Satellite images clearly show the increase
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IMPACT OF HYDRODYNAMIC CHANGES ON MEDITERRANEAN BIOGEOCHEMICAL BUDGETS (WP1 OF
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Abstract
The objectives of the MERMEX project focus on the understanding of the ecosystems response to likely changes in physical,
chemical and socio-economical forcing induced by global change and by growing anthropogenic pressure. The objectives of
MERMEX workpackage 1 are (i) to assess the budget of nutrients and of some contaminants, (ii) to understand their past and future
evolution, and (iii) to understand the specific stoichiometry of inorganic and organic matter in the Mediterranean Sea.
Keywords: Geochemical Cycles, Nutrients, Western Mediterranean
The questions addressed by the workpackage 1 of MERMEX concern the
evolution of biogenic elements and contaminants in the Mediterranean in relation
with specific characteristics:
- a marked limitation of primary production by phosphorus,
- budgets of nitrogen and silica showing a deficit but based on non synoptic and
sparse data,
- an increasing trend for phosphate and nitrate concentrations in deep water
mainly in the western basin,
- an increase of anthropogenic input,
- a recent evolution of the stoichiometry of these imputs.
The strategy chosen to deal with this question is double: first, to establish
budgets of nutrients and second, to understand their past and future evolution.
This “budget” approach is complexified by the contrasted functioning of the
different regions of the Mediterranean, from mesotrophy to ultra oligotrophy. It
was then decided to divide the Med Sea in group of regions characterized by
similar trophic regimes and to study for each regime a representative region of
the group. The approach then consists to do a budget of standing crops of C, N,
P in their mineral / organic, dissolved/particulate forms and to characterize their
primary fluxes. These informations will then be used to calibrate and validate
numerical models which are the only way to integrate the complex interactions
between hydrodynamical, and bio-geochemical processes.
Following the
classification of [1], four typical trophic regimes have been identified: - the
regions marked by a bloom in late winter-early spring months, - the
“intermittently blooming”zones with erratic regimes alterning intense biomass
accumulation and oligotrophic conditions, - the oligotrophic regions with higher
and quite constant biomasses in fall-winter and lower and uniform values in late
spring-summer, - the coastal regions characterized by a high biomass in winter
and a more reduced biomass in spring.
In a first time, we want to implement our strategy on the northwestern
Mediterranean representative of the first trophic regime cited above. This region
is characterized by a pronounced spring bloom associated to upward transport
of intermediate or deep water rich in nutrients. The HYMEREX experiment at
the heart of our strategy will be based on three cruises in fall 2012, spring 2013
and fall 2013. These field cruises will be carried out in collaboration with the
Hymex program, to have a synoptic view of the meteorological and
hydrodynamical conditions in the whole area. Our aim is to reduce the
uncertainties on the air-sea fluxes and on the volume and characteristics of dense
water formed during winter each year, including the impact on the stocks,
composition and quality of organic and mineral matter. For each of these cruises,
an array of 280 stations will be visited in less than 35 days (figure 1) at which
stocks of nutrients, organic matter, contaminants, biogenic fluxes (production
mineralization) will be measured as well as temperature and salinity and
meteorological fluxes. Biodiversity will also be considered. The modelling will be
initialized from the first array. The boundary conditions will be constrained as
often as possible by regular glider lines, and information from autonomous
profilers and mooring lines. Specific experiments concerning key biological
fluxes (hyperbaric bacterial production, grazing, …) not in accordance with a
high frequency sampling strategy will be carried out in the same time on a
second ship devoted to processes studies. Besides this experiment that should
allow to improve our hydrodynamic and biogeochemical models, a long-term
monitoring of the biogenic elements will be done by the MOOSE project with
time series at fixed points, mooring lines, ARGO profilers and gliders equipped
with bio sensors allowing to efficiently sample the water column. Finally, we
hope to establish dialogue and collaboration with our colleagues of the different
countries of the Mediterranean to have similar actions in other typical regions.

Fig. 1. Scheme of the HYMEREX cruises. The crosses correspond to CTD
stations, black lines to gliders transects
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SURFACE CURRENT DYNAMICS IN THE NORTH EASTERN ADRIATIC SEA FROM HIGH-FREQUENCY
RADAR OBSERVATIONS AND HIGH-RESOLUTION WIND FIELDS
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Abstract
The dominant processes governing the circulation in a 40 km x 60 km area off the Italian coast and the Istrian peninsula, Northern
Adriatic Sea, are assessed using surface current measurements from high-frequency radars and high resolution wind fields for the
period September 2007 – August 2008. Time-averaged currents are weak and reveal a cyclonic circulation pattern with intensification
in the northern sector (Fig.1). Vorticity is prevalently positive and related either to current shear or current rotation. The flow in the
region is primarily driven by winds, which impart vorticity to the current fields, whereas tidal oscillations within the diurnal and
semidiurnal frequency bands have a minor role in the circulation.
Keywords: Tides, Remote Sensing, Circulation, Adriatic Sea
High frequency observations of surface currents in the Northeastern Adriatic
Sea for the period September 2007 – August 2008 reveal a cyclonic circulation
scheme with weaker currents in the southern part of the domain, and an
intensification along the Italian coast to the North where water is shallower and
wind influence is stronger (Fig. 1).

Tides are weak, and represent a small fraction of the overall flow variance. Highfrequency non tidal oscillations (inertial oscillations; diurnal-period wind-driven
currents) have different patterns in time and space. Both inertial motions and
non-tidal diurnal-period oscillations increase their contribution during spring and
summer seasons, when the water column is stratified (Fig. 2).
An opposite trend in variance distribution characterize these high-frequency
motions, with diurnal-period currents having their maximum variance in the
Northern part towards the Italian coast and the Trieste Gulf entrance, and
inertial oscillations showing their maxima towards the centre of the Northern
Adriatic basin.
Current vorticity is prevalently positive and related either to current shear to
the North, or to current rotation to the South. Wind stress curl is the major
source of surface flow vorticity for time scales longer than the local inertial
period. For these time scales wind stress curl is balanced by an increased surface
flow divergence.
The dominant wind regimes in the area, namely the bora and the scirocco winds,
drive two different current patterns. Bora enhances the coastal jet along the
Italian coast and introduces a strong cyclonic recirculation in the southern area.
Scirocco on the other hand homogenizes the flow pattern and forms small-scales
eddies along the Italian coastline in the Northern sector.
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Fig. 1. Time-averaged surface flow pattern in the investigated area (Northern
Adriatic Sea) as derived from High-Frequency radar observations for the period
August 2007 - August 2008

Fig. 2. Percent ratio between inertial current variance and non-tidal current
variance for summer (May 2008 - August 2008) season
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Abstract
The inventory of 137Cs in the Western Black Sea at 2000 m water depth is presently 3.4 kBq m-2, not significantly different from that
measured in 1988, but about 1 kBq m -2 was transferred from the surface layer to the depth interval 100-400 m. 12 TBq y-1 of 137Cs
leave the Black Sea in the surface layer through the Bosphorous and only 2 TBq y -1 are brought back in association with the
Mediterranean water from the Marmara Sea. The most important mechanism transferring 137Cs and dissolved contaminants from
surface Black Sea to the sub-picnoclyne layer is mixing on the southwestern shelf, at the exit from Bosphorous, between
Mediterranean Water and surface water, producing an extra export of some10 TBq y-1 of 137Cs from the surface layer.
Keywords: Black Sea, Marmara Sea, Radionuclides
Introduction and objectives
Due to the intense direct Chernobyl fallout and to the delayed input from rivers,
the Black Sea has become a point source of radionuclides to the Mediterranean
Sea. Some of these, like the long lived 137Cs, are still easily detectable in the
Black Sea and traceable along their pathway in the North Aegean Sea. The
determination of the spatial distribution of 137Cs in the system Black –
Marmara – N. Aegean Sea can greatly help in elucidating the exchanges of
dissolved contaminants among the basins and the role of the Turkish Straits
System (TSS) in the contaminants budget of the Black Sea.
Study area
In the Black Sea freshwater input from large rivers (Danube, Dniepr, Dniestr
and Don) and precipitation largely exceed loss by evaporation.The densitydriven two-layer exchange flow through the Straits carries the excess of Black
Sea Water to the Mediterranean and the saline Mediterranean water first to the
Marmara Sea and then to Black Sea. This hydrological balance supports a stable
environment, with two main components: colder, fresher, surface waters
overlying warmer, more saline deep waters, separated by a permanent
pycnocline [1, 2]. In May 2007 seawater samples were collected by IMSMETU in the different water masses of two of the three deep basins of the
Marmara and in the Western Black Sea for the characterization of present 137Cs
vertical profiles and for a first estimate of the fluxes of the radionuclide in the
TSS. We also present here the 137Cs vertical profiles measured in 2001 in the N.
Aegean Sea, to characterize the input of the radionuclide to the TSS in the
Mediterranean Water flow (Fig. 1).

Bq m-3 in the underlying Mediterranean water. The 137Cs concentration in
the Mediterranean Water entering the Dardanelles was assumed to be 3.5 Bq m3, mean value of the 137Cs concentrations in the depth interval 50-300 of the N.
Aegean Sea, corrected for physical decay to 2007. Based on 137Cs
concentrations in the different water masses and on volume fluxes estimated by
Besiktepe et al. [2] we have estimated the fluxes of the radionuclide in the
Turkish Straits System (Fig. 2).

Fig. 2. Mean annual fluxes of 137Cs (1012 Bq y-1) in the TSS.

Conclusions
In the Western Black Sea, at 2000 m water depth, about 1 kBq m-2 of 137Cs was
transferred from the surface layer to 100-400 m in the period 1988 - 2007.
Presently about 12 TBq y-1 of 137Cs leave the Black Sea in the surface layer
through the Bosphorous and only 2 TBq y-1 are brought back with the
Mediterranean water from the Marmara Sea, resulting in a net annual loss of 10
TBq y -1. The inflow of Mediterranean water alone does not explain the increase
of 137Cs concentration and inventory at intermediate depth in the Western
Black Sea. The most important mechanism transferring 137Cs and dissolved
contaminants from surface water to the sub-picnoclyne layer appears to be the
mixing on the southwestern shelf, at the exit from Bosphorous, between
inflowing Mediterranean Water and Black Sea surface water. This process
produces an extra export of some10 TBq y-1 of 137Cs from the surface layer. It
is the advection of this water towards the Black Sea deeper layer (200-600 m)
that maintained the inventory constant with time.
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Fig. 1. Study area and sampling sites.

Results
In the Black Sea, surface concentrations are about 20 Bq m-3 and, decreasing
almost exponentially, reach a constant value of 0.7 Bq m-3 at a depth of 600 m.
Comparing this profile with that obtained in 1988 in a nearby station [3], 137Cs
concentration below the halocline has significantly increased, while the levels in
surface water are less than a half of what expected from physical decay only.
The inventories have not significantly changed: 2.9 kBq m-2 in 1988 (decay
corrected to 2007) and 3,4 kBq m-2 in 2007. The increase at depth below the
halocline, in this deep-sea area, compensates the loss at the surface. In the
Marmara Sea surface concentrations are about 15 Bq m-3, decreasing to about 4
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Abstract
A sediment transport model has been applied to the Gulf of Lions to estimate the budget of fine particles over the period running from
December 2003 to December 2008. The consequences of the succession of intense events are examined in terms of sedimentation
and resuspension on the different parts of the shelf, and export toward the slope and the deep basin.
Keywords: Coastal Models, Continental Shelf, Sediment Transport, Western Mediterranean
A modelling approach [1] was used to study during a 6-month period in 20032004 the effect of marine storms and high rivers discharge on the fate of fine
sediment in the Gulf of Lions. This study was extended to a period of 5 years
including a variety of hydrologic and hydrodynamic conditions characteristic of
the region including an exceptional flood of the different rivers of the Gulf, two
severe winters and a few storms associated to moderate to high waves. Thanks
to the monitoring of currents, temperature and turbidity performed on the Gulf
of Lions slope during several crucial periods [2, 3], the model was first
calibrated and validated. The main transport events are satisfactorily simulated.
As both velocity and suspended matter concentration are well represented at the
moorings localized in the canyon known as the main conduit from the shelf to
the slope, the export given by the model is considered as robust. The duration of
the simulation (5 yrs) allows to better understand the different mechanisms
affecting the fate of fine particles. First the role of the Rhone prodelta on the
storage of the river-borne particles, the effect of storms to transport sediment
from east to west and the dense water cascading flushing the matter in the
canyons of the western part of the Gulf. The role of bioturbation to renew the
stock of fine particles in the surface sediment after a storm is also shown. The
model is used to integrate the effect of these different mechanisms and to
estimate the time constants associated to the transport along the river mouth,
shelf, slope and deep sea continuum. A sediment budget of the different parts of
the shelf and slope is shown on Figure 1.

has been estimated to lie between 20 and 30 Millions of tons in 5 years. The
region of the Cap de Creus is the main pathway for this export. The role of the
Cap de Creus canyon is particularly important as it is able to stock after a storm
large amounts of matter which can be later flushed by dense water cascading.
The affinity of heavy metals with fine particles allows us to give a first
estimation of the remobilization of these contaminants by intense events.

References
1 - Ulses C., Estournel C., Durrieu de Madron X., Palanques A., 2008.
Suspended sediment transport in the Gulf of Lions (NW Mediterranean):
Impact of extreme storms and floods. Cont. Shelf Res., 28: 2048-2070.
2 - Palanques A., Durrieu de Madron X., Puig P., Fabres J., Guillen J., Calafat
A., Canals M., Bonnin J., 2006. Suspended sediment fluxes and transport
processes in the Gulf of Lions submarine canyons. The role of storms and dense
water cascading. Marine Geol., 234: 41–63.
3 - Puig P., Palanques A., Orange D.L., Lastras G., Canals M., 2008. Dense
shelf water cascades and sedimentary furrow formation in the Cap de Creus
Canyon, northwestern Mediterranean Sea. Cont. Shelf Res., 28: 2017-2030.

Fig. 1. Sediment budget of the December 2003-December 2008 period in meter.
Positive value correspond to deposition, negative values to erosion. White
isocontours indicate the 200, 1000 and 2000m isobaths.

Dark colors indicate mean erosion, light colors indicate accumulation. The Rhône
prodelta accumulates a large part of the continental particulate input to the Gulf
of Lion. Erosion is mainly confined on the inner shelf but the Cap de Creus
canyon was also eroded due to the strong currents associated to the dense water
cascading of winters 2005 and 2006. The exportation off the Gulf of Lion shelf
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WATER MASS STRUCTURE AND ASSOCIATED PROCESSES IN THE TYRRHENIAN SEA (SOUTHERN
SECTOR) BY MEANS OF IN SITU DATA COLLECTED DURING VECTOR-TM CRUISES
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Abstract
In this work we will present the results obtained from the analysis of hydrological data collected during 5 oceanographic cruises
carried out in the southern sector of the Tyrrhenian Sea. Details regarding the vertical structure and associated processes of the water
column are presented, together with information regarding deep current and temperature data obtained from a mooring located
approximately in the centre of the southern Tyrrhenian basin
Keywords: Tyrrhenian Se, Hydrology, Deep Waters, Deep Sea Processes
In the framework of VECTOR ( VulnErability of the Italian coastal area and
marine Ecosystems to Climatic changes and Their rOle in the Mediterranean
caRbon cycles) project, starting at the end of November 2006, six oceanographic
cruises were carried out in the area, centered on the so-called VTM station (see
Fig.1, which also shows the CTD stations regularly sampled during the cruises
as well as the position of the mooring), selected as a test site to study the
seasonal and interannual variability of the intermediate and deep hydrology and
dynamics of the Tyrrhenian Sea. The VTM point depth is approximately 3450
m, its coordinates are 39°30’ N, 13°30’ E, approximately 90 nautical miles off
the Italian coasts. The oceanographic cruises were carried out in different
seasons even if three of the six were conducted in a winter month. Thus, in
terms of interannual variability, information could be derived only for the winter
season. The remaining three campaigns were in Fall (late November 2006), early
and late Spring (April 2007 and first third of June 2008 respectively).

The analysis of the collected CTD data allows identifying the three major water
masses present in the basin: Atlantic Water (AW), Levantine Intermediate
Water (LIW) and Tyrrhenian Deep Water (TDW). In particular, the vertical
distribution of temperature and salinity of the upper layer, together with the
relative geostrophic velocity field, pointed out that the overall circulation is
broadly anticyclonic, as expected. If looked at from the perspective of long term
change the data reveal several points of interest: for instance, bottom
temperature and salinity values result slightly higher than in the past [1]; at the
same time, the observed salinity maximum relative to the LIW is higher than in
historical data (Fig. 2).

Fig. 2. Theta-S diagrams for the cruises VECTOR-TM 2 (a) and 6 (b). The two
squares indicate the range of LIW and TDW as defined in [2].

The central Tyrrhenian is notoriously an area where double diffusive processes
can be observed [2]. Thermohaline staircase structures have been found in all
cruises, and characterized in terms of a number of parameters classically utilized
for this purpose [3]. The stability of double diffusive structures in space and
time (e.g., in terms of depth, width, gradient) is remarkable. Their associated
temperature and salinity fluxes result stronger than in the past, and would
deserve further investigations, prolonged in time.
Current data obtained from the mooring shows a relative strong W-NW flow
with velocity values up to 10 cm/s at 1000 m whereas, as expected, the velocity
slows down to few cm/s at deeper depths where the remaing two currentmeter
were located. The direction is less stable with respect to the 1000 m
currentmeter data but the net displacement is northwestward as well. Also, a
diurnal tide signal can be observed from the spectral analysis of the deepest
currentmeters whereas it does not appear in the 1000 m depth current
measurement.

Fig. 1. Map of the stations sampled during VECTOR-TM cruises. Diamonds
indicate CTD stations positions, whereas the triangle is the mooring

Moreover, on April 2007, a mooring was deployed very close (less than 1
nautical mile) to the point VECTOR-TM and worked up to January 2009.
Current measurements at the depths of 1000, 1600 and 2200 meters, collected
by means of Aanderaa RCM-9 currentmeters, are available for the period June
2007 –December 2007, whereas a yearly temperature time series (February
2008 – January 2009) at a depth of about 3430 meters is available too.
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Information derived from this composite data set addressed three main issues:
vertical structure of the investigated transect; thermoaline processes along the
vertical, especially in the farthest offshore stations of the transect; intermediate
and deep current patterns obtained from mooring time series.
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RETRIEVING OCEAN SALINITY FROM SMOS MICROWAVE RADIOMETRIC MEASUREMENTS
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Abstract
SMOS (Soil Moisture and Ocean Salinity) is an Earth observation satellite from the European Space Agency launched in November
2009. It is the first satellite mission addressing the challenge of measuring sea surface salinity, never attempted before due to its
technical complexity. It uses a microwave interferometric radiometer with aperture synthesis that generates brightness temperature
images at 1.4 GHz, from which both geophysical variables are derived using their influence on the dielectric constant of the emitting
body, land or ocean. This paper presents the principles of operation of the instrument, the algorithmic approach implemented for the
retrieval of salinity from the observations, and the limitations for the use of SMOS products in the Mediterranean Sea.
Keywords: Salinity, Remote Sensing, Surface Waters, Open Sea
In 1999 the European Space Agency (ESA) selected the proposal of a mission
to provide for the first time a global and continuous coverage of Soil Moisture
and Ocean Salinity with resolution and accuracy adequate for climatic studies
and large scale oceanography, as both variables play a key role in the control
of the Earth’s water cycle and as a consequence in the understanding of the
possible climate evolution in the present context of global warming [1]. SMOS
(http://www.esa.int/esaLP/LPsmos.html) was launched on November 2, 2009
and is expected to become operational by May 2010.

Retrieving salinity values
The approach to determine the salinity of the ocean surface imaged at each
SMOS overpass is based on a convergence loop that compares the measured
T B to the TB theoretically emitted by the surface following a forward model
of the ocean emission taking into account the seawater conditions. During the
convergence the sea surface salinity (SSS) value is modified from a first guess
until reaching an optimal fit with the measured TB value. The geometrical
optics theory provides a model of the flat sea emission, which depends on the
temperature, salinity, angle of observation, frequency and polarisation state of
the radiation. On top of this we have to introduce the effect of the sea
roughness, as the topography of the emitting surface has a strong impact on
the viewing geometry and then on the TB measured by the radiometer. Further
modifications are needed before comparing modelled and measured TB, as the
emitted radiation is modified in its path from the surface to the satellite
(attenuation by the atmosphere, polarisation mixing in the ionosphere, …),
while it is necessary to take into account other sources of radiation at the same
frequency that can also reach the radiometer (emission by the atmosphere,
galactic radiation scattered on the surface, …). The result is a quite complex
algorithm implemented in the SMOS salinity processor [3].

The measurement principle
All bodies emit electromagnetic radiation in a large range of wavelengths. At
low frequencies, including microwaves, the brightness temperature of the body
(TB, the quantity to be measured by a radiometer, and related to the emitted
power) is proportional to its physical temperature. The proportionality
coefficient, the emissivity, is a function, among other variables, of the
dielectric constant and as a consequence of the conductivity, and hence
salinity when the emitting body is seawater. For SMOS a frequency of 1.4
GHz was selected, as it is close to the maximum sensitivity of TB to changes
in salinity as well as minimises the impact of other parameters influencing it.
In addition, this is a frequency band where human made emissions are
forbidden, so the risk of interferences should not be an issue. At this
frequency the penetration of the radiation, and then the thickness of the
emitting surface layer, is around 1 cm.

Even the multiangular measurement characteristics allow for a redundant
determination of SSS, the noise and other possible errors due to the instrument
performance limitations, image reconstruction process, errors on external
parameters needed to estimate the sea surface state (provided by numerical
weather forecasts), and incomplete forward model formulation are expected to
result in an accuracy in retrieved salinity around 1.5. To reduce this noise and
reach the mission objectives, further processing is planned to generate global
salinity maps by integrating several SMOS orbits in a temporal window of 1030 days and spatial resolution of 100-200 km, then providing a product
similar to present climatologies but including the temporal evolution. The goal
is to achieve salinity accuracy close to 0.1.

The fundamentals of salinity and soil moisture determination by microwave
radiometry were sufficiently known, but no satellite mission had been
attempted so far to measure these variables. The main reason was that to
achieve a reasonable spatial resolution at this low frequency very large
scanning antennas were needed, something that appeared not feasible on board
a satellite. The solution implemented in SMOS is the use of a large number of
small fully polarimetric antennas (up to 69, 20 cm diameter) deployed along
three 4 m arms forming a Y shape. Instead of using the TB recorded by the
individual antennas, SMOS takes the correlation of the polarised signals from
all pairs of antennas to reconstruct a unique TB image through a complex
process based on interferometry [2]. The result, in the selected configuration
(758 km height, antenna plane 32.5º from horizontal), is a curvedhexagonal field of view, almost 1000 km wide, formed by pixels from 30 to
100 km, with varying incidence angle and radiometric resolution.

These spatio-temporal characteristics of the SMOS observations, together
with the fact that strong contamination from land radiation is expected in the
first 100-200 km from coast, makes the use of these products in the
Mediterranean Sea a real challenge. Some validation activities are planned
within the Mediterranean Operational Oceanography Network (MOON,
http://www.moon-oceanforecasting.eu/) to explore this limitation.
The development of SMOS has been a collective effort coordinated by ESA of
many scientists and technologists as well as industrial companies from several
countries, especially Spain and France. This paper is a contribution to the
SMOS Barcelona Expert Centre and project ESP2007-65667-C04 funded by
the Spanish Ministry of Science and Innovation.
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Fig. 1. The 69 antennas along the SMOS arms (by P. Carril for ESA)
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Abstract
We study the surface circulation of the Marmara Sea over about one year using CODE drifters. The pseudo-Eulerian statistics were
computed using the whole dataset and in terms of deployment episodes and major wind regimes.
Keywords: Circulation Experiments, Marmara Sea, Surface Waters
The Marmara Sea is a small (70 km x 250 km) semi-enclosed sea connecting the
Mediterranean to the Aegean (through the Dardanelles Strait) and to the Black
Sea (through the Bosphorus Strait). It has a complex topography characterized
by three deep sub-basins each greater than 1000m in depth separated by deep
sills and is connected to the straits through canyons. Here, complex processes of
two-way exchange flows, jets, eddies and gyres occur [1].
As part of the Turkish Straits System (TSS) experiment, the surface circulation
dynamics of the neighboring Black, Marmara and Aegean Seas was studied at
scales from inertial/tidal to seasonal using low-cost CODE Lagrangian drifters
[2] over about a year (from September 2008 to May 2009). Particular focus was
given to the Marmara Sea that was seeded in two seasonal episodes (September
2008 and February 2009). About 30 drifters were deployed in key locations to
maximize the geographical coverage and mainly in small (1 nautical mile) clusters
of three drifters.

Fig. 1. Drifter spaghetti diagram in the Marmara Sea.

In addition to the standard positioning and data telemetry (SST, battery)
provided by the Argos Data Collection and Location System (DCLS) onboard
polar-orbiting NOAA satellites (with 300-1000 m position accuracy and about
every 100 min), the drifters were equipped with GPS receivers to have a better
determination of their position (with less than 10 m of uncertainty) and more
frequently (every 30 min).
On the whole, the drifters sampled adequately the Marmara Sea (Fig.1), but the
southern part was covered by drifters mainly during the first experiment
(September deployments) and the northern part mainly during the second one
(February deployments). The lifetime of the drifters in the Marmara Sea is very
low due to the recovery by seafarers and stranding (it span from a few days to
50 days) and the mean half lifetime is only 13 days.
Fig. 2. Mean surface circulation in the Marmara Sea. The mean flow arrows are
centred at the centre of mass of the observations in each bin. Data are grouped
into 0.1° x 0.1° bins overlapped by 50%. Results for bins with less than 5
observations are not plotted.

The combined raw Argos and GPS positions were edited for outliers and spikes
using statistical and manual techniques [3] and were interpolated at regular 2hours intervals. Surface velocity were calculated by central finite differencing the
interpolated positions.
The Pseudo-Eulerian statistics (mean flow, variance ellipses, MKE and EKE)
were calculated [4, 5] using a spatial averaging scale of 0.1° x 0.1° overlapped
bins for the whole dataset, for the two deployment episodes and for different
wind regimes.
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The map of the mean surface flow using the whole dataset (Fig. 2) shows two
eddies located in the northern part of the sea which extend for about 30 km and
reach the middle of the Marmara Sea (the western feature is anticyclonic and the
eastern one is cyclonic). South of these large features, a flow of about 20 cm/s
joins the Bosphorus to the Dardanelles and another cyclonic eddy is evident in
the southeastern area of the Marmara Sea.
The TSS drifter data were included in the MedSVP (Mediterranean Surface
Velocity Program) database (http://nettuno.ogs.trieste.it/sire/medsvp/) and will
be used to deepen our understanding of the surface dynamics of the
Mediterranean and Black Seas.
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ASSESMENT OF POST-TRANSIENT CHANGES IN LEVANTINE BASIN DEEP WATERS
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Abstract
Large deep water (DW) renewal in the Levantine Basin (LB) by dense water from the Cretan Basin started at about 1989 after
massive advection of salty Levantine Surface Water in the Aegean Sea. An apogee of the DW outflow to the LB was observed in
1993 after the abnormally cold winters of 1992-1993. A relatively salty and warm water propagated above the sea bottom from the
Cretan Passage with a rate of about 280 km/year. The DW renewal was first recorded near the south eastern continental slope of the
LB in 1996. During 2001, the LB DW was quite homogeneous east of 25E. According to observations during 2008, a new DW mass
spreads eastwards in the LB. This new water, originating from the Adriatic Sea, has higher potential density than the Cretan
origin DW and the pre 1989 Adriatic DW.
Keywords: Deep Waters, Levantine Basin
A comprehensive analysis of Levantine Basin deep water evolution during the
Eastern Mediterranean Transient (EMT) [1] brought a vivid picture of Cretan
dense water cascading through the Cretan Arc straits and spreading in the
Eastern Mediterranean intermediate and particularly bottom layers. Advection
of abnormally saline Levantine Surface Water in the Aegean Sea during 19891990 [2] followed by extremely cold winters 1992-1993 [3] forced the
formation of deep water with potential (relative 2000 db) density anomaly (σ2)
of about 37.83 kg/m3 [1]. The excess over the pre EMT bottom water density
was just 0.03 kg/m3. However it was enough to generate a wide spreading of
newly formed water. In 1995, three years after the apogee of dense water
outflow from the Cretan Basin, the Levantine Deep Water below 2000 m had a
stable inversion layer both in salinity and potential temperature. According to a
long term series of Israeli observations on station h5 located near the continental
slope of the south-eastern Mediterranean shelf (33.0°N, 34.5°E) the first
evidence of such inversion was found in 1996. A coarse estimation of
propagation rate of dense water from Cretan Passage to the south-eastern
continental slope was about 280 km per year. Before the EMT influence, the h5
station’s water at depth of 1400 m had salinity 38.68±0.02 with a negative
vertical gradient of about 0.005 per 100 meters. Potential temperature was
13.37±0.02°C with a decrease rate of 0.015°C per 100 meters. During the
period 1996 – 2002, salinity and potential temperature increased monotonically
reaching 38.77, 13.59°C and changing the vertical gradients signs.

Fig. 1. Vertical distribution salinity in deep layers of the Levantine Basin. R/V
Shikmona, summer 2008, SESAME project cruise.
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Relatively regular observations in the framework of Israel’s national project
“Haifa Section” from 2002 to 2009 show fluctuations in salinity and potential
temperature with ranges of 0.02 and 0.02°C respectively. Observations from
R/V “Meteor” during 2001 [1] revealed quite homogeneous water for regions
east of 25°E and deeper than 2000 m (38.82±0.02, 13.71±0.02°C). However on
the most western stations an intrusion of new water was already observed. This
water was slightly less saline (38.78) and colder (13.56°C) than the water which
originated from Cretan Basin. In the field of potential density relative to 2000
db it is possible to see that the new deep water is denser by about 0.005 kg/m3
than the relict water from the previous EMT renewal.
Further eastward propagation of the new water, which Roether et al. [1] defined
as having Adriatic origin, was observed in summer 2008 during the R/V
Shikmona cruise carried out in the framework of EU funded project SESAME
(http://www.sesame-ip.eu). The western boundary of the Cretan origin water
was shifted to about 27.5°E (Fig). The boundary is clearly observed in the
salinity field (Fig) as well as in fields of potential temperature and dissolved
oxygen. The Cretan origin deep water were disconnected from their origin in the
Aegean Sea and became, due to mixing, less salty and colder (38.79, 13.63°C)
than they were during 2001. The Adriatic origin water did not change its
parameters compared to observation from 2001. Apparently this water mass
had a permanent feeding from the Otranto strait. Differences in potential
density between the Adriatic and Cretan water masses remained the same as in
2001 (about 0.005 kg/m3). The eastward propagation rate of Adriatic origin
water was seven times slower than the propagation of the Cretan origin water.
This seems to be connected to the smaller difference in potential density.
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Abstract
During the summer of 2009, 6 Lagrangian drifters were launched in the South eastern Levantine basin, 3 of them near the Israeli
coast. The drifters moved northward along the shelf and turned toward the deep sea off Haifa Bay. One of the drifters was trapped in
a stationary meander for a week, later it moved in a trajectory that is interpreted as a detachment of the meander to an anticyclonic
eddy. This eddy moved, within 4 days, northwest to a location where the Shikmona eddy was previously observed. Over the next 30
days the drifter demonstrated a stationary eddy position and then exited the eddy area. Satellite observations of high chlorophyll -a
(Chl-a) concentration correspond to the geographical position of the meander and the eddy. Operational model forecasts in the area
fail to generate the observed phenomena.
Keywords: Levantine Basin, Circulation
The south eastern circulation in the Levantine basin is generally characterized by
a large scale cyclonic circulation. Development of a north bound jet current along
the eastern continental slope is frequently observed [1]. Another energetic
feature of the circulation is the anticyclonic Shikmona eddy observed generally
in the vicinity of 33.8°N, 33.8°E [2]. The formation of the Shikmona eddy was
attributed either to meandering of the Mid Mediterranean Jet in connection to
dynamic instability near the Eratosthenes Seamount [3] or to meandering of the
alongshore current [4]. The later mechanism was derived from SST analysis
without in situ confirmation.
NEMED is an observational program, led by OGS [5], to quantify the
circulation and eddy variability in the Eastern Mediterranean, with major
attention to the eastern and northern regions of the Levantine sub-basin, using
among others, low-cost satellite-tracked drifters in the vicinity of Cyprus and
Israel. The first series of SVP drifters included 3 drifters which were launched
on the Israeli continental slope near Ashdod by IOLR and 3 drifters which were
launched on the line connecting Limasol and Port Said by the University of
Cyprus. The continental slope drifters were carried north by the alongslope jet
current with an estimated velocity of 20-30 cm/s. Their trajectories deviated
westward south of Haifa Bay. Two drifters outlined a meander reaching about
70 km west of the shore and continued along the Lebanese and Syrian coast (Fig
1a). The third drifter was trapped in the meander for a week and then travelled,
within 4 days, northwest in a spiraling trajectory (Fig 1b). Afterwards it
outlined the Shikmona anticyclonic eddy centered at 34.2°E, 33.6°N with
diameter of about 50 km and remained there for 30 days (Fig 1c). One of the
drifters launched south of Cyprus was also trapped by the eddy in a larger orbit
(80 km diameter) for two weeks.

the eddy, corresponding to the trajectory of the trapped drifter in time and
space. During the 30 day period Chl-a concentration gradually decreased until it
was no longer discernable, around this time the drifter exited the eddy area. SST
maps, unlike Chl-a, showed only a weak signal of the eddy. Model forecast
from the same period run by IOLR did not reproduce the phenomena described
above and showed the alongshore jet with no meandering.
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Fig. 1. Stages in the evolution of Shikmona Eddy from meander. Lines:
Lagrangian drifters trajectories. Background: concentration of Chl-a (lighter
shades represent higher concentrations).

Remote satellite observation of Chl-a provided by CYCOFOS [6] showed local
concentration maximum in the center of the meander and later in the center of
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M 2 TIDAL DYNAMICS IN ALGECIRAS BAY AND ITS RELATION TO THE HYDRODYNAMICAL REGIME
OF THE STRAIT OF GIBRALTAR: NUMERICAL 3D MODEL RESULTS
C. J. Gonzalez 1*, L. López 1, Ó. Álvarez 1, M. Bruno 1 and R. Mañanes 1
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Abstract
A simulation of the M2 tidal dynamics in Algeciras Bay (South of Spain) was conducted by use of a 3D hydrodynamical model and
complemented with experimental data, focusing on the influence of the general hydrodynamical regime of the Strait of Gibraltar over
the bay dynamics. The semidiurnal, mesotidal regime present in the strait, together with the strong density-stratification of the water
column, was found to have important consequences for the particular tidal dynamics of Algeciras Bay. Firstly, model results showed
the occurrence of a cross-current system between the Atlantic and Mediterranean water layers inside the bay. Secondly, the 3D
hydrodynamical model was able to simulate accurately the so-called baroclinic internal wave, generated by hydraulic jump over
Camarinal Sill, as well as its propagation into Algeciras Bay.
Keywords: Tides, Models, Strait Of Gibraltar
Study site
Algeciras Bay (South coast of Spain) constitutes a physical environment of
special characteristics, due to its morpho-bathymetric configuration and
geographical location, close to the eastern boundary of the Strait of Gibraltar.
The interaction between the mesotidal, predominantly semidiurnal tidal regime
of the Strait of Gibraltar with the water stratification, due to the presence of
Atlantic water at the upper layer and Mediterranean water (more salty and cold)
at the lower one, has important hydrodynamical consequences, as the generation
of the so-called baroclinic internal wave over Camarinal Sill and effects on the
vertical profiles of the velocity of currents. Because of its wide connection to
the Strait, the tidal hydrodynamics of Algeciras Bay is expected to be submitted
to this peculiar processes, so the aim of this study was to conduct a detailed
research in that respect by analyzing both empirical and numerical 3D model
data, comparing them and setting the main characteristics of the tidal dynamics
in this environment.

from a CTD cast on the inner Bay (Fig. 1, bottom) shows a marked peak by
period values close to the calculated from model results.

The Model
The three-dimensional, nonlinear, high-resolution, finite-difference, sigmacoordinated UCA 3D hydrodynamical model is based on the numerical solving
of 3D equations of motion (assuming the hydrostatic simplification). The
system is coupled to a two-dimensional, depth-averaged scheme [1] by the
splitting technique [2]. For the modeling of the M2 tidal hydrodynamics in the
Strait of Gibraltar and Algeciras Bay, a calculation domain was chosen extending
from the western Strait boundary to the Alboran Sea. The model Arakawa-C
staggered grid had a horizontal resolution of 500 m and 50 vertical sigma-levels.
The system was forced by a single M2 tidal wave and the zero-frequency
constituent Z0; initial conditions of free-surface elevation and current velocity
(amplitudes and phases), as well as those of salinity and temperature, were
obtained from the Experiment “Strait 94-96” and previous works by [3] and [4].

Results
Modeled time-spatial fields of the M2 harmonic parameters, obtained by
conventional harmonic analysis [5], were compared with available experimental
values at 40 different locations. The root mean squares of errors were 4.0 cm
and 4.4º for the amplitude and phase of elevation and 18.2 cm s-1 and 18.3º for
those of depth-averaged current velocity. Focusing on the Algeciras Bay area,
model results show a little spatial variation of M2 elevation harmonic
parameters, with amplitudes and phases around 31 cm 47º Greenwich. Modeled
depth-averaged M2 current ellipses present highest semimajor axes by the
coastal margins (until 40 cm s-1), while they do not overcome 10 cm s-1 through
the deeper central canyon of the Bay. A more detailed analysis of vertical
velocity profiles revealed that the latter is due to a system of tidal crosscurrents between the Atlantic and Mediterranean water layers inside Algeciras
Bay, being a phase-lag of near 180º between the current ellipses of both layers.
Comparisons with experimental ADCP data through ship transects in the Bay
area show a remarkable qualitative and quantitative correlation in that respect.
In relation to the time-spatial propagation of the baroclinic internal wave, Fig. 1
(top) shows an example of model spatial field of free-surface elevation together
with remote-sensing satellite image at the corresponding tidal stage. It can be
appreciated a significant correspondence between them, as well as the
penetration of the eastwards internal wave front into Algeciras Bay. The wave
parameters, estimated from model and satellite fields, are: period: 22 minutes;
wavelength: 1.8 km; wave celerity: 4.9 km/h; the amplitudes of oscillations are
of the order of 1 cm. The spectral density distribution of free-surface elevation

Fig. 1. Top: an example of ASAR image (left) and modeled field of free-surface
elevation at analogue tidal stage (right). Bottom: spectral density distribution of
free-surface elevation from a CTD cast inside Algeciras Bay, with periods up to
2 hours removed.
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GLIDER TRANSECTS IN THE LEVANTINE SEA: A STUDY OF THE WARM CORE CYPRUS EDDY
D. Hayes 1*, P. Testor 2, G. Zodiatis 1, G. Konnaris 1, A. Hannides 3, L. Mortier 2, L. Beguery 4, F. D'Ortenzio 5, E. Mauri 6, F.
Lekien 7, R. Gerin 6, P. Poulain 6 and A. Lazar 2
1 Oceanography Center, University of Cyprus, Nicosia, Cyprus - dhayes@ucy.ac.cy
2 LOCEAN-IPSL/CNRS, Universite Pierre et Marie Curie, Paris, France
3 Department of Fisheries and Marine Research, Nicosia, Cyprus
4 DT-INSU, La Seyne sur mer, France
5 LOV, Villefranche-sur-mer, France
6 OGS, Trieste, Italy
7 ULB, Brussels, Belgium
Abstract
In March 2009, two gliders began occupying a hydrographic endurance line for measurements of temperature, salinity, dissolved
oxygen, optical backscatter, and fluorescence in the Levantine Sea south of Cyprus in a butterfly pattern over the Eratosthenes
Seamount. The line will extend in space and time an historical one. Comparison with past hydrographic cruise data shows similarities.
In particular, a large anticyclonic eddy, the Cyprus Eddy, over the Eratosthenes Seamount dominates, with traces of Atlantic Water
around the periphery. This eddy was investigated intensively by a fleet of gliders from November 2009 to January 2010.
Keywords: Hydrography, Levantine Basin
In March 2009, two gliders began occupying an endurance line for
measurements of temperature, salinity, dissolved oxygen, optical backscatter,
and fluorescence in the Levantine Sea south of Cyprus. The transects follow a
butterfly pattern over the Eratosthenes Seamount, extending to a maximum
depth of 1000 m. The operational transects represent the first in a planned time
series for the next several years to be carried out by the Oceanography Center of
the University of Cyprus (OC-UCY). Following the 4th EGO Meeting and
Glider School in Larnaca in November 2009, a joint project, “EYE of the
Levantine,” was carried out in which 6 gliders were deployed to investigate the
Cyprus warm core eddy observed earlier in the year by both glider and
shipboard CTD. In December 2009, the TARA Oceans vessel was involved as
well with CTD and water samples and the deployment of 4 surface drifters and
2 profiling floats in and around the eddy. Near the end of the experiment, the
eddy was sampled again with shipboard CTD grid carried out by the Maria S.
Merian in mid-January 2010. At this time, only one of the original gliders
continued to collect data while beginning the second round of its endurance line,
which should also pass through the eddy. About 2000 profiles down to 1000 m
and 1000 profiles down to 200 m have been collected by the fleet of gliders
including measurements of not only temperature and salinity, but also
fluorescence (Chl a, CDOM) and backscatters (at 470, 532, 660, 700, and 880
nm).

synoptic view not possible with a single platform of any kind. The dominant
feature of the data set is the anticyclonic (warm, salty core) eddy known as the
Cyprus Eddy [2] near the Eratosthenes Seamount (Fig. 1). During the
experiment the eddy had a radius of about 40 km and consisted of a core of LIW
extending down to 500 m. Currents averaged over the 1000 m dives peaked at
the edge with magnitudes of 0.30 m s-1. During the experiment, the eddy shifted
about 10 km to the east. The slightly fresher AW is found just below the
thermocline, most often around the periphery of the Cyprus Eddy (Fig. 2).
Dissolved oxygen, optical scattering, and chlorophyll fluorescence typically
show maximum values also in the layer just below the thermocline.

Fig. 2. Vertical section from North to South of a) salinity, b) potential
temperature (deg C), and c) dissolved oxygen along transect highlighted in Fig. 1,
from 24 November 2009 to 02 December, 2009.

Remotely-observed sea level anomaly (AVISO) products showed similar surface
signals, at coarser resolution, as did drifter tracks. Operational forecasts were
not as successful in predicting the eddy presence: OC-UCY forecasted a similar
eddy, but in a slightly different location and time. Future work includes the
assimilation of glider profiles into the operational forecasts at OC-UCY, and
further comparison with satellite altimetry, remotely-sensed sea surface
temperature and ocean color.

Fig. 1. Map of glider tracks with bathymetry and depth-averaged velocity
centered over each dive from 23 November 2009 to 18 January 2010. One of the
transects to be shown later is highlighted by a thick grey line.

Since the POEM cruises of the 1980s [1], the general vertical and horizontal
distributions of the water masses of the region have been known: the Levantine
Surface and Intermediate Water (LSW and LIW) masses sandwiching the
Atlantic Water (AW), with the Eastern Mediterranean Deep Water (EMDW) at
the deepest observed levels. The variability of the AW pathway, the eddy
structures, and absolute transport are all to be addressed by the operational
"section series," but in this paper, we present the results of the even more
intensive sampling of an eddy using a fleet of gliders which provide a larger-scale
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IMPACT OF THE EASTERN MEDITERRANEAN TRANSIENT (EMT) ON THE NORTHWESTERN
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Abstract
Spectacular convection occurred in the NWMS during 2004-05: the convection area was exceptionally large, and Western
Mediterranean Deep Water (WMDW) formed this winter was warmer and saltier than usually. We perform numerical oceanic
simulations to assess the respective contributions of oceanic and atmospheric conditions to this event. Our results suggest that
WMDW characteristics are mainly related to the NWMS heat and salt contents before the convection. The increase of those
characteristics in 2004-05 is due to an increase of those contents, due to the absence of strong convection during the 90’s. Convection
intensity is related both to the winter atmospheric conditions and to the autumn NWMS stratification. The EMT modified this
stratification in autumn 2004, potentially doubling the volume of WMDW formed.
Keywords: Deep Waters, Gulf Of Lions, Western Mediterranean, Water Convection, Air-Sea Interactions
Open ocean deep convection takes place in a few regions of the world ocean,
among which the NWMS [1]. In this region, the combination of cyclonic
circulation and strong winter surface buoyancy losses associated to northern
wind events (Mistral, Tramontane) induces deep convection events, at the
origin of the formation of WMDW. During winter 2004-05, an exceptionally
strong convection event was observed by several experimentators [2, 3, 4]: it
covered an area much larger than usually, and the WMDW formed this winter
was significantly saltier and warmer than the values reported in the literature.
Two major explanations for the exceptional characteristics of this convection
event (intensity and WMDW characteristics) were proposed by those
authors: the first one relates the exceptional intensity of this convection event,
as well as the change of the characteristics of the WMDW formed this winter
to the atmospheric conditions. The second one relates them to the effect of the
EMT on the Ligurian Intermediate Water (LIW), hence on the oceanic
conditions. To determine which element played a role in this event, and how,
we performed several numerical simulations.
First we performed a realistic numerical simulation of the Mediterranean
oceanic circulation during the 1958-2006 period. The long term analysis of this
simulation was performed by [5], who validated the long-term evolution of the
temperature and salinity in the basin and showed that the model is able to
reproduce correctly the EMT. This control simulation is able to reproduce
very realistically the 2004-05 NWMS convection event, in terms of
chronology, intensity and WMDW characteristics.
We also performed sensitivity simulations, in order to assess the contributions
of the oceanic and atmospheric conditions to this convection event. The
results show that, for given atmospheric conditions, the temperature and
salinity of the WMDW are linearly related to respectively the heat and salt
contents of the NWMS just before the convection event (Fig. 1). They suggest
that the change of WMDW characteristics observed in 2004-05 was related to
an increase of those heat and salt contents during the last decade. The model
suggests that this increase was not due to the EMT, but to the absence of
deep convection during the 90's enabling salt and heat to accumulate in the
LIW. This absence of strong convection was related to the weakness of the
winter buoyancy loss during this period. WMDW characteristics are therefore
not influenced by the atmospheric conditions during its formation, but by the
evolution on those conditions on the long term. The EMT induced a deepening
of the LIW in the Western basin, observed by [6] and reproduced by the
model, that resulted in a decrease of the stratification of the water column
compared to what could have been the case without the EMT. Our results
show that, for given atmospheric conditions, the intensity of deep convection
in terms of WMDW formed is linearly related to the stratification of the water
column just before the convection event. Moreover, in 2004-05, convection
reaches the bottom in all the simulations, whatever the pre-convection
stratification. It therefore appears that the strong atmospheric conditions
during winter 2004-05 were responsible for the intensity of the convection
this year, but that the EMT accentuated this intensity by weakening the
stratification, and potentially doubled the volume of WMDW formed.

Fig. 1. Relations between the pre-convection heat (a), resp. salt (b), content
over the Gulf of Lions and the WMDW temperature, resp. salinity.
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INTEGRATION DES DONNEES MULTISOURCES POUR LA MODELISATION DE LA COULEUR DES EAUX
MARINES COTIERES: APPLICATION A LA SURVEILLANCE DU PHYTOPLANCTON MARIN.
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Abstract
La connaissance de la qualité de l’eau est une composante essentielle dans la gestion intégrée du littoral. L’aspect biologique de cette
composante est sans aucun doute le plus difficile à prendre en compte, du fait de la complexité des mécanismes gouvernant la
production primaire en milieu côtier. Les propriétés optiques des algues, des substances organiques dissoutes et des particules non
organiques en suspension peuvent considérablement affecter la couleur de l’eau de mer. Inversement, des mesures précises de la
couleur de l’eau et de sa réflectance spectrale permettent d’estimer la concentration de ses composants en utilisant des modèles
mathématiques appropriés.
Keywords: Coastal Models, Phytoplankton, Remote Sensing, Pollution, Ocean Colours
Introduction
L'objectif général de ce travail est la caractérisation de la couleur de l'eau de la
baie d'Alger à partir des données satellites. L'application permet de quantifier
la concentration de la chlorophylle et celle du phytoplancton, qui ont un effet
sur la «couleur de l’eau de mer », à partir de mesures satellites [1]. Dans ce
contexte, la démarche suivie se base sur le concept de mesures in situ et
l'interpolation des résultats trouvés par similitudes ou par des modèles
mathématiques. Une corrélation importante entre le compte numérique du
premier canal du satellite Landsat TM et la concentration en matières en
suspension a été également réalisée [2]. Les bandes spectrales Thematic
Mapper étaient utilisées davantage pour corréler avec les propriétés spectrales
de l'eau et sa teneur en matière organique ou encore pour la caractérisation de la
couleur, la salinité et la concentration en chlorophylle de l’eau de mer.
D’autres chercheurs ont montré par l’utilisation des techniques optiques la
possibilité d’établir des cartes de chlorophylle a, matières en suspension
totales ou carbone organique dissous [3]. En s’inspirant des différentes
approches développées et des caractéristiques des satellites Spot et Seawifs,
nous avons essayé de mettre en évidence l’utilisation de la télédétection afin de
trouver des relations entre les paramètres optiques et les descripteurs de la
qualité de l’eau. Il devient donc nécessaire de s’appuyer sur des modèles de
réflectance que l’on inverse pour déterminer la teneur de l’eau en ses différents
éléments [4]. Nous présentons dans cet article: (a) les mesures physicochimiques des différentes qualités d’eaux ; (b) les résultats des réflectances
obtenues à partir des données numériques des satellites et (c) la modélisation
des paramètres physico-chimiques, la chlorophylle et le phytoplancton marin
dans les profondeurs de la baie d'Alger dans chaque bande spectrale du
satellite.

sédiments et la concentration en chlorophylle a.
- Spatialisation des paramètres et images satellites. En utilisant le logiciel
PCSATWIN d’images satellites, nous avons transformé l’image réflectance en
une image qui permet d'estimer dans certaines mesures la concentration de la
chlorophylle et celle des espèces phytoplanctoniques dominantes dans la
région. En réalité, la couleur de l’eau de mer, qui est l’un des descripteurs
organoleptiques évident, reste toujours un facteur important de différenciation
qui renseigne sur la lueur de l’eau, sur sa qualité, et qui peut servir comme un
indicateur de sa transparence [5].
Conclusion
La modélisation a rendu réalisable la détermination de la couleur de l'eau et de
la chlorophylle à partir des satellites. La spatialisation des valeurs mesurées
sur le terrain facilite en effet le suivi environnemental de la qualité des eaux et
les interventions sur le milieu. Une surveillance directe des populations
phytoplanctoniques, couplée avec l’utilisation de capteurs satellitaires et le
Système d’Information Géographique, peut améliorer grandement notre
connaissance de l’état des eaux côtières et établir une carte de la couleur de
l’eau et de la biomasse phytoplanctonique.
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Analyse de l'eau de mer et extraction de la réflectance
Nous avons utilisé l'image satellite SeaWiFS (Sea-Viewing Wide Field-of-view
Sensor) pour fournir des données sur les propriétés bio-optiques de l’eau et
des principaux paramètres biologiques, notamment la chlorophylle a à la
surface de l'eau de mer. Pour extraire la réflectance de chaque pixel de l’image,
on transforme l’image compte numérique (CN) en image Luminance.
Resultats et discussion
- Variation des mesures in situ et les indicateurs organoleptiques. La
distribution spatiale de la chlorophylle a et des phéopigments dans la baie
d’Alger montrent une grande similitude pendant les périodes de prélèvement.
Nous avons pour chaque campagne deux zones distinctes de concentration en
chlorophylle a et phéopigments. En absence d’activité biologique, la
concentration d’oxygène dissous tend vers la saturation de l’eau, qui est en
fonction de la température et de la salinité (à pression atmosphérique normale)
[1], [5]. Les faibles teneurs de l'oxygène dissous dans l’eau de mer à proximité
des rejets sont préoccupantes, et montrent une consommation excessive de
l’oxygène qui a des conséquences très graves et fatales sur la vie aquatique en
entraînant un phénomène d’eutrophisation du littoral (des pullulations
d’algues vertes Ulva Enteromorpha ou de phytoplancton bloom).
- Analyse des réflectances. La distribution de la teneur en chlorophylle dans
l’eau de mer est mise en relation avec la turbidité ; ceci peut expliquer les taux
de liaison trouvés sur les canaux visibles Spot et Seawifs étant donné que les
eaux où domine le phytoplancton présentent un maximum de réflectance dans
le jaune vers 565 nm [5]. Il y a donc une réflexion considérable dans ce
domaine spectral qui justifie que les canaux visibles peuvent servir pour
étudier la couleur de l’eau de mer et pour en déduire la concentration en
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Abstract
A multi-scale, high-resolution ocean-ecosystem numerical model suite is implemented for the Turkish Strait System (TSS) to study the
dynamics of the coupling between the Black Sea and the Mediterranean, specifically to assess the role of TSS on the behaviour of the
coupled ecosystems, to understand the relative importance of remote and local forcing mechanisms on the exchange flows and mixing
in the TSS, and to quantify the two-way transport of materials through the TSS. Since the problem of coupling between the adjacent
basins of the Black and Mediterranean basins is truly a complex one, an assembly approach is used. Various levels of models are
used, producing simulations corresponding to different levels of approximation in order to enable feedbacks on the effects of
resolution, model parameterizations, and setup between these levels.
Keywords: Models, Bosphorus, Dardanelles, Marmara Sea, Black Sea
The TSS is much like a fjord system, characterized by two-layer exchange flow
with a strong pycnocline maintained by density and sea level gradients between
the Black Sea and the Aegean Sea, and controlled by hydraulic constraints in the
straits and exit regions. The depth of the interface undergoes high temporal and
spatial variability inside the straits and their exit regions, but has a relatively
stable depth at about 25m in the Marmara Sea proper, occasionally exceeding
this depth under conditions of extreme surface mixing. The Marmara Sea is a
small, enclosed body of water with complex topography, comprised of three
deep basins of depth greater than 1000m each, separated by deep sills of 600700m in depth, adjoining a wide continental shelf of 100m depth occupying the
southern half of the basin, which then connect to the straits through canyons
extending out from them. Horizontal re-circulating flows under constraints of a
highly irregular coast in the confined geometry of the Marmara Sea induce
horizontal shears and inhomogeneity. The surface exit flows from straits into
the Marmara and Aegean basins are in the form of buoyant turbulent jets. The
relatively fresh surface water (S = 18) entering from the Black Sea is modified to
reach higher salinities (S =22-30) within the upper layer of the Marmara Sea,
separated from the underlying salty Mediterranean water (S = 38.5). The wider
Marmara Sea acts as a buffer zone, or a ‘stilling basin’ between the two larger
basins. The shallowness of the upper layer makes its response to winds and
other driving forces extremely rapid.

specifying property contrasts between adjacent seas. The third level consists of
three-dimensional models of the Bosphorus and Dardanelles Straits driven by
net through-flow, boundary conditions specified in the adjacent Aegean and
Black Seas and a three-dimensional model of Marmara Sea alone, excluding the
straits and attempting to simulate Marmara Sea circulation based on strait exit
boundary conditions. The third level models are all based on the Regional Ocean
Modeling System (ROMS) [1]. The Fennel ecosystem components [2] are
implemented as well in the three-dimensional ROMS models of the Bosphorus,
Dardanelles Straits and the Marmara Sea.
Control runs with the Bosphorus model show that major features of the
observed currents are successfully reproduced by the model (Figure 1).
Following the set-up and testing phase, the control runs established from
hindcasts produced by the dynamical and coupled ecosystem models of the TSS
are validated with available data and fine-tuned before advancing to forecast, and
potentially operational modes of simulation.

Due to the lack of sufficient computational resources to handle the required finescale spatial resolution, present ocean numerical models implemented for the
coupled Mediterranean – Black Sea system can neither correctly simulate the
stratified exchange flow between these basins through the Turkish Straits nor
the compounded effects of such exchange on the energetics, stratification, and
sea level in these adjacent seas. Extremes in cross-shelf interaction, such as
dense water cascading, surface jets, hydraulically controlled, super-critical, nonlinear, non-hydrostatic, layered and occasionally blocked flows occur in the
region of the straits, in response to remote forcing from the adjacent seas and the
complex topography with very fine details.
In parallel with advances in computer technology, ocean general circulation
numerical models (OGCM) have become widely used tools to estimate the
consequences of physical, chemical, and biological processes in the ocean and to
evaluate the ocean response to atmospheric forcing under realistic and extreme
scenarios.
Modeling the Turkish Straits System (TSS) and its role in coupling the adjacent
seas is a grand challenge. Features described above make it a formidable problem
to forecast currrents and circulation in the Turkish Straits System. Traditional
ocean models with simplified physics and topographical representation are
often unable to comprehensively capture the features and multiple space-time
scales that are involved. A true and full coupling considering the entire system
of adjacent Mediterranean and Black Sea basins is in fact far beyond reach for
most of the present day ocean models. Therefore, a multi-scale, three-level,
hierachical numerical model suite is designed and executed in an attempt to
realistically represent the challenging physical and biogeochemical dynamics of
the TSS.
For the first level, a barotropic unstructured grid model (MOG2D) is set up
covering the Mediterranean and the Black Sea together to predict water levels
and net transport through the straits. On the second level, a laterally integrated
(x-z) time dependent model solving two-dimensional vorticity equation is
adapted for the Bosphorus and is initialized with a lock-exchange situation,

Fig. 1. Observed (top) and simulated (bottom) velocity and density distribution
along the thalweg of the Bosphorus Strait.

References
1 - Shchepetkin A F. and McWilliams J.C., 2005. The Regional Ocean Modeling
System: A split-explicit, free-surface, topography following coordinates ocean
model. Ocean Model., 9: 347– 404.
2 - Fennel K., Wilkin J., Levin J., Moisan J., O’Reilly J. and Haidvogel, D.,
2006. Nitrogen cycling in the Middle Atlantic Bight: Results from a threedimensional model and implications for the North Atlantic nitrogen budget.
Global Biogeochem. Cy., 20: GB3007, doi:10.1029/2005GB002456.

119
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)
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Abstract
Recent studies suggest that the dynamics in the upper layers of the ocean can be modeled with an effective version of the Surface
Quasi-Geostrophic (eSQG) equations. The validity of this approach implies that the 3D velocity field can be reconstructed for the
firsts 300-500 m from a Sea Surface Temperature (SST) snapshot. Then, the main objectives of this study are to investigate the
applicability of the eSQG approach in the Mediterranean sea and to determine if the eSQG approach can be used to reconstruct
vertical velocities from real infrared satellite data. To this end we will focus on the comparison of satellite derived fields with in situ
measurements.
Keywords: Western Mediterranean, Remote Sensing, Mesoscale Phenomena, Instruments And Techniques, Currents
An important problem in oceanography is the estimation of the synoptic 3D
velocity field, which is currently available only from expensive and labourintensive in situ measurements. Altimeters measurements allow us to
reconstruct the 2D velocity field of the ocean’s surface with resolutions of the
order of 100-150 km. However, high resolution satellite observations in the
visible and infrared parts of the spectrum have shown an ocean very active at
scales between 10 and 100 km. Although Sea Surface Temperature (SST)
observations in the infrared spectrum provide a qualitative picture of the ocean
dynamics at these scales, it is very diffiult to extract surface velocities from
them and it is impossible to access vertical velocities.

a ship mounted ADCP . On the other side, satellite data consisted on nighttime
infrared measurements from the AVHRR sensor on the NOAA-14 satellite
provided by MeteoFrance.

Recent advances in our understanding of the dynamics of the upper layers of the
ocean suggest that these can be modeled with an effective version of the Surface
Quasi-Geostrophic (eSQG) equations [1]. The validity of this approach implies
that, in situations for which the SST anomaly is representative of the density
anomaly below the mixed layer, the stream function and density anomaly can be
reconstructed for the firsts 300-500 m with resolutions of 10 km from a single
SST image as

Fig. 1. Left: Brightness Temperature corresponding to October 8, 1996 with the
derived surface velocities and the ship track between October 6 and October 9
superimposed. Right: scatter plot between surface velocities measured by the
ADCP instrument and geostrophic velocities estimated from satellite data.

and

To estimate the velocity field using the above equations we need to reduce the
noise level of satellite images. Therefore, we used Brightness Temperatures
(BT) from channel 4 of the AVHRR instrument instead of SST and we further
reduced the noise level using a wavelet-based denoising method. Then, the
resulting geostrophic surface velocities (see the example in the figure) were
linearly interpolated in time and space to the positions of real velocities
observed by the ADCP. Preliminary results (see the figure) revealed a relatively
good coincidence between both fields with a linear correlation of 0.8. In this
case the ”effective” Brunt-Väisälä frequency, nT , was set to match the kinetic
energy of ADCP velocities. The ability to reconstruct vertical velocities is under
study.

Here ˆ stands for the horizontal Fourier, k is the wave-vector modulus, f0 is the
Coriolis frequency, g the gravity constant, α the thermal expansion coefficient,
n0 is a ”mean” Brunt-Väissälä and nT an ”effective” Brunt-Väissälä frequency
that takes into account the contribution of the interior PV and the partial
compensation of thermal fronts by salinity [1,2]. n0 is usually derived from
existing observations of the large-scale density field while nT is usually
estimated comparing surface fields with independent observations [2,3].
Furthermore, as it has been shown by [1, 4], vertical velocities can be diagnosed
as
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which is an alternative to the classical Omega equation.
The Mediterranean is an area that could benefit significantly from the use of
infrared SST imagery to study the surface circulation at scales below 100 km.
On one side, the percentage of pixels without clouds is quite high. On the other
side, an important part of the mesoscale dynamics is not readily observable with
existing altimeters since the Rossby radius of deformation is of 10-15 km.
As in [5], we have started our study analyzing in situ and satellite data from the
Omega campaign. The data analyzed corresponds to the three consecutive
samplings of the northern part of the Western Alboran Gyre carried on between
October 1 - October 11, 1996 (see the figure). They consisted on temperature
and salinity measurements obtained from an undulating CTD and velocities from
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Abstract
Recently collected time series of currents, salinity, and temperature were used to estimate volume transports along sections located
across the northern and southern ends of the Bosphorus Strait. The volume fluxes in upper and lower layers display high variability
that is especially distinct in the upper layer and is coherent with the water level difference between the ends of the strait and alongstrait wind stress.
Keywords: Bosphorus, Water Transport, Currents
The Bosphorus (Istanbul) Strait is a part of the Turkish Straits System (TSS)
that also includes the Sea of Marmara and further towards the south the
Dardanelles (Çanakkale) Strait. The TSS is the only connection between the
Black and Aegean/Mediterranean Seas, and plays a paramount role in water
mass exchange between these basins. It has been established for centuries that
due to the density contrast in the adjacent basins, the basic exchange flow in the
Bosphorus Strait is characterized by Black Sea brackish waters flowing
southward in a surface layer, and salty waters from the Sea of Marmara moving
northward below (Marsigli, 1681; Ünlüata et al., 1990; Latif et al., 1991; Gregg
and Özsoy, 2002). Furthermore, this two-layer exchange is modified by the
atmospheric forcing and variability of the water levels in the Black and Marmara
Seas.

layer transport is primarily highly coherent with the water level difference
between the Black and Marmara Seas, secondarily with the local along-strait
wind stress, and thirdly with the atmospheric pressure. The atmospheric forcing
and water level difference can easily account for at least 70% of the variance of
the upper layer volume transport in the Bosphorus Strait.
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The United States Naval Research Laboratory (NRL) and the NATO Undersea
Research Center (NURC) in collaboration with the Turkish Navy Office of
Navigation, Hydrography and Oceanography deployed two mooring sections
(Black Sea and Marmara Sea entrances) in the Bosphorus Strait as a part of the
TSS08 (NURC project) and EPOS (NRL project) programs in September 2008.
Each section was configured with: two BARNY moorings (ADCP, wave/tide
gauge, temperature, and conductivity sensors) and one line mooring with seven
pressure, temperature, and conductivity sensors (T/C sensors). All moorings
were recovered at the beginning of February 2009. Full high quality time series
were returned from the BARNY moorings. Unfortunately, both line moorings
were partially damaged; hence, the data return was limited.

Fig. 1. Volume transports (km3/year) in the Bosphorus Strait: upper layers –
dashed line; lower layers – continuous line, and net volume flux – dotted line.

The available data were then used to estimate volume transports in the upper
and lower layers in the Bosphorus Strait. Times series of transport (upper,
lower, and net) for both ends of the strait are shown in Figure 1. Time series
means (September 2, 2008 – February 3, 2009) are 401 km3/year, 286 km3/year,
and 115 km3/year for the upper layer, lower layer, and net transports,
respectively, along the southern entrance section, and 361 km3/year, 222
km3/year, and 139 km3/year for the upper layer, lower layer, and net transport,
respectively, along the northern entrance section. Additionally, at both
locations, the volume transport shows high variability. This variability is
generally more distinct for the volume flux of the upper layer. The fluctuations
there could be twice as large as their respective mean values. Results from
multiple and partial coherence analyses indicate that the variability of the upper
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Abstract
Future wave climate in the Western Mediterranean under different emission scenarios will be presented and compared to present day
climate. The results are obtained with a 1/6º wave model forced by 6-hours winds generated by a dynamical downscalling over the
Mediterranean with 50km resolution. Changes in the seasonal cycle, dominant patterns and extreme events will be assessed.
Keywords: Waves, Models
The knowledge of surface wave climate is of great importance to the design of
offshore structures, coastal environment protection and the planning of
operations at sea, among other maritime activities. Therefore, the identification
of changes in the wave climate produced by future emission scenarios is crucial
for the long term management of those activities. In this contribution, we
present a consistent and homogeneous dataset of past and future wave climate
in the Western Mediterranean. The dataset is based on the results of a
numerical model and consists on a reanalysis of past climate (1960-2000),
three runs of future climate (2000-2100) under different emission scenarios
(B1, A1B and A2) and a complementary control run of present climate
assuming only present emissions (with no data assimilation in the atmospheric
forcing). The WAM model [1] has been implemented in the Western
Mediterranean with a 1/6º resolution. The wave model is forced with 6-hours
winds provided by the ARPEGE climate model that provides information over
a variable resolution grid (~50km resolution over the Mediterranean [2]).

Tab. 2. Changes in the extreme events characteristics in under different
emission scenarios for a point located to the south-west of Mallorca Island

The reanalysis simulation results are compared with wave buoy measurements
showing a good agreement in terms of mean values and correlation (Table 1).
The changes in the wave climate will be assessed through different diagnostics.
First we will look at the evolution of the seasonal cycle of SWH (Significant
Wave Height) and Tm (Mean Period). Preliminary results suggest a reduction
of the winter mean SWH that ranges from 10% in the B1 scenario to 50 % in
the A2 scenario at the end of the XXIst century. This will be accompanied by
a reduction of 5-10% in Tm for the same period.
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Tab. 1. Comparison of modelled and buoy measurements of wind and wave
pameters. The average values at three different observing sites are presented

In a second step, the good agreement of the reanalysis dataset with
observations supports a characterization of the present day climate in terms of
dominant patterns (EOF analysis) of SWH. Then, future changes could be
assessed projecting the results of future climate runs on the present day EOFs.
In our presentation, we will show the main changes of wave climate relating
them to changes in the wind climate.
Finally, extreme wave events will be characterized in terms of their occurrence
number, duration and intensity, both for the present-day climate and for the
future climate. First results (Table 2) suggest that the number of wave storms
and their intensity will decrease by the end of the XXIst century due to the
weakening of winds and cyclone activity over the Western Mediterranean.
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Abstract
The hydrographic data of 61 years were used to study the regular formation of the sea surface temperature anomalies (SSTA) in the
South Eastern Mediterranean Sea.
Time distribution of SSTA values display both positive and negative cycles which are nearly associated with the 11 year cycle of sunspots activities. Normal SSTA band occupies only 21.41%, while the positive and negative bands occupy 32.90% and 45.69%.
Keywords: Eastern Mediterranean, Temperature
The relationship between sea surface temperature (SST) and atmospheric
variables is very important for the formation of the intermediate and deep
waters [1-2]. The area of study lies between 30 - 33oN and 25 - 34oE. The
vertical mean temperature of the upper 10 m layer is considered as sea surface
temperature to reduce the diurnal variations. The monthly mean sea surface
temperature (T) is calculated for each 1o grid (18 grids, Fig. 1) for every month
in the period from April 1948 to August 2008 using the available historical data.
The mean monthly Sea surface temperature is obtained from the Climatological
Atlas [3]. The deviation from the mean is computed and considered as monthly
SSTA for every grid. The mean monthly positive and negative SSTA through
the investigated period are determined, from which the SSTA amplitudes are
calculated. The regular formation and evaluation of the SSTA will be studied.

gyres [4-5].
The Interannual variability of the anticyclones is the reason of the presence of
negative active areas. This conclusion is coinciding with the results of [6-7].
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Fig. 1. Mean annual variation of SSTA of the South Eastern
Mediterranean Sea.

Spatial and temporal distribution of SSTA
The normal, positive and negative SSTA bands occupy 21.41, 32.90% and
45.69% of the investigated period (Table 1). The negative SSTA is developed in
January, June and November. As for positive SSTA, there are one active
periods from May to August. The maximum SSTA amplitude occurs in June,
which coincided with negative and earlier than positive anomalies. The active
period of the SSTA amplitude is extended between May and November.
Tab. 1. The percentage of occurrence of SSTA bands.

The high amplitude lies close to land with inverse relation to the shelf width.
The low amplitude is centered off the Nile Delta characterized by very wide
continental shelf.
The positive SSTA is high in the west and centre decreasing seaward. In the
north-east there is an area of high positive anomaly. There are two areas of low
positive anomaly coincide with Mersa Matruh and Dammetta anticyclonic
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Abstract
Light transmission, fluorescence, in-situ particle size, and particulate matter concentration were measured during March-April 2008 in
20 stations over the Eastern Mediterranean Sea, as part of the SESAME Project. We present a preliminary assessment of the
similarities and differences of the Ionian, Levantine, north Aegean and south Aegean Seas, focusing on the properties of the
suspended particles and their spatial distribution patterns.
Keywords: Eastern Mediterranean, Sampling Methods
stations with LISST varied from 40 to 160 μm, but without any consistent
pattern over depth. Records were generally noisy and with a lot of spikes,
making the interpretation rather difficult, whereas the distribution of particle
volume concentration (VC, in μl l-1) looks more reasonable. Levantine Sea:
Only 3 stations were occupied south of Crete. Beam c values vary from 0.406
to 0.521 m-1 (mean 0.422 m-1) and they are observed clearly in the zone
between the surface and 100 m depth. Fluorescence exhibits maxima around 80
m, with a decreasing trend offshore. PMC (0.06-0.43 mg l-1) shows slightly
higher values, similarly to beam c, because of the proximity of the stations to
the land. D50 measured in 2 stations shows a similar behaviour as the
previous. Summarizing, the general picture of the Ionian Sea and the Levantine
Sea is fairly similar. North Aegean Sea: 4 stations occupied. Beam c values
vary from 0.424 to 0.837 m-1 (mean 0.479 m-1). In this area characteristic
surface, intermediate, as well as bottom nepheloid layers are observed,
demonstrating generally a more turbid environment. Fluorescence values show
maxima at 50 m depth and an increasing trend from the north to the south.
PMC range is 0.05-0.85 mg l-1 (mean 0.20 mg l -1), with higher values
appearing clearly at the upper 100 m. LISST measurements are characterized
by high variability over depth (D50 30-150 μm). South Aegean Sea: Beam c
values vary from 0.409 to 0.578 m-1 (mean 0.444 m-1), with pronounced
surface nepheloid layers extending to 150 m depth. Fluorescence maxima
appear between 50 and 100 m and decrease toward the open sea (southwards).
PMC range is 0.04-0.63 mg l-1 (mean 0.22 mg l-1). Similarly to the north
Aegean, LISST measurements are not satisfactory.

Introduction
The use of transmissometers is well-known for the study of particle dynamics
in the ocean for many decades [1, 2]. However, information regarding in-situ
particle size spectra, mean grain size, and volume concentration of particles in
suspension up to 3000 m depth, can be measured only recently with LISSTDeep (Laser In Situ Scattering and Transmissometry; Sequoia Scientific, Inc.
[3]), the only commercially available instrument with such specifications. In
the framework of SESAME Integrated Project (Southern European Seas:
Assessing and Modelling Ecosystem Changes), a multidisciplinary
oceanographic cruise took place in the Eastern Mediterranean, collecting data,
among others, on light transmission, fluorescence, particulate matter
concentration, and in-situ particle size distributions. The aim of this work is to
contribute to a better understanding of particle dynamics in different sectors
of the Eastern Mediterranean, i.e. the Ionian, Levantine, north Aegean, and
south Aegean Seas, and to provide for the first time information on suspended
particle size distributions.

Conclusions
The Ionian and the Levantine Sea are characterized by extremely particle-free
waters throughout the water column, followed by the south Aegean Sea. The
north Aegean Sea shows more turbid waters due to rivers inputs. Fluorescence
maxima are pronounced but they are observed at different depths. Particle size
measurements obtained with LISST are questionable, since they show high
fluctuations over depth and also very high D50, which is not expected at such
depths. However, the presence of marine snow composed of large aggregates
could provide an explanation for the large size classes. On the other hand, the
high frequency variability in D50 is mostly due to the influence of noise on the
measurements because the signal is very low. The main issue is that there are
hardly any particles in the water; the volume concentrations from the LISST
are well below 1 μl l-1 in most cases, and PMC data support this. So this is
really pushing the technology to the extreme limits of what is measurable, in
terms of light scattering. The overall behaviour of the instrument and its
measurements needs careful re-evaluation. Most probably problems arise from
the very low PMCs observed in the Eastern Mediterranean.

Fig. 1. Sampling stations location map.

Materials and Methods
During the cruise 20 stations were occupied on board the R/V Aegaeo (Fig. 1).
Standard CTD measurements were obtained with a Sea-Bird Electronics
11plus CTD deck unit interfaced with a Sea-Bird Electronics 9plus unit
attached to a General Oceanics rosette with 24 Niskin bottles. Light
transmission (subsequently converted to beam attenuation coefficient c, in m1) was measured by two 25-cm path-length transmissometers emitting at 470
nm (Chelsea Alphatracka MKII) and 660 nm (Wetlabs C-Star), fluorescence
by a fluorimeter (Chelsea Aquatracka III), and particle-size with the
autonomous LISST-Deep. All sensors were attached to the lower part of the
rosette frame and results refer to the downcasts [4]. The particulate matter
concentration (PMC) was determined by on board water filtration of 1 to 10
litres of seawater passed through pre-weighed polycarbonate membrane filters
with pore size 0.4 μm; filters were dried and re-weighed upon return to the
laboratory (163 samples).
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Results and Discussion
Ionian Sea: Beam c values vary from 0.384 to 0.503 m-1 (mean 0.401 m-1)
with noticeable higher values in the upper 150 m. The highest value is
recorded near the surface of the westernmost station; however, there is a slight
increasing trend towards the east. Fluorescence shows a very clear high
concentration zone between 60 and 110 m depth, with maxima at 80 m. This
pattern is consistent at all Ionian Sea stations. PMC range is 0.03-0.30 mg l-1
(mean 0.12 mg l-1), with relatively higher values appearing at the upper 0-200
m (mean 0.16 mg l -1), demonstrating the general scarcity of suspended
particles in the Ionian Sea [5]. Median particle diameter D50 measured in 3
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Abstract
The influence of the winter atmospheric forcing on the inter-annual variability of the Black Sea active layer’s thermohaline structure
during 1982-2008 is investigated. A high correlation between the variability of the winter -mean sea surface temperature/air
temperature and thermohaline characteristics of the active layer during the following warm season was found. It is shown that winter
atmospheric forcing significantly affects the variability of both temperature and salinity and density up to 150-200 m depth.
Keywords: Black Sea, Air-Sea Interactions, Hydrography
The response of the marine environment to the long-term variability of the
atmospheric forcing is a problem associated with the influence of the climate
change on the ecosystem. It is especially important for the Black Sea since its
ecosystem is very sensitive to the variability of the thermohaline structure [1,
2]. This variability on scales from synoptic to seasonal is reasonably well
established [3, 4]. However, information on the longer-term variability and its
connection with the large-scale atmospheric forcing is limited and refers
mainly to the sea surface temperature (SST). The first attempts to associate
the long-term variability of SST in the Black Sea with the large-scale
atmospheric forcing are presented in [5, 6]. The goal of the present study is to
investigate the influence of the winter atmospheric forcing on the inter-annual
variability of the Black Sea thermohaline structure during 1982-2008. The
results are based on a combined analysis of ship hydrological measurements,
satellite measurements of the SST and NCEP/NCAR reanalysis data for the
surface air temperature (SAT). The preliminary results of our findings may be
briefly summarized as follows:

Pollution, Part 5Q. Springer-Verlag, Berlin, Heidelberg, New York, 457 p.
4 - Oguz T., Tugrul S., Kideys A.E., Ediger V. and Kubilay N., 2005. Physical
and biogeochemical characteristics of the Black Sea. The Sea, 14, Chapter 33:
1331-1369.
5 - Kazmin A.S. and Zatsepin A.G., 2007. Long-term variability of surface
temperature in the Black Sea, and its connection with the large-scale
atmospheric forcing. J. Marine Syst., 68 (1-2): 293-301, doi: 10.1016/
j.jmarsys.2007.01.002.
6 - Kazmin A.S., Zatsepin A.G. and Kontoyianis H., 2009.Comparative
analysis of the long-term variability of winter surface temperature in the Black
and Aegean Seas during 1982-2004 associated with large scale atmospheric
forcing. Int. J. Climatol., doi: 10.1002/joc.1985.

(1) the integral indicators of winter atmospheric forcing are SST (averaged for
January to March) or SAT (averaged for December to February). SST and
SAT are highly inter-correlated (R=0.92) which means that significantly longer
time series of SAT may be used for analysis;
(2) the thermal climatic signal in the active layer is positively correlated with
SST and SAT, reaches its maximum at 40-60 m and monotonously falls down
with depth. The salinity and density variability is more complicated. They are
negatively correlated with SST/SAT up to 80-100 m and change the sign of
correlation to opposite at the level of the permanent thermocline. Inter-annual
variability of the thermohaline characteristics becomes negligible at the depth
of 150-200 m;
(3) an integral indicator of the long-term variability in the active layer of the
Black Sea is the mean temperature of the cold intermediate layer (CIL). The
CIL mean temperature decreased during 1982-96 and increased for about 0.9
deg.C in 1997-2002, which is consistent with the major climatic events
described in [5, 6];
(4) we find out that the heat content deficit in the CIL is spatially
inhomogeneous: it is about twice as thicker in the area of the continental slope
compared to the deep area due to the specific water circulation;
(5) a statistically significant correlation between the CIL temperature and
winter SST/SAT existed for two years. It means that the influence of winter
cooling on a given specific year may be traced in the CIL characteristics during
at least the two following years.
This work was funded in the frame of bilateral the Russian–Turkish project
‘Response of Black and Aegean Seas to climatic variations’ (Russian
Foundation for Basic Research grant #09-05-91221-CT a) and EU
international project “SESAME”.
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Abstract
In this work, an estimation of vertical eddy diffusivities and dissipation rates for the SESAME cruises is conducted. The method is
based on tracing the ‘genuine’ overturn limits within potential density CTD profiles. The respective algorithm is applied on CTD data
of the broader area encompassing the Greek Seas, the Black Sea, the Turkish Straits and Marmara Sea, acquired at 2 seasons
(Winter and Summer 2008).
Keywords: Coastal Processes, Aegean Sea, Black Sea, Marmara Sea, Vertical Profile
The identification and vertical extent estimation of 'genuine' vertical overturns
has already been used in literature [1, 2, 3] for assessing vertical eddy
diffusivities and dissipation rates. Overturns are 'unstable' potential density
(p. d) structures, in which heavier water masses temporarily overly lighter
ones. Instability will cause the water parcels to move towards restoring a
stable, increasing monotonically with depth, p.d profile (when all motions are
'included' within the overturn limits the overturns are referred to in
literature as 'complete').
An algorithm has been developed, for tracing all possible complete overturns
(by estimating their exact boundary limits) that are (in the form of
onedimensional snapshots) part of a CTD measured p.d profile. The algorithm
further sorts the traced overturns as 'genuine' or 'artificial', according to the
Galbraith and Kelley method [1]. This method disqualifies overturns that are
result either of instrumental noise, (being characterized by small on the
average populations of spatially subsequent and kinematically correlated
particles), or instrumental errors (being characterized by 'non-linear' T-S
relation of their water masses). As a final step the algorithm estimates value
pairs of vertical eddy diffusivities and dissipation rates, one value pair per
overturn, according to turbulent scale analysis.
Fig. 2. Vertical distribution of eddy diffusivities (circles) along a transect
(transect line is drawn in the inlay) in the North Aegean Sea, North off
Lemnos islan, Greece, in April 2008 (during the SESAME1-WP3 cruise). The
circle sizes are analogous to the log(diffusivities). Overlaid is the vertical
potential density (sth) and inlaid the horizontal sth distribution at 10 m.

The algorithm was applied on the available SESAME 1 (Winter 2008) and
SESAME2 (Summer - Fall 2008) CTD cruises for the Aegean Sea, the Cretan
Sea, the Southern Ionian Sea, the Marmara Sea and the Black Sea, thus
enabling both spatial and temporal variation studies. Stations that presented
considerable number of overturning events were 'pooled together' in transects,
for studying the vertical distribution of 'eddy diffusivities' and correlating
turbulent events with local dynamic conditions, if and when possible (Figures
1 and 2).

Histograms of overturns' frequency of occurence versus eddy diffusivities
and dissipation rates showed peaks of highest frequency at 10 -4 to 10 -5 m 2 /
sec and 10 -6 to 10 -7 m 2 / sec 3 for eddy diffusivity and dissipation rates
respectively. Higher diffusivity values were observed in North Aegean, where
surface Black Sea Water intermingles with subsurface Levantine Water. Higher
diffusivity values were also observed in the proximity of the Turkish Straits
(Dardanelles, Bosphorus). Most overturns were observed above the
thermocline, however intermediate depth (200m to 300m or more) depth
overturns were occasionally observed in almost all the study Seas. High
resolution CTD data, comprising a dense horizontal grid, prove essential for
future vertical diffusion studies. The method however is also valuable for
historical diffusion studies.
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Fig. 1. Vertical distribution of eddy diffusivities (circles) along a transect
(drawn in the inlay) in the Sea of Marmara, Turkey, in October 2008 (during
the SESAME2-WP3 cruise). The circle sizes are analogous to the log
(diffusivities). Overlaid is the vertical potential density (sth) and inlaid the
horizontal sth distribution at 70 m.
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THE STATUS OF THE DEEP HYDROGRAPHY AND EDDY FIELD DURING 2006-2009 AT THE SOUTHEAST
IONIAN TENTATIVE NEUTRINO-TELESCOPE SITE
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Abstract
The deep neutrino-telescope site (NESTOR) in the southeast Ionian Sea is located offshore from the southwest end of the mainland
of Greece in the deepest area of the Mediterranean with depths reaching 5.2 km. Among various multidisciplinary observational tasks
in the period 2006-2009, long current-meter moorings were deployed and several west-east, normal-to-local-bathymetry hydrographic
sections were conducted with main goal to monitor the physical water characteristics and flow conditions. The sections cut through a
deep vein at ~3200 m of Cretan water in the southeast Ionian. A weakening in the presence of Cretan water and a tendency for
offshore migration of the vein core is observed from 2006 to 2009, while the flow field at depths greater than ~3.5 km is dominated by
a cyclonic eddy locked on the local bathymetry.
Keywords: Deep Sea Basins, Ionian Sea, Circulation
Introduction
The role of Physical Oceanography in the development of the appropriate
infrastructure for the operation of underwater deep-facilities of neutrino
telescopes in the Mediterranean has been to provide the description of the
physical water characteristics and flow conditions along with their variability at
the selected sites. One tentative site is located in the southeast Ionian Sea
offshore from the south-west tip of Peloponissos/ Greece with depths of 4-5
km. This area is not far from the Cretan Straits, where the Cretan water masses
outflow into the deep Eastern Mediterranean (Ionian and Levantine Seas). Thus,
the involvement of Physical Oceanography in the effort of developing the
Mediterranean neutrino telescopes is directly related to the deep thermohaline
circulation, spreading and transformation of water mass properties originally
generated at their formation regions.

deep flow field at depths of 4.5 km and 5 km is characterized by extremely
weak velocities with mean speeds near ~2 cm/sec. A cyclonic eddy locked on
the local bathymetry appears to exist at depths from ~3.5 km to the bottom in
2006 and 2008. In May 2009, however, its vertical extent is decreased to depths
greater than ~4 km.
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Field Work
Intense observational work has been carried out in the period 2006-2009. A
basic effort has been put to monitor the hydrographic conditions along a westeast section on a yearly basis, while additional CTD stations in the near vicinity
have allowed to construct maps of dynamic topography showing the localized
sub-mesoscale circulation structures. In parallel, long current meter moorings at
two sites with bottom depths 4.5 km and 5.2 km have been maintained
providing direct current measurements at four levels of the water column (Fig.
1). Unfortunately, in the period 2006-2009 there was no larger-scale
hydrographic survey to map the particular meso-scale or sub-basin scale
structure(s) in which the transect observations were/are embedded.

Fig. 1. Time series of deep currents at positions NESTOR_5.2 (36o 32,709’ N 21o 07.231’ E) and NESTOR_4.5 (36o 32.822’N - 21o 29.064’E)

Results
A deep vein-like structure with a core at ~3200 m is identified in the transect to
the west of Peloponissos. The local salinity maxima at its core indicate a Cretan
origin. Below ~3200 m, there exist water masses of recent Adriatic origin,
whereas at ~5.2 km there is a low-oxygen, isolated, old Adriatic water mass.
Apart from the typical properties of temperature, salinity and dissolved oxygen
used to identify and describe these structures, water transparency is also
measured in the transects due to its importance in detecting neutrinos. The
Adriatic and Cretan water masses do carry a transparency signal, characterizing
their origin, with decreasing/increasing transparencies in the Adriatic/Cretan
water mass. The core of the Cretan water at ~3200 m is shifting towards the
west by ~30 km. In 2009 it loses the vein-like structure in salinity but it
consistently preserves its higher transparency core signal in the entire
observational period. The overall salinity is decreasing from 2006 to 2009. The
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Abstract
Recent advances in both observations and modelling have allowed the better understanding of the factors that influence the transport
pathways of waters of Black Sea origin and their influence on the Aegean Sea physics and ecosystem over a range of spatial and
temporal scales. This study elucidates the related dynamics, focusing on the influence of the biophysical properties of the Dardanelles
outflow, atmospheric forcing and the complex topography of the receiving basin on (a) the seasonal and inter-annual variability of
observed surface Chlorophyll-a spatial patterns; and (b) long term changes in Sea Surface Temperature and the associated variability
in the North Aegean contribution of Eastern Mediterranean dense waters.
Keywords: Continental Shelf, Aegean Sea, Black Sea, Circulation Models, Chlorophyll-a
The outflow of waters of Black Sea origin (BSW) in the Aegean Sea through
the Dardanelles Strait is a key mechanism in the coupling of the Mediterranean
and Black seas. The low-salinity, nutrient-rich BSW are a key factor in
increased biotic productivity for the North Aegean, sustaining one of the most
significant fish stocks in the Eastern Mediterranean. They also may influence
long term changes in the properties of deep water masses, as they may alter
the pre-conditioning for dense water formation.

surface Chl-a data were derived from the SeaWiFS sensor, for the period of
2002-2006. Monthly averaged time-series were created from the parameter
matrix of both SeaWiFS and the numerical models. The analysis was
performed for the whole Northern Aegean Sea and for subdomains in the open
sea and over different shelf areas, including regions under the immediate
influence of both small (rivers) and large (Dardanelles) buoyant outflows,
which provide inputs of high Chl-a content. The GAMs analysis showed that
the combined effects of the variables used, explained >80% of the surface
Chlorophyll variation. Also it was found that depending on the subarea, the
Chl-a was primarily controlled physically rather than chemically (nutrient
related) and vice versa. As a general rule, higher Chl-a values were associated
with lower temperature and salinity values, increasing phosphate and declining
nitrate trends. The negative correlation with nitrate indicates that generally the
study area is a phosphate limited one. Finally, the influence of cold, nutrient
rich, and less saline waters of the Black Sea and/or riverine origin on the
observed chl-a patterns, is evident in almost every subarea.

An international effort has recently focused on the coupling of the two basins,
recognizing the key role of the flow exchanges in the Northern Aegean and the
Southern Black seas through the Turkish Straits System (TSS: Dardanelles
Strait, Sea of Marmara, Bosporous Strait). This effort is a unique collaboration
of projects funded by the European Union (SESAME project), the NATO
Undersea Research Center (TSS 2008-2009 Sea Trials), the U.S. Naval
Research Laboratory (NRL-Stennis Space Center) and the U.S. Office of
Naval Research. The coordinated observational and modeling effort is a true
breakthrough for the oceanography of this complex region, toward the better
understanding of the biophysical dynamics of the coupled Mediterranean and
Black Sea system.
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This presentation will focus on modeling results, with appropriate examples
and references to abstracts that present the analysis of recent observations.
Satellite and drifter observations will be employed for model evaluation. In
particular, results from two hydrodynamic models (based on the Princeton
Ocean Model, POM; and the Hybrid Coordinate Ocean Model, HYCOM)
and a coupled hydrodynamic/biogeochemical model (based on POM and the
European Regional Seas Ecosystem Model, ERSEM) will be presented. The
seasonal variability of BSW pathways will be revealed and the long term
(1985-2007) interannual variability of the North Aegean water mass
characteristics will be examined and compared against the effects of vertical
(atmospheric forcing) and lateral (buoyancy input) fluxes, in an attempt to
assess the productivity variability in the N. Aegean over the last decades and
identify any possible climatic trends. High frequency/high resolution
atmospheric forcing has been used for the 2002-2007 period from the
POSEIDON operational atmospheric model [1]. The atmospheric forcing for
the 1985-2000 period is based on the ECMWF ERA40 reanalysis [2]. The
modelled major events of low Sea Surface Temperature (SST) are in agreement
with satellite derived SST and the associated increased dense water formation
in the N. Aegean can be connected to the Eastern Mediterranean Transient
(EMT, [3,4,5]). This phenomenon of massive dense water formation in the N.
Aegean has been attributed to the local atmospheric forcing variability
triggering significant buoyancy loss through evaporation, combined to an
increased salinity preconditioning induced by a decrease of BSW inflow and/or
the increased inflow of Levantine more saline waters [6]. However, the impact
of BSW on the preconditioning phase remains unclear.
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We also explore and assess the major variables that influence the surface
phytoplankton biomass. Temperature, Salinity, Sea Surface Height and Mixed
Layer Depth from the two different hydrodynamic models and productivity
parameters from the biophysical model have been employed in Generalised
Additive Models (GAMs: a flexible regression technique that can model
nonlinearities using nonparametric smoothers), to study the contribution of
these various physical and ecological factors in the variability of satellite
derived Chlorophyll-a, a proxy for BSW influence. The remotely sensed
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Abstract
The outflow of low salinity, eutrophic and cool waters of Black Sea origin (BSW) through the Dardanelles Strait is the strongest
buoyant input for the North Aegean Sea. This outflow affects significantly the physical and biological characteristics of the basin, with
implications for water mass characteristics and the circulation and biotic production around remote coastal ecosystems. This study
focuses on the understanding of the processes that influence the initial ballooning of the Dardanelles outflow and the subsequent
transport and fate of BSW through the Northern Aegean Sea. The Hybrid Coordinate Ocean Model (HYCOM) is employed in a
methodology to parameterize and simulate the coupling of the Aegean and Black Seas through the Dardanelles Strait.
Keywords: Aegean Sea, Black Sea, Circulation Models, Coastal Processes, Coastal Engineering
The Dardanelles outflow contains waters of Black Sea origin (BSW) that are
generally cooler and with higher nutrient content than the oligotrophic Aegean
Sea [1]. This allows the outflow to be detected in Sea Surface Temperature
(SST) and ocean color imagery. The BSW is also fresher and responsible for
the overall lower salinities in the northern Aegean, where the frontal areas are
related to the spreading of BSW above the saltier modified Levantine
Intermediate Water (LIW); [2,3,4]. The evolution of BSW through the North
Aegean Sea resembles that of a buoyant plume, under the influence of
atmospheric forcing and further modified by the complex topography. This
outflow affects significantly the physical and biological characteristics of the
basin, with implications for the circulation and biotic production around
remote Aegean coastal ecosystems.

a river-like buoyant discharge to a two-layer inflow-outflow system, to
coupling with an unstructured grid model of the Turkish Straits System
(Dardanelles Strait-Sea of Marmara-Bosphorous Strait), suitable to employ
updated time series of measured flow properties.
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Lagrangian observations [5] have revealed the complexity of the BSW
pathways and the modification of flows through interaction with narrow
passages and straits, around islands, along the rim of shelf/coastal areas and
deep sub-basins. It is the complexity of topography that motivated the
employment of the Hybrid Coordinate Ocean Model [6] on the North Aegean
(NAEG-HYCOM), to allow suitable transitions of the vertical coordinate
system from isopycnal in the deep regions to bottom-following (sigma) and
cartesian (z-level) in the shelf and coastal areas.
The NAEG-HYCOM has 1/50o horizontal resolution and 20 hybrid layers in
the vertical. The model has been nested within a basin scale, data assimilative
model for the Mediterranean Sea (resolution of 1/25o). This study is part of a
unique collaboration of projects funded by the European Union (SESAME
project), the NATO Undersea Research Center (TSS 2008-2009 Sea Trials),
the U.S. Naval Research Laboratory (NRL-Stennis Space Center) and the U.S.
Office of Naval Research. The coordinated observational and modeling effort
is a true breakthrough for the oceanography of this complex region, toward the
better understanding of the biophysical dynamics of the coupled
Mediterranean and Black Sea system.
Two types of experiments have been executed in order to elucidate the
development and evolution of the Dardanelles buoyant plume, expressed by
the initial tendency for ballooning of the outflow and the subsequent
formation and variability of the associated rim current. Theory and
observations have been employed to evaluate the model results. Several
process oriented experiments have isolated and examined each of the distinct
physical aspects that affect the North Aegean Sea circulation and mass
characteristics. Realistic experiments covering the 2002-2008 period have
focused on the interaction of the circulation forcing mechanisms in determining
the seasonal and inter-annual variability of the BSW pathways. Sensitivity to
the spatial resolution of the atmospheric forcing is revealed through twin
experiments with two high-frequency operational atmospheric products,
namely the fine scale (1/10 degree) POSEIDON/SKYRON [7] and the coarse
scale (1 degree) Navy Operational Global Atmospheric Prediction System
(NOGAPS, [8]).
We employ comparisons of the NAEG-HYCOM model and in-situ
observations and satellite images to evaluate the river parameterization
procedure, the requirements in atmospheric forcing fields and the impact of
the parameterization of the coupling between the North Aegean and Black
seas through the BSW outflow at Dardanelles. The BSW bulge balooning and
several outflow parameters are compared to the findings of [9]. The
parameterization of the Dardanelles outflow follows approaches ranging from
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Abstract
The state of the art of the oceanographic properties in 2008 of the Ionian Sea is derived from the data sets collected during two
campaigns in the framework of the SESAME project. The physical characteristics of the main water masses present in the basin and
their seasonal differences are described. The long-term changes in the deep water in the central Ionain Sea are traced by the use of
the 137Cs content and associated with a change of the thermohaline properties in the last two decades.
Keywords: Ionian Sea, Density, Salinity, Temperature
Surface dynamical features characteristic of the Ionian Sea area are described by
means of satellite altimetric imagery (absolute dynamic topography; http://
www.aviso.oceanobs.com/en/data/product-information/duacs/index.html). They
are compared to the subsurface current field measured by a vessel-mounted
Acoustic Doppler Current Profiler along the track of the research vessel. The
Ionian basin is characterised by the overall anti-cyclonic surface circulation at
surface, within which a number of sub-basin and meso-scale gyres and eddies,
both clock-wise and anti-clockwise are imbedded. The most persistent is the
Pelops anti-cyclonic gyre. These structures influence the distribution and the
pathways of the surface and intermediate water masses (Ionian Surface Water,
Atlantic Water, and Levantine Intermediate Water, in particular). During winter
the upper layer is relatively well mixed. The Atlantic Water (salinity 38.4) is
confined to the western portion of the W-E section from the surface down to
100 m (Fig. 1). Levantine Intermediate Water (salinity > 38.9) spreads
westward from the eastern Ionian in the layer 150-500 m.

waters (Eastern Mediterranean Deep Water, EMDW) of Adriatic origin (salinity
38.74), while to the east less saline dense waters reside. The most recent
EMDW (of Adriatic origin) has higher salinity and temperature values. The
present state is compared to changes in the central Ionian Sea during the last two
decades [1], and illustrated also by the uplifting of the old bottom waters
(detected by means of the 137Cs content).
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Fig. 1. Vertical distribution of salinity along the W-E section in winter 2008. A
rectangular area in the inserted map indicates the central Ionian station.

Fig. 2. Vertical distribution of salinity along the W-E section in summer 2008. A
rectangular area in the inserted map indicates the central Ionian station.

In summer (Fig. 2), stratification in the upper layer and the sub-basin scale
eddies influence the recirculation of the Atlantic Water (minimum salinity < 38
in the 30-50 m layer below the surface), while the Levantine Intermediate Water
is down-welled by the Pelops anticyclone. Below the Transitional
Mediterranean Water (characterized by an oxygen minimum at around 1000 m)
the deepest zones to the west and in the central Ionian are filled with the dense
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TWO DIFFERENTS NORTHERN ADRIATIC WINTER OCEANOGRAPHIC TYPES
Romina Kraus 1*, Tamara Djakovac 1, Robert Precali 1 and Nastjenjka Supic 1
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Abstract
It has been observed that two types (A and B) of winter oceanographic conditions can occur in the northern Adriatic. The difference
between the eastern and western parts bottom layer density distinguishes the two winter types. We intend to present a precise
definition of the two types and introduce a third winter type (C). A and B types differ in hydrographic (temperature and salinity),
dynamic (geostrophic currents distributions), chemical (total inorganic nitrogen and phosphorous) and biological (phytoplankton)
parameters.
Keywords: Adriatic Sea, Circulation, Nutrients, Phytoplankton, Po Delta
Introduction
The northern part of the Adriatic is under the influence of the Po River, one of
the largest Mediterranean rivers. Spreading of the Po River waters highly
influences oceanographic processes in this region. Depending on circulation
patterns, Po River waters are drawn into the northern Adriatic region or are
diverted southwards (Figure 1). According to Supic and Vilibic [1], who
described winter hydrographic conditions in the northern Adriatic for the
1966-2000 period, two basic hydrographic February conditions (A and B) can
occur in the region. The A type occurs when bottom density is higher in the
eastern part than in the western one of the northern Adriatic and the B type is
when it is just the opposite. A detailed analysis of the two types was needed.

SJ108 and SJ101 (Table 1) is at least 0.1 lower or higher than at eastern SJ107,
respectively. The special C type occurs when the difference is less than 0.1.

Results
In type A winters temperature, nutrient concentrations and phytoplankton
abundance at the entire Po River delta - Rovinj transect were generally higher
than in type B winters, while salinity and density were lower (Table 1). The
difference in phytoplankton abundances between A and B types for the
eastern part of the transect was especially pronounced (Table 1).

Tab. 1. Bottom density of the western (W) and eastern (E) northern Adriatic
(bottom ρ), the corresponding winter type, surface geostrophic currents
relative to 30 m between SJ105 and SJ107 (v; + means flow towards north, and
- means flow towards south), intensity of the Po River flow during January
and February compared to long-term means (Po flow) and water column
averages for temperature (T), salinity (S), density (ρ), orthophosphate (P),
total inorganic nitrogen (N; nitrite, nitrate and ammonium) and phytoplankton
(phyto; 20-200μm)

In winters of A type (except in 2007, when currents were very weak) there
was a geostrophic flow towards south between stations SJ105 and SJ107,
indicating the presence of a large anticyclonic gyre off the Po River delta and
spreading of Po waters towards east (Table 1, Figure 1). On the contrary, in
winters of B type a geostrophic flow towards north between stations SJ105
and SJ107 was observed. Results of an analysis of winter circulation fields (in
preparation) show that the distribution of surface geostrophic currents in
winter strongly depends on bottom density distribution. Winter types occur
independently of the Po River input (Table 1). Values obtained for all
parameters during C type winters are generally between values characteristic
for A and B type ones.

Fig. 1. Northern Adriatic map and schematics of two circulation types in its
surface layer. The "open" circulation pattern (solid arrows) favors the inflow
of southern Adriatic waters, and the "closed" circulation pattern (open arrows)
spreads the Po River waters towards the east.

Methods
Sampling strategy, parameters determination and calculation
Hydrographic (temperature, salinity and density), dynamic (geostrophic
currents relative to 30 m depth between each two neighboring stations),
chemical (total inorganic nitrogen and phosphorous) and biological
(microphytoplankton) samples were collected in February at six stations
between the Po River delta (Italy) and Rovinj (Croatia) (Figure 1) in the 19812007 period. The parameters were determined by standard oceanographic
methods.

Conclusion
Results strongly indicate that in A type winters Po River waters spread over
the northern Adriatic, distributing fresh nutrient rich waters towards east and
favoring phytoplankton blooms over a large area. In winters of B type, these
waters are restricted to the western area. C type winters are more vague and
cannot be described as precisely as A and B type winters.
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Type determination
The A or B type occurs when average 30 m sigma-t value at western stations
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SUB-MESOSCALE WATER DYNAMICS AT THE NARROW BLACK SEA SHELF: PHYSICAL MECHANISMS.
Viacheslav Kremenetskiy 1* and Andrei Zatsepin 1
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Abstract
Using traditional and modern observational methods, the investigations of short-term variability of hydrophysical structure and water
dynamics in the Black Sea over the shelf and upper part of continental slope near Gelendzhik were carried out during 3 years (20062008). The methods include: a) an analysis of satellite images (sea surface temperature and color); b) sea-going transects at shelfdeep sea area with frequent CTD-profiling; c) quasi-instantaneous surveys (snapshots) with measurements of velocity field by means
of towed ADCP. The activities were fulfilled predominantly in autumn season under the conditions of well -developed mesoscale
water circulation in north-eastern part of Black Sea and non-stationary wind forcing.
Keywords: Black Sea, Continental Shelf, Coastal Processes, Continental Slope
Sub-mesoscale (1-10 km) and short-term (1-100 hours) variability of the
hydrophysical structure and fluid dynamics at the narrow Black Sea shelf
depends on a number of factors: wind forcing, fresh water runoff, fluid
dynamics over the continental slope and deep part of the sea, coast relief and
bottom topography. The influence of the mentioned factors on the shelf fluid
dynamics and cross-shelf exchange processes (that are responsible for shelf
water renewal and self-purification from natural and anthropogenic pollution)
is not well studied. In this paper we present the results of an investigation on
the Black Sea shelf fluid dynamics and its short-term and sub-mesoscale
variability under the influence of water dynamics over the continental slope
and deep sea as well as coast relief and bottom topography.

mechanisms of sub-mesoscale eddy formation were revealed. The first was the
shear instability of the along-shore current. The second was observed only in
case of strong external circulation (when along-shore current velocity over the
shelf edge exceeded 40-50 cm/s) and consisted in periodic eddy formation in
the concave forms of the coast relief, their detachment from the shore and
inclusion to the along-shore current. Some eddies grow up rapidly and
transform to mesoscale (geostrophic balanced) eddies, that play an important
role in cross-shelf water exchange and influence on the ecosystem of Black Sea
coastal zone [1].
This study was supported by the EC IP SESAME, RFBR grants 08-0500183, 08-05-0063, 09-05-90175, 09-05-13527, 09-05-574.

The study was fulfilled in Gelendzhik area at autumn seasons of 2006-2009.
Following data, methods and equipment were used:
1)
NOAA, MODIS-AQUA and MODIS-TERRA satellite information
(sea surface temperature, chlorophyll “a”, water leaving radiance);
2)
cross-shelf CTD sections;
3)
towed ADCP surveys with sub-mesoscale resolution;
4)
bottom mounted ADCP measurements at selected stations.
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Fig. 1. Anticyclonic sub-mesoscale eddy over the Black Sea shelf, revealed
during a towed ADCP survey.

A well-pronounced short-term and sub-mesoscale variability of the fluid
dynamics over the shelf and upper continental slope was revealed. Particularly
the dynamical variability was characterized by an inconstancy of the
alongshore and cross-shore velocity components accompanied by intensive
cross-shelf water exchange. The general origin of the observed variability was
related to the formation and along-shore transfer of sub-mesoscale eddies with
diameter about 5-10 km (Fig. 1).
These eddies were ageostrophic and their life-time normally did not exceed a
few days. The main energy source of sub-mesoscale eddy formation was the
external circulation – currents over the continental slope. Two basic physical
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MODELLING IN A PERPETUAL MODE THE MEDITERRANEAN CIRCULATION USING ATMOSPHERIC
FIELDS AT DIFFERENT SPACE-TIME RESOLUTIONS
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Abstract
This paper presents a sensitivity study in regional air-sea numerical modelling. The NEMO-MED12 ocean model is driven by different
forcing fields coming from the WRF atmospheric model. We examine here the modifications in the thermohaline circulation and in the
small scale ocean response especially under intense meteorological events, when varying the temporal resolution or the spatial
resolution of the atmospheric forcing.
Keywords: Models, Atmospheric Input, Air-Sea Interactions, Gulf Of Lions
The Mediterranean Sea circulation with its complex patterns is sensitive to the
regional climate [1] and to local extreme meteorological events that frequently
occurred over the region. In the framework of the MORCE-MED project, a
two-way ocean-atmosphere coupling is developed between the WRF
atmospheric model [2] and the NEMO-MED12 ocean model [3]. The future
ocean-atmosphere coupled system is part of the future regional numerical
platform including also the modelling of the continental superficial layers,
atmospheric chemistry and marine biogeochemistry. The whole regional
coupled model aims to study the impacts of the climate change over the
Mediterranean basin. Before applying the full two-way interactive coupling
between the two regional models, the forcing mode is considered through a
sensitivity study.

experiment (or control experiment CTL) is the continuity of the spin-up. In
the second experiment (ZOOMGOL), a finer spatial resolution is applied over
the Gulf of Lions area in order to better represent atmospheric mesocale
patterns, in particular the channelling of the mistral and tramontane. In the
third experiment (3HFREQ), a higher temporal resolution is used, i. e. the
frequency of the forcing is 3 hours, allowing a good representation of the
diurnal cycle and of the extreme air-sea exchanges during severe meteorological
events. Finally, the fourth simulation (HIGHRES) combines the high temporal
frequency and the zoomed forcing fields over the Gulf of Lions.
Even if few differences are found between the four MED12 experiments at the
basin scale, the local effects of increasing the space-time resolution are
significant. The better representation of the mistral/tramontane channelling and
acceleration in the zoom modifies the ocean response over the Western basin.
Some convective chimneys persist in the Gulf of Lions a few days later than
in the control experiment (Fig. 2). The diurnal cycle limits in some extent the
surface seasonal warming/cooling, and modifies also the deep convection (Fig.
2); The intense and short-range peaks in the precipitation rate or in the wind
stress locally modify the ocean freshening and/or cooling. This results confirm
the conclusions already discussed using a 1D ocean model [4].

The downscaling of the NCEP reanalyses over the full Mediterranean basin
with a 20-km resolution has been done with WRF between August 1998 and
July 1999. The WRF model is able to well represent the Mediterranean
climate and annual heat and freshwater budgets (Fig. 1), and with a good
representation of extreme meteorological events such as strong local winds or
heavy precipitation.

Fig. 2. Evolution of the maximal mixed layer depth (MLD- meters) in the Gulf
of Lions area during winter of year 12, for the four experiments.
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Fig. 1. (a) Heat and (b) freshwater budgets over the Mediterranean [HB
(W/m2)= SW (short-wave radiation -LW (long-wave radiation) -H (sensible
heat flux) -LE (latent heat flux); FWB (mm/year)= E (evaporation) -P
(precipitation)] according to the daily-averaged WRF simulation fields at 20km resolution between the 1-Aug-1998 and the 31-July-1999.

The daily atmospheric fields obtained are then used to drive the MED12
ocean model (6-8 km resolution) in a perpetual mode during a spin-up of 8
years. Then, four experiments are done for a period of 4 years. The first
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MONTHLY AND SEASONAL OSCILLATIONS OF THE EASTERN ADRIATIC CURRENT
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Abstract
Long-term ADCP measurements were carried out between November 2007 and December 2008 along the Croatian internal and
territorial waters. Preliminary results of monthly and seasonal oscillations of the Eastern Adriatic Current are presented.
Keywords: Adriatic Sea, Currents, Circulation
Introduction
The Eastern Adriatic Current (EAC) is a branch of the general Adriatic cyclonic
circulation along the eastern part of the Adriatic Sea with predominant NW
direction. It is well known that EAC varies seasonally, being strongest in winter
and weakest in summer [1]. In 2007 the scientific and research program – „The
Adriatic Sea Monitoring Program“ was implemented. Part of this program
consisted on current measurements along the Croatian internal and territorial
waters, during a year long period. The measurements started in November 2007
and finished in December 2008. They represent a novel contribution to Croatian
physical oceanography, incorporating the greatest number of stations up to
date, as well as providing the longest time-series available.

northern Adriatic: a cyclonic eddy north of the Po-Rovinj joining line and an
anticyclonic eddy south of the same line, with the presence of the Istrian
Coastal Countercurrent (ICCC) south-west of Rovinj [3].

Materials and methods
During the first 6 months current measurements were performed at 20 current
meter stations: S01 to S20 (Fig. 1), and in the next 6 months at other 20 current
meter stations: S01 to S05, S08 to S14, S16, S18, S20 and S21 to S25 (not
shown in Fig. 1). For the first time a large number of long current time-series
(forty time series with six-months of measurements) was obtained
simultaneously by using ADCP current meters with a sampling interval of 15
minutes and 2 m vertical resolution. Basic statistical analysis of current flow and
spectral analysis of currents at all stations were applied. Monthly and seasonal
oscillations of the current field were obtained through calculation of the monthly
current vectors.
Results and discussion
The spectral analysis of currents showed that energy distribution, depending on
the frequency, differed at all stations in both measurement periods. This leads to
the conclusion that acting forces in individual sea areas occur with completely
different intensities. In the current spectra, gradient currents most frequently
have maximum energies, while wind and tidal oscillation energies are somewhat
weaker. Some other phenomena and processes, such as fundamental Adriatic
seiches and inertial oscillations [2], were also observed in the current spectra.
The analysis of measurements shows a general NW circulation (Fig. 1) along the
Croatian Adriatic coast – the well known Eastern Adriatic Current (EAC). The
resulting circulation may be explained as a modification of the long-periodic
gradient currents through the permanent influence of tidal oscillations and wind,
while seiches and inertial oscillations are transient. The maximum current speeds
were within a range of 55 to 80 cm/s in the surface layer, and from 20 to 30 cm/s
in the bottom layer (depending on the station’s depth). The absolute current
speed maximum of 102 cm/s was measured at station S03 near Rt Kamenjak
cape, which is very close to the extreme current speeds recorded in the Adriatic
Sea. Mean monthly current speeds were mostly between 5 and 15 cm/s, and
usually below 5 cm/s in the bottom layer. Very intense current oscillations were
recorded at the seasonal and monthly period at all stations. Generally, that
circulation is stronger in the autumn and winter (cold seasons) than during the
spring and summer (warm seasons), but there are also exceptions to this general
rule. The strongest circulation was observed in February (Fig. 1), and the
weakest in August, which matches the present understanding of seasonal sea
current oscillations along the eastern Adriatic coast [1]. In February 2008, the
circulation matched with the already well-known NW circulation along this
coast (Fig. 1). The dominant NW circulation was deformed in some sea areas by
the direction of the shore or channel. The circulation was barotropic, which is
typical for the winter season. The strongest surface circulation was recorded at
S03 (Rt Kamenjak cape) and S11 (open sea in front of the Šibenik archipelago),
where the mean monthly current vector was around 12.5 cm/s and the stability
factor around 70%. Bottom circulation was significantly weaker, mostly under 5
cm/s. It is important to stress that the circulation at S01 and S02 was in an
opposite direction, so that it may be assumed that there was a cyclonic eddy in
the northernmost part of the Adriatic [3]. Generally speaking, the weakest
circulation was recorded in August 2008, when the mean speeds of the surface
monthly current vectors were under 5 cm/s, and those at the bottom were under
2 cm/s. The circulation was baroclinic due to the presence of the strong
pycnocline. It appears that in August 2008 two eddies were present in the

Fig. 1. Monthly mean currents for February 2008 for the subsurface (gray) and
near-bottom (black) layer, in the northern Adriatic (top) and middle and south
Adriatic (bottom).
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EVOLUTION OF SURFACE WAVE SPECTRA IN EXTREME SEA STATES ALONG THE EASTERN ADRIATIC
OPEN SEA AND CHANNEL AREAS
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Abstract
Measurements of the wind-generated surface waves along the eastern part of the Adriatic Sea in coastal areas are rare; most earlier
measurements have been carried out in the open sea. As a part of the scientific and research program – „The Adriatic Sea
Monitoring Program“, long-term wave measurements were carried out between November 2007 and December 2008 at two stations:
in the open sea north area (V1) and in the channel area of the middle Adriatic (V2). Spectral characteristics of waves in extreme sea
states are presented and compared.
Keywords: Adriatic Sea, Waves
Introduction
The process of formation and development of surface waves may be considered
as a function of three basic variables: wind direction and speed, fetch over which
the wind blows and duration of wind of a particular direction. Occurrence of a
fully developed model of wind waves is unusual in the Adriatic, which is a semienclosed sea of limited fetches. However, instrumental measurements and visual
onboard observations of surface wave elements show that during strong gale
force winds of longer fetches (SE, W, SW and NE) wave models of respectable
dimensions may be developed in the Adriatic Sea. Absolute maximum of wave
height Hmax=10.8 m was measured in the north (V1) and extreme expected value
of Adriatic wave height is about 14 m [1].

significantly from open sea (Figs. 2c, 2d). The difference is observed for the
period of decreasing wind speed and wave energy, when the maximum in
spectrum is shifted in time toward the higher frequencies (Fig. 2d). It can be
concluded that in enclosed seas of very small fetches (Bracki Channel), the
evolution of surface wave spectra in extreme wave conditions is considerably
different than in open sea area. The wave spectra evolution for the open
Adriatic is very well known [1], while for the channel area it is presented here
for the first time. The occurrence of extreme sea states in this channel area is not
possible, as confirmed by these results, although this time-series of
measurement is not representative. Fetch is the major limiting factor in sea state
development in the channel area.

Materials and methods
Wind generated surface waves were measured at V1 (φ=44°44.5' N; λ=3°10.2'
E) in the open part of the north Adriatic and in the Bracki Channel area of the
middle Adriatic at V2 (φ=43°29.3' N; λ=16°27.9' E; Fig.1).
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Fig. 1. Location of waverider stations: V1 in the open part of the north Adriatic
and V2 in the Bracki channel.
This was undertaken in the time interval from 11.2007 to 12.2008, by using
Datawell waveriders with all its components. For the analysis and description
of extreme sea states maximum recorded wave height Hmax and significant wave
height H1/3 and associated wave spectra will be presented.
Results and discussion
The measurement results show that much larger waves appear in the northern
Adriatic compared to the middle Adriatic channel area. This is attributed to a
significantly larger fetch of predominant winds in the north (Fig. 1). The
maximum wave height of 7.27 m, which corresponds to significant wave height
of 4.22 m, was measured at V1 on 10.12.2008. At V2, significantly smaller
values were measured, with a maximum wave height of 2.84 m (3.12.2007),
which corresponds to significant wave height of 0.92 m. The spectral
characteristics of extreme surface waves at V1 are very similar to the observed
wave spectra for the open sea [2, 3]. Fig. 2 shows the density spectrum of
energy of surface waves for strong and gale southeasterly wind (Scirocco) in V1
on 10.12.2008 when the maximum measured wave height was 7.27 m. It is clear
that the maximum density spectrum of energy S(f)=42.52 m2/Hz corresponds to
wave period of 9.1 s, matching the significant wave height H1/3=3.75 m. The
figure also shows the evolution of the spectrum for the period of increase of
energy up to maximum (Fig. 2a) and for the period of decrease of energy (Fig.
2b). During the period of increasing wind speed, an increase of wave spectral
energy density and its maximum were observed. Simultaneously, the maximum
of the spectrum moves toward the lower frequencies. During decreasing wind
speed, S(f) decreased and the maximum in spectrum moved slightly toward the
lower frequencies. At V2, wave spectra evolution during strong Scirocco differs

Fig. 2. Evolution of the spectrum for the period of increase of energy up to
maximum (A,C) and for the period of decrease of energy (B,D) at station V1
(10.12.2008) and V2 (8.4.2008).
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Abstract
A comprehensive analysis of hydrological, current-meter and meteorological data was performed in the northern Ligurian sea to
describe the coastal dynamic near the Portofino cape and its relation with the general cyclonic circulation during summer 2004.
Current-meter data was acquired in two coastal sites: the Portofino Cape and the marine area of Arenzano. The hydrological
parameters around the cape suggested the presence of two different water masses. The first, located in the lee of the cape, is
influenced by local effects, while the second, offshore the cape, is correlated to the general circulation of the Ligurian Sea. The
prevalent southern direction of the current in Portofino indicates the presence of a local anticyclonic circulation, associated to the
presence of the cape.
Keywords: Currents, Hydrology, Ligurian Sea
A current analysis has been performed in two coastal locations of the Northern
Ligurian sea, situated respectively in the eastern and western side of the Gulf of
Genova: the Portofino Cape, characterized by a unusual squared-shape of the
coast, and the coastal area offshore Arenzano. A very narrow shelf with a very
steep slope is typical of the Portofino location, while Arenzano presents a
gently sloping bathymetry and a fairly straight coast.
Between July and August 2004, current-meter measures were acquired in the lee
side of the cape on a bottom of 30 metres, using a new technology named
SEPTR [1] . A hydrological survey was also conducted in the same area in
August, using a CTD probe on 36 stations around the cape. In the maritime
coastal area of Arenzano an ADCP mooring was placed at 30 m of depth, on a
bottom of 50 m. Satellite wind data was acquired by QuikScat for the summer
2004, and compared with the local winds four stations along the Ligurian coast.
The aim of this work is to provide a coastal dynamics circulation scheme around
the Portofino cape, with particular attention to its interaction with the general
cyclonic circulation, and to describe the role of the meteorological and the
topographic forcings.

analysis suggests to consider the wind at Genova location, which is prevalently
directed towards north-west, with the main intensity-current picks well
correlated to all the other wind locations. Comparing the low-frequency current
fluctuations of Portofino (15-24 metres deep), of Arenzano (15-23 metres deep)
and the Genova wind stress, it is possible to reveal a common time variability
between July and August 2004 (Figure 1). The singular topography of the
Portofino Cape plays a significant role in the response of the coastal waters to
wind forcing and to the general circulation of the Ligurian Sea, determining a
small-scale, anti-cyclonic eddy on the western side of the Portofino Cape,
according to previous numerical study [3].
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Fig. 1. Five time series are presented: (top) wind stress in Genova (unit 10-2
Pa); (second and third) Arenzano currents at 15 m and 23 m respectively; (forth
and fifth) Portofino currents at 15 m and 23 m respectively (units: cm/s).

The direct current measures on the lee side of the cape suggest a local recirculation with a prevalent southern current direction almost perpendicular to
the coast. On the other hand the main local current direction in Arenzano is
south-west, following the isobaths of the continental shelf [2]. The comparison
between Arenzano and Portofino currents shows the maximum correlation of
0.53 for a time lag about 9-10 hours: the Portofino current anticipates the
Arenzano one. The ADCP data shows shorter time scale phenomena (few days)
in both locations, mainly forced by meteorological events. The study of the
baroclinic component of the Portofino currents indicates an important role
played by both the wind and the bottom stress. A preliminary meteorological
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EVOLUTION OF THE WESTERN MEDITERRANEAN THERMOHALINE ANOMALY AS OBSERVED
NEARBY BALEARIC ISLANDS (2005-2009)
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Abstract
The complex thermohaline structure observed in the Western Mediterranean after the severe winter of 2004-05 is still present in the
summer of 2009 at the Balearic Islands. The processes that caused the anomaly are now well identified, as well as the different newly
formed water masses. The evolution of the anomaly during the period involves a progressive homogenization of the deep waters
masking the layered structure. The final product is a warmer and saltier water type that apparently has incorporated deep waters
formed in subsequent winters but not from other intense cascading episodes. On the other hand, Levantine Intermediate waters
observed at the north of the Balearic Channels does not present robust trends since mid-90`s.
Keywords: Western Mediterranean, Balear Sea, Deep Waters
The Mediterranean Sea has been immersed in a process of warming and saltincrease at least since the mid 20th century. Anthropogenic global warming and
damming of the major rivers have been postulated as the causes of the process.
The severe winter of 2004-05 caused the highest heat-loss at the area of deep
water formation in the western Mediterranean, triggering the production of
immense amounts of cold dense waters that quickly spread along the whole
basin creating a complex structure [1]. The new structure was satisfactorily
explained as a combination of cascading of very cold and quite fresh waters
along the shelf-slope plus the production of saline and warm deep waters at the
open ocean.

Observation of an abrupt disruption of the long-term warming trend at the
Balearic Sea, Western Mediterranean Sea, in summer 2005. Geophys. Res. Lett.,
32, L24606, doi:10.1029/2005GL024430.
2 - Font J., Salat J., Emelianov M., Puig P., Palanques A., Julia A., LopezJurado J.L., Gonzalez-Pola C. and Flos J., 2006. A new Deep Water formed in
the NW Mediterranean in 2005. Geophys. Res. Abstr. 8, 03081, (SRef-ID: 16077962/gra/EGU06-A-03081)
3 - Schroder K., Gasparini G.P., Tangherlini M. and Astraldi M., 2006. Deep
and intermediate waters in the Western Mediterranean under the influence of the
Eastern
Mediterranean
Transient. Geophys. Res. Lett., 33, L21607,
doi:10.1029/2006GL02712.

The trace of the anomaly is clearly visible as a sting-like signature on the TS
diagram (Fig 1). Three source waters contribute to it, the coldest mode
corresponds to the cascading and the high-saline warm mode of the curve
corresponds to the open ocean convection. Both lay below the older deep
waters at the end of the straight TS line [2]. The detailed monitoring has shown
that the anomaly is extended along the whole basin [3] and persists up to now.
The characteristics have evolved towards an homogenization of the layered
structure ending with a DW modal water much warmer and saltier than before,
with a little contribution of extra cascading waters and intermittent
incorporation of open water convection waters, as in winter 2006.
On the other hand, Levantine Intermediate Water properties have been
monitored since 1996 at the north of the Balearic Channels. This water mass
shows strong interannual variability but not a clear trend during that period,
therefore it is not apparently a strong effect caused by the Eastern
Mediterranean Transient, at this location.

Fig. 1. T/S diagrams at 40 10.00 N and 04 34.96 E (NE Menorca Island).
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NORTH ADRIATIC WINDS AND THE RESIDUAL CURRENTS IN THE INLETS OF THE VENICE LAGOON
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Abstract
The principal components of the wind measured in front of the Venice lagoon are related to the variability of the residual flow in the
inlets connecting the lagoon with the Adriatic sea. Lido and Chioggia inlets have an exponential response to the Principal component
of the wind (PC1); while the second component (PC2) affects only the Chioggia inlet in a linear way. Thus, during Bora events
(detected mainly in PC1 series), the inflow through Lido channel is reinforced as well as the outflowing in Chioggia. On the other
hand, Sirocco events (detected in the PC2 series) slow down the outflowing in Chioggia.
Keywords: Adriatic Sea, Currents, Time Series, Wind/Font
Introduction.
Current velocities are monitored in the three inlets, i.e., Lido, Malamocco and
Chioggia, connecting the Venice lagoon with the Adriatic Sea. They are relatively
narrow and shallow thus making the flow highly polarized along the channel axis,
and barotropic. Therefore, analyses carried out on the vertical averages of alongchannel components (obtained via Principal Component analysis) can be
considered fairly accurate. It is well documented [1] that the astronomic tides
account for most of the energy of the current flow, so that more than 90% of the
energy can be removed via Harmonic Analysis. Still, an important portion of
energy coming from the open sea and atmospheric forcing is evident in the nontidal component. A quantification of the wind effect on the current velocities is
attempted by removing the energy of seiche oscillations and decomposing the
wind into its principal components.
Adriatic Seiches and Wind Decomposition
A translation-invariant Wavelet transform was applied to the de-tided verticallyaveraged current series in order to decompose the variance on a scale-by-scale
basis. It was found that the main portion of energy was in the scales containing
the main Adriatic seiche modes of 11 and 22 hours. An additional free oscillation
with periodicity of 4.87 hours was also detected. Seiche signals were removed
by fitting the corresponding wavelet scales to the de-tided time series. The 88%
of non tidal variability in Lido, 92% in Malamocco and 85% in Chioggia were
thus removed, leaving the residual time series ready for comparison with the
wind vector time series.

Results
Overall linear correlation between residual currents is low, on the order of 0,4 in
magnitude; but they increase until 0,7 in absolute values during specific events of
Bora and Sirocco blowing. The connection is specifically stronger between PC1
and Lido as well as PC1 and Chioggia, but in opposite sense: a Bora event would
lead to a stronger inflow of water through the northern Lido channel but
reinforcing the out flowing through Chioggia channel in the southern part of the
lagoon, with Malamocco showing no significant response at all. Chioggia inlet
flow shows also a response to PC2 winds, especially during Sirocco event which
slows down the residual out flowing in the inlet. A partition of wind
components were done, defining a calm state between -3m/s and 3m/s. Other
partition limits being +/-5m/s, +/-10m/s, +/-15m/s and +/-20 m/s. Thus, the
effect of PC1 is studied while forcing a calm state on PC2; conversely, PC1 is
conditioned to the calm state to study the PC2 effects. It has been found that the
flow of Lido and Chioggia inlets has an exponential response to the PC1 wind
velocity classes with exponential rates of b = -0,1 following the model Y =
A.exp(b.PC1) where A is -0,021 for Lido and 0,033 for Chioggia (Fig. 1).
Likewise, the response of Chioggia to PC2 wind velocity classes has a linear
fashion Y = a.PC2 + b with a = -0,0036 and b = 0,03844 (Fig. 2). The explained
variance is over 96% in each case.

Winds were decomposed by Principal Component Analysis. The main axis of
variance (PC1) is aligned with the strongest wind in the area, i.e., Bora; while the
second component (PC2) is aligned mostly with the Sirocco direction of
blowing. Since the principal components are independent up to 2nd order
statistics [2], correlations were computed separately between the wind
components and the residual currents time series.

Fig. 2. Linear response of Chioggia residual flow to PC2 wind velocity classes.
Dashed line shows the model fitted to data. Lido and Malamocco show no
response until PC2 reaches a 15m/s or higher velocity, when the residual flow in
Chioggia inlet change its sign. The positive region in PC2 is where actual Sirocco
events are detected.

References
Fig. 1. Exponential response of residual currents in Lido (lower side) and
Chioggia (upper side) to PC1 wind velocity classes. Dashed lines show the
model fitted to the data. The negative region in PC1 is where actual Bora events
are detected. Positive currents mean outflowing from the lagoon.
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Arena F. and Gelsi G., 2004. Temporal variations of water flow between the
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Abstract
A 2D ocean numerical model covering the Mediterranean Sea and the NE Atlantic sector has been forced by atmospheric pressure
and wind fields generated by dynamical downscaling over the European region that follow three climate change scenarios (A2, A1B
and B1). The variability of the obtained atmospherically-induced sea level has been compared among scenarios and with a re-analysis
of the period 1960-2000 carried out with the same numerical model. The analysis presented here focuses on the changes in the
decadal variability of mean sea level and in sea level extremes projected for the 21st century
Keywords: Air-Sea Interactions, Sea Level
Sea level is an important parameter for coastal habitats and infrastructures and
has been recognized as a key indicator of global climate change. During the last
years there has been a growing interest among the scientific community in
understanding sea level changes, given the impact that sea level rise may have
in coastal and highly populated areas. Global sea level rise during the 20th
century has been estimated in 1.8 mm/yr [1], while in the Mediterranean
coastal sea level derived from the longest tide gauges indicates a rate of sea
level rise of 1.1–1.3 mm/yr [2]. In a world with a higher mean sea level, high
waters caused by storm surges will have increasing hazardous impacts on
coastal areas. However, while projections of climate models mostly agree and
predict a continuous increase in mean sea level in many parts of the globe
during the 21st century, no consensus has been reached in respect to the
changes in storminess [1]. This work aims at obtaining regional projections of
storm surges in the Mediterranean Sea and the adjacent NE Atlantic area for
the 21st century under different climate change scenarios on the basis of
regional atmospheric and oceanic numerical models. Extreme sea level events
are commonly driven by the combination of tidal elevation and storm surges.
However, the non-linear interaction between tides and surges in the
Mediterranean is negligible and can thus be ignored [3] Therefore we will
concern ourselves only with the storm surges component. High frequency (6h)
atmospheric pressure and wind fields are obtained as the output of a global
atmospheric model with variable-resolution (50 km over the Mediterranean
[4]). The atmospheric model is run for the period 2000-2100 forced by
greenhouse gases (GHG) and aerosols concentrations following the A2, A1B
and B1 SRES scenarios. Two more runs have been carried out for the period
1960-2000. One was forced by observed GHG and aerosols concentrations
(the control run). The second is a dynamical downscaling of ERA-40 reanalysis fields. The atmospheric fields are used to force the oceanic barotropic
model HAMSOM over the area 30ºN to 47ºN and 12ºW to 35ºE, which covers
the Mediterranean Sea and the NE Atlantic adjacent sector with a spatial
resolution of 1/4ºx1/6º. Mean values and decadal variability of
atmospherically-induced sea level will be examined and compared between the
different runs for the 21st century and with the results obtained for the 20th
century. The hourly outputs will be used to explore the changes in the
magnitude and frequency of extreme sea level events under climate change
scenarios.
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THE SST MULTI-DECADAL VARIABILITY IN THE ATLANTIC-MEDITERRANEAN REGION
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Abstract
The multi-decadal variability of the Mediterranean Sea Surface Temperature (SST) field is analyzed using different datasets. The
analysis of the Mediterranean SST revealed the presence of an evident oscillation of about 70 years. The same oscillation was found
only in the North Atlantic Ocean and corresponds to Atlantic Multidecadal Oscillation (AMO). Singular Spectral Analysis and MTM
applied to Mediterranean and Atlantic quantitatively confirmed the importance of this oscillation. The analysis of the correlation
between SST and NAOI (North Atlantic Oscillation Index) suggests the importance of the external atmospheric forcing for most of
the last 150 years.
Keywords: Temperature, Surface Waters, Open Sea, Global Change
Data and Methods
In this work we used the Extended Reconstructed SST (ERSST.v3) dataset
(1854-present, monthly, 2 deg spatial resolution) [1] and the Hadley Centre
Sea Ice and Sea Surface Temperature (HadISST) dataset (1870-present,
monthly, 1 deg spatial resolution) [2] and we analyzed the consistency
between the two datasets. At global level, when yearly averages are
considered, seasonal or spatial discrepancies between ERSST.v3 and HadISST
tend to compensate and the two datasets exhibit similar behaviors. The
relatively high abundance of data in the Mediterranean Sea, allow us to
produce a new estimate (MArtaS) of the mean monthly sea surface
temperature of the Mediterranean Sea using only ICOADS (International
Comprehensive Ocean-Atmosphere Data Set) SSTs. MArtaS (MarulloARTAle-Santoleri) is based on a simple space average of the available
monthly data introducing a correction factor F that takes into account the
presence of data voids for each specific month of the year. In spite of its
crudeness MArtaS, that is not based on interpolated data, follow quite closely
the other two series with differences that rarely exceed 0.1°C. The agreement
between the two interpolated SST series (ERSST.v3, HadISST) and the non
interpolated one (MArtaS) suggests that dumping or other possible
distortions due to the interpolation are not dominant in the Mediterranean
basin when yearly averages are used. On the contrary, when monthly means
are used, the difference between two interpolated data sets became larger
exhibiting a marked annual cycle with an amplitude of about 0.8 °C.

References
1 - Smith T.M., Reynolds R.W., Peterson T.C. and Lawrimore J., 2008.
Improvements to NOAA's Historical Merged Land-Ocean Surface
Temperature Analysis (1880-2006). J. Climate, 21: 2283-2296.
2 - Rayner N. A., Parker D. E., Horton E. B., Folland C. K., Alexander L. V.,
Rowell D. P., Kent E. C., Kaplan A., 2003. Global analyses of sea surface
temperature, sea ice, and night marine air temperature since the late nineteenth
century. J. Geophys. Res., 108, D14, 4407 10.1029/2002JD002670.
3 - Ghil M., Allen M.R., Dettinger M.D., Ide K., Kondrashov D., Mann
M.E., Robertson A.W., Saunders A., Tian Y., Varadi F. and Yiou P., 2002.
Advanced spectral methods for climatic time series. Rev. Geophys., 40 (1): 141.
4 - Thomson D. J., 1982. Spectrum estimation and harmonic analysis. Proc.
IEEE, 70: 1055–1096.
5 - Calmanti S., Artale V. and Sutera A., 2006. North Atlantic MOC
variability and the Mediterranean outflow: a box-model study. Tellus A , 58A:
416-423.
6 - Li J. and JWang J.X.L., 2003. A New North Atlantic Oscillation Index and
Its Variability. Adv. Atmos. Sci., 20 (5): 661-676.

Spectral Analysis, Correlations and NAOI
In order to obtain the signal to noise separation we computed the eigenvalues
spectrum of the SST time series using Singular Spectral Analysis (SSA). The
first two leading EOFs, that explain about 40% of the total variance and
capture the low frequency variability of the SST, have approximately the
same amplitude (considering the range of error bars) and are in quadrature.
This fact could be interpreted as the occurrence of a ghost limit cycle related
to a physical oscillation of the dynamical system that has generated the SST
time series [3]. The low frequency variability of the Mediterranean was also
investigated applying the Multi Taper Method (MTM) to the de-trended
yearly SST. The Multitaper method is a technique developed by D.J.
Thomson [4] to estimate the power spectrum of a stationary ergodic finitevariance random process. This method provides useful tools for the spectral
estimation of a relatively short time series whose spectrum may contain both
broadband and line components. The F-test criterion for harmonic signals
yields 6 peaks at the 99% confidence level and 10 peaks at the 95%
confidence level that can eventually be associated to some harmonic, phasecoherent oscillation. Peaks at 73, 6.3, and 2.8 years exceed the 99% confidence
level in the harmonic test and correspond to significant spectral bands in the
power spectrum. The higher frequency peaks are very close to the preferred
scale of variability of the ENSO’s quasi-biennial and low-frequency modes
while the lower frequency one is very similar to the AMO (Atlantic
Multidecadal Oscillation). Similar peaks are also observed in the North
Atlantic ocean. The evidence that both North Atlantic ocean and
Mediterranean Sea exhibit the same multi-decadal climate cycle suggests the
occurrence of a common external forcing, likely of atmospheric origin,
probably coupled with some internal oscillation[5]. Correlation analysis
between NAOI [6] and SST in the Mediterranean and Atlantic Ocean reveals
that NAOI is significantly (90%) negatively correlated with SST only in the
Eastern Mediterranean Sea (only during Winter), and in the two centers of the
NAOI (during the four seasons): The tropical Atlantic and the sub-polar gyre
area.
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Abstract
Physical and bio-chemical characteristics of the upper water column in the vicinity of the Vercelli Seamount were studied from the
23rd to the 30th of May 2009 using a Slocum shallow battery-powered glider. In addition to mesoscale and sub-mesoscale structures
crossed by the glider, the near-surface water properties changed abruptly on the 27th of May under the influence of a cold nearsurface plume originating from the Strait of Bonifacio and triggered by Mistral winds.
Keywords: Tyrrhenian Se, Surface Waters
Introduction
The “Tyrrhenian Seamounts Ecosystems: an Integrated Study” (TySEc)
experiment took place in the Tyrrhenian Sea in late Spring 2009 with the aim of
studying the geomorphologic characteristics and the hydrodynamics of the area
over and around a seamount. Seamounts are sites of high productivity with
coexisting biocenosis in a relative limited space, moreover they represent
‘stopping stations’ in the benthonic dispersion processes. Their importance on
the ecology of the marine environment and of their high level of vulnerability to
the global climate change represents an interesting subject in different
international projects.
As part of the TySEc experiment, the "Trieste-1" glider was operated in an area
of roughly 750 km2 over the Vercelli Seamount (Figure 1) for a period of about 8
days (from the 23rd to the 31st of May). The seamount is located in the
northern Tyrrhenian Sea, (41°05' N / 10°53' E), and its summit reaches 55 m
below the sea surface. The glider was configured to provide oceanographic data
during the ascending phase of the saw-tooth path, every 0.75 km. During the
entire campaign 300 profiles between 4 and 180 m depth were acquired,
providing temperature, salinity, oxygen, fluorescence, and turbidity data.
Fig. 2. Contour plot of the temperature (°C) along the glider track between 4 and
20 m.

The salinity which was essentially minimal (around 37.7) near the surface before
the 27th of May, increases to 38.0-38.1 in the surface mixed layer, while a layer
with minimum salinity develops near the base of the mixed layer (10-20 m).
Contemporarily the dissolved oxygen maximum deepens from the surface to the
base of the mixed layer (10-20 m). In addition to the above evolution of the
water mass properties, high frequency (with periods of 0.5 day or less)
variations are ubiquitous and are mostly apparent near the base of the mixed
layer. They correspond to mesoscale and sub-mesoscale structures crossed by
the glider and to tidal/internal waves. Below the mixed layer, the salinity and
oxygen distributions show correlated structures (high salinity corresponding to
low oxygen) all the way down to 180 m. A sub-surface maximum in chlorophyll
concentration and turbidity is also seen between 60 and 80 m. Apparently the
Vercelli Seamount has little effect on the water properties measured by the
glider.
The “Trieste-1” glider is involved in the DORII project (Development of
Remote Instrumentation Infrastructure) whose objective is the integration of
observations and model simulations in the Grid. DORII e-Infrastructure is based
on the concept of instrument element, that virtualized an instrument within the
Grid. More generally, a computational Grid is a hardware and software
infrastructure that provides dependable, consistent, pervasive, and inexpensive
access to high-end computational capabilities [1].

Fig. 1. Details of the glider track overlaid on the bathymetry showing the
Vercelli Sea mount.

Results
A shallow (5-10 m deep) mixed-layer with maximum temperature of 23°C was
present until the 27th of May, when the temperature at the surface abruptly
decreased to 21°C and the mixed layer deepened to over 15 m (Figure 2).
Satellite sea surface temperature images and sea level anomaly maps reveal that
this change corresponds to the expansion/intrusion of a relatively cold nearsurface plume originating from the Strait of Bonifacio (between Corsica and
Sardinia). Due to sustained Mistral winds, there is an increase of the double gyre
structure associated with the plume. In particular, the southern anticyclonic
gyre strengthen on the 27th of May, advecting cold water which reaches the
study area.
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Abstract
Advanced remote sensing techniques and algorithms are combined to produce and analyse an improved 12-year multi-sensor time
series of bio-optical properties for the Adriatic Sea. First, a multi-sensor series of normalized water-leaving radiance is created with an
optically-based merging technique applied to SeaWiFS and MODIS data. Then, two empirical algorithms, embedded in a dynamic
algorithm selection scheme, serve to compute the concentration of chlorophyll a (Chla), and distributions of inherent optical properties
are obtained with a semi-analytical bio-optical model.
Keywords: Adriatic Sea, Ocean Colours, Remote Sensing, Chlorophyll-a
Introduction
The potential of satellite ocean colour for monitoring and studying marine
ecosystems could be better exploited in coastal and marginal seas if the
uncertainties associated with satellite products could be reduced. Moreover,
the creation of a long-term satellite data record needs to address the
combination of satellite products derived from different space missions. This
work aims at generating and presenting a time series of improved qualityassessed bio-optical products for the Adriatic Sea using advanced remote
sensing techniques and specific algorithms.

constituents, particularly a much-improved time series of Chla. The
applicability of this framework to other European seas depends on several
factors, including the optical properties associated with the considered region,
and the in situ data available to statistically model these properties, and the
uncertainties associated with the primary ocean colour product that is LWN.
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Satellite Data Merging
Building on previous work [1, 2], an optically-based technique is proposed to
merge LWN from SeaWiFS and MODIS by averaging sensor-specific values
after wavelength differences are corrected by a band-shift correction scheme.
The resulting 12-year series of LWN serves to generate derived products of
optically signifiant constituents. Field measurements collected at the Acqua
Alta Oceanographic Tower (AAOT) located in the North Adriatic [3] provide
a unique data set for validation of the merged LWN. Uncertainty estimates
decrease from 28% at 412 nm to 10% between 490 and 555 nm.
Development of Derived Products
A single empirical algorithm for calculating Chla is unlikely to produce a data
set with a consistent level of uncertainty across the optical diversity of the
Adriatic basin. The approach adopted here, based on the novelty detection
technique [4], is to distinguish two dominant water types, representing
offshore waters (Class 1) and coastal regions (Class 2), and dynamically blend
the outputs from the associated algorithms [5, 6] according to the probability
of the input LWN of belonging to a specific optical class. The optical classes
are defined by bio-optical datasets made of globally-distributed measurements
representative of offshore clear waters and the data collected at AAOT. The
Chla dataset is completed by inherent optical properties obtained with a semianalytical algorithm [7]. Uncertainties for these optically significant
constituents are estimated with field data collected at the AAOT site. For
instance, the RMS difference computed for log-transformed Chla amounts to
0.15.
Applications
A 12-year budget shows that 66% and 8% of the basin are classified as Class
1 and 2, respectively. Most of the points that are left un-classified have
optical properties located along the gradient (in optical space) between
Classes 1 and 2. The areas classified as Class 2 are mostly located in the
northwest Adriatic and along the Italian coast. Average values for north,
central, and south Adriatic are, respectively, 0.58, 0.21 and 0.18 mg m-3 for
Chla, 0.023, 0.013 and 0.012 m-1 for phytoplankton absorption at 443 nm,
0.074, 0.040 and 0.035 m-1 for absorption due to chromophoric dissolved
organic matter and non-pigmented particles at 443 nm, and 0.0054, 0.0029 and
0.0026 m-1 for particle backscattering at 555 nm. Finally, the temporal
variability of the time series is analysed with statistical techniques
distinguishing seasonal and trend components [8]. A significant amount of
interannual variations are found, particularly in the North
and Central Adriatic, with Chla values that tend to be higher at the beginning
of the data record.
Conclusion
The Adriatic basin displays a significant diversity in optical water types, and
has thus served as a testbed for new approaches. Combining these led to the
definition of a multi-sensor 12-year record for optically significant
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SUBSURFACE (350 M) CIRCULATION IN THE MEDITERRANEAN SEA BASED ON ARGO DATA
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Abstract
The trajectories of 38 Argo floats, deployed in the Mediterranean Sea between October 2003 and September 2009, are used to create
a dataset of velocities at 350 m and to study the subsurface circulation in regions with good data coverage. The float subsurface
velocities and the pseudo-Eulerian statistics computed from them show typical circulation pathways, which can be related to the
motion of the Levantine Intermediate Water.
Keywords: Intermediate Waters, Currents, Eastern Mediterranean, Western Mediterranean
Among all the floats deployed in the Mediterranean Sea, we have selected 38
instruments according to their cycle characteristics. They were deployed as part
of the MFSTEP project in 2003 and are referred to as MedArgo floats. Each
float descents from the surface to a programmed parking depth of 350 m, where
it remains for about 4 days before reaching the profile depth, that is generally
700 m but extends to 2000 m every ten cycles. At the end of each cycle the float
remains for about 6 hours at the sea surface, where it is localised by, and
transmit the data to, the Argos satellite system [1].
The Argos positions were used to determine the subsurface currents through
three different steps: the first provides rough estimates of subsurface velocities
(Vold) [2]; the second produces the best surface displacement [3]; the third
provides the subsurface displacement (V350) that involves the use of the average
vertical speed of the float and an approximation of current shear in the upper
water column [4]. From the comparison between Vold and V350 and the results
of the statistical analysis computed on V350, we select only the best estimates
of velocities (variance explained/total variance > 0.8) to produce the final dataset
V350end (Fig.1) [4].

Fig. 1. Subsurface raw trajectories of the MedArgo floats between October 2003
and September 2009.

The V350end velocities reach the maximum values of ~ 33 cm/s east of the
Balearic Islands and in the Ierapetra Eddy; high speeds (larger then 20 cm/s) are
also found in the north and central regions of the Liguro-Provençal-Catalan basin
and in some eddies of the Eastern basin, whereas the Liguro-Provençal, Algerian
and Libyan-Egyptian Currents are characterised by maximum speeds of 15 cm/s.
The pseudo-Eulerian statistics, computed with V350end, show typical
circulation pathways related to Mediterranean subsurface currents and to the
motion of the Levantine Intermediate Water. In the Western Mediterranean
basin, the velocity field reveals the characteristic cyclonic paths in the
Tyrrhenian, Liguro-Provençal and Algerian sub-basins, as well as the Algerian
and Liguro-Provençal-Catalan currents, where it reaches the maximum intensities
(12-14 cm/s). In the southern Ionian Sea, the float velocities show a dominant
anticyclonic circulation between 32°-36° N and 16°-20.5° E, in which the
southern limb corresponds to a north-westward flow located on the African
continental slope. The rest of Eastern Basin is dominated by mesoscale and subbasin scale circulation eddies, with maximum values of mean velocity (~ 12
cm/s) located south of Crete (Ierapetra eddy) and south of Cyprus. All over the
Mediterranean Sea the EKE has strong gradients compared to MKE.
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In the regions with significant bathymetry gradients, that is mostly along the
continental shelf slope, subsurface currents are driven by topography and the
along-isobath components of velocity have values larger then the across-isobath
components. Speeds have mean values of ~5 cm/s and reach 20-27 cm/s east of
the Balearic Islands, in the Cretan Passage and in the southern entrance of
Tyrrhenian Sea.
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Abstract
High frequency sea level observations at four coastal sites are used to examine the external forcing causing significant seiches
(meteotsunamis) in certain harbours at the Balearic Islands. Forcing characteristics estimated for different events are different, while
for the same events are similar, even for sites located far away from each other. Spectacular similarities are found for two specific
sites, Ciutadella (Menorca Island) and Cala Ratjada (Mallorca Island).
Keywords: Mesoscale Phenomena, Coastal Engineering
High frequency sea level oscillations in bays and harbours, known as seiches,
may reach significant amplitudes depending on the external forcing in the open
sea and the local topographic response. When resonance occurs, the
phenomenon may pose important risks to the infrastructures as well as to the
commercial or fishing activities and sometimes even threatening to human lives.
When the external forcing responsible of such amplification consists of long
waves generated by an atmospheric origin they are referred to as meteotsunamis.
Meteotsunamis are similar to ordinary tsunami waves and can produce similar
damages at the coast, although the catastrophic effects related to this type of
waves are normally observed only in specific bays and inlets. One of the places
where meteotsunamis with the largest sea level amplitudes are reported is
Ciutadella Harbour, a natural elongated and shallow inlet located in the western
coast of Menorca Island (NW Mediterranean, see Figure 1).

episodes may be considered as a good proxy for the local resonant response of
the given site. The frequency response of the forcing for each episode has been
computed as the spectral ratio of the energy content of a seiche event and the
background spectra [1]. The more constant is the background spectra for a tide
gauge site, the more liable and accurate is the characterization of the external
forcing. For all the episodes, the energy content for the external forcing is
concentrated in periods between 5 and 50 min at the four sites. Different
forcings are found among sites and events, the latter due not only to the
amplitude of the incoming waves but also to the inlet orientation and other
parameters. It is found that external sea level forcing at CIU and CRA are very
similar, although the responses of both inlets differ significantly. The forcing is
almost the same for signals with frequencies lower than 30 min-1. For higher
frequencies, changes in the travelling atmospheric pressure from Mallorca to
Menorca seem to play a major role in the generated sea level oscillations and the
obtained sea level forcing is somewhat less coherent, although the magnitude of
the energy content is always comparable between the two sites.

Fig. 2. One example of the spectral ratios (“source functions”) of daily spectra
for the rissaga event of 21-24 June 2007. Black line is the average of the spectral
ratio at CIU and CRA.

Fig. 1. Map of the area and location of the stations.

The phenomenon is locally known as “rissaga” and occurs every year mostly in
late spring and summer. Ciutadella seiche has a period of approximately 10.5
minutes and typical background amplitude of few centimetres. Typical rissaga
events have amplitude of around 1 m, but they may reach up to 4-5 m through
to crest in an average water depth of 5 m in singular episodes. In this paper we
analyze a recent set of sea level measurements recorded around de Balearic
Islands (Mallorca and Menorca) to characterize large amplitude seiche
oscillations at four tide gauge locations (Figure 1). The effects of the local
topography and bathymetry are isolated at each site by computing the
background spectral content of the sea level oscillations in absence of forcing,
that is, for time periods with very small amplitudes inside the inlets.
Background spectra strongly vary from one site to another but are
approximately independent of time. Then, the average of several background

Therefore, sea level oscillations in CRA could be used as an indication of an
incoming rissaga event in CIU and should be used as part of an eventual rissaga
warning system designed to mitigate the possible damages inside CIU harbour,
maybe as part of the Mediterranean Tsunami Warning System
ICG/NEAMTWS.
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Abstract
Several cruises were performed in the middle Adriatic coastal area (Kaštela Bay) in late spring and early fall 2009 with an
hyperspectral sensor and an in-situ optical profiler, accompanied with other oceanographic measurements and measurements of in-situ
pigments. Spectral surface signatures revealed a difference between the two optical methods.
Keywords: Adriatic Sea, Ocean Colours, Pigments
Two kinds of optical measurements were performed at 8 stations in the
Croatian Adriatic coast (Figure 1) during three cruises in May and October
2009. Multispectral in-situ irradiances and radiances were measured with a
Biospherical optical profiler PRR800 at 14 wavebands (340; 380; 412; 443; 465;
490; 510; 532; 555; 589; 625; 665; 683 and 710nm).
A hyperspectral sensor (ASD FieldSpec® 3 VNIR spectrometer) measured
every 3 μm within the range 350-1050nm and was used from the ship, at about
two meters above the water surface. A SeaBird CTD profiler measured
temperature, salinity and transmission. The measurements were accompanied
with the analysis of pigments.

reflectance curves because of the presence of dominant Chlorophyll type
pigments.
Spectral reflectance curves have shown typically one peak in the visible
spectrum between 490nm and 555nm, but at some stations, they were
sometimes different for the two methods. However, examining the first
differences, typically in both methods a distinct peak appeared between 555nm
and 589nm (Figure 2). Higher order differences revealed some identical peaks,
pointing to the similarity between the two methods.

Fig. 2. Reflectances and first differences at some stations in the Kaštela Bay
form optical profiler (full line) and from hyperspectral scanner (dashed line).

Additional analyses have explained to some extent the initial differences
between reflectance spectra.
Fig. 1. Location of Kaštela Bay and stations in the eastern Adriatic

Vertical structures of optically active substances have had higher impact to
profiler measurements, while the differences to the measurements from the air
could have been caused by the higher sensitivity of the latter to particular
conditions at the sea surface. In spite of the difficulties in distinguishing the
water column impact and the bottom reflectance in the shallow region, the
analysis has shown the potential for mapping of different coastal water types
with both methods.

During two measurements qualitative and quantitative analyses of 17 different
pigments were determined using a reverse-phase HPLC (High Performance
Liquid Chromatography) method [1] from water samples filtered through
Whatman GF/F filters and frozen until analyzed at -80° C.
The vertical structure of the water column during the cruises was stratified on
26-27 May, with thermocline developed to 7m. In mid October, the thermal
structure was homogenous with 20oC temperature reaching the deepest part of
the bay (35m). The environment was rather turbid during both measuring
periods with transparencies between 11-12m in May and 6-10m in
October.
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After calculating optically weighted pigments for the surface layer, the spectral
absorption curves were reproduced for the main pigments groups. Absorption
spectra were digitized and with the use of spectral absorption data available in
the literature [2], were normalized to pigment content to yield estimates of
specific absorption curves, which were compared to calculated attenuation
coefficients and reflectances.
Different in-situ pigment groups have had lesser influence to overall spectral
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Abstract
The MEDUZA cruises in the south Adriatic Sea have acquired a number of oceanographic data in the deep South Adriatic Pit in
summer 2003. Temperature, salinity and dissolved oxygen concentrations, together with transmission, pigments and optical parameters,
were measured by two multiprobes in 6-h intervals during several days. Strong quasi-diurnal fluctuations of isothermal depths were
observed, being in phase with local sea level, thus indicating internal waves as important phenomenon during this cruise.
Keywords: Adriatic Sea, Temperature, Circulation Models, Stratification
Although the general oceanography of the South Adriatic Pit is well studied in
the past, the lack of high-resolution measurements prevented the
investigations of a variety of processes that occur on the hourly timescales.
Measurements in the frame of MEDUZA experiment tried to overpass that
problem, at least over a local scale, as a large amount of data has been acquired
at a single station (Figure 1) in short time intervals (approximately every 6
hours) between 23 and 28 July 2003. The deep sea CTD (Idronaut)
multiprobe sampled the whole water column (1200m) once a day, while other
measurements were performed with SBE25 multiprobe, reaching a maximum
depth of 300m.

The observed fluctuations were strong in the deep layers and attenuated
towards the surface. Previously, strong isopycnal oscillations on diurnal and
semi-diurnal periods has been found along the South Adriatic Pit northwest
perimeter [2], being resonantly amplified by the topography [3]. However,
the diurnal oscillations are found to be excited by the diurnal oscillations of see
breeze winds during some of strong pycnocline oscillations [3], found to be as
much as important as the tidal force. Therefore, both forces should be included
in assessing the origin of the oscillations found in the deep South Adriatic Pit
through targeted numerical modelling studies.

Fig. 2. Vertical oscillation of isotherms

These vertical fluctuations in the water column impacted a variety of
properties from temperature and light transmission to chlorophyll maximum.
Changes in optical parameters are known to be caused by depth rearrangement
of phytoplankton throughout the day, but the physical processes may be
quite important as well. This also applies to the observed daily vertical
migration of zooplankton species found to be also remarkable [4], some of
these presumably related to physical processes too.

Fig. 1. Location of measurement station in the South Adriatic Pit

The cruise started with calm and clear weather, but at the fourth day strong SE
wind and high waves prevented measurements for 36 hours, after which the
fair conditions continued. Summer conditions in July 2003 were extremely
warm and dry [1] with anomalously high air temperatures and low
precipitation and runoff discharges. Surface sea temperatures were
exceptionally high, reaching 27oC. Salinity was generally high in the whole
water column. Thermocline was strongly developed at several tens of meters
as expected. Below the thermocline, isothermal layers fluctuated unexpectedly
strongly (10 m or even more) between the measurements (Figure 2).
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As lower salinity waters have resided above the thermocline, the pycnocline
was strengthened by the haline effect. The fluctuations of the pycnocline have
a clear resemblance to the internal waves. The type of internal waves is hard
to obtain as the measurements were too short, sparely for capturing such
waves. However, the sea level fluctuations observed at the Bari and
Dubrovnik tide gauges were in phase with the fluctuations. Also, high vertical
oscillations in thermal structure were observed especially in deep layers (up to
120 m), pointing to the internal tides as a process that generated the
oscillations.
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Abstract
A preliminary assessment of the Tyrrhenian Sea surface circulation of summer 2009 is given, based on the results of an operational
ocean model, recently developed at ENEA. The numerical simulations reveal a complex circulation structure in the eastern part of the
basin, that organizes around several well-defined quasi-permanent gyres. Comparison with altimeter data shows that these gyres are
robust features of the summer circulation.
Keywords: Tyrrhenian Se, Models
Introduction
The Tyrrhenian Sea (TS), the main Italian sea, is a deep basin, with complex
bathymetry, whose circulation is not yet fully understood. Although local
wind forcing certainly plays an important role, the basin dynamics is also
affected by the exchanges occurring at the three openings (Sardinia and Sicily
Straits, Corsica Channel). In this work, we focus, in particular, on the role of
the inflow of Atlantic water (AW) on the surface circulation of the basin. The
main tool used is a high-resolution (1/48°, 40 sigma levels) operational model
of the TS circulation, developed in the context of the PRIMI Project. This
model takes initial and boundary data from MFS [1], and is forced by surface
fluxes obtained from ECMWF data.

The circulation in the eastern TS is probably mostly determined by the
interaction between the local wind stress (that is typically anticyclonic in
summer) and the complex topography. However, the fact that the western
boundary of the anticyclonic cell is adjacent to the northward AW stream that
flows through the central part of the basin suggests that this stream may also
contribute to the eastern circulation, and to the associated vortical structures,
through exchanges of momentum and vorticity.
It is natural to wonder whether the structures simulated by the model during
2009 are robust features of the summer circulation. To give a first answer to
this question, we have analysed the SALTO-DUACS altimeter data provided
by AVISO (http://www.aviso.oceanobs.com/duacs/), and we show in Figure 2
the summer average of the absolute dynamic topography over the whole
period 1993-2008. The comparison seems excellent, since all the main
structures appearing in the numerical results have their counterpart in the
altimeter map, with close shapes and positions.

Results
Figure 1 shows the average 2009 summer surface (at 75 m depth) velocity
field resulting from the analyses produced by the operational system, where
some well-defined cyclonic and anticyclonic structures have been numbered
from 1 to 6. Together with some established patterns, such as the Bonifacio
cyclone-antyciclone system, the figure shows some interesting aspects of the
circulation that have apparently not been stressed in previous descriptions.
The first is the fact that the northward stream of AW entering the basin
(known from previous numerical studies, e.g., [2]) bifurcates at about 41° N,
with a branch recirculating southward around a very wide cyclonic region (6),
and another one circling around the Bonifacio gyre and finally leaving the basin
through the Corsica Strait. Contrary to previous descriptions (see, e.g., the
classical works [3]), there is no northward AW flow along the Italian coast.
To the east of 6, there is a wide anticyclonic cell that occupies the whole
eastern part of the TS, meandering around several well-defined eddies, the
cyclone-anticyclone couples 1-2 and 4-5, and the anticyclonic area 3. These
structures are present, with some variability, over the whole season. Although
recent work suggests a complicated dynamics in the area, this is the first time
that such a detailed structure of the circulation has been highlighted. We also
note that the anticyclonic structure 1 may be related to the gyres recently
described in [4].

Fig. 2. Absolute dynamic topography by AVISO (1993-2008 summer
average)
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Fig. 1. Velocity field at 75 m produced by the operational model (2009
summer average)
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Abstract
Since 2000, numerous Argo floats have been deployed in the Mediterranean Sea under various programs and by different
institutions/countries. Different cycling and sampling characteristics have been chosen to monitor this marginal sea, including cycles of
5 to 10 days, parking depths at 350 m and maximum profiling depths between 700 and 2000 m. This work contains the description of
the thermohaline variability obtained using all the historical Argo data in the Mediterranean. The intrinsic variability of the temperature
and salinity is described for most of the Mediterranean sub-basins by means of monthly statistics. The temporal decorrelation scales of
temperature and salinity following floats are also estimated.
Keywords: Temperature, Salinity
Data and methods
In total, 88 Argo floats have been operated in the Mediterranean Sea between
December 2000 and June 2009 (more than 7700 CTD profiles), out of which 27
correspond to the MFSTEP project [1]. The maximum density of floats was
obtained in May 2006 with 31 floats running simultaneously. The following
sub-basins were relatively well sampled by the floats: Catalan, Algerian,
Ligurian, Tyrrhenian, Ionian, Cretan and Levantine. The Alboran and Aegean
seas and the Sicily Channel area have limited Argo data. No data are available in
the Adriatic Sea.
Thermohaline characteristics in the Mediterranean sub-basins
The following statistics have been calculated using the above-mentioned Argo
data in the Mediterranean sub-basins:
• number of observations, mean and standard deviation of potential temperature
(θ) and salinity (S) near 0, 600 and 2000 m;
• number of observations, mean and standard deviation of θ and S near depth of
salinity maximum;
• depth of salinity maximum.
The mean S at the depth of salinity maximum is displayed versus time in Figure
1.

Fig. 2. Auto-correlation of temperature at 600 m versus time lag and integral
time scale (vertical bar) for all the floats in the Mediterranean (trend is removed
from the time series before computing the correlation).

Conclusions
Using the Argo data in the Mediterranean between December 2000 and June
2009, we have shown that:
• the Levantine sub-basin is in general the most populated with data spanning
continuously between June 2001 and June 2009;
• the potential temperature exhibits a seasonal cycle near the surface in all the
sub-basins, as well as the salinity in the Cretan and Levantine sub-basins;
• the characteristics of the temporal evolution of potential temperature and
salinity at 600 and 2000 m show that the sub-basins can be mainly grouped in
western and eastern sub-basins;
• trends are evident in the time series of monthly averaged temperature and
salinity for some sub-basins, but their interpretation should be very cautious
due to the non-uniform sampling of the floats, both in space and time;
• at 600 m the correlation coefficient for the potential temperature decreases to
0.84 after 5 days, and to 0.75 after 10 days. The zero-crossing occurs after
about 140 days, whereas the Lagrangian integral time scale is about 60 days.
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Fig. 1. Monthly mean of S at the salinity maximum in the Mediterranean subbasins between December 2000 and June 2009.

Decorrelation scales of temperature and salinity
The time-lagged auto-correlations of θ and S at selected depths were calculated
to estimate the decorrelation scales following the floats. For each float, a linear
trend was removed from the data time series before computing the autocorrelation, in order to have a realistic measure of the data decorrelation. The
auto-correlations of θ (Figure 2) and S are computed, by using a time step of 5
days. The Lagrangian integral time scale is computed by integrating to the first
zero crossing of the autocorrelation function.
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Abstract
The extreme conditions in the Strait of Istanbul are investigated based on observation of the chemical and bacteriological parameters
together with hydrographic and current measurements. The upper and lower layer blockages occurred in 2003 at the strait which has
a maximal exchange flow system. The distributions of the fecal coliform, nutrients, total suspended solids and dissolved oxygen along
the strait during the blocking events indicate the behavior of the materials and its transportation in the strait.
Keywords: Bosphorus, Nutrients, Bacteria, Hydrography
The Strait of Istanbul (Bosphorus) is a narrow, long and shallow channel which
connects the Marmara Sea and the Black Sea. It has a two-layer exchange flow
system. The upper layer with ~18 psu flows from the Black Sea and the lower
layer with ~38 psu flows from the Sea of Marmara [1, 2]. The average volume
fluxes of the layers (600 km3year-1 in the upper layer, 300 km3/year-1 in the
lower layer) were calculated in terms of the salt and water budget of the Turkish
Sea Straits [1, 3]. However, instant measurements of the volume fluxes change in
a wide range since atmospheric conditions determine the flow exchange [4].
Blocking of the upper or lower layer are the extreme conditions in the strait. In
this study both types of extreme conditions in the strait are presented. The two
layer exchange flow in the Strait of Istanbul plays an important role on the
environmental problem in the region. The discharge of waste water from the city
of Istanbul has been eliminated by taking advantage of the strait flow structure.
The volume fluxes and transport of materials between the Black Sea and the Sea
of Marmara and renewal time of water and material in these seas mainly depend
on exchange characteristics in the strait. Reliable estimates of these exchanges
can be made only from data collected systematically and in a long term period
including extreme conditions in the region.
The CTD (conductivity temperature depth) and ADCP (acoustic doppler
current profiler) data were collected in the Strait of Istanbul in February and
October 2003 by R/V ARAR of the Istanbul University, Institute of Marine
Science and Management (IMSM-IU) The seawater samples were pretreated
with persulphate digestion and analyzed by autoanalyser for total nitrogen
(TN) and total phosphorus (TP) [5]. Among the bacteriological indicators of
pollution, fecal coliform (FC) was studied by membrane filtration technique [6].
The lower layer blockage occurred in February 2003 when the strong northerly
winds blew during several days (Figure 1). In the northern exit of the strait
temperature and salinity were almost constant in the water column and its
current directed to the south. The dissolved oxygen (DO) and total suspended
solid (TSS) values were also homogenous throughout the surface to the bottom.
Although the total nitrogen, total phosphorus and FC generally increased with
depth till bottom due to the continuous deep discharge flow at the Strait of
Istanbul [7], the vertical profile of the nutrients and FC were homogenous
through the water column and bottom values were close to surface values during
the lower current blockage. In the southern exit of the strait, the lower layer
detected several meters in the bottom. Therefore, the deep discharge was
blocked at the southern exit of the strait and could not reach to the northern exit
during the lower layer blockage.

Fig. 1. Lower and upper layers blockage

References
1 - Ünlüata Ü., Oguz T., Latif M., Özsoy E., 1990. On the physical
oceanography of the Turkish Straits. In: Pratt L.J. (ed.). The physical
oceanography of sea straits. Kluwer Academic Publishers, Boston, pp 25-60.
2 - Yüce H., 1996. Mediterranean water in the Strait of Istanbul (Bosphorus)
and the Black Sea exit. Estuar. Coast. Shelf S., 43: 597-616.
3 - Besiktepe S.T., Sur H.I., Özsoy E., Latif M.A., Oguz T. and Ünlüata Ü.,
1994. The circulation and hydrography of the Marmara Sea. Prog. Oceanogr.
34 (4): 285-333.
4 - Oguz T., Özsoy E., Latif M., Sur H. I. and Ünlüata Ü., 1990. Modeling of
Hydraulically Controlled Exchange Flow in the Bosphorus Strait. J. Phys.
Oceanogr., 20: 945-965.
5 - Grasshoff K., Ehrhardt M. and Kremling K., 1983. Methods of Seawater
Analysis, Verlag Chemie, Weinheim
6 - APHA, AWWA and WPCF, 1980. Standard Methods for the Examination
of Water and Wastewater, 17th Edition. American Public Health Association,
Washington, D.C.
7 - Okus E.,Yilmaz A., Yüksek A., Tas S. and Tüfekçi V., 2002. Nutrient
distribution in the Bosphorus and surrounding areas. Water Sci. Technol., 46 (8):
59–66

The upper layer blockage occurred in October 2003 when the strong southerly
winds were dominant (Figure 1). Although salinity profiles at both exit of the
strait indicated two-layer structure the current directions of the water column
were the same in these two layers. Moreover the interface between the two
layers was very thick and it was located upper depth along the strait. The
bottom values of DO, TSS, TN, TP and fecal coliform were higher than the
normal conditions and the beginning of the increase was above the halocline,
primarily controlled by the velocity of the current flow during the upper layer
blockage.
The blocking of the current flow is an extreme condition for the strait
hydrography. The lower layer blockage is critical since the deep discharges given
to the lower layer current flow are also blocked and the discharge diffuses to a
larger zone in the water column, which might also affect the surface water
quality. However, these extreme conditions instantly develop during strong
meteorological events such as persistent northern winds encompassing rather
small period of the whole year.
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EFFECTS OF THE ASSIMILATION OF SEA LEVEL ANOMALY IN THE SICILY CHANNEL REGIONAL
MODEL
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Abstract
Analyses assimilating remotely sensed sea level anomaly observations have been performed in the Sicily Channel for 2008 using a 3D
eddy-resolving regional model. The output fields have been compared with those of a free run covering the same period. As expected
the assimilation has a substantial effect on the spatial features produced. The root-mean-square difference map puts in evidence the
areas where assimilation has larger influence.
Keywords: Circulation, Models, Sea Level
Preface
Operational oceanography systems encompass three main components:
systematical observational data, numerical models, and robust data
assimilation modules. The Sicily Channel Regional Model (SCRM), a nested
eddy-resolving 3D model based on Princeton Ocean Model and developed
during the Mediterranean Forecasting System projects, is the core of the
system. Seasonal variability [1], inter-annual variability [2], and forecasting
skills [3] have been verified in recent studies by means of the synergistic use
of SCRM fields and observations. In order to provide the best estimate of the
sea true state, the assimilation of along track sea level anomalies (SLA) has
been implemented in the system. Two experiments, A1 (analysis) and A2
(free run), respectively with and without the assimilation of SLA, have been
conducted simulating the year 2008.

spatial features produced. An useful way to locate the areas where the
assimilation has a larger impact is representing the RMSD map of the surface
elevation (Fig.2). Largest values of RMSD (2.5 cm) are found in the area off
the Lybian coast, in the Ionian Sea and between Sardinia and Corsica.

Model setup
SCRM is driven at the surface by momentum, heat and water fluxes computed
through the 6-hourly atmospheric fields (mean sea level pressure, air
temperature at 2m, wind speed and direction at 10 m and cloud cover) by
using the well known bulk formulae [4]. At the open boundaries, SCRM is
nested with the coarse model MFS1671 [5] through an off-line one way
nesting technique of the analyses daily mean fields of temperature, salinity
and total velocity. The data assimilation software used is based on a 3D
Variational scheme (OceanVAR) [6]. Vertical background error covariance is
represented through Empirical Orthogonal Functions (EOFs), computed from
the model outputs of a previous long-term simulation. Only the most
significant EOFs are used. Horizontal covariance is modeled as a Gaussian
function. The state vector contains all the state model variables (temperature,
salinity, free surface elevation, velocity components), so the corrections are
performed on all these variables. The 3D-VAR scheme finds its solution
minimizing a cost function. The assimilated data is the Along Track Sea Level
Anomaly (SLA) from Jason-1 satellite.

Fig. 2. RMSE map of the free surface elevation between experiments A1 and
A2. Tracks of the assimilated SLA observations are also shown.

Final Remarks
Remotely sensed observations of sea-level anomaly have been assimilated into
the SCRM by using a 3D Variational scheme. The system has been applied in
a numerical experiment to examine the effects of the assimilation scheme.
Changes observed in the surface elevation fields have a patchy distribution,
which in first instance was found correlated to the presence/number of
assimilated observations. The effects of such changes on surface circulation
should be deeply investigated.
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Fig. 1. Free surface elevation RMSD between experiments A1 and A2

Results
The Root Mean Square Difference (RMSD) time series of the free surface
elevation shows the evolution of the SLA assimilation effects in time. A two
months initial divergence of the two solutions is evident, during which the
RMSD progressively increases. After this initial period the surface elevation
RMSD ranges between 0.6 and 1 cm. Differences between the two
experiments A1 and A2 are better evident by considering the variability of the
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Abstract
On the morning of 21 June 1978 exceptional sea-level oscillations, having a trough-to-crest height of 6 m and a period of 10-20 min,
occurred in Vela Luka Bay. Slightly less pronounced variability was observed elsewhere along the east Adriatic coast and, with some
delay, along the west coast. In this presentation one of the hypotheses put forward to interpret the event, the one relating it to a
mesoscale air-pressure disturbance, is supported by results of the analysis of all the available data and of the runs performed with the
state-of-the-art meteorological and oceanographic models.
Keywords: Adriatic Sea, Air-Sea Interactions, Coastal Models, Sea Level
On the morning of 21 June 1978 a tsunami-like event occurred in the Adriatic
Sea. With the trough-to-crest height reaching 6 m in Vela Luka Bay on the
Island of Korcula and exceeding 1 m in a number of places along both the east
and west coasts of the Middle and South Adriatic, this was the most
pronounced such event observed in the Adriatic in the 20th century. There
were no casualties in Vela Luka, but the town was so heavily damaged that the
state of emergency had to be proclaimed. The event was extensively
commented in contemporary newspapers, along with the fact that it did not
correspond with an equally dramatic process in either the atmosphere above
the Adriatic or the earth below it. A dozen or so tide gauges operated in the
Adriatic at the time, but although some of them did record intensified highfrequency variability, none was exposed to one of the sea-level maxima.

ray theory and therefore departs somewhat from the interpretation of other
similar Adriatic events, e.g. those observed in Stari Grad and Mali Ston Bays
in 2003 [3] and on the Island of Ist in 2007 [4], that was based on the ray
theory in the open sea combined with the mode theory in the coastal basins.
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In the years following the event four different hypotheses on the generating
mechanism have been proposed, with two of them finding the cause at the sea
bottom and two in the atmosphere. The four hypotheses shared a common
weakness: explanations of the relationship between the cause (earthquakerelated bottom movement, landslide, cyclone, or atmospheric gravity wave)
and the consequence (surge) were not supported by a proper modeling. In this
presentation one of the hypotheses, the one relating it to a mesoscale airpressure disturbance [1], is reconsidered by using all the available data as well
as the state-of-the-art meteorological and oceanographic models. Careful
analysis of the sea-level observations and measurements reveals that the sealevel heights at the east Adriatic coast were much larger than at the west coast
and that the west coast oscillations mostly lagged behind the east coast
variability [2]. A fresh look at the air-pressure data confirms the previous
finding according to which a mesoscale atmospheric disturbance propagated at
about 22 m/s in a northeastward direction above the area affected by surging,
and also enables various timing errors in barograph records to be taken into
account. Additionally, an analysis of a simultaneous wind record reveals that
the disturbance lasted about 10 min.
The meteorological model employed (WRF-ARW) proves unable to reproduce
the mesoscale disturbance coinciding with the surge, but shows that the
background atmospheric conditions were favorable for the development of
such disturbances. The oceanographic model ADCIRC-2DDI, forced by the
air-pressure disturbance characterized by a 3 mbar increase, the shape of a
boxcar function, and the other parameters as stated above, successfully
reproduces sea-level variability in Vela Luka Bay reaching a few meters and
thus surpassing the inverted barometer response by two orders of magnitude.
The enhancement appears to result from a four-phase process: (1) the airpressure disturbance travels from the west Adriatic coast to the mouth of Vela
Luka Bay and generates a pronounced wave packet in the sea due to the speed
of the forcing disturbance being close to the speed of shallow-water waves, (2)
leading waves in the packet enter the bay and are amplified due to the funnelshaped form of the basin, (3) the waves are reflected at the bay head, and (4)
the waves return to the bay mouth, are partially reflected there, and are
constructively superimposed on the waves entering the bay from the open
sea. The model also suggests that elsewhere in the Adriatic the conditions
were not so close to the resonant ones as in Vela Luka Bay and that the
scattering due to variable bathymetry and reflection from the east Adriatic
coast resulted in waves that returned towards the west coast and generated
considerable sea-level activity there. Comparison of the empirical sea levels
with the modeled values carried out for the whole area strongly supports the
rather weak mesoscale atmospheric disturbance as an adequate forcing agent.
The present interpretation of the Vela Luka surge of 1978 invokes only the
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A MOORED PROFILER FOR OCEANOGRAPHIC RESEARCH AND ENVIRONMENTAL MONITORING
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Abstract
This presentation concerns the research and development of the ocean moored profiler Aqualog. This technique allows a user to
obtain regular time series of oceanographic data at fixed geographical location by using conventional oceanographic probes, which are
transported by a special carrier that moves vertically between surface and bottom of the sea.
Keywords: Monitoring, Currents, Deep Waters
A moored profiler is a useful tool for multidisciplinary investigations such as
water exchange and deep current structure. In the framework of conducting
oceanographic research the profiler is a useful tool for field investigations of
the variability of both biotic and abiotic parameters of the sea environment
from a few hours to a few months. The estimation of the short-period
variability and its impact on the generation of mixing is possible on the basis
of regular probing during a sufficiently long time. To assess the dynamics of
barotropic and baroclinic waves, eddies and wave-eddy structures and their
role in the water transfer and exchange, it is necessary to observe the spatial
peculiarities of hydrophysical parameters. This makes it necessary to conduct
simultaneous probing by a set of profilers in a number of sea locations.
Finally, a topical task is revealing climate signals in multi-year series of
oceanographic data at fixed locations in sea basins. To achieve these objectives
it is important to get regular and homogeneous ensembles of the observational
data.

So far the typical depth range of Aqualog’s operation was 5–600 m. With a
titanium instrument housing the maximum operation depth reaches out to
3000 m. Vertical speed can be set up within 0.05 and 0.3 m/s. The payload is
up to 4 instruments; 1 slot is available for mounting an optional ocean probe.
Weight in the air is 62 kg without the sensors or up to 75 kg with the sensors.
Start and stop is by magnetic switch or as preprogrammed. There is a light
indication of the system status. The total profiling distance is about 800 km in
still waters for the profiler with lithium battery pack. The Aqualog has an
energy resource sufficient for profiling the water column in the programming
regime for up to several months.
The custom measurement instruments are high-precision, stable and fastresponse. When the carrier is moving with the speed of 0.1 m/s the vertical
profiles are measured with a vertical resolution of 0.05 m for pressure,
conductivity and temperature (FSI Exell 2'' Micro CTD), 0.6 m for the current
speed (Nortek Aquadopp) and 0.8 m for the dissolved oxygen (AANDERAA
Oxygen Optode 4330F).

A new moored profiler named Aqualog was designed in P.P. Shirshov Institute
of Oceanology in 2005-2009 (Fig. 1). It was tested at field trials in the Black
Sea and the Caspian Sea. The profiler is built to carry a load of modern
oceanographic instruments. It moves down and up along the mooring line as a
sea ‘lift’ carrying various instruments including FSI Excell 2'' Micro CTD
probe, Nortek Aquadopp current meter, and AANDERAA Oxygen Optode
4330F. The payload of this sea elevator may also comprise other
environmental probes e.g., fluorimeter and turbidimeter. The profiler mooring
line is made of stainless steel wire that allows a user to extend the maintenance
period of the mooring system up to several months. The programmable
hardware of the profiler allows to set up an automatic operation algorithm
(variable movement speed, time and period of the profiling, etc.).

The Aqualog was successfully tested during expeditions into the Black and
Caspian Seas in 2005-2009. By using the Aqualog new data was obtained
about inertial oscillations, mesoscale variability, and vertical exchange in the
coastal waters. Over the north-eastern Black Sea shelf, the depth of the
seasonal thermocline, the vertical gradient of density driven by temperature
distribution and the current velocity gradient in the thermocline as well as the
vertical exchange coefficient, all are substantially modulated by inertial
oscillations and mesoscale vortices. Moored autonomous profiling stations
located at a fixed geographical point represent the most preferable technical
means for regional marine environmental monitoring. A moored profiler station
inhibits a smaller risk of loss and facilitates technical services including power
batteries and maintenance of the sensors.
This study was supported by the Russian Foundation for Basic Research
grants 05-05-64927, 06-05-08092-ofi, 06-05-02105-e_k, 08-05-12046-ofi.
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Fig. 1. The profiler in the Black Sea waters. The profiler is photographed from
above under a movement limiter at a depth of approximately 7 m right before
another downward/upward profiling cycle. The vertically stretched mooring
line is passed through the drive-wheel on the profiler. In the upper right part
of the profiler an acoustic Doppler current meter Nortek Aquadopp is shown.
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OPERATIONAL FORECASTING FOR THE NORTHERN LEVANTINE, BLACK SEA AND THE TURKISH
STRAITS SYSTEM: PROBLEMS AND PROSPECTS
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Abstract
Operational coastal ocean forecasts are developed for the seas encircling the Anatolian peninsula (Turkey) includig the northern
Levantine Sea, Black Sea and the Turkish Straits System (TSS). An observing system of real-time coastal measurements has also
been developed. Operational coupled ecosystem models are also aimed, with encouraging first results. The observational system
consists of coastal sea-level and meteorological stations and an ADCP system in the Bosphorus Strait. The problems and prospects of
forecasting and experiences to date are described.
Keywords: Straits And Channels, Black Sea
Coastal ocean forecasts for the northern Levantine Sea have been developed, and
have been operational since 2005, driven by high resolution atmospheric forcing
and nested in the MFS (Mediterranean Forecasting System) regional forecast
models [1]. The model has a horizontal resolution of 1.35 km and 28 vertical
sigma levels. Recently the forecast modelling has been updated to include the
effects of major rivers in the Cilician basin of the northeastern Levantine,
supplying the main fresh water inputs to the region, contributing significantly
more than the present discharge of the Nile river into the Levantine Sea. Mersin
Bay and Iskenderun Gulf, connected through a wide shelf region in the
northeastern corner of the Levantine Sea alone receive most of the fresh water,
therefore making it a region of freshwater influence (ROFI). On the other hand,
the westerly flowing Asia Minor current is an often unstable jet that meanders
and sheds eddies in the northern Levantine, and especially in the Cilician Basin,
connected to the shelf that receives large amounts of fresh water, which are then
dispersed by the eddies and meanders. Satellite data display the influence region
of the dispersion pattern. A deep current, underlying the Asia Minor current, is
generated along the steep shelf region to the west as the flow over the sill
between the Cypriot and Turkish coasts induces an overflow that veers to the
north, steered by the slope topography. Levantine Intermediate Water
formation, also observed in continuing experimental programs, has been
captured in the forecasts in several early spring cases. Convective mixing in the
shallow shelf area of the Mersin Bay and Iskenderun Gulf preceeds the leakage
of this water first to the west and later to greater depths. The construction of an
operational coupled ecosystem model has been tested with promising first
results, but presently remains somewhat prohibitive in terms of computer
runtime requirements.

Fig. 2. Black Sea operational forecast for 1 December 2009.

The implementation of an operational model for the Turkish Straits is a
formidable task, because of the major problems of multi-scale coupling between
different elements of the system and with the adjacent basins. The approach for
a first level of understanding has been based on decoupling and studying
separate parts, which individually have sufficient complexity. Despite the
prohibitive requirements for resolution and physical processes representation, a
reasonably resolving model of the Turkish Straits System is also attempted, and
has so far yielded promising results.
A coastal observation network consisting of sea-level and surface meteorology
sensors at 14 stations along the coasts and an ADCP profiling station in the
Bosphorus has been set up to collect real-time data [2]. The system has been
operational for about 2 years, and is aimed to complement the forecasting
systems.

References
Fig. 1. Forecast sea surface temperature and currents at 90 hrs after 1st of
January 2010, northern Levantine sea.

Operational forecasts have been developed for the entire Black Sea, using high
resolution surface atmospheric fluxes of mass, momentum and heat, as well as
the monthly fresh water fluxes of the major Black Sea rivers that dominate the
behaviour of the system. Annual mean fluxes are specified at the Bosphorus
with time relaxation. The model has a horizontal resolution of 2.5 km and 30
vertical sigma levels. The main double-gyre circulation of the Black Sea, the 'rimcurrent' structure, and major semi-permanent features such as the 'Sevastopol
eddy' are well represented. The spreading of fresh water from the large rivers of
the northwest shelf, primarily affects the shelf region, but also spreads to other
parts of the Black Sea with the rim current.
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Abstract
In the framework of the protection and management of coastal waters in the Mediterranean Sea, the city of Marseille (south of
France) has been chosen to study the fate of chemical contaminant inputs and its impact over the adjacent marine ecosystems. A
numerical tool is developped, based on the coupling of a hydrodynamical model, a sediment model, a biological model and a model of
chemical contamination. The present work deals with the validation of the hydrodynamics' compartment by comparisons with
observations, which constitutes a prerequisite for the future operational system.
Keywords: Coastal Models, Circulation, Coastal Processes, Gulf Of Lions
The geomorphology and density of contaminant-generating industries of the city
of Marseille is highly representative of large modern mediterranean cities.
Marseille was thus chosen as a laboratory area for the development of a
numerical tool dedicated to the assessment of the chemical contaminant raw
inputs (from city to sea) and exports (from midsea to open sea) from the city.
This tool is developed based on the coupling of a hydrodynamical model, a
sediment model, a biological model and a model of chemical contamination. The
present work deals with the validation of the hydrodynamics' compartment,
based on the comparison with data issued from observational networks and
campaigns at sea for the years 2007 and 2008.
The high resolution 3D coastal ocean model MARS3D (for 3D hydrodynamic
Model for Applications at Regional Scale) has been applied to forecast the
oceanic circulation off Marseille from the Rhone river to the Cap Sicié (south of
France). For the RHOMA configuration (Fig 1), realistic numerical simulations
were performed for the years 2007 and 2008, with forcing by the Rhone river,
meteorological fields and by the surrounding general circulation known to be
strongly constrained by the Northern Current.
A lot of observations providing the stratification and currents off Marseille were
acquired from in situ oceanographic networks and from vessel cruises during the
last decade. In order to validate the nested forecasting system, quantitative
comparisons between observations and model results were perfomed. Statistics
over long time series of temperature at three moorings (SOMLIT and
MEDCHANGE stations) were computed to show the model skills in capturing
the monthly to seasonal variability of the thermal structure. This comparison
also shows that the model reproduces well the observed features associated
with the shelf processes.

Fig. 1. Bathymetry of the RHOMA modeling domain.
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In particular, the wind strongly constrains the shelf circulation off Marseille [1]
and the model reproduces the cooling of the sea surface waters due to upwelling
caused by a wind blowing parallel to the coast when the ocean is stratified (in
summer and fall).
During the strong Rhone river discharge of June 2008, we reproduced an
intrusion of the Rhone river diluted (low salinity) waters observed into the
southern bay of Marseille for several days under westerlies and south-easterlies
at the Frioul island station.
In addition to those forcings, the general circulation is also of great influence.
Intrusions of the northern current off Cassis from the south of the domain are
observed and reproduced by the model in winter, due to the penetration of
meanders over the narrow eastern part of the shelf [2].
This study received support from the IFREMER METROC project sustained
by the Marseille water agency, the GIRAC project and the PNEC-EC2CO
MASSILIA project.
The authors gratefully acknowledge J. Garrabou and the Medchange program as
well as JG Harmelin and the 'Parc-Marin de la cote bleue' for communication of
the MEDCHANGE T time series. We are grateful to the staff of the SOMLIT
(Service d’Observation en Milieu Littoral) national network for littoral
observations of the INSU (Institut National des Sciences de l'Univers) for
providing the data from the SOMLIT-Frioul Marseille station.
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Abstract
The network of mooring lines deployed between 300 m and 1900 m depth along Lacaze-Duthiers and Cap de Creus canyons and the
southern open slope allowed to study the water and sediment transport in the Western Gulf of Lions during the 2006 intense cascading
period. The dense water and sediment transport reached down to 1900 m depth and was both through submarine canyons and along
the southern open slope towards the Catalan Margin. Sediment transported by cascading came either from the shelf or from
resuspension of sediments previously deposited at mid-canyon depths. Open-sea convection processes combined with deep cascading
pulses also generated sediment transport at deeper slope regions.
Keywords: Continental Margin, Particle Flux, Sediment Transport, Gulf Of Lions, Deep Sea Processes
Dense shelf water cascading in the north-western Mediterranean has been
identified as a major transport mechanism able to generate high sediment fluxes
in submarine canyons [1, 2, 3] and in the basin during the coldest years [4]. It is
known that dense shelf water flows can transport shelf particles and erode and
reshape the seafloor, increasing suspended and bed load sediment transport as
they progress across the outer shelf and upper continental slope. However,
observations of the spreading of dense shelf water cascading across the entire
continental slope are scarce and its effects on sediment transport towards the
continental rise and basin are largely unknown.
The north-western Mediterranean is a region of dense water formation due to
the effect of strong and persistent northern winds (Mistral and Tramontana).
The formation occurs on the shallow inner shelf of the Gulf of Lions and at
open-sea, preferably in the area known as MEDOC site. Over the continental
shelf, the intense wind-induced evaporation and cooling produce cold dense
water that eventually overflows the shelf and cascades down the slope,
especially though the westernmost submarine canyons. The process occurring in
the basin is characterized by open sea vertical convection, and mixing of surface
water with warmer but saltier Levantine Intermediate Water [5].
Recent studies have demonstrated that most of the off-shelf suspended
sediment transport in the Gulf of Lions occurs in its westernmost sector,
preferentially through the Cap de Creus submarine canyon. Based on this
previous knowledge, a focussed monitoring strategy was designed within the
HERMES project, to better constrain the contemporary sediment transport
processes in this region. A network of mooring lines equipped with current
meters and turbidity sensors at 5 m above bottom were deployed between 300
m and 1900 m depth along the axes of the two Lacaze-Duthiers and Cap de
Creus neighbor canyons, as well as across the southern open slope from
October 2005 to October 2006 (Fig. 1).

Recorded data indicate that dense shelf water cascading was the main shelf-toslope sediment transport process in the area, acting from January to April-May
2006. The dense water and sediment transport was not only through submarine
canyons, but also along the southern open slope. The most important
suspended sediment transport event was due to the intense cascading pulse
occurring in January 2006, which produced a strong sediment flux increase along
the Cap de Creus Canyon down to 1900 m depth and also along the open slope
at 1000 m depth. A significant sediment flux increase also occurred in MarchApril 2006 due to another intense cascading pulse. In this transport event,
suspended sediment concentration only increased at 1000 m depth in the Cap de
Creus Canyon and on the open slope, but not at the canyon head, suggesting a
redistribution of sediments previously deposited at mid-canyon depths. Deeper
than 1000 m, net fluxes show that most of the suspended sediment left the
canyon and flowed along the southern open slope towards the Catalan margin,
whereas a small part flowed downcanyon and was exported basinward through
the canyon mouth. Additionally, the increase of the deep-sea near-bottom
currents induced by open-sea convection processes, combined with the arrival
of deep cascading pulses, also generated moderate but continuous suspended
sediment transport at deeper slope regions.
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Fig. 1. Bathymetric map of the study area showing the location of the moored
instruments. CCC: Cap de Creus Canyon. LDC: Lacaze-Duthiers Canyon.
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Abstract
We present a merged technique for producing monthly mean air-sea heat fluxes values in the Aegean Sea from bulk formulae. The
input variables are mainly drawn from the POSEIDON buoy network of the Hellenic Centre for Marine Research (HCMR). Time
series derived from five buoys encompassing a period from January 2000 to December 2008 are used together with satellite data and
coastal meteorological observations to estimate heat fluxes over the marine boundary layer. The estimated monthly mean values are
further compared with widely used global gridded datasets.
Keywords: Air-Sea Interactions, Heat Budget, Aegean Sea
Air-sea heat fluxes are crucial for understanding the role of the oceanic
environment in the climatic processes as a main driver of the global
atmospheric and oceanic circulations. But they are not readily quantified and
their basic input variables mostly come from the International Comprehensive
Ocean-Atmosphere Data Set (ICOADS, Voluntary Observing Ship program)
since the buoy measurements are scarce and the satellites are still unable to
provide accurately all the necessary variables [1, 2]. HCMR's Poseidon
network consists of oceanographic buoys that monitor meteorological, sea
state, upper ocean physical and biochemical data in a 3-hour time intervals [3].
The network is operational since late 1999 and provides four key variables
needed for estimating the aforementioned heat fluxes. These are atmospheric
pressure, air temperature, sea surface temperature and wind speed. Seasonal
maintenance and sensors calibration ensures the network reliability. Cloud
fraction is estimated based on 3-h observations provided by a number of
coastal stations of Hellenic National Meteorological Service (Fig.1).
Simultaneous cloudiness observations from 2-3 nearby stations are spatially
interpolated to produce a composite cloud fraction at each buoy location.

suitable for the Mediterranean, Bignami formula. For the turbulent
components, latent heat Qe and sensible heat Qh, the state-of-the-art COARE
v3.0 algorithm is used [8]. As a general rule, monthly mean values are
estimated when less than 10% data are missing. The final products are further
statistically compared against the following heat flux datasets: a) the National
Oceanography Centre of Southampton air-sea interaction gridded dataset [1];
b) the OAFlux project dataset of WHOI [6]; and c) the HIPOCAS
Mediterranean Sea high-resolution atmospheric dataset [7]. Due to large gaps
in our dataset a statistical comparison over a whole year is not possible,
therefore only concurrent measurements are involved. Table 1 illustrates
results from the preceded statistical comparisons. The period of comparison is
referred to 2000-2006 for NOC dataset, 2000-2007 for OAFlux and 20002001 for HIPOCAS. According to the main statistical features the most
suitable gridded product is appeared to be the OAFlux dataset for all the
components except the net longwave radiation for which the HIPOCAS
dataset seems to fit better. The relatively large biases of NOC dataset are
apparently attributed to the different bulk formulae for the clear sky insolation
and for the net longwave radiation. Qb from OAFlux dataset exhibits no
correlation not only with the in situ data but also compared against the other
two gridded products.
Tab. 1. Main statistics of the comparisons with the gridded datasets. N is the
number of compared values.
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Fig. 1. Buoy sites and the 9 meteo stations over the Aegean Sea.

Additionally, the specific humidity is estimated from the SSM/I brightness
temperatures (F13, F14 and F15 platforms; [4]). Over the study area an
average of 5-6 overpasses were available on a daily basis (while F14 was
operational). In order to achieve more representative values, the satellite
brightness temperatures from all the daily swaths are selected within a radius
of 0.5o from the buoy site and are interpolated in time to be fitted in the 3-h
interval dataset. The incoming solar shortwave radiation Qs is calculated from
the Reed bulk formula using the List formula for clear sky irradiance as more
appropriate for the Mediterranean Sea conditions. A correction to the clear
sky insolation due to the aerosol attenuation is applied according to Tragou
and Lascaratos [5]. The net longwave radiation Qb is computed using the most
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M. Pasaric 1*, S. Cupic 2, N. Domijan 2, N. Leder 2 and M. Orlic 1
1 Hydrographic Institute of the Republic of Croatia, Split, Croatia
2 Andrija Mohorovicic Geophysical Institute, Faculty of Science, University of Zagreb, Zagreb, Croatia - mpasaric@irb.hr
Abstract
Exceptionally strong storm surge that occurred on 1 December 2008, when record-breaking sea level was recorded in the Northern
Adriatic, is analysed using sea-level data from tide gauges along the eastern Adriatic coast. The event was a result of fine tuning
between the storm surge brought about by a series of synoptic atmospheric disturbances, the tide and the preexisting Adriatic basinwide seiche, all superimposed on a significant sea level rise due to the low-frequency atmospheric disturbance related to planetary
waves, whereupon the local seiche activity additionally increased the sea level.
Keywords: Adriatic Sea, Sea Level
In Venice the sea level reached 156 cm [1], which is the fourth highest value since
1923.
The event was well documented by tide gauges of the Croatian network of
permanent stations. The network was modernized in 2003 with digital instruments
and GSM modems for the data transmission, thus providing real-time data and
enabling the prompt and detailed analysis of the event. The peak event occurred at
Bakar at 08:15 CET, with sea level reaching 121 cm; at Rovinj the highest
instantaneous sea level (95 cm) was recorded at 11:36 CET, at Zadar the maximum
(83 cm) occurred at 08:39 CET, at Split it was 71 cm at 07:02, while at Dubrovnik
sea level maximum was considerably lower (50 cm). The beginning of the episode
can be tracked two weeks before - a large-scale air-pressure disturbance, related to
passage of planetary atmospheric waves, caused sea level to slowly rise (Figure 1)
thus securing preconditions for the occurrence of extreme sea levels [2]. This
intensified in the next days when a series of weather fronts passed over the Adriatic,
each time triggering off the Adriatic seiche. Three days prior to the peak event a very
strong sirocco started to blow, piling up water in the shallow Northern Adriatic. On
the morning of 1 December 2008 yet another front passed over the Adriatic – the air
pressure at Bakar reached its minimum value at 07:30 CET, just shortly before the
tide reached its daily maximum and the preexisting Adriatic seiche was heading
towards its maximum. Hence, when the tide reached its maximum at 08:15 CET sea
level at Bakar went up to its highest level since the start of the uninterrupted
measurements in 1949 and also likely since the start of the tide gauge 79 years ago.
This record-breaking level was a result of fine tuning between the storm surge (~40
cm) brought about by a series of synoptic atmospheric disturbances, the tide (23
cm) and the preexisting Adriatic basin-wide seiche (13 cm), all superimposed on a 33
cm sea level rise due to low-frequency atmospheric disturbance related to planetary
waves, whereupon the local seiche activity within the Bakar Bay contributed with
additional 10 cm.
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Fig. 1. The episode of exceptionally high sea level recorded at Bakar: (a) original airpressure time series and the data low-pass filtered at 10 days; (b) the recorded time
series of 1-minute sea-level data and the tidal prediction; (c) the sea level upon
removal of the tidal signal; (d) the sea-level time series, low-pass filtered at 10 days
and the storm-surge activity related to synoptic atmospheric disturbances; (e) sea
level, band pass filtered around 22 hours, which corresponds to the principal mode
of the Adriatic basin-wide seiche and high-pass filtered (at 1 hour) time series
representing the local seiche activity.
During late autumn and winter the coastal area of the Northern Adriatic is
occasionally exposed to extremely high sea level (acqua alta), which floods the
towns and brings great damage to urban infrastructure. Venice is most vulnerable to
this phenomenon, but other towns in the region are sometimes also severely
affected. One exceptional occurrence took place on 1 December 2008. On this
occasion not only the Northern Adriatic coast was flooded, but the sea level rose
high above its usual values along the greater part of the Dalmatian coast north of
Split. The towns of Trogir, Šibenik, Zadar, Rijeka and many other were flooded
while in some harbors ships were damaged. At Bakar the sea level reached 121 cm
which is absolutely the highest value recorded at the longest operating Croatian tide
gauge in use since 1929, with a 10-year break around Second World War.
Exceptionally high sea level was also registered on the Italian coast of the Adriatic.
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Abstract
We study the surface circulation of the Eastern Mediterranean basin over 2005-2007 by comparing drifter trajectories, models and
altimetry. Using pseudo-Eulerian statistics, we investigate a way to validate the model or altimetry circulation schemes with drifter
data measurements.
Keywords: Eastern Mediterranean, Circulation, Models
The surface circulation in the eastern Mediterranean Sea is investigated by
means of surface tracked drifters, numerical models and altimetry data for the
period spanning from November 2005 to October 2007.
Within the framework of the EGYPT/EGITTO program, a total of 97 drifters
drogued at 15-m nominal depth were released between September 2005 and
March 2007 in the Sicily Channel and the Ionian basin [1]. All drifters were
tracked with the Argos Data Location and Collection System (CLS). Drifter
positions have accuracy better than 1000m. After editing, the drifter position
time series were linearly interpolated every 2 hours using the kriging technique,
and were then low-pass filtered and subsampled every 6 hours. The velocities
were computed by finite-centered differences [2]. It is important to note that,
despite the hundredth of drifters and the 18 months duration, the resulting mean
pattern remains highly constrained by the spatio-temporal distribution of the
drifters, up to rendering artifacts due to mesoscale eddies [1].
The numerical simulations were carried out using the Mediterranean model
MED16 [3, 4] and the extracted Mediterranean domain from the operational
PSY2v2 forecasting system [5], regional configurations of the primitive-equation
model Ocean Parallel [6]. The horizontal resolution of both models is 1/16°(57km) and there are 43 vertical levels. The models were forced by daily air-sea
flux and wind fields from the analyses of the European Centre of Medium-range
Weather Forecast (ECMWF).
The altimetric data available for this study from CLS are the geostrophic
velocities deduced from Sea Level Anomaly maps. Data are interpolated over a
regular 1/8°x1/8° grid, every 7 days [7].

Fig. 1. Mean flow superimposed on Mean Kinetic Energy using kriged drifters
data (top) and MED16 model (bottom)

Both modeled and altimetric data are low-pass filtered and interpolated in space
and time at the drifter positions following the method of [2]. On a grid with
0.25°x0.25° mesh, pseudo-Eulerian statistics are computed (mean current,
variance ellipses, mean and eddy kinetic energies).
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For example, mean flow and kinetic energy are shown for in situ observations
and MED16 (Fig 1). On one hand, some of the main features of the mean flow
agree, for both model and drifters : i) the main flow of Atlantic Waters (AW)
bifurcates, upon exiting the Sicily Channel, into a northern branch and a
southeastward one; ii) the southeastward branch reaches Libya West of 20°E
and iii) from ~24°E , the eastward coastal current along Africa associated with
mesoscale eddies in agreement with [8], continues northward along the MiddleEast slope.
On the other hand, model and drifters mean kinetic energies mostly disagree in
several areas. For example, offshore between 24°E-31°E, both mean flows show
complex patterns, mostly opposite between 24 and 27°E, even displaying a
partial eastward flow. This is related to a strong signature of mesoscale patterns
(mostly eddies like Ierapetra or Lybian eddies at this place) in the in situ
data. Actually, a good agreement between these datasets requires an
exact spatio-temporal correlation between the positions of the observed and
modelled eddies.
In a next step, using the whole spatio-temporal sampling of the models, we will
check whether this scheme is still relevant for validating the models.
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Abstract
Inertial and internal waves in the Central Ligurian Sea are investigated by using long time series of high frequency observations of
both ADCP currents and temperature profiles in the upper thermocline. Horizontal variability is dominated by the inertial currents
which have a kinetic energy comparable with that of the mean currents. Time frequency analysis evidences the presence of internal
waves having periods in the sub-daily band, between 6 and 17 h (the local inertial period). During summer, these vertical oscillations
may affect the temperature time series at a fix depth up to several degrees.
Keywords: Air-Sea Interactions, Currents, Ligurian Sea, Time Series, Temperature
Data and methods
In order to investigate the variability of the upper layer, a mooring equipped
with an upward-looking ADCP (Acoustic Doppler Current Profiler) RD&I
Sentinel 300 kHz and CTD sensors was deployed in the open Ligurian Sea (43°
47.77’ N; 9°02.85 E) near the meteo-oceanographic buoy ODAS Italia1. The
ADCP sampled the upper 50 m of water column from 13 September, 2003 to
25 May 2004 and from September 2004 to June 2006 thus providing a longterm time series of 3-D currents data. Meteorological parameters, in particular
wind speed and direction and atmospheric pressure, were measured each hour
from the buoy ODAS at 13.5 m above the sea surface until 11 March 2004. Sea
temperature and conductivity at six different depths, between surface and 36 m,
were also collected each hour from the buoy. Spectral analysis and the
methodology proposed by Jacobs et al. [1] were used to evidence the timespectral characteristics of the observed oscillations.
Results
The upper layer currents variability in the investigated area is mainly due to the
inertial currents. They occur very often, can persist several days and have a
kinetic energy comparable with that of the mean currents. The more energetic
ones are found at the end of the summer, when the thermocline is still well
developed, while during winter their amplitude is reduced. Inertial oscillations
are very common in the ocean. They can be locally generated at the sea surface
by changes in wind stress or by the rapid transit of a low and can persist for
several days. These oscillations propagate energy far from the area of generation
as well as downward in the water column, generating higher-frequency internal
waves through non linear interactions [2]. For their contribution to the mixing,
they are of particular importance in regions such as the Ligurian Sea, since they
compensate the lack of the tidal mixing. No clear relation between local wind
stress and the onset of horizontal inertial currents was found in this analysis.
The existence of mixed layer inertial currents unrelated to wind forcing is
reported by different authors. Van Haren and Millot [3] found similar results in
the Ligurian Sea and gave evidence to the important role of the thermal
stratification of waters in the vertical propagation. The time series of the vertical
currents clearly show the occurrence of intermittent burst of oscillations
reaching the amplitude of few centimeters per second. The signal was present in
the entire sampled water column, but the amplitude attenuated with increasing
depth. The time-frequency analysis confirms that these oscillations develop
both in summer and in winter, even the episodes last only a few days. Their
frequency varies in the sub-daily band, spanning from few cycles per day to the
local inertial frequency (local inertial period is 17.3 h). Differently from the
horizontal inertial currents, the comparison with available local wind time series
evidenced a nearly one-to-one correspondence between the wind stress relative
maximum and the occurrence of vertical currents oscillations, identified by a
maximum of daily standard deviation, but at a first analysis their amplitude
doesn’t seem relate to the intensity of wind stress. Bursts of oscillation in the
sub-daily band are detected also in the temperature time series in the upper
thermocline. During summer months, when the thermal stratification reaches its
maximum, the temperature variation at 35 m due to the internal
waves reached more than 4 °C.

Fig. 1. Time series of daily mean wind stress magnitude and vertical velocities
standard deviation.
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Abstract
We propose a latent-class model where the joint distribution of linear and circular data is specified through a finite mixture of
conditionally independent Gamma and von Mises distributions. Missing values are imputed by drawing multiple imputations from the
predictive distribution of the missing values given the observed data, at the maximum likelihood estimates. The procedure is illustrated
on an incomplete dataset that includes measurements of wind speed and direction and significant wave height and direction, taken by a
buoy and two tide gauges of the Italian wave-metric network.
Keywords: Waves, Wind/Font, Sicilian Channel
Environmental multivariate data are disseminated by environmental protection
agencies for a variety of purposes, including the estimation of statistical models
that detect significant relationships between different environmental
measurements. Incomplete datasets, where some of the measurements are
missing, pose a serious obstacle in the fulfillment of these purposes. There is an
extensive literature about the estimation of statistical models in the presence of
missing values. However, these methods often require the expertise of a trained
statistician, as they involve both computational and methodological issues that
can be challenging, depending on the nature of the mechanism that generate the
missing values and the complexity of the model that is exploited for analysis. To
reduce the workload of the data analyst, incomplete data should be provided in a
way that they can be analyzed by "standard" methods, i.e. methods that require
the availability of complete data information. Environmental data could be
completed by imputing missing values according to an imputation model. This
approach is referred to as single imputation. It is however well known that if the
data analyst uses complete-data methods for analyzing the completed dataset
by treating imputed values as if they were real data, this generally leads to
variance estimates that are too low, confidence intervals which are too narrow,
and wrong tests (real significance level above nominal level).

10/13-11/11/2003 by the buoy of Mazzara del Vallo located at about 10 Km
from the southern coast of Sicily. The dataset also includes eight-hours moving
averages of wind speed and direction, taken from the two nearest tidal stations,
respectively located at Porto Empedocle (Sicilian coast, about 100 Km from the
buoy) and at Lampedusa Island (about 250 Km from the buoy).

Fig. 1. The 5-components mixture distribution of wave direction (left) and
height (right), as estimated by a latent-class multivariate model

Multiple imputation (MI [1]) has been suggested as a way of overcoming the
variance estimation problem that arises under a single-imputation strategy.
Under a MI protocol, the data-base constructor (or imputer) and the end user
(or data analyst) are thought as distinct entities. The data-base constructor
draws a number of imputed values from the predictive distribution of the
missing values, given the observed data, computed on the basis of an imputation
model. The resulting completed datasets are appended together to provide an
augmented dataset to the data analyst, who can exploit standard methods to
simultaneously examine these datasets and, appropriately pooling the results,
use them to correct for the variability in the imputations, which differs from the
variability in the observed data. Directions about the pooling procedure are
provided by the imputer and involve simple calculations, which can be carried
out by a data-analyst who is not necessarily a trained statistician. Under a MI
strategy, imputation is typically carried out by estimating a parametric model
from the complete cases and using the predictive distribution of the missing data
given the observed data to draw a number of imputations for each missing value
in the incomplete dataset. Under a frequentist approach, the imputation model
is estimated by maximum likelihood and imputations are drawn from the
conditional distribution of the missing values, given the observed data, evaluated
at the maximum likelihood estimate of the parameters that have been obtained
from the observed data.
Latent-class, mixture models have been proposed as flexible imputation models
when incomplete datasets include categorical [2] or mixed categorical and
continuos variables [3]. We extend this approach to the case of linear-circular
variables, by specifying a multivariate mixture of Gamma and von Mises
distributions. The model clusters incomplete data into homogenous groups and
exploits this classification to complete records with missing values. Parameters
of the mixture model are estimated by maximization of the likelihood from the
observed data, by a suitable E-M algorithm that allows for missing values.
Imputations are then drawn from the multivariate conditional distribution of the
missing values given the observed data, evaluated at the maximum likelihood
estimate. We evaluate the performance of this imputation method by means of
predictive intervals and nonparametric cross-validation.

Fig. 2. Imputed values (dots) and observed data (grey line) of wave direction
(top) and height (bottom), yielded by a 5-components latent-class model
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Results of the MI procedure are illustrated on an incomplete dataset that
includes hourly measurements of wave height and direction, taken in the period

160
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)
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Abstract
A.R. Robinson was the pioneer of ocean mesoscale modelling and data assimilation. His extraordinary knowledge about ocean
mesoscale processes, advanced technologies for monitoring and numerical modelling made it possible for operational oceanography to
emerge as a new science in support of the sustainable development of all marine activities.
Keywords: Circulation Models, Mesoscale Phenomena, Eastern Mediterranean
A.R. Robinson (1932-2009) was the founder of ocean forecasting, starting
from mesoscale modelling up to the development of the general methods for
ocean forecasting. He defined the three methodological phases for forecasting
mesoscale eddies in the ocean and carried out the experiments at sea and with
numerical models to demonstrate the effectiveness of the methodology [1].

overcome the scarcity of data in this region: the feature model initializion
method that combines the oceanographic knowledge of the processes and
structures of the region with observations that are gappy and unfrequent. The
first successful forecast of Gulf Stream evolution and ring detachment was
then carried out in 1984 [6].

Starting with the MODE and POLYMODE experiments in the 70's, he
showed that the ocean was dominated by mesoscale eddies 4-5 times the
Rossby deformation radius and that the energy and vorticity processes of this
flow field are characterised by frontal dynamics and baroclinic instabilities [2].
In 1983 he designed and carried out the first 'Real Time Forecasting
Experiment' in the California Current [3]. In the figure the principle of ocean
forecasting is summarized: collect synoptic data and produce an initial
condition as accurate as possible to control the error growth by intense
nonlinearities in the ocean [4].

Meantime all these developments were undergoing in the Atlantic and Pacific
ocean he turned his attention to the Mediterranean Sea, preparing the ground
for the modern and scientifically based evidence of the large scale general
circulation of the Eastern Mediterranean Sea. He was the father of the
'Physical Oceanography of the Eastern Mediterranean-POEM' program that
lasted ten years and collected the first intercalibrated basin scale data sets at
0.5 degree resolution for the entire eastern basin. His description of the general
flow field of the Eastern Mediterranean is a benchmark of our understanding
of the Mediterranean Sea circulation. It shows new structures and phenomena,
the sub-basin scale gyres instabilities, new eddy-gyres structures never
revealed before, recurrent eddies phenomena not yet fully understood. His
work pointed out the intense eddy dynamics of the South-Eastern Levantine
area [7], the presence of anticyclonic gyres that merge and enlarge, depicting
the intense quasigeostrophic turbulent cascade processes of this area [8]. After
this phase, as part of a general methodology for starting ocean forecasting
activities in the world ocean, he dedicated a major effort to implement ocean
forecasting in the Sicily Strait and Ionian Sea, describing the dynamics of these
areas at unprecedented resolution and demonstrating the quality of forecasting
[9] .
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Fig. 1. The essential components of the first real time forecasting experiment
carried out by Robinson and collaborators in the California current in 1983 [3,
4]. The top of the picture shows the sampling pattern in a 150 x 150 kmsq
region which was repeated three times giving rise to data that allowed to
calculate the geostrophic streamfunction shown in the panel below. The
direction of currents is shown by red arrows overlaid on the pictures.

Robinson devised the in situ data collection sampling methods and the
modelling tools at the same time, capable to forecast nonlinear ocean
mesoscale eddies up to few weeks in the future. His contribution to ocean
forecasting was even more important for the seminal work carried out at the
beginning of the eighties in understading and demonstrating the usage of
Geosat altimeter data for ocean forecast initailization, a crucial step for
operational oceanography [5].
At the same time he was thinking to demonstrate that forecasting was possible
in the Gulf Stream area, a region extremely non-linear and ageostrophic so that,
if forecast would be successful, it would demonstrate that ocean forecasting is
possible everywhere in the world ocean. Again he invented a method to
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Abstract
The surface circulation of the Eastern Mediterranean (EM) is studied using drifter data between 1990 and 2009, with particular
attention to the Sicily Channel, and the Ionian and Levantine Seas. The drifter trajectories and the pseudo-Eulerian statistics computed
from them (maps of mean circulation and eddy variability) reveal strong quasi-permanent surface currents over the continental slopes
and in several anticyclonic gyres. Seasonal and interannual variability of the surface currents is mostly evident in the Sicily Channel
and Ionian Sea.
Keywords: Circulation, Eastern Mediterranean
Surface drifters of various designs have been operated in the EM since 1990 as
part of operational (military) and research programs to monitor the surface
currents and the sea surface temperature. The most common drifter designs are
the SVP and the CODE systems for which the water following characteristics
are good and quantified [1]. All drifters were located by, and transmitted data to,
the satellite Argos system. Recent models were also fitted with GPS receivers to
increase the position accuracy and sampling frequency. The drifter data were
processed and arranged in web-based databases under the MedSVP program. In
particular, the data used in this work were interpolated (kriging) and low-pass
filtered to exclude tidal and inertial motions. They were provided by a total of
487 drifters spanning the period January 1990 to November 2009 and
amounting to a total of about 91 drifteryears. The drifter data (Figure 1) show
the Atlantic Water (AW) entering in the Sicily Channel in two preferential
paths, one close to the Tunisian coast (the Atlantic Tunisian Current), the other
one located in the central and northern portion of the region, corresponding to
the Atlantic Ionian Stream (AIS) [2, 3]. The surface currents are notably
influenced by the wind forcing, with enhanced AW flow into the EM during
NW Mistral winds prevailing in winter. This seasonality mainly driven by the
winds is also evident in the southwestern Ionian [3]. In the northern Ionian, the
drifters indicate both seasonal and interannual variabitlities with (1) a mean
anticyclonic circulation dominating prior to mid-1997 and extending the AIS
towards the NE [4]; (2) a general cyclonic circulation between mid-1997 and
1999, with the southern limb of the cyclone advecting AW towards the E in the
central Ionian, and (3) alternating anticyclonic (cyclonic) circulation patterns in
summer (winter) in 2006-2007 [3].

eastern Levantine Sea, the Lagrangian data reveals a strong coastal/slope
northward current off the Middle East coast [3] along with several eddies
presumably created by the instability of the coastal current. In particular, recent
measurements in 2009 has confirmed the complexity of the surface circulation in
this region and the persistence of strong eddies between Cyprus and Israel. In
the northern Levantine, including the Cilician sub-basin, the drifter data are too
scarce to deduct robust and significative results on the surface circulation.
Pseudo-Eulerian statistics [2, 3] confirm the above results and provide a more
quantitative description of the EM surface currents in terms of mean flow
(Figure 2), eddy, seasonal and wind-induced variabilities. Kinetic energy levels
of the mean (MKE) and fluctuating (EKE) components of velocity are high in
the major currents and eddies mentioned above, and in general the EKE tend to
exceed the MKE, indicating the predominance of the fluctuations with respect
to the mean.

Fig. 2. Mean surface circulation of the EM based on the drifter data shown in
Figure 1 averaged in bins of 0.25° x 0.25°.
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Fig. 1. Composite diagram of all the low-pass filtered drifter trajectories in the
EM (excluding the Adriatic and Aegean Seas) between January 1990 and
November 2009.

East of 20°E, the eastward motion of AW takes places in the Libyo-Egyptian
Current (LEC) on the African continental slope and in the form of numerous
anticyclonic eddies created by the instability of the LEC (Libyo-Egyptian
Eddies, LEEs [3]), by the wind curl (Ierapetra and Pelops Eddies) and by
topography. The northern limbs of some of these eddies in the open sea
correspond to the Mid Mediterranean Jet put forward by the Physical
Oceanography of the Eastern Mediterranean (POEM) project [5]. In the
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Abstract
The analysis of a compilation of deep CTD cast conducted in the western Mediterranean from 1998 to 2009 have documented the
role that dense shelf water cascading off the Gulf of Lions plays in transporting suspended particulate matter from the coastal regions
down to the basin. Deep CTD casts revealed that after the 1999 and 2005-2006 major cascading events the Western Mediterranean
Deep Water was characterized by the presence of a thick bottom nepheloid layer that scaled in thickness with a thermo-haline
anomaly generated by the mixture of dense waters formed by deep convection at open sea and by cascading off the Gulf of Lions
shelf. The aim of this contribution is to characterize the observed bottom nepheloid layers and determine their spreading and residence
time in the western Mediterranean basin.
Keywords: Western Mediterranean, Hydrography, Sediment Transport, Gulf Of Lions
Suspended particulate matter in the oceans plays a key role as extractors from,
transporters through and sources to the water column of many major and minor
elements, being responsible for maintaining most oceanic chemical concentration
gradients [1, 2]. Particles are introduced into the ocean by biological production,
rivers, glaciers, wind and bottom sediments resuspension. Biological, chemical
and gravitational influences then act to remove particles from the water column.
These removal processes, however, occur on much shorter time scales than the
formation, movement or mixing of oceanic water masses. Particles, therefore, do
not act as pure conservative tracers of water masses. However, their presence
and concentration can indicate the location and intensity of oceanographic
processes, particularly those involving the resuspension of sediments in deepsea environments due to strong bottom currents, and be used as a tracer of water
motions [3, 4].
The northwestern Mediterranean is one of the regions of the world where
massive open sea dense water formation occurs because of cooling and
evaporation of surface waters during winter-time [5]. Concurrent with this
oceanographic process, coastal surface waters over the wide shelf of the Gulf of
Lions also become denser than the underlying waters and cascade downslope,
usually through submarine canyons, until reaching their equilibrium depth [6].

Fig. 1. Vertical profiles of suspended sediment concentration (SSC) and σθ from
a hydrographical transect conducted across the Barcelona continental margin,
from 300 down to 1700 m depth on 24 March 2005. The inset map shows the
detailed location of the CTD casts.

Dense shelf water cascading (DSWC) can last for several weeks and the
associated strong currents can induce erosion and resuspension of surface
sediments in the outer shelf/upper slope [7, 8] and, therefore, generate bottom
nepheloid layers (i.e. layers of water that contains significant amounts of
suspended sediment). Such layers can be detached at intermediate levels when
the density of the mixture of water and particles reach their neutral
buoyancy depth. In very dry, windy and cold winters, such as in 1999, 2005
and 2006, DSWC off the Gulf of Lions was exceptionally intense and reached
depths >2000 m, evolving into a thick bottom nepheloid layer that spread along
the lower continental slope and across the basin (Fig. 1).
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The observed bottom nepheloid layers scaled in thickness with the thermohaline anomaly generated by the mixture of DSWC and dense waters formed by
deep convection at open sea, the later only bringing “blue water” free of
particles to the basin, being up to 650 and 1450 m thick after the1999 and 20052006 events, respectively. Concentrations within the bottom nepheloid layer in
the central part of the basin were usually around 0.3 mg/l (i.e. 0.1 mg/l above
background levels), reaching higher concentrations close to the continental rise,
with near-bottom peaks up to 2 mg/l. These bottom nepheloid layers could be
observed to progress from the Gulf of Lions and Catalan margin towards the
central part of the northwestern Mediterranean basin, reaching south of the
Balearic Islands and west of Sardinia after the 1999 event, and covering the
entire basin after the 2005 and 2006 events. Thickness and concentration of the
bottom nepheloid layer diminished with distance away from their source and
also with time. The turbidity signal could be barely distinguished one year after
the 1999 event, but the one generated after the 2005-2006 events can be still
clearly detected, confirming that fine particles in dilute nepheloid layers can
have residence times of several years [3].
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Abstract
ESONET is a Network of Excellence launched in March 2007 for 4 years (2007-2011) and coordinated by IFREMER. It involves 14
European countries, more than 50 institutions and SMEs, about 300 scientists, engineers and technicians. The network prepares the
technical specifications to implement a permanent observatory infrastructure in the deep ocean around Europe with the ability to
monitor a large range of physical, chemical and biological parameters. Amongst eleven key areas around Europe, four of them,
located in the Mediterranean zone will be presented. An overview of the possible infrastructure at European scale will be presented.
The conclusions will explain how this European observatory initiative is well integrated in a world wide “Deep sea observatory wave”.
Keywords: Open Sea, Sampling Methods
European Seas Observatory NETwork (ESONET, http://www.esonetemso.org) is a Network of Excellence (NoE) launched in March 2007 for 4 years
(2007-2011) and coordinated by IFREMER (France). ESONET involves 14
European countries, more than 50 institutions and SMEs, about 300 scientists,
engineers and technicians. Its budget is around 70 M€ as total cost, with a EU
grant of 7 M€.
The ESONET network prepares the technical specification to implement a
permanent observatory infrastructure in the deep ocean around Europe with the
ability to monitor a large range of physical, chemical and biological parameters
and to constitute a part of the marine branch of the global monitoring system of
the Earth. The ESONET observatories will provide information on global
change, warnings of natural hazards and a basis for sustainable management of
the European Seas. The NoE unifies the communities and prepares the technical
specifications of the seafloor and water column infrastructure that will be
implemented by the European infrastructure project EMSO (coordinated by
INGV). The NoE manages some common activities programs of members
organisations and the main part of the work is driven in the framework of
observatories Demonstration missions. Amongst networked tasks the most
important ones are:
- the establishment and the recognition of involved international groups per
site to prepare the implementation of Regional Legal Entities on the nodes of the
infrastructure (EMSO PP project),
- to update the scientific objectives relevant to deep sea observatories at the
top research level ([1]),
- the preparation of standardisation issues: sensor interface, sensor registry,
data management for instance ([2]).
- to build a general business plan to be updated according each ESONET node
and to prepare the implementation strategy,
- education, outreach and communication, for users, scientists, stakeholders,
students, customers.
Eleven key areas around Europe have been identified as specific targets selected
for relevant science programmes of potential hazards, geo hot spots, ecosystem
processes, and oceanography: Arctic ocean, Norwegian margin, Nordic Sea,
Porcupine Seabight and Abyssal Plain, MOMAR zone (Azores), Gulf of Cadiz,
Ligurian Sea, East Sicily, Hellenic node, Black Sea, Marmara Sea (figure 1). The
five former sites will be presented: scientific issues, infrastructure and their
possible future as deep sea observatory. The Ligurian site has already been
described in a previous article ([3]) and some updates will be given. As it is
partly linked with the Antares neutrinos telescope and the KM3net project the
link with the Hellenic node will be explained. The Black Sea activity in
ESONET is still seldom. The East Sicily node is managed partly in the
framework of an ESONET demonstration mission named LIDO
(http://www.esonet-noe.org/main_activities/demonstration_missions).
LIDO
raised from a need to understand more about the role of sound production and
reception in the behaviour, physiology, and ecology of marine organisms.
Anthropogenic sound, including sound necessary to study the marine
environment, can interfere with the natural use of sound by marine organisms.
The Marmara zone is one place where great ESONET activity takes place, in
the framework of an other Demonstration Mission, named MARMARA –DM,
focused on Seismic science. A specific attention will be paid on this
2 Mediterranean Demonstration missions and on testing operations to be
deployed on cabled sites.

Fig. 1. Eleven ESONET nodes plus one testing site (Kosterfjiord)

Launched the 1st march 2007, great progress has been driven regarding all this
issues on the ESONET sites. Here will be presented an overview of the progress
made on Mediterranean sites and of the possible infrastructure at European
scale. The conclusions will explain how this European observatory initiative is
well integrated in a world wide “Deep sea observatory wave”.
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Abstract
Biological and continental shelf pump play a major role in carbon cycling and sequestration in the intermediate and deep layers of the
sea. A state of the art numerical model of the Adriatic Sea general circulation is coupled with a biogeochemical model to study and
quantify these processes. Two scenarios are examined in detail: winter 2006/2007 and winter 2007/2008. In the former, mild weather
conditions did not trigger any relevant dense water flux, which, instead, has been measured for the 2007/2008 case study. The results
of the simulations show different biogeochemical properties and different air/sea CO 2 exchange rates, both in good agreement with
experimental observations.
Keywords: Adriatic Sea, Carbon, Models
Marine systems play a crucial role in the global carbon budget, in particular,
the oceans are thought to absorb about 40% of the antropogenic CO2 [1]. The
biological pump and the continental shelf pump are two among the
mechanisms that foster the transport of carbon in the intermediate and deep
layers of the sea (Fig. 1). The components of these processes are:
- primary production (PP) which uses the carbon (DIC) taken up through
air/sea exchanges;
- sinking of organic material (POC);
- vertical transport of dissolved organic (DOC) and inorganic (DIC) carbon
through downward fluxes associated with dense water formation.

The physical model reproduces the mesoscale seasonal variability correlated
with the thermohaline properties of the water column. Short term (few days)
response to the major atmospheric forcings (Bora and Scirocco wind) also
show a good agreement with experimental observations. The biogeochemical
model simulates carbon and phosphorus cycles paying particular attention to
production, sinking and recycling processes.
The integrated model has been tuned to reproduce several experimental
observations related to different environmental conditions. In particular, two
scenarios are examined in detail: winter 2006/2007 and winter 2007/2008. In
the former, mild weather conditions did not trigger any relevant dense water
flux, which, instead, has been measured for the 2007/2008 case study. For
both scenarios, the carbon budgets are estimated in three relevant sub-basins,
vertically organized as follows:
- northern continental shelf;
- central pits (subdivided into 2 sub-layers);
- southern pit (subdivided into 3 sub-layers).
The results of the simulations show different biogeochemical properties and
dynamics for each of the six boxes, and different air/sea CO2 exchange rates,
both in good agreement with experimental observations.
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Fig. 1. Simplified scheme of the biological and continental shelp pump

The Adriatic Sea is considered to be a key area for the sequestration of
atmospheric carbon in the interior of the Mediterranean Sea. This study
presents the results obtained by running a numerical model of the Adriatic Sea
for the period november 2006 - august 2008. The simulations, set up in the
framework of the VECTOR project, aim at understanding the dynamics and
fluxes of the biogeochemical properties of the basin, paying particular
attention to the formation and transport of dense water masses (~7°C, 38 psu,
1030 kg/m3), which originate in the Northern Adriatic Sea in winter and spread
southward along the basin. Model features can also help in investigating the
seasonal variability of the mesoscale structures and the effect of air-sea
interactions on the general circulation.
The simulations are carried out customizing the MITgcm, a three-dimensional,
finite volume, non-hydrostatic, general circulation model [2]. The physical
model is coupled with a medium complexity biogeochemical model specifically
developed for the Adriatic Sea [3] and a model which solves the carbonate
chemistry system [4]. The computational domain spans north of the Otranto
strait (from latitude 40.3° N to 45.9° N), with a horizontal resolution of 1/32°
(~3.4 × 2.4 km) and 51 unequally spaced levels. Initial and open boundary
conditions are obtained from the 1/16° operational model of the Mediterranean
Sea run by INGV. The main rivers flow rates are derived from in situ
measurements (when available) or yearly averages and are modeled in such a
way as to consider both the thermohaline and momentum contribution.
Surface atmospheric forcing is interpolated from high resolution atmospheric
models (ETA006 and ALADIN).
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A FORCED OCEAN-ATMOSPHERE MODEL TO PERFORM LONG-TERM HYDRODYNAMIC RESPONSE
INDUCED BY ATMOSPHERIC FORCING WITHIN THE STRAIT OF GIBRALTAR.
Emma Reyes 1*, Miguel Bruno 1 and Alfredo Izquierdo 1
1 University of Cadiz, Applied Physics Department, 11510, Puerto Real, Spain - emma.reyes@uca.es
Abstract
This study investigates the response of the Atlantic inflow induced by atmospheric forcing in the Strait of Gibraltar during intense and
persistent easterly wind episode. The hydrodynamic response is successfully simulated using a high -resolution oceanic numerical
model forced by an atmospheric mesoscale model. Numerical simulations show the raising of the Atlantic-Mediterranean interface
along the Morocco’s northern coast indicating the development of upwelling in this area while the interface sinks down near the
downweling region in the south Atlantic coast of Spain. The joint action of the high atmospheric pressure over the Mediterranean and
the easterly wind drastically reduce the Atlantic inflow.
Keywords: Strait Of Gibraltar, Upwelling, Air-Sea Interactions, Atmospheric Input, Currents
Circulation in the Strait of Gibraltar consists of several concurring processes.
One of these processes is the direct action of the winds along the Strait.
Dominant easterly/westerly winds appear to originate upwelling/downwelling
phenomena, which subsequently will modify the circulation patterns and the
interface depth [1, 2 and 3]. It is known that under intense easterly winds
upwelling events occur along the Morocco’s northern coast while the
downwelling is developed in the south Atlantic coast of Spain. Analysis of one
month numerical simulations between September and October 2008, coincident
with the GIBRALTAR-08 oceanographic survey period, were performed with a
two-dimensional, non-linear, two-layer, free-surface, boundary-fitted coordinate, hydrostatic ocean model UCA2.5D [4] at grid resolutions down to 1
km, forced with the Fifth-Generation NCAR / Penn State NonhydrostaticMesoscale Meteorological Model MM5 [5] fields. The atmospheric
model domain has been implemented for the Gibraltar Strait, covering the
Western Alboran Sea and small part of the Gulf of Cadiz, while the curvilinear
ocean model grid is limited to the Strait of Gibraltar and embedded in the larger
atmospheric model domain (see Figure 1 for details).
Simulations have been performed with three different forcing cases to determine
the response of the circulation patterns and the interface depth to the
atmospheric pressure and wind forcing separately. The first simulation was
performed by forcing the ocean model only with surface wind, the second
simulation included also atmospheric pressure forcing and the third one has been
obtained being forced by atmospheric pressure and surface winds. For the
validation process, the different outputs of the model have been compared with
a set of in situ meteorological and oceanographic data collected during
GIBRALTAR-08 survey, which took place in the Strait of Gibraltar onboard
the R/V Sarmiento de Gamboa conducted during fall season in 2008.

Nevertheless, considering the joint effect of the high atmospheric pressure in the
western Mediterranean basin, significant reductions in the Atlantic flow could
therefore reverse at the same time that the Atlantic-Mediterranean interface
raise, taking place the development of upwelling in the Morocco’s northern
coast. The numerical solutions closely match the experimental results discussed
in [6].
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Fig. 1. Spatial coverage of the fine horizontal resolution (1 km in the whole
model domain and 0.125 km in the Strait of Gibraltar) ocean model grid (blue
box) and the 10 km horizontal resolution MM5 grid (red box).

Model simulations show that the effect of the easterly wind by itself is to
decrease the intensity of the Atlantic inflow and the interface depth.
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DENSE SHELF WATER CASCADES IN THE PALAMÓS CANYON. COMPARISON WITH THE CAP DE
CREUS CANYON
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Abstract
The Palamós and the Cap de Creus submarine canyon heads were instrumented during two consecutive winters to study their
respective role in the dynamics of the sediment transport on the northwestern Mediterranean Sea. Several events of dense shelfwater cascading (DSWC) were identified and compared among them. Sediment transport during DSWC at the Palamós canyon is
significant during eastern and also northern storm events, but not related with river floods. However, the magnitude of transport events
in the Palamós Canyon is one order of magnitude lower than in the Cap de Creus Canyon.
Keywords: Sediment Transport, Continental Margin, Western Mediterranean
Submarine canyons incised in continental margins are meant to be preferential
pathways for the exchange of water and particles between the coastal area and
the open sea. Hydrodynamics and sediment transport processes in submarine
canyons depend upon several forcing conditions in the region such as general
circulation, bottom morphology and atmospheric regime [1, 2]. The off-shelf
sediment transport through submarine canyons, due to storms and river floods,
can be significant and recently dense shelf-water cascading (DSWC) has been
identified as an important transport mechanism able to generate high sediment
fluxes in submarine canyons [3]. DSWC can transport large amounts of water
and sediment, reshape submarine canyon floors and rapidly affect the deep-sea
environment [4]. DSWC is seasonal, resulting from the formation of dense water
by cooling and/or evaporation over the shelf, and occurs on both high- and lowlatitude continental margins. The aim of this study is to determine the presence
of DSWC events at the Palamós canyon head during winter conditions, and to
compare these events with the contemporary ones recorded in Cap de Creus
canyon head.

than at the Palamós Canyon. This corroborates the idea that most of the offshelf sediment transport in the northwestern Mediterranean during DSWC
events occur at the southwestern end of the Gulf of Lions, through the Cap de
Creus Canyon [3, 4].

The Cap de Creus Canyon, located at the northwestern Mediterranean Sea
belongs to a complex network of submarine canyons cutting the Gulf of Lions
continental margin. The Palamós canyon is located 20 km southward from the
Cap de Creus canyon. The head of both submarine canyons reaches the
continental shelf-edge by the 90 m depth contour, and the canyon rims are about
2 - 3 km away from the coastline (Figure 1). At the southern end of the Gulf of
Lions, storm-induced downwelling can be combined with DSWC and enhance
sediment transport through submarine canyons during winter-time [3]. The Cap
de Creus submarine canyon has been intensively studied during the past years
as it acts a major transport conduit during DSWC events. On the contrary, little
information exists about the sediment transport processes operating within the
Palamós submarine canyon [5].
Observational work during this study consisted of a series of field
measurements carried out with two instrumented moorings during winters 200607 and 2007-08 deployed at the heads of the Palamós and Cap de Creus
submarine canyons around 300m depth (Fig. 1). These moorings were equipped
with a current meter with temperature, conductivity, pressure and turbidity
sensors, placed at 5 m above the seafloor. Multibeam bathymetry from both
canyon heads was also acquired and used to determine the canyon axis
morphology, which was considered to compute down-canyon fluxes. Forcing
conditions were obtained from oceanographic buoys and gaps in the wave height
and peak period time series were filled with models outputs. Daily river
discharges from nearby rivers were also analyzed.

Fig. 1. Location of the two moorings in the Palamós Canyon (PC) and in the
Cap de Creus Canyon (CCC).
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Sediment transport events during winter 2006-2007 and winter 2007-2008 were
quite similar. Down-canyon current velocities >60cm/s were detected in the Cap
de Creus Canyon, and >40cm/s in the Palamós submarine canyon. Increases in
current speed were associated with subtle drops in temperature (~1 ºC) related
to DSWC, and peaks of suspended sediment concentrations (SSC) of ~160 mg l1 in the Cap de Creus Canyon, and ~6 mg l-1 in the Palamós canyon head. Two
eastern storm events that generated temperature and current fluctuations were
registered between 16th and 19th of February 2007 and between the 2nd and 5th
of January 2008. These storm events enhanced DSWC events at both submarine
canyons. A northern storm event on the 6th of March 2008 also occurred, but
only generated DSWC at the Palamós, and not at the Cap de Creus Canyon.
During the study period there was no relation between sediment transport
events and nearby river discharges. The amount of sediment transported during
the DSWC events is one order of magnitude greater at the Cap de Creus canyon
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LAGRANGIAN AND EULERIAN OBSERVATIONS OF THE SURFACE CIRCULATION IN THE TYRRHENIAN
SEA
Eleonora Rinaldi 1, Bruno Buongiorno Nardelli 1*, Enrico Zambianchi 2 and Pierre Marie Poulain 3
1 Istituto di Scienze dell'Atmosfera e del Clima (ISAC)-CNR, Rome, Italy - bbuong@gmail.com
2 Dipartimento di Scienze per l’Ambiente, Università degli Studi di Napoli “Parthenope”, Naples, Italy
3 Dipartimento di Oceanografia, Istituto Nazionale di Oceanografia e di Geofisica Sperimentale - OGS, Trieste, Italy
Abstract
In this paper the Tyrrhenian Sea surface circulation is investigated by means of lagragian and altimeter data. Respect to the traditional
cyclonic circulation, the analysis reveals a significant and unexpected complexity. The circulation is modulated by a series of
mesoscale/sub-basin structures, of both transient and semi-permanent nature. The pseudo-Eulerian statistics computed with the two
datasets evidenced the representativeness of a joint analysis of altimeter and drifter data
Keywords: Circulation, Remote Sensing
Introduction
This paper focuses on the study of the Tyrrhenian Sea, a sub-basin of the
western Mediterranean whose surface and near surface dynamics are still
relatively poorly known [1, 2], in particular as to its southern region. A set of
53 surface drifters deployed in the Tyrrhenian Sea between December 2001
and February 2004 was analyzed. Simultaneous satellite remotely-sensed
altimeter, covering the period 2001-2004, was associated to this dataset in
order to supplement the drifter data with continuously and uniformly sampled
observations, and to characterize the seasonal and the higher frequency
variability of the surface circulation. The investigation was based on trajectory
analysis and on the computation of the pseudo- Eulerian statistics using the
same binning and space-time averaging for drifter and altimeter data.

Dyn. Atmos. Oceans, 29: 365-395.
2 - Robinson A.R., Leslie W.G., Theocharis A. and Lascaratos A., 2001.
Mediterranean Sea Circulation, In: Encyclopedia of Ocean Sciences, Academic
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(ed) Seasonal and interannual variability of the Western Mediterranean sea.
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Results and discussion
The analysis reveals a new more complex circulation pattern respect that
drawn in literature [3, 4]. In fact the cyclonic circulation is modulated by a
series of mesoscale/sub-basin structures, of both transient and semi-permanent
nature. These structures are particularly important in the southern region of
the basin where they overcome by far the mean flow pictures. The North
Tyrrhenian Cyclone (NTC) and the North Tyrrhenian Anticyclone (NTA) are
the main structures in the northern region of the Tyrrhenian Sea. In the southwestern side of the basin a double core cyclonic gyre is present that captures
the major portion of the AW entering in the basin. New structures of the
circulation are picked out in the southern region of the Tyrrhenian Sea as the
South Tyrrhenian Anticyclone (STA), between 12-13 E and 39-40 N, an
anticyclonic circulation near the northern coast of Sicily, and finally a gyre
having a cyclonic rotation offshore the Calabrian coasts.
The study of altimeter data has highlighted a certain degree of seasonal
variability in the circulation pattern. The circulation structures present in the
western side of the basin are stronger in summer than in winter, contrarily the
circulation features in the south eastern region are more important in winter
than in summer.
The pseudo-Eulerian statistic computed with drifter and altimeter
measurements has highlighted the sampling and dynamical differences between
this two dataset. The value of MKE is greater for the altimeter data than for
drifters, on the contrary the EKE energy levels computed from the altimeter
are lower than those obtained from drifters. To ascertain the consistency
between the Lagrangian measurements and the altimeter dataset, and to
evaluate if the observed differences can be related to different sampling
capability or dynamical processes, the pseudo-Eulerian statistics derived from
the drifters have been spatially smoothed and the altimeter data have been
resampled along drifter trajectories. Altimeter data sampled over drifter
trajectories and the spatially smoothed pseudo-Eulerian statistics derived from
drifter have quite similar values of MKE levels of energy, but the variance
ellipses and the EKE levels are very different, in fact the levels of energy
computed from altimeter measurements are always smaller than those from
drifters.
Therefore, it is possible to conclude that the standard interpolated products of
altimeter data lose a considerable part of the signal, even if they ensure a wider
and more regular sampling than drifters.
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ON THE FUTURE OF THE EASTERN MEDITERRANEAN TRANSIENT
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Abstract
The evolution of the Eastern Mediterranean Transient (EMT) to date has been documented in some detail. Presently, the deep waters
are still in a transient state, with salinity distinctly enhanced relative to the classical situation. It is argued that, because of this, of long
time scales of deep-water recirculation, and of expected climatic changes, transient conditions in the deep waters will prevail for a
long time, with even an uncertain outcome. This contrasts strongly with the quasi-equilibrium situation that prevailed during the preEMT era.
Keywords: Eastern Mediterranean, Global Change
While our 1987 Meteor observations confirmed the classical view how the
thermohaline system of the Eastern Mediterranean operated [1], the 1995
cruise (both cruises under the POEM umbrella) revealed the entirely disturbed
situation [2] now known as the EMT. Dominant EMT features were a T-S
inversion in the deep waters and a highly increased salinity over much of the
water column, most strongly so below the inversion. A rather steady but far
more moderate salinity increase was found also prior to the EMT (Fig. 1).
However, T and S were always found to decrease with depth without any
positive evidence of an inversion. The evolution after 1995 was further
monitored by Meteor cruises in 1999 and 2001. The hydrographic
observations (by OGS) together with our own tracer data and much
information from other work revealed many remarkable features. One was the
Aegean dense-water outflow in 1993 averaging as high as 3 106 m3/s (3 Sv),
related to isopycnals being raised by several hundred meters. The density of
the Aegean-derived deep waters (referenced to an appropriate isobar) was
hardly different from that of the classical Adriatic outflow [3]. Presently the
deep waters are still far from an equilibrium state, and how the Eastern
Mediterranean’s thermohaline circulation will be organized in the long run is an
open question.

such changes will modify the depths to which such waters penetrate and also
their circulation pathways. The salinity increase has been highest in the
Levantine deep waters, so that the effect will be strongest in the Aegean,
which might help inducing another Aegean event. Reaching the Adriatic
implies a delay on the order of 100 years [4], which, together with varying
pathways and assisted by the moderate deep-water volume relative to those of
the ocean at large, might induce oscillation. On such time scale, further salinity
enhancement will arise from the expected regional decrease in precipitation [5].
I conclude that the deep waters will continue to be transient for a long time,
and that even the outcome cannot be predicted with certainty.
Acknowledgements: It was Allan Robinson who, admirably, developed,
together with Paola Malanotte-Rizzoli, the international cooperation that
enabled the POEM effort, which made my Meteor work possible. Allan
attended the Meteor cruises of 1987 and 1995. The OGS observations were
directed by B. B. Manca, and in 1987, by the late A. Michelato. I am deeply
indebted to all my coworkers in Bremen and at sea and to the EU and national
funding agencies for support.

References
1 - Wüst G., 1961. On the vertical circulation of the Mediterranean Sea. J.
Geophys. Res., 66: 3261-3271.
2 - Roether W., Manca B.B., Klein B., Bregant D., Georgopoulos D., Beitzel
V., Kovacevic V. and Lucchetta A., 1996. Recent changes in Eastern
Mediterranean deep waters. Science, 271: 333-335.
3 - Roether W., Klein B., Manca B.B., Theocharis A. and Kioroglou S., 2007.
Transient Eastern Mediterranean deep waters in response to the massive
dense-water output of the Aegean Sea in the 1990s. Prog. Oceanog., 74: 540571.
4 - Roether W. and Schlitzer R., 1991. Eastern Mediterranean deep water
renewal on the basis of chlorofluoromethane and tritium data. Dyn. Atm.
Oceans, 15: 333-354.
5 - Held I.M. and Soden B.J., 2006. Robust responses of the hydrological
cycle to global warming. J. Clim., 19: 5686-5699.
Fig. 1. Eastern Mediterranean salinities below 2000 m depth, 1910 – 2001
(courtesy B. Klein). Much of the scatter in the early data is measurement
noise. The straight line is a linear fit to the pre-EMT data since 1948.

In this context, I address a potential paradigm change: During the period
from the first observations (1910) up to the 1980s a quasi-equilibrium
prevailed, proving to be basically stable against whatever disturbances
occurred. The Adriatic acted as the principal deep-water source while the
Aegean added to its preconditioning [3]. The deep waters generated formed
one coherent cell of lateral spreading and upwelling. This structure was
completely disturbed by the EMT (since about 1990), with the Aegean
dwarfing the Adriatic as the deep-water source. It appears that the EMT was
a unique event, brought about by accidental coincidence of a number of factors.
After 1995, decreasing density restricted the Aegean outflow waters to middepths, which eventually enabled the Aegean to precondition the Adriatic
again. However, a further ingredient is inclusion of upwelling deep waters. As
its salinities distinctly exceed the pre-EMT values, the inclusion tends to raise
salinity and density of deep waters newly formed. Considering that deepwater transports are governed by minute density differences, it is clear that
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Abstract
This paper presents first author's concepts for fast in situ detection of sea level induced hazards (tsunami, seiche, extreme sea levels,
storm surge, extreme sea states, meteo tsunamis) and their implementation at sea level stations of MedGLOSS network. This is
accomplished via real time low latency multi sensors (atmospheric pressure, wind, sea level) data gathering and by the processing and
analysis of the data, using a specially developed software package. The basic idea is based on gathering the sensors data for a number
of overlapping and time sliding windows of varying length and frequency and by analyses of cross correlations, trends, spectral and
cross spectral data analyses.
Keywords: Sea Level, Tides, Time Series, Sampling Methods, Instruments And Techniques
Introduction
The importance of rapid detection and alert of tsunamis for providing early
warning against such events has reached full recognition already at the first
meeting of the Intergovernmental Coordination Group for the Tsunami Early
Warning and Mitigation System in the North Eastern Atlantic, the
Mediterranean and Connected Seas (ICG/NEAMTWS), because of the
relatively small size of the Mediterranean Sea and the implicit short warning
times for sites on its coasts. Along with the adopted decision for setting up a
multi parameters and multi hazard early warning system, detection of these
hazards using sea level monitoring sensors implicates continuous low latency
monitoring of the sea level surface elevation at selected sites. While typical
tsunami waves have wave periods from above 5 minutes to about 60 minutes
(at least in the Mediterranean), there are additional infragravity waves in this
wave period range of other origins which may superpose or be miss-identified
as tsunami waves. Such infragravity waves can be due to bounded wave
groups, as well as free waves such as edge waves, atmospheric pressure
fluctuations (meteo-tsunamis), wind gusts, etc. Within the list of other
hazards induced by sea level rise we may list flooding and/or coastal erosion
due to storm surges via wind induced set-up (usually associated also with
barometric lows), due to storm waves induced large superelevation within the
surf zone (growing towards a maximum at the waterline) and extreme spring
tides. Hazards due to sea level lowering, inducing coastal erosion and removal
of various types of debris from the land and foreshore are due to tsunamis,
while wind induced set-down or barometric highs may lead to navigation
problems. It is thus obvious that the monitoring of sea surface fluctuations for
the detection of tsunami waves must be capable to monitor at the same time
other types of sea level fluctuations due to non-tsunamigenic origin and for
this reason a low latency monitoring rate of the sea level is compulsory.

data transmission was developed by the second author based on the
specifications of the first author, and implemented at a number of MedGLOSS
stations using the National Instruments LabView software development
package and cRIO-9072 CompactRIO Controller and Chassis Integrated
System with WINDOWS XP PRO operating system.
Based on the low latency data gathered by the RT MONITOR software, a
sequence of windows of the data, covering overlapping and the sliding time
windows from 17 minutes to 1/2 day are used to for fast determination via
trend analyses, spectral and cross spectral analyses, correlation and other
statistical data analyses methods as indicated above, based on the observed
data, when such event is encountered and the sources leading to the fast sea
level changes (tsunami, infragravity waves, seiche, storm surge, etc.). Finally,
in the case that such an event would be detected, a near real time warning
communication via Internet will be generated.
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Paper contents
The paper will discuss the following aspects:
a.
Monitoring and proper identification methods of the type of sea level
hazard as a function of the location of the monitoring station (deep water,
transient depth, surf zone, inside a harbour).
b.
Present approach used for detection of tsunami waves in deep water for
early warning.
c.
The conceptual approach used for detection of tsunami waves in deep
water as well as near the shore, separately for each type of location.
d.
The sensors complementary to tide gauges, sampling rates and methods
of data processing for rapid identification of sea level hazards.
e.
Conceptual approach used for rapid detection of the hazards, including
multi size and overlapping sliding data windows and the short term trend
analyses, identification of the infragravity waves due to bounded long waves
via Smoothed Instantaneous Wave Energy History (SIWEH) analyses (Funke
and Mansard,1979), run length (Battjes and Van Vledder, 1984), temporal and
spatial group steepness via Hilbert transform (Haller and Dalrymple, 1995),
etc.
f.
The approach chosen for the development of the special software
package for rapid detection of sea level related hazards using the low latency
data from submerged Paroscientific pressure sensor, Aanderaa wind station
and Setra barometer with which are equipped some of the real time
MedGLOSS sea level stations selected for participation in the preliminary
NEAMTWS tsunami detection pilot network.
To enable the above concepts, first the MedGLOSS RT MONITOR
software real time clock data gathering, analysis and real time
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Abstract
Results are presented from two field experiments, conducted during winters 2007/8 and 2008/9, and modeling work focusing on winter
cross shelf and slope transport processes off the central Israeli coast. Our study shows that this transport is, apparently, driven by both
downwelling circulation off the Israeli coast and by the strong impact of the flow of the adjacent deep sea upon the flow over the
upper slope and over the narrow Israeli shelf due to the presence of an along-slope jet, open sea meanders, and eddies.
Keywords: Continental Shelf, Levantine Basin, Circulation
Results from two field experiments, conducted during winters 2007/8 and
2008/9, and modeling work focusing on winter cross shelf and slope transport
processes will be presented. Our study shows that this transport is
apparently driven by both downwelling circulation off the Israeli coast and by
interaction between the flow over the narrow Israeli shelf and that of the deep
sea. In comparison to studies of upwelling systems, downwelling driven
circulation has been relatively little explored in the world ocean. Moreover,
while modeling studies and a limited number of field experiments suggest that
flow dynamics in the deep sea have a strong impact on the cross shelf/slope
transport in the region, this has been only slightly explored [1, 2].

both the along-slope jet and the downwelling circulation were well simulated
by the numerical model, the strength of the jet was underestimated and the
model failed to reproduce the observed increase of the current speed with
depth over the shelf break.

Field measurements included extensive hydrographic surveys using vesselmounted and a vessel- towed ADCPs (acoustic Doppler current profilers) and
CTD (conductivity, temperature, depth) casts off the central Israeli coast
(depths from 10 to 800 m), long-term time-series measurements of watercurrents and thermal structure in the water column from bottom mounted
ADCP sites over the shelf (water depths of 25, 60, and 130m) and Aaanderaa
RCM7 current meters moored at a site on the upper slope (300 m depth).
Several thermistors were attached to the mooring line of the upper and shelf
break sites. These measurements were complemented by forecasts and
simulations using the Princeton Ocean Model (POM) with grid resolution of
1.25, nested within the eastern (ALERMO) and the general (OGCM)
Mediterranean Sea models. This study is part of an ongoing US-Israel
Binational Science Foundation funded project, which also includes
microstructure and turbulent profile measurements aimed at combining the
meso-scale and micro-scale transport and mixing processes.
The ADCP surveys revealed the temporal and high spatial variability of the
currents on the shelf and slope region with length scales of O(10-20 km),
accompanied by cross shelf transport due to the presence of eddies and
onshelf intrusions of deep sea meanders up to the inner shelf. They also
confirm the occasional existence of an along-slope northward baroclinic current
jet during the winter season and provide important information about its
structure. The surveys, with the help of the modeling simulations, show the
along-slope jet to be part of the cyclonic jet following the eastern rim of the
Levantine Basin during and following the southeastern winter storms or as a
local intrusion of a deep sea current.

Fig. 1. Current vectors at -14 m from ADCP transects: 25 Feb 2009. Also
shown are the positions of the CTD stations during the cruise ( circles) and
fixed current mooring stations during 17 Dec 08- 31 Mar 2009 ( X ).

Measured velocities of the jet were relatively high with speeds as high as 1m/s
and the jet was found to interact with the upper slope to produce strong
northward currents close to the seabed. Data from the current meter sites
showed that the downwelling flow over the shelf and at the shelf edge was
mostly confined to the bottom boundary layer (BBL). This is believed to be
due to the presence of seaward Ekman veering of the velocity within the BBL
(vertical extent of 20-30 m) occurring during winter storms and during the
relaxation period after the storms. The seaward flow at the BBL over the shelf
break was found to be higher during the presence of an along-slope jet due to
the stronger velocities over the seabed.
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A persistent characteristic of the currents over the shelf break was the increase
of current velocity with depth, resulting in a local maximum with speeds as
high as 1 m/s at the top of the BBL. This local maximum is consistent with the
existence of significant horizontal density gradients observed over the shelf
break during the two winter experiments These density gradients were
accompanied by a deep density front on the upper slope during the presence
of the along-slope jet. Towards the end of the winter season the frontal jet
weakened and the water column at the 300 m site became mixed, allowing for
the strong upper layer currents to reach the bottom. Although the presence of
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INVESTIGATING CHANGES IN THE ATLANTIC WATERS CHARACTERISTICS ALONG THE EGYPTIAN
MEDITERRANEAN COAST
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Abstract
The paper investigates the changes in characteristics of the Atlantic Waters (AW) as they move eastwards along the Egyptian coast
in the South-eastern Mediterranean. The study analyzed a long series of temperature, salinity and σt data, collected by several
expeditions that were carried out by research vessels of different nationalities, including Egypt, during the period 1959-2008, averaged
for the winter and summer seasons. The paper also examined the long-term (50 years) changes that occurred in the characteristics of
the water masses off the Egyptian coast as a result of damming the Nile River in 1965 and the subsequent cessation of its discharge
into the Mediterranean.
Keywords: Eastern Mediterranean, Temperature, Salinity, Time Series
The long-term (1912-1971) time series of data on the Nile River discharge into
the Mediterranean before and after the construction of Aswan High Dam in
1964 showed that the average yearly discharge before damming was of the order
of 62 km3. The summer of 1964 witnessed the last normal Nile flood, which
was exceptionally high and reached 63.73 km3. From 1966 to 2007, the Nile
discharge remarkably decreased to a yearly average of 3.92 km3. Moreover, the
annual cycle of the discharge has also changed from July or August to the winter
months of December, January and February. Such a change in both the total
amount and pattern of fresh water discharge to the Mediterranean would
certainly affect the physical, chemical as well as the biological conditions of the
southeastern part of the Mediterranean Sea.
In winter, the surface water temperature varied between 16.6 and 18.5ºC, with
slightly colder or warmer spots. The surface salinity changes between 38.60 and
39.30, with a general trend of increasing eastwards. The most prominent feature
of the salinity distribution at the surface is the presence of a nucleus of salinity
> 39.00 that lies between longitudes 27-29ºE. This nucleus is characterized by
low temperature (16.6ºC) and high density 28.7st. The above feature coincides
with the location of the well-recognized gyre known as Mersa Matruh gyre. In
summer, the surface water temperature varied between 22 and 28ºC. The area of
slightly cold water is the area of the Mersa Matruh gyre. In order to study the
vertical space variability of the hydrographic parameters, the average winter and
summer values of each of the water temperature, salinity and density st were
presented on a vertical section taken parallel to the Egyptian Coast along
latitude 32º30'N and between 25º30' and 34ºE longitudes.
Only one surface water mass could be observed during winter in the upper 200
m layer. This surface water mass is characterized by temperature values ranging
from 15º to17ºC, salinity maximum in the range of 38.90 - >39.10 and
corresponding density values of 28.5-28.9 st. Three water masses could be
observed in the upper 250 m layer in summer, as follows:&nbsp;The surface
water mass, occupying the upper layer from 30 to 50 m depth, with
temperature values of 22º to 28ºC and salinity 38.8 to 39.20. The subsurface
water mass with temperature values of 16º to 22ºC and minimum salinity
(<38.60-38.80). This water mass is of Atlantic origin, characterized by oxygen
maximum of values >5.2 ml/l, and occupies the 50-150 m layer. Below this
layer, the Levantine intermediate water mass (LIW) of temperature <16ºC and
maximum of salinity (38.90-39.10) is clearly identified. These water masses
were previously observed and discussed in detail by Said et al. [1]. Temperature
and salinity anomalies indicated increasing trends for both temperature and
salinity that reached 0.62ºC/dec and 0.067/dec, respectively for the
Mediterranean surface waters, and 0.56ºC/dec for temperature and 0.035/dec for
salinity for the Atlantic water (Fig.1).

Fig. 1. Time series from 1958 to 2008 of (a) temperature and (b) salinity
for the Atlantic waters
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Millot [2], using an autonomous CTD set at 80 m depth on the Moroccan shelf
to monitor the inflowing AW during the period 2003-2007, found that the AW
has encountered considerable salinification at the rate of about 0.05/yr, i.e. ~0.2
in the 4-year period of observation. The obtained results confirm that the
increase of temperature and salinity of AW with time are attributed to both
anthropogenic modifications, especially the Nile damming, and the local climatic
changes, which need further investigation.
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CLIMATE CHANGE AND MARITIME INDUSTRY
Fani Sakellariadou 1*
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Abstract
Climate change is regarded as one of the major environmental and socioeconomic issues that Earth has to face. Maritime industry
contributes significantly to the global greenhouse effect as shipping emissions are increased significantly with time. Efforts have to
focus on green shipping initiatives under an international and holistic approach.
Keywords: Atmospheric Input, Global Change, Pollution, Temperature
Nowadays, climate change represents one of the greatest environmental and
socioeconomic threats of Earth. It is the product of natural processes,
responsible for long-term climate fluctuations, and anthropogenic activities,
that over the past several decades had a rapid increase in global average
temperatures. Human influences are related mainly to ozone layer depletion
and greenhouse effect reinforcement. There is a general tendency for a global
agreement to control climate change, reduce further human impact and find all
possible ways to achieve a reasonable adaptation to the current change.

European Union has also studied the various implications derived from an EU
co-ordinated action aiming to the reduction of air pollutants emitted from
ships.
Marginal external costs of air pollution from shipping can be estimated using
the impact pathway approach that traces emissions through dispersion and
environmental chemistry, exposure of sensitive receptors, impacts and
economic valuation using the willingness to pay approach. These estimates
could be very helpful especially as the contribution of shipping emissions to
trans-boundary air pollution impacts is increasingly recognized.

Maritime industry has various environmental effects associated with the life
cycle of the ships, the construction and use of ports and the carried goods. It
affects the environmental quality of air, water and land. The most important
pollutants are carbon dioxide, nitrogen oxides [1], sulphur dioxide, heavy
metals, petroleum hydrocarbons, antifouling agents, particulates, invasive
species from ballast water discharges, various scrapping materials including
hazards. They are discharged from maritime traffic (cargo spills, oily bilge
discharges, ballast water, antifouling paints and sewage), port activities
(sewage, cooling waters, spills), solid waste (dumping), port construction and
maintenance dredging, shipyards and repairing zone. Often, they lead to
eutrophication, acidification and biodiversity loss. World maritime community
focuses attention on the importance of shipping safety, maritime security and
environmental health. Maritime industry has an effect to climate change
mainly due to the greenhouse gases emitted. Although pollutant emissions
from land based sources are gradually decreased, those from shipping are
increased. In the coming future the situation will be worse, if no action will be
taken, as transport at sea is increasing by an annual 5% on average. Last forty
years, the world merchant fleet has grown by 70% while the transport has
almost tripled [2, 3]. Respective problems are more severe in coastal areas and
especially ports. Dirty smoke pouring out from ships funnels has a major
impact on the air quality of coastal cities. Oxides emitted to the air are
responsible for the acid rain that affects seawater pH in the semi-closed water
basin of a port. The same does not apply to the open sea.
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Considering the Mediterranean basin, the situation asks for an effective action
to be taken, as the sea is a major oil transportation route. It is estimated that
each year, up to one million tons of crude oil from accidental spills, illegal
bunkering and tank cleaning practices, as well as inadequate harbour facilities
are discharged into the sea. The effects of the respective pollution are very
severe, as the Mediterranean, besides its rather small extent equal to the one
per cent of the world’s marine areas it is regarded as the biotope of up to six
per cent of the total marine species, including some of the most endangered
ones.
However, it has to be mentioned that shipping is basically an environmentally
sound means of transport, able to carry large quantities of goods with a
relatively low energy demand. Emissions of air pollutants from ships can be
eliminated by applying engine technology innovations, using after treatment
techniques, burning better quality fuel. Both, the adoption of air pollution
prevention regulations and the application of economic tools will be very
useful. The general concept of the environmental status stabilization and the
further environmental quality improvement should also incorporate the general
public awareness of the issue. Current research focuses on green shipping that
considers limitation of ecosystem impacts from shipping activities, less fossil
fuel dependence, promotion of renewable technologies and limitation of safety
hazards. The matter asks desperately for an international as well as holistic
approach.
Maritime industry, due to its international character, needs a global agreement
to control its negative effects to the environmental quality. Such attempts
have been made in the Marine Environment Protection Committee of the
International Maritime Organization of United Nations. In addition, The
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WINTER 2009. A NEW STEP IN THE WESTERN MEDITERRANEAN TRANSITION
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Abstract
The signal of Deep Water Formation (DWF) activity in winter 2009 has been tracked through the HydroChanges (HC) time series,
particularly in the classical MEDOC point (HCM: 42°N, 5°E) and on the Catalan continental rise (HCC: 41°28’N, 3°40.4’E), and from
CTD data obtained during three cruises during 2009. The results pointed out to an absence of cascading and a new step towards a
salinisation of the WMDW newly formed by open sea convection in the western side of NW Mediterranean. The updated data reveal
that older WMDW, slightly colder and less saline, has been displaced towards the SE. The salinity of the newly formed WMDW after
winter 2009 was ~ 0.005 higher than the previous one, with a potential density increase of 0.002-0.004 kg/m3.
Keywords: Deep Waters, Water Convection, Western Mediterranean

Introduction
A new structure of the WMDW since 2005 forming a ‘hook’ in the θS diagram
has been extensively described in recent papers and summarized in the CIESM
Monograph 38 [1], being one of the major effects of what has been termed as
Western Mediterranean Transition (WMT). The structure of the WMDW
shows three water types: a θS minimum below the LIW, corresponding to the
WDMW before 2005, followed by a relative maximum of θS and a new relative
minimum of θS at the bottom. This three points, or water types forming the
'hook' structure will be named respectively as 'O', 'N' and 'C' as in [2]. This
presentation is devoted to the characteristics and distribution of the WMDW
newly formed in winter 2009. To avoid confusions, the whole structure of the
WMDW present before the 2009 modification will be indicated as PDW, and
the contribution of this year as NDW.
Data available and results
After two relatively mild winters of 2007 and 2008 with almost no activity of
DWF, HCM series from 2200 m depth, displayed an abrupt shift of S (+0.010)
and θ (+0.040°C) between 13 and 15 February 2009 [3]. While θ slowly
recovered the previous values, the S shift lasted at least until the end of May,
when the mooring was recovered. Data from the HCC site, at 1850 m depth,
showed similar shifts 5-6 days later (Fig.1). As in HCM, θ progressively
recovered the old values and S was slightly reduced during the next months, but
when the mooring was recovered in September, a difference of (+0.006) still
persisted. Therefore, the potential density of the deepest layer suffered an
increase between 0.002 and 0.004 kg/m3 in 2009. Unfortunately no CTD probe
was available during the recovery operation to examine the hydrographic
structure above the mooring site.

lasted one week. After this instability episode the current shifted towards the
SE during two weeks. After 7 March, currents recovered the southwards
direction but with much stronger velocities (>30 cm/s) up to 12 March when
slowed to <10 cm/s again. Suspended sediments were low except during the
acceleration period (8-12 March), being consistent with a signal of local
sediment resuspension.
Data from CTD casts in the NW Mediterranean after this DWF period were
obtained in the framework of the FAMOSO Project in March (8-23), May (113) and September (14-20) 2009. Although sampling in those cruises was not
dedicated to study the spreading of the newly formed WMDW (NDW), data
obtained can be suitable for this purpose as there were several deep casts
between HCM and HCC sites. The first CTD casts in March showed almost
homogeneous waters from 0 to 2400 m in front of the Catalan coast (41°30’N,
3°30’E) with θ and S corresponding to the NDW values observed in the HC
series. This NDW was present in several stations not only in March but also in
May and still in September, at least in the NW sector. The thickness of the
layer occupied by the NDW was higher (>300 m) in the stations located near
the continental slope, becoming thiner towards the east and south. Accordingly,
the whole PDW structure was displaced upwards and southeastwards.
Discussion
February 2009 has been much colder and windy than the two precedent years in
the western side of the Gulf of Lions and along the Catalan coast. Northerlies
were very frequent and some of them were very strong (e.g. the storm of 4-7
March with sustained winds of 40 m/s). Under such atmospheric forcings a
response similar to that in winter 2005 could be expected, with strong
convection and deep cascading. However, there is no evidence of this latter
phenomenon in 2009, probably due to the water properties over the shelf at the
beginning of the stormy period. While autumn 2004 and winter 2005 were very
dry, autumn 2008 end winter 2009 were wet. Therefore salinity over the shelf
had to be much lower than in 2005 thus preventing an excessive increase of the
density. However, in open sea, the convection could be as active as it was in
2005 involving again important amounts of LIW over a large area, including
zones near the continental slope where WIW formation typically takes place.
For instance, the short time interval between the shift in HCM and HCC (less
than one week for a distance of >120 km), or the structure found in the first
CTD casts of the FAMOSO cruise in March, reveal a probable local origin of
the perturbation. From now, the NDW reaching the bottom layer should mix
with the C water type of PDW near the bottom contributing to a new increase
of salinity in the bottom layer and pushing upwards, one step more, the O
water type (from before the start of the WMT in 2005). As these O waters are
located just below the LIW, a further decrease of the salinity of the intermediate
waters reaching the western slopes can be expected in the following years, as it
has been observed in the MOW at Gibraltar after the WMT.
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Fig. 1. θS diagram of the HCC series
In both HCM and HCC moorings near bottom currents and turbidity were also
recorded. At the HCC site, the current was steadily slow (<10 cm/s towards the
south) until 19 February. Then it became unstable with some fluctuations that
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Abstract
The relation between East Mediterranean Transient (EMT) and deep water formation in the Aegean Sea is studied using the last two
decades of infrared satellite data, available hydrological data and a theoretical model based on the dynamics of density currents
crossing and outflowing from a strait. The results of this analysis were then interpreted in the light of the simulations produced by a
numerical model for the last 40 years.
Keywords: Deep Waters, Aegean Sea
Dense water formation processes play a fundamental role on the
thermodynamics of the Mediterranean Sea. Such processes in the Aegean Sea
are known from a very long time. Lacombe et al. [1] stated how the North
Aegean very dense waters are probably renewed by the dense waters formed
in wintertime in the gulf of Saros. Miller [2] reported deep temperatures from
10.0 to 14.5 ºC which, together with the high salinity, made this sea
particularly interesting on thermodynamic grounds. El-Gindy and El-Din [3]
estimated that about 50% of the dense waters in the Cretan Sea were
originated in the Mount Athos region. Recently such processes received a
remarkable attention as main sources of the Eastern Mediterranean Transient.
During the CIESM Workshop on Dynamics of Mediterranean deep waters
(Malta, 27 - 30 May 2009, published as CIESM Monograph 38), among other
fundamental points attention was focused on the origin of this EMT. Some
further analyses were therefore suggested as a detailed investigation about the
dense water formation regions as the Cretan Sea, the Turkish shelf (Limnos
Plateau) or the Northern Aegean (Samothraki Plateau). We therefore analyzed
historical satellite images (year 1985-2009) of the whole Mediterranean Sea
comparing sea surface temperature anomalies of the Adriatic Sea with the
corresponding ones observed in the Aegean Sea. SST maps where kindly
provided by the GOS laboratory of ISAC/CNR in Rome
(http://gos.ifa.rm.cnr.it).

6 - Roether W., Klein B., Manca B.B., Theocharis A. and Kioroglou S., 2007.
Transient Eastern Mediterranean deep waters in response to the massive
dense-water output of the Aegean Sea in the 1990s. Prog. Oceanogr. 74 (4):
540-571.

Then we used the available hydrologic data of the Aegean Sea to validate the
results of such satellite comparison . We so obtain a yearly estimate of the
dense water production of these two very thermodynamic seas, to check the
original estimate of El-Gindy and El-Din [3]. One has to remark a
fundamental difference between the Adriatic (with a rather simple and flat
morphology) and the very complex Aegean sea bottom. There are some
depressions, as the North Sporades Basin (~ 1500 m maximum depth), the
Mount Athos Trough (~ 1000m maximum depth) and the Trough between
Samothraki and Limnos (~ 1600 m maximum depth) in its northern part only,
that can play the role of dense water reservoirs. These estimates are compared
with results of recent numeric experiments [4] that interestingly evidence the
role of the northern Aegean shelf dense waters on the basin thermodynamics
and the importance of the Eastern Mediterranean Transient. Comparing
numerical and satellite data we focus our attention on the possibility that
similar but less intense outflows from the Aegean could have happened
previously in the past. We finally study the effect of a novel version of the
classical Bernoulli suction that takes into account entrainment and bottom
friction [5] to emphasize outflow from a marine strait, as Antikithira, Kithira
and Kassos [6].
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Abstract
A surface buoy has been designed to measure temperature and salinity with high accuracy and transmit the data by satellite for a long
period of time in studies of mesoscale or long scale oceanography. Prototypes have been built and tested in two different versions: to
collect data close to the surface or at a depth of 100-150 m depending on the objectives of the experiment. These buoys are mainly
used for Lagrangian measurements after being released from a vessel, although long duration tests have also been made with moored
units mainly in the NW Mediterranean.
Keywords: Salinity, Temperature, Instruments And Techniques
Measuring oceanographic variables, mainly temperature and salinity, from
drifting buoys is an important component in many process studies or long
duration ocean circulation observations. Nowadays several kinds of buoys are
manufactured to operate as surface drifters or profiling floats. But in both
cases no commercial versions exist that provide sufficiently reliable salinity
data close to the surface, since the occurrence of biofouling (in surface buoys)
or the risk of surface particles being ingested into the measuring circuit (in
profiling floats) can easily degrade the accuracy of recorded data.
The Institut de Ciències del Mar (CSIC, Barcelona), as contribution to two
different research projects (MIDAS, Microwave measurements and algorithms
development for the SMOS mission, and CANOA, Upwelling current in NW
Africa), has developed and further tested a platform to record oceanographic
parameters and transmit them in real time. The main characteristic of the
platform is its modularity and versatility.
The support structure is a 380 mm diameter buoy formed by two semispheres
injected in propylene charged with glass fibre. The two halves are fixed
through 24 points and an o-ring gasket to ensure water-proof sealing. Two
eight-pin communication connectors can be adapted to each semisphere. The
overall structure has been tested for pressure and confirmed a good behaviour
up to 7000 hectopascals. To adapt the temperature-salinity (T, S)
measurements probe an inox structure was added to the buoy with four union
points and a support for the instrument (Fig. 1).

Fig. 2. Preliminary prototype of the drifting buoy with an additional flotation
in the line that connects to the standard cyclindrical drogue

The control electronics is formed by a Microchip 16F876A microcontroller
that manages the data acquisition, implements a compression algorithm and
sends the information to a SEIMAC X-CAT transmitter. The platform can
adapt transmitters for the Orbcomm and GlobalStar systems, plus Argos that
is the one now implemented. The system incorporates supercapacitors to use
low cost batteries and to avoid sudden power decreases due to high energy
consumption in short times (1 A during transmission).
The units built until now use a SeaBird microcat CTD probe, model SBE37SI.
This instrument has a temperature drift of 0.0002ºC/month and a conductivity
drift of 0.0003 S/m/month. The designed buoy can use any other sensor able
to send data through a serial port, and can be also adapted to record analogic
information.
Fig. 1. Moored version of the buoy with the inox structure to attach the
SBE37SI probe

This technological development has been mainly funded by the Spanish
National R+D Plan through projects CANOA (CTM2005-00444/MAR) and
MIDAS-4 (ESP2005-06823-C05). J. Salvador and P. Fernández acknowledge
the support of the technicians formation program of the Spanish Ministry of
Education and Science / Ministry of Science and Innovation.

This buoy has been used both in Lagrangian studies, transmitting data while
drifting, and in Eulerian studies, moored in a fixed point. The Lagrangian
version uses the same mechanical configuration than the SVP (Surface Velocity
Program) drifter [1] adopted as standard by the World Ocean Circulation
Experiment, it was deployed in the second cruise of the CANOA project in
November 2008. Several configuratios were tested and one of them succeeded
to record a surface (T, S) time series for over a year, this buoy still drifting and
transmitting (T, S) data in early 2010. For Eulerian measurements one buoy
was moored during 2007 and 2008 in the Medes islands, a small coastal
archipelago in the NW Mediterranean, with very good results in terms of
batteries duration and sensors stability. At present two units are moored in
Las Cruces, Chile (September 2008, LINCG-Global project) and one in
Colima, Pacific coast of Mexico (May 2009, EMPAM project).
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Abstract
Increases in sea surface temperatures (SSTs) have been recorded to occur globally, with the Mediterranean SSTs rising about twice
as much as those of the global oceans. Here we analyse and compare satellite remote sensing SST data with in-situ data for the
period 1996-2009 in the Levantine Basin. Further, temperature and salinity profiles from oceanographic cruises in this region were
extracted from various databases, in order to study the interannual variability at the surface layer (0 -10m). We show that the
Levantine Basin has undergone SST as well as sea surface salinity (SSS) increases, during the last 14 years, occurring at both
interannual and seasonal time scales. The driving mechanisms of these changes need to be investigated, as they may be driven by
changes in latent heat losses and by the variability in regional wind speeds.
Keywords: Surface Waters, Temperature, Salinity, Remote Sensing, Levantine Basin
Preface
The reality of global warming since the industrial era is manifested in part by
changes in global surface temperatures. Past studies have documented global
SST increases between 0.3ºC and 1.0ºC over the last millennium [1], with the
most rapid warming occurring over the past 30-40 years [2, 3]. Regional SST
increases have also been reported in the Mediterranean for each of its two
basins [4, 5]. Overall, SSTs across the Mediterranean as a whole have been
rising about twice as much as those of the global oceans [6].

Basis. Contribution of Working Group I to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, U.K. and New York, NY, USA, pp 235-336.
4 - Bethoux J.P. and Gentili B., 1999. Functioning of the Mediterranean Sea:
past and present changes related to freshwater input and climate changes. J.
Mar. Syst., 20: 33-47.
5 - Tsimplis M. N. and Rixen M., 2002. Sea level in the Mediterranean Sea:
the contribution of temperature and salinity changes. Geophys. Res. Lett., 29:
51.1-51.4.
6 - Samuel-Rhoads Y., Monger B.C., Zodiatis G., and Greene C.H., in prep.
Sea temperature rise in the Mediterranean Sea during the past two decades.
7 - Zodiatis G., Drakopoulos P., Brenner S., Groom S., 2005. Variability of
the Cyprus warm core Eddy during the CYCLOPS project, Deep Sea Res. II,
52: 2897–2910.

Results and Discussion
Analyses of annual mean SST data indicate that over the last 14 years (19962009) a general warming has occurred over the Levantine Basin, and occurred
at an average rate of approximately 0.05°C per year. This increase in average
SSTs is also seen in the seasonal averages, especially during the summer.
Spatial variability in the decadal warming is depicted in the SST anomalies,
with positive anomalies dominating most of the Levantine during the later part
of the 14-year time period. An area southeastern of Cyprus is seen during
some years to be warming up much more strongly than the rest of the
Levantine Basin. This area corresponds with the Cyprus warm core eddy [7].
Empirical Orthogonal Function (EOF) analysis was performed on the seasonal
SST data to examine their spatial and temporal patterns of variability, as well
as on the annual data. The spatial eigenfunctions of mode 1 show that the
seasonal and annual SSTs across the entire Levantine share high positive
eigenfunctions and thus varied in a spatially coherent manner over time.
Therefore, the SST variability is characterized by a broad, basin-wide warming
(mode 1). The seasonal principal component (PC) of the same mode (PC1),
which depicts the time variation of the first mode, varied over the years
supporting the fact that the Levantine is experiencing a strong seasonal cycle.
The PC1 of the annual data supports the fact that higher than average SSTs
were observed across the Levantine during the later part of the 14-year time
period. An asymmetry in the N-to-S direction is depicted in the spatial
eigenfunctions of mode 2. Areas in the northern Levantine are out of phase
from areas in the southern parts of the basin, creating a dipole pattern of
heating and cooling at interannual and interseasonal time scales. Analysis of
the in-situ SST and SSS data does not reveal any time-scale patterns.
However, the pattern of in-situ SST variability is shared by the patterns of
SSS. Further, satellite SST data are strongly correlated with the in-situ SST
data. The driving mechanisms of these changes need to be investigated, as they
may be driven by changes in annual latent heat losses and by the variability in
regional wind speeds. Finally, it will be valuable to investigate future trends in
SSTs to determine whether the observed patterns of SSTs represent a
continued pattern of persistent warming or a new direction for an everchanging Levantine Basin.
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Abstract
Four year-long time series of Acoustic Doppler Current Profiler (ADCP) observations at a single station in Espartel sill have been
analysed in order to investigate the subinertial flows through the Strait of Gibraltar. Estimated net flow at the western exit of the Strait
has been compared with atmospheric pressure over the north eastern Atlantic (parameterised by the NAO index) and sea level
pressure and wind-stress in the western Mediterranean. The main driving force is the atmospheric pressure over the Mediterranean
Sea, although wind stress in the Atlantic side of the Strait may contribute appreciably to subinertial net flow.
Keywords: Atmospheric Input, Western Mediterranean, Water Transport, Strait Of Gibraltar
The western Mediterranean Sea is dynamically connected to the Atlantic
Ocean through the Strait of Gibraltar. The excess of evaporation (E) over
precipitation (P) and river runoff (R), together with the conservation of mass
and salt in the Mediterranean basin drive the two-layer baroclinic exchange in
the Strait. This exchange has been traditionally described as an inverse
estuarine circulation [1] with an upper flow Q1 of about 1 Sv (1 Sv = 106 m3
s-1) of fresh (SA≈36.2) and warm Atlantic Water spreading into the
Mediterranean basin, and a lower flow Q2 of relatively cold and salty (SM≈
38.4) Mediterranean Water. A long term barotropic flow Q0 = Q1-Q2 of the
order of 0.05 Sv is necessary to balance the water deficit (E-P-R) of the
Mediterranean Sea. The exchange is not steady but highly variable. According
to the timescale of the process under study this variability has been
traditionally classified into tidal, subinertial and long-term (seasonal and
interannual). Subinertial flows, with periods from a few days to a few weeks
or months, are mainly driven by meteorological forcing [2, 3] and are related to
atmospheric pressure fluctuations over the western Mediterranean [4]. These
flows are mainly barotropic (depth independent) although a baroclinic
contribution can be identified due to the effects of local winds over the Strait.
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In this work, ADCP velocity records collected over Espartel Sill (ES) are used
to investigate the subinertial fluctuations of the exchanged flows at the
western exit of the Strait of Gibraltar. Data from ES are the most recent
recorded in the Strait. This station was placed at 35º 51.70’N, 5º 58.60’W in
September 2004 and it is still acquiring information so five year-long time
series are now available, this making the analysis of the flow seasonality a
feasible task. A four year-long subset (from September 2004 until January
2009) has been used in this work. The ES station is part of the Spanishfunded INGRES project. The two-layer character of the exchange requires an
interface definition to compute the transports. The easier and more obvious
definition (after removing tidal fluctuations, which distort the two-layer
exchange during part of the tidal cycle) is the surface of zero along strait
velocity that separates water flowing into the Mediterranean and water
flowing out. Subinertial velocities only reverse in very exceptional situations
of extreme meteorological forcing. On the other hand, seasonal and interannual
variability are always too weak to reverse flows. Therefore, the surface of null
along-strait velocity is appropriate to carry out an analysis of the two-way
exchange at subinertial frequencies [3]. ADCP data from ES were used to
compute the Mediterranean outflow (more details in [5]) whereas the net flow
(and hence the Atlantic inflow) were estimated from a mass-balance over the
Mediterranean. Finally, atmospheric pressure and wind stress observations
collected both in the Alboran Sea and the Strait of Gibraltar have been used
together with the NAO index in order to analyse the response of the
exchanged flows to the meteorological forcing and its seasonality.
The net flow has a mean value of 0.04 Sv at it presents a seasonal signal of
around 0.04 Sv amplitude with maximum in September and minimum in
March, similar than that obtained by [3] in the eastern Strait. The timeaveraged Mediterranean outflow is -0.77 Sv with a maximum (absolute) value
in April and minimum in November [5] (seasonal signal of 0.025 Sv
amplitude). The Atlantic inflow was eventually estimated from both
transports. It presents a mean value of 0.81 Sv with seasonality quite similar
to that of the net flow. Meteorologically induced net flow fluctuations are
chiefly driven by atmospheric pressure changes over the Mediterranean Sea
showing a negative correlation that turns positive for the Mediterranean
outflow due to the baroclinic response of the exchanged flows. Wind stress
must be also taken into account since it may appreciably contribute to
subinertial net flow.
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Abstract
The SESAME-IT4 cruise covered a large area of the Western Mediterranean Sea characterized by strong gradients. On the basis of
satellite images and physico-chemical properties different regions were individuated. These regions showed also different
biological populations. These data underline that DOC plays an important role in carbon fluxes in the Mediterranean Sea.
Keywords: Carbon, Organic Matter, Western Mediterranean, Surface Waters, Nutrients
The Western Mediterranean Sea is an area characterized by the strongest
gradient observed in the whole basin. The analysis of the ten years
climatological map of chlorophyll a shows that SESAME-IT4 survey covered
regions characterized by very low Chl a concentrations exhibiting a sub-tropical
regime (no bloom), as well as areas with maximum Chl-a concentrations (the
Gulf of Lions), where intense blooms are observed [1]. The cruise was carried
out in March-April 2008, which is the period characterized by the maximum
biomass accumulation. Main goal of the survey was to get information on the
functioning of different trophic systems in terms of biomass, nutrients, carbon
accumulation and/or carbon export. Satellite images confirmed what we expected
from the literature (high gradients and strong biomass accumulation). In
particular the occurrence of strong variability and intense mesoscale activity was
observed as well as an extended bloom in the northern part (> 40°N) of the
study area. Another feature that emerged from satellite images is the occurrence
of an anticyclonic eddy in the central part of the study area (S-IT4-008). In situ
data evidenced that in the northern stations (>40 °N) water column was well
mixed and the chimney of winter convection was still visible; in contrast in the
southern stations, stratification was more pronounced. The evaluation of the
residual nutrients confirmed that the bloom in the Gulf of Lions was still in
progress.

non-colonial species) in S-IT4-0015 and S-IT4-017 (Fig. 1). In the
microplankton fraction (cells> 20 µm) collected by net samples, Silicoflagellates
dominated at S-IT4-017 and S-IT04-015, where the highest abundance of
nanoplankton was also observed (Fig. 1). Mesozooplankton communities were
numerically dominated by copepods in the whole area, but at S-IT4-015 salps
also occurred with high abundance. These pelagic tunicates play an important
role in C export, due to their high reproduction rates, efficient feeding on
particles in a wide size-range, and production of large and fast sinking fecal
pellets. The northern stations were also characterized by the highest bacterial
abundance (14.1x 105 cells mL-1) about twice that found below 41 °N.

Tab. 1. Integrated average in the layer 0-100 m for PO4, NO3+NO2, POC and
DOC. The ratio C.N and C:P were calculated by using the integrated average.

Despite the marked difference in biomass, POC fluxes were 70 mg C m-2 d-1 in
S-IT4-017 and 38 mg C m-2 d-1 in S-IT4-008. A large gradient was observed in
DOC, with a minimum (49 mM) in areas with a well mixed water column, a
maximum (72 µM) at S-IT4-008 and values of 53-55 µM at the other stations
(Tab. 1). As it is very probable that DOC production was very high in the
northern stations, the low values observed there can be explained to some extent
by the mixing and by very fast consumption due to the production of labile
material and/or to a high efficiency of microbial loop. One interesting feature is
that the C:P ratio in both POM and DOM was clearly affected by the trophic
regime: low C:P ratios were found where PO4 was available, suggesting the
occurrence of POM and DOM rich in P and hence a less extent of P recycle; in
contrast, in conditions of P limitation (S-IT08), most of the P available in the
POM and DOM was efficiently used, resulting in higher C:P ratio (Tab. 1). The
S-IT4-08, shows a peculiar behavior: here the nutricline was located at 150 m
and the highest DOC concentrations were found (72 µM). TS properties
evidence the presence of a different water mass, likely isolated by surrounding
waters by the anticyclonic circulation. The low nutrients concentrations, the
low biomass, the high C:P ratios in both POM and DOM and the high DOC
concentration, all indicate an advanced stage of seasonal cycle. The accumulated
DOC plays an important role in carbon fluxes because it can be transported
below the mixed layer when the thermocline breaks. A rough estimate of the
relevance of such transfer suggests that, in the Mediterranean Sea, the role of
DOC in C export is comparable to that of POC .

Fig. 1. Phytoplankton abundance and composition at the surface (5 m),
superimposed to the map of sampling stations. The black diamonds indicate all
the sampling stations (CTD, DOC, O2, Nutrients), the black squares indicate
the stations where biological parameters (phytoplankton, mesozooplankton,
bacterial, abundance and composition) were also measured.
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Phytoplankton abundance and composition showed that small flagellates
dominated everywhere and that the composition was different between the
northern and the southern stations with a higher percentage of diatoms (small
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Abstract
HYDROCHANGES is an international program supported by CIESM (www.ciesm.org/marine/programs/hydrochanges.htm) initiated
in 2002, to monitor the long-term variability of hydrographic properties of Mediterranean water masses – a priority in the context of
global warming. We present an overview of the most recent observations and attempt to link the different time series.
Keywords: Hydrology, Time Series, Monitoring
HYDROCHANGES (HC) is a network of continuous, long-term measurements
of temperature (θ) and salinity (S) in the Mediterranean. The HC monitoring
strategy is based on permanency, to address the long-term variability, key sites
to address specific processes, simplicity of logistics with a local management and
short shiptime requirement for maintenance, and simple instrumentation (short
moorings generally a few meters above the seafloor, supporting self-contained
quality CTDs). Moorings are located in key places (Fig. 1) to track the signals
indicative of specific processes driving the Mediterranean functioning,
especially in straits and channels and in regions where dense water formation
(DWF) occurs, either open-sea convection or shelf cascading. Data sets (Fig. 2)
have been already widely exploited, also linking them with repeated CTD
sections [1, 2, 3, 4, 5, 6].

frequency, processing, calibration frequency, archiving) and the set-up of a HC
database and meta-database. The common access to all time-series would
support efforts for linking the signals observed in both basins and at their
connecting points, in order to get the comprehensive picture of the functioning
of the Mediterranean. While it is likely to remain a long-lasting challenge, the
precise monitoring of the θ and S is already providing reference data.

Fig. 1. Present status of the network and involved institutes.
There are some evidences of interannual θ (and S) increases (e.g., Fig. 2a, 2c and
2g), but the HC time series are too short yet to address issues on long-term
variability. Nevertheless, they have demonstrated their relevance to accurately
detect effects of DWF processes. This is particularly evident in the NW basin,
showing the succession of offshore convection and shelf cascading in early 2005
and 2006 (Fig. 2). The mooring time series in the lower Catalan continental
slope (Fig. 2g) recorded with unprecedented details the succession of episodes
contributing to DWF in 2005: the arrival of open-sea convection water (positive
jumps of θ and S in late January), the shelf cascading water (drop in θ and S in
early March), and a warmer and saltier situation after April. Such a succession
of events was recorded in 2006 too, while in early 2009 only signals pertaining
to a less intense open-sea convection were recorded. The mooring at 42°N-5°E
(Fig. 2f) also shows DWF in 2009, one week earlier, with an abrupt positive
jump in θ and S in late February. The parallel marked increases of θ and S in the
Sardinian Channel (SC) since summer 2005 (Fig. 2c) are likely to contain the
remote signal of what happened in the northern part of the basin, with the new
deep water slowly passing through the channel to reach the Tyrrhenian.
The various time series at Gibraltar (Fig. 2h) provide an insight in the
interannual and seasonal variability of the outflow [3, 5] and inflow [4]. The
latter has to be considered for DWF issues, as [4] reported a huge S increase
(0.05/year) in the inflow between 2003 and 2007. In the outflow, the significant
θ drop in March 2005 and 2006 might be directly related to a possible rapidly
propagating barotropic response of DWF [6]. The monitoring of the Sicily Strait
(SS) and the Corsica Channel (CC) is a fundamental task for the quantification
of the highly variable heat and salt import from the Eastern Mediterranean,
through the Tyrrhenian Sea, towards the western DWF sites (Fig.2b and 2d).

Fig. 2. θ times series in (a) Adriatic Sea, (b) SS, (c) SC, (d) CC, (e) ANTARES
site, (f) 42°N5°E, (g) off Spain, (h) Gibraltar (Camarinal sill, CS, in grey,
Espartel sill, ES in black).
+ L. Bengara, S. Ben Ismail, M. Bensi, Borghini M., C. Curtil, J. Delgado, C.
Millot, B. El Moumni, J. G.P. Gasparini, D. Lefevre, J, Lopez-Jurado, P.
Raimbault, G. Rougier, J. Salat, C. Sammari, A. Sanchez-Roman, C. Tamburini,
A. Theocharis, M. Vargas-Yanez
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To improve HC we must add moorings in other key regions which are not
currently monitored and add supplementary sensors to the CTDs (pressure
systematically, oxygen and turbidity recommended). The complementary use of
moored CTD vertical profilers would be a great asset, especially in the DWF
areas. It requires also the dissemination of common practices (sampling
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Abstract
Oceanography is mainly an observational science where direct controlled experiments are hardly feasible. In the past some tracer
release experiments have been carried out, that allowed to keep track of water parcels using stable compounds, in a classical
lagrangian approach. Recently, intense deep water formation events in the western Mediterranean have produced high volumes of a
new deep water, significantly warmer, saltier and denser than previously. These peculiar characteristics are mixing very slowly with
the surrounding water and are still detectable in the whole basin. Thus, there has been a natural tracer release event where the tracer
is temperature, or salinity, and for the first time we can track the evolution of the new deep water with standard CTD profiles, along
its route from its formation region toward Gibraltar.
Keywords: Deep Waters, Western Mediterranean, Circulation
Since 2005 the deep waters of the western Mediterranean Sea (WMED) have
experienced significant physical changes, which are likely to be caused partially
by the Eastern Mediterranean Transient (EMT). This connection between the
two basins, where one anomaly induced the other one decade later, may be a
considered as a Mediterranean Sea Transient, MST [1].

temporal scales of its spreading: a deep water mass formed in February-March
2005 in the NW-MED has almost reached Gibraltar in 33 months.The fraction
of new WMDW still seems to be very low and no signature could be found at
stations west of Gibraltar. Nevertheless, the route of the WMDW hypothesized
by [3] is confirmed. Indeed also the anomalous WMDW is flowing westward
along the Moroccan continental slope, which is an indication of the anticyclonic
Alboran gyre extending throughout the water column.

The major change involved a change in the deep stratification, with an abrupt
increase of temperature, salinity and density in the deep layers of the whole
western basin [2]. The sharp signature (Fig. 1) provides for the first time the
possibility to unequivocally identify the deep water formed during one specific
winter throughout the basin, using only CTD data.

Most recent data (Nov. 2009) seem to detect an increase presence of the
“tracer” along the axis of the canyon in the Sardinia Channel, on the way to the
Tyrrhenian Sea (Fig. 2b). Fig. 2c evidences that the new WMDW has just got
over the sill (1930 m) dividing the Algerian basin from the Tyrrhenian Sea.

Repeat stations measured from 2005 to 2009 in wide regions of the WMED give
the chronology of the new deep water spreading from its formation region
towards Gibraltar and towards the Tyrrhenian Sea. Each year, the signature
became evident in wider and wider regions, allowing a time-scale estimate of the
spreading, which could only have been possible otherwise with a designed tracer
release experiment. This time, the tracers are the sharp temperature, salinity and
density increases in the bottom layer (Fig. 1).

Fig. 2. CTD stations in (a) 2008 in the Alboran Sea and (b) 2009 in the Sardinian
Channel, evidencing the spreading of the new WMDW (black squares =
presence of new WMDW, empty squares = absence). (c) Zoom of the sill region
in the Sardinian Channel (the bathymetric grey scale is for (a) and (b) only).

Fig. 1. Temporal evolution of the “tracer” signature (here density) south of the
Balearic Islands.

For more than 25 years the scientific community is aware of the fact that the
Mediterranean outflow is composed either by Levantine Intermediate Water
(LIW), originating in the Eastern Mediterranean Sea (EMED), and by Western
Mediterranean Deep Water (WMDW), which is aspired through the Strait of
Gibraltar by Bernoulli suction [3, 4]. The direct outflow of the deep waters may
affect the abyssal circulation of the Mediterranean Sea as well as the circulation
of the adjacent ocean. In 2005 the new WMDW was found in a wide areas of
the WMED, along its spreading pathway, even in the northern part of the
Algerian subbasin and in stations near the entrance of the Alboran subbasin. In
2006 the new WMDW was present in almost the entire WMED, excluding the
Tyrrhenian and the western Alboran subbasins. More recent data, collected in
2008, clearly show that the only subbasin that has not yet been reached by the
new WMDW is the Tyrrhenian Sea. In 2008 the new deep water signature was
found at the entrance of the shallower Alboran Sea (Fig. 2a), where its interface
with the overlying water was at 950 m depth. Here the unequivocal
identification of the winter-04/05 formed deep water near Gibraltar was possible
thanks to the particular shape in the TS diagram. Therefore, its detection at
about 100-150 km from the Strait of Gibraltar, allows an estimate of the
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VARIATIONS IN THE SEA SURFACE TEMPERATURE OF THE BLACK SEA DURING THE 20TH CENTURY
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Abstract
There is growing understanding that recent deterioration of the Black Sea ecosystem was partly due to changes in the marine physical
environment. This study focuses on sea surface temperature variability over the 20th century. Results show that the deep Black Sea
was cooling during the first three quarters of the century and was warming in the last 15-20 years; on aggregate there was a cooling
trend. The Western shelf was more volatile and did not exhibit a statistically significant trend. The cooling of the deep Black Sea is at
variance with the general trend in the North Atlantic and may be related to the decrease of westerly winds over the Black Sea, and a
greater influence of the Siberian anticyclone. The timing of the changeover from cooling to warming coincides with the regime shift in
the Black Sea ecosystem.
Keywords: Black Sea, Continental Margin, Deep Sea Basins, Temperature

Results and Analysis
The SST and air temperature trends over the 20th century were estimated with
both parametric and non-parametric statistical methods by calculating
coefficients of linear regression, as well as Pearson, Spearman and Kendall-tau
correlations. All four statistical methods clearly show that there was a definite
cooling trend in the deep Black Sea over the 20th century at negative rate of (0.86 ± 0.3) °C per 100 years. On the western shelf there is no statistically
significant trend. The linear trend in the air temperature in the central Black Sea
represented by the data set from Yalta weather station is negative showing a
modest cooling at (-0.3 ± 0.1) °C per 100 years. In contrast to this, air
temperature in the western Black Sea measured at Odessa weather station
shows a positive trend at (0.3 ± 0.2) °C per 100 years. A further analysis using
a CUSUM method has been carried out on an interannual and decadal scale
showing a number of regime shifts in the deep Black Sea in years 1927, 1966,
1968, 1986 and 1997. On the western shelf, the regime shifts and the most
significant cooling periods of the SST are associated with the most severe
winters observed in 1947, 1954, 1985 and 1987. Unusual temperature trends in
the Black Sea could be attributed to the variations in the overlying weather
pattern, however the link is non-linear.
A relatively small (R=0.65) correlation coefficient between variations in air and
sea temperatures exemplifies a non-linear response of the sea to changing
weather conditions. The analysis of CUSUM charts suggests that it is the shifts
in the established weather regimes on a decadal scale rather than interannual
variations of meteorological forcing which lead to changes between warming and
cooling phases of SST evolution, particularly in the shelf regions. The shelf and
the deep sea response show different patterns of their responses to the weather
conditions, which results in de-coupling of the SST variations of on the western
shelves and the deep sea.

Fig. 1. The CUMSUM charts for aggregated temperature anomalies on the
western shelf (a) and deep sea (b), and the CUMSUM charts for air temperature
anomalies at coastal stations Odessa (c) and Yalta (d).
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LONG TERM VARIABILITY OF THE PHYSICAL PARAMETERS IN THE BENTHIC BOUNDARY LAYER
OVER THE BLACK SEA SHELF
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Abstract
The purpose of this study is to identify long-term changes of hydrological parameters in the benthic boundary layer (BBL) on the
Western Black Sea shelf. This is done to provide underpinning information for the study of carbon cycle. Interannual variability and
smooth changes in the parameters of the benthic boundary layer which are thought to be related to variation in rates carbon
sequestration are assessed.
Keywords: Anoxia, Black Sea, Continental Shelf, Temperature
Introduction The chemical structure of the Black Sea waters is largely
determined by the location and the strength of the pycnocline. The oxycline and
the chemocline occur at the same depth intervals as the halocline, because of
similarity in the mechanisms of vertical exchanges [1]. As the data for Dissolved
Organic Carbon (DOC) on the shelf is sparse we test a hypothesis that a similar
statement is valid for DOC, so that much abundant data on physical parameters
can be used as proxy. We use the near-bottom temperature as indicators for
physical conditions in the benthic boundary layer on the shelf. The physical
reason for this is that interannual variations in the near-bottom temperature are
directly related with the volume of cold waters [2] which are formed on the shelf
and then exported into the deep sea. Despite early claims on possible shoaling
of the anoxic interface, the vertical position and structure of the chemocline
appear reasonably stable within the last few decades [3]. However, seasonal and
interannual temperature and salinity variations do exist in the upper layer that
are subsequently evidenced in the bottom boundary layer on the Western shelf
due to winter convection.

nutrients and DOC so that variation in physical parameters can be used as
proxies for their biochemical counterparts. The layer below the upper
pycnocline forms a ‘communication channel’ for nutrients and carbon to be
removed from the shelf ecosystem. During the winter-early spring month the
water masses contained within the ‘communication channel’ could come into
contact with the oxygenated surface waters via isopycnal movement. However,
during the summer-autumn month (May to November) these water masses are
completely isolated from the surface. The areas on the shelf (depth <200m)
which are occupied by the ‘locked’ BBL waters vary during the year as well as
average temperature of these waters. For this study we are using temperature
anomalies rather than absolute values to avoid statistical bias when aggregating
the data over large geographical areas, such as western Black Sea shelf. The
anomalies were calculated for a density range that was fixed for each summer
month (May-November) using sigma-theta = 14.2 as a fixed upper limit and a
lower limit was the shelf edge (i.e. 200m isobath).

Data and Methods
The majority of the available data suitable for the study of the BBL was taken
on the extensive North West shelf, which is the focus of the present report. In
this study we identified climatically averaged parameters on a dense horizontal
grid of 0.25o as well as monthly anomalies (deviations from the climatology)
using over 17,000 stations. Water masses and the chemicals contained therein,
which are located in the BBL on the shelf below the upper pycnocline are
unlikely to surface due to vertical mixing process. The upper level of the bottom
boundary layer was determined by the deepest level to which vertical mixing
due to waves and wind can reach if the energy for mixing is limited by a certain
threshold, which for this study was taken 10kJ/m2. We consider here the
energy required to completely mix a water column as the difference between the
potential energy of the stratified water column and the completely mixed water
column. The constant density of the mixed water column can be derived from
the original density profile using the principle of the conservation of mass, such
that both potential energies can be expressed as a function of the measured
density stratification.

The analysis allowed us to answer the following questions: (i) What are the
areas of the Western BS shelf where the near-bottom waters can not be mixed
vertically (‘locked out water masses’)? How these areas change from month to
month ? What is the interannual variation of temperature in the locked waters?
The intra-annual variability of the ‘locked out’ areas occupied by bottom waters
and the inter-annual variation of the area –aggregated temperature anomaly are
shown in Figs 1.and 2.

Fig. 2. Temperature anomalies aggregated over the shelf volume of ‘locked’
waters (as defined by σθ=14.2) and averaged over summer months (MayNovember) shown as function of time + 5yr running mean. Error bars = 1
standard deviation.
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Fig. 1. Climate: shelf areas (≤ 200m) covered by waters denser than the mixing
depth (Wmix = 2,500/5,000/10,000 J m-2 )

Results and analysis
Comparison of the available vertical profiles of nutrients, DOC and water
density has shown that strong density stratification is linked to stratification in
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SEA SURFACE TEMPERATURE AND CHLOROPHYLL NON-SEASONAL VARIABILITY IN THE AEGEAN
SEA BY MEANS OF EOF ANALYSIS OF SATELLITE DATA
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Abstract
Empirical Orthogonal Function (EOF) analysis is applied to 8-day composite AVHRR-derived Sea Surface Temperature (SST) and
SeaWiFS-derived surface chlorophyll (Chl) data (1998-2005) to study the variability of the two parameters in the Aegean Sea from
sub-seasonal to interannual time-scales. Results indicate low SST non-seasonal variability, which is controlled by synoptic weather
variations and anomalies in the north-south wind-stress component. On the other hand, variations in the Dardanelles chlorophyll inflow
and in the riverine nutrient inputs regulate the large intra-annual and interannual variability of Chl.
Keywords: Aegean Sea, Temperature, Chlorophyll-a, Dardanelles
Introduction
The Aegean Sea displays prominent hydrodynamic features involving all
time/space scales such as strong baroclinic and topography-induced currents,
upwelling regions and frontal zones with important implications on the
dynamics of plankton ecosystems. Although the region is often considered to
be an oligotrophic environment large gradients of primary productivity have
been observed and the highly productive areas are mainly located in the
northern basin [1]. In the present study eight years of satellite-measured SST
and Chl are analysed in order to capture the dominant space/time features of
the Aegean Sea surface variability.

seasonal cycle (~98%). EOF results for the SST anomalies (Fig. 1) indicate
that non-seasonal variability is induced by synoptic atmospheric weather
variations (1st EOF) and anomalies in the north-south wind-stress component
mainly occurring during the summer upwelling regime (2nd EOF and 3rd EOF).
EOF analysis of Chl anomalies (Fig. 2) shows large intra-annual variability and
clear interannual signals, associated with much larger production during the
bloom periods of specific years (i.e. in 1999 and 2004). Results indicate that
Chl non-seasonal variability is mainly controlled by variations in the
Dardanelles chlorophyll outflow (1st EOF and 3rd EOF), in the position of
the hydrological front and the Samothraki anticyclone (2nd EOF), and in the
riverine nutrient inputs within the North Aegean Sea. EOF and correlational
analysis of the anomaly time-series demonstrate that non-seasonal variations
of the two parameters are much less linked than in the global ocean, implying
that mixing and upwelling processes play a minor role in controlling surface
chlorophyll variability in the Aegean Sea.

Method
Daily global SeaWiFS ocean colour data (1998-2005) with 1/12° spatial
resolution available from the Distributed Active Archive Center at the NASA
Goddard Space Flight Center are used. In order to convert ocean colour to
chlorophyll-a concentration, all the available SeaWiFS data of the raw
measured wavelength bands are re-processed with the MedOC4 bio-optical
algorithm, built specifically for the Mediterranean Sea [2]. The construction of
SST maps is based on a re-analysis of AVHRR Oceans Pathfinder SST
timeseries of the Mediterranean Sea at a 1/16° resolution-grid [3]. EOF
analysis (i.e. based on the Singular Value Decomposition method) is applied to
the 8-day anomaly time series of the two datasets (i.e. the total harmonic
seasonal cycle is removed from the original time series) to study the nonseasonal (intra-annual and interannual) variability of the two parameters.

Fig. 2. Same as Fig.1 but for the Chl anomaly dataset.
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Fig. 1. EOF decomposition of the SST anomaly dataset. Spatial amplitudes
(left panels) and temporal modes (right panels). The variance explained by
each EOF mode is also depicted. The 22-point (176-day) running mean (dark
lines) suppresses signals with timescales less than a year and represents
interannual variability.

Results and discussion
Data analysis shows that non-seasonal signals account for the largest part of
the Chl total variance (~70%), whereas SST variability is overwhelmed by the
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Abstract
Real time short-term forecasts of the circulation in the Sicily Channel are operationally produced and their accuracy against satellite
sea surface temperature fields is evaluated from August 20th to October 20th 2009 on a daily basis. This analysis allowed us to assess
the skill of the present ocean forecasting system.
Keywords: Models, Circulation, Straits And Channels, Sicilian Channel
The Forecasting System
The Sicilian Channel Regional Model Forecasting System (SCRMFS) is based
on a nested eddy resolving numerical model implemented in the Sicily Channel
area. It is driven at the surface by the hourly forcing from the Limited Area
Model ETA/SKIRON atmospheric forecast fields with a horizontal resolution
of 10 km [1]. The atmospheric forcing parameters include: mean sea level
pressure, air temperature at 2 m, wind speed and direction at 10 m, convective
and accumulated precipitation and cloud cover. The net short-wave radiation
flux and the downward long-wave radiation flux at the sea surface are provided
directly by the weather prediction model at 1-hour interval, while latent and
sensible heat fluxes are given by the bulk aerodynamic formulae. Surface
momentum fluxes are calculated using the computed drag coefficient of
Hellerman and Rosenstein [2]. At the open boundaries, the SCRMFS is nested
with the coarse model MFS1671 [3] through an off-line one way nesting
technique of the forecasted daily mean fields of temperature, salinity and total
velocity. This method was found to be computationally efficient and
sufficiently robust to transmit information across the lateral boundaries without
excessive distortion [4]. The SCRMFS is initialized daily in slave mode, then
through the downscaling and optimization of coarse resolution forecast fields
(temperature, salinity and current velocity) using the Variational Initialization
method, named VIFOP [5]. It allows to reduce the high frequency oscillations
during the initial conditions (spin-up time) [6]. SCRMFS produces daily 5-day
forecast, in slave mode, providing detailed information on the mesoscale and
sub-mesoscale components that cannot be resolved by the coarse resolution
model. The performance of SCRMFS depends on the accuracy of the hourly
surface wind stress and heat fluxes provided by SKIRON, but in a slave mode
forecast the quality of the initial conditions derived from the downscaling of the
first forecasted day of the coarse resolution model is even more critical.
The validation
The dataset used for the online validation is the daily NRT Optimally
Interpolated Sea Surface Temperature (OISST), obtained from the AVHRR
(Advanced Very High Resolution Radiometer) night-time data acquired and
processed at ISAC-GOS of CNR. The level of agreement between the forecast
and the truth (assumed to be given by the satellite observation) is computed
using basic statistics, such as the correspondence between the mean forecast and
mean observation (BIAS), the root mean square error (RMSE), the standard
deviation (σ) and the Sea Surface Temperature Skill Score (SSTSS).
Results
The daily averaged scores have been computed for each forecast cycle over the
period 20 August – 20 October 2009, in agreement with the largest horizontal
temperature gradients due to the warm waters over shelf areas and the wellknown upwelling along the south of Sicily, induced by the Atlantic Ionian
Stream and its summer features. Between the fifth and last forecast cycle (Fig.1,
top), the RMSE estimates a range approximately from 0.9°C to 0.6°C, while the
standard deviation presents higher values. Then the SSTSS increases from 0 °C
to 0.4 °C (Fig. 1, bottom). This means that the last forecast cycle (24 hours
before) is about 40% better than the fifth (120 hours before). The averaged
biases for the five cycles range from 0.16 °C of the first cycle to -0.05 °C of the
fifth, with a clear negative trend. So the model is on average warmer the first 3
and colder the last 2 forecast days than the observations

Fig. 1. Top: Standard deviation (dashed line) of the model SST field and RMSE
(continuous line) between model and satellite SST, averaged for each forecast
cycle; Bottom: Skill Score averaged for each forecast cycle.
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Conclusions
The performance of SCRMFS against satellite SST has been evaluated by means
of standard statistics. Notwithstanding the use of only satellite observations for
a short period in time, this preliminary assessment of the forecasting system
shows a reasonable performance in comparison to other forecast numerical
models available from the bibliography [7] which, in slave mode, are greatly
dependent on the accuracy of the coarse resolution model furnishing the initial
conditions.
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ESTIMATION OF THE ATLANTIC INFLOW THROUGH THE STRAIT OF GIBRALTAR FROM
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Abstract
A combined reanalysis, satellite and experimental dataset has been used to calculate a four-year time series of the Atlantic inflow
through the Strait of Gibraltar. An indirect estimation of the net flow through the strait from the hydrological cycle has been combined
with direct Mediterranean outflow measurements, collected in the Espartel sill (western Strait of Gibraltar), resulting a mean inflow of
0.814 Sv with a seasonal cycle of 0.026 Sv amplitude peaking in September. Two possible forcing mechanisms are suggested for this
cycle: a main barotropic one, related to the ocean-atmosphere water deficit and a secondary baroclinic one related to the hydrological
conditions in the strait.
Keywords: Strait Of Gibraltar, Water Transport, Air-Sea Interactions, Hydrology, Sea Level
The importance of the exchange through the Strait of Gibraltar for the
Mediterranean termohaline circulation and hence for the entire Mediterranean
climate is well known. Several works have studied this exchange, most of them
focusing on the evaluation of the net flow and the Mediterranean outflow, but
only a few of them describe the Atlantic inflow. The latter are based on
experimental measurements of about two-year long time series [1, 2, 3]. In this
work we make an indirect estimation, climatologically and experimentally based,
of a four-year long time series.

the inflow and outflow velocity depends on the square root of their density
difference [6]. This means that an increase (decrease) in the outflow (inflow)
density produces an increase in both velocities and vice versa. Thus, during
summer, when sea surface temperature reaches its maximum, the surface layer
density decreases due to the associated volume increase. This feature is also
reflected in the maximum of the steric sea level in September [7] and produce an
increase in the inflow velocity that contributes to the September peak.
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Eq.1 describes the mass budget in the Mediterranean Sea that is used to calculate
the net flow, where the left-hand side, dM/dt , is the mass time-variation, S the
Mediterranean surface and
the mass-induced sea level anomaly. The rigthhand side terms are the different contributions to the budget: precipitation, P,
evaporation, E, river discharge, R, the exchange with the Black Sea through the
Turkish Straits, B, and the net flow through the Strait of Gibraltar, G. NCEP
monthly mean data has been used to evaluate evaporation and precipitation. The
mass contribution to the sea level anomaly has been calculated subtracting from
AVISO total level the steric contribution computed from the water column
salinity and temperature data of the ECCO model dataset. Data of river
discharge and exchange with the Black Sea have been obtained from the works of
[4] and [5] respectively. Once estimated the net flow, direct ADCP
measurements of the outflow collected in the Espartel sill (western Strait of
Gibraltar) have been used to calculate the inflow. A mean value of 0.814 Sv,
with a seasonal cycle of 0.026 Sv amplitude peaking in September, has been
obtained, in good agreement with the previous works [1, 2, 3].

Fig. 1. Inflow (Q1), outflow (Q2) and net flow (Q0) through the Strait of
Gibraltar anomalies. The anomalies has been represented for a better
visualization of the importance of the seasonality of each component, Q0 and
Q2 , to the inflow calculation.

Two possible forcing mechanisms have been considered to explain the seasonal
cycle of the Atlantic inflow. The first and main one of barotropic nature, related
to the ocean-atmosphere water deficit, strongly dependent of E-P, whose
seasonal cycle also peaks in September. The second one has baroclinic nature
and is related to the hydraulics conditions in the strait, which implies that both
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Abstract
During KM3NeT project, an intense observational activity was conducted in the Ionian Sea, mainly south -east of Capo Passero
(Sicily) and off the south-western tip of Peloponissos (Greece). The several oceanographic cruises performed from 2006 to 2009
permitted to describe the current status of the deep layer, together with its recent evolution. While newly formed Adriatic dense water
is the principal abyssal signature in the western Ionian, the Cretan water vein fills all the deep layer in the eastern Ionian. These
observations confirm that the deep Ionian Sea is undergoing significant changes, especially after the Adriatic Sea has became an
active source of dense water again.
Keywords: Deep Waters, Circulation, Ionian Sea
The Ionian Sea collects the dense waters formed in the Eastern Mediterranean in
its abyssal plain. The Adriatic Sea was the main source of these waters up to
the end of the 80’s. After that date, an important climatic variation occurred (the
Eastern Mediterranean Transient) which had an impact on the whole Eastern
Mediterranean, and a new source started up in the Aegean Sea. The Aegean
water was warmer, saltier and denser than the one formed previously in the
Adriatic Sea, so it filled the deepest layers of the Ionian [1]. Around 1995 the
Aegean source dropped and the Adriatic became an active source again,
producing new water whose temperature and salinity were warmer and saltier
when compared to the past [2, 3]. The several oceanographic cruises performed
in the Ionian Sea from 2006 to 2009 permitted to follow the recent evolution in
the abyssal hydrography, and provided some insight into their variability.

water in the deep column, mainly concentrated between 2000 and 3000 m of
depth.
A comparison between observations off Sicily from different periods evidenced
a certain water mass variability: an almost homogeneous stratification below
2500 m is sometimes replaced by a situation characterized by the presence of
several water masses, identified by closed structures. Current measurements,
acquired from May 2007 to May 2009 at 3000 m of depth near the Maltese
shelf break and about 20 miles eastward, evidence the prevalence of a southward
flow at the first site and a north-westward one at the second, while the
oscillations of the two currents are inversely correlated. This suggests a
circulation frequently organized along a cyclonic pattern, as indicated by the
closed structures observed from the hydrography. More energetic currents are
found close to the shelf break, and a pronounced variability is observed at both
the sites, on the seasonal and the interannual time scales.
These results depict a variable cyclonic abyssal circulation that is more energetic
when compared to previous measurements collected in the same area. The
increased activity has probable links with the new Adriatic dense water flowing
into the region.
Acknowledgement: The data presented were acquired within the framework of
the “Specific Support Action for the Design Study for a Deep-Sea Facility in
the Mediterranean
for
Neutrino
Astronomy
and
Associated
Sciences” (KM3NET), EU contract number 011937.
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Fig. 1. Vertical section of potential temperature (°C), salinity, density (σ2
units), dissolved oxygen content (µmol/l) in July 2007 between 1500 m depth
and the bottom.

In July 2007, a hydrographic section covered the central Ionian basin from Sicily
to Greece almost synoptically (Fig. 1), giving a nearly complete zonal view of
the abyssal layer. The physical-chemical properties from 1800 m to the bottom
show distinct water masses, with significant differences both in temperature and
salinity. A clear gradient can be observed in correspondence to the meridional
ridge which separates the central and the eastern deeps. On the western side,
below 2000 m, a marked stratification is found with warmer and saltier water
superimposed on a fresher and colder layer. Both the layers extend their
influence upto the central abyssal plain. The two water types are probably of
Adriatic origin, but the higher oxygen content close to the bottom suggests that
the most recent Adriatic water is warmer and saltier than before. On the eastern
side, higher salt content and higher temperature evidence the presence of Cretan
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Abstract
Winter geostrophic circulation patterns in 2000 and 2001 in the northern Adriatic, as a result of bottom density distribution, were
different. Formed earlier in autumn under different atmospheric forcing, they remained stable even in conditions of above average
surface heat losses. This suggests that forecast of the northern Adriatic geostrophic circulation patterns is attainable several months in
advance.
Keywords: Adriatic Sea, Circulation
Introduction
The northern Adriatic is influenced by the Po River, one of the largest in the
Mediterranean basin. In winters termed as type A, bottom density is higher in
the eastern than in western part of the northern Adriatic, while for winters of
type B the situation is opposite (1). The Po River waters more likely spread
across the northern Adriatic in winters of the type A (in preparation). As a
consequence, large phytoplankton production in the entire northern Adriatic is
expected to occur in A winter types, whereas dense water formation
characterizes the B ones. In this work winter oceanographic conditions of
type A and type B, for 2001 and 2000 respectively, were analyzed.

Results
Winter geostrophic circulation patterns in both 2000 and 2001 remained stable
between the two subsequent cruises (Jan and Feb 2000; Dec 2000 and Feb
2001). In the winter of 2000 there was a cyclonic gyre off the Po River delta
while in the winter of 2001 in the same area an anticyclonic gyre was present
(Fig. 2). The differences in circulation patterns were due to differences in
bottom density distribution (Fig. 2). Monthly values of northern Adriatic
surface heat losses for both Jan 2000 and 2001 were above their long-term
means (not shown). Bottom density fields were already formed in late
autumn, starting from October (not shown). The autumn of 1999 was
characterized by many bora episodes and very large surface heat losses while
in 2000 by strong sirocco events and moderate surface heat fluxes.

Data and methods
Data collected during six large oceanographic cruises at three transects (45
stations; Fig. 1) in the northern Adriatic were used to plot distributions of
temperature, salinity, density and geostrophic currents relative to 30 dbar
surface (Oct 1999, Jan 2000, Feb 2000, Oct 2000, Dec 2000, and Feb
2001). Daily values of meteorological data and surface fluxes in the region, as
well as the Po River flows were also analyzed for the periods Oct 1999 - Feb
2000 and Oct 2000 - Feb 2001.

Fig. 2. Distribution of bottom density and of surface geostrophic currents
relative to the 30 dbar surface in February 2000 (a and b) and February 2001
(c and d). A and C represent anticyclonic and cyclonic sense of rotation,
respectively

Conclusion
The results strongly support the hypothesis that autumn conditions
determine the next winter geostrophic circulation patterns, allowing us to
forecast the northern Adriatic winter hydrographic conditions.
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Fig. 1. Map of the northern Adriatic with position of stations
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Abstract
The EGYPT (Eddies and GYres Paths Tracking ) - EGITTO program data sets provide an unprecedented insight into the Eastern
Basin surface circulation. They confirmed the Atlantic Water (AW) path be an anticlockwise circuit along the basin slopes, and its
frequent offshore dispatching related to the paddle-wheel effect of the mesoscale eddies generated by the southern part of the circuit,
the Libyo-Egyptian Current. However, in opposition with earlier observations, several eddies have been tracked drifting westward for
several months, up to one year. The study of the circulation in the Eastern Basin remains a challenge yet.
Keywords: Eastern Mediterranean, Circulation
Our knowledge and understanding of the circulation in the Eastern basin have
yet to be improved. The EGYPT/EGITTO program (2005-2007) was a main
effort to acquire in situ observations in the Eastern Basin, with a focus on its
southern part that has been little sampled up to now. Platforms included a 1year 7-mooring array, a network of 125 CTD casts, ~ 200 XBTs, ~100 surface
drifters, ~15 Argo profilers, and the continuous coverage with thermal satellite
images to allow for targeted sampling [1]. In the south the circulation of the
Atlantic Water (AW) has been clearly shown anticlockwise and alongslope [2,
3], in agreement with numerical simulations [4]. However the corresponding
distribution of the lower salinities most often appear complex, that is highly
variable in space and time. Indeed the Libyo-Egyptian Current (LEC) is
unstable, and generates mesoscale (anticyclonic) Libyo-Egyptian Eddies
(LEEs) [5]. The numerous interactions between the LEC and one or more
LEEs induce a paddle-wheel effect, that dispatch AW first offshore and then
around the LEEs [6]. That was shown during the EGYPT-1 campaign: on the
CTD transect from the Libyan shelf to the Greek slope (figure 1), the
minimum of salinity was found on the northern edge of the eddy LE. Another
LEE, downstream LE and south of the wind-induced Ierapetra eddy (I-2005,
figure 1), also concurred to dispatch AW on the eastern edge of I-2005 (see the
corresponding drifters trajectories on fig.5k of [3]). The figure 2 illustrates this
paddle-wheel effect: AW is indeed transported offshore eastward, but on the
successive edges of LEEs: there is no such permanent path as the so-called
“Mid-Mediterranean Jet” (MMJ). Now, because LEEs can remain motionless,
drift, and/or interact with neighbouring ones for several months, they have a
significant weight in statistics that can lead to artefacts. This is the case for
instance of the Lagrangian statistics on the drifters trajectories, of which the
mean displays a strong jet offshore Libya. When this evokes a MMJ, it is
actually the northern edge of a LEE [7].

acquire additional such high resolution synoptic surveys, rising problems to
gain authorizations for sampling are most likely to keep their number low. The
Eastern Basin is likely to remain a challenge for some time.

Fig. 2. Trajectory of a surface drifter from February to May 2006.
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Fig. 1. Sampling during the EGYPT-EGITTO program, with the main eddies
indicated for Spring 2006.
These LEEs, and Ierapetra as well, can actually perturb the circulation down
to the bottom (~3000m), as shown by the deeper currentmeters [8]. Now,
contrary to the general eastward drift observed during 4 years on the period
1996-2000 (over 1000 IR images analysed [9]), in 2006 3 LEEs drifted
westward alongslope for months, one for more than 1 year [8]. One
hypothesis put forward is the abrupt change of the steepness of the slope
[10]. But such a change occurs only for in eddy (LEE1) off Libya at 24°E.
Additional analyses are thus required. The study of the Eastern Basin
circulation might be more difficult than that of the Western Basin: while the
weight of the mesoscale dynamics and the variability it induces imply to
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INTERMEDIATE AND DEEP CIRCULATIONS IN THE EASTERN BASIN OF THE MEDITERRANEAN:
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Abstract
The Eddies and GYres Paths Tracking (EGYPT, 2005-2007) program was an unprecedented effort to acquire observations in the
Eastern Basin, both in situ and remotely sensed. The intermediate and deep circulations between Crete, Libya and Egypt are studied
here using mainly the time series of a one-year array of 7 moorings equipped with 30 currentmeters and 10 hydrological probes, and
the dense network of 125 CTD casts (10-20km-spaced) realised during the EGYPT-1 campaign (April 2006).
Keywords: Circulation, Eastern Mediterranean, Mesoscale Phenomena
The similarity of the surface circulation patterns between the Western and
Eastern Basins prompted original ideas [1]: following our previous work in the
Algerian subbasin, in order to improve our knowledge and understanding of
the circulation in the Eastern Basin, we conducted the program EGYPT, with
the major aim to monitor the path of the Atlantic Water (AW) -with a focus
on the Libyo-Egyptian Current (LEC)-, and the Mediterranean Waters (MWs)
[2, 3, 4]. We collected current time series with a network of 7 moorings,
~70km spaced, equipped with 5 to 6 currentmeters and hydrological probes
from surface (~60m) to the bottom. We initially planned to deploy the
moorings off Egypt, since there is no shelf and we could have easily sampled
most of the AW flow when alongslope, but we were finally not allowed to do
so. The moorings had to be moved off Libya, with two main drawbacks: they
were further offshore due to the shelf (over which the AW flows for a great
part), and the bathymetry is complex. And finally the upper part of 4 out of 7
moorings went adrift after fish bites, which prompted their anticipated
recovery after one year (April 2006 - March 2007), instead of the planned 2year duration. But the dense CTD network of 125 casts (one out of two down
to the bottom) realized during the EGYPT-1 cruise (April 2006) allowed a
dense sampling (10-20 km spaced) at subbasin-scale, including the southern
shelf and south of Crete. The other observations acquired, among which
satellite thermal images, drifters and ARGO profilers, have been listed in [5].

possibly by eddies such as Ierapetra and LEEs, which we show can extend
that deep (figure 1). The deeper currents display a high variability in both
direction and velocity, with peaks up to 40cm/s a few metres above the
bottom. The deepest T and S display variations over ranges of 0.05°C and
0.01, up to ~0.10°C and 0.02 during few-day episodes (figure 1e). Such a high
variability is obviously due to the heterogeneity of the deep waters formed far
to the north. It is thus clear that deep waters encounter little mixing while
spreading and circulating from their formation areas.
A consequence is that the climatological data bases, necessarily based on
(historical) sparse data in both time and space, are to be used with extreme
caution when it comes to deducing water pathways (cf the LIW path problem
when applying unattended statistics on Algerian subbasin data sets [6]), or
any climatological signal [7]. In this context, the EGYPT data set can be
regarded as a snapshot of reference for 2006-2007. Correlatively, given the
natural variability of AW [8] or MWs [9] in the whole Mediterranean Sea, all
riparian countries should foster the regular monitoring at basin scale, using not
only moorings and thermosalinometers on merchant lines (e.g.Hydrochanges
and Transmed CIESM programs, resp.), but also yearly CTD cross-basin
transects, an effort sustained for few years now by Italian colleagues in the
Western Basin [10].

References
1 - Millot, C. and I. Taupier-Letage, 2005. Circulation in the Mediterranean
Sea. The Handbook of Environmental Chemistry, Vol. K: 29-66. DOI:
10.1007/b107143.
2 - Hamad, N., C. Millot, and I.Taupier-Letage, 2005. A new hypothesis
about the surface circulation in the eastern basin of the Mediterranean sea.
Progr. Oceanogr., 66, 287-298.
3 - Poulain P.-M., R. Gerin, M. Menna, I. Taupier-Letage, C. Millot, S. Ben
Ismail, S. Sammari, G. Zodiatis and I. Gertman, 2010. A Lagrangian view of
the Eastern Mediterranean surface circulation over the last two decades.
CIESM Congress 2010, this issue.
4 - CIESM, 2009. Dynamics of Mediterranean deep waters. N°38 in CIESM
Workshop Monographs [F. Briand, Ed.], 132 p, Monaco.
5 - Taupier-Letage I. and the EGYPT/EGITTO group, 2007. New elements on
the surface circulation in the eastern basin of the Mediterranean. Rapp. Comm.
Int. Mer Medit., 38: 204.
6 - Millot C. and I.Taupier-Letage, 2005. Additional evidence of LIW
entrainment across the Algerian Basin by mesoscale eddies and not by a
permanent westward-flowing vein. Progr. Oceanogr., 66, 231-250.
7 - Vargas-Yáñez M, F. Moya, E. Tel, M. C. García-Martínez, E. Guerber and
M. Bourgeon, 2009. Warming and salting in the western Mediterranean during
the second half of the 20th century: inconsistencies, unknowns and the effect
of data processing. SCI. MAR., 73(1) : 7-28.
8 - MillotC.,2007. Interannual salinification of the Mediterranean inflow.
Geophys. Res. Lett., 34, L21609, doi:10.1029/2007GL031179.
9 - Millot C., 2009. Another description of the Mediterranean outflow.
Progr. In Oceanogr., 82( 2): 101-124.
10 - Schröder K., G-P. Gasparini, M. Borghini and A. Ribotti, 2009.
Experimental evidence of recent abrupt changes in the deep Western
Mediterranean Sea. in CIESM Workshop Monographs 38, [F. Briand, Ed.],
Monaco, 51-56.

Fig. 1. The passage of a LEE (from east to west) over the mooring 3 during
summer 2006, showing the associated anticyclonic currents down to the
bottom. a) SST image from mid-August 2006 showing the LEE and Ierapetra
(I), EGYPT moorings network (triangles), b-e) records at mooring 3 of current
in b) surface, c) intermediate (scale +/- 0.5m/s) and d) bottom layer (scale +/0.25m/s), and of e) potential temperature in the bottom layer (scale 13.5-13.7°
C).

As expected [2], between Libya, Egypt and Crete the intermediate and deep
MWs circulate anticlockwise and alongslope, when not disturbed by
mesoscale eddies generated by either the LEC (the Libyo-Egyptian Eddies:
LEEs) or the wind (as Ierapetra). We specify the main pathways of the MWs
known to form in the Adriatic, the Aegean and the Levantine subbasins, and
evidence unreported intermediate water from the Adriatic. As expected from
our understanding of the Western Basin functioning, waters at depths 5001500m are relatively old, so that they are more homogeneous and their
circulation is generally weaker than below. At depth (> 3000m), the
circulation is markedly influenced by the complex bathymetry, as well as
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CURRENT OBSERVATIONS IN THE BOSPHORUS STRAIT DURING EPOS
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Abstract
Pairs of acoustic Doppler current profilers (ADCPs) were deployed at each end of the Bosphorus and Dardanelles Straits as part of
the United States Naval Research Laboratory’s Exchange Processes in Ocean Straits (EPOS) project. All 8 current moorings were
deployed in September 2008 and remained in place for about half a year in the Bosphorus and for one year in the Dardanelles. This is
the first time that comprehensive current measurements coincident to both straits over seasonal time scales have been made. An
overview of the current structure and variability is given here for the Bosphorus Strait to provide insight into the complexity of the TSS
dynamics.
Keywords: Bosphorus, Currents
The Turkish Straits System (TSS; Figure 1) consists of the Bosphorus Strait,
Sea of Marmara, and Dardanelles Strait and is the only connection between the
Black and Mediterranean Seas [1]. The main objective of EPOS is to understand
the synoptic variability of the exchange flows in the TSS by study of the
currents, temperature, salinity, and microstructure. In close collaboration with
the Turkish Navy Office of Navigation, Hydrography and Oceanography and
the NATO Undersea Research Center (NURC), the R/V Alliance was used for
the mooring work and data collection. The ADCPs were housed in trawlresistant moorings referred to as Barnys (Figure 2). The nearly full watercolumn current profiles are used to describe the vertical current structure and the
seasonal variability of the two-layer current system in the straits, with focus
here on the Bosphorus Strait.
Considerable differences in average flows, current variability, and layer
thicknesses were found. Layer interfaces ranged from about 15 to 40 m depth
in the Bosphorus Strait while integral time scales for the along strait current
components were 6-9 days and maximum observed currents were 231
cm/s. While largest current speeds were observed in the upper layer at the
southern end of the Bosphorus, largest speeds were observed in the lower layer
at the northern end of the strait. Greatest range in velocity was at the southern
end where the currents ranged from -231 to +115 cm/s. Depth dependent
processes dominated and were relatively strong in the Bosphorus. Dynamical
processes were very different between the ends of the strait. Numerous current
reversals were found in the top layer and interestingly can be predicted from the
integrated wind stress. We expect that results from this experiment will enhance
our understanding of the dynamics in the TSS and will lead to additional field
and modeling efforts.

Fig. 2. Shown here is a view of a Barny platform on the sea floor. The ADCP is
contained in the Barny and is located at the top. An outer ring of reinforced
cement provides impact resistance and ballast. The overall smooth profile
minimizes the risk of being fouled by fishing gear and makes the Barny highly
resistant to trawling. The entire mooring is recovered at the end of the
deployment via acoustic release of a pop-up float that carries a recovery line
and the ADCP to the surface.
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Fig. 1. Turkish Straits System (TSS)
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TIME-SERIES ANALYSES OF ATMOSPHERIC AND MARINE OBSERVATIONS ALONG THE TURKISH
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Abstract
Time series and spectral analyses are applied to surface atmospheric (wind velocity, air temperature, barometric pressure, relative
humidity) and sea level data obtained from monitoring stations along the Turkish coast. Analyses of time series longer than a year
identify main time scales of transport and motion while establishing seasonal characteristics, i.e. distinguishing, for instance, between
winter storms and summer sea-breeze system. Marine flow data acquired by acoustic doppler current profilers (ADCP) are also
analyzed to better understand the response of the dynamics along the Turkish coast to short-term climatic variability. Cumulative
results obtained from these analyses determine temporal and spatial scales of coastal atmospheric and marine fluxes of momentum,
heat and buoyancy as affected by the regional climate system.
Keywords: Time Series, Sea Level, Air-Sea Interactions
Introduction and Methods
The total of 12 atmospheric and marine coastal monitoring stations along the
Turkish coast of the Mediterranean, Aegean, Marmara and Black Seas and the
Bosphorus and Dardanelles Straits (Figure 1) traverse approx. 2500 km of
coastline with a maximum separation of approx. 800 km. The stations were
installed within the framework of the Turkish Meteorology and Oceanography
Excellence Network pilot project coordinated by the Institute of Marine
Sciences, Middle East Technical University. These automatic data acquisition
systems collect surface atmospheric data (air pressure, wind, air temperature,
and relative humidity) in addition to sea-level measurements acquired by
electronic tide gauges.
The main objective for establishing this coastal monitoring network is to obtain
long-term time series of surface atmosphere and ocean data in an attempt to
understand and quantify regional climatic variability in the Turkish coastal
system as well as the effects of such variability on the Mediterranean-Black Sea
coupling through the Turkish Straits System (TSS). The TSS is sensitive to
climatic changes and potentially causes such changes in the adjacent basins [1].
The sea level difference over the Bosphorus plays an important role for the
overall flow. Sea level is highly variable through the Turkish strait system and is
influenced by the Black Sea and the Mediterranean oscillations, but is not
affected by the tidal oscillations [2]. Over the Black Sea strong winds can
control the water flow of the Bosphorus strait, thus the mean sea level of the
Black sea at intra-seasonal frequencies. The Mediterranean water flow into the
Black sea can be blocked as the northerly winds blow. Also, sufficiently intense
southerlies may cause to cease the upper layer flow from Black Sea [3].

level difference of about 40 cm is observed between the Black and Marmara
Seas, which vanishes during some blockage events of the Bosphorus upper
layer.
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Based on measurements, taken during longer than a year, time series and spectral
(auto-, cross-, and rotary spectra) analyses are performed to exhibit the
measurements in both time and frequency domains, which enable to detect
temporal and spatial scales of phenomena, oscillations and correlations of the
observations in distinct areas.

Fig. 1. Coastal observation stations along the Turkish coasts

Results
Spectral analyses of the sea level indicate basin oscillations of several days to
weeks in addition to diurnal and semi-diurnal oscillations in sea level forced by
the winds, barometric pressure differences and storm surges. Frequently, a sea
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Abstract
The biogeochemical cycles of the major elements and the associated structure of the planktonic functional groups are investigated in
the northwest Mediterranean Sea in relation with the seasonal and interannual variability of the hydrodynamic/atmospheric forcing.
Keywords: Western Mediterranean, Models
A 3D physical-biogeochemical coupled model has been implemented to
represent cycles of biogenic elements (carbon, nitrogen, phosphorus and silica)
and pelagic plankton groups in the NW Mediterranean Sea.

(Figure 1A) and biogeochemical processes (Figure 1B).
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The hydrodynamic mesoscale SYMPHONIE model [1] has been used forced by
high resolution atmospheric fluxes. The biogeochemical model is defined by
three size groups of phytoplankton and of zooplankton, hetrotrophic bacteria,
two size classes of particulate organic matter, dissolved organic matter and four
inorganic nutrients. The representation of the phytoplankton processes is
derived from the model ECO3M [2] that has been increased in complexity in the
present work. The heterotroph model is an adapted version of the
stoichiometric model developed by [3] and applied at the study area by [4].

Fig. 1. Interannual variation of the simulated (A) maximum mixed layer depth
(m) and (B) mean primary production (gC m-2 d-1) over the north-western
Mediterranean sea for the 2004-2008 period.

The calibration and validation of the coupled model were performed through
comparisons with complementary observations: data at the DYFAMED deep
station in the Ligurian Sea, data of SOMLIT coastal stations and satellite
images. The model results reasonably reproduce the recorded spatial and
temporal variations.
Then the model was used to estimate a budget of the biogenic elements in the
area over the period 2004-2008 characterized by a varying intensity of the major
physical (deep convection, shelf dense water cascading, general circulation)
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FOOTPRINTS OF MESOSCALE EDDY PASSAGES IN THE OTRANTO STRAIT (ADRIATIC SEA)
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Abstract
Mesoscale eddies play an important role in transferring particles, nutrients and other passive material vertically or horizontally. Their
typical dimensions are of the order of several internal radii of deformation. In the Adriatic Sea the baroclinic radius of deformation is
of the order of 5 km. Here, the footprints of mesoscale eddies propagating through the Strait of Otranto are shown, and their
formation mechanism and area are hypothesized.
Keywords: Adriatic Sea, Mesoscale Phenomena, Currents
Introduction
On average, an inflow takes place along the eastern coast of the Strait of Otranto
(70 km wide and about 800 m deep channel connecting the Adriatic and Ionian Fig.1), while the outflowing current occupies its western portion. Besides, an
outflow of the Adriatic Dense Water (AdDW) occurs as a density-driven
current in the bottom layer pressed against the continental margin of the western
coast [1]. Previous observational studies in the Strait of Otranto [2] presented
evidences on the unstable flow in the shear zone between the northward and
southward currents and explained them in terms of the near-inertial waves and
counterclockwise mesoscale eddies, appearing as a 10-day variability in the
current record.

Results
The principal axis analysis of the sub-inertial flow shows that currents,
especially those close to continental margins, are strongly polarized along
isobaths (Fig.1). Low-pass records at all three moorings reveal energetic events
of vertically uniform current vector rotation at about a weekly time-scale
(Fig.2). Rotary spectra reveal their clockwise (counter-clockwise) sense of
rotation at station V3 (V4), while wavelet analysis shows their timing. The two
moorings close to the center of the strait show coherent current vector rotation
suggesting a southwestward propagation of mesoscale eddies trapped by the
bottom topography. Eddy dimensions are estimated to be between 20 and 30
km while the propagation speed is about 7 cm/sec. Eddy passage leaves a strong
signal in the turbidity time-series as well, probably due to sediment
resuspension by strong currents and their advection through a canyon. We
hypothesize that the eddies’ generation is based on the conservation of the
potential vorticity for the water column passing over the sill about 100 km
located upstream of the section, as suggested by [3] for the Denmark Strait. The
stretching of the intermediate water layer induces cyclonic vorticity and the
formation of eddies that propagate southwestward following isobaths.

Fig. 2. Stick diagram of one cell per mooring for the period 16 November – 31
December 2006: V2 nominal cell depth 545 m (grey line), V3 nominal cell depth
720 m (black thick line) and V4 nominal cell depth 898 m (black thin line). The
mean over the indicated period was removed from each time-series.

Fig. 1. Study area with the position of moorings and principal axes of subinertial current oscillations. Upper insert: Adriatic Sea with the study area
denoted by the rectangle. Lower insert: the schematic of the vertical section with
the three ADCP moorings positioned within the AdDW outflow (denoted by
dashed line).
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Data and Methods
Currentmeter data obtained from three moorings with bottom-mounted upwardlooking Acoustic Doppler Current Profilers (ADCPs), that were maintained
from September 1997 until June 1999 and from November 2006 until April
2007 at a transect in the core of the outflowing Adriatic Dense Water, are
analyzed. Data were quality controlled and the missing data for periods less
than 6 hours were linearly interpolated. Harmonic analysis was performed in
order to de-tide the time series and, finally, a low-pass filter (33-hour cut-off
period) was applied to remove inertial oscillations, thus obtaining sub-inertial
non-tidal flow.
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1900 TO 2008.
M. Vargas-Yáñez 1, F. Moya 1, M. García-Martínez 1*, E. Tel 2, P. Zunino 1, F. Plaza 3, J. Salat 4, J. Pascual 4, J. López-Jurado 5
and M. Serra 5
1 Instituto Español de Oceanografia, Malaga, Spain - mcarmen.garcia@ma.ieo.es
2 Instituto Español de Oceanografia, Madrid, Spain
3 Institut de Ciencies del Mar (CSIC), Barcelona, Spain
4 Instituto Español de Oceanografía, Mallorca, Spain
5 Instituto Español de Oceanografía, Gijón, Spain
Abstract
Data bases such as MEDATLAS [1] have proved to be an extremely valuable tool for assessing long term changes. Nevertheless,
recent works have shown that the irregular time and spatial distribution of data can decrease the robustness of the analyses [2, 3].
Monitoring programs with systematic samplings are required in order improve the estimations of long term changes, but this arises the
question of whether or not data from new monitoring programs and “old” data bases can be merged in order to construct long time
series. In this work we check the homogeneity of time series constructed from MEDATLAS data base and the monitoring program
RADMED in the Spanish Mediterranean. Time series extending from 1900 to 2008 show the warming and salting of the Western
Mediterranean (WMED).
Keywords: Western Mediterranean, Monitoring, Time Series, Temperature, Salinity
The Spanish Mediterranean was divided in four different areas (squares in fig. 1)
and all the temperature and salinity profiles from 1900 to 2000 in MEDATLAS
data base were compiled. Because of biases recently reported in
batithermographs [4], only bottle and CTD data were used. Time series within
each square were vertically interpolated at 23 pressure levels from 0 to 2500
dbar. These series were merged with averaged profiles obtained from
oceanographic stations from RADMED (IEO) and l’Estartit oceanographic
station (ICM/CSIC) within the corresponding square. In this way we construct
temperature and salinity time series extending from 1900 to 2008.

century allow us to estimate long term changes, although decadal variability can
not be resolved in this part of the time series. Our results highlight the nonlinear character of the temperature and salinity time series and linear trends can
only be considered as mean increments for the whole period of time.
Furthermore, the homogeneity of the time series obtained and the continuity of
the ongoing monitoring programs provides a tool for studying the effects of
climate change in the Mediterranean. A correlation analysis with time series of
heat absorbed by the upper 700m in the North Atlantic evidence that the
WMED and the present time series can be considered as a proxy for larger scale
climate change studies.

Fig. 2. Left column are mean temperatures for the upper, intermediate and deep
layers averaged for the four areas selected. Right column is the same for salinity.
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Fig. 1. Squares where MEDATLAS data were compiled and RADMED stations
(dots). The triangle is l’Estartit oceanographic station.

First the homogeneity and normality of time series was checked by means of
Alexanderson homogeneity tests and Kolmogorov-Smirnov tests. Both
temperature and salinity time series were accepted as homogeneous after the
corresponding tests. The length of these time series has shown that the WMED
has increased its temperature at the three layers considered, that is, upper (0200m), intermediate (200-600m) and deep (600m-bottom). The heat absorbed
by the water column is equivalent to a heat gain of 0.23 Wm-2. The salinity of
the intermediate and deep layer also increased in a statistically significant way
(fig. 2). These series show a strong decadal variability that makes it difficult to
distinguish between those changes that are operating continuously in time, very
likely as a result of climate change, and those that are the result of the inner
variability of the climate system. The inclusion of data from the early twentieth
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TYRRHENIAN SEA CIRCULATION IN SPRING 2004: OBSERVATION AND MODEL RESULTS
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Abstract
Hydrological and current measurements collected in the Tyrrhenian Sea during May-June 2004 are analyzed with an inverse boxmodel (IBM) to establish the mean spring circulation patterns of the basin. These patterns are compared with those provided by a high
resolution, primitive equation model (POM) implemented over the area to simulate the mean basin circulation during the survey. The
good agreement between the two circulation fields represents a solid evidence for the reliability of the estimated dynamical structures.
Moreover, the POM reveals the short spatial variability of the basin not always resolved by IBM because of the low spatial resolution
of the in-situ measurements. The comparative study indicates the Tyrrhenian basin as a highly dynamically active region of the
Mediterranean Sea, characterized by a rich mesoscale dynamics.
Keywords: Circulation, Tyrrhenian Se, Mesoscale Phenomena, Models
The Tyrrhenian Sea (TS) is a deep basin of the Mediterranean Sea characterised
by a complex bottom bathymetry: A narrow continental shelf, a large shelf
slope and a deep central part with a large number of isolated volcanic
seamounts. Up to the 90s, TS was considered the most isolated basin of the
Western Mediterranean Sea, characterized by a wind-driven circulation. Recent
findings suggest that TS is a key region for the water masses exchanges between
the eastern and the western Mediterranean Sea, playing an important role as a
reservoir of heat and salt for the Mediterranean basin [1, 2]. A detailed
description of the circulation at the level of the main water masses is still
lacking.
This work is aimed at achieving a novel picture of the typical TS spring
circulation patterns, based on observations collected during two recent dedicated
oceanographic cruises conducted between May and June 2004 (Fig. 1). The
hydrographic dataset, integrated with long-term current measurements (at the
Sicily strait and the Corsica channel), has been used to estimate the absolute
geostrophic flow with a linear Inverse Box Model (IBM). The IBM method [3]
provides a correction to the relative geostrophic velocity field, assuming
conservation of water properties inside boxes, which are closed volumes of
water bounded by the geographical margins (coastline and bottom) and by the
hydrographic transects. Two isopycnal surfaces (28.9 kg/m3 and 29.1 kg/m3)
are chosen as boundaries between layers, corresponding to the resident water
masses: Atlantic Water (AW), Levantine Intermediate Water (LIW) and
Tyrrhenian Deep Water (TDW).

Fig. 1a shows the IBM estimated geostrophic velocities (small arrows
perpendicular to hydrological transects) at 75 m of depth, superimposed to the
dynamic heights distribution (dotted curves) at the same depth, referenced to
the surface. From both fields, a sketch of the main AW patterns (continuous
curves) has been drawn and compared with a similar sketch resulting from the
horizontal velocity field of the POM simulation (Fig. lb). The ten dynamical
structures distributed all over the basin in both IBM and POM fields are
numbered likewise, tolerating small differences in position and shape. The
largest structure is the Bonifacio gyre 9, which is a permanent cyclonic
circulation due to the year-round westerly jet of wind blowing through the
Bonifacio strait. This gyre displays remarkably close features in the two
estimates. Moving south, good agreement is found for the anticyclone 3, just
above the Sicily tip, and for the cyclonic circulation 4, more to the east. The
eddy 8 is well developed in POM as a wide current meander. Most of these
structures are coherent with the corresponding intermediate and deep circulation
patterns (not shown), indicating a strong barotropic component of the flow. For
the sake of completeness, horizontal surface and intermediate mass fluxes for
the main streams and gyres are shown in Fig. 2.

The IBM assessment of the circulation has been compared with the simulated
circulation from a high resolution numerical model (the Princeton Ocean Model,
POM), forced with ECMWF wind stress fields averaged over the cruise period.
Initial and boundary conditions are obtained by interpolating on the POM grid
the temperature, salinity, velocity and surface elevation fields produced by the
Mediterranean Forecasting System (MFS). Both the initial and the boundary
data are averaged over the cruise period. The model is forced at the open
boundaries by net mean barotropic transports simulated by MFS.

Fig. 2. IBM horizontal mass transports (Sv) through transects for AW (a) and
LIW (b).
Concluding, the results indicate the presence of a rich mesoscale dynamics, until
now poorly resolved, likely to be strongly influenced by the interaction of the
surface forcing with the complex bathymetry of the basin. Moreover, the good
agreement between the geostrophic reconstruction of the IBM and the velocity
patterns of the POM indicates that the main deduced circulation patterns are
representative of a typical TS spring condition.
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Fig. 1. Comparison between IBM (a) and POM (b) current fields at 75 m,
representative for AW circulation.
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LONG-TERM CHANGES IN DEEP ADRIATIC WATER MASSES OBTAINED BY SELF-ORGANISING MAP
ANALYSIS
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Abstract
A novel approach in detecting and determining water mass changes is documented in the paper, based on a Self-Organising Maps
(SOM) method. We used the method to extract and classify long-term variability (1957-2009) of temperature, salinity, dissolved
oxygen and nutrients at a single station in the deep South Adriatic Pit. The extracted vertical profile patterns and their variability are
associated with the known Adriatic water masses. We also tested the capacity of the method to recognize the masses by changing the
dimensions of SOM nodes and by varying the number of input parameters.
Keywords: Adriatic Sea, Deep Waters, Time Series
Adriatic water masses are known to play an important role in ventilation of
deep layers of the Eastern Mediterranean, and the South Adriatic Pit (SAP) is
recognized as a place where most of the deep waters are formed [1] inside of a
cyclonic gyre. The formation can be enhanced or modified by other masses [2]:
(i) very cold North Adriatic Dense Water, which is turbulently sinking along the
western SAP perimeter, and filling the deepest layers of the pit, and (ii) saline
Levantine Intermediate Water (LIW) which is coming into the Adriatic through
the Otranto Strait and preconditioning the generation of the Adriatic water
masses. There are several studies describing a long-term variability and interplay
between the Adriatic water masses [2, 3]. This paper will document the use of a
state-of-the-art method for extraction of patterns from time series, the SelfOrganising Maps (SOM) method, and its application to the long-term series of
thermohaline and chemical parameters in the South Adriatic. We analysed the
series of temperature (T), salinity (S), dissolved oxygen (DO), ortophosphate
(HPO42-) and total inorganic nitrogen (TIN) concentrations measured at the
D1200 station (42o13’N, 17o42’E) located in the nortern SAP in the 1957-2009
period. These series have been quality checked for bad values, offsets and
spikes, normalized by standard deviation and mean value of each parameter, and
introduced to SOM.
SOM is an artificial neural network based on unsupervised learning [4]. It
consists of a nonlinear cluster analysis mapping of high-dimensional input data
onto a two-dimensional output space. The gaps in the input data are treated by
the method, allowing SOM to effectively extract patterns from large data sets.
Thus, the SOM method has been widely used in various fields of studies ranging
from economics to sciences, including oceanography [5]. In this analysis we
used 2x3 SOM arrays, which allows for the detailed extraction of the
characteristic water profiles, but we also tested the sensitivity of the method by
applying 2x2 and 3x3 SOM arrays to the data. Sensitivity to the input variables
has been tested as well, by introducing different groups of parameters to SOM
(all, without TIN, without HPO42-, without DO, without nutrients, only T and
S) and assessing the variations of characteristic patterns and Best Matching Unit
(BMU) evolution in time. BMU is the number of the SOM solution that can be
identified according to the minimum Euclidian distance between certain input
data field and all SOM solutions.
Figure 1 plots the profiles of 2x3 SOM BMUs for all parameters. The profiles
adequately resemble the Adriatic water masses. The resemblance is the most
obvious for the salinity BMU profiles. For example, BMU1 can be associated
to a strong LIW inflow to the Adriatic, as it is characterised by very high
salinity, low DO and high nutrients in the intermediate layer. The generation of
the Adriatic Deep Water (ADW) may be seen in BMU2 and BMU4, as these
patterns are characterised by vertical homogeneity between 200 and 600 m.
Temporal evolution of the BMU in time (not shown) depicts the variations of
water masses in the area. For example, BMU1 is appearing around 1970, 1980,
late 1980s and mid 2000s, when LIW intrusions have been detected [2].
However, some additional changes in BMU patterns and their temporal
evolution are obtained when restricting the input variables to T, S and DO, and
especially when using only T and S in the analyses.

Fig. 1. Characteristic profiles (BMU1 to BMU6) of termohaline and chemical
parameters as extracted by the 2x3 SOM from the data collected at D1200
station between 1957 and 2009.
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The results highlight the advantageousness of the SOM for water mass
assessment, as objective classification may be made for an area. Therefore, the
method may be used for objective classification of the overall Adriatic masses,
and may introduce new insights in our knowledge of existing water mass
definitions, especially when including chemical parameters in such an analysis.
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Abstract
This paper documents the occurrence of strong fortnightly oscillations in the Adriatic Sea, frequently observed in the current
measurements. For that purpose we analyzed half-decadal sea level series and long-term currents collected within different parts and
layers of the Adriatic Sea. The fact that strong 10-20 day currents are occasionally in-phase with the Mf sea level tide gives a hint on
a possible mechanism responsible for the generation of these oscillations. Additionally, these currents are usually strongly amplified
during a weakly stratified season, indicating a baroclinic mechanism responsible for the multiplication of the fortnightly currents.
Keywords: Adriatic Sea, Tides, Currents
There are a number of studies that document the 10-20 day oscillations in
current fields, which are frequently observed in the Adriatic and Mediterranean
Seas [1-4]. Although the atmospheric forces have been suggested as the
generator of these oscillations, such a hypothesis is still not proved and no
significant interconnection with the strongest currents has been found.
Therefore, we attempted to connect the observations with another force not
considered in any of the documented literature, and that includes the
propagation of the fortnightly wave [5, 6] coming from the Atlantic Ocean
through the Strait of Gibraltar, being modulated and amplified by the
topography, stratification and atmospheric processes.
We focus our study in the Adriatic Sea, as continuous multi-decadal hourly sea
level series are available there, together with several long-term (about a year)
current measurements. We have used the data collected at the Rovinj (RO) and
Split (SP) tide gauges from 1957 to 2005, and the ADCP deployed off
Dubrovnik between 27 November 2007 and 23 January 2009 at the depth of 84
m. For the assessment of the atmospheric influence we used available hourly air
pressure data from Bari (BA) and Trieste (TR) meteorological stations during
the same interval, analyzing their difference (gradient) that generates the winds
along the Adriatic.
First we performed classical spectral analysis and found that a significant sea
level energy peak between diurnal and semi-annual periods is occurring only at
13.66 days, equalling the Mf tide period. By applying harmonic analysis we
estimated a Mf amplitude of 0.89±0.42 cm at Split and of 0.97±0.44 cm at
Rovinj, with no changes in phase between them, indicating that the barotropic
Mf tidal wave is much larger than the Adriatic. Then we extracted 10-20 day
currents from the ADCP station by applying a band-pass Butterworth digital
filter. It may be seen that both the barotropic Mf currents and sea levels are
often in-phase (Fig. 1), indicating a progressive nature of these oscillations. The
predominantly barotropic currents are changing into baroclinic ones in early
April, when stratification is beginning to develop in mid latitudes. The first
oscillatory event, occurring in April, is in-phase with the air pressure gradient
oscillations over the Adriatic, which is following the documented speculations
on atmospheric origin of the generating force of 10-20 day oscillations.
However, the second and the strongest 14-day oscillatory currents event in
2008 may be observed from mid May to early July, when the atmospheric
pressure gradient at these periods was quite low. The oscillatory currents with
maximum velocity amplitude of 15 cm/s were in-phase with the Mf tide for
more then 4 cycles. The in-phase character between the current oscillations and
the force, which may be observed through the water column, also indicates that
the Mf tide could be the generating force.

Fig. 1. The top panel shows band-pass filtered along-Adriatic air pressure
differences as computed from Bari and Trieste measurements. The middle panel
displays the Mf sea level tide. The bottom panel contains band-pass filtered
alongshore currents measured off Dubrovnik in 2008 (the most top and most
bottom current series are at 6 and 70 m, filled in by the equidistant 4-m layers).

We believe that similar fortnightly oscillations may be found in other parts of
the Mediterranean Sea, still unexplained as nobody considered the Mf tidal
wave as a possible generator. In addition, the significance and strength of the Mf
tide over the open Mediterranean waters should be mapped through the
process-oriented numerical studies, which will prove the capacity of the
Atlantic Mf tide to propagate within the Mediterranean and to amplify at
topographical barriers and during stratified conditions.
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Two other documented studies are favouring the Mf tide to be a generator of
such oscillations. Martin et al. [4] tried to reproduce the fortnightly oscillations
observed at Palagruža Sill by state-of-the-art ocean numerical model, which
includes all of the atmospheric forcing but not fortnightly tides at the open
boundary. They did not reproduce the oscillations, yielding us to the conclusion
that the force is outside of the model like fortnightly tides. Other study, given
by Kovacevic et al. [3], documents the 10-20 day variability in deep Otranto
Strait currents. We found both observations to be in-phase with the Mf sea level
tide in the Adriatic.
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Abstract
The relation between physical and biological processes affecting the Mediterranean Sea surface layer was investigated by means of
different Empirical Orthogonal Function (EOF) decompositions over remotely sensed chlorophyll-a (CHL), sea surface temperature
(SST) and Mediterranean Absolute Dynamic Topography (MADT) weekly time series (1998-2006). From the climatological point of
view, there is an inverse relationship between CHL and SST, which is explained in terms of enhanced/reduced nutrient inputs to the
surface layer as a result of the reduced/enhanced water column stratification. The correlation analysis over EOF results identified
physical-biological interactions at both short and long term time scales, and from local to basin scales.
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The relation between physical and biological processes affecting the
Mediterranean Sea surface layer was investigated by means of different
Empirical Orthogonal Function (EOF) decompositions over remotely sensed
chlorophyll-a (CHL), sea surface temperature (SST) and Mediterranean
Absolute Dynamic Topography (MADT) weekly time series (1998-2006).
The EOF analysis generally requires complete time series of input maps, with
no data voids. While respective data providers interpolated SST and MADT
time series, CHL maps present several data voids due to the presence of
persistent cloud cover. In this context, in order to fill in missing data, the Data
INterpolating Empirical Orthogonal Functions (DINEOF) technique was
applied to CHL images. A validation exercise, comparing 1304 in situ
observations with space-time co-located satellite data, showed that, at weekly
time scales, the DINEOF procedure improves data quality by filtering out the
noise.

particular, the high correlation (r=0.9) between CHL and SST first modes
describes the immediate response of phytoplankton concentration to the
annual cycle of the water column stratification, at both basin and sub-basin
scales. A completely different mechanism links the MED open ocean spring
bloom to the DWF processes, in the north western MED. This is described
by the 5.5 months phytoplankton delayed response to local surface cooling
(as described by CHL and SST second modes). In fact, on one hand, the total
amount of nutrients available in the offshore surface waters depends on the
deep convection events occurring in late winter [2]. On the other hand, the
DWF phenomena are characterized by a fundamental pre-conditioning phase,
during which the surface stratification is significantly reduced.
Despite the good correlation between phytoplankton biomass variability and
the temperature field at seasonal time scale, this analysis was unable to
identify the co-variability between the two parameters at interannual
timescale. We interpret this as due to the strong annual component, which
definitely dominates the overall signal within both the first two EOF modes.
In order to highlight then the presence of longer time scale signals and to
investigate the covariance between the phytoplankton biomass and surface
conditions at interannual timescales, the annual cycle and higher frequency
signals have been removed from EOF data input. This data manipulation
consisted in removing the weekly climatology from each weekly field of the
time series, and then of applying a low-pass filter (one year moving average).
This data filtering showed the link between phytoplankton biomass variability
and two distinct interannual signals: a) the modified surface circulation pattern
consisting in a northward shift of the Algerian current, along with its intensity
increase, and the reduced cyclonic circulation in the whole eastern basin; b) to
the surface heat content anomalies during 1998/1999 (particular cold winter)
and 2003 (summer heat wave). This data filtering enabled to investigate the
processes that influence the phytoplankton space and time distribution over
longer time scales. In particular, the phytoplankton biomass variability was
linked to two distinct interannual signals. The first is the modified surface
circulation pattern consisting in a northward shift of the Algerian current,
along with its intensity increase, and the reduced cyclonic circulation in the
whole eastern basin (r=-0.87). One possible explanation is that the reduced
advection of the relatively richer waters of Atlantic origin (in terms of
nutrients and biomass) in the Tyrrhenian and Ionian Seas and its increased
dispersal into the western WMED result in a progressive decrease of F-LCHL
concentration in the central MED, creating the positive patch in the western
WMED. The second is the surface heat content anomalies in 1998/1999
(particular cold winter) and 2003 (summer heat wave) (r=0.52), driving the
phytoplankton dynamics in the central WMED, with few months delay. The
observed impact of the water column stratification dynamics onto the
phytoplankton biomass variability recalls the described simple model [3].

Fig. 1. Field climatologies (1998-2006) for CHL (a), SST (b) and MADT (c).
Zero level contour line is superimposed onto the MADT map.

From the climatological point of view, a tight correlation exists between CHL
and both SST and MADT (Fig.1). The basin and sub-basin scales inverse
relationship between CHL and SST (r=0.64) is explained in terms of
Behrenfeld hypothesis [1]: i.e., surface heating enhances water column
stratification, which in turn prevents nutrient entrainment into the euphotic
mixed layer, and vice versa. At more local scale, highly productive open-ocean
areas are found to correspond with well-known and defined dynamical
structures (as highlighted by the MADT field): in the WMED, these areas are
represented by the cyclonic gyre in the Gulf of Lion, and all along the Algerian
Current from the western Alboran Gyre down to the border between Libya
and Tunisia across the southern sector of the Sicily Channel. In the EMED,
this coupling appears in relation to the Ierapetra Gyre, though less clearly.
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This analysis, on a side, provides enlightening insights on the physicalbiological coupling, but on the other it is unable to investigate such a coupling
on other than climatological time scales. The correlation analysis applied to
EOF results, by exploring all time scales, helps giving deeper comprehension
about these relationships. Results from the single EOFs, along with a crosscorrelation analysis, identified physical-biological interactions at both short
and long term temporal scales, and from local to basin spatial scales. In
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Abstract
Water, heat and salt transport across the Strait of Otranto are estimated. Historical data sets (from December 94 through November
95) are used in this study [1, 2]. A new methodology (Variational Inverse Method [3]) is used to reconstruct the current, temperature
and salinity fields over a regular grid, from the sparse measurements across Strait of Otranto. The direct method [4], which is simply
spatial integration of production of current, potential temperature, specific heat capacity and water density over the transect area, is
applied to gridded data to calculate the transport rates. The air-sea heat fluxes are calculated for the period of study to compare with
heat advection through the Strait. The fresh water budget is estimated as well.
Keywords: Adriatic Sea, Strait Of Otranto, Water Transport, Heat Budget
The water, heat and salt transports through the Strait of Otranto are estimated
applying direct method to historical current and hydrographical data (from
December 94 through November 95). A variational inverse method based on a
variational principle and a finite element solver is used to reconstruct the
current, temperature and salinity fields across the Strait section from sparse
measurements. Characteristics of the current field obtained by this new
application are comparable to the historical studies [2]. The main features,
such as the existence of the horizontal anticlockwise shear in the strait with
inflow (northward currents) on the east and outflow (southward currents) on
the west, and a two-layer system in the central deep portion (with inflow in
the surface and outflow in the bottom layer) are reproduced. The mean annual
inflow and outflow water transport rates are estimated as 0.901±0.039 Sv and
-0.939±0.315 Sv, respectively, and the net transport is equal to -0.032±0.208
Sv. Thus, on a yearly time interval, the inflow and the outflow are practically
compensated. The seasonal variation of water transport across the Strait of
Otranto shows that the maximum exchanges take place during winter and
spring, while the minimum exchanges are in summer. The errors of the inflow
transport rates are almost always less than 10%, while the errors of outflow
transport rates have large values 30%-50%. This is due to low spatial
resolution of the current measurements in the lower layer of the central part of
the cross section, which is located mostly in the outflow region.
Consequently, the higher error on outflow influences the net transport rates
and finally these estimations are associated with larger errors.

gain), and as the net heat transport, the inflow of heat prevails in this layer.
The lower layer contributes significantly to the heat transport away from the
Adriatic Sea (heat loss). In fact, the net heat transport rates are negative,
which means that the outflow of heat dominates in this layer.

The heat and salt transports due to advection process are calculated for the
first time. These estimations are carried out for five monthly periods, namely
December 1994, February, May, August and November 1995. Considering
these five periods representative of the seasonal cycle during the year
(Autumn 1994 and four seasons of 1995), their average values show that there
is a net heat advection into the Adriatic Sea on a yearly basis. The estimated
value of advected heat and the corresponding error are 2.408±0.490 TW,
which is equivalent to a heat gain of 17.37±3.53 W m-2 for the whole basin.
The heat exchange through the air-sea interface is estimated by applying the
bulk formulas to the meteorological data, namely the ERA-40 reanalysis data
set extracted from European Centre for Medium-Range Weather Forecasts
(ECMWF). The average surface heat flux for the study period is estimated as
a heat loss of -36±152 (std) W m-2 through the air-sea interface over the
Adriatic Sea. The final estimates of the advected heat through the Strait of
Otranto are compared and discussed with the relationship to air-sea heat
exchange over the Adriatic Sea. The two values are expected to balance each
other in order to close the heat budget of the basin. The possible reasons for a
difference to occur are discussed. On an annual time scale the advected heat
should be compensated with the air-sea heat loss. However, on a seasonal time
scale a significant disagreement might be expected. This is due to seasonal
variation of the heat content of the Adriatic Sea, seasonal cooling or warming.
Moreover, it can be related to the fact that the heat advection and surface heat
exchange are basically two different mechanisms in time and space. Therefore,
the spatial and temporal scales of these processes are different. Consequently,
they can not balance each other on a short time scale as monthly or even a
seasonal one. The potential temperature distribution indicates that the upper
layer (first 200 m from the surface, including thermocline layer) is associated
with higher temperature and elevated variability, while the lower layers are
associated with lower temperature and smaller variability. This fact may set
up the different role that each of the two layers plays in transporting heat. To
examine this, the heat transport rates are then calculated for the two layers
separately: the upper layer from sea surface down to 200 m depth and the
lower layer from 200 m depth to bottom. The results show that the upper
layer has larger contribution to the heat transport into the Adriatic Sea (heat

Table 1. Water, heat, salt and freshwater transports across the Strait of
Otranto [5]. Units are in Sv (106 m3 s-1), TW (1012 Watts) and MKg/s (106
Kgs-1).

The effect of temporal variation of the temperature field, which remains
unsolved by using hydrographic surveys, is examined by simultaneous time
series of current and temperature measurements. The contribution of eddy
heat fluxes to total heat advection is estimated. The contribution is less than
6% [5]. Therefore, by calculating the heat transport from averaged current and
temperature distributions, we asses the major part of the total heat transport,
and consider it as representative of the total heat due to advection. The direct
estimation of heat transport can be used as a constraint for validating the airsea heat fluxes [6]. Therefore, by considering the advected heat as a reference,
one can tune the bulk formulas to modify the estimation for the air-sea heat
fluxes.
On a yearly basis, the salt transport is estimated as an input of salt equal to
0.05×106 Kg s-1. The average annual fresh water budget is estimated as -0.002
Sv, equivalent to 0.45 m yr-1 for the entire Adriatic Sea. The import of salt
that is less than the gain of fresh water is in agreement with the fact that the
Adriatic Sea is a dilution basin. The brief results of water, heat, salt and
freshwater transports are presented in Table 1 [5].

Period
Water (Sv)
Dec. 94 0.045 ± 0.182
Feb. 95 0.163 ± 0.206
May 95 0.055 ± 0.232
Aug. 95 -0.118 ± 0.177
Nov. 95 0.104 ± 0.274
Mean -0.032 ± 0.208

Heat (TW)
2.068 ± 0.148
2.633 ± 0.259
1.718 ± 0.293
3.287 ± 0.151
2.338 ± 0.207
2.408 ± 0.490

Salt (MKg/s) Freshwater (Sv)
0.007 ± 0.086
-0.001
0.033 ± 0.091
-0.001
0.065 ± 0.058
-0.002
0.079 ± 0.048
-0.002
0.049 ± 0.053
-0.001
0.046 ± 0.031
-0.002
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Abstract
The University of the Aegean and the Hellenic Centre for Marine Research have jointly installed a WERA HF radar system at the
eastern coast of the island of Lemnos, Greece, in an effort to continuously monitor the surface Dardanelles current, a permanent
feature carrying Black Sea Waters into the North Aegean Sea. Through this effort, the two Greek institutions aim ato estimating the
volume flux of Black Sea Waters into the Aegean, as well as fluxes of biochemical properties responsible for the meridional
oligotrophy gradient in this Mediterranean basin.
Keywords: Aegean Sea, Coastal Systems, Dardanelles, Black Sea
The Mediterranean and Black Seas are two neighboring seas of highly
contrasting thermohaline and biochemical character, connected through the
Turkish Straits System (TSS, i.e. the Dardanelles Strait, the Marmara Sea and
the Bosphorus Strait). The water exchange through the Straits plays a critical
role in the thermohaline and biogeochemical functioning of both seas. The deep
layer of the Black Sea is continuously fed by Mediterranean waters through
the subsurface Bosphorus current, maintaining the high salinity stratification
of the basin [1] and thus, their permanently anoxic conditions [2]. The Black
Sea waters (BSW) entering the Mediterranean as the surface Dardanelles
current, form a light brackish layer over the North Aegean, playing a crucial
role in controlling deep water formation processes in the region [3], and
maintaining a meridional gradient in the oligotrophy of the Aegean Sea [4]. It is
still unclear from climatic predictions whether the freshwater deficit of the
Mediterranean, or the warming of the sea will prevail, thus contributing to
lower or higher stratification of the sea. Thus, the insulating role of the BSW
surface layer of the North Aegean may become even more crucial in controlling
the thermohaline functioning of the basin. As the freshwater budget over the
large Black Sea catchment area largely determines the characteristics of the
exchange, the latter may become a significant climatic index for the region. For
the above reasons, the University of the Aegean and the Hellenic Centre for
Marine Research have recently installed a WERA High Frequency system for
monitoring surface currents on the east coast of Lemnos island. The HF
system, named “Dardanos”, is able to monitor surface currents at semi-hourly
intervals and 1.5 km resolution as far as the Dardanelles exit, thus providing a
formidable tool for high-frequency monitoring of the surface circulation of the
region (figure 1).

Our initial planning required that the system's range extends to the mouth of
the Strait, in order to be able to separate the Dardanelles Current from a very
energetic anticyclone that often contributes to the current through the Lemnos
- Imvros channel. The HF system has been in operation since October 2009,
and preliminary analysis of the data reveals that the system fulfills the above
requirement about 30% of the time. Furthermore, the range of the system
appears to vary depending on weather conditions. We examine the potential
bias such behaviour could pose on the estimated Dardanelles volume fluxes.
A possible challenge is the estimation and removal of Stokes drift from the
observed currents in order to assess the Dardanelles outflow. It should be
noted that a linear antenna array (beam forming method) would permit a direct
measurement of the wave field, however such a methodology was not
applicable in this case due to topographic restrictions. Preliminary analysis
has also revealed the sporadic presence of areas of erratic measurements,
possibly due to electromagnetic noise in the region. Such errors should be
readily removed through statistical methods.
While HF radars are being used worldwide mainly for operational purposes
and for process studies (especially for coastal dynamics studies), it is -to our
knowledge- the first time that such a system will be exploited in climatological
monitoring of basin exchange and thermohaline functioning. The Department
of Marine Sciences of the University of the Aegean aims at exploring different
methodologies of estimating mixed-layer-depth and assume slab-layer
behaviour in an effort to estimate the volume flux of Black Sea Waters into the
Mediterranean. This time series will be compared with estimates from
previous studies. The Hellenic Centre for Marine Research plans to exploit
the information in improving its circulation predictions for their operational
oceanography project and other climatological applications. The produced
information will also be available for studies of the ecological functioning of
the North Aegean, of pollutant dispersion (taking the Dardanelles exit as a
potential point source of pollution in case of a marine accident), and in any
related operational oceanography applications.
The installation of the HF system in Lemnos was supported by the project
"Prevention and management of sea-originated risks to the Coastal Zone
(CORI), funded by INTERREG-IIIB Archimed. Testing and quality control
was supported by the MarinERA MedEX project.
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Fig. 1. Surface current map from October 25th, 2009. The darker shades at the
northern part of the domain (corresponding to higher velocities) define the
extent of the Dardanelles current
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Abstract
In ‘80s, during the few seasonal POEM (Physical Oceanography of the Eastern Mediterranean) cruises in the SE Levantine Basin
was first depicted a mutli-pole gyre, the Shikmona, formed by three eddies with the Cyprus one being most pronounced and an
offshore cross basin current, the Mid Mediterranean Jet. A considerable much larger amount of seasonal in-situ data were collected
from various observing platforms in the SE Levantine Basin from 1995-2009, mostly in the framework of the CYBO cruises and
secondary by some other collaborative cruises and projects. These new in-situ data sets show a strong spatial and temporal variability
of the Cyprus warm core eddy, of the Atlantic Water and of the associated MMJ displacement in the area.
Keywords: Levantine Basin, Circulation Models, Cyprus Arc, Currents
Preface
The general circulation in the Eastern Mediterranean as inferred from several
cruises in 1960s and 70s [1], shows an anticlockwise flow with sub-basin
features in the Levantine Basin, with the Rhodos gyre being the most well
pronounced. In ‘80s, during the POEM international field experiments [2,3], a
more detailed structure of the mesoscale circulation was defined to consist of
several alternative cyclonic and anticyclonic gyres and eddies. Further, it was
first shown that as a result of the interaction between these cyclonic (Rhodos)
and anticyclonic (Mersa Matruh and Shikmona) gyres, an offshore cross basin
jet is generated, named the Mid Mediterranean Jet (MMJ). In the SE Levantine
the POEM group defined the Shikmona gyre as a multi-pole gyre, consisting of
3 eddies, of which the Cyprus one is the most well pronounced. Despite the
fact that the Levantine Basin is characterised with the highest salinity at the
surface and intermediate layers of the Mediterranean, less saline waters of
Atlantic origin spread at the sub-surface layers, almost throughout the basin, as
a results of the water volume compensation for the high rates of the sea water
evaporation in the Levantine and of the outflow of the intermediate water into
the North Atlantic [1].

was also defined at the surface, in the western part of the SE Levantine. During
winter mixing processes the AW mostly is absent from the region, however, in
winter periods with mild weather conditions all over the Mediterranean, the AW
can be traced in the study area at the surface too. Throughout the study period
the AW is well pronounced south and southwest of Cyprus. The MMJ is
documented to transfer the AW eastward within the Levantine Basin. It was
found that the MMJ transfers the AW along the periphery of the Cyprus warm
core eddy, at the subsurface layers. AW has also been observed close to the
Egyptian coast, as a result of a westward re-circulation, either of the MMJ or of
a current flowing eastward along and closer to the Egyptian coast. During most
of the examined periods the MMJ was found to be a main flow pathway for
transferring the AW within the SE Levantine Basin.

Discussion and Results
The analysis of new in-situ datasets gathered in the SE Levantine during the
period 1995-2009 from CYBO and CYCLOPS cruises, HaiSec cruises, NRT
data of the CYCOFOS observing system, as well as extended use of satellite
remote sensing data collected during the same periods, helped define in details
not only the daily and seasonal, but also the inter-annual variability of the
dominated mesoscale flow features and of the water masses displacement in the
region.
These long term seasonally collected in-situ datasets reveal that the dominant
and permanent flow feature in the SE Levantine is the Cyprus warm core eddy,
that undergoes significant seasonal and inter-annual fluctuations in terms of its
shape, size, intensity and location. Moreover, the establishment of a secondary
warm eddy in the SE part of the study area was found during periods when the
Cyprus eddy became weaker, as was shifted westward for about 80 nm away
from Eratosthenes SM. Also during the long term CYBO campaigns it was
found the re-establishment of the non permanent Shikmona gyre, when the coexistence of 2-3 warm eddies was observed. Particularly, during certain short
periods related to the generation and destruction mechanism of the warm core
eddies circulated within the Shikmona gyre, when it is present. The latter is
recently evident from drifters trajectories, gathered by the NEMED project,
which show that the instability of the strong northward current flowing along
the Israel-Lebanese coast generated an anticyclonic eddy. The latter, detached
away from this northward current towards the area of the secondary eddy, as
observed by CYBO cruises.

Fig. 1. Schematic of the general circulation in the SE Levantine showing the
Cyprus eddy, the secondary eddy and the MMJ, as depicted from the CYBO
cruises, 1995-2009.
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Abstract
In the deep layers of the Western Mediterranean, an almost constant trend towards higher temperature and salinity has been observed
since the 50´s, with an acceleration on these trends in the 90´s decade, as a result of the propagation of the EMT signature, from east
to west. Indeed, an exceptional deep water formation event has been documented in winter 2004/2005 in this basin. After this intense
event, the large volume of new deep water formed has caused an uplifting of the old deep water, replenishing the deep basin with the
new warmer and saltier water. In order to detect the effects of water mass changes and vertical displacement, we investigated the
variability of seawater properties on isopycnal and isobaric surfaces from 1995 to 2008, with special attention to the last years, when
the WMT have been happening.
Keywords: Western Mediterranean, Deep Waters, Density
The recent acceleration of deep temperature and salinity changes in the Western
Mediterranean (WMED) [1] has been followed by a major change in the basin
after 2005 deep water formation processes. These events have produced the
basin-wide spreading of a deep thermohaline anomaly, which is called Western
Mediterranean Transition (WMT, [2]). Temperature and salinity changes on
isobaric surfaces have two effects added: changes along isopycnal surfaces
(related to water mass changes) and those induced by the vertical displacement
of isopycnals (related to wind stress curl and formation rate of deep water) [3].
These authors proposed the following equation to evaluate how the two effects
lead to changes on each pressure level:

isopcynals in 2006). The effect of this upward movement was a cooling and
freshening on isobaric surfaces (dashed black line in fig 2 A and B). In this case
isopycnal and heaving contribution have the same sign, adding both effects,
resulting in a cooling and freshening effect on isobaric surfaces which are larger
than those that really affected the water masses by themselves.

This methodology has recently been applied for the first time in the WMED
[4]. The aim of the present work is to indentify how intense deep water events
could move upward old deep water and what would be the effect of the vertical
displacement of isopycnals (referred to as heaving [3]) when temperature and
salinity changes are studied on isobaric surfaces. We focus on the WMT because
of the larger volume of deep water formed than previous years. Therefore, the
heaving should have an important effect on temperature and salinity changes
estimated on isobaric surfaces.
We have analyzed temperature and salinity data from the DYFAMED station
from 1995 to 2008, as well as data from different surveys carried out from 2004
to 2008 on board of the R/V Urania, owned by CNR-ISMAR.
Fig. 2. A) T and B) S anomalies on isobaric surfaces (black line), and their both
contributions: isopycnal (grey line) and heaving (dashed black line). These
anomalies correspond to 2006 (after the WMT) with the 2004 (before the
WMT) profile as reference.

The authors acknowledge the Observatoire de Villefranche sur Mer Service
d'Observation for providing the DYFAMED monthly CTD time series
(http://www.obs-vlfr.fr/sodyf/home.htm).
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Fig. 1. A) Potential temperature, b) salinity and c) pressure evolution along
some selected density surfaces from 1995 to 2008. Data from the DYFAMED
station.

Preliminary results show salinity and temperature increases along both
isopycnals and isobaric surfaces since 1995 up to 2004 in the intermediate and
deep layers (fig 1 a and b show temperature and salinity evolution along
isopycnal surfaces). But, after the WMT event, temperature and salinity
increase in the bottom layers while they decrease in the intermediate layer.
Concerning the WMT, the volume of deep water generated during this event is
larger than in previous years [5], causing the upward displacement of old deep
water (Figure 1c shows the shallowest levels achieved by all the represented

203
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

WHAT DOES INDUCE TEMPERATURE AND SALINITY CHANGES IN THE WMED ALONG THE SECOND
HALF OF THE 20TH CENTURY?
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Abstract
Temperature and salinity evolution in the Western Mediterranean have always been studied on isobaric surfaces. But TS changes on
pressure levels can be affected by changes on isopycnal surfaces and due to the vertical displacement of isopycnals (referred to as
heaving). Temperature changes induce salinity changes and vice versa. The main objective of this work is to quantify which process
dominates TS changes along the second half of the 20th century.
Keywords: Western Mediterranean, Global Change, Time Series
In most of the works carried out in the Western Mediterranean (WMED),
temperature and salinity trends have been estimated on isobaric surfaces. It is
well known that Western Mediterranean Deep Water has warmed and increased
its salinity during the second half of the 20th century [1]. Concerning
temperature trend in the intermediate layer, different figures have been provided
by different authors, lots of them statistically non significant, even some of
them are contradictories [1]. A possible explanation to the previous is that
changes on isobaric surfaces have two effect added: changes on material surfaces
(related to water mass changes) and those caused by the vertical displacement of
isopycnals (related to wind stress curl and formation rate of deep water) [2].
These authors proposed the methodology to evaluate how former effects affect
to changes on each pressure level. This methodology has recently been applied
for the first time in the WMED [3]. Usually, temperature changes in water mass
induce salinity changes and vice versa. Depending whether temperature or
salinity induces the change, two different processes have been defined: purewarming or pure-freshening [2]. Besides, when temperature or salinity changes
on pressure levels are produced by the vertical displacement of isopycnals, the
process is named pure-heaving [2].

Preliminary results show that more than one process coincide explaining the
same percentage of variance in a same pressure level and sub period (fig. 2). This
is because the equation system has been solved considering that only a single
process induces the property change. But, matching processes at each pressure
level are not always the same, and this is related to the temperature and salinity
vertical gradients and to the magnitude of the TS changes in the different layers
of the water column. Indeed, the dominating process in each sub period is
related to abrupt temperature and/or salinity changes documented in previous
works as well as to intense events of deep water formation.

The objective of the present work is to indentify what process dominates
different sub periods along the 20th century as an extension of the previous
work [3].

Fig. 2. Percentage variance explained by pure warming (dashed black line), pure
freshening (black line) and pure heaving (grey line) for four different pressure
levels (300, 500, 700 and 1000 dbar).
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Fig. 1. Map for the Western Mediterranean. Rectangles identify the areas for
which MEDAR Group´s [2002] data have been obtained. The final data set is
made of averages for the whole WMED. These averages are weighted by the box
areas

Salinity and temperature data were extracted from MEDAR database, from
1943 to 2000, and from different selected regions of the WMED (squares in fig.
1). The final data set was made of averages for the whole WMED. Temperature,
salinity and density reference profiles were obtained averaging data from 1960
to 1990. We have estimated TS changes on isobaric surfaces and its two
different contributions, isopycnal changes and heaving, following the
methodology explained in [3]. And finally, the relative strength of each process
(pure-warming, pure-freshening and pure-heaving), in terms of percentage
variance explained can be estimated solving equations (17) proposed in [2].
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Abstract
Ce travail constitue la première description de la distribution du ΔpCO2 (pCO2eau-pCO2air) et des flux air-mer dans les eaux de
surface du golfe du Lion au cours des mois de février, mai, juin et septembre 2001. Le rôle de cette zone côtière comme source ou
puits de CO2 pour l’atmosphère est influencé par les apports du Rhône. Le golfe du Lion est en moyenne, sur l’ensemble des
campagnes, une faible source de CO2 pour l’atmosphère (+17,7 mmol/m2/jour) mais se comporte comme un puits de CO2 en mai (3,3 mmol/m2/jour) et juin (-10,8 mmol/m2/jour) suite à une forte production primaire conséquente à un enrichissement des eaux de
surface en sels nutritifs par les apports du Rhône.
Keywords: Air-Sea Interactions, Carbon, Gulf Of Lions
Introduction
En Méditerranée nord occidentale, généralement considérée comme oligotrophe,
les apports fluviaux du Rhône influencent la productivité du golfe du Lion. Le
golfe du Lion est caractérisé par un fonctionnement hydrodynamique complexe
qui a des répercussions significatives sur le système biogéochimique de la région
et sur le cycle du carbone. Les zones côtières et les plateaux continentaux
représentent 7% de l’océan global. Étant le lieu de transition entre
l’environnement terrestre et océanique, ces zones jouent un rôle tampon
recevant directement les perturbations anthropiques. En Méditerranée, les
travaux concernant les échanges air-mer de CO2 sont peu nombreux : le bassin
liguro provençal [1], [2], le détroit de Gibraltar [3], et la Mer Egée [4]. Nous
proposons donc de présenter dans ce travail une première climatologie de la
distribution du ΔpCO 2 et des flux air-mer de CO2 dans le golfe du Lion et
d’évaluer le rôle de cette zone côtière, influencée par les apports anthropiques,
comme source ou puits de CO2 pour l’atmosphère au cours des quatre
périodes : février, mai, juin et septembre 2001. Cette étude a été réalisée dans le
cadre du programme SARHYGOL (Suivi Automatique Régulier de l’Hydrologie
dans le GOlfe du Lion).
Méthodologie
La pression partielle de CO2 (pCO2 ) a été calculée à partir des mesures
d’alcalinité totale (AT) et du carbone inorganique dissous (TCO2) en utilisant
les constantes d’équilibre de Goyet et Poisson [6]. Les mesures d’alcalinité
(AT) et de TCO2 ont été réalisées par la méthode de potentiométrie avec une
incertitude de +/- 4 μmol/kg. Les flux air-mer de CO2 (FCO2 , mmol/m /jour) ont
été calculés en utilisant les vitesses moyennes journalière de vents enregistrées à
bord au cours de la période d’échantillonnage. Le coefficient d’échange a été
calculé selon Wanninkhof [7].
Résultats et discussion
La distribution du ΔpCO 2 (pCO2eau – pCO 2air), dans la zone d’étude, sur
l’ensemble des campagnes, montre une grande variabilité spatiale et temporelle
(figure 1). Elle varie de -232 µatm à +91 µatm.

bassin présente aussi une grande variabilité du ΔpCO 2 (-95 à +91 µatm) avec
une moyenne de 41±45 µatm et un flux moyen net entrant de -10,8
mmol/m2/jour. En septembre, la distribution du ΔpCO 2 varie de +25,7 à +84
µatm avec une moyenne de 50±13 µatm. A cette période le golfe du Lion est une
source de CO2 pour l’atmosphère avec un flux net de +54,7 mmol/m 2/jour.
L’utilisation de l’équation empirique de Takahashi et al. [5] a permis de montrer
que pour les campagnes de septembre et février c’est le paramètre
« température » et le mélange vertical qui semble contrôler la distribution de la
pCO 2 dans les eaux de surface. En revanche il apparaît que pour les périodes de
mai et juin c’est le paramètre « Biologie, Production primaire » qui contrôle sa
distribution dans la zone côtière. Les fortes sous saturations en CO2 des eaux de
surfaces observées en mai et juin dans la partie est du golfe du Lion sont
associées à de très fortes concentrations en chlorophylle « a » qui excèdent les 4
µg/l avec des pics pouvant atteindre 7 µg/l en juin dans la zone côtière. Les
apports importants en sels nutritifs par le Rhône enrichissent les eaux de surface
(eutrophisation) et favorisent la production primaire qui joue un rôle important
dans l’absorption du CO2 atmosphérique.
Au vu de ces résultats, il apparaît que, dans le golfe du Lion (zone de transition
entre le milieu côtier et le milieu océanique), la distribution du ΔpCO 2 est
contrôlée par de nombreux processus. Bien qu’il se comporte, sur l’ensemble
des périodes étudiées, comme une source de CO2 pour l’atmosphère avec un
flux moyen net de +17,7 mmol/m2/jour, il reste néanmoins un puits non
négligeable pour les mois de mai et juin pour lesquels la distribution du
ΔpCO 2 est contrôlée par le phytoplancton dont la productivité (nous
supposons) est accrue par les apports du Rhône en sels nutritifs. Un
échantillonnage saisonnier plus exhaustif nous permettrait de connaître plus
précisément le rôle puits ou source de CO2 du golfe du Lion à l’échelle annuelle.
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Fig. 1. Distribution du ΔpCO (μatm) des eaux de surface du golfe du Lion en
fonction de la longitude pour les mois de février, mai, juin et septembre 2001.
En février, la campagne ne couvre que la partie ouest du golfe du Lion. Pour
cette période le ΔpCO 2 varie de -19 à +17 µatm avec une moyenne de 6,8 ± 9
µatm. En février cette partie est principalement en équilibre avec l'atmosphère et
se comporte comme une faible source de CO2 pour l'atmosphère avec un flux
moyen net de 0,7 mmol/m2/jour. En mai, la campagne couvre l’ensemble du golfe
du Lion. Pour cette période, le ΔpCO 2 varie de -232 à +52 µatm avec une
moyenne de -14 ± 34 µatm. C’est dans la zone côtière située à 4,75°E et 5,13°E
de longitude que les plus grands écarts en pCO2 entre l’eau et l’atmosphère sont
observés (respectivement -140µatm et -232 µatm). A cette période les eaux de
surface sont un puits de CO2 pour l’atmosphère (-3,3 mmol/m2/jour). En juin, le
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Abstract
Brown algae Cystoseira sp. and to gain additional information on the environmental conditions of the area seawater samples were
collected from six sampling stations along the Turkish coast of the Aegean Sea. Concentrations of Cd, Pb, Cu, Zn, Mn and Fe were
measured for both algae and seawater samples. The heavy metal concentrations detected in algae showed significant differences
among all stations. The data obtained from this study were also compared with those obtained from previous studies. Metal
concentrations recorded at the stations may be used for background levels for interspecific comparison within the Aegean area.
Keywords: Bio-Accumulation, Metals, Aegean Sea
Introduction
Heavy metals, reaching the marine environment directly or indirectly, are
dangerous pollutants which can effect human health. Determination of metal
concentration in an area is important to provide information about the levels
of metal contamination and environmental quality. On that basis macroalgae
have been used as biomonitors of heavy metal pollution in marine environment
because they have high accumulation capacity, bind only free metal ions,
represent the metal concentration of their locality quite well and they are
widely distributed [1,2]. Brown algae have high metal accumulation capacity
from surrounding water and they are good indicators of their environment
because they are physiologically unable to regulate the uptake of trace
elements [3,4]. Cystoseira species were used in this study because of these
characteristics of the phylum and because they widespread along the coast of
the Aegean Sea.

Chemosphere, 52: 1683-1688.
9 - Olgunoglu M.P.P., Polat S., 2007. Seasonal changes of heavy metals in two
macroalgae species [Cystoseira corniculata (Phaeophyta), Laurencia papillosa
(Rhodophyta)] in the Iskenderun Bay, (in Turkish). E.U. Journal of
Fisheries&Aquatic Sciences, 24(1-2): 25-30.

Materials and Methods
The Cystoseira sp. and water samples were collected in six stations in April,
2006 from the Northern (Çanakkale), Middle (Izmir) and the Southern
(Marmaris – Mugla) parts of the Aegean coast. Three subsamples of each
macroalgae sample (approximately 1 g dry weight) were digested in microwave
digestion system with acid mixture solution. The water samples were collected
in preconditioned polyethylene bottles. Ion exchange technique, using Chelex100 resin was applied for heavy metals in water samples [5]. All the analyses
were performed by Varian atomic absorption spectrophotometer [6].
Results and Discussion
Metal
concentrations
in
Cystoseira decreased in the order
Pb<Cd<Cu<Zn<Mn<Fe; in seawater the sequence was Pb<Cd<Cu<Mn<Zn
<Fe. The highest levels for all metals in Cystoseira were measured in
Marmaris region except Cd and Pb. There were positive correlations in
Cystoseira sp. between Cd-Zn, Cd-Fe, Cu-Zn, Cu-Mn, Cu-Fe, Zn-Mn, Zn-Fe
and Mn-Fe (Spearman correlation coefficient, p<0.05). Pb and Cu
concentrations in the alga were positively correlated with the respective
concentrations in the seawater. Cd, Pb, Cu, Zn and Mn concentrations in
Cystoseira sp. were lower than those from other areas [7,8,9].
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Abstract
Intense agricultural activities with dense use of fertilizers and Menderes river and streams carrying industrial and agricultural residues
into the sea cause additional pollution in Didim region. In this study, concentrations of 210Po, 210Pb, 137Cs and heavy metals (Zn, Cu,
Fe, Cd, Mn, Ni, Pb, Cr) have been measured in mussels (Mytilus galloprovincialis), sediments, fish species and sea water collected
from Didim (Aegean Sea) monthly.
Keywords: Aegean Sea, Bio-Indicators, Pollution, Radionuclides, Metals
210Pb (t
210Po (t
238U,
1/2 = 22 years) and
1/2 = 138 days) are decay products of

and their main source in the environment is atmospheric radon. Both
radioisotopes have a strong affinity for particles, but have different binding
mechanisms. 210Pb adsorbs on particle surfaces whereas 210Po is considered as
an important source of the natural radiation received internally by marine
organisms [1,2].
The main source of 137Cs in marine environment can be
attributed to worldwide fallout deposition from atmospheric nuclear weapons
testing (1941-1981) [3]. In the literature, there is no data for 137Cs for Didim
coastal area.
Most of the particle-reactive radionuclides released into the
aqueous phase eventually reach the sediments. The accumulation, retention and
transport of particle reactive radionuclides is strongly associated with sediment
and sedimenting particles [4]. Marine organisms are commonly used as
environmental matrices in chemical and radioactive monitoring programmes
because they accumulate persistent pollutants at concentrations orders of
magnitude above those in the water [5]. In our project supported by IAEA,
there were significant differences in 210Po and210Pb concentrations in mussel
samples due to the stations. Therefore, this research has been emphasized on
Didim station which is located on the western coast of Turkey and indicated in
Figure 1. 210Po, 210Pb, 137Cs and heavy metals (Zn, Cu, Fe, Cd, Mn, Ni, Pb,
Cr) concentrations of marine samples are measured monthly to determine the
sources of marine pollution in this area. For mussel (Mytilus galloprovincialis)
samples and fish species, in order to minimize the effect that size (age) exerts on
the radionuclide concentrations; specimens of standard size in groups were
selected. Sediment samples were taken by bottom-grap. Each sample is ovendried to constant weight and was sieved before analysis. After applying
chemical procedure with some acids, polonium was spontaneously plated onto a
copper discs. Measurements of 210Po were realized through its 5.30 MeV alpha
particle emission, using 209Po (4.88 MeV alpha emission, t1/2 = 109 a) as the
internal tracer [6,7]. 210Po was measured by alpha spectrometry using a
Passivated Implanted Planar Silicon detector (Ortec Octete Plus PIPS detector).
The samples were then stored at least 6 months to allow decay of 210Pb and
subsequent radioactive growth of 210Po. The 210Pb activity was calculated from
the ingrowth of 210Po, assuming zero initial 210Po activity. 137Cs
concentrations were measured by HPGe dedector (model of Tennelec, 184 cm3
p-type coaxial). Heavy metal concentrations (Zn, Cu, Fe, Cd, Mn, Ni, Pb, Cr)
were measured by ICP-OES (Perkin-Elmer 2000 DV). Concentrations of 210Po
and 210Pb in mussels were in the range of 34±9 and 2303±383 Bq kg-1 (dry
weight); non-dedectable and 64±6 Bq kg-1 (dry weight), respectively. Among
the fishes, small pelagic plantkton feeding fish like sardine (Sardine pilchardus)
tend to accumulate more 210Po. 210Po and 210Pb concentrations in the
sediment samples varied between 24±5 and 126±6 Bq kg-1; 18±3 and 59±4 Bq
kg-1. The values of Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn in mussel, sediment and
fish (except Cd in fish) samples found lower than the acceptable limits. The
levels of 137Cs concentrations in mussels, sediment , fish species and sea water
samples were found relatively low.

Fig. 1. The map of sampling location.
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Abstract
In the present study, concentration of heavy metals (Cu, Cd, Fe, Mn, Pb, Zn) were determined in the two different demersal (benthic)
fish species of red mullet (Mullus barbatus ponticus) and whiting (Merlangius merlangus euxinus). Samples were collected from
the two stations in the Black Sea. One of the stations is Sürmene Bay and the other is Yomra Bay in Trabzon-Türkiye. The
concentrations of metals (Cu, Cd and Pb) were determined by using GFAAS, Zn, Fe, and Mn by using FAAS.
Keywords: Black Sea, Demersal, Bio-Accumulation
Introduction
The pollution of the aquatic environment with heavy metals has become a
worldwide problem during recent years, because they are indestructible and
most of them have toxic effects on organisms [1]. The eastern Turkish Black
Sea coast is not an industrialized area, and the agricultural activities are greater
in the eastern region than along the western Black Sea coast. Such activities
involve, the application of pesticides and artificial fertilizers in widely
diversified habitat, including agricultural croplands, and hazelnut and tea
plantations [2]. Different aquatic organisms often respond to external
contamination in different ways, where the quantity and form of the element in
water, sediment, or food will determine the degree of accumulation.
Contaminants in the sediment are taken up by benthic organisms in a process
called bioaccumulation. When larger animals feed on these contaminated
organisms, the toxins are taken into their bodies, moving up the food chain in
increasing concentrations in a process known as biomagnifications. As a result,
fish and shellfish, waterfowl, and freshwater and marine mammals may
accumulate hazardous concentrations of toxic chemicals [3].

3 - Begum, A., S, H., Khan.I., 2009. Analysis of Heavy Metals in Waters,
Sediments and Fish Samples of Madivala Lakes of Bangalore, Karvnataka.
International Journal of Chemtech Research. pp: 245- 249.
4 - Milestone Digestion Aplication Note DG- FO- 17.

Material and Method
The size of the fish collected varied in November 2009, depending on the
species, between 11 cm and 22 cm, and their age was from 4 to 1.5 cm years.
The separated fish were put in petri dishes to dry at 105 0C until reaching a
constant weight. Dried fish were placed into digestion flasks and ultra pure
concentration HNO3 and H2O2 (7:1 v/v) was added. The digestion flaks were
heated to 200 0C until dissolution. The temperature control microwave heating
device was used for digestion of the dried fish meat for determination the metals
with spectroscopic methods. After dissolution diluted with water and analyzed
for heavy metal concentration using atomic absorption spectrometer [4].
Results and Discussion
Heavy metal concentrations determined in the fish samples same length groups
from the two different regions. Cu, Cd, Fe, Mn, Pb, Zn analyses results are
given in Table 1. Region differences are observed Fe and Mn in the first group
whiting and Zn in the third group whiting. Cd concentrations are differences all
off group whitings and Pb concentration in the first and second group whitings
are considered significant. Except Pb, all metal concentrations in the red mullet
samples from Sürmene and Yomra Bay are not determined differences(p>0.05).
Tab. 1. Heavy metal concentrations (μg/g dry wt) in whiting and red mullet
samples

;
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Abstract
The distribution, composition and sources of PAH mixtures in the sediments of the Gulf of Gemlik, sea of Marmara, and in a
freshwater lake at its eastern extension, indicate characteristic spatial variability depending on various anthropogenic inputs. While
atmospheric inputs are similar for both cases, other contributions are related to the spatial characteristics of riverine and terrestrial
inputs and other activities such as shipping, fishing and agriculture. On the basis of several diagnostic criteria and principal component
analysis -multiple regression models used to assess the type of process through which PAHs were generated, pyrogenic origin is
dominant, even petrogenic PAHs also occur in combination with pyrogenic PAHs.
Keywords: Pah, Sediments, Pollution, Marmara Sea
Introduction:
Polycyclic aromatic hydrocarbons (PAHs), a group of particle-reactive
hydrophobic organic chemicals, are deposited in aquatic sediments from a
variety of sources. Their importance as an environmental hazard derives from
their potential carcinogenic and mutagenic properties. Lower-molecular-weight
PAHs, which may be acutely toxic, are less strongly adsorbed compared with
the heavier species. PAHs migrate towards bottom sediments due to their
extremely low solubility in water, so that sediments are the best media in
evaluation of PAH impacts to aquatic environments.

and river transportation. The second factor is responsible for 15.8% of the
total variance and attributed to the inputs due to burned petroleum and liquid
fossil fuel oil combustion (e.g. vehicular engine emission, gasoline and diesel).
It is dominated along the southern half of the gulf where marine transportation
is heavy. The last factor, weighted in B[a]P, B[ghi]P and IP, is responsible for
10.3% of the total variance. It can be considered as indicator for strongly
pyrolytic and atmospheric inputs of petroleum combustion (heating with coal,
petroleum coke particles) and biomass burning from various sources (wood,
soot, grass and dried dung). It is dominant throughout the Lake Iznik as well
as along the northern coastal water of the Gulf of Gemlik.

Although it is not routinely applicable, PAH ratios, molecular indices and
principal component analysis (PCA)-multiple regression models can be used
in delineating the origin of sediment PAHs; natural or anthropogenic.
Worldwide data may be helpful in understanding of their source
apportionment. In the present study, evaluation of the sediment PAHs in the
Gulf of Gemlik, SE part of the Sea of Marmara, and in Lake Iznik, a
freshwater lake at its eastern extension, provides baseline information for
hydrocarbon origin in the sediments of these two different aquatic
environments.
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Experimental details:
Before extraction, the surface samples (upper 5 cm) from the Gulf of Gemlik
[1] and Lake Iznik [2] were thawed and homogenized until textural and color
homogeneity was achieved. The concentrated extract was analyzed by gas
chromatography/mass spectrometry (GC/MS), which is enable the
identification of organic compounds presented at very low concentrations and
in complex mixtures. The system was calibrated for the 12 priority pollutant
PAHs using the internal standard calibration procedure described in US EPA
method 8000. The method detection limits for Phe, Ant, Flu, Py, B[a]A, Ch
were at the order of 1.0 ng/g dry sediment, while they were around 0.1 ng/g for
other PAH compounds.
Results:
The sediment PAHs in both of the aquatic environments are closely related to
the spatial variability of riverine and terrestrial inputs and other activities such
as shipping, fishing and agriculture. Atmospheric inputs contributed for both
cases, due to heating with coal, petroleum coke particles and biomass burning
from various sources. The majority of sedimentary PAHs indicate pyrogenic
origin, even though petrogenic PAHs do also occur in combination with
pyrogenic PAHs. Eastern and southern shores of the Gulf of Gemlik were
contaminated with higher-molecular-weight PAHs. The diagnostic ratios of
Ph/Ant, B[a]P/(B[a]P+B[e]P) and IP/(IP+B[ghi]P) were found relatively more
useful in source identification for the study areas. BaA/228 provides a useful
tool for distinguishing pyrolytic PAHs, which are generated by incomplete
combustion of petroleum, coal, and biomass as in the cases of industrial usage
and household heating and cooking. The ratios of Phe/Ant, Ch/B[a]A, Ant/178
and IP/(IP+B[ghi]P) represent decisive differences between two basins while
no diagnostic ratios are sensitive sufficiently to the sediment type, possibly
due to rapid anthropogenic contamination.
Regarding the diagnostic power of PAH ratios and PCA-multiple regression
models, three PAH origins were described; a) severe anthropogenic inputs
with pyrolitic and petrogenic mixed pattern, b) pyrolytic and slightly
petrogenic inputs, c) pyrolytic atmospheric inputs. The first factor is
responsible for 52.5% of the total variance and attributed to composite
sources of unburned petroleum and coal combustion. It is in agreement with
the elevated-PAH concentrations mainly occurred due to sea port activities
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CHEMICAL CONTAMINATION OF WESTERN COASTAL MEDITERRANEAN WATERS: THE MYTILOS
PROJECT
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Abstract
The MYTILOS project aimed to draw up a preliminary report on coastal chemical contamination on a Western Mediterranean scale
(continental coasts , Balearic Islands, Sicily, Sardinia, Corsica and Maghreb), on the basis of transplanted mussel methodology.
MYTILOS project allowed to identify background levels between the differents sub-basin and contaminated sectors. The most highlyimpacted zones were mainly situated adjacent to urban and industrial centers and the outlets of major rivers. On a global scale we can
observe that the levels in the Mediterranean Sea are in the same range than other area worldwide. Main differencies are concerning
the maximum values that are related to local high contamination.
Keywords: Monitoring, Bio-Accumulation, Chemical Analysis
Most monitoring programmes now include the use of biological indicators (1).
This is based on the assumption that levels of trace contaminants accumulated
in biological tissues represent the time and space integrated value of these
contaminants in the surrounding waters. In the Mediterranean Sea, the specie
Mytilus galloprovincialis is widespread, but in some locations natural
populations are rare or absent. The transplantation method compensated this
scarcity and allows controlling the source, age, and stage of sexual maturity of
the samples (2). MYTILOS project has backed by the INTERREG III B /
MEDOC programme, steered by Ifremer and backed by Toulon Var
Technologies, in cooperation with the ICRAM, IEO, PSTS, IMEDEA, CSIC,
Catalan water agency, INSTM, ISMAL, INRH and University of Agadir,
MYTILOS has also backed by the PNUE/PAM - MEDPOL. Tree cruises
(2004, 2005, 2006) deployed 149 stations during 3 month, between march and
july along Western Mediterranean shores. A total of 124 stations were
retrieved (82.5 %). All the results are expressed by mg or μg/kg dry weight of
flesh. The distribution of lead was relatively homogenous, with a median value
of 1.17mg/kg. However, two sites were pinpointed as being particularly
impacted by lead: the Portoscuso industrial site in Sardinia , with a maximum
of 8.25 mg/kg and the zone spanning Portman to El Portus in spain from 5.3 to
6.25 mg/kg which was home to a thriving mining industry during the period of
1960-1990. Levels of cadmium were globally homogenous throughout stations,
with a median of 1.28 mg /kg. A few stations showed relative peaks of around
2 mg/kg: Filicudi and Ustica stations in Sicily, Aguilas and Adra in Spain.
Several sites impacted by mercury were recorded: first and foremost the
Portoscuso site, with a maximum level of 0.31 mg/kg, witnessing significant
contamination generated by a large industrial complex. Concentrations of nickel
were around 1.1 mg / kg. Extreme values were found in some sampling sites in
Sud West sub basin especially in Tunisia (Tabarka [3.18 mg/kg]) and, Algeria
(Oued Zhor [2.89 mg/ kg]). The median value of the sum of DDTs compounds
was 3 μg/kg.Significant peaks were recorded in the North West and Tyrrhenian
sub-basin specially in front of Marseille (15.47 μg/ kg), Barcelone (15.17 g/ kg)
and Napoli (15.34μg/ kg). Algiers also showed a high level (10.23μg/ kg)
equivalent to the overall levels recorded at stations in front of the following
rivers: Ebre, Rh&ocirc;ne and Tevere. Regarding the sum of the 10 congeners of
PCBs, the distribution show a similar profile. The median value of the sum of
PCBs compounds was 8,98μg/kg.

The results show the presence of sites impacted by PCBs, in Barcelona
(63.87μg / kg), Marseille (103.52μg / kg), Napoli (91.48μg / kg) and Algiers
(51.13μg / kg). This characteristic presence off the coast of major urban centres
is further confirmed by values obtained in Sardinia at La Madalena (58.49μg /
kg), situated adjacent to a major naval base.
Results relating to the sum of the 16 dosed molecules for PAH showed a
median value of 44.4μg/kg. Two peaks have been identified at Marseille
(105.5μg/kg) and Piombino in Italy (80.8μg/kg), adjacent to a large industrial
complex.
On the campaign scale, all measured contaminants showed
equivalent levels to those recorded by the RINBIO network (2). This
similarity related to both highest levels and background noise recorded at the
124 study stations. This method is also valuable in that it makes it possible to
confront the data to that available on Mytilus galloprovincialis and Mytilus
edulis while respecting equivalent biometric criteria. Comparison of these
findings with data from the National Observation Network of the water quality
on French coasts. Comparison of data among differents studies , however, are
generally complicated by subtancials changes that have been made in the
analytical methods, saisonnality of sampling, number of congener for the
organic compound and must be exercised with caution. On a global scale we can
observe that the levels in the mediterranean sea are in the same range than other
area worldwide.
Tab. 1. Baseline for Mytilos project, RINBIO , RNO network and worldwide
data (in mg or µg/kg dry weight).
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Fig. 1. PCB in mussels (∑ PCBi ng.g-1 dry weight)
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Abstract
Nuclear receptors (NRs) form a superfamily of ligand-dependent transcription factors in metazoans, where they regulate many
biological functions (e.g. reproduction, development and homeostasis). NRs can be modified by anthropogenic contaminants, which
can cause cancer and endocrine disruption in humans and wildlife. Marine organisms disturbed by endocrine disrupting chemicals, can
have reduced testicular development and fertility, masculinization of female specimens (imposex), etc. In this context, we evaluated
the genetic characterization of the retinoid X receptor (RXR) in varied metazoan species (from invertebrates to vertebrates), and we
modulated RXR 3D structures to predict the binding affinity of environmental pollutants, obtaining insight into the resilience of RXRs in
marine organisms to the effects of endocrine disrupters.
Keywords: Genetics, Biodiversity, Pollution
The study of biological systems in atomic detail is a multidisciplinary field
combining knowledge from sciences such as Mathematics, Physics,
Chemistry, Biochemistry, Biology and Informatics. It as been previously used
with great success to understand enzymatic mechanisms, to predict the
binding free energy of two molecules, and in the design of new drugs based on
structural information. Although this approach may have the availability to
predict if a pollutant may activate a hormone receptors or interfere with the
enzymatic activities of an organisms, it has not been a common approach in
risk assessment studies of aquatic contaminants, despite it potential great
utility in Ecotoxicology. Moreover, integrative efforts using state-of-the-art
methodologies at the gene-level (comparative genomics) and protein-level
(comparative proteomics) may be the ultimate bridge between structural
biology and molecular evolution [1]. The evolutionary study of the RXR
protein across a wide range of metazoans (from invertebrates to vertebrates) is
important to reveal how mutations have accumulated in this functional
constrained protein over millions of years of evolution. The understanding of
such genetic basis can provide fundamental biological insight about protein
evolution and ecological fitness [2, 3].

In order to further demonstrate the utility of bioinformatics in foreseeing the
capability of environmental pollutants to bind hormone receptors and
enzymes, the RXR of a Cnidarian (Actinia equina, the most common species
of sea anemone along coastal areas in Europe and the Mediterranean) have
been partially cloned (based on degenerate primers, PCR on cDNA, cloning
with pGemTeasy system from Promega, and sequencing), and the 3 D
structure of Actinia equina was developed based on homology modelling with
the Human and Biomphalaria (mollusc) RXR crystal structure, which will be
of great utility to subsequently evaluate the capability of TBT, triphenyltin
(TPT), methoprene acid, and 9-cis retinoic acid to activate the cnidarian RXR.
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In this study, we have retrieved RXR sequences from 57 metazoan organisms
(invertebrates and vertebrates) and we have performed a detailed search for
selection signatures. First, we have used single-site analyses for detecting
selection at the gene level [1].
However, these analyses may be biased against even moderately conservative
proteins because the primary criterion involves a comparison of
nonsynonymous and synonymous substitution rates, not allowing for the
possibility that adaptation may come in the form of very few amino acid
changes [1].
Second, we have additionally used powerful statistical methods at the proteinlevel considering the nature of the amino acid change (“conservative” or
“radical” depending on the magnitude of the physicochemical difference
between amino-acids, and the physical location of amino-acid sites in the
three-dimensional (3D) protein structure [1].
Finally, third, we have determined the 3D structure of several RXRs, using
homology-modeling [4], a reliable technique to computationally infer an
unknown protein 3D-structure (>50% amino-acid identity) based on the
experimentally determined 3D-structure of a related protein [e.g. Human and
Biomphalaria (mollusc) RXR crystal structures].
We identified several aminoacids that seem to be essential to RXR activation
by organotins and methoprene acid, and therefore, will allow the future
identification of potential environmental pollutants RXR agonists based on
their conformational characteristics. Typically, RXR ligands contain a
carboxylate group, which is important in their ability to be buried stably in the
predominantly hydrophobic pocket. This functional group is involved in an
ionic interaction with the strictly conserved basic residue of R316 of helix H5
and forms a hydrogen bond with the backbone carbonyl amide group of the βturn residue A327. Although tributyltin (TBT), a widespread marine
contaminant, bind RXR with high specificity and induce RXR activation
(similarly to the natural ligand 9-cis retinoic acid), it lacks a carboxylate group.
Hence, the protein-ligand interaction of TBT is very different from those seen
with other known RXR agonists.
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Abstract
Aquatic organisms are capable of concentrating toxic elements within their tissues. In the study, plankton samples have been
evaluated for their bioavailability as biomonitors of 210Po and 210Pb in Aegean Sea. The concentrations of 210Po and 210Pb in
plankton samples collected in the period of 2004-2005 have been presented. The samples were collected from four distinct regions
(Aliaga, Nemrut, Foça and Izmir Bay). The concentrations of 210Po and 210Pb in plankton samples were determined using alpha
spectrometry.
Keywords: Plankton, Aegean Sea, Monitoring
210Po and 210Pb are naturally occurring radionuclides within the 238U decay

chain, with half-lives of 138.38 days and 22.3 years, respectively. These
radionuclides areconsidered as an important source of internal radiation dose to
marine organisms [1]. Planktons can accumulate radionuclides very rapidly and
retain them for a long time [2]. 210Po level increases with additional material
derived from coastal erosion, particulate matter flux from atmosphere and
biogenic activity within the aquatic environment. The main source of 210Po in
these study regions is the river run-off (Bakirçay and Gediz) from the catchment
areas. Wastes which arise from petrochemical and fertilizer industries at Aliaga
region effect the contamination in the regions. In our project supported by
IAEA, 210Po concentrations in fish species fed with planktons were determined
much higher than the average values [3]. Significant amounts of 210Po may be
transferred to humans via diet. For these reasons, there is a need for
investigation of the accumulation of 210Po and 210Pb by planktonic organisms.
All the sampling stations (Aliaga, Nemrut, Foça and Izmir Bay) are located on
the western coast of Turkey and indicated in Figure 1.

207±23 Bq kg-1(dw). According to obtained results, the concentrations of 210Po
in industrial regions are higher than other regions. Petrochemical industry on the
coast of Aliaga is an agent for high level of natural radionuclide in the region. The
relationship between 210Po concentrations and biomass of plankton was found
nonlinear.
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Fig. 1. The map of sampling location

Plankton species were present in a very wide size range. The cut off sizes used
for sample collection in this work (45 µm and 120 µm) were selected to
characterize two size classes. Then the samples were weighed and dried in the
oven. After standard addition ofpolonium tracer, each sample was completely
dissolved with HNO3, H2O2 and HCl. Polonium was spontaneously plated
onto a copper disc in 0.5 M HCl in the presence of ascorbic acid to reduce of
Fe+3 to Fe+2 [4,5]. Measurements of 210Po were realized through its 5.30 MeV
alpha particle emission, using 208Po (95±1.311 mBq g-1) as the internal tracer.
After the first deposition of 210Po, the residual 0.5 M HCl was kept to allow
210Po in-growth from the 210Pb contained in the solution to search supported
210Pb in the samples. The sample was re-plated and the 210Po activity was
determined. 210Pb (precursor of 210Po) concentrations were determined from
210Po activities measured after attaining the radioactive equilibrium. The range
of 210Po concentrations in plankton samples were observed between 10±2 -
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Abstract
Oil pollution of the Eastern Mediterranean Sea was investigated at 5 stations from Syria in 2007 and 23 stations from Mediterranean
Sea in August 2008. The oil level was determinated using references Iraq crude oil and chrysene. The highest oil pollution in East
Mediterranean Sea at Turkish Part, Syrian Part (2007), Lebanon Part, South of Cyprus for crude oil was found as 98,87µg/L, 69,24
µg/L, 20,29 µg/L, 90,96 µg/L, respectively. A comparison of the present results Turkish coast part are more polluted than the examined
area. Keywords:Oil pollution, surface water, Mediterranean Sea.
Keywords: Eastern Mediterranean, Pah, Surface Waters
Oil pollution in East Mediterranean Sea were investigated earlier [1-7]. Oil
pollution level was investigated in Mersin- Iskenderun area, Eastern Part of
Mediterranean Sea was examined before and after Iraq petroleum pump [6]. The
reference oil used in these studies was crude oil [1,6,7] and chrysene [2-5]. In
this study the samples were collected by R/V YUNUS-S during the August in
2008 (Figure 1). The seawater sample was taken in 2,8 L amber glass bottles
containing 15 ml dichlormethane (DCM) for preservation. The samples were
extracted with DCM and distilled. The residue was dissolved in hexane and
analyzed by UVF (Shimadzu RF 5301) at 310/ 360 nm (ex/em). In this study
we used references as Iraq crude oil and chrysene (Aldrich). Sampling stations
are shown in Fig 1.

Fig. 2. The oil concentrations found in the samples (µg/L)
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Fig. 1. Sampling stations in Mediterranean Sea

The equation of calibration curve for Iraq crude oil: y= 427,50xC + 2,38 r2=
0,99, for chrysene: y= 2134,05*C – 3,55 r2= 0,99.
The oil pollution level examined in sea water are shown in Figure 2. The oil
pollution level in Eastern part of Mediterranean were found as 0,4 µg/L (crude
oil references) [1], 488,28 µg/L in 1996, 204,6 µg/L in 1997 [6], 2596 µg/L in
1999 for Iraq crude oil equivalent and 455,42 µg/L for chrysene equivalent [7],
25,2 µg/L in 1982 (chrysene equivalent) [2], 1,25 µg/L in 1998 [5]. We found
the highest oil pollution level in East Mediterranean Sea as Turkish Part
98,87µg/L for crude oil and 20,05µg/L for chrysene at station 21, at Syrian part
69,24µg/L for crude oil, 14,04µg/L for chrysene at station 5 (2007), at Lebanon
part 20,29µg/L for crude oil, 4,09µg/L for chrysene at station 14 and at south of
Cyprus part 90,96µg/L for crude oil, 18,39µg/L for chrysene at station 5.
When compared the results of Turkish coast part of East Mediterranean Sea the
pollution level increased during the years. This paper presents the first oil level
determination in area of East Mediterranean countries included Turkish, Syrian,
Lebanon and Cyprus (two parts- North and South).
Acknowledgement: The authors thank to Prof.Dr. K.C.Guven for
comments.and Prof.Dr. Bayram Ozturk for the help of cruise organization as
East Med.Turk. Project.
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Abstract
Oil pollution of the Aegean Sea was investigated at 13 stations in August 2007 and 11 stations in August 2008. The oil level was
calculated using references as Iraq crude oil and chrysene. The highest oil pollution was found as 63,09 µg/L at Station 13 in 2007 and
93,58µg/L at station 2 in 2008. A comparison of the present results with data obtained earlier in the same region the oil pollution level
increased during the years.
Keywords: Aegean Sea, Surface Waters, Pah
Oil pollution is a major problem of sea water. In this study oil pollution was
determined in the surface water of the Aegean Sea at 13 stations in 2007 and 11
stations in 2008. The samples were collected by R/V YUNUS-S during the
August in 2007 and August in 2008. Sampling stations are shown in Fig.1. The
seawater was taken in 2,8 L amber glass bottles and 15 ml dichlormethane
(DCM) was immediately added for preservation. The seawater samples were
extracted with DCM. The extract was distilled and the residue was taken with
hexane and analyzed by spectrofluorophotometer (Shimadzu RF 5301) at 310/
360 nm (ex/em). References used are Iraq crude oil was used as reference
according to suggestion [1] and chrysene (Aldrich) [2].

Fig. 2. The oil concentrations found in the samples (µg/L)

Acknowledgement: The authors thank to Prof. Dr. Bayram Ozturk for the
help of cruise organization as East Med. Turk. Project.
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Fig. 1. Sampling station in Aegean Sea

The equation of calibration curve for Iraq crude oil: y= 427,50xC + 2,38 r2=
0,99 for chrysene: y= 2134,05*C – 3,55 r2= 0,99. The oil pollution amount in
sea water samples are shown in Fig. 2. Oil pollution of the Cretan Sea, Southern
Aegean Sea was found at the range of 0.092- 0.317 µg/L [3] in the region of
Northern Aegean Sea (Thermaikos Gulf), Greece. Total PAH concentration was
ranged from 9,7 to 36,2 ng/L [4]. In Turkish part of Aegean Sea, the oil
concentrations were found in coastal and open sea area 0.09- 25.5 µg/L [5],
0.10-2 µg/L and Aliaga and Izmir Bay 10-25 µg/L [6], in Northern Aegean Sea,
0.1-12.5 µg/L [7] and 3.93- 38.28 µg/L in the surface water of the Aegean Sea
[8]. As can be seen in Fig.2 the highest oil pollution level was found highest at
station 13 as 63,09 µg/L in 2007 and station 2 as 93,58µg/L in 2008. Limit value
of oil in sea water is reported as 2.5 µg/L by WHO. According to our findings
the pollution level of examined area are higher than limit value given by WHO.
When compared all results with earlier findings, the oil pollution level was found
are higher than previous studies.

1 - Ehrhardt, M. and Petrick, G. 1989. Relative concentrations of
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Greece. Marine Mar. Pollut. Bull. 36:989-993.
4 - Hatzianestis, I. Sklivagou, E, Zervakis, V. Georgopoulos, D. 1998a.
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DNASE ACTIVITY AS A NEW BIOMARKER FOR MARINE ENVIRONMENTAL CONTAMINATION: FIELD
STUDY
Iris Batel 1*, Maja Fafandel 1, Lorena Peric 1 and Ines Kovacic 1
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Abstract
In mussels Mytilus galloprovincialis collected at different sampling sites and in those injected with organic seawater extracts the
DNase activity in the hepatopancreas was higher than in mussels from a maricultured area or control mussels respectively. The
enzyme activity in hemocytes decrease, increase or remain constant depending on the specific contamination of the sampling site. The
DNase activity, as a novel biomarker, can be useful for the monitoring of marine environmental contamination.
Keywords: Pollution, Adriatic Sea, Bivalves, Enzymes
Introduction
The wide range of mollusks response to pollutants provides grounds for the
development of various methods for water toxicity evaluation and
development of new biomarkers. The activity of lytic enzymes, such as acid
DNase, can provide a new promising model for such studies. The response of
acid DNase activity to toxic industrial pollutants in the freshwater snail [1] and
in mussels from contaminated areas [2] or in mussels exposed to marine
pollutants [3] was recently reported. The aim of this study was to validate the
acid DNase activity as a new biomarker for environmental contamination in
mussels collected at sampling sites with different pollution histories and in
mussels injected with organic extracts of different seawater samples.

Tab. 1. Specific DNase activity in hemocytes and hepatopancreas of native
and injected mussels

Materials and methods
Mussels Mytilus galloprovincialis were collected at 6 different locations:
shipyard (S2, S6), harbor (S3), river mouth (S4) and urban/industrial waste area
(S7). Mussels from a maricultured area served as a reference sample. Another
group of mussels was injected with organic extracts of seawater samples
collected from different locations along the Croatian Adriatic Coast. The water
samples have been collected in a protected area (S1), shipyard (S5), harbor (S9)
and urban/industrial waste areas (S7, S8). Mussels injected with DMSO were
used as experimental control. After 1h the acid DNase activity was measured
in hemocytes and hepatopancreas according to Fafandel et al. [3].

Conclusion
The potential use of the acid DNase response in hepatopancreas and
hemocytes of mussels Mytilus galloprovincialis for the determination of mixed
marine environmental contamination is confirmed. The DNase activity as a
biomarker could be applied for both native and injected mussels. The latter
might be used when the native ones are not available. At the same time, the
DNase activity could be included during the determination of various enzymes
activities in protein microarrays in the monitoring of integrative biological
effects of contaminants.

Results and discussion
The specific DNase activity in hemocytes and hepatopancreas of native and
injected mussels is presented in Table 1. In mussels collected at sampling sites
S2, S3, S4, S6 and S7 the DNase activity in the hepatopancreas was
significantly higher than in mussels from a maricultured area. The enzyme
activity in hemocytes was significantly higher only at sampling sites S3, S4
and S7. The highest DNase activity in both tissues has been detected in
mussels collected at sampling site S7, an area under high influence of
urban/industrial wastes. In mussels injected with organic extracts of seawater
from various sampling sites (S1, S5, S7 and S9), the DNase activity in the
hepatopancreas significantly increased, when compared to the control. The
highest enzyme activities (cca. twice as higher as in the control) have been
detected in mussels injected with organic extracts of seawater collected in a
shipyard ad harbor. The enzyme activity in hemocytes significantly increased
only in those mussels injected with organic extracts from the sampling site S9
(harbor) and significantly decreased for those injected with extract from the
sampling site S8 (urban/industrial waste area). The suppression of enzyme
activity as a specific response of hemocyte acid DNase to organic extract S8
(urban/industrial waste area) could be consistent with its effect on cells of the
bivalve immune system [4], including fluctuations in hemocyte numbers [5].
The DNase activity in the hepatopancreas of both native and injected mussels
revealed sampling site S7 as the polluted one.
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THE LIMPET: PATELLA CAERULEA AS BIOMONITORS OF THE HEAVY METAL LEVELS IN TUNISIAN
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Abstract
This work contributed to the study of accumulation of eight metals such as Cu, Cd, Cr, Ni, Mn, Al, Fe and Pb in the Gastropod Patella
caerulea collected at three stations along the Tunisian North coasts. Result showed that the mean values of the heavy metals in soft
tissues were relatively higher at CB station, considered as the worst affected region among the studied areas. The order of metal
accumulation in the animal was: Fe >> Al >> Mn - Cu > Ni – Pb > Cr > Cd, where, Mn, Cu, Ni and Pb were changeable in their
order at different stations.
Keywords: Gastropods, Metals
P. caerulea is selected as a cosmopolite bioindicator for the biomonitoring of
metal traces in Mediterranean. Between 30 and 40 specimens were handpicked
in the tidal zone from three sites (Bizerta Channel, La Goulette and Sidi Rais).
Organisms were depurate and soft tissue was dried, Pulverized and
mineralized. Heavy metals analyses were performed in the limpet samples
according to the method described by AOAC (2000) [1]. Comparison
between stations for the concentration for all metals revealed that The highest
mean values of the heavy metals in soft tissues of Patella caerulea were found:
at CB station, for Cd (1.50) μg g− 1, Cr (2.78) μg g− 1 and Fe (2.59) mg g− 1.
We also notice at the same station relatively high mean values for Ni, Al and
Pb (3.43, 402.16 and 3.51 μg g− 1), respectively (Table 1).

5 - Cubadda F., Conti M. E., Campanella L., 2001. Size-dependent
concentrations of trace metals in four mediterranean gastropods. Chemosphere
45: 561–569.
6 - Conti M. E., Cecchetti G., 2003. A biomonitoring study: trace metals in
algea and molluscs from Tyrrhenian coastal areas. Mar. Env. Res. 93: 99–112.
7 - Hamed M. A., 1996. Determination of some micro-elements in aquatic
ecosystem and their relation to the efficiency of aquatic life. Thesis, Mansoura
University.134.
8 - Campanella L., Conti M. E., Cubadda F., Sucapane C., 2001. Trace metals
in seegrass, algae and molluscs from an uncontaminated area in the
Mediterranean. Env. Poll., 111: 117–126.

Tab. 1. Mean concentrations of metals in soft tissue of P. caerulea collected
from the North coasts of Tunisia since summer 2006 until the spring 2007a
mg.g-1

This contamination could be attributed to wastes discharged from Bizerta city
and the ships awaiting transit through Bizerta Channel. This zone also receives
waste effluents from different industrial unities. Mean iron concentration was
much greater than that of the other metals in each station. Similar results
reported that Iron is the predominant metal in marine molluscs from the
Mediterranean Sea ([2], [3], [4]). Cd concentrations were minimal. The levels
found in this work are lower than those registered in limpets from some other
parts of the Mediterranean coasts ([5], [6]). Lead levels in P. caerulea were in
the same order of magnitude in 3 stations. In this present study, Lead
concentrations in limpets were higher than those mentioned by [7] in Gulf of
Suez and ([5], [8], [6]) in Italy. However, toxic metal concentrations (Cd, Pb)
remain lower than the thresholds recommended by the World Health
Organisation (WHO). We notice that the order of metal accumulation in the
animal at different stations was: Fe >> Al >> Mn - Cu > Ni – Pb > Cr > Cd,
where, Mn, Cu, Ni and Pb were changeable in their order at different stations.
The observed variation in metal levels in P. caerulea at different stations may
be related to the environmental conditions of the area and to the physiological
conditions of the animal regarding the metal.
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DISTRIBUTION OF MERCURY IN TISSUES AND ORGANS OF TWO CETACEAN SPECIES (STENELLA
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Abstract
Mercury concentrations were determined in tissues and organs of two cetacean species (Stenella coreuleoalba and Tursiops
truncatus) stranded along the Italian coasts between 2000 and 2009. According to previous authors, mercury accumulates
preferentially in liver and shows a positive correlation with length in both analysed species. Mercury concentrations found in this study
are generally higher than those found by previous authors in tissues of dolphins from Atlantic areas. Significant differences were also
found for Hg contents in different marine areas within the Mediterranean basin suggesting the existence of different and separated
populations of S. coreuleoalba and T. truncatus.
Keywords: Cetacea, Mercury
Large amounts of organic and inorganic chemicals enter estuarine and coastal
marine environments from natural and anthropogenic sources. Several metals,
such as mercury, are considered highly toxic [1], and, at least in dolphins, are
accumulated throughout the entire life of an individual. The main aims of this
research is at attempting to: (1) verify, on the basis of a new and larger
dataset, previously reported mercury distribution patterns in cetaceans; (2)
verify differences on mercury concentrations between sampling areas within
the Mediterranean basin to assess the importance of cetacean as indicator of
marine pollution. Samples of muscle, liver, lung, kidney and heart were
collected from specimens of S. coeruleoalba (n=12) and T. truncatus (n=12)
that were foundstranded along Italian coasts during the period 2000-2009.
Metal concentrations were measured by ICP-AES Varian Vista MPX. Liver
shows the highest concentrations of Hg in all analysed species. Positive
correlations emerges between Hg concentrations and length in all analysed
tissues indicating that bioaccumulation occurred over time. Mercury
concentrations found in this study seem to be higher than those found by
previous authors in tissues of dolphins from Atlantic areas. Higher Hg
concentrations were found in liver of specimens from the French coast [2] and
Adriatic sea [3]. Dolphins seem to exhibit lower Hg concentrations in Ligurian
sea [4] and Sicily channel (this study). These differences may reflect the
existence of different and separated populations of S.coreuleoalba and T.
truncatus in Mediterranean basin with different feeding habitats exposed to
different anthropogenic activities.
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COMPARATIVE STUDY OF ORGANIC MATTER WITHIN PHOSPHATIC GRAINS AND THEIR
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Abstract
The geochemical characterization of organic matter (OM) within phosphatic pellets (100-500 µm) and their surrounding matrices (<50
µm), collected from ypresian phosphorites (Ras-Draâ mine, Tunisia) indicates that : (1) Total Organic Carbon (TOC) content is more
important in matrices than in pellets from the same layer; (2) A Marine planktonic origin of OM (Type II domain) contained in both
fractions; (3) A diagenetic evolution of OM up to, and not beyond, the stage of humic compounds in both fractions; and (4) A higher
abundance of extractable humic compounds in pellets (~70% TOC) and a lower extraction yield in matrices (~18% TOC). Such
differences in geochemical properties between pellets and matrices are indicators of an allochtonous origin (fecal origin) of these
grains within their embedded sediments.
Keywords: Organic Matter, Fecal Pellets, Geochemistry
Introduction
Several investigations of Tunisian phosphatic deposits have already showed
that phosphatic components are essentially concentrated in phosphatic grains,
called “pellets”, varied in size (mainly 100 to 500 µm). These grains are
surrounded by a sedimentary matrix, also named exogangue. The origin of
phosphatic pellets has long been an intriguing problem, especially with regard to
the source of the accumulated phosphorus. Two convergent hypothesis for the
origin of pellets were proposed: either pellets were diagenetic, authigenic, bodies
formed within and from the matrix and still containing chemical elements
inherited from the matrix, or the pellets were allochtonous bodies (for example
faecal pellets), formed outside the matrix. The present work aimed to carry
compared studies of their geochemical properties and to draw some relevant
conclusions on the genesis of the Ras-Draâ ore pellets.
Material and methods
The studied samples were collected from the Ras-Draâ deposit (southern
Tunisia), witch is a natural continuity of the great Gafsa-Metlaoui phosphatic
basin (Fig. 1). The phosphatic grains ("pellets", 100 to 500 µm in mean
diameter) were separated from their surrounding sediments ("matrix", < 50 µm)
by granulometric fractionation under water. The comparative study of both
fractions was performed by: global chemical analyses (CNS elemental analysis),
Rock-Eval (RE) pyrolysis and humic substances (HS) extraction and
fractionation according to the IHSS (International Humic Substances Society)
procedure.

Fig. 1. Location map of the Ras-Draâ phosphate ore deposit in the GafsaMétlaoui basin, Tunisia (source: www.earth.google. fr)

Conclusion
Several organic geochemical data from the phosphatic grains and their
surrounding matrix reveal great differences between the both fractions. Such
differences excludes that the pellets formed authigenetically within and from
their embedded sediments. The reasons of these different properties must been
sought in the origin and the diagenetic history of the grains and of the matrix.
Instead, as recently hypothetized (Ben Hassen 2007), these phosphatic pellets
must have an allochtonous source, namely a biological origin since they are, very
certainly, fish feces.

Results and discussion
Elemental analysis: The Total Carbon (CT ) content in the phosphatic pellets
is ~ 2.31% compared to ~ 3.52 % in the matrices. Total Nitrogen and Sulphur
contents (NT and ST ) are also significant and fairly homogeneous in the two
respective fractions (NT pellets ~ 0.03 %, NT matrices ~ 0.07 %, ST pellets ~
0.11 %, ST matrices ~ 0.16 %).
Rock-Eval pyrolysis: The TOC content, given by the RE pyrolysis, varies
between 0.30 % and 1.62 % in phosphatic pellets and between 1.22 % and 4.05
% in their adjacent matrices. The geochemical characterization of OM contained
in the two fractions by RE pyrolysis concludes, on one hand, to the planktonic
origin of the OM (Type II domain), in both fractions, and, on the other hand, to
a low degree of maturity of the pelletal and matricial OM (RE Tmax < 430 °C).
Humic substances extraction: The HS yields from the pelletal and matricial
OM shows a high content of humic compounds isolated from pellets (humic
carbon up to 75% of TOC) and a lower one in adjacent sediments (humic carbon
less than 21% of TOC), along with the higher content of HU (low mature
kerogen) in surrounding sediments and the lowest in the pellets. Such high
amounts of humic compounds are similar to those isolated from Gafsa-M étlaoui
phosphorites (Belayouni and Trichet 1983).
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Abstract
The accumulation of tributyltin (TBT), dibutyltin (DBT) and monobutyltin (MBT) in the North-western Adriatic Sea food web was
investigated by evaluating contamination and stable isotopes ratios (13C/12C; 15N/14N) in biota and sediments. Results showed higher
contamination in estuarine areas as well as their accumulation with increasing trophic levels.
Keywords: Food Webs, Adriatic Sea, Pollution, Bio-Accumulation
TBT has been directly introduced in the marine environment due to its
extensive use as biocide in antifouling paints [1]. Several studies reported
various toxic effects and a widespread bioaccumulation of butyltins (BTs) in
different species of marine and coastal ecosystems [2]. Accumulation of
tributyl and triphenyltin compounds in marine food webs of coastal waters
was reported, however it is still unclear whether biomagnification through
food-webs occurs [3]. Recent studies have rapidly advanced the understanding
of biomagnification profiles of environmental pollutants using 13C/12C and
15N/14N but their application to BTs is still limited [4]. Sediments and biota
samples (zooplankton, bivalves, crustaceans, cephalopods, bony fish; total
number of samples = 41) were collected in autumn 2008 in an estuarineriverine and a coastal-marine area of the North-western Adriatic Sea. Analyses
were performed in bivalves on whole soft tissues while in crustaceans,
cephalopods and bony fish on muscle pooled from several individuals. Stable
isotopes (13C/12C; 15N/14N) were analysed by a CHN analyzer coupled
with Isotope Ratio Mass Spectrometer. BTs were analysed on freeze-dried
samples by high resolution gaschromatography coupled with ion trap mass
spectrometer (HRGC-MS2) after ultrasonic solvent extraction, Grignard
methylation and clean-up. values ranged between -28.22 ‰ and -16.56 ‰
with lower values in biota and sediments from the riverine-estuarine area
compared to the coastal-marine ones. 15N/14N ranged from 4.74 ‰ to 13.88
‰, with higher ratios recorded for bony fishes (both in the riverine-estuarine
and coastal-marine area) compared to cephalopods, crustaceans, bivalvia and
zooplankton. ΣBT (TBT+DBT+MBT) ranges in sediments and in biota were
<10 – 83 and <10 –114 ng Sn g -1 dw (dry weight), respectively. TBT
generally accounted for the major fraction (average ~40%) of ΣBT. Higher
levels of contamination were observed in the riverine-estuarine samples. The
significant negative correlation found between TBT, DBT, ΣBT and 13C/12C
(Spearman rank correlation; R ranged between -0.38 and -0.46 p<0.05) in the
higher taxonomic groups (crustaceans, cephalopods and bony fish) could
reflect higher BTs contamination in the riverine-estuarine area.
Bioaccumulation of BTs increased with the trophic levels as highlighted by the
significant positive correlation between TBT, DBT, ΣBT and 15N/14N
(Spearman rank correlation; R ranged between 0.40 and 0.43; p<0.05). Further
work is in progress in order to confirm the biomagnification hypothesis with a
greater number of samples and taxa allowing a comparison with the few
studies based on a similar approach [4], [5].
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ANALYTICAL DETERMINATION OF NONYLPHENOLS AND OCTYLPHENOLS IN SURFACE WATER
SAMPLES
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Abstract
Decision N. 2455/2001/EC sets out the first list of 33 substances or groups of substances that have been prioritised for action at
European Community level. Nonyl- and octylphenols are included in this list of priority and hazardous substances due to the risk to, or
via, the aquatic environment, in accordance with the Article 16 of European Water Framewok Directive 2000/60/EC (WFD) [1]. A
method for the selective determination of 4-tert-octylphenol, 4-nonylphenol and 4-n-nonylphenol in surface water samples was
developed and validated, based on solvent extraction and HRGC-ITMS (high resolution gaschromatography coupled with ion-trap
mass spectrometry). Assessment of method performance gave good results in terms of accuracy, precision, selectivity and sensitivity.
Keywords: Chemical Analysis, Pollution, Monitoring
Introduction
The European Union (EU) Water Framework Directive 2000/60/EC (WFD)
[1] sets up environmental objectives to achieve ‘‘good chemical status’’ for all
European water bodies by 2015. “Nonylphenols” and “octylphenols” are
listed as priority hazardous substances in Decision n. 2455/2001/CE [2]. The
Directive 2008/105/EC [3] lays down environmental quality standards (EQS)
for priority substances and certain other pollutants amending the WFD. EU
Member States need to develop and to implement a quality-assurance/quality
control (QA/QC) system to ensure that all monitoring results meet the levels
of accuracy fixed by Directive 2009/90/EC of 31.07.2009. Nonylphenols and
octylphenols are two groups of substances with general formulas HO-C6H4C9H19 and HO-C6H4-C8H17, respectively. Alkylphenolic compounds in the
aquatic environment originate primarily from the degradation of the
industrially produced mixtures of alkylphenol polyethoxylates, resulting in
complex mixtures of branched isomers which differs on the basis of branching
and position of the alkyl chain with respect to the phenolic hydroxyl group
[4]. The denomination of alkylphenols used in legislation, as well as in
scientific literature, has proved sometimes ambiguous for identifying mixtures
and single isomers. In this work a method was devised for analysing 4-tertoctylphenol (4-t-OP; 1,1,3,3,-tetramethyl-4-buthylphenol, single compound,
CAS# 140-66-9), 4-n-nonylphenol (4-n-NP; linear-chain isomer, single
compound, CAS# 104-40-5) and 4-nonylphenol (4-NP; mixture of parasubstituted isomers, CAS# 84852-15-3 and CAS# 25154-52-3) in surface
water samples. 4-NP is usually quantified in environmental samples by using
technical mixtures of isomers, which can be resolved by HRGC-LRMS only at
a group level [4,5].

water policy. OJ L 327, 22.12.2000, p. 1.
2 - Decision n. 2455/2001/EC of the European Parliament and of the Council
of 20.11.2001 establishing the list of priority substances in the field of water
policy and amending Directive 2000/60/EC. OJ L 331, 15.12.2001, p.1.
3 - Directive 2008/105/EC of the European Parliament and of the Council of
16 December 2008 on environmental quality standards in the field of water
policy, amending and subsequently repealing Council Directives 82/176/EEC,
83/513/EEC, 84/156/EEC, 84/491/EEC, 86/280/EEC and amending Directive
2000/60/EC of the European Parliament and of the Council. OJ L 348,
24.12.2008, p. 84.
4 - Fries E. and Püttmann W., 2003. Occurrence and behaviour of 4nonylphenol in river water of Germany. J. Environ. Monit. 5, 598–603.
5 - Espejo R., Valter K., Simona M., Janin Y. and Arrizabalaga P., 2002.
Determination of nineteen 4-alkylphenol endocrine disrupters in Geneva
municipal sewage wastewater. J. Chromatogr. A 976, 335–343.

Materials and methods
The method is based on extraction with toluene followed by clean-up on a
silica-gel column. Qualitative and quantitative determination was carried out
by means of HRGC-ITMS. 13C labelled 4-n-NP was used as internal standard
and added to the sample before extraction. In order to determine precision and
accuracy, the performance of the method was assessed by the analysis of
spiked water samples, as no certified reference materials were available.
Results and discussion
The identification of analytes was performed on the basis of chromatographic
retention time and by comparing Full Scan mass spectra of the analyte in the
sample and in the calibration standards, after calculation of area ratios of
characteristic ions as confirmation. 4-NP mixture eluted as a group of partially
resolved peaks (5 to 11 depending on the selected ion) leading to distinctive
chromatographic patterns. The quantitative determination was performed by
means of the internal standard method. Calibration curves were calculated
from the ratios of chromatographic areas of the analyte and the internal
standard as a function of concentrations. 4-NP were quantified by the sum of
areas of the identified peaks. Average recoveries of the analytes in spiked
samples ranged between 89 % and 108 %. Good sensitivity was achieved.
Limits of quantification were respectively 10 ng L-1 for 4-t-OP and 4-n-NP
and 100 ng L -1 for 4-NP. The developed method has provided reliable
analytical performance coupled with a relatively simple sample treatment.
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HEAVY METAL CONTAMINATION IN SEDIMENTS OF THE SHALLOW WATER AREAS SURROUNDING
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Abstract
Part of the pollutant load generated by the Venice urban system can be transferred to the sediment of the shallow water areas
surrounding the city. These areas were studied in order to assess metals level and distribution in the sediment, and to highlight possible
contributions due to the city. A moderate pollution was found in the surface sediments (0-30 cm), with concentration of the main
contaminants ranging between 6% (Cd) and 29% (Hg) of the mean value measured in the canal network. The comparison of metal
concentrations with SQGs revealed a low ecotoxicological risk for the surveyed areas, excepting for Hg, which values exceed the
ERM guideline (0,71 mg/kg d.w.) in 75% of samples. Concentration trends along the vertical profile pointed out a diminution of both
metal contamination and the finer particle content with time.
Keywords: Sediments, Metals
The City of Venice, located in the middle of the lagoon, has a population of
about 60000 inhabitants and an average additional daily presence of about
75000 units (tourists and commuters). Its 40 km long canal network receives
inputs of particulate matter and pollutants from the urban sewage system and
point and non-point sources, such as atmospheric deposition and urban
runoff, building erosion and corrosion of metal structures, boat traffic [1].
Even though the canal network has a high capability in retaining particles and
associated contaminants, a fraction of the total load is transferred to the lagoon
[2] by tidal currents. The export is enhanced by particle resuspension due to
the boat traffic. Contaminants can therefore accumulate in the sediment of the
shallow water areas surrounding the city, which are characterized by a low
hydrodynamics. Aim of this study was the assessment of the pollution level
in the sediment of these areas, also to evidence possible contributions due to
the city. Thirty centimetres-long cores where collected in 2003 and 2004 from
69 sampling sites; cores were sliced into 10 cm layers and analyzed for grainsize distribution and metals (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) concentration. A
further sediment characterization survey was made in 2008, collecting 26 new
cores. Surface sediment samples are mainly constituted of silt (mean content =
55.1 %, σ = 14.7 %), but display a high variability in grain-size characteristics.
A positive gradient of the mud (d<63 mm) content is observed towards the
West. Table 1 shows metal mean concentration in each analysed sediment
layer; for comparison, mean values determined in the whole canal network are
reported [1]. The table also shows the percentage distribution of concentration
data with respect to the three concentration ranges which are discriminated by
the NOAA Sediment Quality Guidelines (SQGs): effect range-low (ERL) and
effect range-median (ERM). Concerning the spatial distribution, Cd (0,1-6,9
mg/kg d.w.), Cu (5-144), Pb (4-126), and Zn (27-327) show the greater
variability among the shallow water areas. On the average, these metals have a
concentration of about 10% with respect to values measured in the canal
network. Arsenic, Cr, and Ni concentrations are relatively low in the
investigated areas, as well as in the canal system. An effective fingerprint due
to the city is observed for Hg (Figure 1). Its concentration is always higher
than the ERL value (0,15 mg/kg d.w.), and higher than the ERM value (0,71
mg/kg d.w.) in 75 % of samples. As the other metal concentrations never
exceed the ERM, the ecotoxicological risk of the sediment is enhanced by
mercury. Concerning the surface layer (0-10 cm), a comparison between data
from sediments collected in 2003-04 and in 2008 was made. Lower values
characterize almost all samples analysed in 2008, pointing out a diminution of
concentrations with time. This is accompanied by a greater presence of finer
particles with depth, as resulting by the examination of grain-size along the
vertical profile.

Tab. 1. Metal mean concentrations (mg/kg, dry weight) in the investigated
areas and in the Venice canal network. In the last three rows, the percentage
distribution of concentration data with respect to the NOAA SQGs is
reported.

Fig. 1. Mercury concentration distribution in the surface sediment layer (0-10
cm) of the shallow water areas surrounding Venice
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Abstract
Source-specific lipid biomarkers have been investigated in settling particles recovered from a 1-year sediment trap experiment in the
SW Black Sea in 2007-2008. Biomarker amounts and fluxes unravel major marine organic carbon sources. Their temporal patterns
mainly reflect primary production variability both quantitative and qualitative (phytoplankton species succession). Comparisons with
bulk parameters allow characterising the settling material and assessing the main processes controlling carbon export.
Keywords: Time Series, Particle Flux, Carbon, Black Sea
Gaining insights on carbon cycling and on carbon export is one of the tasks of
the European project SESAME. To this purpose, three mooring lines were
deployed for 1 year in the Western and Eastern Mediterranean and in the Black
sea, each equipped with two sediment traps set at mid- and deep waters.
Besides bulk parameters (mass flux, organic carbon, carbonates, opal) we have
conducted a study on molecular lipid biomarkers in settling particles aimed at
assessing the sources of the organic carbon and at providing clues on major
processes that control carbon export/cycling. Here we present data from the
Black Sea deployment (43°01N-29°28E, 2000m water depth) spanning the
period from October 07 to December 08, with a 15-days resolution. The
investigated source-specific biomarkers are n-alkanes, highly branched
isoprenoids (HBI), sterols, alkenones and diols. They have been analysed by gas
chromatography and gas chromatography-mass spectrometry following
published procedures [1].
Long chain n-alkanes tracing terrestrial sources generally show medium-range
concentrations typifying a system that does not receive major terrestrial
inputs. Nevertheless, their temporal variations reveal an elevated contribution of
terrestrial organic carbon in April-May 08, a period of enhanced discharges of
the Danube River. Yet, marine organic sources, deriving from primary
production, are predominant in the study area. Specific sterols (brassicasterol,
24-methylene-cholesterol) and HBI trace diatom inputs and show extremely
high concentrations and fluxes, typical of highly productive marine settings.
Diatoms appear to be major sources of the exported organic carbon in late fall
08, where HBI suggest the presence of Rhizosolenia diatoms. Secondary maxima
are observed in late spring 08, and fall 08 (Figure 1).

concentrations and fluxes in time intervals characterised by very abundant
phytoplakton-biomarkers. Thus, the downward transfer of marine organic
carbon appears to be linked to significant zooplankton grazing. Comparisons
between the mid-depth and deep traps show that the transfer is rapid and that
carbon recycling is not very important, leading to enhanced carbon sequestration
in this marine site. Overall, the biomarker data-set sheds light on the origin of
organic carbon in settling particles in the SW Black Sea and enables determining
its major marine sources linked to the primary production. Biomarker temporal
variability allows explaining the patterns of the export organic carbon (but also
carbonate and opal) and assessing primary controls on downward fluxes.
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Fig. 1. Fluxes of brassicasterol and 24-methylene-cholesterol tracing diatom
inputs in settling particles in mid-waters (full circles) and deep waters (open
circles)
The concentrations and fluxes of diatom-biomarkers clearly depict the temporal
patterns of downward organic carbon fluxes, suggesting that diatom production
exert a main control on carbon export. Besides, diatom biomarkers also portray
the temporal variability of opal fluxes. Very high amounts and fluxes of
alkenones are observed, consistent with the important coccolithophorid
production (mainly Emiliania huxleyi) in the Black Sea. The temporal patterns
delineate a major coccolithophorid bloom in spring 08 that contributes to the
organic carbon fluxes and clearly controls the carbonate flux variability. In
addition, dinosterol and diols trace inputs from dinoflagellates and
nannoplankton species that show important temporal variation. Biomarkers
derived mainly from zooplankton (e.g. cholesterol) show elevated
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CONCENTRATIONS DES MÉTAUX TRACES DANS LA CHAIR DE DONAX TRUNCULUS (MOLLUSQUE,
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Abstract
Une étude saisonnière des teneurs en zinc (Zn), cuivre (Cu), plomb (Pb) et cadmium (Cd) a été effectuée chez le mollusque bivalve
Donax trunculus récolté dans les côtes sableuses de trois stations du Golfe de Tunis : Kalâat El Andalous (KA), Radès (R) et Borj
Cedria (BC). Les résultats ont montré que les concentrations en métaux analysés diminuent dans l’ordre suivant : Zn > Cu > Pb > Cd,
dans les trois stations. La bioaccumulation en Zn, Pb et Cd est pratiquement la même chez les individus des trois sites. À l’exception
du Pb, nous avons enregistré une variation saisonnière des teneurs en métaux analysés dans les trois stations.
Keywords: Bivalves, Pollution, Trace Elements
Introduction
Au cours de ces dernières décennies, l’activité anthropique (industrielle,
économique) a entraîné une augmentation continue des concentrations des
éléments métalliques dans l’environnement marin. En effet, les stations
étudiées localisées au niveau du Golfe de Tunis ont été sélectionnées dans le
but d’évaluer l’impact des rejets d’oueds (Medjerda, Méliane et Soltane qui
débouchent respectivement dans la plaine de [KA], [R] et [BC]) sur les
organismes aquatiques qui vivent dans ces sites. Dans ce travail, une attention
particulière est portée sur le suivi de l’évolution de la teneur en Cd, Pb, Zn et
Cu au niveau de la chair du mollusque bivalve Donax trunculus.

Tab. 1. Variations saisonnières des concentrations en métaux lourds (mg /kg
poids sec) de la teneur en eau (%) et de l’indice de pollution métallique (MPI)
chez le bivalve Donax trunculus récolté dans les trois stations: R., KA. et BC

Matériel et méthodes
Les échantillons ont été prélevés dans les stations d’étude durant la période
allant de juillet 2004 à mai 2005. Le dosage des métaux a été effectué par un
spectrophotomètre d’absorption atomique avec flamme (Air acétylène).
L’indice de pollution métallique (MPI) a été utilisé [1] pour déterminer le
degré de pollution de chaque station. Il est obtenu par l’équation : MPI=
(CF1xCF2x……CFn)1/n, où CFn est la concentration du métal (n) dans
l’échantillon. Les concentrations en métaux analysés sont exprimées en mg/Kg
du poids sec. La significativité des différences entre les moyennes a été
analysée par ANOVA.
Résultats et discussion
Les résultats de cette étude (tableau 1) ont montré que les Donax de chaque
station accumulent différentes quantités de métaux dans leurs tissus et que le
Zn et le Cu sont les métaux les plus abondants. Dans un ordre de
significativité (p ≤0,05), le Zn et le Cu sont suivis par le Pb. Les
concentrations de ces métaux sont similaires à celles obtenues chez d’autres
bivalves [1]. L’élément qui présente les concentrations les plus faibles dans les
deux populations de Donax est le Cd. Pour le Zn, le Pb et le Cd, aucune
différence significative (p≤0,05) n’a été signalée entre les Donax des trois
stations. Quant au Cu, les concentrations enregistrées dans la station de KA
sont significativement plus élevées que celles enregistrées dans R (p≤0,001)
et BC (p≤0,01). La variation saisonnière de la teneur en Pb est peu
importante. Cependant, les concentrations printanières en Zn et Cu des Donax
de KA diffèrent significativement (p≤0,05) des concentrations enregistrées
durant les autres saisons. Quand au Cd les teneurs signalées sont souvent
faibles ou non détectables hormis le pic printanier chez les Donax de R
(0,66±0,01) et le pic automnal des Donax de BC (0,64±0,18) qui sont les plus
importants (p≤0,001). Le calcul de l’indice de pollution métallique MPI a
montré que le MPI des Donax de BC est supérieur à celui de R et KA. Ces
ions métalliques accumulés au niveau de la chair de Donax proviennent,
probablement des eaux usées non traitées, industrielles et urbaines qui amènent
des quantités considérables de métaux et ce par le biais des oueds Medjerda,
M éliane et Soltane qui débouchent au niveau des endroits très proches de nos
stations.
Selon les normes européennes [2] qui ont été fixées pour autoriser la
consommation de ces organismes (Pb: 1.5 mg/kg, le Cd: 1 mg/kg et le Zn: 100
mg/kg de poids frais), nous pouvons dire que les Donax de cette étude ont des
teneurs en Pb, Cd et Zn inférieures à la limite des teneurs tolérées pour la
consommation humaine.
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Abstract
The Moroccan north-western coasts receive continually high inputs of organic matter mostly anthropogenic, from ship and boat traffic
discharges and untreated sewage and waste water discharges. So, it was urgent to assess the degree of contamination by
hydrocarbons in the zone from Fnideq to Kaâ Asrass, using biota samples (cockles). In this investigation, the study of hydrocarbons is
based on the analysis of chemical indicators (n-alkanes hydrocarbons, isoprenoids, hopanes, LAB) to characterize the contamination’s
sources (biogenic and petrogenic).
Keywords: Bivalves, Chemical Analysis
Material and methods
Sampling On spring 2003, samples of Acanthocardia tuberculata commonly
known as cockles, were collected from 7 sites at the western moroccan
mediterranean sea.
The bivalves have been immediately shelled, crushed and freeze-dried.
Hydrocarbon analysis Entire organisms tissues were crushed, freeze-dried and
soxhlet extracted (5g) with methanol for 10h. Perdeuterated internal standard
(n-C24D50) was added before the extraction. The saponification of the lipid
extract was performed with KOH/distilled water (0.7N, 2:3) for 2h.
Afterwards liquid/liquid extraction was made with n-hexane 3 times. The lipid
extract was concentrated and separated by column chromatography on neutral
alumina/silica (v: v) (5% deactivated) and eluted, with 20ml n-hexane. The F1
fraction corresponding to aliphatic hydrocarbons was concentrated under
vacuum evaporation to dryness and then re-dissolved in 50 µl prior to the
analysis by gas chromatography GC/FID and GC/MS.

Mar. Pollut. Bull. 24: 138– 46.

Preliminary Results
The distribution of n-alkane in all samples shows a trace of terrestrial biogenic
inputs, (important peak n-C27 and n-C29) [1]. n-C17 was detected in some
samples, it indicate a phytoplanctonic origin [2]. It also shows an important
presence of n-C18 and n-C20 related to bacterial origin [3]. UCM was present
in the lower molecular weight range, linked to bacterial degradation of natural
organic inputs [4]. Moreover, the CPI close to unity suggests an oil
contamination [5]. Prystane was absent in most samples except for the O2
site. Inversely to Phytan, it was absent only in O8 site. The Ratios C17/Pr
and C18/Py > 1 indicate a petrogenic contribution which is also confirmed by
Pr/Py<1. On the other hand, hopanes series were determined in the GC/MS
by monitoring m/z 191 in some samples collected from the study area.The
identified component had the thermodynamically stable 17α(H), 21β(H)
configuration which is indicative of pollution from fossil fuel products [6]. A
series of peaks were identified as being the linear alkylbenzene (LAB). They
are used as raw material for synthesizing linear alkylbenzene sulfonates
(LAS), which are the anionic surfactants commonly used in synthetic
detergents [5]. The concentration of total LAB is summered in the Table. such
levels were reported by [6, 7, 5].
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Abstract
Empirical distributions of hydrogen and oxygen stable isotope time series at Ljubljana – Slovenia GNIP precipitation station has been
explored. Results show bimodal empirical distribution of hydrogen and oxygen stable isotope data. Bimodal distribution was described
as representation of the two populations modelled by two component mixture of Gaussian distributions. The mixture of two populations
was described as discrete event by seasonality dependent bimodal distribution.
Keywords: Time Series, Geochemistry, Geochemical Cycles
Introduction

Discussion

Precipitation can be described as stochastic process that varies temporarily and
spatially; it can be expected that their chemical and isotopic characteristics can
be described in the similar way. Literature abounds on stochastic modelling of
precipitation amount and intensity time series; however stochastic models
dealing with chemical characteristics of precipitation are few and stochastic
modelling of isotopic time series is even more in the background. The intention
of the paper is therefore to explore stochastic characteristics of hydrogen and
oxygen stable isotope time series.

The model is interpreted as mixing of the Atlantic and Mediterranean are masses
in the approximate share of 3:1.
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Methods
Stochastic characteristics are represented on the hydrogen and oxygen stable
isotope time series of Ljubljana precipitation. Ljubljana is a GNIP-network
precipitation station where composite monthly precipitations samples are
collected. Operation of the Ljubljana station started on May 1981 and proceeds
until today. It is central European station where influences of the precipitation
originating from Atlantic and Mediterranean air masses are present. Average
LMWL is close to GMWL. [1], [2] On the monthly data values exploratory
analyses was performed and kernel densities were calculated.
Results
Results show that empirical distribution of both data series is bimodal.
Bimodality of empirical distribution p(x) was model as two component mixture
of Gaussian distributions f(x|μ1,σ1) and f(x|μ2,σ2) with parameters μi,σi. The
model can be described as p(x)=af(x|μ1,σ1)+(1-a)f(x|μ2,σ2) where the appearance
of particular component was modelled as discrete event by seasonality
dependent bimodal distribution.

Fig. 1. Kernel densities of oxygen and hydrogene stable isotope composition at
GNIP Ljubljana station
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MODELLING ORGANIC MATTER OXIDATION UNDERNEATH A MEDITERRANEAN MUSSEL FARM
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Abstract
Mussel biodeposits accumulation and oxidation were studied by means of 3 different numerical models: an early diagenetic model, a
population dynamic model and a deposition model. Models were applied at a long-line farm located in the Northern Adriatic Sea by
using a dedicated set of field data. Both field data and model results showed that biogeochemical alterations induced by the mussel
farm are markedly lower compared to the extent of the impacts commonly reported for fish cages. Nevertheless, a model sensitivity
test indicate that organic matter flux, sediment geochemistry and nutrient recycling can vary remarkably as a function of the stock of
the mussels and the environmental forcings scenario considered.
Keywords: Aquaculture, Models, Organic Matter, Bivalves, Adriatic Sea
Introduction During the last two decades, shellfish production raised
questions concerning the environmental impact and sustainability of shellfish
farms, at both local and regional scales [1]. Numerical models have proven to
be useful science-based tools for site-selection and ecological carrying capacity
assessment [2]. Models capable to represent the interactions of mussel
biodeposition with sedimentary redox processes are currently lacking in the
field of aquaculture, although monitoring techniques based on biogeochemical
measures were found to be more cost-efficient than the ones based on
macrofaunal community structure [3]. The main objective of this work was to
study the applicability of a novel approach to model the interaction between
mussel farm biodeposition, sediment geochemistry and nutrient recycling.
Methods Vertical profiles of sediment porosity, and concentrations of organic
carbon, NH4+, NO32-, SO42-, dissolved inorganic P, Mn2+ and Fe2+ were
collected at a mussel farm located off-shore Chioggia (approximately 20m
depth). Two field campaigns were carried out at two stations located
underneath the farm, in February and July 2007. Radiometric dating analysis
was carried out on cores collected underneath the lines in order to assess the
sedimentation rate. N:C and P:C elemental ratios were determined on the
faeces produced from a set of individuals (180) collected from a marked rope
along 8 field campaigns (July 2006 - May 2007). A current-meter was
deployed from July to September 2006 and from April to May 2007. Mussel
density and husbandry practices were estimated on the basis of regular
interviews with the farmers [4]. The standing-stock of the mussels and the
production of biodeposits were simulated through a population dynamic
model (PDM) of M. galloprovincialis [5]. The OM rain underneath the
mussel farm was estimated by means of 3D particle tracking models [6].
Aerobic and anaerobic pathways of organic matter (OM) oxidation were
modelled by means of a 1D reaction-transport early diagenetic model [7]. The
diffusive fluxes of dissolved constituents at the sediment-water interface were
calculated on the basis gradients of their concentrations. Model application
was carried out in three steps: 1)the flux of OM from the farm was estimated
through an inverse use of the early diagenetic model: this was calibrated by
minimising the distance between predicted profiles and field data, under a set
of constraints; 2)the OM flux from the farm was independently estimated by
coupling the population dynamic and particle-tracking models; 3)different
sensitivity tests were carried out, in order to study the potential impact of the
mussel farm, associated with the different scenarios of mussel standing-stock,
bathymetry and hydrodynamic regimes.
Results and discussion The flux of OM originated by the farm, estimated by
calibrating, Fig. 1, the early-diagenesis model was of approximately 15 g C m-2
y -1, lower but comparable with the fluxes estimated by coupling the
population dynamic and particle-tracking models (Fig. 1). These fluxes are
lower than the range measured by [8] underneath a mussel farm located in a
Canadian lagoon, 20-150 g C m-2 y -1. Results from the particle tracking model
indicate that ~ 95% of OC deposited within 500m from the farm boundaries,
on a total surface of 6.5 km-2. As regards oxygen penetration depth, TS
concentrations and dissolved nutrients profiles, results indicate that the
impact of a mussel farm per unit area is markedly lower than the one induced
by finfish cage farming. However, the overall impact of OM oxidation on the
N and P cycles can be regarded as significant, given the extension of the
licensed areas. Results from the sensitivity tests, indicate that the entity of the
impact can vary dramatically in response to the scenario considered,

suggesting the potential use of this type of models as decision support tools
for site-selection and farm dimensioning.

Fig. 1. A-c) Early diagenetic model calibration: predicted profiles versus field
data; d) Population dynamic model and particle tracking model results.
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Selmin Burak 1*, Sibel Zeki 1, Volkan Demir 1 and Ertugrul Dogan 1
1 Istanbul University, Institute of Marine Sciences and Management - sburak@istanbul.edu.tr
Abstract
Until the early 1970’s the Turkish Straits System was one of the richest and most productive marine environments in the world [1].
Due to pollution stemming mainly from land-based pollution and maritime traffic, this sensitive ecosystem is now facing the threat of
degradation.
Keywords: Marmara Sea, Bosphorus, Pollution
Introduction
It has been estimated that on a global scale, up to 70% of pollution in the seas
originate from land-based sources [2]. The marine environment of the
Marmara Sea has become increasingly vulnerable; whose oceanographic
features do not help much its self-purification capacity. This inland sea is a
semi-enclosed water body of 11111 km2 with an average depth of 260m
connecting the Mediterranean and the Black Sea via the Canakkale
(Dardanelles) and Istanbul Straits. Domestic pollution load is generated mainly
by the Istanbul Metropolis and its surroundings where 1/5 of Turkey's
population live [3]. Furthermore large industrial facilities amounting to 60 %
of the total, located on the bays and coastal areas constitute the most
significant portion of local land-based input into the Marmara Sea.
Additionally the marine environment of the Istanbul Strait and Marmara Sea is
confronted with severe environmental degradation due to ship-originated
pollution generated mainly by the bilge/ballast waters of tankers and cargo
vessels.

The ecological hazard generated by oil spill has resulted in the decrease and/or
extinction of surface and subsurface fish species and crustaceans.
Discussion
The experimental results of a ten-year monitoring, study from the year 1996
to the year 2005, indicates an improvement with regard to nutrient load in the
surface waters of the Marmara Sea after the commissioning of the deep-sea
outfalls. But there is still incremental and point source pollution in the
Marmara Sea with high phytoplanktonic activity. Therefore, pollution is still
a concern for the receiving waters of Istanbul and in the Marmara Sea basin in
general despite large investment expenditures allocated to Istanbul [5,6]. The
accidents caused by tankers and cargo ships resulting in loss of human life,
property and damage to the environment have been creating great public
concern. Pollution derived from the maritime traffic in the Istanbul Strait and
Marmara Sea is no exception. Besides sea accidents, illegal practices such as
pumping of bilge and waste water, and unloading of dirty oil and garbage by
transit vessels in particular, contribute to marine pollution, which also affects
recreational beaches [7].

Material and Method
The study was carried out in the Istanbul Strait and Marmara Sea (Figure 1).
The water quality monitoring sampling frequency of the Istanbul Strait was
designed to monitor the sea water quality on a monthly basis at the monitoring
stations, whereas the Marmara Sea stations were followed on seasonal basis
for a comprehensive set of parameters enabling the identification of the
physical, chemical, biological state of the marine environment for all the
stations.
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Fig. 1. Study area

Results
The land-based pollution load for the Marmara Sea generated by major
hotspots was calculated during the compilation of the Istanbul Master Plan
study. DHI found out that the major hot-spots is Istanbul (contributing with
almost 65% of the total land-based pollution to the Marmara Sea) [4]. The
Marmara region is the most developed in terms of industrialization, with a
wide variety of industries concentrated in the Gulf of Izmit, Gemlik and
around Istanbul. The build-up effect of pollution has started to spread over
the continental shelf, giving rise to a widespread deterioration of the natural
balance in the marine ecosystem. Difficult natural conditions such as the
intricate geometry of the Istanbul Strait, sharp turns on the navigation route,
harsh meteorological conditions and transient changes in the flow regime
coupled with increasingly dense maritime traffic create a serious risk of
accident. Significant amounts of crude oil spill have been the major cause of
ecological damage experienced so far as a consequence of maritime accidents.
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Abstract
We present first results of a study started in January 2008 and focused on the analysis of the variability of carbonate system in the
Gulf of Trieste (N. Adriatic Sea). Total alkalinity, pH, and mayor physical and biogeochemical parameters were measured at
PALOMA station (centre of the Gulf). We evidenced the role of direct inorganic carbon riverine inputs, sea water temperature and
production / regeneration processes as mayor drivers of the observed carbonate system variability during the studied period.
Keywords: Adriatic Sea, Ph, Coastal Systems, Carbon
Introduction
The Gulf of Trieste (Adriatic Sea) is the Northernmost area of the
Mediterranean which, as other sub-tropical continental shelf areas, experiences
a strong seasonal cycle. Here, the pronounced cooling of the coastal waters
during winter (7-8°C) and the mixing due to Bora wind events increases the
solubility of CO2 in water, permitting its potential sequestration in the denser
bottom waters by the mechanism of the physical carbon pump. In summer, the
warming of surface waters (28°C) and the scarce circulation may invert the flux
of CO2 with the atmosphere, particularly during period of low primary
production. Because of the low inertia of this shallow coastal ecosystem
compared to the deep sea and of its pronounced seasonal cycle, the Gulf of
Trieste is thought to be highly sensitive toward the climate changes and the
global atmospheric CO2 rising. For this reason, the increase of CO2 dissolved
in seawater and the consequent decrease of pH might lead in this area to earlier
changes of the marine environment due to ocean acidification than elsewhere.
We present first results of a study started in January 2008 and focused on the
analysis of the variability of carbonate system in the Gulf of Trieste with
respect to riverine inputs, sea water temperature and production / regeneration
processes.

concentrations, the Gulf of Trieste was supersaturated from August to
December 2008, acting as a potential source of CO2 for the atmosphere; on the
contrary surface waters were undersaturated from January to June 2009 acting
as a potential CO2 sink.
An exception to this trend was the high pCO2 value (523 µatm) observed in
April 2009, in surface low salinity waters (S=27.6), which was ascribed to the
ventilation of CO2 from supersaturated riverine waters.
The superficial pCO2@15C° values were compared with those reported from
other European coastal zones [4]. From the relatively few data collected,
pCO 2@15°C presented a clear seasonal cycle with lower values in summer
(258 µatm) and higher in winter (495 µatm) wiht an amplitude of 236
µatm. This cycle was more similar to what reported for the North Sea coastal
zones than to the olygothrophic coastal site studied in the western
Mediterranean.
Despite the high alkalinity, the pronounced variability of Revelle factor and of
"Omega" Ca and Ar evidence the overall weak buffering capacity of carbonate
system in the Gulf of Trieste.
Tab. 1. Average values and variability of carbonate system parameters at
PALOMA station on an annual cycle: Aug08-Juy09.

Methods
Since January 2008, pH, Total Alkalinity (TA) and physical/chemical
parameters were acquired on monthly basis, on the whole water column at the
site PALOMA (centre of the Gulf, 25m depth, close to the dynamic pylon
PALOMA – Advanced Oceanic Laboratory PlatforM for the Adriatic sea). pH
have been measured by the spectrophotometric method [1,2] with a precision
of ± 0.001 and the results were expressed on “total scale” in µmolH+/Kg SW at
25°C (pHT @25°C). TA has been measured by potentiometric titration at 25°
C (precision ± 2 µmol/kg) and the results were controlled with sea water
certified as reference material (supplied by dr. A.G. Dickson). The other
parameters of the carbonate system (pCO2, pCO2@15C°, DIC, Revelle factor,
“Omega”Ar, "Omega”Ca) were computed from pH, TA, salinity, temperature,
SiO2, PO4 with the "CO2sys" program. To our knowledge this is the first time
serie of this set of parameters collected in the N. Adriatic Sea.
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Results and Discussion
From October to March, the water column was homogeneous and well
ventilated. pHT @25°C was generally low and constant (avg 7.920), because of
the increased CO2 solubility caused by the low water temperature (down to
8.0°C) and by the exceeding respiration compared to primary production.
During the stratified period of both years (April – Sept.), the combined effect
of high temperature and CO2 assimilation in the upper waters determined the
highest values of pHT @25°C (Tab 1). In contrast, the remineralization
processes in the bottom layer (Apparent Oxigen Utilization – AOU = 142
µM) prevailed on the effect due to the high water temperature (18.9°C)
determining the lowest values of pHT @25°C observed during the whole time
series (Tab 1).
TA concentrations (Tab 1) were higher than in open Mediterranean sea (~
2600 µmol/Kg [3]) due to the inflow of rivers with a carbonatic drainage basin.
TA variability was mainly modulated by riverine inputs with variable TA
concentrations and by the occurrence of strong remineralization processes in
the bottom layer (Aug.- Nov. 2008, up to 2693 µmol/kg) as shown by the
relationship with AOU.
The seasonal evolution of in situ pCO2 was deeply influenced by the
variations of temperature. Despite the production processes in the upper
water column, the effect of temperature increased pCO2 at values higher than
400 µatm on the whole water column, from August to December 2008. In
contrast, its values were always lower than 350 µatm from January to June
2009. If we assume an average value of 380 µatm for atmospheric CO2
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HEAVY METALS DISTRIBUTION IN MARINE SEDIMENTS OF THE EAST ADRIATIC SEA
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Abstract
Heavy metals (Cd, Pb, Cu, Zn and Ni) concentration and distribution were determined in marine sediments along the Montenegrin
coast in the East Adriatic as there is luck of historical, continuous data about heavy metals pollution of this area. The distribution
shows that metals concentration decrease in the sediment samples from SE to NW along the coast. The concentrations are generally
not high, revealing that the investigated coastal area is not polluted.
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Introduction
Sediments are usually regarded as the ultimate sink for heavy metals
discharged into the marine environment, thus determination of the distribution
and concentrations of the heavy metals in sediments is of great importance in
environmental pollution studies [1]. The study area is the Montenegrin coast
which belongs to the Eastern South Adriatic. The Adriatic Sea is located in the
central-north part of the Mediterranean Sea. It is relatively shallow sea
especially subjected to pollution due to its semi-enclosed character [2]. Heavy
metals in the surface sediments from Montenegrin coast may originate either
from natural sources (weathering, pluvial and fluvial erosion), but also from
anthropogenic sources (e.g. industrial and municipal effluents, port activities,
traffic, rivers, atmospheric inputs). Surface sediment samples collected from
the seven near-shore and off-shore stations along the Montenegrin coast were
analyzed for Cd, Pb, Cu, Zn and Ni. In the investigated area seven stations
(Figure 1) were selected from the entrance of the Boka Kotorska Bay to the
mouth of the Bojana river in order to estimate level of concentrations and to
present spatial distribution of chosen metals that are mostly associated with
anthropogenic inputs [1].

different parts of the Adriatic ([3], [4]). According to some sediment quality
criteria ([5], [6]), low concentrations of the examined metals indicate that
investigated sediment is not polluted. Exception is Ni which level is higher
than in the surroundings.
Conclusion
The distribution shows decreasing concentration trend for all metals going in
SE-NW direction along the coast and increasing concentration trend with the
distance from the shore side. This can be explained with the influence of the
Bojana river inside and outside of its estuary, as well as with general anticlockwise circulation of the Adriatic waters. Comparisons indicate that
sediment of the examined area is not polluted.
Acknowledgement
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Fig. 1. The investigated area with sediment sampling sites
Meterials and methods
Seven sediment samples (on location 2-1 was sand) were taken in November
2007 with italian research vessel "G. Dallaporta" by using box corer.
Concentration of Cd, Pb, Cu, Zn, and Ni in surface sediment samples were
determined by Energy Dispersive Polarised X-ray Fluorescence
(EDPXRF).
Results and discussion
Metal concentrations in the sediment samples (dry weight) range from 10.64
to 24.35 mg/kg for Pb, from 0.0893 to 0.2713 mg/kg for Cd, from 61.43 to
109.40 mg/kg for Zn, from 20.46 to 44.30 mg/kg for Cu and from 172.69 to
325.70 mg/kg for Ni. Minimal concentration of investigated metals was
registered in front of the entrance of the Boka Kotorska Bay on locations 1-1
(Cu, Zn, Ni) and 1-2 (Cd). The exception is Pb which minimal concentration
was found on location 3-1. All examined metals had maximal concentration on
position 4-5 which is located 14.5 km from the mouth of the Bojana river.
Comparing near and off-shore concentrations for Pb, Cd, Cu, Zn and Ni it can
be noticed that all metals have shore side concentration less than metal
concentrations distant from the coast. The obtained concentrations for Pb, Cd,
Cu and Zn are comparable or less than those reported for sediments from
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Abstract
The contamination of the Greek coastal zone was investigated in the framework of the Programme MYTIMED (INTERREG IIIb MEDOCC). Caged mussels were transplanted in 38 sites along the Greek coastline. Measured contaminant levels in caged mussels
were similar to those from previous studies and achieved to differenciate contaminated and unpolluted areas. Mussels from Saronikos
and other gulfs were the more contaminated, followed by Ionian sea, North. Central and Eastern Aegean areas had intermediate
concentrations and South Aegean and Libyan areas had the lowest. Biomarker’s and metal’s statistical analysis showed similar results
with small exceptions. However biomarker’s and bioaccumulation’s results are complementary and offer different information for the
environmental status of a site.
Keywords: Bio-Accumulation, Metals, Bio-Indicators, Monitoring
Introduction
The contamination of the Greek coastal zone was investigated in the framework
of the Programme MYTIMED (INTERREG IIIb - MEDOCC). The Programme
aimed evaluating the chemical quality of Eastern Mediterranean exploiting the
active biomonitoring qualities of mussels [1].
Materials and methods
Caged mussels originated from an aquaculture in Saronikos gulf, were
transplanted in 38 sites along the Greek coastline in depths ranging from 20 to
30 m and occasionaly deeper for a period of 3 months. Metals (Cu, Ni, Mn, Zn
and Fe) and biomarkers (Metallotheioneins, Acetylholynesterase, Catalase and
Glutathione-S-Transferase) were determined in 4-5 pooled replicates from each
station. The standardisation of metallic results was based on the condition index,
while biomarker results were not standardised.

results for all metals and revealed statistically significant differences among the 8
areas (P<0.05) Saronikos and the other gulfs being the more contaminated,
followed by Ionian sea stations. North, Central and Eastern Aegean areas had
intermediate concentrations while South Aegean and Libyan areas had the
lowest. Biomarker’s statistical analysis showed also similar results for all of
them. Although the observed differences among the areas were not statistically
significant, the obtained pattern was similar with that of metals, with the
exception of Libyan stations witch showed stress. The above phenomenon
could possibly be attributed to other kind of stress than contaminants, since the
used species reached there its geographical limits.

Results and discussion
The recovery of cages reached 92%: only 3 cages couldn’t be collected.
Mortality was less than 20% that is similar to previous studies [2].
Concentration of metals expressed in μg/g dry weight ranged from 2.33 to 5,81
for Cu, 1.61 to 7,56 for Ni, 38 to 233 for Zn, 1,76 to 11,0 fro Mn and 38 to 182
for Fe. Metallothioneins ranged between 94 and 225 μg/g tissue,
Acetylholynesterase activities between 165 and 326 U/mg protein, Catalase
activities between 0,7 and 3,59 U/mg protein and Glutathione-S-Transferase
activities between 35.9 and 70.4 nmoles CDNB/mg protein.
Generally the measured contaminant levels in caged mussels were similar to
those from previous studies in native populations [3], [4], [5] and achieved to
describe differences between contaminated and unpolluted areas Fig 1.
Fig. 2. Cluster of mean values of measured parameters per main geographical
Greek area

The clustering of data (Fig 2) -containing mean values of each parameter per
geographic area was in accordance with ANOVA analysis foundlings. However
we have to note that biomarker’s and bioaccumulation’s results are
complementary and offer different information for the environmental status of a
site.
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Abstract
Organic matter sources in sediments from the north of Moknine hypersaline system were assessed using lipid biomarkers.
Alkylbenzenes in the C18-C22 range, with an even carbon number predominance and a maximum at C19, occur in substantial
abundance in most sediment samples. High molecular weight alkylbenzenes are only present in low concentration <1%. Total aromatic
hydrocarbons are essentially composed of the isomers of C18, C19 and C20 alkylbenzenes. Cyclization and aromatization of linear
alkanes was probably the pathway for the formation of most aromatic units upon organic matter diagenesis.
Keywords: Geochemistry, Bacteria, Coastal Systems, Evaporites, Organic Matter
Introduction
Alkylbezens moleculars have been detected in particulars geologicals systems
under sulphate reduction conditions [1]. These systems are characterized by
evaporitic deposits (carbonates and salt). In the present work we report the
result of the study of aromatic fractions in the recent sediments of the
hypersaline Moknine system. We identified the origin of aromatic fraction
composed by the alkylbenzenes and the dynamic system in the recent.

Conclusion
Organic matter constitutes a minor but important fraction of hypersaline
Moknine system sediment. Sources of organic matter include primary
production within the system; input of terrestrial material and products
connected to microbial activity in water and sediment. The distributions of the
alkylbenzene compared to the n-alkanes distribution show that the carbon
number distributions of these alkylbenzene compounds resembled those of the
n-alkanes found in the same sediment with the high odd carbon preference
between nC17-nC31. This indicates that the alkylbenzenes may have the same
fatty acid precursors as the n-alkanes. The alkybenzene could have been
formed by direct cyclization and aromatization, while the n-alkanes could have
been formed by decarboxylation of the straight chain fatty acids.

Geological setting
The Moknine sebkha is an evaporator system from eastern zone of Tunisia
and it belongs to group of the Sebkha with lozenge morphology near the
Mediterranean sea. Periphery deposit is composed by sand and silty-sand
(SM9) and medium zone and central part are composed by clay deposits and
covered by Halite.
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Methods
Sediments samples were collected from 3 sites (site 9, 10 and 12) of Moknine
sebkha using PVC tube (75 mm of diameter). Samples were extracted with
chloroform in a soxhlet extractor for 12h. Total extracts were fractionated by
column chromatography on silica gel with different solvent sequentially.
Aromatic hydrocarbons were obtained by eluting with a mixture of hexane and
chloroform (2V/1V) and analysed by gas chromatography/mass spectrometry
(GCMS) on Agilent Technologie 6890N connected with Agilent 5973
Network mass spectrometer (operated at 70eV, cycle time 2.24s, and range
m/z: 35-600). Ratios of various biomarkers were calculated using peak heights.
Compound were quantified by integration of appropriate mass chromatograms
of m/z 91 and 105 (alkylbenzene, phytanylbenzene).
Results
Mass chromatography of m/z 91 reveals the presence of homologous series of
n-alkylbenzene ranging in most samples from C18 to C22 in different profiles
from the north of the Moknine sebkha. Sometimes peaks on C23 to C31 are
detected in sediment. This distribution can be explained by the low biological
diversity in hypersaline environments [2]. Moknine sebkha, is restrict
evaporator environment where only cyanobacteria and algae developed [3].
All samples are dominated by linear alkylbenzenes which thought to be
formed by cyclization and aromatization of precursor possessing linear carbon
skeletons. They are substituted at different positions (1, 3, 4, 5, 6 and 7) and
originate or are diagenetically transformed lipids. Generally, it’s accepted that
fatty acids derived from biological organisms are likely precursors of
alkylbenzene in sediment via well-known sedimentary dehydration and
cyclization reactions [4].
Two compound are identified C19 : 1-methyl-4-dodecylbenzene and 1ethylundecylbezene or 3phenyltridecane and C20 : 1-methyl-4tridecylbenzene components, characterized by a base peak at 105 and 119 and
corresponding molecular ions at m/z 260 and 274. The highest concentrations
of isoprenoid benzenes occur in clay sediments of the centre which is
associated with high concentration of halite. In this context halophilic
archaebacteria have been suggested previously as a source for sedimentary
phytanylbenzene [5]. In the Moknine sebkha these component derived from
algae or cyanobacteria. In fact, the similar structure of the phytanyl benzenes
and natural quinones when the isoprenyl group position is compared with the
methyl groups in the aromatic ring [1].The presence of phenylbenzene in the
Moknine system could be related to highly reducing palaeoenvironments.
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Abstract
La palourde reste l’espèce la plus estimée en Tunisie, elle est répartie le long du littoral tunisien avec une concentration plus
importante au Nord et au Sud. L’étude de la composition en métaux traces et en benzo(a)pyrène (BaP) de cette espèce provenant
des différentes régions de la Tunisie a été réalisée dans ce travail. Les résultats montrent que la palourde des zones Sud présente des
concentrations plus importantes en Cd, en Pb et en BaP que les zones Nord. Pour le Hg, la teneur trouvée varie d’une zone à l’autre,
le maximum est enregistré au niveau de Tunis.
Keywords: Metals, Bio-Accumulation, Bivalves
Matériel et Méthodes
Les échantillons R. decussatus prélevés sont mesurés et pesés. Ensuite, la
totalité de la chair est récupérée, homogénéisée, lyophilisée, broyée et tamisée.
La minéralisation est effectuée par micro-onde (Mellistone). Les dosages des
métaux Cd et Pb sont réalisés par Spectrophotométrie d’Absorption Atomique
(SAA type Varian 220Z) à four graphite, celui du Hg par la SAA en vapeur
froide. L’assurance et le contrôle qualité sont assurés par l’utilisation de
matériau de référence certifié (Nist 2976). Les analyses de benzo(a)pyrenne
selon la méthode de l’UNEP [1]. Une analyse statistique moyennant les
Analyses en Composantes Principales (ACP) [2] a été utilisée pour comparer
les régions.

des métaux traces dans la palourde varie en fonction des zones. Les faibles
teneurs enregistrées dans certaines zones dénotent la faible contamination du
milieu par les éléments en traces. En effet, les travaux d'Ennouri [5] et de Sfriso
[6] montrent que la bioaccumulation dans les bivalves dépend de la disponibilité
des métaux dans le milieu qui est lui-même tributaire des rejets anthropiques et
industriels déversés. L’analyse statistique nous a permis d’identifier trois
groupes, le premier constitué par Sfax et Médenine présentant la contamination
la plus forte, le second formé par Tunis indiquant une contamination par le Pb
et enfin le dernier groupe renfermant Bizerte où les éléments dosés sont faibles
par rapport aux autres zones. Donc, la qualité de la palourde dépend
étroitement de la zone où elle vit et par conséquent du type de nourriture et de
l’état du milieu environnant. On peut conclure que ce travail nous permet
d'avoir un aperçu de la qualité chimique de l’ensemble du milieu étudié.
Toutefois, il faut noter que le degré de contamination par les micropolluants
dosés dans la palourde tunisienne reste largement inférieur aux normes usuelles
(Tableau 1).
Tab. 1. Teneurs moyennes en métaux traces et en benzo(a)pyrène dans la chair
de la palourde des côtes tunisiennes (± écart type ; Poids Frais (PF))

Résultats et Discussion
Les analyses ont été effectuées sur 4 lots de 25 spécimens provenant de cinq
zones, Sfax (S), Gabès (G), Médenine (M), Bizerte (B) et Tunis (T) (Figure 1)
durant les années 2007 et 2008. Les dosages des éléments chimiques ont été
réalisés par SAA et par GC/FID.

;
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Fig. 1. Zone des prélèvements des échantillons de la palourde (R. decussatus) le
long des côtes tunisiennes (B:Bizerte,T: Tunis,S: Sfax, G:Gabes, M :
M édenine)

Les moyennes et les écarts types des teneurs en métaux traces et en benzo(a)
pyrène dans la masse molle de la palourde provenant des différentes zones sont
résumés dans le tableau 1. Les résultats montrent une variation nette entre les
sites étudiés, sauf pour le BaP qui est du même ordre de grandeur dans toutes
les zones.
Les teneurs en métaux traces montrent que la palourde des zones Sud de la
Tunisie S, G et M présente des concentrations plus importantes en cadmium
que les zones Nord B et T. En effet, elles sont dues aux rejets anthropiques et
industriels dans cette région [3]. Pour le Hg et le Pb, les doses trouvées varient
d’une zone à l’autre. Le maximum est enregistré au niveau de la zone de Tunis
(T), caractérisée par la présence de stations thermiques. Les concentrations en
BaP considérées comme indicateur de pollution par les HAP [4] ne présentent
pas une différence entre les zones. Cette étude montre que la bioaccumulation
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MERCURY BIOACCUMULATION IN THE EUROPEAN HAKE (MERLUCCIUS MERLUCCIUS) FROM THE
GULF OF LIONS AND THE BAY OF BISCAY
D. Cossa 1*, M. Harmelin-Vivien 2, C. Mellon-Duval 1, V. Loizeau 1 and S. Crochet 1
1 IFREMER - dcossa@ifremer.fr
2 Université de la Méditerranée
Abstract
Total (HgT) and methylmercury (MeHg) concentrations were measured in the muscle tissues of European hakes (Merluccius
merluccius) from the Gulf of Lions (Northwestern Mediterranean) and the Bay of Biscay (Northeastern Atlantic). Similar chemical
measurements have been performed on plankton samples and fish preys sampled in the same areas. Relationships between HgT and
MeHg concentrations and the size, sex, δ15N (indicator of food web structure), growth rate and habitat of the fish were examined.
Difference in growth rate between the two environments and change in feeding habits when the fish is entering adulhood seem to be
the major factors governing the mercury bioaccumulation.
Keywords: Fishes, Mercury
Introduction
Mercury biomagnification in aquatic food webs is well established (Luoma and
Rainbow, 2008). This process results from high efficiency of uptake and slow
excretion of methylmercury (MeHg) in biota. In this context, differences in the
Hg bioaccumulation in the same fish species caught from different environments
can be due to factors such as mercury bioavailability, fish growth rate and
specific food web structure of the fish habitat. Here, we document the
bioaccumulation of HgT and MeHg in the muscle of the hake (Merluccius
merluccius) from the Gulf of Lions (NW Mediterranean) and the Bay of Biscay
(NE Atlantic); the aim of this study was to improve our understanding of
mercury bioaccumulation pathways in marine fish.

probably related to the changes in feeding habits when the fish is entering
adulthood, i.e., 25 cm for GL hake and 40 cm for BB. These changes go with the
differences in the growth rates of the hake between the two studied
environments (Fig. 2).

Studied sites
The samples were collected along the shelves and continental slopes of the Bay
of Biscay (BB) and Gulf of Lions (GL) in 2002 and between 2004 and 2006
respectively.
Methylmercury in the water column
The vertical distributions of MeHg in the water column near the fish sampling
stations exhibit similar patterns in the two studied areas: concentrations were
low in the photic zone and they increased downward within the organic matter
mineralization zone; this is consistent with recent observations made in the
open waters of the Mediterranean Sea (Cossa et al., 2009). L

Fig. 2. Total length versus age of hakes from the Atlantic and Mediterranean

Effect of fish growth rates
The higher growth rate of hakes from the Bay of Biscay relative to those of the
Gulf of Lions (Mellon-Duval, in press) may produce a biological dilution of the
MeHg mercury absorbed by the fish and accumulated in the muscle tissue.
Individuals enter adulhood when they reach 2 years in both areas.

References

Fig. 1. Methylmercury versus delta 15N in the muscle of hakes and their preys
from the Atlantic and Mediterranean

Effect of trophic position
The bioaccumulation and biomagnification of MeHg in the hake muscle, and in
plankton, suprabenthos and other components of the food web are illustrated on
figure 1 using δ15N as a proxy of the trophic level. The increase of the MeHg
concentration with the trophic level agrees with the current paradigms (Hoffman
et al., 2003). However, we observed two special features: (i) a shift toward
higher δ15N for hakes from BB compared to similar size individuals from the
GL, and (ii) higher MeHg concentrations in the muscle of the Mediterranean
hake (GL), in spite of their lower δ15N. In fact, the shift for high
δ15N concerns not only the Atlantic hake but also its whole food web since
similar δ15N (4.1 %0) are found for plankton mixture from GL and
phytoplankton from BB. It is also noteworthy that the slope of the relationship
MeHg vs δ15N is steepest for adult hake from GL. This last observation is
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Abstract
Distribution of Cd, Pb, Cu, Zn and dissolved organic carbon (DOC) in water column of Bjejajka anchialine cave were studied
seasonally (wet and dry periods). Metal amounts in water column were significantly higher compared
to those found in seawater
-1
samples taken in near vicinity (100 m). Unusually elevated concentrations of cadmium (up to 300 ng L-1 ) were found in water column
of Bjejajka cave, which are-1two orders of magnitude higher than in nearby surface seawater
(~ 7 ng L ). DOC amount in cave water
-1
column (up to 10.5 mg C L ) was enhanced comparing to open seawater (up to 3 mg C L ), and diminished below halocline. Elevated
concentrations of trace metals and DOC in Bjejajka anchialine cave were of natural origin caused by biogeochemical processes.
Keywords: Metals, Organic Matter, Adriatic Sea
Experimental
Bjejajka anchialine cave in the remote Mljet National Park is connected
hydraulically with Adriatic seawater. Tide inside the cave follows outer
surface seawater level, but replenishment of the water is restricted by the
karst rock. The water in the cave has a long residence time compared to a
fully-flushing cave. This anchialine environment reveals a number of
characteristics, such as well-developed halocline and hypoxia. Water samples
for Cu, Cd, Pb, Zn and DOC determination were collected during 2009 by
speleo scuba-diver. Metal measurements were performed by differential pulse
anodic stripping voltammetry (DPASV), while DOC was obtained by high
temperature catalytic oxidation using a non-dispersive infrared detector. Trace
metals concentrations are presented as dissolved and total fractions. Total
metal concentrations were measured in acidified (pH < 2), unfiltered and UV
irradiated samples, while dissolved metal and DOC concentrations were
obtained from filtered (0.45 µm) samples. Additionally, temperature, salinity,
pH and dissolved oxygen concentration were determined directly in water
column of anchialine cave. Salinity increased with depth in the range from 3 ‰
at the surface to 38 ‰ in bottom water layer, showing water column
stratification.

DOC concentrations.
In studied area, without considerable anthropogenic influence, natural
processes of mineral leaching, soil weathering and input of terrestrial natural
material were likely responsible for significantly elevated trace metals and
DOC concentrations in water column of an anchialine cave.

Results and discussion
Metals concentrations throughout entire water column of Bjejajka anchialine
cave were significantly higher compared to metals amount found in seawater
samples taken in near vicinity (about 100 m). Total metal concentrations in
-1
cave’s water column were found as follows: Pb from 0.05 to 1.4 µg L , Cu
-1
-1
from 0.73 to 4.82 µg L and Zn from 0.74 to 3.05 µg L . Moreover, cadmium
concentrations in water column of Bjejajka cave were greatly elevated
compared to Cd amounts found in surface seawater. In January 2009,
substantial concentrations of total Cd were found in bottom water layer (300
ng L-1 ) and in surface layer 45 ng L-1 in Bjejajka cave water column. However,
in surface seawater samples collected in the vicinity of the Bjejajka cave, quite
low total concentrations were measured, i.e. 7 ng L-1 Cd, 30 ng L-1 Pb, 200 ng
L-1 Cu and 200 ng L-1 Zn. Bjejajka cave was developed in Mesozoic dolomites
with limestone lenses. It has been demonstrated that dolomitic rocks can
contain elevated concentrations of Zn, Pb, and Cd [1]. Mineral leaching of
such lithologies is responsible for the increased Pb, Zn and particularly Cd
amounts in waters of Mljet NP [2]. Cd concentrations in anchialine cave water
column increase linearly with salinity (Fig. 1A). It implies mineral leaching of
dolomitic rocks by seawater entering the cave, hence carrying Cd into the
bottom layer of cave’s water column. Also, cave’s water receives considerable
metal amounts by wet deposition and soil weathering. Hence, Cd, Pb and Zn
contents have been enhanced in cave’s upper water layers during and after
rainy periods. Furthermore, a colony of bats inhabits Bjejajka cave. Cadmium
-1
concentration in guano of these flying mammals was found to be 1.8 mg kg
wet weight. Since the Cd concentration in bat guano has not been reported so
far, we compared it with amounts usually reported in Eastern Adriatic Sea
coastal sediments that contain significantly lower Cd content (< 0.8 mg kg-1
wet weight) [3]. Apparently, natural process of bat guano leaching also was
the source of cadmium elevated concentrations in water column and sediment
of Bjejajka cave.
-1
DOC content in cave’s water column was enhanced (up to 10.5 mg C L )
compared to seawater (up to 3 mg C L-1 ) and generally decreases with depth
and linearly with increasing salinity (Fig. 1B). It suggests that terrestrial input
by soil weathering and bat guano leaching would be the source of elevated

Fig. 1. Seasonal dissolved Cd (A) and dissolved organic carbon (B)
concentrations vs. salinity (ppt) in Bjejajka cave water column.
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Abstract
Preliminary study of bivalves’ soft tissue exposure to trace metals (Cd, Pb, Cu and Zn) from water column in the Mljet NP, was done.
Elevated trace metal concentrations in water column and bivalves were observed in semi -enclosed saline lakes. Determined
concentrations were most likely from the natural source, taking into account hydrogeological characteristics of the investigated area.
Keywords: Adriatic Sea, Metals, Bivalves
INTRODUCTION
Mljet NP is part of the Mljet island in Croatian Southern Adriatic with two
connected saline lakes as its main water body (Fig. 1). Veliko Jezero (VJ) and
Malo Jezero (MJ) lakes were developed in Mesozoic limestones and
dolomites, which are semi-enclosed and connected to the open sea by narrow
channel. It is very important to highlight that dolomitic rocks can contain
elevated concentrations of Zn, Pb and especially Cd [1]. For metals
determination composite soft tissue samples of nearly equal bivalves length
were prepared, as accumulation of metals is connected with biotic and abiotic
factors governed by their size and age [2]. Metals concentrations were
measured by differential pulse anodic stripping voltammetry (DPASV).

found to be: Zn 1322±39 mg/kg in MJ and 251.3±8.8 mg/kg in VJ; Cu
34±1.26 mg/kg in MJ and 26.41±3.01 mg/kg in VJ; Pb 0.22±0.04 mg/kg in MJ
and 0.10±0.01 mg/kg in VJ (all mass concentrations are in wet weight). In the
water column of all Mljet NP water bodies concentrations of these metals
were enhanced, especially after heavy rainfalls. The lack of anthropogenic
influence on the lakes metal concentrations, suggested natural sourcing of these
elements into the lakes. It should be taken into account that Cd is present in
the water column mostly in dissolved form, appropriate for accumulation in
bivalves. Zinc and copper were partly adsorbed onto particles but still in
significant amount as dissolved and available for accumulation by bivalves. Pb
is adsorbed the most onto particles and its concentration in bivalves’ soft
tissue was lowest.
This study showed, unequivocally, the suitability of bivalves as metal
biomonitors, as metal concentrations are not necessarily elevated due to
anthropogenic activities. Unexpectedly high metal concentrations (cadmium
the most) in the water column and bivalves originated from dolomite rocks and
was brought to waters by leaching and soil weathering during rainfalls.
Enhanced cadmium level in bivalves over allowed concentrations regulated by
national bylaw on harmful substances in food, was determined to originate
from natural source, dolomite rocks leaching, in the first place.
Tab. 1. Metal concentrations in bivalves soft tissues (expressed in ug/g wet
weight) sampled in aquatorium of National Park Mljet

Fig. 1. Mljet National Park map

RESULTS AND DISCUSSION
Bivalves' samples were taken from Malo jezero lake, Veliko jezero lake and
open sea coastal area. Bivalves investigated were: Arca noae, Mytilus
galloprovincialis, Modiolus barbatus and Ostrea edulis. There are major
differences in the uptake rate of dissolved metals among different species of
bivalves [3]. E.g. scallops and oysters have the highest uptake rate constants
for different metals as result of their high pumping rates. Within Malo Jezero
lake underwater karstic spring (freshwater efflux by dolomite rocks leaching
and soil weathering, showed high metal concentrations) is located. Karstic
spring input raised metal concentrations in waters of the National park water
body [4]. Therefore, metal concentrations (Zn, Pb and especially Cd) in the
water column and in bivalves, were over expected values. Most interesting
were Cd concentrations in tissues of Modiolus barbatus and Ostrea edulis
that were over 1 mg/kg wet weight in all investigated Mljet water bodies (MJ
and VJ) (Table 1). Considering the National bylaw on toxins, metals,
metaloids and other harmfull substances in food, maximum allowed values of
Cd in the tissue of shellfish is 1 mg/kg, while in Ostrea edulis 1.68±0.09 mg/kg
in MJ and 0.37±0.03 mg/kg in VJ, were found. In Mytilus gal. and Arca noae
were below 1 mg/kg due to different metabolism of these bivalves [3]. Cd
dissolved concentrations in the Mljet NP lakes were enhanced due to input of
its considerable amounts through the karstic spring and dissolved cadmium
concentrations in Mljet NP water body were: MJ (near karstic spring)
18.7±1.4 ng L-1, in VJ 12.0±0.6 ng L-1 and in the open Adriatic sea 6.4±0.9 ng
L-1. All metal concentrations in bivalves were given as mass in wet weight.
Zn, Pb and Cu concentrations in composite bivalve soft tissue samples are
shown in Table 1. As an example, metals concentrationsin Ostrea edulis were
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Abstract
A preliminary study of distribution of total trace metal concentrations (Cd, Pb, Cu and Zn) and physico-chemical parameters (water
temperature, pH, dissolved oxygen (DO), dissolved organic carbon (DOC) redox and salinity) in water column of anchialine cave
Orljak in the well stratified Krka River estuary (Croatia) has been performed. Metal amounts and physico-chemical parameters in
cave water column were compared with related column in Krka River estuary.
Keywords: Estuaries, Metals, Adriatic Sea, Organic Matter
Study area & methodology
Recently anchialine objects as a very unusual aquatic environments became
target of interdisciplinary research [1,2]. The Orljak cave is unique anchialine
cave at Eastern Adriatic coast because of its connection with brackish water.
Anchialine cave Orljak is located in Cretaceous limestone with macro fossils 50
m from coast in lower part of the Krka River estuary. Cave is 23 m deep and 90
m long with two water bodies (2 and 7 m) probably well hydraulically
connected with estuary water (tides are notable).

absence of autochthones DOC productivity by phytoplankton, as well as
neglected anthropogenic influence (Fig. 2A). Total metal concentrations of zinc,
cadmium and lead in anchialine cave’s water were higher comparing to
concentrations in estuary waters, while total copper concentrations were higher
in estuary waters due intensive boat traffic [3].

Fig. 1. Location of anchialine cave Orljak.

Physico-chemical parameters (water temperature, pH, dissolved oxygen, redox
potential and salinity) were measured in situ by Hydrolab MiniSonde 4a
equipped with the following sensor: pressure (depth), T, conductivity/salinity,
pH (with Ag/AgCl/KCl sat as reference), Eh (Pt xire with the same ref as pH),
O2 (by amperometric measurement). Samples for DOC and trace metal analyses
(Cd, Pb, Cu and Zn) were taken by scuba divers, respecting a principle of a
‘‘clean sampling technique” in summer 2009. Concentrations of DOC were
determined using a TOC-V analyser (Shimadzu), calibrated using sodium
hydrogenophtalate standard solutions, with an accuracy of 0.8 μMC. Total trace
metal concentrations were measured in unfiltered, acidified (pH < 2) and UV
irradiated water samples (24 h, 150W mercury lamp, Hanau, Germany).
Determination of Cu, Cd, Pb and Zn concentration were performed by
differential pulse anodic stripping voltammetry (DPASV) using static mercury
electrode (663 VA STAND, Metrohm, Switzerland) connected to µAUTOLAB
potentiostat (EcoChemie, Utrecht, The Netherlands).
Results and discussion
Values of physico-chemical parameters (water temperature, pH, dissolved
oxygen (DO), from anchialine cave Orljak and the Krka River estuary are
graphically presented in Figure 1 A and Figure 2 B, respectively. Total metal
concentrations and dissolved organic carbon (DOC) from cave and estuary are
graphically presented in Figure 1 C and Figure 1 D, respectively. Quite low and
constant DOC concentrations along the cave water column profile reflect

Fig. 2. Vertical profiles of temperature, pH, salinity, redox, dissolved oxygen
(DO), dissolved organic carbon (DOC) and total concentrations of Zn, Cd, Pb
and Cu in Orljak Cave and Krka River estuary.
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Abstract
Concentrations of Cd, Co, Cu, Fe, Ni, Pb and Zn were determined in marine algae. Certain macroalgae species were chosen among
the green, brown and red algae species at Sinop stations in the Turkish coast of the Black Sea in 2009. The concentrations of the
heavy metals Co, Cu and Zn in the present study are higher, but Fe, Ni and Pb are lower when compared with previous study in the
same region.
Keywords: Algae, Black Sea, Metals
Tab. 1. Average heavy metal concentrations (mg kg-1 dry weight) in
marine algae samples of all sampling stations

INTRODUCTION
Sinop is located at the outermost point on the Turkish coast line of the Black
Sea. The fishing potential of this region is important for production of fish
meal and oil from fresh anchovy fish. The Black Sea has been subject to very
high levels of pollution due to industrial activity, municipal wastewaters,
agricultural chemicals, oil pollution and airborne particles. The macroalgae
species are usually used to indicate heavy metal levels in both estuarine and
coastal waters throughout the world. In benthic food webs, macroalgae are key
links and they act as time-integrators of pollutants [1]. Sinop is the main
station where our investigation on the heavy metal pollution of marine algae
have been carried out since 1986, because it is route on the anchovy fish
migration [2]. Some papers have been published concerning heavy metal
concentrations measured in macroalgae species collected from the Sinop region
[3],[4],[5],[6].
MATERIALS AND METHODS
The aim of this study is: (1) to determine the concentration of Cd, Co, Cu, Fe,
Ni, Pb and Zn in macroalgae samples collected from different stations of the
Sinop region during 2009 and (2) to compare the present results with the
similar studies have been carried out in the same region of the Black Sea. 6
sampling stations of macroalgae were establised in Sinop region (Akliman,
Pazaryeri, Karakum, Ormankampi, Yaykil, Gerze). The marine algae species
were Enteromorpha intestinalis, Enteromorpha linza, Ulva lactuca,
Cladophora serices (green algae), Cystoseira barbata (brown algae)and
Gelidium crinale, Ceramium rubrum, Corralina officinalis, Coralina ssp.
(red algae). About 500 g of the fresh weight were harvested at low tide. The
samples were rinsed to remove sand and epiphytal materials (1) in the sea
water and (2) then with top water and (3) distilled water. They then were
dried at 85 oC and homogenized. All procedure of the method was similar to
that previously described [5]. The concentration of the heavy metals were
determined by ICP-MS.

CONCLUSION
In previous study, the heavy metal levels were investigated in C. barbata and
E .linza collected from the Sinop during the period of 1998-2000 [6]. Our
results showed that Co, Cu and Zn concentrations are higher, but Fe, Ni and
Pb levels are lower than in the same macroalgae species collected from the
Sinop in 2000. A comparison of the present results with data reported for
similar macroalgae species from other Turkish marine environment, suggest
that the heavy metal levels are not higher in the Sinop region than Bosphorus
and Marmara Sea macroalgae.
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RESULTS
The heavy metal concentrations in marine algae are shown in Table 1. Errors
will be calculated from counting statistics. The highest uptake in macroalgae
species at the sampling sites were as follows: Cu and Ni in G. crinale, Fe and
Pb in E. intestinalis, Zn in C. sericea and Co in U. lactuaca. The heavy metals
accumulated in different algal taxa were: in green algae, Fe, Pb and Zn; in
brown algae Co; in red algae Cu and Ni. The Cd concentrations in tested macro
algae samples were found to be below the lower limit detection (<0.01). The
highest amounts of heavy metals in macro algae samples were found as: Co
and Pb in Akliman; Cu and Ni in Yaykil and Fe and Zn in
Karakum.
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EVALUATION DU TRANSFERT DU CADMIUM LE LONG DE LA CHAINE TROPHIQUE DANS LA REGION
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Abstract
Cette étude porte sur le transfert du Cadmium dans la chaîne trophique, dans la région de Skhira. Il s’agit d’une zone qui est soumise
essentiellement au rejet des eaux de refroidissement de la chaîne de traitement des phosphates et du terminal pétrolier Trapsa. Le
suivi semestriel de ce métal dans différents organismes récoltés dans la zone a permis de mettre en évidence deux types de transfert :
du sédiment vers les phanérogames et du sédiment vers la palourde. Le gradient automne - printemps a été défini.
Keywords: Cadmium, Posidonia, Gulf Of Gabes
Introduction
Ce travail porte sur des chantillonnages semestriels dans la région de Skhira aux
abords de l’usine de transformation des phosphates, le port de pêche de
Zaboussa et le terminal pétrolier de TRAPSA. Nous avons essayé de déterminer
l’accumulation du cadmium dans différents organismes récoltés dans la
région afin d’évaluer le transfert le long de la chaîne trophique.
Matériel et Méthodes
La zone Skhira est située à la partie Sud-est de la région de Sfax, elle fait
également partie du golfe de Gabès, Sud de la Tunisie. L’échantillonnage
(automne et printemps) a ciblé le sédiment, des phanérogames, le bivalve
Ruditapes decussatus et le sparaillon Diplodus annularis. L’analyse a été
effectuée sur les espèces in toto séchées et broyées. Après minéralisation en
utilisant l’acide perchlorique, l’acide chlorhydrique et l’acide nitrique, le dosage
du cadmium a été effectué au moyen de la torche à plasma (JY2000).
Résultats et discussions
L’évolution de la concentration moyenne du Cadmium le long de la chaîne
trophique est illustrée dans la figure 1.

plusieurs travaux et particulièrement dans le golfe d’Annaba par Solttani et al.
[3]. En comparant ces valeurs avec celles de la littérature, nous remarquons
qu’elles suivent les mêmes intervalles de variation que celles du golfe de Gabès
[4]. Le dosage du Cd chez le Sparaillon est <0.2µg/g pour les deux saisons.
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Fig. 1. Evolution de la concentration du Cd dans les organismes de la chaîne
trophique, exprimée en µg/g du poids sec, affectée des intervalles de confiance
(95%)

L'examen des concentrations en Cd montre une différence dans l’accumulation
entre les compartiments en fonction des saisons.
Les valeurs enregistrées dans le sédiment ne dépassent pas 1 µg/g pendant les
deux saisons, elles sont par conséquent inférieures à la norme présentée par la
Commission Européenne (CE) [1]. Concernant les phanérogames, le Cd
s’accumule plus chez la posidonie que chez la Cymodocée. La posidonie
concentre plus le Cd au printemps résultant certainement de sa grande masse
foliaire. En effet, ce métal se concentre plus dans les parties épigées (faisceaux
foliaires) [2]. La posidonie pourrait être un bon indicateur de la pollution dans la
zone. Nous remarquons que les concentrations du Cd entre les sédiments et la
posidonie sont 3 fois plus importantes. En comparant nos résultats avec ceux de
Lafabrie [2] (atteignant un maximum de 14.37 ± 1.44 µg/g poids/sec en Corse),
nos valeurs sont assez faibles et cette zone est modérément contaminée. Le
gradient croissant automne printemps est justifié par le développement des
feuilles et l’accumulation de ce métal à ce niveau. Chez Ruditapes decussatus, la
valeur maximale mesurée ne dépasse pas les normes fixées par la CE. Cette
variation peut être due à l’effet saison, fait d’ailleurs mis en évidence par
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ORGANIC MATTER IN THE KOTOR BAY, SOUTH ADRIATIC SEA
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Abstract
Dissolved organic carbon (DOC), particulate organic carbon (POC) and surface active substances (SAS; NF – nonfiltered, dissolved
and particulate, F – filtered, dissolved) were studied seasonally from April 2008 to March 2009 at three locations in the Kotor Bay,
Montenegro. Concentrations of reactive part of organic matter displaying surface active properties were compared to the related
DOC and POC contents. Temporal distributions are presented in the surface and the bottom layer.
Keywords: Organic Matter, Adriatic Sea
Tab. 1. Ranges of average values obtained for different parameters

>

Introduction
Boka Kotorska is one of the best indented parts of the south Adriatic Sea. It is
characterised by considerable precipitation quantities and is considered among
the rainiest parts of Europe. Coastal Dinaric classical karst of Montenego is
characterised by high degree of karstification and tectonic rupture of carbonate
rocks and of flysh barriers [2] which swallow huge quantities of freshwater
creating a permanent freshwater inflow to the bay leading to an increase in
biological activity (phytoplankton blooms) and, hence, in organic matter
content.
Methods
For determination and characterization of organic matter electrochemical method
a.c. voltammetry with a nonionic model T-X-100 as a standard was used. DOC
and POC analysis were done by high temperature catalytic oxidation (HTCO)
method. Emphasis is given to the results obtained for surface and bottom
samples since great differences are observed among them – bottom layer is
monotonous and less variable in all studied parameters (Table 1).

Fig. 1. Seasonal variations of average SAS NF, SAS F (a), DOC (b) and POC (c)
in the surface and the bottom layer
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Results
Permanent nutrient inflow and low salinity (permanent freshwater input) lead to
an increase in biological activity (phytoplankton bloom) during 04/2008
confirmed by the highest average SAS NF value indicating presence of fresh,
surface reactive organic material in the surface layer (Fig. 1a). With time, fresh
organic material SAS NF is transferred in the dissolved fraction accompanied
with an increase in average DOC concentration (Fig. 1b). In 07/2008 new surface
active material is visible, indicating another increase in biological activity (Fig.
1a). DOC concentration reaches it's maximum average value in the summer
period (Fig 1b). During autumn and winter average SAS and DOC
concentrations continue to decrease (Fig. 1a, 1b). Average POC values increase
from April to May reaching a maximum value, and then decrease slowly toward
winter followed by an increase again in 03/2009 (Fig 1c). Interestingly, bottom
average DOC values are higher than surface average DOC values in the spring
(04/2008, 05/2008, 03/2009).
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Abstract
Evidences of the impact of desert dust deposition on the biogeochemistry of surface marine waters call for atmospheric dust transport
models to provide deposition fluxes. Dust deposition observations are critically needed to constrain the models. Here we show a
compilation of (i) past results on dust deposition in the western Mediterranean, (ii) new measurements from Corsica obtained in the
framework of the project DUNE, and (iii) CHIMERE-Dust model results, compared with 1-yr measurements from the project
ADIOS. We finally advertise for a new deposition monitoring network and model validation effort in the framework of the project
ChArMEx.
Keywords: Atmospheric Input, Western Mediterranean
Results on total dust deposition (eventually based on Al used as a tracer based
on an average content of 7.1 to 8.2%) in the western Mediterranean are
relatively scarce in the literature. They are widely dispersed in space and time,
spanning from October 1982 to May 2002 at various sites from Campo de
Gibraltar in southern Spain to the French Riviera, including island sites in
Sardinia and Corsica. Yearly deposition fluxes range from about 2 to 26 g m-2.
Since late March 2008 a new monitoring station has been operated with a
weekly sampling time step at Galeria (42.44°N; 8.65°E) on the western coast of
Corsica in the framework of the project DUNE (a Dust Experiment in a LowNutrient Low-Chlorophyll Ecosystem). Figure 1 illustrates that no event larger
than 0.45 g m-2 was recorded in one year so that the yearly flux is among the
lowest ever observed in Corsica (2.9 g m-2).

Fig. 2. Future network of total insoluble deposition measurement. Master sites
on islands will include soluble and insoluble deposition fluxes of Fe, P, N, Si and
C, and total flux of Hg.
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Fig. 1. Weekly dust deposition flux (horizontal dashes) based on an average Al
content of 8.1% in soil dust, and rainfall (vertical bars) at Galeria, Corsica.

A 12-yr time continuous record obtained in Corsica[1] shows that interannual
variability is high and precludes integrating non coincident data from various
stations for studying spatial trends. During the ADIOS programme a few
deposition sampling stations were operated simultaneously on a monthly basis
from June 2001 to July 2002. Results show a factor of 4 range in yearly dust
deposition fluxes, with the lowest values near Gibraltar and the highest in
Corsica [2] not only reflecting the precipitation distribution.
Preliminary simulations of African dust deposition with the transport model
CHIMERE-Dust[3] are compared with ADIOS observations and indicate that
deposition data are necessary to constrain the dust transport budget in addition
to optical depth observations. To better constrain the spatial variability of dust
deposition fluxes, in the framework of the project ChArMEx (the ChemistryAerosol Mediterranean Experiment; http://charmex.lsce.ipsl.fr), we shall set up
from late 2010 a new monitoring network of 10 stations in the western
Mediterranean (Figure 2) to be operated for a 3-yr period with a 2-wk time step
based on a new autonomous sampler under development. We propose that the
network is completed in the western basin and enlarged to the eastern basin
thanks to international collaborations.
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Abstract
La pression urbaine et la poussée industrielle sur le littoral de la baie de Tanger a conduit à l’augmentation de la pollution anthropique
des eaux marines. L’évaluation de la pollution des eaux dans la baie de Tanger a été appréciée à travers cette étude qui porte sur
l’analyse des eaux de surface et des sédiments superficiels. L’analyse a concerné essentiellement les éléments métalliques. Les
résultats démontrent une pollution domestique et industrielle assez inquiétante.
Keywords: Sediments, Pollution
Introduction
Ce travail porte, pour la première fois, sur l’étude des éléments métalliques
dans les eaux de surface du littoral de la baie de Tanger et l’évaluation de l’état
de contamination du milieu par les polluants métalliques. Il constitute
également un complément important aux études sédimentologiques,
minéralogiques et géochimiques effectuées sur le littoral de la baie de Tanger et
les principaux oueds qui y débouchent.[1]. La baie de Tanger se situe au NW
du Maroc, sur la rive sud du détroit de Gibraltar, entre 35°46' et 35°48' de
latitude Nord, 5°45'20'' et 5°49'00'' de longitude Ouest.[2].
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Méthodologie
L’étude a concerné l’analyse des eaux de surface et les sédiments superficiels
de la baie de Tanger. Des prélèvements ont également été réalisés dans les
principaux oueds drainant l’arrière-pays de la baie de Tanger : O. Mghogha, O.
Souani, O. Mlaleh et O. Chatt ainsi qu’au niveau de la canalisation majeure des
eaux usées : O. Lihoud et Rejet Port. L’analyse des eaux a porté sur la
détermination des paramètres physico-chimiques (T°, pH, Conductivité,
Oxygène dissous, saturation en Oxygène, MES), sur le dosage des éléments
métalliques (Cd, Cu, Fe, Mn, Ni, Pb, Zn) et sur le dosage des éléments
nutritifs (P, S, NO3, NH4).
Résultats et discussion
Les concentrations des éléments métalliques, (en ppb), enregistrées dans les
eaux de surface de la baie de Tanger : Cd (2.3-2.6), Cu (71.3-74.3), Pb (99105), Zn (3.5-22), Fe (16-40.3), Mn (0,11-3,01), Ni (4-18,7) sont en général
élevées en comparaison à celles mesurées dans d’autres secteurs périméditerranéens similaires. Les teneurs moyennes sont plus faibles que celles
enregistrées dans les oueds débouchant dans la baie. Les moyennes des teneurs
en éléments métalliques dans les sédiments superficiels de la baie de Tanger
sont plus faibles que celles des oueds : Pb (99-105 µg/g), Zn (3.5-22 µg/g), Cu
(71.3-74.3µg/g), Cr (67,8 µg/g), Ni (4-18,7µg/g), Mn (0,11-3,01 µg/g) Fe (1640.3 µg/g) Cd (2.3-2.6 µg/g). Ces valeurs avoisinent et dépassent parfois celles
trouvées dans d’autres secteurs méditerranéens, les valeurs maximales
coïncidant avec des teneurs élevées de la fraction fine (<40 µm) et en matière
organique. Les faibles concentrations se trouvent dans le secteur Est de la baie,
ou prédominent des sédiments sableux. Ces résultats indiquent une évolution
décroissante des concentrations en métaux de l’ouest vers l’est et de la côte
vers le large de la baie, subdivisant ainsi le milieu étudié en deux secteurs bien
différenciés, le premier à l’est, soumis à l’action des houles NE dominantes et
le deuxième, à faible régime hydrodynamique, bien protégé par les
aménagements portuaires des courants engendrés par les houles du secteur
NW. La distribution spatiale de ces teneurs en métaux lourds dans les eaux et
les sédiments de la baie de Tanger se localisent dans le secteur ouest à
proximité des principales embouchures des oueds (Souani et Mghogha) et du
port de la baie. Les fortes variations des teneurs en métaux témoignent de
l'existence de plusieurs sources de pollution.[3]et [4].
Conclusion
La concentration de ces éléments semble être liée :
- aux rejets des affluents domestiques et industriels (produits toxiques,
détergents, métaux lourd...) qui arrivent directement dans la baie par les oueds
(Souani et Mghogha) ;
- à la dispersion du panache ; sortie du rejet, situé à 500 m au nord-ouest de la
jetée principale du port, véhiculant une partie des apports et des eaux usées du
rejet vers la baie par l'action combinée du transit littoral NW et NE ;
- à l'activité portuaire (rejets d'hydrocarbures, produits chimiques,…..).
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Abstract
Les concentrations en hydrocarbures aromatiques et non aromatiques ont été déterminées au niveau de la matière particulaire des
eaux de surface de la baie de Tanger. Les hydrocarbures totaux ont été extraits et fractionnés sur colonne de silice en hydrocarbures
aromatiques et non aromatiques. Ces dernières analysées par des techniques chromatographiques, montrent des concentrations
relativement importantes (HNA: 36-276 µg/l; HA: 49-133 µg/l). L’étude qualitative a permis de mettre l’accent sur la nature
pétrogénique des apports avec une faible présence de la trace des apports biogènes liés aux plantes supérieures.
Keywords: Coastal Waters, Particulates, Pollution, Western Mediterranean, Geochemistry
Introduction
La Méditerranée marocaine est une zone d’intérêt économique par excellence pour
le Maroc. Elle est sous l’influence des évacuations industrielles et urbaines
émanant des villes côtières. La situation est dangereuse étant donné le trafic
commercial important. Plusieurs millions de tonnes d’hydrocarbures transitent
par le détroit de Gibraltar chaque année. A cela, s’ajoute l’effet des événements en
mer dont le nombre est d’environ 60 par an, d’où l’intérêt de mettre l’accent sur
le bilan de la pollution des côtes marocaines par les hydrocarbures et notamment
au niveau des sites potentiels de gisement halieutiques et des sites d’attraction
touristique. Les eaux de la baie de Tanger, située à l’entrée de la Méditerrané, sont
sujettes à toutes ces agressions, faisant ici l’objet de l’évaluation de la
contamination par les hydrocarbures.
Matériels et méthodes
Huit échantillons d’eau ont été prélevés à la surface de la baie de Tanger en
quantité de 10 litres et filtrés sur un filtre GF/F de 15 cm de diamètre et de 0,7µm
de porosité. les filtres ont subit ensuite une extraction effectuée selon le protocole
de Bligh and Dyer [1] modifié, où le chloroforme est remplacé par le
dichlorométhane. L’extrait a été ensuite fractionné sur une colonne de silice en
hydrocarbures non aromatiques (HNA) et hydrocarbures aromatiques (HA). Ces
deux dernières ont été analysées par chromatographie en phase gazeuse (CG-FID)
et chromatographie couplée (CG/SM). La quantification est obtenue à l’aide des
standards internes deutérés.
Résultats et discussions
Les hydrocarbures non aromatiques montrent des concentrations qui varient de
36,3 ±0,4µg/l à 276,47±0,5µg/l. Ces valeurs restent élevées en comparaison avec
d’autres endroits en Méditerranée [2,3]. Les hydrocarbures aromatiques montrent
également des concentrations de 49,74 ±0,6µg/l à 133,62 ±0,4µg/l. L’observation
de la distribution spatiale de ces concentrations révèle une étroite liaison entre les
niveaux de concentration et la proximité aux sources de pollution (port et
embouchure des rejets urbains) d’une part et d’autre part avec les mouvements
des masses d’eau à l’intérieur de la baie. Les chromatogrammes des HNA (figure
1) montrent une distribution uni-modale centré sur n-C29 - n-C31. Certains
échantillons montrent une légère prédominance des composés impairs n-C27 - nC29 - n-C31 relatifs à une origine terrestre dérivant des cires des plantes
supérieures [4]. Dans l’ensemble, les n-alcanes ne montrent aucune prédominance
entre composés pairs et impairs, ce qui est généralement traduit par l’indice
d’imparité CPI (Carbon Preference Index) au voisinage de l’unité. Ces valeurs
avec la présence des doublets n-C17 pristane et n-C18 phytane et de l’UCM
(Unresolved Complex Mixture) dans la majorité des chromatogrammes, mettent
en évidence la contribution d’une source anthropique pétrolière. Cette dernière a
été confirmée par la présence des composés hopanes en série C27-C35 ayant la
configuration 17α (H), 21β (H) caractéristiques d’une contamination pétrolière
[5,6].

Fig. 1. Chromatogrammes de la fraction "hydrocarbures non aromatiques"
obtenus par CG/DIF pour un échantillon d’eau de la baie de Tanger

Les hydrocarbures aromatiques montrent un mélange de composés possédant des
groupements phényle traduisant ainsi les traces d’une activité industrielle de
teinture, de plastique etc.
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NORTHEAST MEDITERRANEAN (MERSIN BAY)
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Abstract
In the present study, 6 field studies were performed in the Mersin Bay during September 2008 – August 2009. Nitrate (NO3+NO2)
concentrations varied between 3.6-10.8 µM in the river-fed nearshore waters, whereas phosphate (o-PO4) ranged merely between
0.02-0.14 µM, exhibiting higher N/P ratio (35-50) in the nearshore zone. Surface distributions of total phosphorus (TP), chlorophyll-a
(CHL) and particulate organic matter (POC, PON, PP) displayed similar spatial patterens in the productive shelf waters. TP and
CHL contents of the polluted nearshore waters were 0.43 µM and 2.0µg/L, respectively,as the offshore values were as low as 0.02
µM for TP and 0.02 µg/L for CHL. Particulate-P ranged between 0.01-0.41 µM in the bay waters.
Keywords: Nutrients, Organic Matter, Particulates
Introduction
The Eastern Mediterranean is a typical example for the oligotrophic water
masses of the world ocean system [1-3]. However, Cilician shelf zone of the
northeastern Mediterranean have been polluted by discharges of the major rivers
(Seyhan, Ceyhan) and domestic wastewaters of the Mersin and Iskenderun
cities. In recent decades, eutrophication phenomena have increased in the riverfed shallow zone of Mersin Bay. This study aims to assess eutrophication and
water quality of the Mersin bay, covering the region extending from Mersin city
coastal zone up to the east of Seyhan river mouth (Fig. 1).
Results
Six field surveys were conducted by R/V BILIM during the September, 2008August, 2009 period within the framework of the (TÜBITAK-106G66) project.
Hydrographic data were obtained by a CTD probe coupled to a 12-bottle
Rozette system. Chemical results were obtained by the conventional methods
[1-3]. Concentrations of nutrients, organic matter (POM) biomass (CHL-a)
were markedly high in the shallow nearshore zone during the year; light
transparency was very low, due to large river discharges and limited ventilation
of the nearshore zone by open sea (Fig. 1, 2). POC/PON ratio generally ranged
between 7 and 8. Surface nitrate and PO4 values were as low as 0.1-0.2 and
0.02-0.05 µM, respectively, in the bay offshore waters, consistent with NE
Mediterranean open water values [1-3]. The nitrate/phosphate (N/P) molar ratio
increased from levels of 8-15 in offshore waters to 35-50 in the nearshore zone
fed by nitrate-replete river discharges. Thus, the N/P ratio is mainly dominated
by nitrate changes in the P-depleted surface waters. Surface CHL
concentrations, as low as 0.02 µg/L in offshore waters, increased markedly up to
2 µg/L level in the river-fed nearshore waters. Particulate-P values were as high
as 0.36-0.40 µM in polluted shallow zone, decreasing to very low levels of
0.01-0.02 µM in offshore waters of the bay.

Fig. 2. Monitoring of Mersin Gulf Eutrophication: Surficial distribution of
pollutant parameters (April 2009) total Chl-a (µg/L)
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Fig. 1. Monitoring of Mersin Gulf Eutrophication: Surficial distribution of
pollutant parameters (April 2009) Nitrates (NO3+NO2 (µM))
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Abstract
Concentrations of Zn, Fe, Mn and Pb were determined in biota, sediment and sea water samples collected seasonally from two
stations in the Marmara Sea in Turkey. The levels of Fe and Mn in biota and Zn, Mn and Pb in sediment samples were higher than the
previous studies. The order of heavy metal concentrations in all samples was: Fe > Mn > Zn > Pb.
Keywords: Metals, Bivalves, Sediments, Marmara Sea
Introduction
Dil Iskelesi is located in the east of the Marmara Sea. Dil stream is one the most
polluted streams of Turkey passing through Dilovasi and carries untreated
effluent from its basin to the Dil Iskelesi (Izmit Bay-Marmara Sea). Besides the
effluents of 34 (total of 171) heavy industrial plants located in the Dilovasi, the
wastewaters of more than 400.000 people are discharged to Izmit Bay from Dil
Iskelesi region via Dil stream. The objective of this study is to understand the
biogeochemical composition of some heavy metals on Dil Iskelesi shore under
different seasonal conditions.

generally at the same level or higher than the other Marmara Sea studies [1, 3,
4]. The Fe and Mn levels in the present study are clearly higher than the biota
samples collected from the different locations of the Marmara Sea. On the other
hand, Pb levels in biota samples in the present study are slightly lower than
those given in previous results. Zn, Mn and Pb levels in the sediment samples
are higher than the levels observed in other Marmara Sea locations except for
Mn in the Gulf of Gemlik. The Fe levels in the sediment samples are lower than
those in Erdek Bay of the Marmara Sea [4]. Acknowledgements This study
was funded by TÜBITAK (Grant No: 107Y261) and Kocaeli University (Grant
No: 2008/017)

Materials and methods
Two sampling stations were chosen on Dil Iskelesi inshore. The first station is
located next to a huge metallurgy plant cooling water discharge at a distance of
50 m from the shore. Second station was chosen in front of the Dil stream at a
distance of 250 m west from 1st station (Fig. 1).

Tab. 1. Heavy metal concentrations in biota sediment (µg g-1 dry wt) and sea
water (µg ml-1) samples from Dil Iskelesi shore of Izmit Bay

Fig. 1. Stations at Dil Iskelesi (Izmit Bay-The Marmara Sea)

Ulva lactuca (macro algae), Mytilus galloprovincialis (bivalvia), Paracentrotus
lividus (echinoderm), sea water and sediment samples were collected from these
stations between summer 2008 and autumn 2009. For metal analysis in biota
samples, whole soft parts of M. galloprovincialis and soft parts, Aristotle’s
lantern and shell of P. lividus were dissected and washed with bidistilled water.
Biota and water samples were analyzed by flame atomic absorption
spectrophotometer for Zn, Fe and Mn and by graphite furnace for Pb. The
sediment samples were analyzed by ICP-MS. Other procedures of the methods
were described previously [1, 2].
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Results and Discussion
The maximum heavy metal levels were determined in autumn for both stations
except Pb at 1st station in U. lactuca. Higher Zn, Mn and Pb levels were found
in summer while Fe in autumn at 2nd station in M. galloprovincialis. In P.
lividus, Zn and Pb levels were higher in soft parts while Fe and Mn levels were
high in shell in lantern parts, respectively. In sediment samples, the metal levels
in summer season were higher for all metals. All metal levels in the sediment
samples were higher than those in biota samples. In the sea water samples metal
levels close to each other. However Fe levels were higher in autumn while Mn in
summer (Table 1). Among the biota samples, higher Zn and Pb levels were
found in mussel while Fe and Mn in algae samples. While Zn levels were higher
at 2nd station, Mn levels at 1st station both algae and sea water samples in
summer and autumn seasons. Pb and Fe levels were higher at 1st station in
summer and 2nd station in autumn season.
Compared with the literature data, our results in biota and sediment are
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THE EFFECT OF WEIGHT AND CONDITION INDEX IN MUSSEL ON HEAVY METAL CONCENTRATIONS
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Abstract
The body weight and condition index (CI) effect on concentrations of Pb, Zn, Mn and Fe were investigated in Mytilus galloprovincialis
soft tissue at two different locations in the Izmit Bay. A negative correlation between soft tissue dry weight and metal concentrations
was clear in Mn and Fe. On the other hand, Zn and Pb levels decreased with increasing CI value.
Keywords: Metals, Bivalves, Marmara Sea
Introduction
It is well known that mussels are good bioindicators for heavy metals. Several
internal (e.g. body size, body weight, shell size, age, filtering capacity) and
external factors (e.g. waves, tidal exposure, salinity, temperature) effect the
metal accumulation in mussel tissues. Literature data shows a relation between
body size and metal accumulation in mussel soft tissue [1]. In general metal
accumulation is negatively correlated with body size but some studies reported
that metal concentrations in molluscs can be independent of body size [2]. The
objective of this study is to evaluate the some metal concentrations in different
sizes of Mytilus galloprovincialis soft tissues at the two different locations from
Izmit Bay (The Marmara Sea) (Fig. 1).

Fig. 1. Station locations in Izmit Bay (The Marmara Sea).

Material and Methods
The mussels were collected on April 2009 from the coast line 100-200 m lengths
from Vinsan, a stagnant area under the effect of untreated wastewater and from
Hersek, a waving area located next to shipyards in the Izmit Bay (The Marmara
Sea). At least 30 individual mussels in 5 different size (3, 4, 5, 6, 7cm ± 2mm)
were measured with Wernier calipers with 0,1 mm sensitivity, dissected, dried
and weighed same as the shells. Condition index (CI) was calculated by dry
tissue and dry shell weight. For metal analyses whole soft parts were analyzed
by flame atomic absorption used for Zn, Fe and Mn and graphite furnace for Pb.
Detailed method is described previously [3]. Power function was used for
plotting graphics for the effect of body size on metal concentrations.
Results and Discussions
Pb, Mn and Fe levels were higher in Vinsan while Zn in Hersek station. A
negative correlation between soft tissue dry weight and metal concentrations
was clear in Mn and Fe at both stations, and for Pb at Hersek station. On the
other hand, contrary to general literature, Zn levels increased with increasing
body weights, same as Pb in Vinsan station. However comparison between
condition index and metal levels for Zn and Pb showed that metal concentrations
were inversely related to the condition index. A previous study has reported
that for metals, tissue concentration is inversely proportional to the condition
index [4]. For this reason correlation graphics were plotted CI versus
concentrations for Zn and Pb and dry weight versus concentrations for Mn and
Fe (Fig. 2). In general metal concentrations were higher than those observed in
other locations of the Marmara Sea [3]. These results represent the first CI and
metal concentration data from the region in the framework of a monitoring
project in the Izmit Bay. Further researches are necessary to understand the
relationship between metal accumulation and body size of mussels more clearly
in the region.

Fig. 2. Heavy metal concentration in mussels in Izmit Bay.
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Abstract
PAH and PCB concentrations were determined in mussel samples collected from Izmit Bay at the east of marmara Sea. The samples
were taken from ten points in spring season and analyzed by gas chromatography after ultrasonic extraction. Total PAH
concentrations varied between 2.5-13.9 ng.g-1 wet wt., while the total PCB concentrations were between 4.2-140.7 ng.g-1 wet wt.
The results indicates a considerable pollution problem in the bay, especially with respect to PCBs.
Keywords: Pah, Pcb, Bivalves, Marmara Sea
producing an average of 42.1 ng.g-1 wet w. For PCBs, PCB 90, PCB 153 and
PCB 31 were the dominant congeners. The highest PCB levels were observed
in the points on north and east side of the Bay, suggesting a clear effect of
industrial discharges. Mussel PCB levels were relatively high as compared to
other studies conducted in Izmit Bay and Marmara Sea [1, 3].
A general evaluation of total PAH/PCB data from all the stations indicates
that the pollution levels are considerably high not only at the points close to
possible sources, but also the points away from these sources, possibly due
to the effects of oceanographic and meteorological factors.

Introduction
Izmit Bay, located in Northeastern Marmara Sea, has strongly been affected
by growing populations and industrialization since 1960s. The study presents
the first results of PAH/PCB analyses in the mussel samples in the framework
of a pollution monitoring project in Izmit Bay.
Materials and Methods
Mussel samples were taken from ten different points in Izmit Bay in spring
season (April 2008). Ultrasonic extraction was used to extract the PAHs and
PCBs from the mussels samples. At least 30 mussels were dissected and soft
parts selected for analysis. The samples were cleaned up on an alumina–silicic
acid column containing 3 g of silicic acid (deactivated with 3% water) and 2 g
of alumina (deactivated with 6% water). After treatment with sulfuric acid, the
final sample volume was adjusted to 1 ml by nitrogen blow-down. The two
fractions containing PAHs and PCBs were analyzed using a Hewlett-Packard
7890 gas chromatograph equipped with an flame ionization detector (for
PAHs) and an electron capture detector (for PCBs).

Acknowledgements : This study was funded by TUBITAK (Grant No:
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Results and Discussions
Results were summarized in Fig. 1-2.

Fig. 1. Average PAH concentrations in mussels.

Fig. 2. Average PCB concentrations in mussels

Mean mussel shell length were determined 5.26 cm among ten stations. Total
PAH concentrations varied between 2.5-13.9 ng.g-1 wet wt., with the average
of 8.8 ng.g-1 wet wt. Relatively dominant PAH compounds were found as
phenanthrene, benzo(e)pyrene and benzo(ghi)perylene. The mussel PAH
levels were generally similar (higher than 7 ng.g -1 wet wt.) for the sampling
points, with the exception of two points located on the north side of the Bay
(with PAH levels about 2-3 ng.g-1 wet wt.). These results are interesting,
because these two points are close to the refinery and other possible PAH
sources. This may be attributed to the effect of water circulation patterns in
the Bay, as given in a previous study [1]. On the other hand, observed PAH
concentrations are in the range of the levels obtained in the mussels from
similar polluted water bodies [2].
Total PCB levels, on the other hand, were between 4.2-140.7 ng.g-1 wet wt.,
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Abstract
The biogeochemical properties of the water column in Nemrut Bay showed that the anthropogenic influence is mostly detected in
stations closer to the shoreline. The heavy metal content of the sediment revealed that the contaminant levels for most of the trace
elements were heavily polluted throughout the Bay.
Keywords: Metals, Nutrients, Pollution, Coastal Waters, Aegean Sea
Introduction
Aliaga town located 50 km northwest of Izmir Municipality has been
subjected to extensive industrial developments. Nemrut Bay, neighboring
marine environment of Aliaga town was investigated to provide baseline
information about the environmental conditions within the framework of an
environmental impact assessment of a proposed Zinc Recovery Plant which
aims to recover zinc oxide from waste material produced in the Aliaga Heavy
Industrial Zone [1]. Nemrut Bay is a subsystem within the Candarli Bay
ecosystem and opens up to the Aegean Sea.
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Material and Methods
Field measurements were carried out by RV/K. Piri Reis during 2005.
Seawater samples were collected from three depths in 15 stations. Dissolved
oxygen was recorded in situ. Nutrient and total organic carbon analyses have
been carried out according to the methods presented in [2]. Metal
measurements were carried out in AAS using flame, graphite furnace and cold
vapor techniques. Particulate phosphate (PP) contents were measured by the
spectrophotometric method where the particulate organic carbon and
particulate organic nitrogen contents were analyzed at CHN analyzer.
Results and Discussions
Nutrients : Dissolved oxygen values for July sampling varied between 6.297.20 mg/l that were found to be lower than the values measured for February
sampling (7.50-8.28 mg/l). Nitrate and nitrite concentrations of Nemrut Bay
were below the typical values determined in coastal waters in both periods
(0.09-2.90, 0.01-0.29 µM respectively). High ammonium and ortho
phosphate concentrations were measured in February along coastal stations of
the Bay (0.5-9.9, 0.1-4.6 µM) where the same parameters varied between 0.21.6 µM and 0.03-0.09 µM, respectively in July. The values of chlorophyll-a
varied from 0.07 to0.24 µg/l in February and between 0.01-0.15 µg/l in July.
The results show similarity to those of the Aegean Sea. In winter season, the
deacrease in primary production caused less consumption thus high values of
nutrients in February were determined. In summer season, the primary
production increased so that the nutrients were depleted.
Heavy Metals : The heavy metal content of the water column have been
determined for February and September. Hg, Cd, Pb, Cu, Zn, Mn and Fe
concentrations are below the unpolluted seawater levels (0.001-0.018; 0.0010.0025; 0.8-2.8; 0.27-3.1; 2.1-5.8; 0.5-1.9; 3.3-7.7 μg/l, respectively). Cr and
Ni concentrations ranged 0.69-1.2 μg/l and 1.1-1.8 μg/l respectively and
determined to be higher than typical seawater levels. The heavy metal content
of the sediments in Nemrut Bay have been determined in
February. Contamination Factors (CF) calculated for Nemrut Bay indicated
that Pb and As had very high contamination levels where there were
considerable Zn contamination in most of the sediment samples [3]. Hg
concentrations that were measured in this study correspond to very high
contamination and should be investigated in further studies (CF ranged 32.3395 corresponding to a concentration range of 1.70-9.60 mg/kg). The elevated
enrichment levels of Pb (2.03-16.06) and Zn (1.08-8.52) indicates
anthropogenic pollution.
PAH and Phenols in Surface Water : Polycyclic aromatic hydrocarbon
(PAH) and phenol concentrations were measured from surface water samples.
The results indicated that there were no PAH and phenol pollution for the
sampling area and the sampling period.
Conclusion
The biogeochemical properties of the water column in Nemrut Bay showed
that the anthropogenic influence is mostly detected in stations closer to the
shoreline.
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Abstract
Total Suspended Solid loads (TSS) and associated natural and artificial radionuclides were monitored over the 2001-2008 period at the
lower course of the Rhône River thanks to the SORA monitoring station located at Arles. The high frequency monitoring established
affords to quantify TSS annual fluxes and TSS fluxes generated by flood events. Besides, the survey allowed registering two
uncommonly high loaded events in 2008 partly due to dam management. 9.1 106 tons were thus exported in 2008 whose almost 70%
during the two atypical events of may and December. Globally, artificial and natural radionuclide activities display a decreasing trend
with rising liquid flow rates making possible to access to geochemical or anthropogenic background values.
Keywords: Radionuclides, Monitoring, Rhone Delta
f- 238Pu/239+240Pu activity ratio signatures during Rhône River floods may
present an important variability (1) over a single flood event since hysteresis
loops were observed and (2) between two different events depending on flood
types and probably on the flood chronicles.

As described for many land to sea systems, the Rhône River inputs affect
primary production significantly in the north-western Mediterranean area and
plays a leading role on the marine ecosystem functioning in the whole Gulf of
Lion [1]. The Rhône River also transfers to the Sea various Potentially
Contaminating Trace Elements (PCTE) including heavy metals, poly-aromatic
hydrocarbon and artificial radionuclides that are largely associated to solid
compounds, i.e. particles. Radionuclides inputs from the Rhône River
whatever from natural or artificial origin may generate radiotoxicity for man
and its environment even though generally awfully low due to the extremely
low level of contamination. The inputs of particle reactive radionuclides from
the Rhône may be also of a particular interest to determine residence time of
sedimentary mass from the coastal to the open sea. In this frame depending on
the distance to the source term, i.e. the Rhône mouth, and the velocity of mass
transfers, short to long-lived radionuclides may represent useful tools for
quantifying sedimentary mass dynamics at various spatial scales. In this
frame, Total suspended sediment (TSS) and associated natural and artificial
radionuclides were monitored over the 2001-2008 period at the lower course
of the Rhône River. Over this period of time high frequency samplings was
gradually established for floods > 3000 m3.s-1 as these events were shown to
export the main part of the solid load towards the marine environment [2-5].
Our results underline several key points:
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a- TSS loads follow a power function relationship with the liquid discharge
that does not significantly differ from the relations established for previous
period of time. The correlation is highly significant mainly due to the huge
number of data Nevertheless, TTS concentrations may range over two to three
orders of magnitude for a same liquid flow rate in some cases.
b- From 2001 to 2008 TSS annual fluxes ranged from 0.98 106 tons in 2005 to
9.1 106 tons in 2008, with a mean value of 4.7 106 tons.
c- Dam management during flood episodes and consecutive excess water and
sediment deliveries may conduct to ‘semi anthropogenic floods’ characterised
by moderated liquid discharges but abnormally high TSS concentrations. In
2008, 56% of the solid annual flux was transferred during such an event. The
high frequency TSS survey at the lower course of the Rhône made possible to
register for a first time such scare unusually heavy loaded floods that may
largely supply solid fluxes to the sea.
d- The particulate concentrations of the various studied radionuclides show
generallly a decreasing trend with rising liquid discharges towards more or less
constant values reflecting the geochemical or anthropogenic background levels.
e- 238Pu and 239+240Pu isotopes display a different trend as increasing
particulate activities have been registered during rising waters due to the
remobilisation of labelled sedimentary storages downstream of the Marcoule
spent fuel reprocessing plant. Around 30% to 50 % of 239+240Pu and 80% to
90% of 238Pu transferred by the River downstream during flood events
originate from sediment remobilisation, the residual coming from the soil
erosion of the watershed.
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DIETARY SOURCES DOMINATE METAL UPTAKE IN MARINE FISH
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Abstract
The bioaccumulation of 10 metals in five fish species was experimentally evaluated following exposure to dietary or aqueous metal at
environmentally realistic metal concentrations. A biokinetic model showed that, with few exceptions, >90% of a fish ’s metal body
burden was obtained from diet. Regulatory bodies need to consider these findings in setting appropriate water quality criteria. Metal
uptake from the aqueous phase was influenced by dissolved organic carbon and salinity, but no consistent patterns were evident for all
metals.
Keywords: Bio-Accumulation, Fishes, Models, Metals
Like other aquatic animals, fish can acquire contaminants, including potentially
toxic metals, from their diet and from the surrounding water [1]. Most water
quality criteria for regulatory purposes are based on aqueous concentrations, as
are most standard toxicity tests. However, because metals are concentrated in
the food that fish eat by hundreds to thousands of times over levels in the
ambient water [2], the dietary sources commonly represent especially enriched
sources of metals. Here we present results of experimental studies in which
diverse fish from coastal and estuarine environments were exposed to metals
from both water and from their diet to assess the relative importance of these
sources. We quantified uptake rate constants from the dissolved phase for
diverse metals and assimilation efficiencies from ingested food, and determined
the release rates of metals following different exposure pathways. We then
used these kinetic parameters in a metal bioaccumulation model to compare the
relative importance of diet and aqueous exposures as sources of metals for fish.
We used gamma-emitting radioisotopes to determine the uptake, retention, and
tissue distribution of Am, As, Cd, Co, Cs, Hg, monomethylmercury (MeHg),
Mn, Se, and Zn in four teleosts (Fundulus heteroclitus, Sparus auratus,
Menidia menidia, Psetta maxima) and one elasmobranch (Scyliorhinus
canicula) exposed to these metals either from their food or the dissolved phase.
The diets consisted of either worms, amphipods, brine shrimp nauplii, or
juvenile fish. We also evaluated the influence of dissolved organic carbon
(DOC) and salinity on the uptake of metals from the aqueous phase in the
euryhaline F. heteroclitus, which is used as a bioindicator organism of coastal
contamination. Assimilation efficiencies (AEs) from diet were determined using
pulse-chase methodology [3]. A biokinetic model [4] to assess metal
bioaccumulation describes metal concentrations in fish, at steady state (Css),
as: Css = [(ku x Cw)/(kew + g)] + [(AE x IR x Cf)/(kef + g)], where ku = uptake
rate constant from the aqueous phase, Cw = dissolved metal concentration, AE
= assimilation efficiency of ingested metal, IR = weight-specific ingestion rate,
Cf = metal concentration in food, kew and kef = efflux rate constants of metals
following aqueous and dietary uptake, respectively, and g = growth rate
constant (Wang et al. 1996). This model evaluated the relative importance of
diet and aqueous phases as sources of metal for these fish. For modeling,
values for AE, ku, kew, and kef were determined experimentally, whereas Cw,
Cf, IR and g were taken from the literature [5,6]. Metal uptake was
predominantly from dietary sources for most metals and fish species (Table 1).
DOC concentrations were generally inversely related to Cr, Hg, and MeHg
uptake and positively related to As uptake from the aqueous phase [8].
Salinity, over a range of 0 -20 psu, was inversely related to uptake of Cd and
positively related to uptake of As, Hg, and MeHg [8]. Although uptake of
metals from the aqueous phase is not negligible in marine fish, clearly dietary
sources predominate (Table 1), and must be considered in setting appropriate
water quality criteria for coastal regions.
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Tab. 1. Model-estimated per cent of metal body burden calculated for diverse
metals in 5 fish species feeding on crustaceans using measured kinetic
parameters [3, 6-8]. Model predictions assumed that g was negligible compared
to ke values and assumed a mean IR value = 0.05 g g-1 d-1. nd = not determined.
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ORGANOTIN CONTAMINATION IN THE COASTAL ZONE OF THE EASTERN ADRIATIC (SIBENIK AREA)
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Abstract
Organotin compounds (OTC) were measured with two different analytical methods in sediment, mussels and seawater from the
central part of the eastern Adriatic coast. Butyltin compounds were found in all analyzed samples, with the highest concentrations
obtained in samples from the several investigated marinas. These results indicate that TBT is still in use in Croatia and that coastal
area is contaminated with these highly toxic compounds.
Keywords: Adriatic Sea, Sediments, Pollution, Monitoring, Bivalves
Introduction
The extensive use of tributyltin (TBT) compounds in ship antifouling paints
over last four decades has created a global pollution problem. The widespread
use of organotin compounds (OTC) started in 1950s and already in 1970s the
negative effects of TBT on marine organisms were discovered. TBT containing
antifouling paints were banned first on the ships less than 25 m and from
January 2008 the use of TBT is banned in EU countries. The use of TBT in
antifouling paints in Croatia is still not regulated by legislative.
In addition, there is no data on the level of OTC in samples from the Croatian
Adriatic coast. However, a high degree of imposex (widely used as a
biomonitoring tool of TBT contamination), found in gastropoda H. trunculus
from the eastern Adriatic coast in 2005 [1], suggested that Croatian coats might
be highly contaminated with TBT. Here we present first data on the level of
OTC (methyl, buthyl, octyl and phenyl species) in samples from the central
Adriatic.
Sampling and methods
Samples for organotin analysis were collected at 7 coastal locations in the
Sibenik area, central part of the Croatian Adriatic coast, in Septemper 2009.
Sampling locations included 5 marinas (RO-Rogoznica; MN-Mandalina; SLSolaris, SK-Skradin; V-Vodice), Sibenik port (L-Luka) and one referent station
in the Sibenik channel (MA-Martinska) which is not heavily exposed to the
ship traffic. At every location sediment cores, mussels and seawater were
collected. Analysis of organotin compounds were performed with two different
analytical techniques, GC-PFPD (Gas Chromatography Pulse Flame
Photometric Detection) and GC-ICPMS (Gas Chromatography Inductively
Coupled Plasma Mass Spectrometry).
Results and discussion
Distributions of butyltin compounds (MBT-monobutyl; DBT-dibutyl; TBTtributyl) in surface sediment, mussels and seawater at 7 sampling locations are
presented in Fig. 1. Significant levels of all butyltin compounds are found at all
sampling locations, especially in marinas Mandalina (MN) and Rogoznica (RO).
The concentration levels in sediment and mussels are comparable with the ones
determined in samples from the Slovenian coast in 2002 [2] and indicate that
TBT is still in use in Croatia. TBT derivatives prevail in sediment and mussels
which also suggests recent input of TBT into marine environment. More
abundant concentration of DBT than TBT in water reflects instability of TBT
in water and fast decomposition into lower butyl derivatives. At all location
except referent one (Martinska), level of DBT in seawater was higher than 0,2
ng/l, which is permitted level of individual butyltin derivatives in water defined
by Croatian and European regulative. Total concentration of butyltin
compounds in analyzed sediment cores decreases with depth and DBT and
MBT prevail in deeper sediment layers, both indicating TBT decomposition in
sediment with time. From other butyltin compounds traces of some methyl and
octyl derivatives are found in water and mussels.

Fig. 1. Distribution of butyltin compounds in surface sediment, mussels and
seawater from the Šibenik area (eastern Adriatic coast).
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Abstract
Trace metal dynamics in the stratified Krka River estuary (Šibenik bay, Croatia) has been studied by combination of different
analytical and modelling tools for sampling campaigns 2007-2009. Results showed an increased metal content at the estuary surface
layer in summer, especially for Cu due to antifouling paint release associated to strong boat traffic. Contrary to March-April period for
which the organic ligands are sufficient to maintain the free Cu concentration at non-toxic level in the whole water column, in summer
this limit is over-passed in the surface layer for at least one order of magnitude, particularly at locations close to nautical marina.
Keywords: Analytical Methods, Chemical Speciation, Estuaries, Metals, Organic Matter
Experimental
The Krka River estuary water column is permanently stratified because of a
sheltered geography and the low tidal range of the Adriatic Sea. Due to low
anthropogenic activities, this estuary is oligotrophic with ultratrace levels of
heavy metals. However, during summer touristic period, the total Cu
concentration increases, mainly because of Cu leaching from the antifouling
paints [1]. According to depth variations of physico-chemical parameters
(T/S/pH/%O2), samples were collected by scuba diving in April-2007 and
March-2008, at 4 depths in front of the scientific marine station Martinska (site
M). Additionally, in March-2008, samples were collected in the Krka River and
the Adriatic Sea to obtain the 2 end-members of the estuarine water mixing.
These samples were studied to (1) characterize the dissolved organic matter
(DOM) by dissolved organic carbon (DOC) content and 3-D fluorescence
spectroscopy (with PARAFAC analysis), (2) determine the dissolved metal
concentrations by DPASV, and (3) study the DOM/Cu interactions by
logarithmic titration with analysis of the ASV-labile Cu fraction and further
modelling to define the DOM binding parameters by the classical at-equilibrium
approach and by an innovative kinetic approach [2]. Furthermore, 2 field
campaigns were performed in July-2008 and 2009. Diffusive- and restrictiveDGT were deployed during 3-4 days at 6 depths (according to physicochemical parameters depth variation), at 2 distinctive sites: the "clean" site M,
and a "polluted" one in a nautical marina (site S). DGT-labile metal levels were
determined by HR-ICP-MS. In addition, water samples were collected 1-2 a day
at each DGT-depth, leading to discrete and composite samples analysed for
DOM, total/dissolved metal and DOM/Cu interactions by the previously
described techniques.

the freshwater/seawater interface seemed to be controlled by the organic ligands
(probably produced by biological activity), leading to calculated free-Cu
concentrations lower than the toxicity limit of 10-11 M [3] (Fig.1). Our results
validated the applicability/reliability of the kinetic approach in the
determination of apparent stability constants and ligand concentrations, and
additionally allowed the calculation of the association/dissociation rate
constants, i.e. the dynamic of DOM/Cu interactions. In summer, important
metal contamination of the estuary surface has been recorded, due to increasing
boat traffic [1]. Under such conditions, predicted free-Cu concentrations overpassed the toxicity level in the whole water column, except at the bottom.
Results obtained for the summer campaigns demonstrated that site S is more
polluted than site M for Cd, Cu, Pb and Zn, but showed quite comparable
values for Co, Cr, Mo, Ni and U (partly seen in Fig.2). Exception is for Mn
which presented higher concentrations for site M, due to the vicinity of a former
ferromanganese factory. Metal speciation could be directly determined by
comparing DGT (diffusive/restrictive) and total/dissolved metal concentration
profiles (Fig.2). Additionally, the binding parameters determined by the study
of DOM/metal interactions allowed a more detailed definition of the metal
speciation and the prediction of metal behaviour in different physico-chemical
conditions.

Fig. 2. Salinity, DOC, total dissolved Cu and Pb (by DPASV) concentration
depth profiles of composite samples taken in 2009 and diffusive DGT-labile Cu
and Pb concentrations depth profiles at both sampling sites

Fig. 1. Salinity, DOC, total dissolved Cu and calculated free Cu concentration
depth profiles of samples taken in 2008; marked area represents the depth range
of fresh/marine water interface. Vertical dashed line: the Cu toxicity limit of 10
pM [3]. Insets: Same parameters in relation to salinity; Full and dashed lines
represent conservative and parabolic variations, respectively.

Results and discussion
DOC and Cu concentrations measured in April-2007 and March-2008 showed
non-conservative variations, with a clear enhancement at the fresh/marine water
interface (Fig.1). The main source of fluorescent material in the estuary is due to
terrestrial inputs, and the additional OM produced by biological activities did
not show any specific fluorescent signature. The increasing Cu concentration at
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THE D-EXCESS AS A CHARACTERISTIC OF THE MEDITERRANEAN PRECIPITATION: A CRITICAL
REVIEW
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Abstract
A value of the d-excess larger than 15‰ in atmospheric waters of the Mediterranean region has been attributed to the special air-sea
interaction mode on the continental leeside and has been utilized as a characteristic identifying moisture originating from the
Mediterranean. This review examines additional factors affecting the d-excess parameter and points to the importance of also
considering the in-cloud processes and vertical motions and exchange of the air masses over the sea in this context.
Keywords: Air-Sea Interactions, Atmospheric Input
Introduction
Following the recognition of elevated d-excess values in precipitation in the
eastern Mediterranean Sea area and in adjacent marginal seas (such as the
Adriatic,Black and Aegean seas) ([1], [2], [3]), this was attributed primarily to
the large humidity deficit in the atmospheric waters on the leeside of the
continent relative to the saturated vapour pressure at the sea surface, based on
the Craig-Gordon Evaporation Model. This characteristic has been widely
used to identify the contribution of the Mediterranean moisture source to
precipitation in the region (e.g.[4]] and its paleoclimatic implications ([5],[6]).
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Review of additional data sets of precipitation and atmospheric vapour:
Additional studies throughout the region, many of them as part of the IAEA
sponsored CRP on the isotope composition of precipitation in the
Mediterranean Basin [7], which included measurements of the isotopic
composition of atmospheric vapour, suggested a strong dependence on the air
mass trajectory into the area and on the seasonality [8]. These findings were
generally in conformity with the basic premise of the Craig-Gordon model, but
more detailed meteorological investigations [9], vapour measurements over the
sea [10] and collection of orographic precipitation indicate that additional
factors have to be taken into consideration before a reliable quantitative
assessment can be made. Among them the changing isotope composition of
the Mediterranean surface waters, addition of sea-spray and most notably, the
non-equilibrium isotope fractionation in accompaniment of in-cloud and below
cloud processes that occur en-route throughout the air column.
Model verification
Idealized model calculation of the isotopic composition of the evaporating flux
(δE) for the range of expected values of the sea-water's isotope composition,
of the atmospheric humidity parameters and temperature, all show a relative
limited influence on the d-excess value of the resultant atmospheric moisture,
beyond that predicted by the classical Craig-Gordon model. However the
admixture of vapour that is the residue of non-equilibrium in-cloud and subcloud processes, as well as the vertical exchange processes over the ocean, are
seen to perturb the isotopic signature of the atmospheric moisture
significantly. These model predictions are going to be presented.
Conclusion
Due to the manifold factors contributing to the value of the d-excess in
atmospheric waters, it is evident that a more detailed three-dimensional
modeling of the air moisture's evolution throughout the region and its seasonal
pattern is called for, augmented by appropriate vapour sampling and/or
measurements.
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Abstract
Distribution and characteristics of dense waters in the Adriatic Sea were monitored during their formation in winter 2008, and later, in
autumn at the end of the seasonal stratification period in the Adriatic Sea. Different types of dense waters were identified on the basis
of their physical features. In order to characterised their biogeochemical properties dissolved oxygen, nutrient, and particulate organic
matter (chlorophyll a, particulate organic carbon, particulate nitrogen and phosphorus) were analysed.
Keywords: Adriatic Sea, Particulates, Oxygen, Nutrients, Organic Matter
The Adriatic Sea is one of the few sites in the Mediterranean Sea where dense
waters are formed. This process represents an important driving engine for the
circulation and ventilation of deep waters of the Eastern Mediterranean. Though
the physical properties and mechanism of formation are well described [1], the
biogeochemical features are known only for the dissolved inorganic nutrients [2].
Even less information is available for the particulate organic matter [3] and its
relevance in the carbon cycling in the Mediterranean Sea. The whole Adriatic Sea
system responds significantly to climatic variability, which acts on the
properties of the water masses originating in the Adriatic, as well as on the
exchange with the adjacent basins. The state of the art presented in this work
derives from two cruises carried out in February and October 2008 in the
framework of SESAME-EU-FP6 and VECTOR projects. During the winter
season, cooling and evaporation triggered mixing leading to dense water
formation over the northern shelf, and deep convection in the Southern Adriatic.
The biogeochemical characteristics of these dense waters depend on the site and
timing of preconditioning and formation. The North Adriatic Dense water
(NAdDW) formed in winter flows southwards partly refilling the Middle
Adriatic Pit increasing the oxygenation degree of those bottom waters and partly
flowing into the Southern Adriatic Pit. The NAdDW is cooler and well
oxygenated, especially if formed in late winter. In some years the maximum
density (σθ) can reach more than 29.8 kg/m3 [1], depending on frequency and
intensity of northeasterly dry wind (Bora). In February 2008 maximum values
observed in the northern Adriatic were 29.6 kg/m3 for σθ (figure 1)

Fig. 2. Vertical distribution of dissolved oxygen along the NW-SE longitudinal
section of the Adriatic Sea.

During this period the convection reached 700-800 meter depth in the Southern
Adriatic (figure 1) bringing the nutrient rich undersaturated Levantine
Intermediate Waters up to the surface, which just after the oceanographic cruise
gave rise to a phytoplankton bloom within the Southern Adriatic cyclonic gyre,
as observed from the chlorophyll-a distribution from MODIS AQUA satellite
images. In autumn the SAdDW, which occupies the bottom of the Southern
Adriatic Pit, got warmer, slightly less dense, more undersaturated than in winter.
Contemporarily an increase in the concentrations of nutrients and suspended
particulate matter took place due to the settling of particulate matter and
degradation processes. The Adriatic Dense Water (ADW), is a mixture of deep
waters formed in the Southern Adriatic, in the Northern and in the Middle
Adriatic [1]. It flows out from the basin through the Strait of Otranto in depth
along the western flank. The Ionian surface and Levantine Intermediate Waters
flow into the Adriatic along the eastern flank. The ADW had similar
concentration of suspended particulate matter both in February and October
2008. However, the saturation of dissolved oxygen decreased to 80% and the
nutrient concentration increased in October 2008, due to the remineralization
processes.
Fig. 1. Vertical distribution of density along the NW-SE longitudinal section of
the Adriatic Sea.
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Abstract
Sedimentary organic matter (OM) provides a variety of proxies for the reconstruction of marine and continental paleoenvironments
and paleoclimates. In this study, we compare biogeochemical proxies isolated from three sediment cores in the Eastern Mediterranean
Sea (from the Aegean and Libyan Seas) during the last 20,000 yrs. The marginal Eastern Mediterranean Sea represents a ‘natural
laboratory’ for paleoceanographic studies due to its sensitivity to oceanographic and climatological changes ([1], [2]).
Keywords: Aegean Sea, Eastern Mediterranean, Organic Matter, Paleoceanography, Sapropel
Early Holocene sediment records collected in the Eastern Mediterranean Sea
(EMS) bear witnesses for the formation of the most recent sapropel S1,
closely associated with distinct minima in the orbital precession cycle and the
insolation-driven monsoon maxima ([3]). The different scenarios of S1
deposition involve changes in marine productivity, organic matter preservation
and circulation changes and are still under debate ([4], [5], [6]). Herewith, we
present a high-resolution study of organic geochemical proxies in three gravity
cores collected from the EMS, namely the cores SL152 and NS-14 collected
from the Aegean Sea (north and southeast, respectively), and core HCM2/22
collected from the Libyan Sea. Our goal is to investigate the patterns of
organic matter accumulation and preservation and reconstruct paleo-SSTs
based on alkenone unsaturation index Uk´37 during the last 20,000 yrs with
focus on the deposition of sapropel S1 along a north-south transect in the
EMS. Depending on the water column depth, the sediment accumulation rates
and the proximity to freshwater and water formation sources, S1 deposited in
our records between ~9.8 to 6.4 kyr BP, with an apparent interruption in the
S1 deposition that occurred from ~8.6 to 7.6 kyr BP. At the Holocene climatic
optimum, SSTs increase gradually more than 4°C and reaches values as high as
21.2°C, 22.5°C and 23°C (in cores 152SL, NS-14 and HCM2/22
respectively). Our records also show a pronounced centennial-scale cooling
that culminates from ~8.2 to 7.6 kyrs BP, coeval to the N. Atlantic cooling
event ([7]), causing an interruption in the deposition of S1 in all sites. SST
fluctuations are detected between 4.9 and 4.1 kyr BP in core NS-14, with a
sharp positive shift to 24.9°C indicating the presence of a warm period in the
mid Holocene ([8]). The higher accumulation rates of TOC and all marine
biomarkers within the sapropelic layer S1a and less pronounced within S1b in
the Aegean Sea compared to the Libyan Sea indicate the importance of
productivity – OM reaches the shallower sites more effectively – for the
intensity of S1 deposition period. Organic carbon stable isotopes values span
a narrow range. The different types of δ13Corg excursions associated with
stronger fluvial delivery (terrestrial inputs) in the north Aegean Sea whereas
the other two sites received most marine organic matter. The distributions of
land-plant biomarkers are indicative of variable terrigenous organic matter
supply and the concomitant transport of nutrients to surface waters.
Furthermore, the distribution patterns and characteristic ratios of marine
biomarkers exhibit differences in the paleoproductivity trends and ventilation
changes over the last 20 kyr. Lighter values of δ15Ν within S1 and Mid
Holocene Humid (MHH) phases reflect a significant contribution of N-fixing
organisms to the N-cycle related probably to higher demand for nitrogen
(denitrification/ P regeneration) due to the established dysoxia in the water
column/sediment interface.
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MERCURY ACCUMULATION AND SPECIATION IN RED MULLET (MULLUS BARBATUS) AND ANNULAR
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Abstract
Total mercury (THg) and methylmercury (MeHg) concentrations were investigated in two different species from the Izmir Bay. The
levels of THg and MeHg in fish tissue, ranging from 4.4 to 221.4 µg THg kg-1 and 3.8-194.8 µg MeHg kg-1 (wet wt.), varied
according to sampling point and season. The results indicate that none of the fish analysed was ≥ 0.500 µg g-1 for THg and ≥ 0.300
µg g-1 for MeHg and nor did they exceed the WHO limit [1].
Keywords: Mercury, Fishes, Aegean Sea
Introduction
Izmir Bay, which covers a large range of industries, is one of the great natural
bays of the Mediterranean. Few published data are present on total mercury
concentrations in organisms from Izmir Bay, but no data are available on
mercury speciation in organisms from Izmir Bay. The aim of this study is to
comparatively evaluate THg and MeHg concentrations in two fish species
collected from different sites of Izmir Bay. Methodology Fish samples were
collected at four locations (Foca-Gediz, Uzunada, Gulbahce, Guzelbahce) in
2005 seasonally. THg concentrations were measured in VARIAN AAS by cold
vapour technique [2]. The MeHg analysis in the freeze-dried tissue was made
by GC-ECD [3].
Results and Discussion
Among the two species, THg and MeHg were examined (Table 1). The
percentage of MeHg was high and constant in muscle. The mean percentages of
MeHg to THg for all fish samples were 91.0 ± 0.77% (Mean ± SE) with a
range of 84–98%, indicating that organic mercury was the predominant form of
mercury in the muscle tissue of fish (Table 1). The significant differences
between sampling areas for THg and MeHg were not found in muscle tissue of
M. Barbatus and D. Annularis while concentrations in muscle tissue of M.
Barbatus and D. Annularis differed significantly among seasons for THg and
MeHg.

Tab. 1. Range of THg, MeHg, inorganic Hg levels (mg kg-1 wet wt.), length
(mm) and the ratios of MeHg to THg in biota in sampling areas

Conclusion
The maximum Hg content was 221.4 µg THg kg-1, corresponding to 194.82 µg
MeHg kg-1 (wet wt.) in D. Annularis. For a person eating 200-250 g of D.
annularis daily, the maximum amount of MeHg ingested is of 39-49 µg daily
(273-343 µg weekly), a value of the same order of magnitude as the 210 µg
permissible tolerable weekly intake (PTWI) for methylmercury proposed by
USEPA [4]. Our results indicated that D. annularis exceeded this limit.
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Abstract
Les possibilités d'utilisation d'échantillonneurs passifs pour l'évaluation de la contamination chimique des masses d'eau ont été testées
dans le cadre du projet PEPS. L'objectif principal était d'évaluer à "grande échelle" et dans différentes conditions de terrain (20
masses d'eau côtières réparties sur l’ensemble de la façade méditerranéenne française) l'opérationnalité de ces systèmes en terme de
réduction des coûts, fiabilité et rapidité d'obtention des résultats, mais aussi en terme de facilité de mise en œuvre (par du personnel
non spécialisé, mais préalablement formé).
Keywords: Monitoring, Western Mediterranean, Trace Elements, Sampling Methods
L'application de la Directive Cadre Européenne (DCE) [1] implique de mettre en
oeuvre des programmes de surveillance de l’état écologique et de l’état chimique
de l'ensemble des masses d'eau (de surface et souterraines). Le suivi en routine et
à fréquence "élevée" de la contamination chimique est limité du fait que la
plupart des contaminants sont présents à l’état de traces dans une matrice
complexe (notamment dans le cas de l’eau de mer). Ainsi, l'analyse de la plupart
des contaminants en milieu aquatique implique: l’utilisation de techniques
d’échantillonnage "ultra-propres"; la mise en oeuvre de méthodes
d'extraction/concentration et d’analyse complexes. De plus, l'augmentation
importante du nombre de composés chimiques en milieu aquatique, notamment
les substances "émergentes", ainsi que les modalités de surveillance des masses
d'eaux fixées par la DCE, rendent pertinent le développement d'approches et
d'outils "faciles" à mettre en œuvre sur le terrain et pouvant réduire le temps
ainsi que les coûts des opérations d'échantillonnage et d'analyse. A ce titre, les
échantillonneurs passifs sont des outils intéressants [2]-[7]. Certains ont été
conçus pour les éléments métalliques (DGT); d'autres sont utilisés pour les
contaminants organiques hydrophobes (SPME, SPMD, SBSE) et pour les
molécules polaires (SBSE, POCIS).

d'eau, stockage, filtration) et présentent l'avantage de pouvoir être mises en
œuvre rapidement. Cette présentation fera un bilan du test "à grande" échelle de
l'opérationnalité de ces techniques (SBSE, POCIS, DGT) réalisé sur la façade
méditerranéenne française. Une des originalités de cette étude a été de mettre en
évidence l'opérationnalité de ces systèmes et leur facilité de mise en œuvre par
du personnel non spécialisé, mais préalablement formé. Les résultats obtenus
(Fig. 1) ont contribué à la caractérisation des masses d'eau par rapport à certains
contaminants chimiques. Pour certains composés, les données acquises sont
parmi les premières disponibles en milieu marin côtier [8].
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Fig. 1. Exemple de concentrations en Cd (mesurées par DGT) et en certaines
substances pharmaceutiques dans les masses d’eau étudiées. Les concentrations
en Cd aux différentes stations sont comparées à la concentration moyenne
calculée à partir de l'ensemble des concentrations mesurées (ligne rouge).

Ces techniques présentent aussi l'avantage de perturber au minimum la
spéciation des contaminants échantillonnés (pas d'opérations de prélèvement
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Abstract
Barite is not restricted to reconstruction of paleoproductivity. If its sedimentary distribution underwent diagenesis, it can reflect
changes in sedimentation rate, CH4 and SO42- fluxes. We present data from two cores retrieved in the Black Sea (BS). In contrast to
Mediterranean sapropels, where Ba is used as tracer for organic matter accumulation, the primary Ba signal in the BS was lost in
shallow sediment depths (>1.5 m). While Ba is inappropriate as a paloeproductivity proxy in the BS, it might serve as a tracer of the
sulphate-methane transition (SMT). Migration of the SMT induced by the flooding of the BS was simulated using a numerical model.
The results indicate that diagenetic BaSO4 redistribution did not affect the top ~0.8 m of the cores. Steady state could have prevailed
since 3.8 ka after the first intrusion of seawater.
Keywords: Black Sea, Sediments, Geochemistry
The Black Sea has experienced severe changes after the last deglaciation
concerning its hydrological and geochemical conditions. Due to the flooding by
Mediterranean waters, conditions developed from a lacustrine setting with an
oxic water column to the largest modern marine anoxic basin in the world. These
changes affected the geochemical zonation within the sediment column, pushing
the SMT downward and enhancing organic matter (OM) preservation. In ocean
basins, barite Ba concentrations in the sediment can be used to reconstruct
paleoproductivity [1]. Particularly in the Mediterranean Sea, Ba is a helpful
indicator for the original extent of sapropels, which have been affected by postdepositional “burn-down” [2]. However, in zones of sulphate depletion, BaSO4
is subject to dissolution. This diagenetic overprint is decisive for Ba cycling in
Black Sea sediments, where the SMT is located at shallow depths of 2-4 m. The
authigenic BaSO4 fronts that form at (or slightly above) the SMT potentially
record the movement of the SMT [3]. This study is the first to present solid
phase Ba data of Black Sea sediments in combination with pore water data. The
main questions are: 1) Do distinct Ba/Al variations appear in the sedimentary
record? If yes – 2) Does the Ba signal reflect productivity or diagenetic
redistribution of BaSO4? And 3) Can relict fronts be used to trace the movement
ot the SMT and thus changes in sedimentation rate or the upward methane flux?
Two gravity cores 755 (501 m water depth) and 214 (1686 m water depth) were
retrieved west of the Crimean Peninsula during RV POSEIDON cruise 317/2
(2004) and RV METEOR cruise M72/1 (2007). In addition to wet geochemical
analyses, scanning electron microscopy (SEM) and energy dispersive
spectrometry (EDS) were carried out on bulk sediments to identify the main Ba
phases. Pore water profiles indicated barite dissolution below the SMT and
precipitation of authigenic BaSO4 fronts at the base of the sulphate zone
(Fig.1). By SEM-EDS, barite crystals with sizes <3 µm were found in five
samples above the current depth of the SMT. Most of those crystals were
irregularly shaped and only a few grains showed morphologies characteristic of
biogenic barites. The movement of the SMT since the Holocene flooding of the
Black Sea was simulated using a numerical transport and reaction model. The
results demonstrate that due to time constraints arising from sedimentation rates
and the velocity of diffusion, the upper ~80 cm of the sediment column are not
affected by diagenetic barite redistribution. A coupling of OM and Ba in these
intervals can be recognised, although the correlation is still ambiguous. The
sediments showed an opposite pattern to that in Mediterranean sapropels: OM
is well preserved while BaSO4 was efficiently remobilized. Ba is therefore not
applicable for studying paleoproductivities in the Black Sea. These findings also
suggest implications for the use of the Ba-proxy in analogue ancient settings.

Acknowledgements: We thank the participants of the cruises P317/2 and
M72/1. This study was funded by the DFG International Graduate College
‘Proxies in Earth History’ (EUROPROX) and the Helmholtz Association.

Fig. 1. Total organic carbon (TOC), solid phase and dissolved Ba of core 214.
The stratigraphy (Units I-III) was established by Blumenberg et al. [4].
Dissolution of BaSO4 and thus decoupling of Ba from the initial TOC input is
observed below the SMT.
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Abstract
A Submarine Tailings Disposal (STD) system operates on the northern flank of the Corinth Gulf , discharging bauxitic tailings on the
shelf of the Gulf. A deposit of three high relief mounds has formed at a water depth of about 100 m. The surface of the mounds
suffers from instabilities and tailings are transported as slumps down-slope. The tailings are dispersed on the shelf floor and are
directed through the channels and canyons of the slope, to the basin floor where they form thin intercalating layers. Tailings have
increased significantly the level of heavy metals in the study area.
Keywords: Metals, Pollution, Sediment Transport, Eastern Mediterranean
Introduction
On the northern margin of the Corinth Gulf, in Antikyra Bay, is located a
bauxitic processing plant, Aluminium of Greece, which has contributed
significant amounts of bauxitic tailings to the marine environment through a
submarine tailings disposal system (STD). Throughout 20 years period, four
(1982-83, 1987, 1994, and 2007) multidisciplinary environmental surveys were
carried out in Antikyra Bay and in the Corinth Gulf basin, in order to monitor
the STD system [1,2,3] and study the dispersion and transport mechanism of
bauxitic tailings as well as the distribution of heavy metals concentration. The
STD system discharges red mud slurry as the by-product of the aluminum
production. Though the STD system the tailings are piped out at water depth of
100 -120m.

tailings have formed successive layers, which intercalate with natural sediments.
The “red-mud” tailings and the intercalated natural sediment, consist of medium
to fine-grained sediments. The tailing deposits are highly enriched in Fe2O3,
TiO2, Cr2O3, Ni, Co, Pb and Cu compared to the surrounding natural
sediments, while the natural sediments are characterized by higher
concentrations of Mn, Zn and CaCO3. The concentrations of Fe2O3, TiO2,
Cr2O3, Ni, Co, Pb and Cu are highest the mouths of the outfalls in Antikyra
Bay (Table 1) and they decrease towards the basin. Therefore the tailings during
their transport as gravitational mass flows from the outfalls as far as their final
deposition site on the basin are subjected to mixing with natural sediments.
Tab. 1. Metal concentrations of bauxitic tailings and natural sediments in the
study area

Results-Discussion
On the shelf the tailings have formed three high-relief overlapping mounds at the
mouths of the pipelines, modifying significantly the bathymetry of the seafloor
(Fig.1).
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Fig. 1. Morphologic map of the central Gulf of Corinth showing the spatial
distribution of bauxitic tailings. Inset shows the bulk granulometric composition
of the tailings.

The mounds have wedged down-slope margins. The high rates of accumulation
at the mouth of the pipelines, in association with the high seismicity of the area
facilitate the instability of the mounds and the initiation of gravitative mass
movements (such as slumps) as it is indicated by the surficial patterns of
arcuated scarps. The red-mud tailings disperse from the mounds on the shelf
floor in a down-slope direction and form an elongated main surface deposit. The
distal tailings deposit is distributed down-slope from the main deposit as far as
the shelf-break and thins out to 1 cm. The bauxitic tailings are transported as
gravity–driven mass flows through the numerous channels incising the slope, to
the basin where they are being deposited, at a depth of 800 - 850 m on a smooth
and flat seafloor. On the base of slope and the basin floor, the red bauxitic
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the Gulf of Corinth Greece: a useful tool for studying turbidity current
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Submarine Mass movements and their consequences. Springer, pp 149-157.
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TRACE METAL POLLUTION IN SEDIMENTS OF THE CATALAN COAST (NORTHWESTERN
MEDITERRANEAN)
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Abstract
A survey along the Catalan coast was carried out in 2007 to assess trace metals in sediments with a homogenous sampling and
analytical strategy. The nine prodeltaic systems and adjacent areas of this coast were studied as sinks of polluted sediments in the
continental shelf. Results show that North part of the coast presents background levels or low isolated alterations. South part of the
coast, including the Ebro, Besòs and Llobregat prodeltas, presents high enrichment factors for several elements. Cadmium, and
specially Mercury, presents very high enrichment factors around the metropolitan areas of Barcelona and Tarragona.
Keywords: Trace Elements, Pollution, Ebro Delta, Sediments, Mercury
Introduction
The irregular regime of the small rivers discharging in the Catalan coast and also
uncontrolled pollutant dumpings result in sporadic pollution. This produces
anomalous trace metal contents in bottom sediments of active prodeltaic
accumulation areas that are indicative of sedimentary systems affected by
pollution.
Studies about trace metals in sediments of the Catalan coast have been carried
out mainly in specifics areas, in different years and following different sampling
strategies and analytical methods (Palanques et al. 1994). The present study
provides homogeneity in sampling and analytical procedures in the study of
trace metals in the sediments of the Catalan coast.

studies, including pre-industrial samples from sediment cores. Table 1
summarizes EF ranges for every area (Figure 1).
Samples from the northern of Barcelona metropolitan coastal area (Northern
Maresme, Ter prodelta and Roses Gulf) presented natural or near natural EF,
with some isolated pollution signals.
General high EF were present in the Barcelona metropolitan coastal area
(Southern Maresme, Besòs and Llobregat prodeltas and Northern Central
Coast), an area heavily populated and industrialized (4.9 million inhab.). In
general, maximum EF were founded in Besòs prodelta, up to 38 for Hg (up to
2.5 µg/g), up to 10 for Cd (1.4 µg/g), up to 6.4 for Cu (up to 137 µg/g), up to 7
for Pb (173 µg/g), up to 4.9 for Cr (251 µg/g) and up to 5.7 for Zn (450 µg/g). In
this area, pollution is associated to sewers and the Besòs and Llobregat rivers.
Tarragona area, which hosts petrochemical industry facilities, showed the
highest EF for Hg in the Catalan Coast (EF 126, 4.6 µg/g). Hg pollution is
associated to the several sewers in the area. Rest of metals showed natural levels
(Ni and Pb) or EF below 3 (Cd, Cr and Zn).
The Ebro prodelta, the larger system, showed significant EF only near the river
mouth (Hg up to 8) and in its Bays (Cd up to 3), probably due to retention of
polluted sediment in the numerous dams throughout its basin and also to the
higher dilution of polluted particles in a river with high water discharge.

Material and methods
A total of 118 samples of surface sediment (first centimeter) were taken in the 9
prodeltas and adjacent areas of the Catalan coast (Figure 1). Transects of five
stations perpendicular to the bathymetric isolines were established, taking
surface sediment samples at 10, 20, 30, 40 and 50 meters depth.

Tab. 1. Enrichment factor (EF) ranges for every area (Natural EF=1).
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Fig. 1. Study area with samples in black dots grouped in zones.

Grain size of all samples was determined by a sedigraph (fine fraction) and a
settling tube (coarse fraction) according to Giró et al. (1985). For geochemical
analysis, a total digestion technique was carried out, according to Querol et al.
(1996). Pb, Cr, Cu, Cd, Ni and Zn content was determined by ICP-MS, Fe and
Al content by ICP-OES and Hg content by a specific mercury analyzer.
GIS analysis and representation of data were performed with ESRI ArcGIS 9.3.
Results and discussion
To obtain the enrichment factors (EF), samples were normalized by Al content.
Results for every metal were compared to unpolluted samples of previous
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FUTURE OCEAN ACIDIFICATION IMPACTS ON MEDITERRANEAN SEAFOODS: FIRST INVESTIGATION
OF THE ECONOMIC COSTS
Ross Jeffree 1*, Nathalie Hilmi 2, Denis Allemand 2 and James Orr 3
1 IAEA Marine Environment Laboratories - R.Jeffree@iaea.org
2 Centre Scientifique de Monaco
3 LSCE/IPSL, CEA-CNRS-UVSQ
Abstract
There is increasing concern with regard to future impacts of ocean acidification on marine biological resources, fisheries and
aquaculture and the potential economic and social consequences. Here we give a summary report on the status of following sets of
data required to evaluate the likely scales of future economic losses to Mediterranean fisheries and aquaculture; a) direct and indirect
effects of reduced pH on Mediterranean species of socio-economic significance, b) effects of different global atmospheric carbon
emission rates on future acidity of Mediterranean seawater, and c) the economic values of shellfish from both wild fisheries and
aquaculture industries. The areas of uncertainty that warrant further investigation are also identified.
Keywords: Ph, Aquaculture, Global Change, Fisheries
Ocean acidification (OA) refers to changes in ocean chemistry brought about
by increases in atmospheric CO2 from combustion of fossil fuels,
deforestation and cement production. Ocean acidification leads to an increase
in hydrogen ion concentration [H+ ], which we refer to as acidity, and thus a
decrease in pH (defined as –log[H+ ]) and carbonate ion concentration. The
Mediterranean Sea is a semi-enclosed basin with different properties than
typical seawater, including generally higher surface temperatures and salinities.
However, the 21st-century reductions in Mediterranean Sea surface-water pH
and carbonate ion concentration are expected to be similar to those in tropical
waters of the ocean. Yet unlike the tropics, in the Mediterranean Sea there are
large differences between winter and summer saturation levels (carbonate ion
concentration). Combined effects from other peculiarities, including different
marine ecosystems and intense anthropogenic pressures, necessitate distinct
initiatives to study Mediterranean Sea acidification. For the Mediterranean Sea
there is little scientific information on the likely effects of ocean acidification
on marine food webs, fisheries and aquaculture species. However many of the
taxonomic groups of organisms present in the Mediterranean are also found
elsewhere where many of the ocean acidification studies are currently focussed
[1].Our approach has been to first assess the current state of knowledge of the
impacts of ocean acidification on seafoods and specifically for the
Mediterranean, including potential indirect effects through disruption of food
webs, and in combination with the effects of co-contaminants and increasing
temperatures. Then we use this assessment to interpret biological and
ecological impacts in the context of projected future acidification of the
Mediterranean. We then present some macro-economic assessment of the
value of Mediterranean seafoods at the regional and national scale to determine
what is potentially at threat economically from ocean acidification in the
future. By undertaking this preliminary cross-disciplinary study of the
economic significance of ocean acidification for Mediterranean seafoods we
have also better evaluated the inadequacies of the economic and scientific data
for the Mediterranean that is currently available for such a purpose. We have
also proposed what is needed to better assess the economic costs and risks,
with a prioritisation of the requirements for new information to reduce the
uncertainties in such an analysis. Ocean acidification is a recently identified
phenomenon and the scientific assessment of its impacts on seafoods and
underpinning biodiversity is still in its infancy, particularly for the
Mediterranean. Its tentative nature has constrained the precision of our socioeconomic analyses. However, the scale of potential losses has been better
clarified and detailed for Mediterranean countries, for the groups of seafoods
that are currently identified as more at risk from OA. Moreover, the following
questions have been better shaped through our collaborative analyses to
indicate where the needs for further research and consideration lie, viz: i) the
higher alkalinity of Mediterranean water mitigates the rate at which it will
acidify, however the biological responses of organisms that have also evolved
under these conditions need to be assessed experimentally, to discern the
degree of their vulnerability, ii) such experimental assessments need to be
undertaken within the ranges of pH values that are projected to occur, with
longer-term exposures, and for those species that have been identified as of
particular economic value for individual countries, iii) particular countries are
also identified as being pre-disposed to greater socio-economic impact of OA
due to both the value of calcifiers in their seafood production coupled with the
narrow species base of their seafood industries, iv) assessment of the potential
scale of socio-economic impacts of OA and the equity of their distributions
among the Mediterranean countries, that represent a very broad range in their

states of economic development. By its diversity among member states in
their level of economic development and the resilience of their economies, the
Mediterranean offers the unique opportunity to investigate the different scales
of socio-economic impacts among countries of OA [2].
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PHYLOGENETIC CONSISTENCIES IN RADIONUCLIDE AND METAL ACCUMULATION BY TELEOST AND
CHONDRICHTHYAN FISHES OF THE MEDITERRANEAN
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Abstract
There is a need to explain why different organisms contrast greatly in their capacities to accumulate trace element contaminants. Such
understanding will enhance predictive ecological risk assessment for these contaminants and permit better evaluation of the ‘reference
organism’ approach to radiation protection [1,2,3]. More fundamental biological explanations of these differences in bioaccumulation
between different organisms are yet to be achieved. Experimental investigations have shown consistencies within teleost and
chondrichthyan fish in their patterns of bioaccumulation of multiple trace elements. Such patterns are indicating phylogenetically-based
predispositions for elevated boaccumulation and internal exposures among these contaminants.
Keywords: Teleostei, Bio-Accumulation, Elasmobranchii, Metals, Radionuclides

To test the hypothesis of taxon-based bioaccumulation patterns we had
previously conducted a 14 day uptake/ 29 day loss experiment of uptake from
seawater that compared the whole-body uptake and loss kinetics of seven
radiotracers in a teleost (turbot- Psetta maxima) and chondrichthyan (lesser
dogfish- Scyliorhinus canicula) . This experiment showed appreciable
differences (P≤ 0.01) between the two species in their rates of accumulation
for multiple elements (eg. Am-241, Zn-65 and Cs-137) [4], which were great
enough to warrant further assesment of the hypothesis, as described below. A
set of nine radiotracers in seawater were used for an experimental exposure
that compared their whole body: water concentration factors at 14 days in
each of three teleosts and three chondrichthyans. Radiotracers included the
anthropogenic radionuclides 54Mn, 60Co, 65Zn, 134Cs and 241Am that are
typically released into coastal waters from nuclear power stations, and that
could be expected to increase in the future due to enhanced nuclear power
programs that are planned. Radiotracers of Cd, Ag and Se were also included
as they are contaminants that are commonly elevated in coastal waters due to
effluents from land-based sources. Teleost fish species were turbot Psetta
maxima, Order Pleuronectiformes, Family Psettodidae, sea bream Sparus
aurata, Order Perciformes, Family Sparidae and sea bass Dicentrarchus
labrax, Order Perciformes, Family Serranidae. The chondrichthyans were
dogfish S. canicula, Order Carcharhiniformes, Family Scyliorhinidae, undulate
ray Raja undulata, Order Rajiformes, Family Rajidae and spotted torpedo
Torpedo
marmorata Order Torpediniformes, Family Torpedinidae.
Discriminant function analysis was used to determine an equation to best
separate between dogfish and turbot on the basis of their CFs among 7-9
radiotracers. This function could then be used to objectively classify
individuals of the other chondrichthyan and teleost species used in this
experiment, as being closer to the a priori chondrichthyan or teleost
‘bioaccumulation model’. Hierarchical classificatory, multi-dimensional scaling
(MDS) and similarity (ANOSIM & SIMPER) analyses were also used to
further assess the hypothesis of different bioaccumulation characteristics for
species of teleosts and chondrichthyans. These analyses also identified those
trace elements that were most different between them in their bioaccumulatory
capacities. Discriminant function analysis on whole body: water concentration
factors (CFs) for 7-9 radiotracers separated dogfish and turbot in the two
independent experiments. Associated classification functions grouped the
teleosts, seabream and most seabass with turbot and the chondrichthyans,
undulate ray and spotted torpedo with dogfish, thus supporting our initial
hypothesis of taxon-based boacumulation patterns. Hierarchical classificatory,
multi-dimensional scaling and similarity analyses also separated all three
teleosts from all chondrichthyans that were more diverse amongst themselves
compared to teleosts. Dogfish were the most distant from teleosts, followed
by the undulate ray and then torpedo. Among the several multivariate
statistical techniques that were used to compare between taxa there were trace
elements that were repeatedly more prominent in determining the separations
between teleosts and chondrichthyans, based on their CFs, viz. Cs-134 was
consistently elevated in teleosts and Zn-65 was elevated in chondrichthyans.
Chondrichthyans were also higher in Cr-51, Co-60, Ag-110m and Am-241,
whereas teleosts were higher in Mn-54. Our results suggest that
chondrichthyans may be more susceptible to contamination from exposures in
seawater for a greater range of trace elements, compared to teleosts.
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Abstract
To observe the potential impacts of the aquaculture site, the nutrient distirbution (ammonium, nitrite, nitrate, phosphate and silicate),
and their ratios have been monitored as the indicators of water quality in a well-known aquaculture area in the middle of Aegean Sea
during winter and summer period. In addition to the nutrients, the total suspended solids (TSS) and dissolved oxygen (DO) were also
determined. The spatial variability in the nutrient distribution shows that the effect of fish farm and freshwater tributaries input flow
throughout the agricultural areas on the water quality parameters have no differences. The nutrient ratios (N/P/Si=1:5:1 in winter;
N/P/Si=1,5:2:1 in summer) indicate that nitrate and silicate are limiting.
Keywords: Aquaculture, Nutrients, Aegean Sea
Introduction
During last two decades, the intensification of marine aquaculture in the
Mediterraneancoasts has been reacted by the other users. Among these users,
the tourism entrepreneurs have been leading a competition based on the
conflict of interest for coastal zones. Their main argument is the adverse
impacts of fish farms on marine ecosystems. On one hand, the over sprawled
fish farms in coastal zones, which Turkey is well behind in comparison with
Greece with her ability to supply 60% of EC’s demand for Mediterranean fish
[1] and on the other hand, the sharp increase in world’s demand for seafoods
from 120 million tonnes towards to 160 million tonnes, display the
conradictory nature of the issue. An effective monitoring programme for the
fish farming activities is therefore important and essential. As the consequence
of such a programme, the sustainability of marine aquaculture can be acquired
by considering tourism, fisheries and aquaculture, and environmental
protection via the perspective of integrated coastal zone management. The
number of fish farms is relatively quite limited in Turkey, however, their
adverse environmental impacts are highly speculated in spite of the highly
restricted number of scientific monitoring researches on this issue.

Tab. 2. Nutrient ratios during winter and summer periods

*non-significant According to eutrophication scale given by Kardydis,1999
[4],the levels of nutrients near the fish and freshwater outfall reached the
eutrophic level for phosphate and ammonium and ammonium, respectively.
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Materials and Methods
Dissolved oxygen (DO) were measured by Winkler method. The filtered water
samples were kept frozen for analysis in the laboratory. SiO and NO were
analyzed using the Grasshoff, Ehrhartd and Kremling (1983) method, and (NO
+ NO ), NH PO following Strickland and Parsons (1972) [2,3]
Results and Discussion
In the present study, the annual nutrient variations were given in the min and
max ranges in Table1.
As expected, nutrients were higher in winter than ones in summer period.
NO :PO ratios are almost stable during the two seasons. However, TIN:PO
and Si:PO show changes. While TIN:PO is increasing, Si:PO is decreasing in
summer period.
Tab. 1. Annual variation of water quality parameters with nutrients
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Abstract
Les teneurs de neuf éléments minéraux (K, Mg, Na, Ca, Fe, Cd, Pb, Zn et Cu) dans le muscle dequatre espèces de poissons de la
pêche côtière du golfe de Gabès (le sparaillon Diplodus annularis, le gobie Zosterisessor ophiocephalus, le mulet Liza aurata et le
saurel caranx rhonchus) ont été déterminés dans le mois d’avril 2008. La variation des teneurs en minéraux en fonction du sexe de
poissons et des espèces a été examinée. Une grande variabilité entre les deux sexes est observée pour les éléments majeurs (K, Mg,
Na, Ca). Pour les éléments mineurs (Cu, Cd et Pb) peu de variations.
Keywords: Mineralogy, Fishes, Chemical Analysis
Introduction
L’analyse des teneurs en éléments minéraux permet d’évaluer le degré de
contamination dans les rejets industriels dans la mer. Le golfe de Gabès assure
une production halieutique importante en Tunisie. Cependant cette zone est de
plus en plus industrialisée. L’objectif de cette étude est d’analiser les teneurs
en éléments minéraux majeurs et mineurs dans quatre espèces de poisons de la
pêche côtière du golfe de Gabès (le sparaillon Diplodus annularis, le gobie
Zosterisessor ophiocephalus, le mulet Liza aurata et le saurel caranx
rhonchus).

la consommation de ces poissons ne présente pas un danger. La même
conclusion est mentionnée par [6] avec les mulets de la lagune ghar el melh
(Tunisie).
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Matériel et methods
Un échantillon de 4g d’extrait sec de la chair totale est calciné dans un four à
moufle à 550°C jusqu’à minéralisation complète de l’échantillon. 15 ml de
HNO3 dilués (1+ 4) avec de l’eau désionisée est ajouté à l'échantillon minéralisé
[1]. Le filtrat est analysé en éléments minéraux : Ca, Mg, Na, Fe, Cd, Pb, Cu et
Zn par la spectrophotomètre d’absorption atomique (Z6100 polarized Zieman,
Atomic Absorption Spectrophotometer Hitachi, Japon). Les résultats
représentent le moyen (moyen ; n = 3).

Tab. 1. Teneurs en éléments mineurs et majeurs obtenus dans la chair des
quatre espèces de poisons examinées.

Résultats et discussion
Le tableau 1 récapitule les teneurs en éléments mineurs et majeurs obtenus dans
la chair des quatre espèces de poisons examinées. Pour toutes les espèces
étudiées les femelles sont plus riches en éléments minéraux majeurs. Pour le
calcium les femelles contiennent entre 2,3 et 19,93 mg/100g de matière fraîche
contre 3,86 et 12,62 mg/100g pour les mâles. La teneur en Mg maximale est de
14,34 mg/100g pour les femelles du mulet contre 9,97mg/100g pour les mâles
de la même espèce. La teneur en sodium est de 48,62 mg/100g pour les femelles
contre 20,49 mg/100g pour les mâles du gobie. La teneur en K est de 117,69
mg/100g pour les femelles du gobie contre 51,64 mg/100g pour les mâles. Pour
les éléments minéraux mineurs le fer présente une teneur égale à 0,11 mg/100g
chez les femelles contre 0,09 mg/100g pour les mâles du sparaillon. Pour les
deux sexes analysés, on observe une richesse des femelles en éléments majeurs
surtout pour le sparaillon, le gobie et le saurel. L’inverse est observé pour le
mulet. Pour le cuivre, le cadmium et le plomb les teneurs obtenues dans la chair
des quatre espèces de poissons sont en traces. Ce résultat est concordant avec
celui de [2] et [3] obtenu pour les poissons de la mer noire. Pour le zinc les
mâles du sparaillon présentent la valeur la plus élevée avec une teneur égale à
0,18 mg/100g. Le zinc est un élément essentiel dans le métabolisme humain [4],
ainsi le sparaillon présente une source riche en cet élément.
Conclusion
Les éléments minéraux majeurs sont les plus abondantes dans la chair des
poissons, ce résultat est en accord avec [5], avec des teneurs plus élevées chez
les femelles et ceci pour toutes les espèces étudiées. Le sparaillon et le gobie
sont les espèces les plus riches en ces éléments alors que le saurel est le plus
pauvre. Les teneurs en Pb, Cd et en Cu sont faibles dans la chair indiquant que

265
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

SEASONAL VARIATION OF THE GLOBAL CHEMICAL COMPOSITION OF FISH: ANNULAR SEA BREAM
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Abstract
Seasonal variation of the global chemical composition of the annular sea bream species of the coastal catch fish of the Gulf of Gabes
(Tunisia) was studied between October 2007 and September 2008. The period of reproduction of Diplodus annularis occurs from
April to June. This sexual maturity (RGS, RHS) is in strong correlation with the fat content. The fat content is negatively correlated
with moisture content R= 0.83, P<10-3). The variance analysis of moisture, protein, fat and ash in the whole muscle shows that only
the factor months has significant effect on the muscles chemical composition (P<10-3).
Keywords: Chemical Analysis, Fishes, Coastal Engineering
Introduction
The period of reproduction of the annular sea bream occurs from February to
September. The size of Diplodus annularis at the first sexual maturity is equal
for both sexes to 10.21 cm [1]. The aim of the present study is to report an
assessment of the global seasonal chemical composition (moisture, protein, fat
and ash) of the principal costal catch fish species of the gulf of Gabes and to
determine the factors influencing chemical composition. Material and Methods
The muscle of fish is divided in two parts: latero-dorsal and latero-ventral parts,
whole muscle and organs (liver, Head, gonads, viscera). The gonado-somatic
(GSI) and the hepato-somatic (HIS) indexes were calculated as follows: GSI=
(Wg/Wev).100,HIS=(Wh/Wev).100, where Wg is the gonad weight and Wev is
the eviscerated fish weight. Wh is the liver weight. Moisture content, Crude
protein, Fat and Ash are determined. All statistical analysis were performed by
using SPSS software® version 11.0 (Statistical Package for Social Sciences).
Every factor presenting a p-value (p) inferior to 0.05 was considered significant.
Results
Figure 1 shows the comparison between the gonado-somatic and the hepatosomatic indexes, and the fat content.

According to the classification of fishes [2] based on their fat content, Annular
sea bream could be considered as high fat fish categories » 5 to 25 % (g fat/ 100 g
fresh fish). In the state of sexual maturity, the size of gonads increases and the
fat content of muscle decreased. So the fishes use their muscle fat reserve for the
maturation of gonads. After the spawning period, the fat content increases due
to the conversion of the gonad tissue. Moisture content is usually inversely
related to fat content [3]. This relationship has been observed generally in
pelagic ?sh, which lay down oil in the muscle tissue [4], and it could be a
consequence of the ?sh maintaining constant density. The effect of sex on the
chemical composition was not significant (P<10-3). Whereas the effect of month
is significant for moisture, fat and ash content of the muscle.
Conclusion
The seasonal variation of the fat content is inversely correlated to the RGS
index. In fact, the maximal of fat content reached in September (11.47 for males
and 10.76 for females) coincides with the minimal value of RGS index. Fat and
moisture contents are negatively correlated. The effect of sex on the global
chemical composition of the annular sea bream is not significant.
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Fig. 1. Comparison between thegonado-somatic and the hepato-somatic indexes,
and the fat content.

The gonado-somatic and hepato-somatic indexes of annular sea bream female’s
present maximal values in May (RGS = 7.73 % and RHS = 1.73 %), and
minimal values in April (RGS=0.30) and in Aout (RHS=0.37). The RGS and
RHS values are inferior for males than females. The maximal of fat content
coincides with the chute of RGS and RHS values from March to July. The
maximal of fat content is observed in september and is accompagned with a
minimal RGS values. The minimal of fat content corresponds to the highst value
of RGS. Strongest negative correlation is shows between fat and moisture
contents (R=-0.83 ; p<10-3). Moisture, fat and ash contents varied significantly
as a function of month (p<0.001). Whereas the sex of the fish did not have any
significant effect on the variation of the moisture, fat, protein and ash contents
of the organs (p = 0.83 for the sex). The month haven’t a significant effect on
the protein content (p=.0.45).
Discussion
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RADIOACTIVITY CONCENTRATIONS IN THE SURFACE SEDIMENT AND MUSSEL SAMPLES FROM THE
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Abstract
It is well known that sediment and mussel samples are commonly used for monitoring of radioactivity levels in marine ecosystem. In
the present study, radioactivity concentrations of 137Cs, 40K, 232Th, 238U and 210Po were measured in sediment and mussel (Mytilus
galloprovincialis) samples. The results of the present study were compared with the similar studies.
Keywords: Bosphorus, Mollusca, Radionuclides, Sediments
Tab. 1. Average radionuclide concentrations (Bq kg-1 dry weight) in sediment
and mussel samples of all sampling stations.

Introduction
Nowadays, the natural radioactivity levels in Turkish marine environment are
gradually increased by the fossil fuel industry, phosphate industry and the
using of fertilizers. On the other hand, anthropogenic radionuclides are
decreased in the biota samples of the Turkish marine environment in the
course of time [1]. Some papers have been published concerning
anthropogenic and natural radionuclides in biota and sediment samples
collected from the Bosphorus strait [2, 3].
Materials and Methods

The highest concentrations of 210Po in mussel and sediment samples were
found as 166±17 and 230±11 Bq kg-1 in R. Kavagi and Unkapani stations,
respectively. 210Po activity concentration in the R. Kavagi mussel has not
changed significantly during the past ten years [3]. On the other hand, 210Po
level in the Golden Horn sediment is higher than the Black Sea sediment [1].
Fig. 1. Study area and sampling stations
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The surface sediment samples were collected using a Van Veen grab sampler in
the stations. The size fractions (< 63 and > 63 µm) of each sediment samples
were dried at 85 0C to constant weight and homogenized prior to analysis.
The mussel samples were cleaned any external material, dissected and then
dried at 85 0C to constant weight and homogenized. The measurements of
232Th, 238U, 40K and 137Cs activities were carried out using a gamma
multichannel analyzer equipped with a HPGe detector (Canberra 2020). The
concentrations of 210Po in the samples were measured with an alpha
spectrometer. Other procedures of the two methods were similar to that
previously described [4, 5].
Results and Discussion
210Po concentrations were not measured for the >63 µm fraction of sediment

samples in all stations. In Balat station, >63 µm fraction of sediment could not
be obtained for radioactivity measurements. 137Cs concentrations in the
mussels collected from the sampling stations were generally found to be at the
similar level. The activity concentrations in mussel samples of the Bosphorus
are slightly lower when compared with that of the previous study carried out
in the same site during the period of 2004-2006 [6]. In a previous study,
137Cs activity content significantly increased with the decreasing grain size
[7]. 137Cs concentrations determined in the <63 µm sediment fraction in the
Bosphorus are significantly higher than those previously reported in this
region [2, 4]. On the other hand, 137Cs activity levels are significantly lower in
the Bosphorus and the Golden Horn when compared with the eastern Black
Sea sediment at the similar grain size.
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VARIATION SAISONNIERE DES TENEURS EN ELEMENTS MINERAUX ET EN METAUX LOURDS
DE QUATRE ESPECES DE POISSONS DU GOLFE DE GABES
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Abstract
L’étude de la variation saisonnière des teneurs en éléments minéraux et en métaux lourds (mg / 100g frais) de quatre espèces de
poissons du golfe de Gabès, révèle qu’ils sont riches en éléments majeurs (calcium : 35,122-102,987, potassium : 179,474-309,447 et
sodium : 105,154- 179,788). Les teneurs en magnésium (44,402-80,324), en fer (16,123-22,628) sont plus faibles. Celles en zinc (0,4891,622) et en cuivre (0,096-0,646) sont très faibles. Le cadmium (<0,04) et le plomb (0,076) sont présents en traces. L’analyse
statistique montre que la saison et les espèces présentent des effets significatifs (p<0,05) sur les concentrations de quelques éléments
minéraux.
Keywords: Analytical Methods, Chemical Analysis, Fishes, Gulf Of Gabes
Introduction
Les métaux lourds qui sont continuellement déchargés dans les écosystèmes
aquatiques contribuent à la pollution de la mer. Les poissons peuvent être
considérés comme des indicateurs les plus significatifs pour l'évaluation du
niveau de pollution en métaux. Plusieurs espèces commerciales et comestibles
ont été largement étudiées afin de déterminer leurs teneurs en éléments
minéraux et en métaux lourds. L’objectif de cette étude est de déterminer la
variation saisonnière des teneurs en éléments minéraux et en métaux lourds du
rouget de vase (Mullus barbatus), rouget de roche (Mullus surmuletus), marbré
(Lithognatus mormyrus) et pageot (Pagellus erythrinus) du golfe de Gabès.

que les éléments minéraux et les métaux lourds (potassium, calcium,
magnésium, fer et cuivre) différent significativement d’une saison à une autre
pour les quatre espèces et sexe confondues (p<0,05). L’ANOVA de l’analyse
des deux saisons ensemble, révèle que seul le zinc (Zn) varie significativement
(p<0,05) selon les quatre espèces étudiées. Le sexe n’a pas d’effet significatif
(p>0,05). Sur tous les échantillons analysés, pour la saison de printemps, les
espèces influent seulement sur les teneurs en Ca, K, Fer et Zn (p<0,05). En été
les concentrations en Ca, Na et Zn différent significativement selon les espèces
(p<0,05). Cette dernière constatation est bien confirmée par l’Analyse en
Composantes Principales (ACP). En effet, le calcium, le sodium, le zinc, le
magnésium, le fer et le cuivre définissent l’axe 1 qui représente 47,38 % de la
variance totale. La variable potassium détermine l’axe 2 qui représente 23,43 %
de la contribution totale qui est 70,818 % (figure 1).

Matériel et méthodes
L’échantillonnage des poissons a été réalisé durant l’année 2007-2008 par le
chalut du golfe de Gabès. Au laboratoire, les échantillons de poisson frais ont
été pesés puis éviscérés. Après éviscération, la chair des mâles et des femelles
est analysée séparément. Les échantillons frais ont été déshydratés dans une
étuve réglée à une température de 105°C jusqu’à poids constant. L’extrait sec
obtenu a été calciné dans un four à moufle à 550 - 600°C pendant 3 heures. Les
teneurs en éléments minéraux et en métaux lourds ont été dosés par
spectrophotométrie d’absorption atomique (type Hitachi Z 6100) [1]. Une
analyse de variance et une analyse en composante principale ont été appliquées
pour étudier l’effet des facteurs (saison, espèce et sexe) sur les concentrations
en éléments minéraux et les répartirent en différents groupes à l’aide du logiciel
SPSS (15.0) (Statistical Package for Social Sciences).
Résultats et discussion
Les concentrations des éléments minéraux et des métaux lourds dans la chair du
poisson sont dépendantes des saisons et des espèces étudiées. Les valeurs des
teneurs en Ca, Na, K, Mg, Fer, Zn, Cu, Cd et Pb pour les deux saisons
(printemps et été) et pour les espèces étudiées sont consignées dans le tableau
1.
Tab. 1. Composition en élements mineraux et en métaux lourds des espèces
étudiées (teneur en mg/100g de chair de poisson frais)

Fig. 1. Analyse en Composantes Principales des éléments minéraux des
espèces des poissons étudiés en été.
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Les valeurs minimales de Ca et K ont été obtenues en été, alors que pour les
autres éléments minéraux (Na, Mg, Fer et Zn) et les métaux lourds (Cu, Cd et
Pb), les teneurs maximales sont obtenues en été. L’analyse de variance montre
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VARIATION SAISONNIERE DES TENEURS EN EAU ET EN LIPIDES ET DE LA COMPOSITION DES
ACIDES GRAS DU ROUGET DE ROCHE (MULLUS SURMULETUS) DU GOLFE DE GABES
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Abstract
Les teneurs en eau et en lipides des rougets de roche présentent une large fluctuation durant toute l’année. Le maximum de la teneur
en lipides est atteint au mois de novembre (10,886 %) et le minimum est atteint au mois de mai (2,92 %). Durant toute l ’année, la
teneur en eau est inversement proportionnelle à celle en lipides. Le spectre des acides gras montre une richesse relative en acides
gras polyinsaturés (l’acide linoléique, l’acide arachidonique et l’acide docosahexaenoique). Les concentrations des acides gras saturés
et mono insaturés sont plus élevées pendant le printemps que l’hiver, le cas contraire est observé pour les acides gras polyinsaturés.
Keywords: Analytical Methods, Biotechnologies, Chemical Analysis, Fishes
Introduction
La Tunisie est un grand producteur et exportateur de fruits de mer. Le secteur de
la pêche a une grande importance économique, sociale et même
environnementale. Les fruits de mer de la Tunisie incluent les mollusques, les
crustacés, les poissons, etc. Plusieurs modes de pêche sont pratiqués en Tunisie,
parmi lesquels on cite la pêche au chalut. L’apport national de ce mode de pêche
a augmenté de 12 % entre les années 2007 et 2008 [1]. Le rouget de roche est
une espèce benthique à haute valeur commerciale et très consommée en Tunisie ;
elle est pêchée au chalut. C’est une espèce grasse, riche en acides gras
polyinsaturés. De nombreuses études ont montré que l'huile de poissons a
plusieurs bienfaits pour la santé comme la réduction des maladies cardiovasculaires [2]. Ce travail porte sur l’étude de la variation saisonnière de la
teneur en eau et en lipides et de la composition des acides gras du rouget de
roche du golfe de Gabès.
Matériel et méthodes
La capture des poissons a été réalisée à l'aide d'un chalut dans le golfe de Gabès.
La variation de la teneur en eau, en lipides et en acides gras a été déterminée
durant l’année 2008-2009. Les analyses ont été effectuées sur la chair de
poissons frais. Pour la détermination de la teneur en eau, les échantillons ont été
déshydratés dans une étuve réglée à une température de 105°C jusqu’à poids
constant [3]. La teneur en lipides a été analysée par la méthode de Soxhelt en
utilisant le chloroforme comme solvant d’extraction. Les acides gras ont été
extraits selon le procédé de Bligh et Dyer [4], après méthylation, les esters
méthyliques ont été analysés par CPG-SM (type ATTUMICAM 610).

Fig. 1. Variations saisonnières des teneurs en eau et en lipides chez le rouget de
roche femelle

Résultats et discussion
L’analyse de la teneur en lipides révèle qu’elle est très variable. En effet, la
réserve lipidique est totalement épuisée pendant le mois de mai, les valeurs de la
teneur de lipides chutent de 8,1 % (avril) à 2,92 % (mai). Durant cette période
le poisson utilise beaucoup d’énergie : c’est la période de ponte. Contrairement à
la teneur en lipides, la teneur en eau subit une diminution pendant les mois
(octobre et novembre) et une augmentation pendant le mois de mai (figure 1).
Pour les mâles et les femelles de cette espèce, durant toute l’année, les lipides
sont formés par les proportions suivantes des acides gras totaux (20 à 30 %
saturés, 15 à 45 % mono insaturés et 15 à 60 % polyinsaturés). En ce qui
concerne leur variation, les poissons capturés au printemps présentent une
concentration plus élevée d’acides gras saturés et mono insaturés (tels que
l’acide palmitique : C16:0, l’acide stéarique : C18:0, l’acide palimtoléique :
C16:1n-9, et l’acide oléique : C18:1n-9) et une concentration moins élevée
d’acides gras polyinsaturés essentiellement l’acide linoléique (C18:2 n-6), l’acide
arachidonique (C20:4 n-6) et l’acide docosahexaenoique (C22:6 n-3) que ceux
capturés en hiver.
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Abstract
In Secovlje Salina (Gulf of Trieste, northern Adriatic), the stromatolitic microbial mat named “petola“ is a crucial element in old
mediaeval manner of salt-production so the understanding of its chemistry is very important for the preservation and progress of this
activity. The chemical study (FT-IR, 13C-NMR, elemental analyses) was performed to investigate the petola composition and its
transformations during salt-making processes
Keywords: Salinity, Mineralogy, Adriatic Sea
Introduction
In Secovlje solar salterns (northern Adriatic, Slovenia) the salt is still produced
with traditional procedures by manual gathering of salt on the petola i.e.
microalgal mat composed mostly of cyanobacteria, diatoms and other microalgae
impregnated with minerals (gypsum, Mg-calcite…). Petola prevents sea mud
from mixing with salt so this naturally produced salt is rich in minerals and
purely white. This biological-chemical facet has a special role in the
precipitation/dissolution processes so the understanding of its chemistry is very
important for the preservation and progress of this activity. The presented
results upgrades the previous chemical study of petola samples from 2006 [1].

of 13C NMR data will give us further insights into the composition and
reactivity of petola organic carbon.
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Materials and methods
Sampling was carried out in the crystallizer pond on May 14th (Sample A), June
9th (Sample B), and July 30th (Sample C), in 2009. Surficial sediment samples
(0-2 cm) were collected using 40 mm diameter gravity core sampler and then the
tiny slice of surface sediment i.e. 2-3 millimeter thick layer of biosediment was
cut offand frozen. The freeze-dried samples were grounded to a fine powder and
used for elemental, 13C-NMR and FT-IR analyses.
Results and discussion
The FT-IR analyses of petola samples (Figure 1) confirmed the fractional
crystallization of different salts according to the increasing evaporation and
salinity. First to crystallize are carbonates and sadra (brine conc. >13 Bé),
followed by NaCl (brine conc. ~25 Bé) and finally magnesium salts (brine conc.
>26 Bé) [2]. Unfortunately, the NaCl is transparent to the infrared light and not
introduce any lines onto the spectra. The alteration of organic fraction of petola
was detected during its maturation and increasing brine salinity concentration.
Cementation during petola cultivation contribute to its stabilization and a higher
hardnes allowing the manual gathering of salt on this basin's base.

Fig. 1. FT-IR spectra of petola samples (Secovlje Salina)

Major FT-IR spectra bands could be assigned: 3625 cm-1 (clay minerals), 30003600 cm− 1 (O-H and N-H stretching band region), 2800-3000 cm-1 (organic
carbon i.e. CH2 and CH3 alkyl groups), 1653-1640 cm− 1 (proteinic component,
water signals, aromatic and olefinic C=C groups), carbonates, (2514, 1795,
1420-1450, 876 and 713 cm-1), silicates (1870, 1160, 1020, 799, 780, 696 and
534 cm-1), sadra (3407, 1683, 1621, 1141, 1118, 669 and 602 cm-1). Evaluation
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Abstract
The western part of the Black Sea is highly influenced by major rivers input. Through different periods its vertical hydrochemical
structure varies in response of the hydrological conditions and the anthropogenic influence. The study is an attempt to estimate the
stability of the chemical parameters content in the water body of the region in two seasons – early spring (cold upper layer waters)
and late summer (well expressed termocline).
Keywords: Nutrients, Oxygen, Black Sea, Vertical Profile
Methods
The study is based on data obtained during the seasonal cruises (October 2007
and 2007 and April 2008) with RV “Akademik” in western Black Sea area. The
samples are collected from 9 stations using Rosette Seabird system on the
following depths: 1, 10, 25, 50, 75 and 100 m, depth of thermocline location and
DCM and depths corresponding to σ = 15.0, 15.2, 15.4, 15.8, 16.0 and 16.2.
The hydrological parameters are measured by Seabird CTD System. The
hydrochemical parameters analyses are accomplished by standard methods [1].
Results
Hydrology. In October the Upper Mixed Layer (UML) is located in the water
column beneath surface with temperature 18.5 – 20.3 °C and density (σθ) about
10.5 – 12.2. The thermocline is located in the depth range of 29 – 35 m and the
Cold Intermediate Layer (CIL) – in 60 – 100 m. The thermohaline structure in
April is typical for early spring without expressed thermocline. The upper
surface layer is characterized with low temperature in range 9.3 – 11.2 °C and
density 13.0 – 13.9.

m (σθ > 16.0 – 16.2) (Fig. 1). The depth of the upper anoxic waters could be
considered deeper for the distant stations but is not irregular during last decade
[2].
Nitrogen. Surface, UML and CIL (oxygenated waters) NH4 concentrations are
relatively low (0.5 µM). From σθ = 16.0 (135 – 145 m) its concentrations
increase down to the anaerobic zone. NO2 and NO3 concentrations in UML in
the end of summer are lower due to biochemical exhaustion and the NO2
maximums in the thermocline and in the oxycline are well expressed (Fig. 1). The
maximum NO3 concentrations (~ 96 – 120 m, σθ = 15.4) does not exceed 3 µM,
which is less than the values detected during summer (> 5 µM) [3, 4] in the
same region. Nitrates disappear at σθ = 16.0 – 16.2 as it has been observed
elsewhere [5, 6]. The Total Nitrogen (TN) varies around 10 µM and is its
content is relatively higher in April.
Phosphorous. PO4 content is low down to CIL both in warm and cold seasons.
In CIL an increase is initiated with an upper maximum of 1.4 µM in April and
0.8 µM in October at σθ = 15.5 and minimum at σθ = 15.9 where the oxycline is
located. The second maximum of 4 – 5 µM in the warm season is found at σθ =
16.25 (150 – 160 m) (Fig. 1).
Silicates. SiO2 distribution is characterized by significant increase down to σθ =
16.0 (Fig. 2). In UML its content varies in range 2 – 7 µM. The measured lower
concentrations possibly are due to phytoplankton growth during both seasons
in the euphotic zone. SiO2 concentration in near shore stations (coastal waters)
is 2 times higher than in deep zone surface waters [7].
Suspended matter is higher in the upper layer – 0.7 - 1.0 mg/l and decreases
steeply in the beginning of CIL. In thermocline SM is normally lower in the
colder season.
Conclusions
– The vertical hydrochemical structure in Western Black Sea is generally
specified by the hydrological conditions of the water column;
– The anoxic zone appears relatively low (140 – 150 m), the NH3 distribution,
the NO2 specific variations and the NO3 reduction are well expressed,
considering undisturbed stratification and hydrochemical stability of the water
column in the investigated period;
– PO4 deeper maximum in October is specific for the warm part of year due to
mineralization of the increased organic matter;
– The measured surface lower concentrations SiO2 are possibly due to
phytoplankton growth during both seasons in the euphotic zone.
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Fig. 1. Filtered vertical distribution of DO, PO4, NO2 and NO3

Dissolved gases. High oxygen content in April (360 µM) (Fig. 1) corresponds to
highest Oxygen Saturation (OS) in surface waters due to hydrological
conditions. In CIL DO vertical distribution follows the same pattern for each
season – decreasing gradient from about 250 µM to the redox zone. H2S is
detectable from depths > 120 – 140 m. Its increase becomes steeper below 150
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POTENTIAL TOLL OF A DESALINATION PLANT: A) SEAWATER QUALITY
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Abstract
The potential impact the discharges of brine and backwash (containing the coagulant ferric hydroxide) on seawater quality was
monitored at the area of the outfall of a reverse osmosis (RO) desalination plant. Preliminary results showed that water was warmer
and more saline at the discharge area, and that the backwash tinted the water red, increased water turbidity and the concentration of
suspended particulate matter, the influence reaching up to 1,500m. Nutrient concentrations were also higher at the discharge area and
decreased with increased distance. While the effect of the backwash on a few parameters of water quality was obvious, the various
discharges in the area make it impossible at this time to attribute a cause-effect to explain the findings of this research.
Keywords: Coastal Waters, Nutrients, Salinity, Monitoring, Levantine Basin
Desalination has increasingly been seen as an important element in dealing
with water shortage particularly by countries which border the sea. In Israel,
increase in water usage and dry years prompted the government to set a goal
of 600,000 million m3 desalinated water per year by 2013. To date, there are
two operational seawater desalination plants at the Mediterranean coast of
Israel, producing ca. 140,000 million m3 water yearly by reverse osmosis, a
third plant almost operational (ca. 100,000 million m3 yearly) and two large
plants at the planning stage. However, the impact of pumping large volumes
of seawater into the plants and of concentrate discharges from the plants has
yet to be fully assessed. Pumping large volumes of seawater into desalination
plants can cause impingement and entrainment of organisms, in particular
plankton, fish eggs and larvae, and depletion of those organisms. Moreover,
ca. 50% of the feedwater is converted to concentrate that is discharged back to
the sea. If the desalination plant operates in an area where water quality is
already poor, the concentrate will contain also excess of the pollutants present
in the seawater intake. In addition, the process of desalination utilizes
chemicals in the pre-treatment of seawater entering the plant and during the
desalination process such as ferric hydroxyde (coagulant) and
polyphosphonates (antiscalants) that are discharged to sea with the
desalination concentrate (1). In this work we monitored the effect of the
discharge of ferric hydroxide on the water quality at the outfall of a RO
desalination plant operating in Ashkelon, at the southern Mediterranean coast
of Israel , the largest RO plant in the world. The brine and the backwash of
preliminary filtration stage, the latter containing ferric hydroxide, are
discharged at the shore, next to the discharge of cooling waters of a power
plant adjacent to the RO plant. The brine is discharged continuously while the
backwash is discharged in pulses, their frequency depending on the seawater
quality of the intake. To complete the picture, brine from well’s amelioration,
containing nitrates, are also discharged in the same area. Three surveys (April
and August 2008 and April 2009) were conducted in the area and seawater
samples were collected before, during and after the pulsed discharge of the
backwash, along a gradient from the more affected area to apparently clear
(non affected) water area. Preliminary results showed that seawater
temperature at the outfall area was higher by 4-6 oC due to the effect of the
power plant cooling water discharges. Salinity was ca. 1% higher than the
natural salinity in the area (39.5) due to the brine continuous discharge, it’s
influence traced up to 500 m from the outfall. Similar results were seen in SE
Spain (2). The backwash increased water turbidity and tinted the seawater red
as a result of the introduction of suspended particulate matter containing Fe,
that increased in concentration from 6 to 14 mg/l. It’s influence could be
traced as far as 1,500 m from the outfall. The bacterial community was also
influenced as described by Yacobi and Kress (Submitted abstract, CIESM
2010). Nutrient concentrations at the discharge area was higher than in the
vicinity, in particulate nitrate, probably as a result of well’s amelioration
brine, with concentration decreasing with increased distance from the discharge
area. While the effect of the backwash on water quality (turbidity, particulate
matter) was obvious, the various discharges in the area make it impossible at
this time to attribute a cause- effect to explain the findings of this research.
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UNDERSTANDING WHY NUTRIENT CYCLING IN THE EASTERN MEDITERRANEAN (EMS) IS SO
UNUSUAL?
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Abstract
The high N:P in the EMS is due to high N:P ratio in the external inputs combined with low denitrification caused by its ultra oligotrophic status. There is no evidence for N-fixation. The external inputs have increased by 2-5 times between 1960 and 2000 and
yet there is no evidence of increased primary productivity. We suggest this is due to rapid export of excess nutrients through the
Straits of Sicily.
Keywords: Eastern Mediterranean, Phosphorus, Pollution, Geochemical Cycles
The EMS is both P starved and unequivocally phosphorus limited with a
nitrate:phosphate ratio in the deep waters of ~28:1 and similar high ratios in
the dissolved and particulate organic matter (1). It is also unusual in being
ultra-oligotrophic. This is despite the basin being surrounded by land with a
resident population of ~ 120 million people and a further 120-200 million
tourists yearly. As a result of this large population there are considerable
external inputs of nutrients (N & P) from both atmospheric and riverine
sources. Recent studies have shown that the high N:P ratio found in the EMS
is due to a combination of high N:P ratios in the external inputs combined with
low denitrification rates. This is because there are limited areas of anaerobic
sediment due the ultra-oligotrophic nature of the basin. A total nutrient budget
for the entire basin shows that the external inputs balance closely the outputs
(Table 1) without any nitrogen fixation.

fixation adding fixed nitrogen. The EMS is simply unusual because there is
almost no denitrification, even in the coastal sediments.
The low nutrient concentrations in the deeper water in the EMS, which is the
cause of the observed ultra-oligotrophic conditions, is due to the anti-estuarine
circulation with low nutrients being supplied by the in-flowing surface waters
and significant nutrient export in the outflowing intermediate water. The
external flux of fixed nitrogen in the atmospheric supply has increased by a
factor of 2.2 since 1960 while the riverine flux has increased by a factor of 4.5
during the same time period (Table 1). The riverine P flux has also increased by
a factor of ~2 (4). Despite these major increases in external nutrient flux, there
is no evidence of a parallel increase in primary productivity or any other
regional measure of eutrophication. We propose that this is because the
nutrients are exported with the outflow at the Straits of Sicily with nutrients
having a residence time of only <10 years in the EMS. These new
understandings have important implications on our understanding of
biogeochemical cycles within the EMS basin and need to be taken into account
in any attempts to predict the effect of changing nutrient fluxes or ocean
acidification on this sensitive ecosystem.

Tab. 1. Calculated nutrient inputs into and outputs from the Eastern
Mediterranean basin. All values as given in 109 moles/y. The data for the total
nutrient budget is from Krom et al., (2004) with subsequent data from Ludwig
et al., (2009)
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A similar budget for the core of the Cyprus eddy found that the annual inputs
of fixed nitrogen into the core of the eddy balanced by known exports (2).
Both budgets were in balance without any significant nitrogen fixation.
Previous explanations for the observed isotopically light δ15N-NO3 (2.4±
0.1‰) in the deep water which suggested extensive nitrogen fixation did not
take into account the isotopic signature of the atmospheric input. Recent
measurements have shown that this external input is isotopically light (δ15N =
-3.1‰) and together with the known atmospheric N flux is able to explain the
isotopic content of nitrate in the deep water without any nitrogen fixation
(5) Direct measurements of nitrogen fixation across the EMS have found rates
at or below detection limits; (0.5-2 µmol/m2/d; and ~1 nmol/l/d;. The
exceptionally high nitrogen fixation rates in the Cyprus eddy (3) (129 nmol/l/d;
15 mmol/m2/d) are considered anomalous particularly since the only potential
diazotroph observed within the system at the time of measurement were
Synechococcus sp. and these were found in low numbers (3.3-4.3 x 106 cells/l;.
This explanation for the unusual N:P ratio in the EMS is entirely compatible
with existing explanations for the global controls of the Redfield ratio as being a
balance between denitrification removing N to below 16:1 and subsequent N
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EVALUATION OF HEAVY METAL POLLUTION IN SEDIMENT AND MULLUS BARBATUS FROM THE
IZMIR BAY (EASTERN AEGEAN) DURING 1997-2009
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Abstract
Izmir Bay (western Turkey) is one of the great natural bays of the Mediterranean. Outer and middle bays show low levels of heavy
metal enrichments except estuary of Gediz River. Heavy metal levels were lower than the results in fish tissues reported from polluted
areas of the Mediterranean Sea.
Keywords: Metals, Sediments, Fishes
Introduction
Izmir is an important industrial and commercial centre and a cultural focal
point. The Gediz River, which flows to the northern part of the bay, is the
second biggest river along the eastern Aegean coast. Gediz River is densely
populated and includes extensive agricultural lands and numerous
manufacturing, food and chemical industries. A number of studies have been
carried out on the concentrations of nutrients and heavy metals in the bay
during a year, but no long-term and seasonal data are available. The main aim
of this study was to monitor levels, temporal variability and distribution of
heavy metals in edible fishes and sediments of Izmir Bay.

4 - FAO/UNEP., 1993. Report of the FAO/UNEP/IAEA training workshop
on the design of monitoring programmes and management of data concerning
chemical contaminants in marine organisms, Athens, 247pp.

Materials and Methods
The study area located between the longitudes 26°30'-27°08' E and latitudes
38°41'-38°21' N. Sediment and fish samples were analysed according to
UNEP [1,2,3]. Sediment (SD-MEDPOL-1/TM) and fish (MA-MEDPOL1/TM) samples were used as a control for the analytical methods.
Results and Discussion
The highest concentrations of metals were found in sediments from the inner
part of the bay where intensely industrialized (mainly iron, paper and pulp
factories, antifouling paints, chlorine-alkali plants, chemical industries, textile
industries, metal processing, timber processing, cement factories, food
processing, beverage manufacturing and bottling, tanneries, oil, soap and a
very busy harbour) compared to the middle and outer parts of the bay. The
concentrations of Cd, Cu and Pb in the outer bay were generally similar to the
background levels and mean concentrations from the Mediterranean and
Aegean Seas except chromium, zinc and mercury. ANCOVA was used to
compare the regional differences in the heavy metal concentrations of
sediments. In consequences, the comparison of metal concentrations
demonstrate that, there are significant (p<0.05) regional variations. M.
barbatus, being bottom dwellers to a certain extent, are species that tend to
concentrate contaminants to a higher degree than other species due to high
mobility. For this reason it was recommended by FAO/UNEP [4] as
monitoring species. The concentrations of heavy metals found in M. barbatus
varied, with Hg ranging from 14-520, Cd from 0.10-10, Pb from 2.6-478, Cr
from 22-270, Cu from 178-568 and Zn from 2157-3832 mg kg-1 wet weight in
the bay. The order of heavy metal concentrations were:
Zn>Cu>Pb>Cr>Hg>Cd. The comparison of metal concentrations demonstrate
that, there are no significant (p<0.05) regional variations during 1996-2009
except mercury (df=5, F=4.974, p=0.0005).
Conclusions
Most of the heavy metals concentrations in sediments were generally similar
to the background levels from the Mediterranean and Aegean Sea, except delta
of Gediz River in the outer bay. The high concentration of heavy metals is
observed in the inner part of the bay. The levels of metals are lower in the
inner bay than polluted areas of Mediterranean. Hg and Cd concentrations are
higher than the reported mean values of heavy metals in fish organisms from
the Aegean Sea and Mediterranean. Lead concentrations are similar to those
reported in fish from Mediterranean countries.
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MEDITERRANEAN SEA PRIMARY PRODUCTIVITY SIMULATED BY OPATM-BFM MODEL
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Abstract
We present an analysis of the primary productivity estimation for the Mediterranean Sea carried out by the numerical tool OPATMBFM. Annual budget of primary productivity is quantified and compared with other estimations based on satellite observations and insitu measurements. Model results are discussed and summarized considering the main biogeochemical properties and their inter-annual
variability (period 1999-2004) at the sub-basins level with a particular interest to primary productivity (PP).
Keywords: Primary Production, Models, Pelagic
Introduction
Scenarios analyses indicate that the anthropogenic pressure on the
Mediterranean Sea environment will significantly increase in the next decades.
Optimal management of this rapid change requires a quantitative knowledge of
the Mediterranean Sea functioning based on an integrated view that may include
in-situ remote measurements and modelling projections. Models represent the
only system able to quantitatively estimate with high space/time resolution the
biogeochemical processes at basin scale. We applied a model developed in the
framework of the operational short-term forecast [1] for a multi-annual
simulation of plankton productivity.
Model
OPATM-BFM is a three-dimensional transport-reaction model developed to
simulate the evolution of the marine biogeochemistry. It is designed to resolve
the seasonal cycle of primary producers on the Mediterranean basin spatial
scale. The model in its current version has an horizontal resolution of 0.125
degrees with 43 vertical levels. The system is forced with physical parameters
produced by an external high- resolution Ocean General Circulation Model
(OGCM) according to the off-line approach. Advection, diffusion and sinking
are implemented by a modified version of OPATM code, OPA Tracer Model
version v8.1 [2]. The reaction term is implemented by the BFM model version
2.0 [3]. The physical parameters are computed by the MED16 OGCM forced
by the atmospheric fields of the ECMWF reanalysis for the period 1998-2004.
Photosynthetic Available Radiance (PAR) is modulated by a satellite-estimated
extinction parameter. Initial and boundary conditions (for the Gibraltar Strait
input) are obtained from the nutrient climatological dataset MEDAR
MEDATLAS 2002.
Result and Discussion
Table 1 shows the annual averages (as arithmetic means) of PP estimated by
OPATM-BFM model, SeaWiFS, and by data synthesis of in situ measurements
for different sub basins of the Mediterranean Sea, Fig. 1. Overall there is a good
correspondence among different estimations for all the sub-basins, with an
average productivity around 94 mgC m-2 y -1 for the whole Mediterranean Sea
basin. The western Mediterranean is characterized by an higher average
productivity level, around 127 mgC m-2 y -1 , including Alboran Sea, while the
eastern Mediterranean average productivity is lower and around 72 mgC m-2 y 1 . A seasonal cycle is evident for each year considered in the present
simulations, both in the western and eastern sub-basins. The maxima of primary
production occur always during the winter period while the minima occur in late
autumn, as shown in the time series of the period 1999-2004, Fig. 1. In the ALB
sub-basin, the seasonal cycle is super-imposed to the high frequency peaks
related to the highly dynamical regime of this area. The NWM area has a
dominant seasonal cycle with an evident maximum of the productive peak in
2003 (around 1 gC m-2 d-1). LEV area shows maxima of productivity in April
and very low values during summer and autumn periods, even below 50
mgC m-2 d-1. In summary, our model gives full spatial/temporal coverage for the
period considered, providing an estimate of the biogeochemical properties not
measured experimentally.

Tab. 1. Horizontal averages of vertical integrated primary productions (gC.m2.y -1) for the period 1999-2004. On parenthesis (average of the annual variance,
variance of the annual average). Western basin includes Alboran Sea, North and
South Western Mediterranean, Thyrrenian Sea. Eastern basin includes Ionian
and Levantine sub-basins. [5] Crispi et al., 2002; [6] Simone Colella Phd Thesis;
In situ data: [7] Sournia et al., 1973; [8] Bethoux et al.,1989; [9] Conan et
al.,1998, Moutin e Raimbault, 2002; [10] Dugdale and Wilkerson, 1988; [11]
Boldrin et al., 2002; [12] Moutin and Raimbault, 2002.

Fig. 1. Six years (1999-2004) time series of vertically integrated primary
productivity horizontally averaged on three sub-basins: Alboran Sea (ALB),
North Western Mediterranean (NWM), Levantine Basin (LEV). Sub-basin map
is shown in top panel.
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Abstract
Samples were collected adjacent to the Island of Porquerolles in the Northwest Mediterranean Sea to study the distribution of natural
and anthropogenic radionuclides in heavily oxygen-depleted sediments associated with the decomposition of organic carbon derived
from the sea grass Posidonia oceanica. Elevated isotopic concentrations of uranium (234U and 238U up to 200 Bq/kg d.w.) were
likely due to the high organic carbon and very low oxygen content of the sediment.
Keywords: Western Mediterranean, Sediments, Radionuclides
Introduction
Coastal sediments are ultimate sinks for particulate matter in the water column
and as such, represent important repositories of historical information on
contaminant levels in the marine environment. The present study sought to
obtain new information on the distribution of natural and anthropogenic
radionuclides in coastal sediments and to investigate how their concentrations
are regulated by diagenetic processes associated with the decomposition of
organic carbon derived from Posidonia oceanica. In order to interpret the
sedimentary processes and to study contamination over the last century, a
dating method derived from the excess of 210Pb was used together with 137Cs
horizon produced by global fallout and from the Chernobyl accident [1,2].
Samples and methods
Sediment samples were collected in 2002 near the Island of Porquerolles in the
Northwest (NW) Mediterranean Sea by the Scientific Centre of Monaco [3].
Weapons tests conducted by the French navy had formerly disturbed both sea
grass cover (Posidonia oceanica) and sediments in the study area, resulting in
extensive growth of the green alga Caulerpa taxifolia [3]. Two sediment cores
(100 mm in diameter and 0.8 long) were collected by divers at a region of
overlap between two weapons-damaged areas (St. 1 and 2). A third core was
collected by divers at a control site 6 km away from the damaged area (St. 3).
A more distant reference core (St. 4) was collected offshore near Monaco. The
St. 1 core was stored in a refrigerator and exposed to a sensitive photographic
film for one week. The cores were freeze-dried and sliced transversely into 10
mm thick sections, and pulverized using an agate mortar and pestle prior to
radiochemical analysis. Samples were analysed for anthropogenic (137Cs,
238Pu, 239,240Pu and 241Am) and natural (226Ra, 210Pb, 210Po, 234U, 235U
and 238U) radionuclides and for organic carbon (OC). 210Pb(excess) was
derived from the measured 210Pb (total) and 226Ra profiles, in order to date
the cores by reference to their sediment accumulation rates.
Results and discussion
The sediment cores obtained at St. 1, St. 2 and St. 3 all bore the hallmarks of
anoxia: dark-grey colour, strong H2S smell and the organic remains of
Posidonia oceanica dispersed throughout. OC is oxidized by O2 and via the
reduction of NO3-, SO42- and Mn/Fe oxides in sediments. The contribution of
reduced species to O2 consumption is effectively enhanced in coastal areas
where anoxic conditions can be established even in surficial sediments due to
high inputs of organic matter [4]. The sediments found at Porquerolles were
highly anoxic, as evidenced by a lack of Mn peaks in the surface layers,
whereas St. 4 showed a high concentration of Mn in the surface layer caused
by the formation of MnO2 (Mn analyses carried out by XRF). Organic carbon
plays a critical role in determining the distribution of major elements and
radionuclides in coastal sediments via its influence on diagenesis [5,6]. The
surface OC content of Porquerolles sediments was much higher than
previously reported (3.4 to 5.7 % versus < 1% in the western Gulf of Lions
[4]) and could be attributed to the substantially greater density of vegetation
cover. Fragments of Posidonia oceanica were found throughout the
Porquerolles’ sediment profiles following weapons tests that killed the sea
grass beds and caused the rapid formation of new layer of organically rich
sediment [3]. The OC content of the distant reference core taken at St. 4 was
much lower (0.6 to 1.1 %) and was comparable with values determined in
previous investigations [4]. The 210Pb(ex.) profiles of Porquerolles sediments
revealed the impacts of weapon tests, which produced mixed sediment layers
and high sediment accumulation rates up to 1.2 cm yr-1, higher than have been
reported elsewhere in NW Mediterranean [1,7]. The photographic film placed
on the sediment core collected at St. 1 displayed evidence of exposure to
radiation emitted from the sediment surface. A few “hot” particles were

isolated from the sediment at depths close to 40 cm from the surface, and
analysed by SIMS. These analyses confirmed the presence of highly enriched
U particles (AMS analyses of “hot” particles are still in progress). The origin
of “hot” particles in the sediment is not yet known. Radiometric analyses of
bulk sediment samples revealed U isotope concentrations at Stations 1 and 2
(234U and 238U up to 200 Bk/kg d.w.) well in excess of those measured at
Stations 3 and 4. The peak U concentrations were observed at depths of
around 40 cm, which coincided with a peak in OC concentration. High
oxidation state of uranium (VI) dissolved in pore water tends to be reduced to
immobile U(IV) and precipitate beneath the redoxcline. When the degradable
organic matter in sediment is completely consumed, no further incorporation
of U occurs in the sediment, and authigenic U is recycled to the ocean [6]. The
high OC load and strong reducing conditions in the sediment at Porquerolles
likely explains the high total U content. The average activity ratio of
234U/238U is 1.107 ± 0.018, consistent with the world’s ocean value of 1.12 ±
0.01 [8]. The average activity ratio of 235U/238U is 0.038 ± 0.006, which is
close to the natural level (0.047), but different from values characterising either
an enriched U (0.091), or a depleted U (0.019). 239,240Pu and 241Am levels in
surface sediments ranged from 1.0 to 5.7 Bq/kg and from 0.3 to 1.0 Bq/kg
d.w., respectively. 137Cs levels were between 0.3 and 6.2 Bq/kg. We may
conclude: While high uranium content observed at St. 1 may be due to the high
organic carbon and very low oxygen content of the sediment, the origin of
uranium enriched particles in the sediment is not yet known, and further
investigations are on the way to explain this anomaly.
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INCREASINGLY DIFFICULT RESPIRATION OF AEROBIC ORGANISMS IN THE MESOPELAGIC LAYER:
POSSIBLE ADAPTATION STRATEGY
Louis Legendre 1*
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Abstract
The provision of intermediate waters that are hospitable for aerobic life is a major service supplied by the sea, but respiration is
becoming increasingly difficult for mesopelagic aerobic organisms: oxygen is decreasing in minimum oxygen zones in many regions,
and increasing carbon dioxide contributes to lower the free energy from respiration. Reduction of this service calls for adaptation
because the increasingly difficult mesopelagic respiration will be accompanied by a reduction of biodiversity that may progress so
rapidly that many taxa may disappear before we know they exist. With them would disappear their potential services. The only
possible adaptation strategy may be to accelerate the study of diversity in intermediate waters, which is more vulnerable to climate
change than diversity in surface or deep waters.
Keywords: Oxygen, Biodiversity, Intermediate Waters, Global Change
INTRODUCTION

Marine Biogeochemistry and Ecosystem Research”, IMBER). Mediterranean
researchers should take part in this international effort.

The long-term provision of intermediate waters (from 100 to 1000 m) that are
generally hospitable for aerobic life is a major service that is presently
supplied by the sea. However, respiration is becoming increasingly difficult
for aerobic organisms in the mesopelagic layer (also called twilight zone) for
two reasons.
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METHODS AND STUDY SITES
Firstly, concentrations of dissolved oxygen are decreasing in minimum oxygen
zones (OMZs, generally between 300 and 700 m) in many regions [3, 4], and
are predicted to continue to decrease in coming decades and centuries [2]. The
presently existing major OMZs with very low oxygen concentrations are
located in the Eastern South Pacific Ocean, Eastern Tropical North Pacific
Ocean, Arabian Sea and Bay of Bengal. A reduction of oxygen by 20-40% is
predicted in deeper oceanic waters over the coming 700 years, but this should
not lead to extensive deep-ocean anoxia [2]. Hence, climate change threatens
dissolved oxygen more in intermediate waters than in surface or deep waters.
Secondly, the concentration of total carbon dioxide is progressively increasing
in surface and intermediate waters. The energy from respiration that can be
converted into work by organisms (called free energy) is related directly to
dissolved oxygen and inversely to dissolved carbon dioxide [1]. Hence, the
combination of decreasing oxygen and increasing carbon dioxide is presently
reducing and will continue to reduce the free energy of respiration. This will
make respiration of aerobic organisms in intermediate waters increasingly
difficult.
RESULTS AND DISCUSSION
The combination of the above two processes will reduce a service that the sea
had been providing to aerobic life for millennia. This serious environmental
problem should be an additional incentive for governments to address the
mitigation of global change internationally and without delay. However, even
if mitigation policies were implemented efficiently and rapidly, the respiration
of mesopelagic aerobic organisms would nevertheless become increasingly
difficult in many areas. These respiration problems will lead to a reduction in
the biodiversity of mesopelagic pelagic aerobic organisms. Hence, reduction of
the above service calls for an adaptation strategy as discussed in the next
paragraph.
On the one hand, diversity of the biota in intermediate waters is still largely
unknown, and represents a nearly untapped reservoir of future services to
humans. On the other hand, respiration problems may progress so rapidly in
intermediate waters that many groups of organism there may disappear before
we even know they exist, and with them would disappear their potential
services. Hence, the only possible adaptation strategy available to human
societies may be to accelerate the study of biodiversity in intermediate waters.
The previous discussion has shown that mesopelagic biodiversity is more
vulnerable to the strain exerted on aerobic respiration by climate change than
biodiversity in surface or deep waters.
The above conclusion should reinforce the resolve of the international
oceanographic community to target intermediate waters for priority studies in
the coming years and decades (e.g. the international programme “Integrated
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HEAVY METAL CONCENTRATIONS IN THE MEDITERRANEAN MUSSELS (MYTILUS
GALLOPROVINCIALIS) COLLECTED FROM THE DARDANELLES
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Abstract
Concentrations of eight heavy metal (As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) were determined in mussels ( M. galloprovincialis)
collected in September, 2006 from 5 locations in Dardanelles, Turkey. All measurements were carried out in Atomic absorption
Spectrofotometer(AAS). The heavy metal levels determined for mussel were found to be 0.032-0.048 µg As/g, 0.101-0.520 µg Cd/g);
0.141-0.78 µg Cr /g, 0.542-0.661 µg Cu /g, 0.005-0.034 µg Hg /g, 0.081-0.383 µg Ni /g, 0.220-18.474 µg Pb /g and 32.549-65.612 µg
Zn /g wet weight.
Keywords: Trace Elements, Bivalves, Dardanelles
Introduction
Heavy metal discharges to the marine environment are of great concern all over
the world. Both essential (e.g., Fe, Zn, Cu) and non essential (e.g., Hg, Cd, Pb)
metals are toxic to living organisms when subjected to high concentrations [1, 2].
Mussels of the genus Mytilus and related genera are useful as bioindicators
because they have wide distribution on all continents from tropical to high
latitudes. They are filter feeders extracting metals from water and particulate
matter, and they store some metals at levels high above those in the abiotic
environment [3]. M. galloprovincialis is wide-spread on the Dardanelles coasts
and they collected from wild for human consumption in Turkey. The selected
locations in the Dardanelles are especially suitable for its growth which makes it
a good choice for a biomonitor of the researched area. The aim of this study was
to use M. galloprovincialis as the biomonitor of the marine environment and
bioindicator of the possible contamination.
Materials and Methods
The study was carried out in Dardanelles at five sampling sites (Kilye, Akbas,
Suluca, Kepez, Karacaören) (Fig.1). Samplings were conducted from wild in
September, 2006. About 25-30 mussels from each sampling site were selected
and analysed for heavy metals. The soft tissue of samples was digested in
concentrated HNO3 in a commercial microwave oven. Following acid digestion,
all samples were analyzed for 8 elements by atomic absorption
spectrophotometry (Perkin Elmer AA 700). Zn was determined in an airacetylene flame. Cd, Cr, Cu, Ni and Lead were analysed in a graphite furnace.
Cold-vapor for analysis of Hg and hydride generation techniques were used for
analysis of As. The standard addition method was used to correct for matrix
effects. All acids and reagents were analytical grade (Suprapur-Merck). The
detection limits for heavy metals were: As, 0.002; Cd, 0.001; Cr, 0.002; Cu,
0.001; Hg, 0.005; Ni, 0.003; Pb, 0.001; Zn, 0.08 µg/g. Results were presented as
arithmetic mean values (µg/g -wet weight).

Results and Discussion
To facilitate the analysis the results samples with a length shell of 60-70mm
size, which is the most commercial mussel length, were analyzed. Metal
concentrations
(means ± standard deviations) in the soft tissues M.
gallopovincialis arepresented in Table 1. Hg concentrations were the lowest for
all stations while Zinc was the highest mean concentrations.

Tab. 1. Metal levels (µg/g wet weight) in the tissue of M. galloprovincialis
collected from 5 locations.

Mussels and bivalves in general are known to be efficient accumulators of
certain metals, particularly zinc, which can be stored against a concentration
gradient of orders of magnitude. Other metals, particularly lead and mercury, are
not bioconcentrated efficiently by bivalves [4]. In this study we observed
similar results for the Zinc concentrations as the highest value in the mussel soft
tissues collected from all sampling locations. By using M. galloprovincialis as a
biomonitoring agent, the contamination of As, Cd, Cr, Cu, Hg, Ni in the
Dardanelles was not found to be serious. However Zn and Pb levels in the
samples collected from Kilye and Akbas were above the legal limits set by
national Standards of Turkish Governments. Future studies should concentrate
on the relative importance of water, sediment and food in the accumulation of
metals by the mussels. From the human public health point of view, these
results seem to show no possibility of acute toxicities of As, Cd, Cr, Cu, Hg and
Ni if the edible mussels are consumed.
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Fig. 1. Mussel sampling locations in Dardanelles
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SEASONAL VARIATIONS OF DIOXIN-LIKE ACTIVITY IN SEDIMENTS OF THE BIZERTA LAGOON
(TUNISIA) DETECTED WITH IN VITRO CELLULAR BIOASSAYS
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Abstract
In order to evaluate sediment contamination in six stations from Bizerta lagoon, a combination of in vitro bioassays and chemical
analysis was applied to sediment organic extracts. By using 7- ethoxyresorufin-O-deethylase (EROD) induction in the fish hepatoma
cell line PLHC-1 after 4 h of cell exposure, dioxin-like activities were detected in all analysed samples. Dioxin-like activities were
higher in winter than in summer. A highly significant correlation was observed between bioassay- and chemical analyses-derived toxic
equivalents (TEQs), but PAHs accounted for only a small part of the detected biological activities. Our results suggest the presence of
unknown readily metabolised EROD inducing compounds, which will need to be further characterized.
Keywords: Lagoons, Pollution, Sediments, Ecotoxicology
Introduction
Bizerta lagoon, situated in northern Tunisia, is an important ecological area
implicated in various activities as fishing and aquaculture development.
Unfortunately, this lagoon is submitted to many anthropic pressures, which
led to chemical contaminations by various toxic compounds that may be
biologically active. The aim of this study was (i) to evaluate the seasonal
variations of dioxin-like chemicals, using in vitro bioassays, (ii) to compare
bioassay data with PAHs analyses by using a toxic-equivalents (TEQ)
approach.

Regarding seasonal variations, it is noteworthy that, although similar site
ranking was observed between summer and winter, higher activities were
observed in winter in all stations, except for MB site, which was still highly
potent in summer. This result suggests that the chemicals responsible for
activation are metabolized in hot season, and support the hypothesis for a
major role of PAH-like chemicals in EROD induction.
The regression analyses (Figure 2) showed highly significant positive
correlation between biological- and instrumental-derived TEQs (R2 = 0.94).
However, when comparing toxic-equivalent values the TEQ-chem values
explained only a small part of the biological activities detected by the
bioassay, suggesting that other EROD-inducing compounds than the 16
analysed PAHs are present in the extracts.

Material and Methods
Superficial sediments were collected in January and July 2006 at six stations
in Bizerta lagoon and at a reference station (GH) in the seawards entrance of
Ghar el Melh lagoon. The sediment extracts were subjected to chemical and
bioassays analyses. Then, the PAHs in sediment extract were quantified by
gas chromatographic analysis. The EROD activity assay in PLHC-1 cells line
was processed, as previously described by (1).
Dose–response curves were fitted by Hill equation model and the EC50 were
calculated. Bioassay-derived benzo[a]pyrene- (BaP-EQ) and instrumentally
derived toxic equivalents (TEQs) for PAHs were determined as described by
(1).
Results and Discussion
As shown in Figure 1, all sediment extracts were able to induce EROD
activity. The extract from Menzel Bourguiba (MB) site, which is subjected to
intensive industrial activity, was the most active sample.

Fig. 2. Correlation between chemical analyses- and bioassays-derived BEQs
determined in sediments extracts.

Conclusion
Seasonal variations were observed by both in vitro dioxin-like activities and
PAHs concentrations in sediment extracts, which were lower in summer. Such
variations probably reflect a higher abiotic and biological degradation of
organic chemicals in the hot season. Furthermore, the dioxin-like responses
observed in our study were thus likely to have been caused by other
ubiquitous biogenic and anthropogenic PAH-like AhR ligands that were not
taken into account by the chemical analyses.
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Fig. 1. EROD induction in PLHC-1 cells exposed for 4 h to serial dilution of
sediment extracts sampled in winter (a) and summer (b). Results are expressed
as percentage of maximal EROD activity induced by TCDD 1 nM. Values are
means of triplicates ± SD.
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Abstract
In the present study we propose a methodological approach for the early detection of macroalgae blooms in the lagoon of Venice. The
approach basis on merging the pieces of information brought by a quasi real-time monitoring network and by a Reaction-Transport
model of the lagoon. A case study is presented, where the relevant macroalgae standing crop observed in spring 2005 was
satisfactorily estimated by constraining the model with continuous Dissolved Oxygen data collected at 7 lagoon sites. The results
highlighted that the method is a valuable tool for the quasi real-time tracking of the primary productivity in the lagoon. That makes the
approach a valuable tool for the early detection of threats to the ecosystem, such as the risk of anoxic crisis induced by macroalgae
proliferation in coastal areas.
Keywords: Lagoons, Models, Monitoring, Blooms, Coastal Management
Introduction
Worldwide coastal areas are subjected to a composite ensemble of human
pressures and evidences indicate that these ecosystems have increasingly
become more stressed and dysfunctional [1,2]. In the last decades, monitoring,
regulatory and management efforts have been carried out with the objective of
improving the capability of these environments to recover their natural
productivity and, thus, to contribute to the human welfare. The Lagoon of
Venice is a valuable example of the complexity of the interaction between
hydrodynamics, biogeochemical processes, and human actions aimed at
counteracting the eutrophication processes [3,4]. Indeed, in the latest years,
macroalgae standing crop have increased again in some lagoon areas were
massive proliferations and critical anoxic conditions were observed in the
eighties, despite anthropogenic loads of ammonia and reactive phosphorous
have decreased. This sudden change in the decreasing trend of macroalgae
population was promptly detected by the observing system set up by the
Venice Water Authority [5]. The system integrates quasi real-time observations
of hydrological parameters and periodical field surveys of trophic parameters.
The aim of the present study is to propose a methodological approach useful
for the early detection of macroalgae blooms in coastal areas. This approach
integrates the continuous observations of parameter sensitive to primary
production – in particular Dissolved Oxygen concentration (DO) - with a
Reaction-Transport Model (RTM) of the ecosystem. A case study is
presented, were the approach has been applied to the estimation of the relevant
macroalgae standing crop observed in the some areas of the Venice lagoon in
spring 2005.
Materials and methods
The RTM model of the Venice lagoon couples four modules: (i) a 2D transport
module; (ii) a water temperature module, (iii) a pelagic biogeochemical module,
and (iv) a benthic biogeochemical module, which describes the macroalgae
dynamics. The Reaction-Transport equation is solved by means of an operatorsplitting technique [6], i.e. the model solves the advective-diffusive processes at
each time-step, while the reaction term is integrated using a larger time step. The
model input data are current velocity fields, watershed loads of Nitrogen and
Phosphorous, meteorological forcings, and the fluxes at the lagoon/sea boundary.
The RTM model was applied to the estimation of macroalgae standing crop in
spring 2005. To this aim, the model was firstly calibrated by exploiting monthly
data collected in the lagoon in 2004 by the Venice Water Authority. The model
was then applied to quantify the macroalgae standing crop in spring 2005 by
using an “inverse” procedure. In this procedure, the model was iteratively run
by varying the winter initial macroalgae biomass up to the value that lead a good
fitting of the continuous DO observations in the spring months.

leading to such a DO dynamic were in agreement with the results of field
surveys carried out in spring 2005.
Conclusion
The case study demonstrated the usefulness of integrating the information
brought by observing systems and Reaction-Transport models. Quasi-real time
data can provide preliminary signals of macroalgae blooms, while their standing
crop and biomass can be estimated by using the RTM model, opportunely
calibrated by using the field observations. This integrated approach allowed us
to investigate short and medium-term changes in macroalgae population in the
lagoon of Venice. That suggests that the approach can support the efforts of
early detection of threats to the ecosystem, such as the risk of anoxic crisis
induced by macroalgae proliferation in coastal areas.

Fig. 1. Mean values and ranges of the i) field observations (dotted lines) and ii)
model hindcast (continuous line and shaded area) of the Dissolved Oxygen
concentrations in April-June 2005 at the Ve3 monitoring station.
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Results and Discussion
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continuous dissolved oxygen data collected by the quasi real-time observing
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Abstract
pHT experimental data of good quality are still scarce in the Mediterranean as in theAdriatic Sea. Here are presented the results of
two repeated surveys at basin scale, conducted within SESAME project, showing significant longitudinal and seasonal variabilities of
the pHT and other carbonate system parameters.
Keywords: Adriatic Sea, Carbon, Global Change, Ph
The rapid response of the Mediterranean basin to the climate change [1] can
be particularly true for the CO2 induced acidification of seawater; as a
consequence the Mediterranean area would already present significant pH
drops [2] however there’s still lack of good quality experimental data,
witnessing such an occurrence [3], in particular in the Eastern Mediterranean
Sea. The Adriatic Sea can play a very crucial role for the entire Eastern
Mediterranean basin: as it issurrounded by industrialized regions, releasing
carbon dioxide to the atmosphere, and during winter water mass can be so cold
that CO2 solubility pump mechanism can efficiently work increasing the
dissolved CO2 amount pushing toward acidified conditions. In addition the
basin is site of dense water formation, either on the northern shallow shelf
[North Adriatic Deep Water (NAdDW), and by the deep Southern Adriatic
Pit, Adriatic Deep Water (ADW). Adriatic dense waters after formation
usually sink and outflow through the Otranto Strait sill (750 m), which
controls the export to Ionian and Eastern Mediterranean Seas [4]. In this
way Adriatic dense water masses have the possibility of sequestering acidified
waters and spreading around through the Eastern Mediterranean impacting on
biogeochemical cycles and ecosystems. We present and discuss two datasets
(pH T, TA and other carbonate systemparameters) gathered during the surveys
conducted in the frame of the SESAME EU project and providing two
seasonal snapshots (February and October 2008). Methods pH has been
measured by the spectrophotometric method as described by Dickson [5],
values are expressed on the total H+ scale (pHT, in μmol H+ /kgSW ), at 25 °C,
with a precision of ± 0.001 pH units. To our knowledge the dataset is the first
collected with such a precision. The total alkalinity was experimentally
determined (potentiometric titration, precision ± 1.0 μm/kgsw), as reported by
Dickson, Certified Reference Material has been used. From the experimental
determination, the in situ pHT values and all the other parameters of the
carbonate system (fCO2, TCO2, H2CO3, CO3= and HCO3-, Revelle, calcium
carbonate solubilities ΩAr, ΩCa) can be derived (by CO2SYS program [6]
Results and discussion Our results indicate that in winter 2008 the North
Adriatic shelf, being shallow and exposed to cold dry winds (Bora), was
involved in a dense water formation event on meso scale. The water column
was cold (8< T < 12 °C), well homogenized and dense (σt > 29.4 kg/m3), T/S
properties are in agreement with those of NAdDW. It appeared also well
ventilated (Apparent Oxygen Utilization mean value ~ 0 μM), still rich of
nutrients (1.00<DIN<7.00 μM; 1.20< SiO2 <5.33 μM), while the values of
pH T and allthe other carbonate system parametersexhibited a very low
variability within the water column (7.917 < pHT <7.973 pHT units; 290.0
<fCO2<334.6 μatm, thus resulting much lower than the equilibrium value with
atmospheric CO2 =398 μatm, mean value on measurements conducted on
board). In the remaining part of the section pHT and fCO2 values showed
larger variabilities (fCO2 between 222.4 and 424.7 μatm; pH between 7.880
and 7.960) with the highest (fCO2> 400 μatm) and lowest (pHT <7.880 pHT
units) values both at the bottom of the Meso Adriatic Pit, corresponding to
AOU (> 65.0 μM) and nutrients (SiO2> 6.0 μM, DIN> 5.0 μM) maxima, thus
suggesting the occurrence of an older water mass affected by remineralisation
processes. Generally, NAdDW water mass flows southward and accumulates
at the bottom of the Meso and Southern Adriatic pits (250 and 1250 m,
respectively [4] as clearly indicated by density, higher than 29.3 and 29.2
respectively, at the bottom. For what concern the southern part of the section,
in February 2008 a deep convection event was observed by the deepest
stations, accompanied by deep mixing (σt around 29.15-29.16 kg/m3 down to
600 m) with a mean pHT value of 7.947 ± 0.003 pHT units homogeneously
distributed from surface almost to the bottom. Total Alkalinity values varied
between 2769 and 2613 μMH + /kgsw, with a mean value of 2661 μMH +/kgsw.
The highest TA values were found in the northern part of the basin, due to the
influence of higly carbonatic rivers. At the beginning October ’08 the situation
appeared completely changed: vertical stratification of density, pHT , TA and
fCO2, was widespread over the whole Adriatic basin. Density, T, S, pHT ,TA

and fCO2 varied over a much wider range than in February, as expected in late
summer season: 26.5 < σt < 29.45 kg/m3, 13.0 < T < 21.0 °C, 37.250 < S <
38.800 psu, 7.850 < pHT < 8.100 pHT units; 2674<TA<2598 μMH + /kgsw;
319.2< fCO2 < 810.4 μatm, as the nutrients and AOU concentrations did
(0.05<DIN<7.73 μM , 0.59<SiO2<10.48 μM). The northern shallow shelf
region exhibited much warmer water (T>15.0°C, even at the bottom,) with
higher pHT values (7.960<pHT <8.050 pHT units), due to the influence of
primary production, the highest fCO2 values have been observed (fCO2 >450
μatm) there, such values were much higher than the equilibrium value (398
μatm) with atmospheric CO2, thus indicating the whole northern basin was
oversaturated with respect to atmospheric CO2. Very low pHT (<7.888
pH T units) and very high <fCO2 values were still recognizable at the bottom
of both the Meso Adriatic Pit. pHT values within the upper euphotic layer
were everywhere distinctly higher (>7.960 pHT units) than in winter, as
expected in warmer waters dominated by production processes. Again total
alkalinity values (2674<TA<2598 μMH +/kgsw, mean value 2623 μMH +/kgsw)
where higher in the northern part of the basin because of the discharging river
loads. Concluding, the comparison between the two surveys at basin scale
evidenced high spatial (longitudinal/latitudinal) and seasonal variabilities of the
marine carbonate system parameters, largely exceeding the precision of the
analytical methods. From a comparison of pHT values in the cold NAdDW
water mass between 1983 and 2008, an acidification of 0.063 pHT units turns
out [7]. Such findings confirm that the Adriatic Sea is sensitive to the climate
change and to atmospheric gas solubilisation (as CO2) and should merit
consideration in a discussion on the impacts of OA on the biogeochemistry of
the marine carbonate system.
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EXPORT PRODUCTION AND SEASONALITY OF COCCOLITHOPHORES AND DIATOMS IN THE PELAGIC
IONIAN SEA
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Abstract
In this work we present the results from a time series of sediment trap moorings located at 500 m in the pelagic Ionian Sea, focusing
in particular on the biogenic calcareous and siliceous component. We quantify the fluxes of coccolithophores and diatoms, identifying a
seasonal succession in the assemblage composition, as related to the environmental conditions.
Keywords: Coccolithophores, Diatoms, Particle Flux, Ionian Sea, Eastern Mediterranean
Introduction
The understanding of present-day biogenic fluxes is of key importance in
providing information on how the ecological signal is transferred from the
surface waters to the sediment archives, in order to interpret paleofluxes. In
the oligotrophic eastern Mediterranean, coccolithophores are known to play a
major role as primary producers, while diatoms are subordinate, also due to
the significant silica-undersaturation of the basin. Therefore, while there are
some previous data on the present-day fluxes of coccolithophores at several
locations in the basin [1, 2, 3], there are only a few data on diatom fluxes [4,5]
and no detailed information on their specific assemblage composition in the
sinking fluxes. We investigated the fluxes of coccolithophores and diatoms
along three yearly intervals of a 7-year-long sediment trap deployment above
Urania basin (35°13’N, 21°30’E) in the Ionian Sea, aiming at assessing the
seasonality and interannual variability of the sinking biogenic fluxes.

surface temperature cycle and the presence of stratification in the upper
layers. The seasonal cycle of water column mixing and stratification results in
fact in the development of a different production depth within the water
column, with the increase of surface oligotrophic species from summer to fall,
the prolonged persistence of a deep chlorophyll maximum from summer to
late winter and a clear dominance of the most abundant r-selected species
during periods of more extended water column mixing.
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Methodology
Sediment traps are PPS5/2, with 1 m2 aperture and 24 collection vials. Each
mooring was deployed for approximately one year, resulting in a sample
resolution of 10 to 15 days. Coccolithophores and diatoms were analyzed on
sub-samples (1/800-1/8000 and 1/40 respectively) processed following
standard methods [6,7 respectively] and expressed as number per square
meter per day.
Results and Discussion
Preservation of both coccolithophores (coccoliths and coccospheres) and
diatoms was very good at all samples. The presence of delicate species
(holococcolithophores,
Discosphaera tubifera among coccolithophores and weakly silicified taxa
among diatoms) indicates that no dissolution occurred during either
sedimentation through the water column, or sample storage and processing.
Overall, the assemblages recovered at our sediment-trap site are typical of
subtropical areas of the world’s oceans. In fact coccolithophore species are
those typically found in assemblages from subtropical and temperate settings,
dominated by the cosmopolitan Emiliania huxleyi. Diatoms are ~70% tropicalsubtropical species, with a minor contribution from subtropical-temperate and
temperate taxa and a very slight contribution from cold-water species. During
the first year of observation (1999-2000), the total flux of coccolithophores
and diatoms was maximum in late summer-fall, along with the total particle
flux, decreased during the whole winter period and increased again in late
spring. The combined fluxes of coccolithophores and diatoms allowed to
identify three main periods within the annual cycle, characterized by different
assemblage composition: a) late summer-fall period, characterized by highest
coccolithophore species diversity, consisting of both surface oligotrophic and
deep-dwelling taxa and warm water diatom taxa dominated by Nitzschia
interruptestriata and Thalassionema bacillare; b) late fall-winter period,
characterized by lower coccolithophore diversity, dominated by the
cosmopolitan E. huxleyi and the deep-dwelling Florisphaera profunda and by
the increase of cooler-water diatom taxa; c) spring period, characterized by
highest relative abundance of E. huxleyi and decrease of F. profunda within
coccolithophores and by an increase in abundance of major and minor diatom
taxa. A similar seasonal pattern was identified in coccolithophore assemblage
composition in the following years, although the pattern of total particle and
coccolithophore flux was different. In fact maxima occurred either in late
spring to summer (2000-2001) or in early spring to late spring (2005-2006).
Nonetheless, the main changes in the relative abundance of the different
coccolithophore species occurred in the same intervals. Diatom assemblages in
these series are still under study. Overall, the variations identified in the
coccolithophore and diatom fluxes in the investigated three-year time series
testify the seasonal changes in surface water conditions, including the sea
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Abstract
L’analyse des résidus des polychlorobiphényles (PCBs) dans le sédiment côtier du golfe de Tunis nous a permis d’obtenir les
premières données concernant la contamination de cette zone par ces composés organochlorés. Nos résultats ont révélé que les deux
sites étudiés, Raoued et Radès, présentent des concentrations en PCBs non négligeables par rapport aux données de la littérature.
L’hétérogénéité de la répartition des teneurs en PCBs est due essentiellement aux effets du courant qui a tendance à disperser les
fines particules de sédiment vers le large d’où une accumulation plus importante des composés hydrophobes.
Keywords: Pcb, Pollution, Mediterranean Ridge
A cause de leurs propriétés hydrophobiques, les polluants organiques
persistants (POPs) ont tendance à s’adsorber à la matière particulaire de
l’environnement marin et à se déposer dans le sédiment. Ce dernier est une
matrice idéale pour l’étude et le suivi des polluants dans l’environnement
marin. Dans le présent travail nous nous sommes intéressés à étudier l’état de
contamination du sédiment du golfe de Tunis par les PCBs. Deux sites cibles
ont été choisis : plage de Raoued qui reçoit les rejets des stations d’épuration
par le biais du canal Khélij, et plage de Radès à proximité de l’embouchure de
l’oued Méliane qui reçoit des rejets industriels. Une campagne
d’échantillonnage a été effectuée au printemps 2004 pour le prélèvement du
sédiment dans la zone d’étude. Le sédiment superficiel a été échantillonné au
niveau des stations étudiées à l’aide d’une benne « Van Veen ». L’analyse des
résidus de PCBs a été réalisée selon la méthode AFNOR [1]. Les échantillons
ont subit une extraction au Soxhlet et une série de purification au florisil et au
mercure. Les extraits ainsi obtenus ont été analysés par chromatographie en
phase gazeuse avec un détecteur à capture d’électron VARIAN (CP3380).
Dans la zone de Raoued 28 congénères ont été détectés dans les échantillons
de sédiment des stations d’étude. Les teneurs en PCBs variant entre 7 et 175
ng/g PS avec une moyenne de51 ng/g PS.

Fig. 2. Répartition spatiale des teneurs en PCBs (ng/g PS) au niveau du
sédiment superficiel de la zone de Radès.

Fig. 1. Répartition spatiale des teneurs en PCBs (ng/gPS) au niveau du
sédiment superficiel de la zone de Raoued.

En interprétant nos résultats sur la base des PCBs totaux, nous notons que les
niveaux détectés dans les zones étudiées sont comparables à ceux enregistrés
dans d’autres travaux réalisés au niveau de la Méditerranée [2]. Toutefois les
concentrations de PCBs enregistrées dans la zone de Radès sont
significativement élevées par rapport à celles mesurées dans le sédiment de
Raoued. Les rejets industriels véhiculés par l’oued Méliane sont probablement
responsable de la forte contamination de la plage de Radès par ces
organochlorés [3]. Le profil des PCBs selon le degré de chloration révèle que
les pentachlorobiphényles sont prédominants dans toutes les stations
étudiées, leur taux varie entre 22 et 41 %. Les octachlorobiphényles présentent
les taux les plus élevés au niveau de la majorité des stations de la zone d’étude
qui dépassent les 30% (34 – 51 %) sauf en M8 où leur taux est de l’ordre de
14 %. Cette dominance est due à la concentration élevée du PCB 200 dans
presque toutes les stations de Radès. En conclusion, ce travail a permis de
dresser un état des lieux de la contamination du sédiment du golfe de Tunis par
les PCBs. Nous avons mis en évidence l’impact des rejets du canal Khélij et de
l’oued Méliane chargés en micropolluants en provenance des stations
d’épurations et des industries.
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La concentration la plus élevée a été mesurée au niveau de la station R6 situé à
l’Est de l’embouchure de canal Khélij (Figure 1). Dans le site de Radès, nous
avons mis en évidence la présence de 25 congénères de PCBs. Les
concentrations de ces résidus varient entre 13 et 2668 ng/g PS avec une
moyenne de l’ordre de 621 ng/ g PS. En analysant la répartition des résidus de
PCBs dans la zone de Radès, nous avons constaté que l’accumulation de ces
composés est plus importante au niveau de la station M3 situé au nord de
l’embouchure d’oued Méliane alors qu’elle est plus faible dans la station M8
localisée à l’Est de l’embouchure (Figure 2). Les auréoles de fortes
concentrations en PCBs ont été ainsi mises en évidence au large des
embouchures du canal Khélij et de l’oued Méliane. Ce profil de distribution est
essentiellement dépendant des courants dominants dans cette branche de côte.
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Abstract
To eliminate the inadequate disposal of wastewaters in the middle Adriatic area, which created negative impacts and long -term
changes of chemical and biological parameters during the second half of the last century, Republic of Croatia provided collection of
wastewaters and discharge through submarine outlets. This paper presents results of investigations of oxygen, nutrients, chl a
concentrations, microzooplankton, bacterioplankton and fecal bacteria in the water column, sediment redox potential, organic matter,
organic carbon content and granulometric composition in the submarine wastewater outlet located in the Brac Channel, near town of
Split.
Keywords: Adriatic Sea, Coastal Waters, Nutrients, Organic Matter
Material and Methods
Samplings and measurements were obtained at 11 stations located along the
submarine wastewater outlet in the Brac Chanell during the period prior to
(2002-2004) and after the activation of the discharge (2004-2009). Dissolved
oxygen in seawater samples was determined by Winkler titration, while
inorganic and organic nutrients were determined colorimetrically [1].
Chlorophyll a (Chl a) concentrations were determined fluorometrically [2],
number of heterotrophic and fecal bacteria was identified using flow citometry
and membrane filtration culture method, respectively. Sediment samples were
collected by gravity corer and redox-potential was measured “in situ” by
vertical penetration of a Pt electrode with Ag/AgCl reference electrode.
Organic matter content in sediments was determined gravimetrically, while
organic carbon content was determined using a Carlo Erba CHNS-O analyzer.
Granulometric composition of the sediment samples was determined by
sieving and the hydrometric method.
Results and Discussion
Oxygen saturation in the water column during the entire investigated period
(2002-2009) at all stations ranged from 76% to 120% and it did not show
significant difference depending on the outlet activation time, but rather
followed seasonal cycle of oxygen at the middle Adriatic coastal area. Vertical
and temporal distribution of total inorganic nitrogen concentration (range: 0.28.9 mmol m-3) were in accordance with values determined prior to activation
of discharge and natural seasonal oscillations of nitrogen with ammonia as
prevailing inorganic species. Distribution of orthophosphate concentrations
(range: 0-0.77 mmol m-3) showed occasionally enhanced values, particularly at
station nearest to the outlet which can be attributed to the input of
wastewater in the area. While number of heterotrophic bacteria showed
significant decrease in relation to period prior to activation, biomass of
phytoplankton expressed as chl a concentration (range: 0.07-1.07 mg m-3)
showed continually increase after the launching of the discharge. More
obvious influence of the submarine wastewater input of organic matter was on
sediment redox potential (Eh) and organic carbon content (C-ORG) in the
surface layer (0-2 cm) (Fig. 1a,b). Prior to the outlet’s activation, Eh at all
investigated stations was mostly positive with short period of slightly
negative values in 2003, which is probably part of the natural Eh oscillation as
was reported for the middle Adriatic [3]. After the wastewater system’s
activation, from 2005 to 2009, medians of redox potential in the surface
sediment layer of the entire investigated area were more negative (Fig. 1a),
particularly at the stations nearest to the outlet (not shown on Fig.). C-ORG
content at the all stations increased in relation to the period prior to activation
(Fig. 1b) due to organic matter input and its accumulation in sediment. The
observed changes in sediments are direct consequence of wastewater outlet
and, considering the mechanical filtration of the effluents prior to discharge,
the main impact to this marine environment occurs through dissolved inorganic
and organic matter which can explain the observed delay in sediment response
to anthropogenic input.

Fig. 1. Box- whisker plots of redox potential (a) and organic carbon
content (b) in the sediment surface layer at investigated stations during
2002-2009
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Abstract
The 15N content of the particulate organic nitrogen (PON) suspended in the water column was determined during 4 seasonal surveys
carried out in the northwest sector of the Alboran Sea (Mediterranean Sea). On average, the particulate matter in the mixed layer
(ML) was enriched in 15N by about 1.5‰ in fall and spring with respect to summer and winter. In spite of this seasonal cycle, 15N
relative content of PON in ML was correlated negatively with nitrate concentration suggesting that the mass-dependent isotopic
fractionation associated to nitrate uptake by the phytoplankton was the main factor controlling the 15N signature of PON.
Keywords: Alboran Sea, Carbon, Nutrients, Primary Production
Introduction
The 15N:14N ratio (usually expressed in per mil notation, 15N) of the algal
material is determined by the isotopic composition of the source nitrogen used
by the phytoplankton (NO3-, NH4+ and N2) and the fractionation associated
to the assimilation processes (14N is preferentially taken up by the
phytoplankton). The isotopic fractionation during NO3- uptake results in 15N
depletion in the algal-N with respect to the source-NO3-. The cyanobacterial
N2 fixation also lowers the 15N of the algal material because of the lower
15N of the atmospheric N (0 ‰). The reduced forms of N resulting of
2
organic matter and their consumption deals with decrease of the 15N of the
phytoplankton. In the study area, differences in f-ratio have been
documented thought the seasonal cycle [1]. The objective of this work is to
research which process could be more important in determining the signature
of 15N in the algal material of the study zone.

Results
Most of the profiles of POC and PON showed a maximum located within the
upper 20-30 m layer. Contrastingly, the POC and PON maximums were
situated in the surface during spring. In this upper layer, the spatial variability
of POC and PON was remarkable, particularly in summer when the variation
ranges for POC and PON were 300-50 and 50-10 g L-1, respectively. The
organic matter concentration trended to decrease below ML until to reach the
lowest value at 75-100 m depth. POC and PON concentrations averaged for
ML were significantly higher in summer and spring than in fall and winter.
The relative abundance of 15N in the particulate matter collected throughout
the study period ranged from –0.1‰ to 13‰. In most of profiles, 15N
decreased just below the surface until to attain a minimum roughly coinciding
with the lower limit of ML (Figure 1). Below this minimum, 15N increased
usually reaching the higher values at 75-100 m depth. The variation range of
15N in ML was –0.1‰ to 6.5‰, with these low values being obtained in
summer. On average, the particulate matter in this layer was enriched in 15N
by about 1.5‰ in fall and spring with respect to summer and winter. The
variability of 15N in ML was substantial during each survey, which was
probably linked to the hydrological variability. In spite of that, 15N averaged
for ML was negatively correlated with the nitrate concentration.

Materials and Methods
Hydrological data and seawater samples were collected in 6 stations located at
the Alboran Sea, Western Mediterranean Sea, during four cruises performed in
July-2003, October-2003, February-2004 and May-2004. Samples of
seawater were collected at 6 fixed depths within the upper 100 m layer, in
order to measure nutrients and chlorophyll a. Content of organic nitrogen
(PON) and carbon (POC) and nitrogen stable isotope natural abundance in the
organic matter lower than 0.2 mm were also measured by using a
FlashEA1112 (ThermoFinnigan) elemental analyzer connected to a Deltaplus
(ThermoFinnigan) continuous flow isotope-ratio mass spectrometer. The
isotopic abundances in the samples were normalized by the isotopic
abundance in the standard (atmospheric N2) and expressed in per mil notation
( 15N).

Discussion
The negative relationship between 15N of PON in the surface samples and
nitrate concentration indicates that isotopic fractionation during N-uptake
plays a major role in determining the 15N signature. The isotopic
fractionation could also explain the vertical pattern of 15N of PON
commonly observed in our study area, with values of 15N lowest at the base
of the euphotic layer where NO3- is the highest, rising toward surface with
decreasing NO3-. The lower values of 15N of PON were obtained in winter.
Note that our data precludes the possibility of significant N2 fixation. 15N
values from -2‰ to 0‰ have been described for N2-fixer cyanobacteria. Most
of the 15N values obtained in our study are above 2‰ and all the samples in
which 15N was below this threshold were collected at stations where the
NO3- concentration was relatively high (which inhibits the N2 fixation).
Acknowledgements: This work has been funded by the Spanish Ministry of
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TROFOALBORAN CTM2009-07776, co-funded from EU)
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Fig. 1. Profiles of 15N:14N content of the organic mmater at the sampling
stations during the four seasonal surveys
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Abstract
Sediment traps were moored at 1000m-depth at the DYFAMED time-series station (Ligurian Sea). 1990s and 2003-07 trace metal
and mass flux data suggest that the transfer of atmospheric material is quantitatively driven by the magnitude and variability of
biological production. Decadal trends are tentatively outlined, suggesting that the temporal variability of deep fluxes is modulated by
the variability of external parameters that control winter convection and subsequent biological activity.
Keywords: Particle Flux, Trace Elements, Time Series, Ligurian Sea
In NW Mediterranean marine environments mainly constrained by atmospheric
forcing, the accumulation of sinking particles presumably mirrors the evolution
of anthropogenic emissions. Automated time-series sediment traps (Technicap
PPS 5, equipped with a programmable 24-cup collector, sampling rate 15 days)
were moored at the DYFAMED time-series station (Ligurian Sea, 43°25’N, 7°
52’E, 2350 m depth), in the frame of the French project COMET
(COnstructing MEditerranean Time-series, LEFE programme). Owing to its
circulation (permanent cyclonic gyre), the DYFAMED site is sheltered from
lateral inputs, apart from exceptional conditions [1]. Trace metal (TM: Al, Fe,
Mn, Ni, Cu, Cd, Pb, V, Zn) and mass fluxes were measured from March 2003
to March 2005. Archive data from deployments in the 1990s were used to
estimate a possible decadal evolution. The seasonal pattern of mass and TM
fluxes are compared in Fig. 1 for the case of Al and Pb. An outstanding feature
is the strong covariance observed between mass flux and TM flux, whatever the
nature of the TM (e.g., anthropogenic or crustal). This suggests that, apart from
convection episodes associated with dense water formation, the transfer of
atmospheric material is almost totally driven by the magnitude and variability
of biological production. This statement is in agreement with previous studies
that pointed out the prominent role of biological activity in the removal of TMs
[2, 3]. The comparison of 1995 and 1997-98 data with 2003-07 data suggests
decadal evolutions linked to changes in land-based emission sources. However,
these findings are slightly different of the decadal evolutions observed in the
atmospheric aerosol in the same region [4]. This presumably results from the
interannual variability of external factors (temperature, wind stress, etc.) that
determine the intensity of winter convection and, therefore, that of biological
production, i.e. the driving force of atmospheric matter downward transfer.
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Fig. 1. Seasonal variability of mass, Al and Pb fluxes; 2004 as an example
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Abstract
Atmospheric deposition is a potential source of trace metals of continental origin to oceanic areas. Trace metals speciation (Fe, Al,
Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Cd and Pb) was studied in atmospheric deposition (wet and dry) collected at a remote location in
the Eastern Mediterranean Sea. Elemental concentrations were measured using ICP-MS, while Dissolved Reactive Fe (DSRFe: Fe
(II) and Fe(III)) was determined spectrometrically. Atmospheric deposition was also compared with long-term trace metals data in
sediment traps.
Keywords: Eastern Mediterranean, Atmospheric Input, Sediments, Metals
Introduction
The atmosphere is a significant source, especially for oligotrophic oceanic
areas and semi-enclosed seas, such as the Mediterranean, due to the relative
proximity of land-based sources and densely populated shores [1]. Riverine
inputs are limited and localized and will not affect offshore sites such as the
Cretan or the Levantine sea [2]. Thus atmospheric input may play an
important role in the supply of bioavailable nutrients to surface waters and
hence marine biological productivity. Therefore a comparison between dry and
wet deposition of metals would be noteworthy regarding the bioavailability
and toxicity of metals in the marine system.

and Cd are equal to the fluxes from sediment trap deployment.
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Materials and Methods
Atmospheric deposition samples, wet and dry, were collected at Finokalia
(35°20?N, 25°40?E), a remote coastal site in the Northeast part of Crete, in
the Eastern Mediterranean over a two year period (January 2005–December
2006). After collection all samples were filtered through pre weighed 0.45 μm
nitrocellulose filters. The sediment traps were moored for seven years in the
Southern Cretan Sea (along 45°06?E, 500m and 1715m depth). The sediment
trap samples were collected from 1999 until 2005, on a two–week basis and
immediately after collection an aliquot was filtered through a precombusted
and pre-weighted quartz fiber filters (Whatman QMA, diameter 47mm) for
further analysis. An acid microwave digestion procedure followed by
Inductively Coupled Plasma Mass Spectrometry was applied to measure
metal concentrations in sediment trap and deposition samples.
Results and Discussion
Partitioning of atmospheric deposition between soluble and insoluble fractions
demonstrated that Fe, V, Cr and Pb are mainly in the particulate form. For Cd,
Zn, Mn and Cu, the dissolved fraction represents 60-68% of the total
atmospheric input. Mean solubility for all metals in both wet and dry
deposition appears to be related to pH and dust mass. More precisely
solubility is decreasing with increasing pH values and increasing dust mass.
For Pb, when the dust load is 0-70mg m-2 solubility reaches up to 74%,
whereas dust >500mg m-2 leads to much lower Pb solubility is 0.3%. Cr, Mn
and Cu are removed from the Eastern Mediterranean atmosphere by dry
deposition, while Zn and Fe almost equally by wet and dry deposition
whereas the rest of the studied metals via wet deposition.
In sediment traps, a significant correlation was observed between mass fluxes
at 600m and 1715m indicating a quite good homogenicity in our system. Total
mass flux presents two maxima: The first during spring, while the second one
during autumn. Both are due to the increase in productivity and deposition of
atmospheric dust. Similar seasonal trend was observed for Fe and Pb, elements
characteristic of crustal and anthropogenic sources respectively, indicating
similarity in transport mechanism independent of the trace metals origin. Dust
is the main component of the sediment material as it accounts for about 4044% of the mass. In addition a coherence between marine and atmospheric
dust fluxes was observed. Annual deposition of atmospheric dust and dust in
sediment traps are equal, in terms of fluxes, suggesting that atmospheric dust
can be transferred in full down to 600 and 1715m.
Regarding the trace metals, our results suggested that atmospheric deposition
is sufficient to balance their levels in the water column, indicating the
predominant role of atmospheric deposition as external source of these
elements in the area. Indeed DSRFe levels deposited were sufficient to account
for the dissolved iron levels in seawater, therefore dissolved iron in the
Mediterranean Sea could be exclusively attributed to atmospheric deposition.
Cr, Mn, Fe, Zn, and Pb atmospheric deposition supplies 57- 84% of the
amount collected in sediment traps. Total atmospheric depositions of Cu, Ni
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Abstract
The current study presents a complete data set of major and trace metals, organic and elemental carbon in sediment traps deployed in
the South Western Black Sea. In addition data on atmospheric deposition of major and trace elements have been simultaneously
obtained in a seaside resort on the Bulgarian Black Seas Coast. Atmospheric lithogenic mass fluxes accounts for 53- 65% of the
lithogenic material in sediment traps. In general in sediment traps the lithogenic part was found to be the most abundant fraction (40%)
followed by POM and carbonates (about 20-23% each). EC and others (probably opal material) accounted for the remaining %.
Keywords: Atmospheric Input, Black Sea, Sediments, Metals, Carbon
Introduction
For the area under investigation, Black Sea, the chemical composition of
atmospheric deposition and sediment trap samples will be discussed. In total
48 sediment trap and 18 atmospheric deposition samples have been collected
and analyzed for the major and trace metals (Al, Ti, V, Cr, Mn, Fe, Ni, Cu,
Zn, Cd and Pb), while sediment traps have been in addition analyzed for
organic and elemental carbon. The aims of this study are to evaluate the
seasonal variability of atmospheric deposition and settling material in Black
sea and moreover the role of atmospheric deposition on Black Sea major and
trace metals levels.
Materials and Methods
The sediment traps were deployed in the South Western Black Sea
(43o01,812N 29o28,498E) at two depths (930m and 1930m) during the period
October 2007 to December 2008. The sediment trap samples were collected,
on a two–week basis and immediately after collection an aliquot was filtered
through a precombusted and pre-weighted quartz fiber filters (Whatman
QMA, diameter 47mm) for further analysis. Atmospheric deposition samples
were collected at a seaside resort on the Bulgarian Black Seas Coast in Varna
close to the sediment trap area. The samples were collected on a monthly
sampling interval from March 2008 to April 2009 using the technique
described by [2]. After collection all samples were filtered through 0.4 µm
Millipore polycarbonate filters.
An acid microwave digestion procedure followed by Inductively Coupled
Plasma Mass Spectrometry was applied to measure metal concentrations (Al,
Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Cd and Pb) in sediment trap and deposition
samples. In addition sediment trap filters were analyzed for Organic and
elemental carbon (OC and EC), with the Thermal-Optical Transmission
(TOT) technique [1].

Fig. 2. Comparison between the fluxes of Fe (in mg m-2) for both deposition
and sediment traps
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Results and Discussion
The temporal variations of mass fluxes present a seasonal pattern: Lower
fluxes occurred from January to March, whilst higher fluxes from November
to December for both depths (Figure 1,2). The percentage of OC in sediment
traps at the two depths (930m and 1930m) was found to be 10 and 11%,
respectively. Carbonates have been also measured and they account for 22 and
23% of the total mass at the two depths. The lithogenic part was estimated
using Fe as a crustal tracer and was found to vary between 40 and 38% at 930
and 1930m, respectively. A detailed comparison between atmospheric
deposition and sediment trap fluxes of elements is presented and discussed in
this work.

Fig. 1. Seasonal variations of total mass fluxes (mg m-2) and of lithogenic origin
elements
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Abstract
Within the framework of the MEDICIS programme, the regional project MYTIAD was undertaken in May-July 2008 to assess
contamination along the coast of western and eastern Adriatic Sea. This research was a part of an interregional coastal water quality
monitoring network in the Mediterranean basin based on active biomonitorig using caged mussels. In this paper, the distribution and
levels of organochlorinated compounds (OCs) along Croatian part of the Adriatic Sea are presented. The possible influence of
physiological parameters on OCs levels has been statistically examined.
Keywords: Adriatic Sea, Bivalves, Ddt, Pcb, Monitoring
Introduction
Since 1970s monitoring programmes were carried out to assess the quality of
coastal environment. Therefore mussels have been successfully used as a good
space and time-integrator of bioavailable contaminant fraction in the water.
Active biomonitoring, i.e. transplantation of mussels from the same site and
same population, provides comparable biological samples reducing possible
sources of variation in the bioaccumulation process. Besides environmental
parameters the resulting bioaccumulation in mussels is influenced by many
physiological parameters such as lipid content and growth.
Materials and Methods
Using well-tested transplantation and caging technique [1], mussels of Italian
origin, 16 month old and 50 mm length were immersed in plastic cages between
20 and 50 m at 12 locations along eastern Adriatic coast in May 2008 (Fig. 1).
Mussel samples were collected after three months of immersion. Duplicate
composite tissue samples (20 specimens) were freeze-dried, homogenized and
Soxhlet extracted. The extracts were cleaned-up by concentrated sulphuric acid
and passed through a florisil column for OCs separation. PCBs (IUPAC No. 28,
52, 101, 118, 138 and 180) and p,p’-DDTs were determined by GC-ECD.

Fig. 2. Spatial distribution of p,p’-DDTs and PCBs concentrations at study
area.

Statistical analysis revealed poor PCBs and moderate DDTs positive
relationship with the percentage of hexane-extractable organic matter. Both
PCBs and DDTs correlated positively and moderately with condition index of
mussels. The OCs differences found in mussels were being primary influenced
by local sources of contamination rather than physiological parameters. The
ratio of the contaminant concentration in mussels after and before immersion
was lower than 1, indicating an adjustment of contaminant levels during the 3
months experiment. Then, the levels of target organic contaminants found in
caged mussels were generally lower than those published for native mussels on
the coast, being within the range of values usually found in low to moderately
contaminated marine coastal areas [2]. The mussel transplantation can be useful
and reliable technique for large spatial monitoring. This study pointed out the
importance of collecting the initial mussels from a relatively clean area in order
to achieve optimal monitoring results.
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Results and Discussion
The distribution pattern of OCs in the eastern Adriatic coastal waters (Croatia)
was characterized by higher PCBs level in relation to DDTs (Fig. 2). PCBs
concentrations ranged from 11 to 51 ng/g dw with the prevalence of congeners
153 (42%) and 138 (28%,) followed by PCB 118 (12%) and PCB 101 (8%).
The elevated PCBs concentration was found near urbanized and industrialized
centres (Dubrovnik, Split, Bakar, Rijeka) with high wastewaters input. The
concentrations of DDTs were low, ranging from 2.3 to 6.0 ng/g dw, being
spatially almost uniformly distributed. p,p’-DDE metabolite dominated with
mean amount for 66% of total p,p’-DDTs followed by p,p’-DDD (23%),
suggesting a lack of recent DDT input into the research area.
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Abstract
The effect of shellfish farming on the water column was investigated seasonally at a longline mussel farm (Mytilus galloprovincialis
L.) of Maliakos Gulf, between October 2007 and July 2008. Nitrite and phosphate values showed significant differences among
sampling stations and seasons (p<0.05 and p<0.001, respectively). Furthermore, in most cases concentrations of all nutrients and chl a
at the farm site was lower than those observed at the control site. This indicates that shellfish farming contributes to the reduction of
the primary production of Maliakos Gulf and consequently to the risk of eutrophication.
Keywords: Aquaculture, Mollusca, Coastal Waters, Nutrients, Aegean Sea
Introduction
Annual world harvest of wild mussel stocks has increased during the past 20
years and has led to overexploitation of natural beds. Mussel aquaculture is
consequently an expanding industry. The impact of aquaculture on the
concentration of nutrients in the Eastern Mediterranean has been addressed in a
number of studies [1]. The environmental effects of mussel farming, where no
excess food is supplied, are supposed to be much less than those of caged fish
farming. However, relatively little is known of the effects of longline mussel
farming on nutrient dynamics [2]. The objective of this study was to assess the
effects of longline mussel farming on nutrient concentrations of Maliakos
Gulf.

Tab. 1. Minimum, maximum and mean ± standard error of physicochemical
parameters of both studied sites.

Materials and methods
The study was carried out in the Maliakos Gulf, central Greece, at a shellfish
farm (38o50’99’’ N 22o36’48’’ E) between October 2007 and July 2008.
Mussel (Mytilus galloprovincialis L.) was intensively cultivated in this farm.
Two stations were sampled. The first was located at the centre of the mussel
farm and the second at a distance of 500 m from the mussel farm center,
referred as farm and control site, respectively. Vertical profiles of temperature,
salinity, dissolved oxygen (DO) and chl a were measured at each sampling
station by means of a CTD (SEABIRD-19plus). For nutrient analysis, samples
were collected by means of a 1 L Niskin bottle at the surface, 5 m and 20 m
depth from the surface to the bottom. From both sampling stations, five
replicate samples were taken during all seasons, in order to determine natural
variability within replicates (120 total samples). The water samples were
placed in 250 ml plastic vials where mercury chlorine (1 ml HgCl2 per 1 L
sample) was added in order to neutralize the bacterial and other photosynthetic
organisms [3]. Samples were stored at -20 oC until analysis took place with a
spectrophotometer (SHIMADZU UV-1700) according to the procedure
described by [3].The one-way nested analysis of variance (ANOVA) was used
to analyze the effect of station and season on variations in chemical
parameters.

.
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Results and discussion
Physicochemical characteristics of both studied sites are summarized in Table
1. These results shows that almost in all cases the minimum, maximum and the
mean concentration of the physicochemical characteristics was lower at the
farm site compared to the control site. The above indicates the positive effect
of shellfish farming on the water column nutrient concentration. The quantity
of nutrients removed by shellfish harvest can be quite large [4]. Filter-feeding
molluscs not only remove N from the water column, but also incorporate a high
proportion of it into their tissues. When the molluscs are harvested, the N is
removed from the system [5]. Shellfish feeding can also help to control or even
prevent harmful algal blooms by removing the cells before the algae accumulate
to environmentally detrimental levels [5]. During the course of this study, we
concluded that shellfish farming is, by definition, a ‘green’ industry which
plays a vary important role in the ecological system of Maliakos Gulf
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Abstract
This research investigated the spatial distribution of chemical contamination and toxicity of marine surfacial sediments collected from
six sites along the Turkish coast in Black Sea. Sediment toxicity to sea urchin (Paracentrotus lividus) embryonic development was
evaluated with whole sediment specimens. Concurrently, sediment samples were analyzed for their chemical characterisation to
evaluate toxicity data.
Keywords: Ecotoxicology, Sediments, Black Sea, Petroleum, Metals
Introduction
It is dificult task to make a desicion about toxicity of sedimentary contaminats
to aquatic organisms. Bioassays are routenely used for sediment quality
evaluation. Among these sea urchin embryotoxicity bioassays are recognized
as reliable, sensitive and ecologically important tools for evaluating marine and
estuarine environmental quality [1- 2]. The goals of this sudy were to
determine concentration of metals and petroleum hydrocarbons in Black Sea
sediments and relationships between contamination and biological effects.
Material and Methods
Sediment samples collected from six sites along the Turkish coast in Black Sea
(Istanbul, Eregli, Inebolu, Sinop, Ordu, Trabzon) by using core sampler.
Surface sediment samples were taken from upper 2cm. depth for chemical and
toxicological analyses.
Determination of petroleum hydrocarbons were made by GC-FID according
to UNEP [3]. 0.2g dry sediment samples were digested with
HCl,HNO3,HClO4,HF acid mixture. Differantial Pulse Anodic Stripping
Voltametry (DP-ASV) was used for Cu ,Pb and Zn by using Metrohm
Voltammeter model 797VA Computrace according to Metrohm
VAApplication Work AWUK4-0134-042002. C14 dating was made in Beta
Analitic Inc.
The embryotoxicity test with sea urchin (Paracentrotus lividus) embryos was
performed using the procedure reported in detail in before [1]. Bioassays were
carried out in by evaluating the following endpoints: a) normal (N) pluteus
larvae; b) retarded (R) plutei, with size <1/2 N, yet no evident abnormalities;
c) malformed plutei (P1) exhibiting a number of skeletal or other abnormalities;
d) developmentally arrested embryos (P2), i.e. unable to undergo larval
differentiation (blastulae or gastrulae), and e) dead (D) plutei (D1) or early
embryonic death (D2).
Results and Discussion
Bioassay with sea urchin showed that the highest embryotoxicity was exerted
by the sediment from Istanbul (P1+P2 = 100 %) compared to controls
(P1+P2 @ 3,5%). Sediments from Zonguldak and Inebolu displayed
significantly higher developmental toxicity while the other sediment samples
failed to show any significant difference compared to blank controls (Table1).

Zonguldak was due to the fact that surface sediment layer dated to
1780±40BP (calculated AD 130-350 )
Tab. 2. Petroleum hydrocarbons and some metals concentrations in six
sediment specimens from Black Sea and ERL guideline values (Effects-RangeLow). All HC values are as ng/g.

Tab. 1. Developmental toxicity of sediment samples collected from Turkish
coast in Black Sea. % Developmental defects in P. lividus larvae, means ±
SEM.

.
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The concentrations of petroleum hydrocarbons, metal and % organic carbon of
sediment samples are given in Table2. Readman et al., [4] was reported 6,4
ng/g naphtalane concentration in Bosphorus (Istanbul) sediment samples.
This result consistent with present data measured in Istanbul (7,0 ng/g).
ΣPAH levels of all stations were much smaller than ERL value of 4122 ng/g. It
has not been expected toxicity from ΣPAH value. The aliphatic hydrocarbon,
n-C17 concentrations was significantly related to % developmental defects of
sea urchin (R2=0,84). Bioaccumulation dynamics of aliphatic hydrocarbons in
detritivoros fishes and codding feed crude oil controlled by an efficient
molecular discrimination during intestinal absorbtion. Higher bioaccumulation
factors has been found in the range of betwee n-C15 and n-C17 [5]. It was
suggested that the correlations were probably related to hydrophobocity and
bioaccumulation factors of n- alkanes like fishes. Trace metal concentrations
was not correlated with toxicity data. The only station Zonguldak was not
exceeded the ERL values according to metals. Suddenly drops of Cu and Pb in
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Abstract
129I is considered as a global pollutant and its role as a global tracer to follow the dissemination of radionuclides from a source point
such as nuclear power reprocessing plants increases. A radiochemical neutron activation analysis method was developed to measure
the concentration of 129I in environmental and biological samples. The method was validated using the IAEA-375 Soil, FC98 Seaweed
and NIST 4357 Ocean Sediment. The method was applied to analyze 129I/127I isotopic ratios in the marine environment of Slovenia.
The results found were in the range from 1.3 to 55.4 · 10-9 μq g-1 for seawater, from 104 to 127 · 10-9 μq g-1 for blue mussel, from
334 to 471 · 10-9 μq g-1 for alga Fucus virsoides and from 72 to 256 · 10-9 μq g-1 for marine sediment.
Keywords: Algae, Coastal Waters, Fallout, Radionuclides, Sediments
1 Introduction

values found in literature for areas that are not under the influence of direct
liquid discharges of 129I from nuclear fuel reprocessing plants. 129I and 127I
concentrations found in analysed alga collected in 2005 and 2009 (Table 1) are
in the same range. The ratio of 129I/127I found for alga Fucus virsoides is up to
10-9, which is one order of magnitude higher than along the coast of China, up
to two orders of magnitude lower than in the Baltic Sea, which is influenced by
direct liquid discharges from La Hague and Sellafield, and up to four orders of
magnitude lower than in the vicinity of the La Hague reprocessing plant.

The only stable natural iodine isotope is 127I and the total amount of this
element in the Earth’s crust was estimated to be 8.6 · 1015 kg of which nearly
70 % resides in marine sediments and 28 % in sedimentary rocks. The marine
environment, i.e. the oceans, is the major source of iodine with average
concentrations of around 60 μg L-1 iodine in seawater. The biogeochemical
cycling of iodine is driven with its volatilization from oceans and soil to the
atmosphere in the form of iodinated hydrocarbons of which methyl-iodide
predominates. From the atmosphere the iodine is washed out to the marine and
terrestrial environment by wet (precipitation) and dry (aerosol) depositions
[1].

Tab. 1. Range of 129I and 127I in marine environment of North Adriatic Sea

129I (T = 1.57 · 107 years) is the only natural radioactive isotope of iodine,
½
which is formed in nature by two processes. The cosmogenic 129I is produced

in the atmosphere by the interaction of cosmic rays with xenon isotopes and
the fissiogenic 129I by spontaneous fission of uranium in the lithosphere. For
the pre-nuclear era (no addition of anthropogenic 129I to the environment) an
129I/127I isotopic ratio of about 1.5·10-12 has been estimated. The quantity of
129I in the pre-nuclear age ocean was ~100 kg. Since 1945 anthropogenic
production of 129I started which shifted the natural isotopic ratio for 3 to 6
orders of magnitude in favour of 129I.
The main sources of 129I are nuclear fuel reprocessing plants.
To our knowledge the 129I level has not been measured in any biological or
environmental sample from the Mediterranean area (Adriatic Sea). The aim of
our work was to investigate the distribution of 129I in the marine environment
of Slovenia.

The data of this study represent a survey of 129I in the marine environment of
Slovenia. The most likely source of 129I are nuclear fuel reprocessing plants in
La Hague and Sellafield, which are known to be the major sources of 129I in the
environment of North Europe. 129I is transferred to the atmosphere and
washed out to the marine environment of Slovenia by precipitation, so it is of
atmospheric-precipitation origin.

2 Methodology
2.1 Sampling and preparation
First sampling of alga (Fucus virsoides) and sediment was performed in 2005
and another sampling in 2009 including seawater, alga (Fucus virsoides) and
blue mussel (Mytilus galloprovincialis). Alga and blue mussel were dried by
freeze dryer to constant mass and homogenized. Seawater and sediment
samples were analysed as collected.
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2.2 Determination of 129I and 127I
Radiochemical neutron activation analysis method (RNAA) was used for the
determination of 129I [2] and 127I [3] in environmental samples. Environmental
samples contain very low amounts of 129I therefore pre-concentration of
iodine from up to 100 g of alga, blue mussel and sediment and up to 8 L of
seawater are needed. Irradiation of sample, combustion in an oxygen
atmosphere and extraction of iodine with CHCl3 followed. Induced
radioisotopes were measured on a HPGe detector. The chemical yield for the
whole procedure was determined spectrophotometrically and by using the 126I
activity.

3 Results and Discussions
The method was applied to analyze 129I/127I isotopic ratios as well as 129I and
127I concentrations in the marine environment of Slovenia. The results found
for analysed samples collected in 2005 and 2009 are summarised in Table 1.
There are no literature dates for 129I and 127I concentrations in blue mussel.
Values found in analysed seawater and sediment samples are in agreement with
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1 Laboratory of Environmental Chemistry, Dept. of Chemistry, University of Athens - edasenak@chem.uoa.gr
Abstract
An oceanographic study of the coast of the North West Saronikos Gulf was carried out in the years 2006 and 2007. The area is
affected by industrial and urban activities. Seawater and sediment samples were collected and various trace metals were determined.
The present paper presents the results on the distributions and behaviour of Zn, which a metal of significant environmental importance,
in this coastal marine environment.
Keywords: Aegean Sea, Coastal Waters, Zinc
INTRODUCTION
North West Saronikos Gulf is located 80 km west of Athens. This marine area is
affected by industrial activities (oil refinery, cable manufacturer, soya mills,
sulphur and fertilizers manufacturing), as well as touristic activity in the towns
of Agioi Theodoroi and Isthmia. Furthermore the coastal zone of North West
Saronikos is located on the Sousaki volcanic region therefore this area is
characterized by a unique geological setting.
MATERIALS AND METHODS
The area was studied extensively from January 2006 to December 2007. There
were 8 seasonal samplings in 9 coastal stations (ΜΟΤ 1-ΜΟΤ 9), in 7 off shore
stations with depths ranging from 20 to 100m (ΜΟΤ 10-16) and one off-shore
station in the Megara Basin (UN6) with a depth of 200m. Dissolved and
particulate Zn determinations were carried out using Chelex 100 preconcentration and nitric acid digestion respectively. Total Zn in sediments was
extracted with strong acids (including HF) digestion [1]. The non lattice fraction
of Zn was extracted with 0,5M HCl and with the BCR protocol [2]. All extracts
from the above procedures were measured with Flame Atomic Absorption
Spectrometry.

The highest concentrations were determined in stations MOT5 (near a small
shipyard) and UN6 (200m depth). The non lattice held (BCR1-3)
concentrations of Zn ranged from 8,6 to 36,6 mg/kg and represented 17-53% of
the total content. The highest percentages were determined near the main
industries (stations MOT 2, 3 and 4). The non lattice held Zn was mostly found
associated with Fe and Mn oxides (BCR2). The stations MOT5 and UN6
exhibited Sediment Enrichment Factors higher than 2 therefore the total Zn
concentrations in these sediments could be attributed to anthropogenic
pollution. The vertical distribution of total and non lattice held Zn in a small
sediment core (10cm) of station UN6 also shows a marked increase in the
surface layer which could be attributed to anthropogenic influence.
CONCLUSIONS
The study area of North West Saronikos Gulf is not a conventional hot spot due
to increased depth and adequate water circulation and dilution. The levels of Zn
in seawater and sediments were similar to other Greek marine areas and much
lower than the most polluted part of the Gulf of Elefsis and East Saronikos. The
significant pollution sources mentioned above and the neighbouring of populated
and touristic towns suggest frequent monitoring of selected points to ensure that
pollution levels remain fairly constant.

RESULTS AND DISCUSSION
The water column in both near-shore and off-shore stations was fully
oxygenated in all seasons due to adequate water circulation. The theromocline
started forming in June and was fully developed between 30 and 40m depth in
August and September. The water column below 150m (UN6) has been isolated
since 1992, therefore almost anoxic conditions prevail. Dissolved Zn ranged
from 0,41 to 39,2 μg/L, while particulate Zn ranged from 0,11 to 4,1 μg/L. The
dissolved Zn fraction comprised of more than 75% of the total concentration in
all samplings. The average total Zn concentrations of coastal and off-shore
stations were 2,7 and 5,1 μg/L respectively and differed statistically
(independent samples t-test). The off-shore stations exhibited a wider range of
concentrations and some extreme values. The concentrations of total Ζn below
the depth of 20m were statistically higher than the corresponding concentrations
at the surface and 20m. This was also depicted in the vertical profiles of total
Zn in almost all sampling stations. The levels of total Zn in the off-shore
stations of the study area were similar to the values of offshore East and South
Saronikos Gulf but lower than the more polluted Elefsis Gulf which is
characterised by more intensive industrial activity [3].
The total Zn concentrations in sediments ranged from 27,7 to 120 mg/kg.
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Fig. 1. Figure 1 Surface distribution of total Zn (mg/kg) in the sediments of the
study area
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DISSOLVED OXYGEN AND NUTRIENT DISTRIBUTION IN NORTH AEGEAN SEA
Alexandra Pavlidou 1*, Evagelia Krassakopoulou 1 and Ekaterini Souvermezoglou 1
1 HELLENIC CENTER FOR MARINE RESEARCH (HCMR) - aleka@ath.hcmr.gr
Abstract
In this work we present Dissolved Oxygen (DO) and inorganic nutrient (nitrate, nitrite, phosphate and silicate) distribution in the North
Aegean Sea during April 2008 under the influence of different water masses. The Black Sea Water outcoming from the Dardanelles
strait is not enriched in dissolved inorganic nutrients. On the contrary, the North Aegean Deep Waters carry higher concentrations of
nutrients. According to DO data, formation of deep waters occurred at station NA2, but not at station NA7.
Keywords: Aegean Sea, Nutrients, Oxygen
Introduction
The brackish, relatively cold and mestrophic waters exported from the Black Sea
to the Marmara upper layer, reach the saline, oligotrophic waters of the Aegean
Sea via the Dardanelles surface outflow. Thus, the Black Sea waters (BSW) are
expected to contribute to the nutrient balances in the North Aegean Sea [1,2].
On the other hand, the salty Aegean waters enter the Marmara deep basin. The
bottom layers of the North Aegean Sea contain one of the denser waters of the
world (σθ > 29.5 kg m-3), making it one of the principal dense water formation
regions of the Mediterranean [3]. Below the surface layer there is a warm and
highly saline water layer originating from the South Aegean and the Levantine,
Levantine Intermediate Water (LIW), extending down to 350-400m depth [4,5].
The present work reports the Dissolved Oxygen (DO) and nutrient
characteristics in the North Aegean Sea under the influence of the
aforementioned different water masses.
Results and discussion
During the first week of April 2008, sampling was performed at 10 stations;
among them, 4 stations were located close to the Dardanelles Strait, 2
northeastern of Lemnos Island and 3 northwestern of Samothraki Island (Fig.1).

Tab. 1. Mean concentrations of DO and nutrients in North Aegean Sea

At the deep layer of station NA2 nutrients found to be lower than the ones
measured at the deep waters of station NA7. More specifically, a decrease of
1.75 μΜ for inorganic nitrogen, 117.9 nM for phosphate and 3.81 μΜ for
silicate is observed, while the accompanied increase of DO is 17 μM. According
to our results it is obvious that formation of deep waters occurred at station
NA2, but not at station NA7.
Acknowledgements: The present study was conducted within the
framework of the European IP Project FP6 - Sesame EC
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Fig. 1. Bathymetric map of the study area and sampling stations

Mean concentrations of our data are presented in Table I. The DO vertical
distribution seem to follow the salinity differences, showing maximum at the
surface less saline light waters at the stations located near to the Dardanelles
strait which indicate biological production. The significant decrease of DO
which was observed at the bottom waters of station NA7 suggest a rather long
stagnation period where bottom water formation has not occurred [6]. The BSW
outcoming from the Dardanelles strait does not seem to be enriched in dissolved
inorganic nutrients, but in organic nutrients [1]. Low inorganic nutrient
concentrations have also been reported in other studies in the area, probably
because of their exploitation by phytoplankton [7]. On the contrary, the North
Aegean Deep Waters (bellow 400m depth, σθ> 29.35) carry higher
concentrations of nutrients.
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HEAVY METAL CONTAMINATION IN CANDARLI BAY SEDIMENT: EASTERN AEGEAN SEA
Idil Pazi 1*, Filiz Kucuksezgin 1 and Dogan Yasar 1
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Abstract
The accumulation of trace metals in sediments may cause serious environmental problems in the aquatic system. 8 sediment samples
were collected using box corer in the Candarli Gulf in 2009 for a study on trace metal pollution. The concentrations of Hg, Pb, Cr, Zn
and Al in the surface sediment layers were generally elevated when compared with the sub-surface layers. The metal levels were
evaluated according to the enrichment factor analysis. The results revealed significant anthropogenic pollution of Hg and Pb in the
surficial sediments of Candarli Gulf.
Keywords: Aegean Sea, Metals, Sediments
Introduction
Heavy metals are deemed serious pollutants because of toxicity, persistence
and non-degradability in the environment [1, 2, 3]. Heavy metal contamination
in sediment, soil and groundwater is one of the largest threats to environmental
and human health [4]. Therefore, heavy metal contamination is still an
environmental problem today in both developing and developed countries
throughout the world. Few published data are present on metal concentrations
from Aliaga Bay [5], but no data are available on metal levels in Candarli Gulf.
The aim of this study is to comparatively evaluate Hg, Pb, Cr, Zn and Al
concentrations in sediment, collected from different sites of Candarli Gulf.

pollution studies of Aliaga metal industry district. Environment International,
27: 541-553.

Materials and Methods
In the framework of MEDPOL Phase IV Project, sediment samples were
collected from 8 stations in Candarli Gulf using box corer to detect heavymetal concentrations by R/V K. Piri Reis (Institute of Marine Sciences and
Technology). At each station surface and subsurface sediments (15-20 cm
below the surface) were collected. Subsurface sediments were used as
background levels for each element at all stations. Concentrations of Hg, Pb,
Cr, Zn and Al were determined in the digested phase using ICP-ES/ICP-MS
(ACME Analytical Labs, Vancouver, BC) in sediment samples.
Results and Discussion
Trace metal concentrations in sediments from the Station 6 (Sta. 6) are
consistently higher than those from the other locations. The station near the
PETKIM Complex has the highest values for Hg (6.3 mg/kg) Pb (138 mg/kg),
and Zn (358 mg/kg). Cr level was measured as 44.6 mg/kg at Sta.6. This area is
under the influence of the wastewaters and water-runoff from that industrial
activity (rich in heavy metals). EFs present the identification and
quantification of metal enrichment. Major population and industry in Candarli
Gulf are located in Aliaga town. The relatively high trace metal enrichments in
this region are therefore likely to originate from past and present day inputs.
EF values tended to the greatest in Sta. 6. Enrichment factor of Cr are
generally less than 1.5 (except Sta.6) suggesting that Cr contamination is not a
problem at present. However, Candarli Gulf is severally contaminated by Hg,
Pb and Zn as reflected by the enrichment factor values of these metals are all
greater than 1.5. Enrichment factor results further indicated that these
contaminants came from human impacts.
Conclusion
The metals contamination in sediment of studied locations may of
anthropogenic origin with the exception of some local anomalies. When
compared with the elemental background compositions, surface sediments
were observed to be not contaminated with Cr. However, other elements, Zn,
Pb and Hg with greater anthropogenic inputs, were observed to be enriched in
the gulf sediment samples.
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MODELING STABLE ISOTOPE RATIOS IN NEAR SURFACE WATER VAPOR IN THE MEDITERRANEAN:
AN EVALUATION OF THE CRAIG-GORDON MODEL
Stephan Pfahl 1* and Heini Wernli 1
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Abstract
Stable isotope ratios in water vapor at Rehovot (Israel) are modeled with the help of the Craig-Gordon model, applied in a Lagrangian
setup using backward trajectories. The comparison of the simulation results with measurements at Rehovot allows to infer about
uncertain model parameters as the non-equilibrium fractionation factor. A new parameterization for this fractionation factor is
suggested and applied in a first case study with a mesoscale dynamical model.
Keywords: Water Transport, Air-Sea Interactions
Introduction
Stable water isotopes are widely used as diagnostic tools for investigating the
global water cycle. An important step in this cycle is the evaporation of water
from the ocean. The concurrence of equilibrium and non-equilibrium processes
complicates a quantitative description and parameterization of isotope
fractionation during evaporation. A linear resistance model, as introduced by
Craig and Gordon [1], is commonly applied for this parameterization. In such
a model, the isotope ratio in the evaporation flux can be expressed as follows:

3 - Pfahl, S., and H. Wernli, 2008. Air parcel trajectory analysis of stable
isotopes in water vapor in the eastern Mediterranean. J. Geophys. Res., 113,
D20104.
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6 - Steppeler, J., G. Doms, U. Schättler, H. W. Bitzer, A. Gassmann, U.
Damrath, and G. Gregoric, 2003. Meso-gamma scale forecast using the
nonhydrostatic model LM. Meteorol. Atmos. Phys., 82, 75-96.

where RL and RA give the isotope ratios in the ocean and in atmospheric
vapor, respectively; h denotes the relative humidity of the atmosphere,
defined with respect to saturation at the sea surface, α is the equilibrium
fractionation factor between vapor and liquid at the surface, and finally k
denotes a non-equilibrium (diffusive) fractionation factor. This nonequilibrium fractionation factor is usually expressed according to [2], but its
formulation is hardly constrained by atmospheric observations.
Methodology
This study addresses this issue by combining a recently developed Lagrangian
moisture source analysis [3] with a Craig-Gordon fractionation
parameterization (equation 1) in order to model isotope ratios in near-surface
water vapor [4]. This technique is applied to 45 days of isotope
measurements in water vapor at Rehovot (Israel) during the years 2001 to
2006 [5]. Different parameterizations for the non-equilibrium fractionation
factor are tested in this setup. Finally, the mesocsale dynamical COSMO
model [6] is equipped with the most successful parameterization and applied
for simulating the spatial distribution of deuterium excess in water vapor close
to the surface.
Results and Discussion
A comparison of the simulated deuterium excess from the Lagrangian
approach with the measurements shows that a much better agreement can be
achieved using a wind speed independent formulation of k (correlation
coefficient r=0.80, RMSE=4.6 permil) instead of the classical
parameterization by Merlivat and Jouzel [2] (r=0.53, RMSE=10.7 permil).
The numerical values of k that lead to the best agreement of simulated and
observed deuterium excess are k18O =0.9925 and k2H=0.9961. These values
are consistent with data from other studies. In future research, it should be
tested if the empirically derived, wind speed independent parameterization
also leads to an improvement of the performance of other models, including
GCMs, in modeling deuterium excess. A first case study with the COSMO
model verifies that the model is suitable for simulating spatial distributions of
isotopes in water vapor in an event-based manner. The simulated deuterium
excess compares well with results from a Lagrangian diagnostic [4], confirming
the usefulness of the new parameterization.
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CHARACTERIZATION OF THE MEDITERRANEAN SEA MUSSEL REFERENCE MATERIAL (IAEA-437)
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Abstract
The characterization of a new Reference Material (RM) for radionuclides in mussel ( Mytilus galloprovincialis) from the
Mediterranean Sea (IAEA-437) is described and the results of the certification process are presented. Four radionuclides (40K, 234U,
238U, and 239+240Pu) have been certified, and information values on massic activities with 95% confidence intervals are given for nine
other radionuclides (137Cs, 210Pb(210Po), 226Ra, 228Ra, 228Th, 230Th, 232Th, 235U, and 241Am). The IAEA-437 RM is intended to be
used for quality assurance/quality control of radionuclide analyses of mussel samples using radiometric and mass spectrometry
techniques (ICP-MS, AMS), for the development and the validation of analytical methods, for the development of reference methods
and for training purposes.
Keywords: Radionuclides, Mediterranean Ridge, Pollution, Instruments And Techniques, Monitoring
and 241Am. The mean, median values with 95 % confidence intervals, the
number of accepted means which were used to calculate the activities are given
in Table 2.

Introduction
In collaboration with CIESM, an inter-laboratory comparison exercise using
Mediterranean Mussel Reference Material was previously organised to test
the performance of laboratories in analytical quality control [1-2]. More data
from expert laboratories have been obtained during 2008-2009 allowing to
assign the true values and the uncertainties of different radionuclides in this
specific matrix of marine sample, and in consequence to permit to issue a new
Certified Reference Material for Marine Environmental Study.
Experimental
The work was performed on a mussel tissue sample, which is commonly
found and consumed seafood, and is widely used as bio-indicators in marine
pollution studies. They were collected from the Mediterranean Sea in the
framework of the CIESM (Commission Internationale pour l’Exploitation
Scientifique de la Mer Mediterranée) Mediterranean Mussel Watch Program.
About 1080 kg of mussel sample (Mytilus galloprovincialis species) was
collected in Anse de Carteau, Port Saint Louis du Rhône (43o20’S, 5o10’E),
France, by the Institut de Radioprotection et de Sûreté Nucléaire (IRSN,
France) in June 2003. More detail of description of the material could be
found in [1-2]. Of 34 laboratories received the sample, a total of 24 sets of
results were received from participants and included in the evaluation report
of the interlaboratory comparison exercise [2]. Because of very low-levels of
radionuclide activities in the sample, 16 more samples were sent to 5 members
of CELLAR (Collaboration of European Low-Level Underground
Laboratories) and to 11 expert laboratories in 2007. High quality data from the
interlaboratory comparison exercise, and additional data from the CELLAR
and expert laboratories were included in the certification process, results of
which are reported in the present paper.
Results and discussion
Homogeneity tests :The homogeneity of the sample was checked by measuring
the activities of 40K, 137Cs, 235U, 238U, 239+240Pu and 241Am on 5-17 bottles
taken at random. Gamma-spectrometric measurements were performed on 100
g of mussel. The activity concentrations of 235U, 238U, 239+240Pu and 241Am
were determined by ICP-MS and alpha spectrometry on 0.5 to 100 g of
mussel sample, respectively. Homogeneity was determined using one-way
analysis of variance. The coefficient of variation was below 15% for gamma,
alpha-spectrometrically determined radionuclides (with activity concentration
less than 1 Bq kg-1). The "between samples" variances showed no significant
differences from the "within sample" variances for all analysed radionuclides.
The material was thus considered sufficiently homogeneous for the tested
radionuclides at the range of weights used.
Certification process: The certification process was carried out following the
ISO Guide 35 [3] using the most precise and accurate data from
interlaboratory comparison exercise and additional data from CELLAR and
expert laboratories. For data sets comprising 5 or more accepted laboratory
means, the median activities for the sets of individual data – after rejection of
outliers – were chosen as the best estimations of the property values [4].
Evidence on metrological traceability to the SI units was provided by all
laboratories in their reports.
Only 4 radionuclides 40K, 234U, 238U and 239+240Pu were certified in the
certification process. The mean, median values with 95 % confidence intervals,
the number of accepted means which were used to calculate the certified
activities are given in Table 1. Information values are given for 9
radionuclides: 137Cs, 210Pb(210Po), 226Ra, 228Ra, 228Th, 230Th, 232Th, 235U

Tab. 1. Certified mass activities in IAEA-437 Mussel from the Mediterranean
Sea(Reference date: 1 November 2003)

Tab. 2. Information mass activities in IAEA-437 Mussel from the
Mediterranean Sea (Reference date: 1 November 2003)
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DETERMINATION OF POLYMERIC ORGANIC MATERIAL CONTAINING “N-CATALYST” IN SEAWATER
BY CONSTANT CURRENT CHRONOPOTENTIOMETRIC STRIPPING ANALYSIS
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Abstract
Catalytic properties and surface activity of nitrogen containing polymeric organic material (N -POM) were analyzed by constant
current chronopotentiometric stripping analysis (CPSA) in seawater. CPSA proved to be a suitable method for determination of low
concentrations of N-POM in seawater by measuring its “presodium” catalytic peak H. A protein human serum albumin (HSA) (15 %
of N) was used as a model compound and the concentration of N-POM from natural seawater samples was expressed in HSA
concentration equivalents.
Keywords: Electrochemistry, Adriatic Sea, Organic Matter
Introduction
Chronopotentiometric stripping analysis (CPSA) is an electrochemical
technique in which preconcentrating step proceeds at negative potentials
where amalgam is formed, followed by stripping step in which constant
current is applied to strip the accumulated material. CPSA peak which
appears is not due to the faradaic but to the catalytic reduction of hydrogen.
That peak appears more positively on potential scale than usual hydrogen
wave, preceeding the reduction of sodium ions. It is named peak “H” or
catalytic hydrogen or “presodium” wave and a key organic molecule is called a
“presodium” catalyst [1] already reported about CPS detection of peak H
catalyzed by sulphur atoms in polysaccharides excreted from plankton
cultures. A more negative peak H, at -1.7 V, was observed as well and a
connection with the presence of polymeric organic matter containing N
catalytic atoms was supposed [3]. Seawater samples were collected in the
Northern Adriatic in 4 seasons: June and October 2008 and in January and
March 2009, at surface (0.5 m depth) and bottom (~31 m depth), as well in
some other areas in the Adriatic.
Results and Discussion
From peak H height measured in the seawater samples we could not
characterize N-POM on molecular basis, as for that some specific separation
techniques and characterization methods should be included. Macroaggregates
found in the Northern Adriatic are characterized by high C/N ratio due to their
low protein content having carbohydrates as a major component. Surface
samples were richer in N- POM than bottom samples in all seasons. We
calculated N-POM/SAS and N-POM/DOC and concluded that N-POM made
a minor part of SAS and DOC in seawater samples comprising a few percent.
Acknowledgement:The financial support of the Croatian Ministry of
Science, Education and Sport for the project no. 098-098-2934-2717 is
gratefully acknowledged
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OLIGOTROPHICATION OF THE NORTHERN ADRIATIC, TRUE OR FALSE?
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Abstract
From 2003 to 2008 NA experienced a reduced input of freshwater and nutrients. In the second part of 2008, after five years, the Po
River flow was higher than its average and in the whole NA the “oligotrophication scenario” (reduced trophic level) shifted to usual
behaviour. The response to the change was immediate, indicating the fragility of the pelagic ecosystem.
Keywords: Chlorophyll-a, Nutrients
Introduction
The northern Adriatic (NA) is mainly under the influence of the Po River (70 %
of the inflow), one of the largest Mediterranean rivers. The last decade is
characterized by a strong decrease in Chl a concentration in the whole NA and
confirmed all over the basin (-0.11 mg m-3 a-1) from satellite derived information
[1]. A decrease in freshwater inflow and input of nutrients resulted in a reduced
availability (greater limitation) of phosphorous (P), and accumulation of total
inorganic nitrogen (TIN) in the ecosystem [2]. In this work we are trying to
understand how fragile such an ecosystem is when freshwater input increases
again.

increase of biomass (Chl a) was not observed probably due to a higher
efficiency of nutrients use by the phytoplankton community.
The results show that the ecosystem rapidly responds to the input of fresh
nutrients and that is well adapted to such a type of stimuli. Oligotrophication of
the area is than only a measure to nutrient inputs, and controlled by the
effectiveness of anthropogenic mitigation measures and climatic oscillations.

Fig. 1. Northern Adriatic map and station locations

Methods
Sampling, parameters determination and calculation
Water samples for nutrients (amonium, nitrite, nitrate, orthosilicate and
orthophosphate) and chlorophyll a concentration measurements were collected
on a monthly scale from Jan 2007 to Dec 2008 at five oceanographic depths at
station RV001 near Rovinj (Croatia, Fig. 1). Parameters were determined by
standard oceanographic methods described in previous authors’ publications. To
understand the recent variability only residuals, after the removal of model
values, are presented.
Model
Data collected from 1972-2002 on a monthly base were used to build an annual
model. On annual scale through the data a Fourier smoother (with retained three
harmonics) was passed.

Fig. 2. Residuals (model – 1972-2002 removed) for chlorophyll a (Chl a),
orthophosphate (PO4) and total inorganic nitrogen (TIN) concentration (c), and
Po River flow (Q) at Pontelagoscuro in the period 2007-2008. Thin line –
residuals, thick line – running average
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Results and discussion
Station RV001 in the Istrian coastal area well represents the main processes in
the open NA waters mainly because the local ones are not pronounced [2]. In
the period 2007-2008 Chl a and orthophosphate (PO4) concentrations were
systematically lower than average confirming the overall trend in the wider area
(Fig.2, [2]). On the contrary, TIN concentrations were higher than average over
a great part of the investigated period, showing the coupling of greater P
limitation and accumulation of TIN in the ecosystem. In 2008, more pronounced
in the second part of the year (Fig. 2), the freshwater inflow increased and
resulted in TIN consumption as more P was available in the ecosystem. The
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THE FATE OF RHONE RIVER CARBON AND NUTRIENTS IN THE COASTAL MEDITERRANEAN SEA AND
ITS RELATION TO CLIMATIC PARAMETERS
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Abstract
The Rhone River exerts a major influence on the Gulf of Lions which is the largest river-dominated ocean margin of the Western
Mediterranean Sea. The biogeochemical fate of the Rhone River inputs (dissolved nutrients, particulate organic matter and detrital
particles) was investigated during a multi-compartment study (CHACCRA) by coupling simultaneous measurements on the river
inputs, the river plume processes and the benthic deposition. A coupled physical-biogeochemical model was used to link the inputs and
their fate in the Gulf of Lions and to investigate the sensitivity of the delta system to changes in climate and in river inputs.
Keywords: Deltas, Global Change, Gulf Of Lions, Organic Matter, Rhone Delta
The Rhone River exerts a major influence on the Gulf of Lions which is the
largest river-dominated ocean margin of the Western Mediterranean Sea. The
biogeochemical fate of the Rhone River inputs (dissolved nutrients, particulate
organic matter and detrital particles) to the continental shelf is largely
influenced by primary production in the plume, deposition patterns of
particles and transformation processes in the water column and sediments. We
have designed a multi-compartment study (CHACCRA) by coupling
simultaneous measurements on the river inputs, the river plume processes and
the benthic deposition to elucidate the transport and transformation of Rhone
River material in the Gulf of Lions. A coupled physical-biogeochemical model
is used to link the inputs and their fate in the Gulf of Lions. First results from
the river input monitoring show that the river input of organic material is
highly variable in quantity showing intra and inter-annual variability. The
largest change in quality of organic input is linked to the occurrence of floods
in the Rhone watershed which may deliver either more reactive carbon
(originating from the river bed and runoff on vegetated soils) or less reactive
when delivered from erosion of soils. The benthic deposition and
transformation of this material shows a spatial pattern with a focus of the
deposition of river organic matter as tracked by 13C and 14C signature and an
intense recycling of organic particles close to the river mouth. Oxygen demand
values close to the Rhone River outlet are around 20 mmol m-2 d-1, remain
high up to a distance of 10 km around the river mouth above 10 mmol m-2 d-1
(called the prodelta) and decrease to average continental shelf values further
away [1]. This pattern is stable over the seasons but is disturbed by the
occurrence of floods which, in the case of June 2008, spread low-reactivity
material in the nearshore region and significantly decreased benthic recycling
during a few months. The measurements performed during the three cruises
dedicated to plume processes showed limited accumulation of Chlorophyll a
in the Rhone River dilution zone, due to low flow rates during these periods.
The structure of the pelagic food web was oriented towards recycling except
on a single occasion where marine snow was recorded in the intermediate layer
of the water column indicating benthic-pelagic coupling. Overall, a
disconnection between river plume production regions occurring on the distant
shelf (>30 km) and the hot spot of benthic recycling in the nearshore region is
apparent. Biogeochemical modelling coupled to the Symphonie
hydrodynamics model in the Gulf of Lion showed a first-order agreement with
the timing and amplitude of the winter-spring bloom on the western part of
the shelf. The Rhone River plume required specific parametrization, since its
biogeochemistry is significantly different from the rest of the Gulf of Lion:
stratification is stronger, nutrients are more abundant, the food web is oriented
towards larger species. This specific model reproduced the succession of the
different nutrients pools and planktonic groups along the Rhone freshwater
dilution zone described by [2]. The model was used to characterize the
biogeochemical functioning of the Gulf of Lion and to compute associated
budgets during several years contrasted by their hydrological and
meteorological forcing. The importance of floods and low flow rates on the
delivery and fate of organic material to the Rhone prodelta points towards a

vulnerability of the ecosystem with respect to climatic change. Climate change
should alter both river hydrography due to stronger extreme rains, dry periods
and wind patterns in the Northwestern Mediterranean. These changes will be
investigated, together with the human impact through the delivery of
contaminants and nutrients, in the framework of the newly launched
MERMEX programme.
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Abstract
Trace metals and organic contaminants were analyzed in surface sediments of four sites of the Berre lagoon to determine their
potential toxicity and genotoxicity for the benthic fauna. Bioavailable trace metals determined by chemical extractions were compared
with bioassimilated contents in Hediste diversicolor as well as with the metallothioneine induction in these organisms. Genotoxic
effects were observed for both trace metals and organic contaminants.
Keywords: Metals, Pah, Bio-Indicators, Annelida, Ecotoxicology
In the last decade, numerous assays or indicators were proposed to define the
toxicity or genotoxicity of contaminated sediments. They are mostly based on
in vitro bioassays and generally refer to one type of contaminant: metal or
PAHs. If some tests have been shown to be representative, it is still difficult
to evaluate the toxicity associated to a multi-contamination combining organic
and inorganic pollutants, and the in situ relationships between these mixtures
and their effects on benthic organisms are still unknown.
To better understand such relationships, we conducted a preliminary work
using a multi-tool approach on sediments from the Berre lagoon (south of
France). This lagoon was impacted in the last century by industrial and urban
development introducing large amounts of trace metals and organic
contaminants. Their contents decreased in the surface of the sediments since
the 1980’s but large contents have been accumulated below the surface. These
contents in the most impacted area (Vaine lagoon) are up to 160 µg.Kg-1 for
total PCBs, 2500 ppm for total PAHs, 80 ppm for Cr, 70 ppm for Ni, 45
ppm de Cu and 140 ppm for Zn.
Four sites characterized by various contaminants contents were sampled and
surface sediments were analyzed for trace metals (Cr, Cu, Ni, Pb, Cd, Zn), 16
PAH’s and 7 PCB’s. The trace metal bioavailibility was studied in more
details by comparing labile fractions obtained from Diffusive Gradient
Technique (DGT) devices and from several chemical extractions including
EDTA 0.1 M, or pH4 and pH6 as physiological pH prevailing in the digestive
tract of organisms. In order to show if these various labile pools of metals are
representative of the bioavailable form of metals for benthic organisms, we
compared their concentrations to the bioassimilated metals contents in the
deposit-feeder polychaete Hediste diversicolor (characteristic of coastal
sediment) as well as to a metal specific stress marker: the metallothionein
(MT) content in cells of the intestinal walls of these organisms. MTs
(analyzed by ELISA method) were evidenced in only one site and no relation
between MTs and trace metals in the sediment was observed (except for Cd
extracted by EDTA). It confirms the rather large variation previously
observed for MT induction that can be due to environmental parameters or
supplementary detoxification processes [1].
Detection of acting genotoxic and mutagenic pollutants in sediment was tested
by the vitro comet assay, the micronucleus assay and the Salmonella
mutagenicity test (Ames test) performed on both organic and inorganic
extracts of the sediment. The assays performed on organic extracts were
conducted with and without metabolic activation (S9 mix) for the detection of
both indirect and direct acting genotoxins. The two sites with the highest
PAHs and PCBs contents revealed genotoxic and mutagenic effects with a
positive dose-response relationship, but only when S9 metabolic activation
was added. Furthermore, the strongest genotoxicity was not observed for the
most contaminated site. Genotoxic effects associated to trace metals extracts
were also observed for the two most contaminated sites, but as for MT there
is no direct relationships with total or labile metal extractions.
The responses to the toxicity tests realized in this preliminary work are in
rather good agreement with the multi-contaminants contents measured in the
sediment. However, information on in situ xenobiotic effects onto organisms
and their potential variations with time have to be gained from a future project
that will be briefly presented.
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Abstract
Nitrogen fixation, bacterial and primary productivity rates were measured along an 12 eutrophication gradient at two distinct provinces
in the Levantine basin: the Shikmona 13 gyre (SG) and the Rhodes gyre (RG). Primary productivity in the euphotic zone ranged 14
from 0.37 mmol C m-3 d-1 for oligotrophic SG to 1.67 mmol C m-3 for moderately 15 mesotrophic RG. Bacterial productivity ranged
between 0.08 μg C L-1 d-1 at surface and 16 5.11 μg C L-1 d-1 at the bottom depths of the SG, while the RG showed extremely high
17 rates, ranging from 6.3 to 87.8 μg C L-1 d-1 at the surface and bottom, respectively.
Keywords: Levantine Basin, Nutrients
The Levantine basin in the east Mediterranean Sea is one of the most
oligotrophic, low nutrient low Chlorophyll (LNLC) seas especially during
stratification periods. The deep waters of the Levantine basin have an
anomalousy high nitrate to phosphate ratio (DIN:DIP) (28:1) and all its input
sources, particularly atmospheric sources ([1]), show a high N:P ratios (>16:1)
([2]). In addition, its P turnover time (<5h, 26 [3]) is typical for P deficient
water systems. Thus, it is expected that these properties do not favor
significant N-fixation rates. Indeed, routinely monitored stations in the
ultraoligotrophic waters off the Israeli coast (2006-2008), showed extremely
low or undetectable rates of N-fixation (0-1.3 nmol N L-1 d-1) (Yogev et al., - in
prep). Low N2 fixation rates were also recorded in the Gulf of Aqaba, Red Sea,
during fall (stratified, oligotrophic) and spring (deep mixing, mesotrophic)
seasons with maximum rates of 1 ± 32 0.1 nmol N L-1 d-1 in the fall and 1.9 ±
0.2 nmol N L-1 d-1 in the spring ([4]).
Theoretically, nitrogen fixers (i.e., large colonial cyanobacteria in the genus
Trichodesmium and the heterocystous endosymbiont Richelia) could prosper in
environments which supply phosphorus and iron to feed the energetic and
enzymatic demands for the Fe-rich nitrogenase and N fixation process. Such
conditions may occur along a eutrophic gradient in specific areas in the
Levantine Basin. Indeed, an order of magnitude higher N fixation rates were
measured in Haifa bay during May 2009 (8 nmol 40 N L-1 d-1) representing a
more mesotrophic environment. To understand the factors controlling this
process we explored N fixation rates, primary and bacterial production in two
distinct water provinces in the Levantine basin, the ultra-oligotrophic Shikmona
Gyre and the mesotrophic Rhodes Gyre.
The Shikmona gyre (SG), also referred to as the Cyprus eddy, is a warm-core
eddy with an anti-cyclonic circulations patterns and is characterized with nitrate
and phosphate values close to the conventional analytical detection limits in the
surface waters (a few nanomolars during stratified period, [5]), development of
deep chlorophyll maximum (125 m) and low values of primary productivity
(0.37 mmol C m-3 d-1). TheRhodes gyre (RG) is a cyclonic feature of the
eastern Mediterranean circulation and characterized with constant upwelling
with relatively high nitrate and phosphate concentration at surface (0.2 μM and
0.02 μM, respectively), shallow chlorophyll maximum (60 m) and relatively
higher rates of primary productivity (1.67 mmol C m-3 d-53 1).

Water was collected on July 2009 at the above locations onboard the R/V 55
Mediterranean Explorer, during the ISRLEV cruise. Rates of nitrogen fixation
were measured on field samples using the 15N2 assimilation technique ([6]).
Bacterial production was estimated using 3H-Leucine (Amersham, Specific
activity: 160 Ci/mmol) incorporation method ([7]). Photosynthetic carbon
fixation rates were estimated by means of the 13C technique ([8]).
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Fig. 1. Depth profiles measured during July 2009 from the Shikmona and
Rhodes gyres showing changes in water density (a), dissolved concentrations of
nitrate+nitrite and orthophosphate (b) and concentrations of extracted
Chlorophyll a (c)
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Abstract
The coupling between the spatial distribution of Chla (chlorophyll-a) and nutrient concentrations and the hydrological conditions in the
NW Alboran Sea is examined in the present study by using data from 12 seasonal oceanographic cruises carried out over three years
period.
Keywords: Chlorophyll-a, Nutrients, Alboran Sea, Upwelling
Introduction
The Alboran Sea is characterized by a very high hydrodynamic activity. The
Atlantic seawater influx through Strait of Gibraltar produces a system of two
anticyclonic gyres which occupy almost all the central part of the basin [1].
With the aim of providing new insights on the coupling among biological
structures and the hydrology in this area [2-3], four seasonal oceanographic
cruises per year were carried out along the coast of Malaga.

Acknowledgements. This work has been funded by IEO (ECOMALAGA
project) and Spanish Ministry of Science and Innovation (NITROALBORAN
CTM2006-00426 and TROFOALBORAN CTM2009-07776, co-funded
from FEDER-EU).

Material and Methods
Samplings were conducted in coastal (20-30 m), neritic (80-100 m) and oceanic
stations (210-540 m), situated in six transects located off the coast of Málaga
(Fig.1). At each sampling station, continuous vertical profiles of temperature
and salinity and seawater samples for Chla and nutrient analysis were taken.
The mean values of these variables in the upper 20 m during each cruise were
used to generate horizontal distributions maps for the whole period of study.
Results and Discussion
Salinity and temperature in the upper 20 m reflected the general circulation
pattern of the zone as well as the influenced of different fertilization
mechanisms. Thus the oceanic stations of the western transects (P, F and
T) were frequently under the influence of the Atlantic jet, where lower
temperature values coincided with the lowest average salinity, possibly due to
the incursions of cores of North Atlantic Central Water (NACW) in these
stations. The eastern transects (M, R and V) were usually affected by warmer
waters from the East and with relatively low salinities and high dissolved
oxygen values, suggesting the presence in the eastern transects of surface
water with a high residence time. On average, salinity showed a strong gradient
towards the coast on the whole area, mainly due to the wind induced
upwelling events in the coastal stations. This gradient was even more
pronounced in the westernmost transects due to the greater Atlantic influence
in the oceanic stations. Nutrient concentrations correlated significantly with
salinity, showing the potential fertilization associated to the saltier
Mediterranean waters. However, no correlation was found with neither the
temperature nor the depth of the AMI (Atlantic Mediterranean Interface).
Chla was greatly affected by the hydrological conditions and showed
significant differences between the western and the eastern transects (KruskalWallis, H (N=24)=13.96, p<0.001). In the western transects different
fertilization mechanisms (geostrophic front, incursions of NACW and
advection waters from the Strait of Gibraltar) leaded to the highest Chla values
found during the studied period, which on average were always higher than 1
µg L-1. In the eastern sector, Chla concentrations were always lower than 0.7
µg L-1, coinciding with the presence in these transects of waters with a higher
time of residence. In the Alboran Sea, the depth of the AMI (Atlantic
Mediterranean Interface) has been frequently considered as an indicator of
fertilization by different authors [1], as the Mediterranean waters are enriched
in nutrients, and relationships between Chla and the AMI has been previously
reported. However, the present study indicated that on overall the depth of
the AMI was no good predictor of the vertical nutrient input towards the
surface, though salinity did. In addition, no significant correlation was found
neither between the mean values of Chla and salinity in each station, nor
between Chla and the depth of the AMI. In contrast, Chla concentrations
correlated significantly with the average temperature, dissolved oxygen and
nutrient concentrations in the upper 20 m, indicating a close association
between Chla concentrations and the thermal and biogeochemical features of
the water masses. The lack of correlation between Chla and salinity was
attributed to the existence of different fertilization mechanisms in the area of
study, not only the upwelling of saltier Mediterranean of waters, as well as to
the presence of water masses with different times of residence.

Fig. 1. Spatial distribution of the different variables in the study area
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Abstract
In the framework of the MIRACLE project (Mercury Interdisciplinary Research for Appropriate Clam farming in Lagoon
Environment), sediment cores were sampled in the Grado and Marano lagoon and in the tributary Aussa River in order to quantify
and to characterize humic acids (HA) that are recognized to play an important role in complexing heavy metals, mercury
included. Stable carbon isotopic composition was used to identify sources and contribution of organic matter from different
environments to lagoon sediments.
Keywords: Organic Matter, Lagoons, Carbon, Chemical Analysis
Introduction
A substantial fraction of the so-called refractory organic matter in sediments is
constituted by humic substances (HS) which are formed from the
decomposition of plant, animal and microbial tissues and tend to be more
recalcitrant than their precursors. HS can play an important role as electron
transfer in the anaerobic environment [1]. HS they can bind both hydrophobic
and hydrophilic species [2] and are electron donors in photo-oxidation
reactions in marine environments [3]. The aim of the present work is to
investigate the relevance and the origin of humic acids in the sedimentary
organic matter of the Grado and Marano Lagoon.
Methodology
The sediments, surface layer (0-1 cm) and a sub-surface layer (5-6 cm), were
collected in 16 stations in the Grado and Marano lagoon and in the Aussa
River. Organic carbon (Corg) was determined in sediments and humic acids
extracted by a CHNS-O elemental analyzer after removal of carbonates with
HCl 1N [4]. Nitrogen (N) was determined following the same procedure,
without acidification. The detection limit of the method was 0.4 micromole for
Corg and 0.9 micromole for N. The stable isotopic ratio of organic carbon
(13C/12C) was determined by a CHNS-O analyzer coupled with an Isotope
Ratio Mass Spectrometer. The analytical precision of measurements was
0.2%. The extraction of HA from sediments was performed following the
methods of the International Humic Substance Society, modified by MoredaPiñeiro et al. [5] .
Results and discussion
The contribution of humic C to total Corg was high both in lagoon and riverine
sediments (~ 30 %). The concentrations in riverine sediments were the highest
and increased upstream from the river mouth. This relevant amount of humic
acid to the sedimentary organic matter points out their important role in the
transformation and accumulation of organic material in the lagoon
environment. The 13C/12C ratios for the sedimentary organic matter showed a
prevalently marine/lagoon origin whereas the riverine sediments appeared
significantly more depleted in 13C/12C (more negative 13C) along with the
highest C/N ratios, due to the fluvial and terrestrial origin of the organic matter
[Fig. 1].
Extracted humic substances showed similar 13C/12C values of the
corresponding sediments [Fig. 1], but higher C/N ratios, in particular in the
subsurface ones. This increase with depth seems to indicate that different
stages of transformation of the organic matter take place during early
diagenesis.

Fig. 1. Stable carbon isotope ratios (13C/12C) of organic carbon vs C/N molar
ratios in river Aussa, in lagoon surface and subsurface sedimentary organic
matter and in corresponding extracted humic acids.
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MUSSEL DNASE ACTIVITY AS A NEW BIOMARKER FOR ENVIRONMENTAL CONTAMINATION:
RESPONSE TO MODEL POLLUTANTS
Sanda Ravlic 1*, Mirta Smodlaka 1 and Nevenka Bihari 1
1 Center for Marine Research, Rudjer Boskovic Institute - ravlic@cim.irb.hr
Abstract
In this study the determination of pollutant effect on acid DNase activity was performed on mussel Mytilus galloprovincialis
hemocytes and hepatocytes. The specific enzyme activity in unexposed mussels from mariculture area was higher in hemocytes than
in digestive gland. Acid DNase activity response to detergent, gasoline and copper sulphate exposure was both pollutant- and tissuespecific.
Keywords: Mollusca, Ecotoxicology, Enzymes, Toxins
Introduction
Mussels adjust their function to environmental changes by reacting to various
contaminants accumulated from the surrounding water and serve as bioindicators
of coastal water quality. The aim of this study was to investigate the changes in
the specific acid DNase activity in the mussel Mytilus galloprovincialis exposed
to three types of model pollutants, a detergent as a surfactant, gasoline as a
polycyclic aromatic hydrocarbon mixture and copper as a heavy metal.
Digestive gland as a detoxifying organ and hemocytes as a major internal defense
tissue were selected as target organs.
Materials and methods
The mussel M. galloprovincialis, average mass 10± 2 g and length 4± 1 cm were
obtained from mariculture and served as a control group and reference sample.
Mussels (30 specimens) were exposed in 201 tanks to ariel detergent (0.05, 0.5
or 5 mg/l), gasoline (0.05, 0.5 or 5 mg/l) or copper sulphate, CuSO4x 7H2O (2.5,
25, or 250 mg/l) for 3 days. DNase activity was measured fluorometrically by a
method originally developed for neutral DNases [1] and adapted to acid DNases
[2].
Results and discussion
Comparison of specific acid DNase activity in hemocytes and digestive gland of
control mussels revealed hemocytes as a tissue with the higher enzyme activity.
This result indicates that the requirement for enzyme activity is headed to
restriction of DNA in the process of phagocytosis in hemocytes. Acid DNase
activity response in hemocytes and digestive gland of mussels exposed to
detergent, gasoline and copper sulphate is presented in Fig. 1A. In specimens
exposed to detergent or gasoline the significant increase in enzyme activity was
observed in both tissues. The highest enzyme activity was detected in mussels
exposed to gasoline. A dramatic change in acid DNase activity was observed in
the digestive gland of mussels exposed to gasoline and copper sulphate.
Exposure to copper sulphate increased enzyme activity in the digestive gland
but significantly suppressed it in hemocytes. Detergent and copper sulphate
induced a fast response (24 h) of the enzyme activity in both tissues (Fig. 1B1,
1B3) while metabolic biotransformation of lipophylic constituents was
probably the cause of the delayed enzyme response (48 h in hemocytes and 72
h in digestive gland) to gasoline (Fig. 1B2). Suppression of enzyme activity as a
specific response of hemocytes acid DNase to copper sulphate is consistent
with its effect on the cells of the immune system in bivalves [3]. Acid DNase
activity response in hemocytes and digestive gland of mussels exposed to model
pollutants was both tissue- and pollutant specific but the potential of acid
DNase response in digestive gland of mussel to serve as an “all or nothing
response” biomarker of contaminant exposure is promising.

Fig. 1. Dose (A) and time (B1, B2, B3) response of acid DNase activity of
hemocytes and the digestive gland of the mussel Mytilus galloprovincialis to
different pollutants. B1- detergent (5 mg/l), B2- gasoline (5 mg/l), B3- copper
sulphate (250 mg/l).
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METALS AND POPS IN SEDIMENTS ALONG THE ITALIAN ADRIATIC AND IONIAN COAST
S. Romano 1*, C. Mugnai 1, S. Giuliani 1, L. G. Bellucci 1 and M. Frignani 1
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Abstract
Concentrations of inorganic and organic contaminants along the costal zone of the Adriatic and Eastern Ionian Seas in the centralsouthern part of Italy were obtained from the Ministry of Environment database and analysed to assess the quality of these areas, and
understand their variability and its main causes. Peak values were found mainly in occasion of floods, which deliver land based
contaminated materials to the coastal zone. To evaluate both contamination degrees and potential ecotoxicological effects, the values
of metals, polychlorinated biphenyls (PCBs), and polycyclic aromatic hydrocarbons (PAHs) were compared with sediment quality
guidelines (SQGs). The mean concentrations are mostly below the lower SQGs, although maxima are higher, in some cases exceeding
the limit above which adverse effects are expected.
Keywords: Metals, Pcb, Pah, Sediments
Introduction
The presence of urban areas, ports and industrial settlements is one of the main
factors influencing the quality of coastal marine environments. This work aims
to assess near-shore sediment quality and variability along the central-southern
Adriatic coast of Italy, based on the data from Si.Di.Mar., web GIS of the
Italian Ministry of Environment Marine Monitoring program, that stores
information on contaminants in environmental matrices.

Tab. 1. Mean, minimum and maximum values for the whole study area on
yearly basis for metals, ∑ PCB and ∑ PAH. The sediment quality guidelines
used for comparison are listed above.

Material and Methods
We considered surficial sediments (0-3 cm) sampled every six months at 16
selected sites along the coast of Marche, Abruzzo, Molise and Puglia by
Regional Environmental Protection Agencies in the years 2001-2006. Sampling
areas, located within 1NM from the coastline, were selected among those
subject to anthropogenic pressures, in general close to river mouths, ports and
urban areas. In addition, a reference station, located inside a Protected Marine
Area, was chosen for each region. The analysed contaminants include metals
(Cd, Hg, Ni, Zn) and POPs (PAH and PCB priority congeners). Sediment
characteristics, such as grain size composition, total (TC) and organic carbon
(OC) contents, were also determined.
Results and discussion
The grain size composition indicate a predominance of sand at all sites, with
significant fluctuations that can be attributedto increases of system dynamics
and/or significant inputs of coarse material from land. OC concentrations are
relatively high (0.02-3.00%), which is rather peculiar in coarse sediments.
Contaminant concentrations show a decreasing trend, except for PAHs (Fig. 1).
Pattern of both sediment characteristic and contaminants are similar on the
regional scale.

The annual mean values are mostly below the lowest benchmark, whereas
maxima are usually higher, sometimes exceeding the upper limit above which
adverse effects are expected (Table 1). This was observed for Hg (2003, 2004,
2005), Ni (each year except 2004), Zn (2001, 2003) and PAHs (2006). The
main cause of the peak contaminant inputs recorded by sediment can be related
to the particular rain regime in the last decades, which has been characterised by
both a reduction of average precipitations and a higher occurrence of extreme
events. These, apparently, have the capacity to mobilise contaminants stored on
land and deliver them to the coastal zone.
Acknowledgements
Thanks are due to G. Pelliccia, G. Marchionne and D. Buzzi of the Pescara
Province. The work was carried out within the INTERREG IIIA “O.A.S.I.S.”
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Fig. 1. Average values calculated annually for the whole study area for metals,
∑ PCB and ∑ PAH. The vertical bars show the maximum and minimum values.

Sediment quality guidelines (SQGs) are useful screening tools to asses the
potential toxicity of contaminants in sediments in absence of direct biological
effect data [1].
Table 1 shows a comparison of the contaminant data with different SQGs
adopted for the Italian contest [2] and worldwide [3], [4], [5].
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PROPERTIES OF PERIODIC DYNAMICAL SYSTEMS MODELING: THE DIMETHYLSULFIDE(DMS)CYCLE
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Abstract
The variables of a model of dimethylsulfide (DMS) cycle and their interactions are analyzed in order to fit Mediterranan sea data. The
outcome is a class of dynamical systems with periodic coefficients. A method to determine some mathematical properties conferred
by these systems to the phase space is proposed to extract some information from the complexity of the solutions.
Keywords: Models, Geochemistry
Introduction
The dimethylsulfide (DMS) cycle of ecosystems may contribute to moderate
anthropogenic forcing of climate. This field gives rise to a broad interest and to
a large number of papers, but the magnitude of the DMS-climate feedback is
difficult to appreciate.

salinity and photometry [2]. The variables of an eight-dimensional
mathematical model are concentration of phytoplankton, bacteria,
zooflagellates, large protozoa, micro and mesozooplankton, dissolved
inorganic nitrogen, dissolved dimethylsulfonio-propionate (DMSP) and
dissolved DMS. The air-sea exchange of DMS depends in a complex way on
the wind velocity and on the sea surface temperature (SST), which is a
function of time. So, the original model is an eight-dimensional dynamical
system with variable coefficients. At first, a numerical study allows to
determine what variables have a significant influence in the DMS cycle,
according the environment, in order to reduce the number of dimensions of the
dynamical system. It is shown that, under some conditions, the three variables
zooflagellates, large protozoa, micro and mesozooplankton, can be merged.
Then, the nutrients can be introduced are an external input. So, the dimensions
are reduced to five.
Mathematical study
Let us consider, for example, the dissolved DMS and DMSP concentrations.
With some set of data, they autonomously oscillate with an irregular period of
about one month. The high number of dimensions and this irregular
oscillation contribute to the complexity of the solutions. The equation of an
invariant manifold of an associated constant coefficient equivalent system
(ACCES) is computed in a very simple way using differential geometry
results [3]. This manifold plays an important role when the coefficients of the
dynamical system depend on time [4]. When there is no wind, this manifold
shows that the dissolved DMS and DMSP concentrations variations are
almost synchronized. In the presence of wind, the manifold is periodically
crossed by the solutions of the model as it is shown on the two figures, which
are two perspectives of the projection of the same phase space on the (DMS,
DMSP, zooplankton) tridimensional space. Then the DMS and DMSP
respective influence is modulated by the sea surface temperature.

Fig. 1. Manifold (dark) and solutions trajectories in the three
dimensional phase space DMS (U), DMSP (W), zooplankton (z)

Conclusion
The respective influence of other set of variables could be studied by this
method.
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Fig. 2. Other perspective of the same phase space representation

Biologic study
The first part of this work is devoted to the construction of a model of the
biogeochemical cycle of DMS based on works of A. J. Gabric & al.[1] and on
experimental data from Mediterranean sea consisting in samplings of nutrients,
phytoplankton, zooplankton and physical parameters such temperature,
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ASSESSMENT OF ZINC MOBILIZATION IN COASTAL SEDIMENTS
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Abstract
The mobility of zinc in sediments of selected coastal microenvironments of the Aegean Sea (Greece) was investigated with the
implementation of the DGT (Diffusive Gradients in Thin Films) technique. The various forms of zinc in sediments – together with
those of iron and manganese –determined through sequential extraction schemes, their profiles in pore water and the impact of
organic matter, including carbohydrates, were taken into consideration. A case of zinc flux from the sediment to the overlying water
was investigated.
Keywords: Zinc, Sediments
Introduction
Heavy metals may be recycled several times through the sediment-water
interface before being permanently stored in sediments or released to the
overlying bottom waters. Pore water represents an important intermediate in
this mobilization procedure, which is influenced by diagenetic reactions,
prevailing redox conditions and microbial activity, with organic matter playing a
major role via complexation [1]. Through the vertical profiles of metals’
concentrations in pore water, the role of diagenetic reactions and the resupply of
metals from sediments can be evaluated [2].
Methodology
The total metal content of sediment cores and their various forms according to
the BCR sequential extraction scheme were determined by GFAAS. High
resolution concentration depth profiles of metals were obtained by the in situ
technique of DGT (Fig. 1). Organic carbon was measured by High Temperature
Catalytic Oxidation and carbohydrates in sediments were measured
colorimetrically by the phenol-sulfuric acid method, whereas in pore water
according to Myklestadt et al [3].

the country, a flux of both zinc (Fig. 1) and organic matter from the sediment to
the overlying water is likely to occur. Through the formation of a constant
concentration gradient in the sediment-water interface an enrichment of the
overlying water in zinc, dissolved organic carbon and carbohydrates takes place.
This is confirmed by the higher concentrations of zinc, dissolved organic carbon
and carbohydrates detected in seawater samples obtained from the area near the
sediment-water interface, in comparison to those collected from upper layers.
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Fig. 1. Concentration depth profiles of the DGT fraction of dissolved zinc
in sediment pore water from Loutropyrgos site.

Results and Discussion
At the sites of Loutropyrgos (Saronikos gulf) and Kalamos (Evoikos gulf) the
vertical distributions of total metals and organic matter in the solid phase of the
sediment demonstrate similar fluctuations with metal profiles in pore water. On
the contrary, this is not the case at Molos site (Maliakos gulf), probably due to
prevailing turbation. Metal mobility in the cores studied is regulated by the
forms under which metals occur in sediment and is significantly affected by
diagenesis and the transformations of organic matter. These reactions are largely
responsible also for the flux of metals from the sediment to the pore waters [4].
At the site of Loutropyrgos, located at one of the mostly industrialized areas of
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GEOCHEMICAL STUDIES OF THE ENVIRONMENTALLY MOBILE METAL FRACTION IN BOX CORES
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Abstract
Eleven box core sediments collected from various sites of the Messiniakos gulf (SW Peloponnese, Greece) were analyzed for the
determination of the environmentally mobile fraction of Mn, Cd, Cr, Cu, Ni, Pb, Zn, As. More significant inter -element correlation
coefficients are presented. Enrichment factors were below 1 except of Pb (ref =2.6) and Mn (ref =1) at the central part of the gulf.
Total enrichment values being much below 1 reveal a low degree of metal pollution.
Keywords: Metals, Pollution, Sediments
Messiniakos gulf is located in the SW Peloponnese (Greece). Its seabed is
dominated by very abrupt inclinations with depths often higher than 1000 m,
resulting in extensive landslips and sediment transport. Eleven box cores were
collected from various sampling sites of the gulf and divided into two sections
each, corresponding to 0-5 (top, T) and 20-25 (bottom, B) cm depth. All
samples were subjected to acid dissolution using microwave heating with a
suitable laboratory microwave unit, applying the method EPA3051 [1]. All
digests produced were analyzed using ICP-MS for the determination of the
fraction of metals Mn, Cd, Cr, Cu, Ni, Pb, Zn, As [2] considered as mobile in
the environment. This method does not accomplish total decomposition of the
samples and therefore a few refractory sample matrix compounds may not be
dissolved. However, it was applied as it deals with the non-residual metal
fraction that participates in most aqueous transport mechanism of pollution,
and consequently it is a good indicator of the metal biological availability.
Minimum, maximum and mean values for top and bottom sections are
presented in Table 1.

3 - Adami, G., Barbieri, P. and Reisenhofer, E. 2000. An improved index for
monitoring metal pollutants in surface sediments. Toxicological and
Environmental Chemistry, 77: 189-197.

Tab. 1. Min, Max and Mean values (μg/g) of the environmentally mobile metal
fraction

Studying the inter-element correlation coefficients at the two sets of data (top
and bottom sections), it was found that there is strong correlation (>0.8) for
the pairs (Cr,Ni), (Cd,Zn), (Cu,Zn), (Cu,Ni) (Cr,Cu), (Cd,Cu), (Cr,Zn),
(Ni,Zn), (Pb,Mn) (Cd,Ni), (Cd,Cr). The same applies for (Cu,Pb) at the top
section and (Mn,As) at the bottom one. In a following step, enrichment
factors (ref ) were calculated for the eleven top sediment samples by applying
the formula

where, Csed is the content of a metal in each surface sediment sample and
Cback is the mean content of the same metal for all bottom sediment samples
[3]. The enrichment factors were below 1 except of Pb (ref =2.6) and Mn (ref
=1) at the central part of the gulf. Lead is a good indicator of urban metal
pollution and can be used for the estimation of the relative pollution in surface
sediments. Total enrichment factor values R, defined as R=(Σ ref)/n, were
much below 1, revealing a low degree of metal pollution.
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Abstract
DOC data collected in the Southern Adriatic Sea in three different seasons showed that the physical processes (thermocline, water
masses circulation, deep water formation) strongly affected DOC distribution. In the surface layer (0-200 m) a clear seasonality was
observed and it was mainly due to the occurrence of the thermocline. When the thermocline breaks the DOC accumulated in summer
is transported below the mixed layer, from these data we can roughly estimate that the C export through this process is comparable to
the export of POC.
Keywords: Carbon, Adriatic Sea, Deep Sea Processes, Organic Matter
Dissolved organic carbon (DOC) represents the largest, the most complex and
the less understood reservoir of organic carbon on the Earth. The difficulty to
describe and quantify marine DOC dynamics and cycles is due to the very
scarce information on its numerous sources and sinks and to its variable and
unknown composition. Although the bulk of DOC represents a continuum of
biological lability, three fractions have been defined in the Ocean [1]: (1) a labile
fraction, with a turnover time of minutes to days; (2) a semi-labile fraction, with
turnover time of months to years; and (3) a refractory fraction, with a turn over
time of centuries to millennia. DOC concentrations in oceanic waters are mainly
the result of biological activity, whereas its distribution is driven by water mass
circulation [2], such as has been previously reported for the Mediterranean Sea
[3, 4, 5]. DOC data were collected in 9 stations, along the whole water column,
in fall (November 2006), winter (February 2007) and spring (April 2007)
(Fig.1), in the framework of the Italian Project “VECTOR” in the southern
Adriatic Sea, an important site of deep water formation for the whole Eastern
Mediterranean Sea. Main goals of this work were: (i) to evaluate the seasonal
variability of DOC; (ii) to assess the processes mainly driving DOC
distribution; (v) to estimate the role of DOM in carbon export at depth.

(<210 uM). In contrast, the deep waters were characterized by an increase in
DOC (>53 uM). This increase was attributed to the occurrence of young
waters, recently ventilated (DO>228 uM). This water may be advected from
the northern Adriatic sea or it may be formed by deep convection in the central
part of the section. Assuming that the concentration of the refractory fraction of
DOC in the Mediterranean Sea is 40 uM (like in the Ocean), in the LIW the
semi-labile DOC should account for only the 5% to 17%. In contrast, in the
young deep water, the high DOC concentration suggests the occurrence of a
semi-labile fraction of DOC higher than 10 mM, this is transported at depth
during deep water formation and it is not yet consumed. These data indicate that
the deep waters should contain an high percentage of semi-labile DOC (2033%). This could represent a very important source of energy for deep sea
ecosystem.
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Fig. 1. DOC (mM) distribution along a section in the Southern Adriatic Sea (see
the inset map), in three different periods.

In general DOC showed highly variable values (50-80 uM) in the surface layer
(0-100 m), a decreasing until values of 42-48 uM at 300-500 m and
concentrations ranging from 50 to 60 uM in the deep waters. In all the stations,
the highest DOC values (> 63 uM) were observed in the mixed layer (< 50 m)
after the summer, when the water column was well stratified (November 2006).
In contrast, in winter, when the water column was mixed, almost homogeneous
values were found until 200 m depth, without accumulation in the surface layer.
These data suggest that the physical processes (thermocline, water masses
circulation, deep water formation) strongly affected DOC distribution. In the
surface layer (0-200 m) a clear seasonality was observed and it was mainly due
to the occurrence of the thermocline. When the thermocline breaks the DOC
accumulated in summer is transported below the mixed layer, from these data
we can roughly estimate that the C export through this process is comparable to
the export of POC. Considering the intermediate waters, in all the periods, DOC
showed a minimum (42-48 uM) in the core of the Levantine intermediate water
(LIW), recognizable by its salinity maximum (>38.77) and its oxygen minimum
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SPATIAL DISTRIBUTIONS OF NUTRIENTS IN THE NORTH EAST MEDITERRANEAN DURING 2008 – 2009
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Abstract
North Eastern Mediterranen waters has been surveyed as two distinct basin in Turkish coasts in 2008 – 2009 period. Including Mersin
Bay, Cilician Basin were examined with several cruises between March 2008 and October 2009. Moreover, we visited 10 stations (20
miles apart) on a south-north transect in Levantine Sea in March and September 2008. These studies aimed to assess spatial
distributions of principal hydro-chemical properties (nutrients, DO, Chl-a) of these two basin with surface distribution and depth
profiles.
Keywords: Nutrients, Levantine Basin, Oxygen, Chlorophyll-a, Eastern Mediterranean
The Cilicain basin of oligotrophic NE Mediterranean has a wide and shallow
shef zone, so-called Mersin Bay receiving discharges of polluted rivers
(Berdan and Seyhan) and domestic wastewaters of Mersin city [1],[2]. In order
to sound understand hydrochemical dynamics of Cilician shelf zone, seasonal
cruises were carried out between September 2008 and August 2009. Predefined stations on the shelf were visited for measurements of CTD, dissolved
inorganic nutrient, total-P, DO, and chl-a concentrations. In September, when
the upper layer was thermally stratified and river discharges remained at
minimal levels, dissolved inorganic nutrient concentrations were very low in
offshore zone of the basin. However, markedly high values of nutrients and
Chl-a were recorded in the nearshore waters fed by the rivers. In the winter
period, when the upper layer was well mixed and flushed by open sea, nitrate
was at levels of 15 – 20 µM in near shore waters; it decreased to levels of 0.10.2 levels in the offshore waters. Surface PO4 concentrations ranged between
0.02 and 0.4 µM, with the largest values in the nitrate and silicate-replete
nearshore waters. Total phosphorus (TP) concentrations displayed a similar
trend, decreasing from 0.4 µM level to 0.08 µM in the offshore. High TP/PO4
molar ratios (10-12) demonstrate that TP pool in the upper layer is dominated
by organic P in the shelf zone. In summer of 2009, Chl-a concentration ranged
regionally from 0.05-0.1 µg/L levels in offshore to 2.5 – 3.0 µg/L in the coastal
waters of the bay. The NO3/PO4 (N/P) ratio was apparently high in the
nearshore waters fed by nitrate and silicate rich river waters. The offshore N/P
ratio declined to levels of 5 – 10 in the studied periods. However, surface
Si/NO3 ratios ranged between 0.5 – 1.0 in coastal waters of the Cilician basin,
whereas the offshore ratio values were in the range of 5 – 8 for 2008-2009.
DO concentration in shelf water exceeded the saturation values by up to 1030% in the eutrophic nearshore zone having markedly high Chl-a values and
low water transparency.
The SESAME cruises were carried out in the Cilician and Levantine basins of
NE Mediterranean, in March and September 2008. In Cilician basin, relatively
higher NO3 and Si and TP were recorded in the nearshore waters receiving
discharges of nutrient-rich rivers and domestic wastes of Mersin city. Surface
TP values steadily declined from 0.4 – 0.5 µM in the productive nearshore
zone to levels of 0.08-0.10 µM in the offshore water colum. A similar spatial
pattern was seen in nitrate and phosphate values and also in the N/P ratio.
The N/P ratio in P-depleted offshore waters could be underestimated because
PO4 values could be below the detection of the method (nearly 0.02 µM). The
Levantine deep water contained 5-6.5 µM of nitrate and 0.18 - 0.22 µM of
PO4 below 350-400 m, with N/P ratios of 35 - 40. TP values increased from
0.1 – 0.12 µM in the upper layer to 0.25 – 0.30 µM levels in the deep layer.
It appears that the TP pool in the deep layer was dominated by PO4, whereas
organic-P was the major fraction of TP in the upper layer. Surface silicate
concentrations were lower in October-08 than in April-08; however, the
euphotic zone values generally varied between 1.0-2.0 µM in the upper layer
water, increasing up to 10-11 µM levels below 500 m. In the DO-saturated
upper layer, Chl-a was relatively low (0.03-0.20 µg/L) in the near-surface
waters, displaying its characteristic deep maximum (DCM) below 75m. DO
declined to levels of 170 – 190 µM in deep layer. POM concentrations were
as low as 2 – 4 µM for POC and 0.3 - 0.5 µM for PON in the euphotic zone
of the oligotrophic NE Mediterranean. However; POC/PON ratio ranged
merely between 6 and 8 in the water column.

2 - YILMAZ A., Bastürk Ö., Saydam C., Ediger D., Yilmaz, K., Hatipoglu,
E., 1992. Eutrophication in Iskenderun Bay, Northeastern Mediterranean. Sci.
Tot. Environ. (Special Issue). In: Marine Coastal Eutrophication
(Vollenweider, R.A., Marchetti, R., Viviani, R., eds.) Elsevier, Amsterdam,
pp: 705-717.
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Abstract
Data of CT and AT were obtained in the Eastern Mediterranean in the frame of SESAME project. Preliminary results showed that
Aegean Sea deep waters have the highest concentrations in CT and AT. Important differences on the concentrations of these two
parameters, observed in the deep waters of the North and South Aegean during spring 2008 can be attributed to the dense water
formation in the North Aegean Sea.
Keywords: Aegean Sea, Eastern Mediterranean, Carbon, Oxygen
Introduction
Total Inorganic Carbon (CT ) and Total Alkalinity (AT ) were determined in
seawater samples collected in the Eastern Mediterranean (Aegean- IonianLevantine) during two cruises performed in the framework of the SESAME
project during spring and late summer 2008, in order to provide both knowledge
and reference for further investigation on the carbonate system.
The carbon dioxide system in the Eastern Mediterranean is very poorly studied.
CT and alkalinity values have been obtained at the 404 Geosecs station [1]. In
1983, [2] presented oxygen, CT and phosphate correlation in two stations in
Central and South Adriatic waters. The distribution of CT and its relation with
oxygen and nutrients in a dense grid of stations in the Northern Adriatic Sea
were presented by [3]. Recently [4] published CT and AT data collected in
Thermaikos Gulf (NW Aegean) in May 1997.
Results & Discussion
Preliminary results of the distributions of these two parameters in the Eastern
Mediterranean, showed that the Aegean Sea deep waters have the highest CT
and AT , reaching 2340 and 2670 mmol kg -1 respectively. Nevertheless our
results revealed important differences between the North and the South Aegean
Sea. In the surface layer the higher CT , AT and oxygen values were recorded in
northernmost part of the Aegean Sea in the ‘less warm’ and ‘less saline’ surface
water of Black Sea origin (Figs. 1 & 2).

Fig. 1. Vertical distribution of CT and AT (μmol/kg) in the Northern and the
Southern Aegean Sea

Our observations support the hypothesis of the major influence of the Black
Sea to the Mediterranean water alkalinity, argued recently by some authors [5].
During spring 2008, the deep waters of the North Aegean Sea are richer in both
CT and AT regarding those of the South Aegean Sea, indicating the existence of
different sources of deep water and the limited communication between the two
basins.
Indeed, the bottom topography of the region is characterised by an alternation
of plateaux and deep troughs allowing water exchange above 400-m depth.
Below 400 m, the deep basins of the North Aegean are filled with very dense
water of local origin [6] and the deep basin of the South Aegean with Cretan
Deep Water [7].
The CT and AT concentrations of the North Aegean Sea intermediate layer,
reach the concentrations of the deep waters of the South Aegean Sea and the
deep waters of the North Aegean are very well oxygenated (Fig. 2). Further
examination of the oxygen distributions and the T-S diagrams showed that a
dense water formation event occurred in North Aegean during winter 2008.

Fig. 2. Distribution of CT and dissolved oxygen (μmol/kg) plotted against sigmatheta in the Northern and the Southern Aegean Sea
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Abstract
The Toulon bay (France), situated in the north-western part of the Mediterranean sea, was the object of an intensive investigation of
its sediment contamination, in the framework of a multi-partners collaborative project. Surface and deep sediment sampling campaigns
were performed, covering the whole Bay with spatial and deep resolutions allowing a very fine cartography. The obtained results
attest its strong contamination, particularly in the small part of the Bay, were the water residence time is the longest with historic
nautical activities and their associated pollutions (ex. antifouling paint release). For some pollutants, the measured values are in the
order of the highest values recorded by the scientific community in the world. Study of deep sediment cores will allow investigating the
history of these contamination episodes.
Keywords: Analytical Methods, Chemical Speciation, Metals, Sediments, Coastal Systems
Experimental
The Toulon bay is a semi-closed Mediterranean area, separated in two nonequal parts by a sea wall, submitted to various anthropogenic inputs, in
particular to nautical activities (marina, industry, Navy). Because of this
separation and the absence of regular freshwater inputs, associated to low tide,
circulation of water in the small part of the bay is weak, leading to low water
regeneration and so a possibly high contaminant accumulation in sediments.
To map the surface contamination of this specific environment, sediments
were sampled in the whole bay and chemically analysed for physico-chemical
parameters, and metals, organic pollutants and radioactive elements. The first
sampling strategy was dedicated to surface sediment, by specifically sampling
the water/sediment interface, followed by a second sampling campaign aiming
at defining the history of the sediment contamination. Surface sediment
sampling campaigns were performed in November 2008, February and June
2009, with the help of French Navy boat and material, allowing the sampling
of surface sediment cores (1m, in duplicate), preserving the water/sediment
interface integrity. 50 points were sampled (Fig.1), covering the entire bay.
Remaining water in the upper part of sediment cores was filtered and analysed
to determine dissolved organic carbon (DOC) and dissolved metal (DPASV)
concentrations of the water column. For each point, both sampled cores were
sliced (0-5 and 5-10cm), pooled, frozen, freeze-dried, and sieved (2 mm). The
obtained sediments were analysed to determine the following parameters:
water content, granulometry (laser), organic and inorganic carbon contents
(TOC-meter), metal/metalloid (acidic extraction under micro-wave, GFAAS)
and mercury (combustion, AAS) levels.

points were sampled (Fig.1). The obtained cores were sliced depending on the
defined resolution: each 10, 20 or 50 cm respectively for the High, Medium or
Low Resolution points. Additionally, at the HR points, 4 interface cores were
also sampled. The first 2 were used for sedimentation dating (sliced each 2 cm)
and pH/Eh measurements. The 2 other were treated as follow: slicing each 2
cm (under nitrogen conditions), pooling, interstitial water extraction by
centrifugation, sediment freezing, freeze-dried, and sieving (2 mm). The
obtained sediments were analysed as samples originating from the surface
sediment sampling campaigns. On interstitial waters, the following analyses
were performed: DOC, 3-D spectroscopic fluorescence, total dissolved metal
concentration (DPASV) and metal speciation (pseudo-polarography).
Results and discussion
DOC values of water column are quite homogeneous (0.9-1.2 mgC L-1) in the
entire bay, contrary to total dissolved metal concentrations which showed
marked contamination in the small bay, particularly for Cu near the different
harbours due to antifouling paint release (concentrations as high as 85 nM in
the Toulon harbour). So, it can be suspected that the dissolved organic ligands
will not be in sufficient concentration to maintain the free metal concentrations
below the toxicity limit in the water column (ex. 10-11 M for Cu2+ [1]). Eh
sediment depth profiles attests that sediments are under anoxic state from the
first cm. Metallic contamination of surface sediments shows dramatically high
levels, above the N2 level (French legislation on marine and estuarine sediment
dredging [2], N2 levels for As, Cd, Cr, Cu, Hg, Ni, Pb and Zn respectively: 50,
2.4, 180, 90, 0.8, 74, 200 and 552 µg/g dw) by some order of magnitude,
especially for the most enclosed parts of the small bay, where the water
residence time are longer associated to strong nautical activities. It has to be
pointed out that some specific points in the second part of the bay, directly
open to the Mediterranean Sea, are also markedly polluted, signature of past
anthropogenic activities and/or water circulation. Measurements on the
Küllenberg cores will give information on the history of these different
contaminations. Associated to measurements on interstitial water, such
information will allow a better understanding of the contaminant behaviour at
the water/sediment interface, influenced by diagenetic processes, which could
partly control the contaminant remobilisation at the interface. This study will
be completed by remobilisation experiments aiming at defining the possible
contaminant remobilisation in natural events (ex. storm) or anthropogenic ones
(ex. dredging) [3].
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Fig. 1. Location of the sampling points (cross: 1-m interface cores only;
diamond: 1-m interface and 5-m Küllenberg cores, gray and black symbols:
low/medium and high resolution respectively)

A fourth sampling campaign was performed in October/November 2009, using
the BeauTemps BeauPré oceanographic boat from the French Navy, allowing
the sampling of deep sediments by the way of a 5m-Küllenberg corer. 20
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Abstract
Polycyclic aromatic hydrocarbons (PAHs) in coastal areas commonly originate from petroleum extraction, transport and refining
processes. They may pose a risk to marine life, as they can be both carcinogenic and mutagenic.
In this study, the 16 PAHs on the EPA’s priority pollutant list were determined in the wastewater of the petroleum refinery of
Motoroil Hellas, as well as in the seawater of the nearby area.
Keywords: Pah, Aegean Sea, Petroleum, Coastal Waters
Introduction
The main sources of PAHs in the environment are natural and intentional
combustion of organic matter and petroleum manipulation (extraction,
transport and refining) [1]. Solid phase extraction (SPE) [2] and ultrasonic
extraction [3,4] are frequently used for the pre-concentration of PAHs from
environmental matrices, while high performance liquid chromatography
(HPLC) is often used for the analytical determination of PAHs [2,3,4].
Motoroil Hellas, an important Greek refinery, is located on the NW coast of
Saronikos Gulf, about 80 km from Athens. In this study, the 16 PAHs on the
EPA’s priority pollutant list were determined in the treated industrial effluent
(IE), sewage effluent (SE), cooling waters (CW) of the refinery, as well as in
the seawater of the nearby area (stations S1, S2, S3).

ng/L) and fluoranthene (56.8 ng/L) respectively in the particulate matter of the
industrial effluent. Five- and six-ring PAHs were only detected in the
particulate matter; the highest concentrations were found for dibenz(a,h)
anthracene (24.1 ng/L) and benzo(b)fluoranthene (18.8 ng/L) respectively in
the industrial effluent. The concentrations of individual PAHs as well as total
PAHs for March in the seawater samples were overall slightly higher than
those determined for September. Although concentrations of individual PAHs
were generally low, it is essential to continue environmental monitoring in the
area on a regular basis.
Acknowledgments: This paper is part of the 03ED186 research project
(PENED), co-financed by E.U.-European Social Fund (75%) and the Greek
Ministry of Development-GSRT (25%).

Methodology
The samples were collected in March and September 2007. They were filtered
using glass fibre filters within a few hours of sampling for the separation of the
aqueous and the particulate matter fractions. The filtered water samples were
pre-concentrated by SPE using C18 cartridges. The filters were solvent
extracted using an ultrasonic bath and SPE cleanup was performed. An internal
standard was added to all samples before their respective extraction techniques.
After elution from the cartridges and final concentration by nitrogen blowdown, the PAHs were determined by HPLC with photo-diode array and
fluorescence detectors. Gradient elution was used, as well as fluorescence
wavelength programming. The only PAH not determined with the fluorescence
detector was acenaphthylene, which has a fluorescence close to zero.
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Results
Some determined PAH concentrations for both sampling periods are given in
the tables below:
Tab. 1. PAH concentrations

Discussion
Individual PAH concentrations in the filtered water samples ranged from 2.9
ng/L for fluoranthene to 29.1 ng/L for phenanthrene, while in the particulate
matter they ranged from 3.8 ng/L for benzo(b)fluoranthene to 88.5 ng/L for
naphthalene. Two- to four-ring PAHs were more abundant; the highest
concentrations were found for naphthalene (88.5 ng/L), phenanthrene (73.8
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Abstract
The bombardment in July 2006 of the fuel tanks of the electric power plant in Jiyeh by the Israel military resulted in a major oil spill,
polluting about 120 km of the Lebanon shoreline, as far as the border with Syria. The spillage estimates vary from more than 10,000
tonnes to almost 20,000 tonnes of heavy fuel oil released into the Eastern Mediterranean Sea [1, 2]. The prevailing currents, water
masses circulation and wind trajectories in July 2006, favored oil slicks transport to the north from the Jiyeh plant. We report here an
assessment into the chemical contamination of marine organisms (fish and shellfish) resulting from this oil spillage, as a complimentary
part of scientific surveys carried out for the evaluation of the ecological consequences of this oil spill.
Keywords: Petroleum, Pah, Mollusca, Bio-Indicators
Materials and methods
The intertidal mussel (Brachidontes variabilis) samples were taken in October
2006, in May 2007 and in April 2008 at 9 sampling stations along Lebanon
coast, from the south (Itanieh, 33°21'298 N 35°14'846 E) up to the north, near
the Syrian border (Qlaiaat, 34°35’663 N, 35°59’269 E). The temporal survey
started in August 2006, and several mussel samples have been collected since
that time in Batroun (northern coast). Caged mussels were also moored for
three months in the water column at four Lebanon stations and three Syria
stations in 2007. About 300 specimens of controlled shell sizes were pooled
as a composite sample representative of each sampling location. Shellfish
sampling was performed so as to avoid any contamination by coated fuel. The
GC-MS analysis made it possible to identify and quantify parent
unsubstituted PAHs, alkyl-substituted PAHs (C-PAH) and sulfur heterocycle
unsubstituted and alkyl substituted compounds (SPAH and C-SPAH).
Multivariate analysis and receptor modeling were applied for a better
identification and apportionment PAHs originating from Jiyeh fuel oil in the
mussel samples from the Lebanon coast.

In conclusion, the PAH data in the intertidal mollusks from Lebanon represent
both sensitive and accurate qualitative and quantitative indicator of the
environmental impacts of the Jiyeh oil spill along the Lebanon coast.
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Results and discussion
The spatial and temporal changes in the compositional patterns of PAHs and
their levels in the intertidal mussel samples after the Jiyeh oil spill are
reported. It appears that in October 2006 all intertidal mollusks sampled along
the Lebanon coast north to the Jiyeh power plant were heavily contaminated
by PAHs from Jiyeh fuel oil, and that this contamination extends at least to
the Syrian border. This is clearly demonstrated by the increase in the
concentration levels and by the drastic change in the distribution pattern of
compounds in the shellfish inhabiting the northern part of Lebanon, compared
to the mussel samples from the south. Furthermore, the strong spatial
gradients in PAH concentrations in intertidal mollusks matches the extent of
the shoreline contamination by the spilled fuel revealed by satellite images.
Whereas PAH concentrations in the mussels from southern Lebanon (station
Itanieh) are indeed very low and do not show, either by their levels or by their
chemical fingerprints any significant contamination by PAHs from Jiyeh fuel
oil. At that time, in October 2006, in this area, there were no visible traces of
the spilled oil, and mussel samples collected south of the power plant
probably came from an area outside of the influence of the oil spill. Indeed, the
prevailing currents, water masses circulation and wind trajectories in July
2006 favored oil slicks transport to the north, away from the Jiyeh plant. The
levels of PAHs found in caged mussels deployed offshore, in the water
column, between May and August 2007 were also significantly lower than
levels determined in the samples in intertidal mollusks. These results, as well
as strong spatial gradients between stations, suggest probably weaker subtidal and benthic habitats contamination by PAHs from Jiyeh fuel.
Furthermore, the concentrations of PAHs in subtidal oysters (Ostrea edulis)
from Lebanon coast, reported elsewhere [3, 4], are definitely lower than PAH
levels in the intertidal mussel samples. Consistent temporal decline (2006 to
2009) in PAH concentrations in intertidal shellfish were also distinguished,
however in heavily contaminated locations such as Jiyeh and Byblos chemical
fingerprints were still characteristic of Jiyeh oil induced contamination even
three years after the disaster. Finally, in order to better scale the PAH levels
and patterns determined in the mussels after the Jiyeh oil spill, the results
were also compared with PAH data in mussels (Mytilus galloprovincialis)
collected in the Western Mediterranean along the coast of France. These later
data were obtained within routine chemical monitoring and provide external
reference for the PAH chronic contamination in the Western Mediterranean
Sea.
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Abstract
Long-term hydro-chemical data, including pump-cast measurements obtained during the Knorr 2001 cruise, have been evaluated to
assess spatial/temporal changes in distinct hydro-chemical features, lateral intrusions of Bosphorus plume and NW shelf waters to
western basin of the Black Sea. The suboxic zone, having distict chemical features, remained enlarged since 80’s. The upper layer
silicate stock has decreased drastically as the phosphate and nitrate displayed opposite trends since late 60’s.
Keywords: Nutrients, Anoxia, Black Sea, Eutrophication
The Black Sea, a land-locked deep basin occupied with brackish waters,
possesses distinctly different biochemical properties due to the presence of
oxygenated in the upper layer and sulfide-bearing waters below a depth of
100-150 m and a transition zone in between [1-5]. The occurrence of hypoxia
and anoxia in the Black Sea causes nutrients and other redox-sensitive elements
to exhibit distinct vertical features in the Black Sea water column that are
different from those profiles in the oxygenated basins of the world's oceans [15]. Though principal hydrochemical properties of the Black Sea system are
known, spatial and temporal changes in the Black Sea and processes
responsible for these variations are still poorly understood due to the lack of
high-quality and high-resolution historical data and complicated
biogeochemical reactions in the oxic/anoxic transition zone. Lateral and vertical
oxygen influxes together with the catalytic reactions of manganese in the
interface keep the sulfide-bearing waters in the deep basin at similar density
surface over the basin for years [2-5]. Comparison of the new and historical
data sets indicates long-term changes in Black Sea upper layer chemistry.
Increasing inputs of nutrients by the polluted rivers with modified N/Si/P
molar ratios have severely altered bio-chemical properties of the whole Black
Sea [1-4]. Increasing load of DIN by the Danube and concurrent depletion of
phosphate in the NW shelf euphotic zone and cold intermediate layer (CIL) in
80’s, has led to markedly high N/P ratios in shelf waters down to CIL depths.
In this period, the nitrate stock of the upper layer has increased by 2-3 times
as silicate stock displayed an opposite trend in the upper layer down to
onoxic intreface since the 60’s [2-4]. Thus, nitrate/silicate ratio decreased
drastically in the upper layer throughout the basin [4]. However, there has
been a slow increasing trend in the surface silicate values in the last decade,
suggesting progressive changes in the Black Sea ecosystem. It has been
documented that oxygen and sulfide do not co-exist in the interface due to high
rate of sulfide oxidation by oxygen [3-5].
Until the Knorr 1988 cruise, no integrated studies have been carried out in the
Black Sea to provide real-time and near real-time chemical measurements and
oxidation-reduction rates of redox-sensitive elements in the oxic/anoxic
transition zone in the western basin. During the 2001 Knorr cruise, we have
obtained high-resolution data of nutrients, dissolved manganese (and reduced
iron at two stations) by both pump-profiling system and bottle-casts. The
Knorr 2001 results demonstrate regional variability in vertical structures of
nutrients and dissolved manganese in the western Black Sea Black Sea upper
layer, depending on circulation patterns, particle influx from the surface layer
and lateral intrusion of oxygen via Bosphorus plume. Lateral intrusions of
partly oxygenated and nitrate-rich Bosphorus plume by mixing with cold
intermediate layer (CIL) appear to ventilate and thus modify characteristic
chemical structures in the oxic/anoxic transition layer of the rim current in the
SW basin. Specifically, secondary broad nitrate peaks appears in the oxygen
depleted transition zone, as well as to the co-existence of nitrate, ammonia,
dissolved manganese and nitrite in the suboxic/anoxic interface. Silicate profiles
also displayed undulating patterns with depth. Thus, the onset of sulfidebearing water shifts to greater density surfaces by about 0.2 density units in
the SW region. Moreover, small undulating patterns of nitrate profiles in the
suboxic zone of the northern slope and central gyre imply weak intrusions of
CIL waters from western shelf with different chemical properties. Climatic
warming in recent years seems to have decreased the nitrate content of CIL
waters evolved in NW shelf, which flows towards SW coastal region via rim
current system.
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ASSESSMENT OF HEAVY METAL CONTAMINATION IN SURFACE SEDIMENTS OF THE HOMA LAGOON
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Abstract
The heavy metal (Pb, Cr, Cu, Zn and Fe) concentrations in sediment were investigated in Homa Lagoon from the Izmir Bay. The
surface sediments were collected from 8 stations at September 2005 - 2006. Homa Lagoon was polluted with Cr. On the contrary, Pb
Cu, Zn and Fe values were smaller than those for average shale.
Keywords: Aegean Sea, Metals, Pollution, Sediments
Introduction
Marine sediments provide useful information for environmental and
geochemical research about marine pollution. Urban and industrial activities
contribute to the introduction of significant amounts of pollutants into the
marine environment and affect directly the coastal systems where they are
quite often deposited. Also, heavy metals, pesticides and other toxic
substances could be absorbed from the water column onto surfaces of fine
particles and usually move thereafter with the sediments [1].The study area
Homa Lagoon is a coastal lagoon located in the Gediz Delta where agricultural
drainage, water, industrial and domestic wastewater are transported by Gediz
River. The lagoon is one of the 10 most productive lagoons in the Aegean
Sea.

2 - UNEP., 1984. Determination of total Cd, Zn, Pb and Cu in selected marine
organisms by flameless AAS, vol. 11.
3 - UNEP., 1986. Determination of total manganese in marine sediments by
flame atomic absorption spectrophometry, No: 38.
4 - Turekian, K.K., & Wedepohl, K.H. (1961). Distribution of the elements in
some major units of the earth’s crust. Geological Society of American Bulletin,
72: 175-192.

Materials and Methods
The surface sediments were collected from 8 stations in the Homa Lagoon in
September 2005-2006. Sediment samples were taken using van-Veen grab.
Immediately after collection, the sediments were placed in acid cleaned
polyethylene bottles and frozen (-20oC). Thereafter, samples were dried in an
oven at 50ºC, and then sieved to pass 63 mm and homogenized. Samples were
digested in microwave digestion system (Milestone 1200) with a HNO3-HFHClO4-HCl acid mixture solutions were analyzed by flame AAS (Varian
Spectraa-300 plus), using the manufacturer’s conditions and with background
correction [2,3].
Results
The mean concentrations of heavy metals in sediments and the average shale
values were summarized in Table 1. Comparison of the metal concentrations
with average shale values revealed that most of the samples from the Homa
Lagoon were polluted with Cr. On the contrary, Pb Cu, Zn and Fe values were
smaller than those for average shale, which indicated that there were no major
sources of pollution for these elements in the Homa Lagoon. The highest Pb,
Zn and Fe were measured at station E while maximum level of Cr was found at
station C. Also the Cu content was high at station B. The statistical analysis
of intermetallic relationship revealed that the high degree of correlation and
significant regression relation among the metals indicate the identical behavior
of metals in the marine environment. Sediment Pb showed positive correlation
with Zn (r=0.81), Cu (r=0.93) and Fe (r=0.87). Also, significant positive
correlations were observed between Cr- Zn (r=0.55), Cr-Fe (r=0.59), Cu-Zn
(r=0.83), Cu-Fe (r=0.93) and Zn-Fe (r=0.80). Those correlations are probably
indicating that these elements have the same source, possibly lithologic,
characteristic of sediment was non impacted and therefore, of natural origin
[1].
Table1. Total metal concentrations in sediment (mean±S.D. in mg kg-1, dry
weight) from Homa Lagoon and background values (BCG) [4]
St.
A
B
C
D
E
F
G
H
BCG

Pb
10.4±8.58
11.9±4.38
12.8±4.62
12.4±2.10
15.6±2.30
4.05±2.29
12.7±0.55
3.97±0.82
20

Cr
101.3±23.3
106.8±30.7
110.2±9.16
109.0±15.1
106.9±22.8
93.6±13.6
87.3±3.88
105.5±3.77
90

Cu
17.2±7.37
22.1±3.11
20.7±3.96
19.9±0.98
24.0±2.63
13.5±0.16
19.4±2.19
11.3±1.54
45

Zn
63.4±23.6
78.9±14.6
76.5±3.68
81.3±12.0
89.6±3.26
50.4±5.81
67.9±8.54
60.1±18.9
95

Fe
21716±6593
25774±5544
25593±4594
24787±1331
27361±4063
20289±1039
21956±443
18702±1273
47000
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Abstract
Surface sediments collected from 33 stations along the Ambarli Harbor, the Sea of Marmara, were analyzed for petroleum aromatic
hydrocarbons by UV-fluorescence. Higher concentrations of total aromatic hydrocarbons were found of all the samples collected
during May 2009, with levels ranging 1860 and 72 µg/g eq oil (205 and 7 µg/g chrysene eq.). The spectra indicate dominant pyrolytic
origins in some stations of pyrolysis reactions of fossil fuels where the 3-4 ring PAHs are dominant. The pyrolytic contamination of
these stations could be attributed to fossil fuel oil particulates emission by commercial vessels, heavy maritime traffic, particularly
involving petroleum transports and fishing boats, and the improper disposal of ballast and bilge waters.
Keywords: Petroleum, Pah, Sediments, Marmara Sea, Pollution
Introduction
Sources of contaminants in the Harbor include municipal and industrial
discharges, atmospheric inputs, non-point source runoff, hazardous waste
sites, landfills, combined sewer overflows and accidental spills. The important
sea pollutants originated from ship and seaport are as follows: oil-products,
crew-disposals (i.e., shower, sink and toilet), bilge water, ballast, washing
water for ballast, liquid-, and solid type poisonous materials carried by the
ships and garbage of the ships. It is known that these anthropogenic
pollutants arrive at the sediments, then, negatively affect the quality of the
sediment.
Ambarli Harbor in Marmara region has an important position as a seaport
especially for the city of Istanbul. It serves to the ships such as container-,
cargo-, RoRo- and tanker types. Analyzing of the data from 2007 shows that
totally 4959 ships has made use of the seaport.
The purpose of this study was to determine the concentration of the total
hydrocarbons in the surface sediments in and offshore Ambarli Harbor to
provide data for comparison by different reference materials and to get
understand whether pyrolytic or petrogenic inputs come from anthropogenic
processes.

mixture and gives a better-resolved spectrum for the whole of the mixture
components [5]. According to the number of aromatic rings (spectral region
from 220-700 nm), the USEPA priority PAH compounds were divided into
three groups, representing two-, and three-, four-, and five-, and more ring
PAHs.
Petroleum hydrocarbons in crude oil and light refined products are dominated
by the lowest molecular weight PAHs with only trace levels of the penta- and
hexa- aromatics present. However, 1-2 rings PAHs have not been encountered
in the sediment samples. It appears likely that the more volatile PAHs are
rapidly lost in this environment, through evaporation and photodecomposition.
Our results indicate dominant pyrolytic origins in all samples with small
amount of pyrolysis reactions of fossil fuels at some stations (e.g. A1, A3,
A7, A8, A12, A13, A18, A23, A27 and A28) where the 3-4 ring PAHs such
as pyrene derivatives are dominant. The pyrolytic contamination of these
stations could be attributed to fossil fuel oil particulates emission by
commercial vessels.
In sediment, the major problems are the land based and ship-based pollution.
The sediments from the Sea of Marmara, show that the port activities are the
most serious source of pollution in the around of Ambarli Harbor region. In
this study area in which are determined the elevated contents of total aromatic
hydrocarbons sediment is also polluted with larger amount of pyrogenic fossil
fuel compounds. Therefore the marine sediments are very important in our
estimating the degree of the damage given to the ecosystem by such inputs.
The results deduced in this study, which for the first fundamental dataset for
the region to be used as reference in future.

Material and Method
Sampling
The sediments were taken by using the grab sampler, in May 2009 on board
of R/V ARAR from 33 stations. The sampling depths were between 11 and
78m. The topmost 0-5 cm of the grab sample was carefully removed using
clean spatula. The samples were stored in a freezer at -20°C until analysis.
Analytical procedure
The methods used in this study have been described in detail [1] and will only
be summarized here. TOC contents were measured by means of the WalkeyBlack Method [2]. Extraction of samples with a Soxhlet apparatus and
analyses by UV fluorescence spectroscopy (Jasco-6300, Shimadzu) were
given in detail by Ünlü [1]. Considering spectrofluorometer conditions,
excitation and emission wave-lengths were fixed to 310 and 360 nm for single
measurement, respectively.

References
1 - Ünlü S, Alpar B. and Aydin S., 2009.Spectrofluorometric characterization
of aromatic hydrocarbon contamination in the sediment from the Zonguldak
Industrial region, Black Sea, Turkey. Fres. Environment. Bullet.,18(4): 474480.
2 - Loring D. H., Rantala R.T.T. , 1992. Manual for the geochemical analyses
of marine sediments and suspended particulate matter. Earth-Sci. Rev. 32:
235-283.
3 - Gomes A.O. and Azevedo D.A., 2003. Aliphatic and aromatic
hydrocarbons in tropical recent sediments of Campos dos Goytacazes, R.J.
Brazil, J. Brazi. Chem. Society.14(3), 358–368.
4 - Readman, J.W., Bartocci J., Tolosa I., Fowler S.W., Oregioni B., and
Abdulraheem M.Y. 1996. Recovery of the coastal marine environment in the
Gulf following 1991 the war related oil spills, Mar. Pollut. Bull., 32, 493–498.
5 - Lloyd J.B.F., 1971. The nature and evidential value of the luminescence of
automobile engine oils and related materials. I. Synchronous excitation of
fluorescence emission. J. Forensic Sci. Society 11, 83–94.

Results and Discussion
The TOC content of the sediment samples, which accounts for most of the
variation in the uptake of contaminants by the sediment, is variable and ranges
from 0.37% to 3.82%.Total aromatic hydrocarbon concentrations in samples
varied between, 1860 µg/g and 72 µg/g equivalents of oil (205 µg/g and 7 µg/g
chrysene eq.). An acceptable upper limit is 50 µg/g for clean sea floor
sediments [3] and the concentrations higher than 100 (µg/g dry weight) are
mainly related with terrestrial (riverine) inputs or port activities, on the basis
of classification adapted by Readman [4]. According to fluorescence
synchronous spectra of the sediment extracts containing >100 µg/g confirm
the existence of a chronic oil pollution in the sampling region and suggest the
presence of high potential hazards to aquatic organisms in the study area.
Although in general UV fluorescence technique has been replaced by more
specific methods it is still being used for monitoring spatial and temporal
concentration gradients of petroleum hydrocarbons in sediment. Because of its
simplicity, sensitivity and easy application, UV fluorescence in synchronous
excitation-emission technique constitutes a promising tool to be used in
determination the polyaromatic structure of a compound since Lloyd has
developed this method [5]. It simplifies the emission of each component of a
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LONG TERM STUDY OF ORGANIC MATTER FLUCTUATION AND MUCILAGE EVENTS IN THE
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Abstract
In the last fifteen years in the northern Adriatic the massive formation of organic aggregates reported as "mucilage phenomenon"
occurred with increased frequency. The intensity of this phenomenon varied over the years: (1988, 1991, 1997, 2000-2004) > 1998,
1999. In the period 1998-2008 we have studied seasonal and spatial distribution of the content of dissolved organic carbon, and
concentrations of the reactive organic matter with surface active properties.
Keywords: Adriatic Sea, Organic Matter
Introduction
Most hypothesis proposed to explain the mucilage occurrence in the northern
Adriatic (NA) recognize the accumulation of dissolved organic matter during the
period of stratification as the main precursor of mucilage accumulation [1, 2].
We have undertaken the long-term study in order to see if the problems
connected to the harmful mucilage events in NA are becoming worse or better.

northern Adriatic Sea ecosystem.

Metodology
Dissolved organic carbon (DOC) and surface active substances (SAS) were
analysed in the samples collected from the depth of 0.5 m along the transect
between Rovinj and mouth of the River Po. SAS were determined by
electrochemical method (a.c. polarography) using the calibration curve of model
nonionic SAS, Triton-X-100 [3]. DOC was determined by using high
temperature catalytic oxidation (HTCO) method.
Results
Over the whole period of investigations the concentrations of DOC and SAS
showed regular seasonal patterns, with lower values in winter and higher values
in the period from spring to autumn. A marked interanual variability of DOC
and SAS values was observed as well. The mean concentrations of DOC (1.072.76 mg/L) obtained in the period 1998-2004, which is characterised by mucilage
appearance), were up to 40% higher in comparison to the values obtained in
1994 and over the years 2005-2008 (0.82-1.60 mg/L) (Figs. 1a, 1b). No mucilage
events were observed in this later period. Interestingly, the same trend of
fluctuation was detected for SAS values, which were more than two times higher
during mucilage appearance than those observed in the period 2005-2007
(0.025-0.405 mg/L and 0.006-0.151 mg/L respectively) (Figs.1c,1d).

Fig. 2. Seasonal fluctuation of DOC (mean values) in period 1998-2008
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Fig. 1. Fluctuation of DOC (mean values) in the period a) 1994, 2005-2008
(without mucilage occurrence), b) 1998-2004 with mucilage events as well as
fluctuation of SAS (mean values) during c) 1994, 2005-2008, d) 1998-2004

Conclusion
The seasonal distribution pattern of DOC over the whole period of investigation
clearly showed a decreasing trend from 1998 to 2008, in particular after 2002
(Fig. 2). The same decreasing trend, but less pronounced was detected two years
earlier (2000) for reactive surface active organic matter (Figs 1c,1d). Reduced
content of SAS, as well as the absence of the greater accumulation of dissolved
organic carbon in recent years, probably have an important role on
disappearance of mucilage events contributing to the improvement of the
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SPATIAL AND TEMPORAL VARIATIONS OF ISOTOPIC COMPOSITION OF PRECIPITATION IN SLOVENIA
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Abstract
Long-term monthly and short-term monthly and daily data on isotopic composition of precipitation together with meteorological data
were used to trace spatial and temporal variations of isotopic composition of precipitation in Slovenia. A spatial distribution of stable
oxygen isotopic composition in precipitation over Slovenia has been generated using temperature, latitude and altitude dependences.
Keywords: Hydrology, Monitoring, Adriatic Sea
Introduction
Modern investigations of water cycle include determination of isotopic
composition of precipitation, surface water and groundwater because isotopes
of water molecule offer a broad range of possibilities for studying processes
within the water cycle and thus became an important tool in isotope hydrology,
as well as in studies related to atmospheric circulation and paleoclimatic
investigations. As the recharge of groundwater is mainly due to precipitation, it
is of utmost importance to know the isotopic composition of precipitation, and
its seasonal and spatial variations. The Global Network of Isotopes in
Precipitation (GNIP) organised jointly by the International Atomic Energy
Agency (IAEA) and the World Meteorological Organization (WMO) in 1961 is
a database that contains data on stable isotopic composition of hydrogen and
oxygen, tritium activity, and relevant meteorological data on a monthly basis,
and is thus extremely valuable for modelling climatic changes, as well as in
hydrological and hydrogeological investigations. However, the need for a much
more refined understanding of isotope variations was indicated in climatic
studies and therefore the IAEA initiated a programme of collecting new data at a
higher spatial density and temporal frequency in the Mediterranean basin,
including the eastern Adriatic coast [1]. The aim of this paper is to present a
review of isotopic results obtained since 2001.

changed during the course and mixing of air masses originating from the
continent and from Mediterranean cyclogenesis appeared [4].
The spatial distribution of δ18O in precipitation has been explained by a simple
multiple regression models, based on the meteorological (temperature) and
geographic factors (latitude and elevation). Continuous digital map of the d18O
distribution over Slovenia has been generated using GIS tools (Figure 1).

Tab. 1. Weighted mean hydrogen and oxygen isotopic composition and
deuterium excess values in ‰

Methodology
Monitoring of isotopic composition of oxygen and hydrogen in monthly
precipitation has been performed at the continental sampling station in Ljubljana
(Slovenia) since 1981 within the GNIP [2]. In the framework of an IAEA Coordinated Research Programme [1, 3] the monitoring programme was extended
to two additional sampling stations on the coast of Northern Adriatic (Portoroz)
and its near hinterland (Kozina) in the south-western, Mediterranean region of
Slovenia in October 2000 during which monthly and occasionally also daily
sampling was performed [1, 4]. Basic descriptive statistics, deuterium excess
and local meteoric water lines were calculated. In addition, altitude effect and
isotope - surface temperature relations were determined. Finally, modelling of
spatial variations of isotopic composition of oxygen over Slovenia was
performed.
Results and discussion
The highest precipitation amount weighted mean hydrogen and oxygen isotopic
values are observed at Portoroz, while the lowest values are characteristic for
the continental station of Ljubljana (Table 1). The orthogonal regression
equations between the isotopic values of individual monthly samples
representing local meteoric water lines (LMWLs) are:
- δ2H = (8.1 ± 0.1)δ18O + (9.8 ± 0.7) for Ljubljana (1981-2006)
- δ2H = (7.7 ± 0.4)δ18O + (7.3 ± 2.2) for Portoroz (2001-2003)
- δ2H = (7.7 ± 0.3)δ18O + (9.6 ± 0.7) for Kozina (2001-2003)

Fig. 1. Continuous digital map of the oxygen isotope distribution as a function
of latitude and elevation
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Weighted mean d-excess values (Table 1) are close or above 10‰, showing the
influence of Mediterranean air masses in south-western part of Slovenia. The
altitude effect determined by vertical δ18O gradient (–0.30‰ per 100 m) was
calculated using the isotope data obtained for stations Portoroz and Kozina.
Furthermore, the continental station Ljubljana shows higher correlation between
oxygen isotopic composition and mean monthly surface temperature (r = 0.75)
than the coastal station Portoroz (r = 0.36) indicating that temperature
information can only be seen at continental stations and has less influence on the
isotopic composition of precipitation at coastal stations.
Comparison of the monthly and daily isotopic composition of precipitation
collected from October 2002 to September 2003 at Portoroz and Kozina
showed profound differences between the two sets of data. It was shown that in
investigated area during rain event of several days sources of air masses have
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Abstract
Iron(III), as an essential element and one of the most important element -for biochemical processes in the marine environment, is
bioavailable only in dissolved form. By complexing with succinic and malic acid, intermediates in the citric acid cycle, iron(III) forms
soluble complexes in aqueous solutions. Each organic acid form with Fe(III) several complexes, depending on acids concentration and
pH (4.5 – 11). All investigated complexes showed stability for rather long period of time (weeks to years).
Keywords: Trace Elements, Phytoplankton, Electrochemistry
Introduction
Dissolved iron(III) is very important element for marine organisms (for their
biochemical and physiological functioning). Despite its abundance in the
environment, dissolved Fe3+ in the oceans is present at low concentrations,
<10-9 mol L-1 (>99%), mostly in organic complexes. Low solubility of Fe3+
under oxidizing conditions is caused due to the formation of insoluble Fe(III)hydroxides and oxides and that is why Fe(III) is a limiting factor for primary
production [1]. Bioavailabile forms of iron(III) are, among others, complexes
with succinic and malic acid [2]. Therefore, these complexes are possible
candidates in the iron fertilization experiments in high-nutrient lowchlorophyll (HNLC) areas of the Oceans.
Results and discussion
Measurements were preformed by square wave voltammetry (SWV) and by
UV-Vis spectrophotometry [3].
Iron(III) with different concentrations of succinic acid (0.04 - 0.5 mol L-1) in
pH range 5.2 – 7.4, measured by SWV, gave redox responses of two Fe(III)succinate complexes (Figure 1. A). Within Csuc from 0.04 to 0.12 mol L-1, Fe
(III)-succinate (I) reduction peak at the potential ≈ -0.22 V was registered,
and with Csuc ≥ 012 mol L-1, Fe(III)-succinate (II) complex at ≈ -0.37 V.
The formation kinetics of both complexes was slow, Fe(III)-succinate complex
(I) was equilibrated within 17 h, and Fe(III)-succinate complex (II) in about 15
h. However, after equilibration period, complex (I) was stable in the solution
for about a week, and complex (II) for about 10 h. Analysis of UV-Vis spectra
under same experimental conditions were processed by multivariate non-linear
least-square fitting program Specfit [3]. The model, taking into account
obtained iron(III) complexes by SWV, presumed that stoichiometry ratio of
Fe(III):succinate complexes (I) and (II) was 1:2 and 1:3, respectively .
Three iron(III) - malate reduction peaks were detected in the pH range from
4.5 to 11, with malic acid concentration Cmal = 0.1 mol L-1. By SWV first
complex reduction was registered at about -0.1 V (pH from 4.5 to 6.5), second
one at about -0.35 V (pH = 6.5 - 9) and third at about -0.6 V (pH = 8.5 - 11)
(Figure 1. B). Formation kinetics of this complexes was fast, and equilibrium
was reached within 30 minutes. Fe(III)-malate complexes were much more
stable than complexes with succinic acid, since they were detected in the
solution even after one year. By UV-Vis spectrophotometry in the pH range
from 1.5 to 8 three complexes were registered, as well, with two isosbestic
points at 310 and 392 nm. Changes in spectra were detected in the pH range
from 1.5 to 6.5, but at pH > 6.5 spectra remained almost unchanged. Principal
Component Analysis (PCA) of spectra gave three spectrally distinguishable
Fe(III)-malate complexes. Combination of voltammetric and UV-Vis results
persumed stoichiometry of compexes: in the pH range from 1.5 – 3 exist
complex Fe(mal) (with undisociated hydroxyl group at the second carbon
atom in malic acid molecule); Fe(mal) and Fe(mal) 2 complexes (with
dissociated hydroxyl group) in the pH range from 3.5 to 6.5 and these
complexes gave reduction peak 1 in Fig.1B. In the pH range from 6.5 to 9
exists compex Fe(mal)2(OH)x (peak 2) and in the pH range from 8.5 to 11
complex Fe(mal)2(OH)y (peak 3) is present.

Fig. 1. A) SW voltamograms of Fe(III)-succinate complexes in 0.55 mol L-1
NaCl with CFe= 4 x 10-5 mol L-1, pH=6.00 and Csuc: (I) 0.07 and (II) 0.5 mol
L-1.
B) SW voltamograms of Fe(III)-malate complexes in 0.55 mol L-1 NaCl with
CFe= 4 x 10-5 mol L-1, Cmal= 0.1 mol L-1 and pH: (1) 5.7, (2) 7.4 and (3) 10.1.
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Conclusion
Obtained results showed that succinic and malic acids form stable dissolved
Fe3+ complexes in the pH range from 4 to 11 that remain in the solution for
rather long period of time. The addition of relatively small amount of
described iron complexes to the phytoplankton culture (Dunaliella sp.) in
laboratory conditions resulted in incerased production of phytoplankton
biomass.
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Abstract
Fethiye-Gocek Specially Protected Area (SPA) is one of the 14 SPAs in Turkey and it is located in the south-west corner of the
Anatolian peninsula - on the Mediterranean coast. Fethiye-Gocek Bay hosts more than double of the normal population in summers.
Marinas exceeding the carrying capacity and pollution from land based sources threatens the marine ecosystem. The main aim of this
project was to determine the biodiversity of this beautiful bay but main hydro-chemical, biological and pollution parameters were also
determined in order to understand the ecosystem and the risks for its functioning.
Keywords: Marine Parks, Coastal Systems, Pollution
Introduction
The coastline of Fethiye-Gocek SPA is about 235 km and it covers 817 km2
area including coastal and marine areas of all figures (landscapes, bays, islands
etc.). Total population of the area is 181,000 (2009) and this number is almost
double during the high seasons (from April to November). Fethiye-Gocek bay
is naturally protected from strong winds and less affected by the main current
system (the Asia Minor current) even though the total depth at the large
entrance of the bay is about 800m deep. This natural harbor has 5 marinas
with totally 1210 yacht capacity and the marinas are almost full during
summer months. Besides the in situ marine pollution, the input of pollutants
from land-based sources threatens the area; since the level of almost all the
critical pollution parameters exceed the limits especially in the Fethiye inner
bay.

at the very sensitive limit. The biogeochemical cycling seems to be open to
change due to the external strains like the input of additional nutrients from
the land. Scuba diving between 0-55m in the same study showed that even
though the area is under the risk of pollution, the biodiversity is rich (e.g. 24
taxonomic group and 1545 species were determined in the area where 44 of
them were recorded for the first time along the Turkish coasts). The area is
being one of the attractive tourist (both national and international) point with
its marbles nature and its historical/cultural richness but everybody should
note that sustainable development (e.g. in tourism sector) is only possible
with the efforts for sustainable nature and effective environmental protection.
Acknowledgement: This Project has been supported by Turkish Ministry of
Environment and Forestry, Environmental Protection Agency for Special
Areas.

Results and Discussion
The data is obtained very recently (April and August 2008) and totally 15
stations were visited in the Bay. Sea surface temperature was relatively high in
the summer (up to 29.4 ºC) and seasonal thermocline was well established and
generally observed at 20-60m. The surface salinity was measured in the range
of 37.37 – 39.47 ‰ and it was reduced down to 31.86 ‰ at some coastal
stations where there is fresh water input. The RDCP data revealed that
currents were relatively weaker in summer months and stagnant water masses
were especially observed near coastal zones. The reverse current system was
characteristics of the Bay where surface and deep currents were in different
directions and mainly directed towards to inside of the Bay at the surface.
The Secchi Disc Depth was measured in the range of 10-28 m in the Bay
except a very low value (4.8m) recorded in Fethiye inner bay. It was assumed
that the bottom of the euphotic zone coincided with the bottom of the shallow
inner Bay. It seems this affected the bottom autotrophic production by bluegreen algae since scuba diving results showed that life was poor at this
location. The high level of suspended sediment (16.8-29.6 mg/L) caused the
extinction of the light at shallower depths with respect to those observed in
the Mediterranean offshore. The level of oxygen saturation was determined in
the range of 96-110% except some unacceptable values (47-59 %) obtained
near the Fethiye and other inner bays. These extreme values were definitely
far from the general picture, since the minimum level of oxygen saturation in
the deep offshore waters were determined as of 70-80% due to effective
vertical mixing and overturning [1]. The level and distribution of nutrients
measured in the area showed similar patterns with the previous work [1] and
low concentration of nutrients (PO4: 0.7-8.5 µM; NO 3: 0.06-0.16 µM; NH 4:
Below Detection Limits; Si: 4.74-18.1 µM) caused low level of autotrophic
production. The average chlorophyll-a concentration representing the
phytoplankton biomass was 0.3 µg/L (Range: 0.09-1.06 µg/L) in the surface
waters and the primary production was dominated by regenerative
production.
Heavy metal concentrations in the Bay were in the range of acceptable limits
(e.g. Cupper: 3.00-9.50 µg/L; Zinc: 14.00-47.6 µg/L) and the highest
concentrations were detected in the Fethiye inner bay. The same trends were
observed for total phosphorus, nitrogen, organic carbon and heavy metals
within the sediment samples and maximum concentrations were measured in
the inner bay. Microbial pollution level were generally under the limits but
they exceeded the limits over twice in the inner Fethiye bay (e.g. Total
Coliform: 930 individual/100 mL) causing unhealthy recreational waters to be
present in the study area.
In summary, Fethiye-Gocek bay has very regular Mediterranean lower trophic
level ecosystem. The level of pollution caused by heavy boating activities for
leisure and input of pollutants by land based sources (e.g. municipal wastes) is
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THE DETERMINATION OF ORGANOTIN COMPOUNDS LEVELS IN SEDIMENT SAMPLES FROM
TURKISH AEGEAN SEA COAST
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Abstract
In this study, from the North tot he southern part of all the Aegean Sea coast line predetermined from 9 stations, the sediment samples
were collected during summer-winter period in 2009 and organotin compounds (OTC) concentrations were detected at the ng g -1 Sn
dry weight (d.w.) within sediment. In this way, effects of the most important organic tin contamination points of maritime activities in
the Aegean Sea were try to determine in the coastal zone along the Turkish Aegean Sea.
Keywords: Aegean Sea, Coastal Waters, Sediments, Trace Elements, Pollution
reference points was 495.9 ng g-1 Sn.
At the end of the summer sampling, the highest total ∑ butyltin level was seen

INTRODUCTION
The purpose of the present study is determined OTC levels and assess the
hot spots at the most important maritime points along the Aegean Sea. There
are considerable maritime activities along the Aegean Coast, relating the heavy
maritime activities, e.g., fishing and yachting.
Hence their high atomic weights and low aqueous solubilities, OTC tend to
adsorb onto particles and sink directly onto the sediment, here it accumulate
and release into water column by re-suspension of particles. Although its
extremely hazardous to aquatic ecosystem, there are very few data for OTC
levels and its detrimental impacts on the marine environment of Aegean Sea.

in station 2 ( 4278.4 ng g-1 Sn). The lowest ∑ butyltin level was measured at
station 5 (983, 6 ng g-1 Sn). Mean concentration of ∑ butyltin for all stations
was 2691,2 ng g-1 Sn. For the reference stations the highest and lowest levels
of ∑ butyltin was measured 2207,6 ng g-1 Sn for station 4 and nd. for station 7
respectively. Mean concentration of ∑ butyltin for all reference stations was
determined as 1343.9 ng g-1 Sn. High levels of tin compounds measured in
summer-winter period along the Cost of Aegean Sea may be the results of the
numerous marinas (operating 100% or more capacity almost all year long) and
strong adsorption tendency of TBT. Additionally, high concentrations of
TBT suggesting the illegal usage of TBT-based anti-fouling paints, on ships
smaller than 25 m [3]. Furthermore, ongoing contamination of Aegean Sea
could be consequence of leaching from the boat, painted before the ban, or the
compounds’ long-lasting effectiveness time (5-7 years).
Tab. 1. Reported OTC’ levels from the world (ng g-1 Sn d.w.) [4]

Fig. 1. The Map of the Sampling Locations

MATERIAL AND METHOD
Aegean Sea is 380 miles (612 kms) long and 186 miles (299 kms) wide with
83,000 square miles (215,000 square km) total area. It is located between 4145 N latitude and 23- 27/28 E longitude [1]. Sediment samples were collected
from 8 predetermined stations from northern stretch of Aegean Sea, Ayvalik
Marina to southern stretch Bodrum Marina along the coastal zone between
March 2009 and August 2009 (Fig.1.). Reference stations determined
relatively far from the maritime activity where human and marine environment
engaged as in beaches and piers.
Sediment samples were collected by standard (6x6x6) stainless steel Ekman
Grab. Sample analysis carried out GC/MS, HP Agilent 6890 coupled 5973N
Mass Selective Detector [2] (non-detected-nd. limits for MBT, DBT, TBT
were 0.003, 0.001, 0.001 ng g-1 Sn respectively).
In order to quality control of the analytical results CRM-462 (Coastal
Sediment for Butyltins) is provided from IRMM (Institute for Materials and
Measurements) and analysis of CRM-462 proved that the method is able to
accurately determine OTC.

Survey researches from all over the world reported that organic tin pollution
is still a matter of concern. The two-way researches revealed that there are still
significant TBT pollution along coastal zones of Pacific, Atlantic, Indian
Oceans and of marinas and harbors. In conclusion; comparing the levels
between measured OTC levels along Turkey coast of Aegean Sea and
Mediterranean Marinas’ former’s levels are rather high (Table 1.). At the end
of the results, we determined that the total TBT concentrations in the
sediment samples showed the significant spatio-temporal changes .
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RESULTS AND DISCUSSION
As a result of winter sampling the highest ∑ butyltin level was detected from
the station 2 (1752.4 ng g-1 Sn). The lowest ∑ butyltin level was measured
from the station 5 (nd.). Mean concentration of ∑ butyltin for overall stations
was 1091.5 ng g-1 Sn. The highest concentration of ∑ butyltin was detected in
station 1 (1464 ng g-1 Sn) and the lowest was measured at the stations 7, 3, 4,
5 from the reference points (nd.). Mean concentration of ∑ butyltin for overall
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DEEP BASIN TURBIDITES AS A PREVIOUSLY UNRECOGNIZED SINK FOR HYDROGEN SULFIDE IN THE
BLACK SEA
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Abstract
Speciation of sulfur and iron was investigated in the solid phase of Black Sea sediments (Unit 1 type and turbidites) collected during
the R/V Knorr 2003 Black Sea expedition. Other than pyrite, solid phase sulfur in the upper Black Sea sediments existed as inorganic
S(0) and acid-volatile sulfides (predominantly FeS) in the anoxic basin turbidites, and organic sulfur as humic sulfur in the uppermost 02 cm of the central basin sediments. A mathematical model was designed to simulate the temporal changes in the Fe-S chemistry in
the anoxic basin turbidites, and successfully showed that turbidites were a previously unrecognized sink for sulfide in the Black Sea
and can account for 14% of the annual burial of sulfur.
Keywords: Black Sea, Sediments, Geochemistry, Redox
Deep anoxic basin turbidites are a commonly reported feature of deep-basin
Black Sea sediments [1, 2] but their chemical composition remained unexplored
except for total elemental analysis. The recently found unexpected variability in
the porewater chemistry [3] in the anoxic basin sediments could well be due to
the differing solid phase compositions as a result of the presence of turbidites
which were emplaced there after the 1999 earthquakes (mag. 7.4 and 7.2) in
northwestern Turkey. In order to address these issues and to assess the impact
of turbidites to Black Sea anoxic basin sulfur chemistry, detailed solid phase
speciation of Fe and S will be reported and a mathematical model will be
presented.
Pyrite – sulfur was the major phase in all anoxic basin cores [200-400 µmol (g
dry wt)-1]. However, zerovalent sulfur and humic sulfur also reached very
significant levels: up to about 109 and 80 µmol (g dry wt)-1, respectively [4].
Humic sulfur enrichment was observed in the surface fluff layers of the eastern
central basin sediments where Unit-1 type depositional conditions prevail.
Elemental sulfur accumulated as a result of porewater sulfide oxidation by
reactive iron oxides in turbidities from the anoxic basin margin and western
central basin sediments. The accumulation of elemental sulfur to a level close to
that of pyrite-sulfur in any part of central Black Sea sediments has never been
reported before and this finding indicates deep basin turbidites prevent the
build-up of dissolved sulfide in the sediment. This process also contributes to
diagenetic pyrite formation whereas, in the non-turbiditic parts of the deep
basin, water column formed (syngenetic) pyrite dominates the sulfur inventory.
Our study shows that the interactions between depositional patterns (Unit 1 vs.
turbidite), redox state of overlying waters (oxic-suboxic-sulfidic) and organic
matter content determine sulfur speciation and enable the accumulation of
elemental sulfur and organic sulfur species close to a level of pyrite-S.
A time-variable mathematical model was constructed to further explore the nonsteady-state diagenesis of Fe-S species in a turbidite mud emplaced on normal
anoxic-sulfidic deep Black Sea sediments. The turbidite layer was 20 cm thick
and initially contained 80 µmol (g dry wt.)-1 of Fe(III) in the form of goethite,
which led to the rapid (1 day) oxidation and depletion of porewater sulfide and
formation of solid phase sulfur intermediates such as S(0) and FeS. S(0)
accumulated faster than FeS and was present in the sediment at high
concentrations after 5-8 years following the deposition of the turbidite. Reduced
iron was in the solid phase long after the consumption of all Fe(III), enabling the
coexistence of S(0) and solid-phase reactive iron (which has not been sulfidized
yet) for a long period of time. The porewaters had sub-micromolar
concentrations of dissolved sulfide in the first 2 years after deposition with Fe
(II) exceeding 1 mM. The turbidite layer served as a sink for the sulfide from the
overlying waters for about 10 years after its deposition. These results agreed
with the solid phase data for the western central station (30) and our suggestion
that an earthquake-induced turbidity current could have transported iron oxides
from the southwestern shelf/slope as far as 150 km in the western central Black
Sea and caused massive oxidation of sulfide after the 1999 earthquakes in
Northwestern Turkey.

oxidation in the deep basin represent a previously unrecognized sink in the
budget of hydrogen sulfide in the Black Sea.

Fig. 1. Model output for the solid phase S-Fe species during the 8000 day
simulation period. Time 0 indicates the deposition of the Fe(III) containing
turbidite. Initially only dissolved sulfide and solid phase Fe(III) are present in
the system. As the reactions progress sulfur intermediates, S(0) and FeS form in
the solid phase. With time S(0), FeS and dissolved sulfide form pyrite, and the
system reaches steady state after about 7000 days or 19.2 years.
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Considering the ubiquity of the deep-basin turbidites found in the Black Sea and
the dense tectonic activity on the Northern Anatolian Fault in Northern Turkey,
an estimated 0.144 Tg sulfur / year could be buried as S8 and FeS2 due to the
earthquake-induced turbidites. This value is about 14 % of the annual sulfur
burial (as pyrite) and 3-5 % of the annual sulfide oxidation due to lateral
injections of oxic Mediterranean waters to the anoxic-sulfidic Black Sea waters.
It is highly likely that earthquake-induced turbidites and subsequent sulfide
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SIMULATING THE INTERANNUAL VARIABILITY OF THE ADRIATIC SEA ECOSYSTEM DYNAMICS
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Abstract
The Adriatic Sea ecosystem dynamics has been simulated, under high frequency, interannually varying, surface forcing, with a
coupled physical/biogeochemical modelling system composed by the Princeton Ocean Model (POM) and the Biogeochemical Fluxes
Model (BFM). The high frequency forcing for the modelling system is from operational atmospheric circulation analyses. The
preliminary simulations results relative to both the general circulation and the biogeochemical processes are assessed by comparing
them with available and remotely sensed data. Particular emphasis is put on the analysis of the biogeochemical processes variability
induced by the strongly inter-annually varying circulation dynamics (current systems, dense water formation etc.) and by the variability
in the Po river freshwater and nutrient forcing.
Keywords: Models, Coastal Models, Adriatic Sea
Introduction
The Adriatic Sea ecosystem is characterised by a strong spatial and temporal
variability ([1] and [2]) due to the atmospheric forcing functions, the circulation
patterns, the fresh water river runoff that strongly affects spatial and temporal
variability and distribution of biogeochemical properties in the northern Adriatic
Sea [3].
The objective of this research is to simulate with a three-dimensional coupled
numerical model the Adriatic Sea ecosystem dynamics under high resolution and
high frequency, interannually varying, surface forcing conditions; to analyse
numerical results in terms of Nutrients, Chlorophyll, Primary and Bacterial
production variability.
Model
The three-dimensional ecosystem numerical model used is a coupled
hydrodynamic/ biogeochemical model.
The circulation model is the Princeton Ocean Model (POM), a threedimensional, primitive equation, time-dependent, sigma-coordinate, free surface,
estuarine and coastal ocean circulation model [4].
The ecological model used in this research is the Biogeochemical Flux Model
(BFM) [5]. The model describes physiological and population processes of
lower trophic levels in the marine environment. Biota is described by means of
three main functional groups: producers, decomposers and consumers, each one
defined by internal constituents: Carbon, Nitrogen, Phosphorous, Oxigen and
Silicon (in the case of diatoms).
The model has been implemented in the Adriatic Sea basin with a grid resolution
of about 2.5 km in horizontal direction and 27 sigma vertical levels with a
logarithmic distribution near the surface and the bottom; the minimum depth
resolved is 10 m. The model is free surface with time step splitting: the twodimensional external mode has a 5 sec. time step, while the three-dimensional
internal mode has a 500 sec. time step.

Fig. 1. Chlorophyll-a monthly mean concentration simulated by the model (up)
and provided by MERSEA dataset (down) for May 2002.
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Results and conclusions
Simulation results derived from a fully three-dimensional, coupled physicalbiogeochemical model implemented in the Adriatic Sea are analysed including
Nutrients, Chlorophyll, Primary and Bacterial production. In particular, the
monthly averaged numerical results of sea surface Chlorophyll-a concentration
are compared with satellite remote sensing data derived from the MERSEA
dataset.
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The numerical results (Fig. 1) qualitatively agree with the main ecosystem
dynamics of the Adriatic Sea. In particular the model is able to represent the
high Chlorophyll-a concentration in the northern and western sides of the
Adriatic Sea and its decrease towards southern and deeper areas. The seasonal
Chlorophyll variability is also qualitatively modelled in comparison with
SeaWifs data.
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Abstract
High resolution (1/16 degree) simulations of the interannually varying Mediterranean sea ecosystem dynamics are presented and
discussed. The modelling system used is constituted by the on-line coupling of the BFM (Biogeochemical flux model) and NEMO
(Nucleus for European Modelling of the Ocean). Hindcast for the period (1996-2000) were performed using two different sets of
forcing functions: the ERA40 and the results of the ENSEMBLE atmospheric model coupling with the IPCC scenario of Co2 emission
A1B. The main aim is to compare the influence that the use of different forcing functions might have on governing the ecosystem
dynamics.
Keywords: Models, Circulation Models
Introduction
In the framewok of the EU FP6 Project SESAME (Southern European Seas:
Assessing and Modelling Ecosystem changes) project, we performed a set of
hindcast and scenario numerical simulations of the coupled ecosystem dynamics
of the Mediterranean Sea. The atmospheric forcing functions used for the 19702000 hindcast simulations are derived from the ECMWF reanalyses (ERA40),
while for the scenario (2070-2100) simulations the forcing functions are
computed from atmospheric data originating from the numerical silulation of the
global atmosphere carried out under the A1B IPCC scenario of greenhouse gas
emission. The aim of the work is to study the impact of “green hous effect”
related global change on the Mediterranean Sea ecosystem . The simulation
performed for the periods 1970-2000 (hindcast), 2070-2100 (scenarios
predictions).
Model
The used modelling system is based on the on-line coupling of a biogeochemical
and a general circulation model.
The circulation model is NEMO (Nucleus for European Modelling of the
Ocean)-OPA(Ocean PArallelise) version 9.0 [1] primitive equation model
implemented in the Mediterranean Sea with an horizontal resolution of 1/16
degree (approsimatevely 7 km) and a vertical resolutionof 72 unevenly spaced
vertical z-level.
The ecological model used in ths work is the BFM (Biogeochemical Flux Model)
[2-3]. This model is an evolution of ERSEM (European regional sea ecosystem
model) [4]. It is a generalized biogeochemistry model based on a biomass-based
continuum description of lower trophic levels in the marine environment.
The initial conditions for nutrients and oxygen derived form SEADATANET
project (http://www.seadatanet.org) merged with World Ocean Atlas
climatology in the Atlantic box. In other hand, the initial conditions for biology
are homogeneous guessstimates with vertically-distribuited analytical profiles.

Fig. 1. Chlorophyll-a monthly mean concentration simulated by the model
forced by ERA40 (up) and provided by SeaWifs (down) for March 1999

Numerical simulations have been carried out oh a high performance parallel
computer.
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Results and conclusions
We focused on the temporal evolution of chemical and biological variables. In
particular, we compared the monthly averaged numerical results of sea surface
Chlorophill-a concentration (Fig.1) derived by simulation forced by ERA40 and
satellite data.
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The numerical results (Fig.1) show an overall tendency to overstimate
phytoplancton biomass. The model is able to reproduce the interannual
variability of Chlorophyll surface data. In particular, the relatively high march
biomass in the Gulf of Lions and in the Sicily channel detected by the satellite
are captured by the model, but with a positive bias particularly strong in the
Sicily channel.
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Abstract
Dissolved organic carbon, nitrogen and phosphorus (DOC, DON, DOP) were measured in the Marmara Sea, the Dardanelles Straits
and the adjacent North Aegean Sea, during September 2008. Additionally, surface waters at selected stations of the Marmara Sea
were sampled for bacterial production (BP) and bacterial respiration (BR). The analysis and coupling of chemical and biological data
showed that at least during September 2008 newly produced surface dissolved organic matter (DOM) was consumed in the Marmara
Sea in times scales shorter than the surface water residence time and that the outflowing waters from the Dardanelles carry DOM of
more refractory nature.
Keywords: Aegean Sea, Marmara Sea, Nutrients, Organic Matter
Introduction
The purpose of our study is to present new data on DOC, DON, DOP for the
study system and investigate the processes which control their distribution.
Also, we focus on the impact of the Dardanelles outflow on the North Aegean
trophic status.
Results - Discussion
The Marmara Sea is a two layer counterflow system extensively studied in
terms of its hydrography ([1] and references therein) but to a lesser extent in
terms of its chemistry [2], [3].Taking into consideration this specific flow
regime we present our results in Table I.

Aegean waters also show a good fit to the mixing line with the exception of 2
points indicative of an extra DOC source. In systems such as the Marmara Sea
with strong influence of terrestrial inputs and freshly produced organic
material, it is very difficult to distinguish between refractory and labile forms
of DOM. The two layer counter flow and the limited vertical mixing in the
Marmara Sea does not allow us to consider bottom water DOC concentration
as the refractory one, as it has been proposed for the open ocean. Therefore, in
an attempt to get an estimate of DOM lability in the overflowing waters we
considered that DOM found there is similar in nature as in surface waters of
the Black Sea. In fact the similar nature of POM between the Black and
Marmara seas has been reported [4]. The labile+semilabile component in
surface waters of the Black Sea has been estimated to be 41% of bulk DOC and
50% of bulk DON [5]. Based on these percentages we calculated the amount of
excess DOC and DON in the upper layer of the Marmara Sea and found 71
μmol/L for DOC and 4.1 μmol/L. DOC:DON ratio in this labile+semilabile
material is 17.2, a value indicative of relatively fresher material compared to the
DOC:DON ratio of the remaining refractory DOM (24.9). Mean depth
integrated BP measured in Marmara surface waters was 1.25 μmolC/m3/h, and
BR 0.7 μmol O2/L/h. Based on these data we calculated the bacterial carbon
demand (BCD) and found that 15 μmol C/m3/h are consumed by the bacterial
community. Since the source of this carbon is the labile+semilabile component
of DOM, then the time needed for the bacterial community to consume this
DOM was found to be ~30 days. This time is less than the mean residence
time of surface waters (~ 4 months) in the Marmara Sea before they reach the
N. Aegean [1], and implies that at least during September 2008 outflowing
waters from the Dardanelles Straits carry DOM of more refractory nature.
This is in accordance with the generally low BP values observed in the
southern exit of the Dardanelles (0.25 μmolC/m3/h, present study) and in the
N.Aegean (0.21-0.41 μmolC/m3/h) during the same period (Giannakourou
unpublished data).
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Tab. 1. DOC, DON, DOP concentrations (μmol L-1) and ratios in the studied
area.

DOM in the overflow shows a 2-fold decrease in its DOC and DON content
while DOP remains constant. DOM in the underflow shows stable DOC,
DON, DOP concentrations. DOM stoichiometric ratios shown in Table I are
indicative of the presence of considerable amounts of refractory material. The
refractory character is more pronounced in the surface low salinity waters. In
order to clarify to what extent the concentrations observed in the Marmara Sea
reflect merely the mixing of rich in DOM low salinity Black Sea waters with
poor in DOM high salinity N. Aegean waters, we plotted our DOC results
along the mixing line of the two end members (Figure 1).
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Fig. 1. Figure 1. Mixing line of low salinity high DOC BS waters with high
salinity low DOC Aegean waters.
It was shown that in situ DOC production is also taking place in surface
waters of the Marmara Sea. Deep waters of the Marmara and the N. Aegean
Seas lie very close to the Aegean end member with a very good fit. Surface
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CHARACTERISATION OF NATURAL ORGANIC MATTER IN DEPTH PROFILE OF THE MEDITERRANEAN
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Abstract
The experiments made for the projet DYCOMED permit a better understanding of the natural organic matter (NOM) variation in
seawater from surface to 2200m depth profile. Bisides the dissolved organic carbone (DOC) concentration, the NOM fluorescence
gives an additional explication in sight of this particular ecosystem. The fluorescence data have been analyzed by the mathematic
method PARAFAC. Four fluorescent NOM components have been found and have been compared.
Keywords: Organic Matter, Analytical Methods, Deep Sea Processes, Deep Waters
Introduction
As a semi-enclosed sea which presents a particular aquatic ecosystem, the
Mediterranean Sea is a special reservoir of dissolved organic matter (DOM).
Following the study of B.Avril (2002)1, a periodic series of samplings have been
performed during one year (2008) in the central Ligurian Sea (DYFAMED site,
43°25’N, 07°52’E, NW Mediterranean Sea).The samplings have been made at
12 depths every month from 0 to 2200m-depth. Unfiltered samples have been
collected in precombusted glass bottles (particulate organic matter represents les
than 2%) and conserved with sodium azide (NaN3, 1M) to prevent any
biological development.
Methodology
DOC measurements were made by High Temperature Catalytic Oxidation
Technique (Shimadzu TOC-V). The Excitation and Emission Matrix (EEM)
spectra were obtained by spectrofluorimetry (HITACHI 4500) at excitation
wavelengths from 250 to 500nm and emission wavelengths from 200 to 550nm,
both wavelength slits for 5nm, scan speed is 2400nm/min. Analysis of
fluorescent dissolved organic matter (FDOM) in the depth profile has been done
with the help of parallel factors analysis (PARAFAC) software. It is a powerful
statistical technique to treat the 3D-fluorescence spectra leading to the
decomposition by a number of independent fluorescent compounds. In order to
treat the Inner Filter Effect (IFE), 119 EEM of diluted samples have been made
besides of 119 EEM spectra of original samples2,3,4.
Results and Discussion
Two data treatments have been taken for this project according to the
presence of FDOM components in the different depths. Treatment of all
sample spectrums from the depth 0 to 2200m-depth gives 4 fluorescent
components (Fig.1) that represent the fluorescence maxima of previously
identified moieties : [Tyr] maximal excitation wavelength and emission
wavelength 265nm/305nm (tyrosine-like) ; [Trp] maximal λEX/λEM
=280nm/340nm (Peak T, tryptophan-like group); [M] maximal
λEX/λEM=295nm/410nm (Peak M, marine humic-like substance) and a double
maximum component [CA] with maximal λEX/λEM=335nm/445nm (Peak C,
visible humic-like group) and λEX/λEM = 250nm/445nm (Peak A, UV humic-like
substance).

because of the probable existence of some less or no-fluorescent substance (huge
moleculars or longer chained protein, etc.) in the surface waters and more
fluorescent substances like NOM in the deeper sea. This might be owed to 3
reasons: the better recycling of NOM by living organisms thanks to the sun rays
at the water surface than deep sea; the deposition of no-bioactive NOM
towards to deeper seawaters; the influence of photo bleaching on chromophoric
compounds to the presence of FNOM. The fluorescence contribution of protein
substances (Tyr and Trp) is important (+ and O, Fig.2a), this could be due to
unfiltered sampling protocol. Humic-like substances are generally less
fluorescent comparing to other compounds, particularly the M compound. An
important peak contribution of marine humic-like substance has appeared in
May at the depth from 100m to 2200m, although the other fluorophores kept
their values reasonable. Moreover, the intensity maxima was associated to the
mosopelagic layer (100~400m), while an increase of protein substances in the
deep sea occured at 400 m followed by a sharp decrease at 600 m in July,
August and September. This is probably due to the thermal stratification of
water column. In the intensity comparison among minima, averages and maxima
(Fig.2b), we have observed the averages close to the minimal data, which
signifies generally the low NOM concentration throughout the year, besides of
period of meosotrophy (spring bloom). In the deep sea, there is normally less
NOM concentration because of lysis and low carbon production. But
occassionally, an increase of FNOM is observed for a reason not yet explained,
estimated could be brong by deep current (the third compound in Fig.2b). This
project will be continued for several years. It permits us to study the variation
of an ecosystem in a 2200m depth oceanic water column.

Fig. 2. Comparison of 4 components in depth profile. a): 4 components in each
illusion with sea depths at Axis X and fluorescence intensity at Axis Y, totally 8
months from April to November. b): Fluorescence Minimal, Average and
Maximal intensity in each illusion standing for each component.

Fig. 1. 4 Components: Component 1, Tyrosine-like fluorophore; Component 2,
Peak T-Tryptophane-like fluorophore; Component 3, Peak M-Known as
marine humic-like substances fluorophore; Component 4, Peak C and A-coupled
humic-like substances fluorophore.
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Fluorescence contribution of each component at different logarithmic depths
(Fig. 2a) shows that the most concentrated fluorophores zone is deeper than
100m throughout the year, which is different from the results of DOC
concentration of which the most concentrated zone is on the seasurface1. It
makes clearer the difference between living organism moleculars and NOM
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PARAFAC TREATMENT IN 3D-FQ OF DOM-[M] COMPLEXATION
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Abstract
The DOM-Metal complexation propriety is accessible by fluorescence quenching (FQ). FQ spectrum can determine the
fluorescent DOM composition by parallel factor analysis (PARAFAC) with excitation-emission matrix (EEM). [Cu2+] titration onto a
river water sample from Brésil: [C] =5mg/L, initial [Cu 2+]=1.68 nM , pH=4.5, [Cu2+]=10-9M~10-3M is done with 50 Excitation and
Emission Matrix (EEM) analyzed by PARAFAC, which has extracted 2 fluorescent components from all EEM: C1
(λex=235nm/λem=420-425nm) and C2 (λex=250-260nm and 345-355nm/λem=470-480nm) of which corresponding interatures were
obtained by this new approach. It is confirmed that with PARAFAC FQ modification values fluorophores are better distinguished
from the whole matrix.
Keywords: Organic Matter, Metals, Analytical Methods, Chemical Analysis, Surface Waters
Introduction
Dissolved Organic Matter (DOM) is a compled mixture existing everywhere
in the environment. The studies of DOM in aquatic ecosystems enable us to
obtain some information on its coming future and the importance of its role in
the bio-geochemical processes. The fluorescence technique makes analyzes
possible on the basis of the optical propriety of the DOM including its
fluorophores composition and its complexation propriety face to face to certain
metal1. Recently for luminescence spectrum it is possible to determine the
fluorescent component composition by the statistical analysis of parallel factor
analysis (PARAFAC) with excitation-emission matrix (EEM)2.
Methodology
The complexation propriety between DOM and metals is accessible by
measuring the fluorescence quenching (FQ) functional to the metal additions.
The EEMs in the FQ experiments contain maximal information as a whole of
fluorescent DOM (FDOM). This work presents a quenching experience brought
from copper ions titration onto a river water sample from Brésil of 5mg/L
carbon concentration and 1.68 nano-molaire initial copper ions concentration
(pH=4.5). A titration of copper ions (Cu(NO3)2) has been applied in copperions concentration range from 10-9M to 10-3M. Fifty EEM were obtained and
gathered in order to analyze the FQ by PARAFAC. This statistical treatment
permits us to extract 2 fluorescent components from the whole EEM (Fig.1): C1
(λex=235nm/λem=420-425nm) and C2 (λex=250-260nm and 345355nm/λem=470-480nm) corresponding to the peaks already described in the
literature.

These results signifies at least 2 complexation compounds giving by a same
EEM component. The utilisation of PARAFAC has confirmed the presence of
just 2 fluorescence fluorophores but more than 3 complexing sites obeying to
the treatment conditions given by Ryan and Weber4. Meanwhile, PARAFAC
permits to better observe the FQ values’ modifications by decomposition of
fluorophores contribution from a whole matrix. That is why C2 contains 2
peaks identified: Peak C and Peak A5. No fluorophore no-affected by the
copper titration has been detected.

Fig. 2. Relation between fluorescence intensity and logarithmical copper ions
concentration (FI%/log [Cu2+])

This new coupled approach organizing the optical fluorescence measurements
(FQ), the mathematical data analysis (PARAFAC) and informatical modeling
method (PROCESE) permits us to observe a macro image on FNOM
composition and to link it to its own micro complexation characters.
Application of this approach to mditerranean samples will be in the coming
work.

Fig. 1. Component 1 and Component 2 found by PARAFAC

Results and Discussion
Using the participation to the total fluorescence of these peaks, we have
observed clearly that the fluorescence diminution was not uniform. The Fig.2
shows the relation between the Fluorescence Intensity Percentages (FI%)on
function of logarithmic copper concentration (log[Cu]). The experimental points
of Component 1 (C1, rhombus) show a stability near 100% at the begging of
the copper ion titration just like those of Component 2 (C2, square) till to 107mol/L. From this concentration, the C1 FI% continues decrease till to the end
of titraton. But instead of decreation, the C2 FI% increases sharply from 90%
to 170%, which dues probablly to the Inner Filter Effect3 (While NOM
concentrated in a sample, some of moleculars absorb the energy emitted by
others, which shuts down the observed fluorescent light. This phenomenon is
called "Inner Filter Effect", IFE)3. The current methods to correct IFE are
unuseful in these continuous experimental measurements, although an other
correcting idea is putting in the future trying. Anyway, C2 has shown its great
fluorescent quenching characters by complexing with metal. The analysis of
complexation propriety has found out two complexation compounds values:
K1=104.6; L1=10-7.8 et K2=104.46; L2=10-9 all for the component C2 (Fig. 1).
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Abstract
The levels of indicator and heterotrophic bacteria (HPC) and the frequency of antibiotic resistant bacteria with respect to the areas
from which they were isolated were investigated and compared in the sea water samples taken from the coastal area of the Eastern
Mediterranean (Turkey, Syria, Lebanon) and the offshore area (Northern Aegean Sea). While the highest levels of resistant bacteria
were found in the samples taken from Syria, the lowest level of resistant bacteria was found in the samples taken from the offshore
area of the Northern Aegean Sea.
Keywords: Bio-Indicators, Bacteria, Eastern Mediterranean
Introduction
In this study, bacterial studies were conducted with an aim to detect the level of
indicator and heterotrophic bacteria and compare the level of antibiotic resistant
strains in the coastal areas between Cesme and Cevlik (Turkey), Lattakia (Syria)
and Beirut (Lebanon) and also the offshore area extending from the eastern part
of Andros Island to the southern part of Gokceada -Thasos Island.

the year 2008, results of analyses conducted at 5 points along the coastal area of
Lebanon were found to be between 1,0 -3,2 log10 CFU/100 ml for faecal
coliform, 1,9-5,2 log10 CFU/100 ml for total coliform, and 5,5-7,8 log10
CFU/100 ml for HPC.

Material and methods
Two cruises were conducted with R/V YUNUS-S and sea water samples were
collected during the months of August in 2007 and 2008 (Fig 1). Indicator
bacteria analyses using the membrane filtration method [1] and HPC analyses
using spread plate method with Marine Agar were carried out. Antibiotic
resistance analyses were done according to NCCLS [2].

Fig. 2. Distribution of Antibiotic Resistant Strains

While the highest Multiple Antibiotic Resistance (MAR) was found in the
bacteria isolated from the coastal area of Syria (48%), the bacteria isolated from
Turkey (38%) and Lebanon (31%) respectively followed it. The bacteria
isolated from the offshore area of the Northern Aegean Sea did not show
resistance against antibiotics. The antibiotic derivates which were found to be
resistant to bacteria were different in different regions. This situation shows that
pollution input and the usage rate of antibiotics have differences related to
geographic regions. In this study the first comparative bacterial data were
obtained for these regions. There is a need for international long term monitoring
studies for the purpose of detecting point pollution in these areas.
Acknowledgements We would like to thank Prof. Dr. Bayram OZTURK
who contributed to our study by coordinating the cruises, and the crew of the
R/V YUNUS-S.

Fig. 1. Study Area

Results and Discussion
Faecal coliform, total coliform and HPC were found to be between<1,0–1,0
log10 CFU/100 ml, <1,0–2,1 log10 CFU/100 ml, 5,4–7,1 log10 CFU/100 ml,
respectively at 15 stations, during August 2007, in the Aegean offshore area
ranging from the eastern part of Andros Island to the southern part of
Gokceada-Thasos Island. Also in 2007, results of analyses conducted at 97
points between Cesme and Cevlik in the Eastern Mediterranean coastal area of
Turkey were found to be between 1,7-4,7 log10 CFU/100 ml for faecal coliform,
1,8-6,9 log10 CFU/100 ml for total coliform, and 5,5-8,8 log10 CFU/100 ml for
HPC. Again in 2008, results of analyses conducted at 90 points between Cesme
and Cevlik in the Eastern Mediterranean coastal area of Turkey were found to
be slightly lower than in 2007. In 2007, results of analyses conducted at 6
points along the coastal area of Syria were found to be between 2,5-3,7 log10
CFU/100 ml for faecal coliform, 3,1-4,5 log10 CFU/100 ml for total coliform,
and 5,5-6,6 log10 CFU/100 ml for HPC. Once more in 2008, results of analyses
conducted at 6 points along the coastal area of Syria were found to be slightly
higher than in 2007 (2,7-3,8 log10 CFU/100 ml for faecal coliform, 2,9-4,1 log10
CFU/100 ml for total coliform, and 5,8-6,2 log10 CFU/100 ml for HPC). Also in
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Abstract
The aim of this paper was to establish the annual variations in nutrient and chlorophyll-a concentrations. Samples were collected from
June 2003 to May 2004 at five stations in the coastal waters of the Bosphorus. Nitrate+nitrite, phosphate and silicate concentrations in
winter were higher than other sampling periods. Chlorophyll-a concentrations ranged between 0.54 and 6.13 μg l .
Keywords: Nutrients, Chlorophyll-a, Bosphorus
The Bosphorus is located at the northern part of the Turkish Straits System [1].
It is a narrow natural channel carrying the highly polluted waters of the Black
Sea to the Sea of Marmara. Its upper layer waters have an average salinity of
16.5-18.5 ppt, and the lower layer an average salinity of 38 ppt. Such
conditions are very likely to create density currents that can strongly affect the
biogeochemical cycle of the system [2]. Nutrients are the essential chemical
components of life in the marine environment. Phosphorus and nitrogen are
incorporated into living tissues, and silicon is necessary for the formation of the
skeletons of diatoms and radiolaria [1]. In the sea, most of the nutrients are
present in sufficient concentration, and the lack of some of them limits the
growth of phytoplankton [3]. The studies on this subject in the Bosphorus are
still very limited. The aim of this paper was to establish the annual variations in
nutrient and chlorophyll-a concentrations. This study was carried out in the
coastal waters of the Bosphorus at five stations between June 2003 and May
2004 (Fig. 1). Nitrate+nitrite (NO3+NO2-N) concentrations were analyzed by
cadmium reduction method on a Skalar autoanalyser [4]. Phosphate (PO4-P),
silicate (SiO4-Si) and chlorophyll-a analyses were detected by the methods
described by Parsons et al. [5].

Tab. 1. Variations of nutrient and chlorophyll-a concentrations at the research
stations
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Fig. 1. Research stations in the Bosphorus

Nutrient and chlorophyll-a concentrations are shown in Table 1. The amounts
of nitrate+nitrite, phosphate and silicate were 0.26 (November)-42.50 µg-at l-1
(January), 0.24 (September)-7 µg-at l-1 (December) and 1.97 (January)-84.26
µg-at l-1 (December), respectively. Chlorophyll-a concentrations, as an
indicator of phytoplankton biomass, ranged between 0.54 (September) and 6.13
µg l-1 (November).
In the present study, nutrient levels in winter period were generally higher than
those in spring, summer and autumn. Especially, the highest values were
recorded in the untreated domestic waste water discharge point. As Balkis [6]
pointed out, there is an increase with time nutrient concentration of the
Bosphorus. According to chlorophyll-a based assessments [7], chl-a values in
this study showed that the area is generally eutrophic in nature.
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Abstract
In a shallow tidal pool in the Gulf of Trieste the first observed bloom of O. ovata occurred in September-October 2009. Water
samples were collected for the light microscope analyses and nutrient analyses. Hydrological data were recorded using a
multiparametric probe. O. ovata was observed by epifluorescent light microscope. Cell abundance was higher than 3 million cells per
liter.
Keywords: Adriatic Sea, Dinoflagellates, Toxic Blooms
Introduction
O. ovata is an epiphytic potentially toxic dinoflagellate ([1] and references
therein). Some Ostreopsis species can produce palytoxin that can accumulate
in the trophic web, thus representing a potential although so far undefined
sanitary risk [2]. Recently, Ostreopsis spp. produced blooms in the
Tyrrhenian and southern Adriatic Sea. These blooms have been related to
human health problems [3]. Monti et al. (2007) report the first record of O.
cfr. ovata in the Gulf of Trieste and close to the town of Rovinj (Croatia) in
October 2006. Up to summer 2009 in the Gulf of Trieste we have not been
aware of any bloom in the water column though the presence of this
dinoflagellate has been revealed by ARPA-FVG in several shallow coastal
sites of the gulf (Bulletins of the Institute for Environmental Protection and
Research - ISPRA). From June 2009 to July 2009 ARPA-FVG carried out a
study in the Gulf of Trieste in order to investigate the hydrological and
biological characteristics of the marine coastal water in relation to the presence
of this potentially toxic microalgae. In early autumn the presence of a bloom
of O. ovata was observed in a tidal pool in the coastal zone of the gulf. During
this event some water samples were collected in order to study the
composition and the abundance of the microalgal community and nutrient
composition. Hydrological parameters were collected as well.

monitored in the future considering carefully the health aspect.
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Material and Methods
On 29th September, 01st and 07th October 2009 water samples were
collected in a tidal pool in the Gulf of Trieste. During sampling temperature,
salinity and dissolved oxygen values were recorded using a multiparametric
Idronaut mod. 316 probe. The hydrological data have been submitted to a
quality control. Nutrients analyses were performed colorimetrically for
ammonium, silicate, phosphate, nitrate and nitrite using standard autoanalyzer
techniques [4]. The composition and the abundance of the microalgal
community were analyzed following UNI EN 15204 (2006) [5].
Results and Discussion
From the onset of O. ovata in the Gulf of Trieste the coastal area most
affected by the presence of this species has been a coastal zone known as
Canovella De’Zoppoli (Duino-Aurisina). This area is characterized by the
presence of a tidal pool well demarcated from the rest of the beach and in
contact with the open sea only during high tide. The tidal pool is characterized
by a pebbly bottom and it is sheltered from wind blowing and from wave
actions by a natural reef; its depth ranges between 0.2 and 1.5 m. Macroalgae
are almost absent. During the microalgal bloom a mucilaginous brown pellet
coated all the pebbly bottom and some brown macro-aggregates were floating
on the water surface. Water surface temperature was 22.3°C and dissolved
oxygen reached 142% of saturation. The high values of oxygen saturation were
probably due to the elevated photosynthetic activity of the microalgal
community. The microscopic analyses revealed the prevalence of O. ovata.
The highest abundance of the dinoflagellate was 3076416 cells per liter in the
water in contact with the pebbles previously rubbed, 2636928 cells per liter in
the surface water of the tidal pool and 46800 cells per liter in the surface water
picked up in a small dock adjacent to the tidal pool. The geomorphological
characteristic of the tidal pool, its sheltered position from the wind and wave
action, together with the good weather conditions with windless and cloudless
sky that occurred for a period before the appearance of the bloom, have
probably supported the development of O. ovata that found in this site the
ideal conditions for its proliferation. As soon as weather conditions changed
the bloom abruptly decreased. Fortunately swimmers usually attend the
surrounding areas and very little this one affected by the phenomenon and
thus the health risk appears to be reduced. Mussel culture are more than 200
m away from the site and sampling at the water column near the culture have
detected insignificant abundance of O. ovata. Notwithstanding the site will be
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Abstract
Our study investigated survival and virulence of Escherichia coli O55:B5 incubated in brackish water microcosms (Bizerte lagoon,
northern coast in Tunisia). Thus, Microcosms were exposed to natural sunlight or maintained in darkness. Results showed survival
time prolonged for strain maintained in darkness with modifications in biochemical profiles. Virulence, studied using vero cell test, was
maintained during brackish water survival.
Keywords: Bacteria, Brackish Water, Pathology
Introduction
Survival of enteric bacteria reviews pointed out solar radiation and osmotic
stress as the most alteration factors of bacteria (Rozen and Belkin, 2001).
Else, enteric bacteria survival in seawater depends on their ability to retain
their virulence characteristics (Du et al., 2007). Here we tried to test the
survival of virulent enterobacteria.
Materiel and methods
A cell suspension of E.coli O55:B5, washed three times, inoculated in
microcosms (≈106 cells mL-1) during the period from 18 to 30 April, where
microcosms were exposed to sunlight (12 days) or maintained in dark
condition (21 days). The total number of cells (TC) and the altered cells (AC)
were counted by using respectively the DAPI (4', 6-diamide-2-phenylindoleSigma) and the Live/Dead® BacLight™ kit. The virulence of E.coli was
studied using the vero cell test (Al-Gallas et al., 2002).
Result and discussion
In light conditions experiment (Fig.1a), TC abundances decrease was not
significant. By the end of 12th day, abundances were lower than 10cfu mL-1
on TSA agar and 1cfu mL-1 on DL agar. Else, the AC increased during at first
of experiment and then stabilized. In darkness, TC abundances showed limited
decrease (Fig.1b). Culturable counts decreased progressively and stabilized at
a high level (105 cfu mL-1) by the 9th day, with slow increase in abundance of
AC until the 4th day. The membrane alteration process appeared to affect the
E.coli strain in light and in darkness (lower fraction of cell population)
conditions. Membrane alteration involved the degradation of several vital
processes linked to the role of cytoplasmic membrane and depended mainly
on sunlight intensity (Fiksdal and Tryland, 1999). Nevertheless, we noted
limited changes in carbohydrates assimilation, for darkness experiments. E.coli
conserved its capacity to survive in non-host environment which can give to
virulent serotype a competitive advantage compared to other E. coli serotypes
and may have severe consequences for human exposed to potential
contamination through shellfish consumption.

Fig. 1. Changes in culturable (CFU), total cell (TC) and altered cells (AC) of
E.coli O55B5 exposed to sunlight (a) and in darkness (b). TSA: Trypcase-soy
agar, DL: Desoxycholate Lactose agar

References
1 - Al-Gallas, N., Ben Aissa, R., Annabi, T.A., Bahri, O. and Boudabous, A.,
2002. Isolation and characterization of shiga toxin-producing Escherichia coli
from meat and dairy products. Food Microbiol., 77: 571-582.
2 - Du, M., Chen, L., Zhang, X., Li, A., Li, Y. and Wang, Y., 2007. Retention
of virulence in a viable but nonculturable Edwardsiella tarda isolate. Appl.
Environ. Microbiol., 73: 1349-1354.
3 - Fiksdal, L. and Tryland, I., 1999. Effect of U.V. light irradiation, starvation
and heat on Escherichia coli β-D-galactosidase activity and other potential
viability parameters. J. Appl. Microbiol., 87: 62-71.
4 - Rozen, Y. and Belkin, S., 2001. Survival of enteric bacteria in seawater.
Microbiol. Rev., 25: 513-529.

336
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)
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PROKARYOTES ON PAP SITE (NORTHEASTERN ATLANTIC OCEAN)
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Abstract
The aim of this work is to evaluate the capacity of deep-sea prokaryotes to degrade HMWDOM on the Porcupine Abyssal Plain site
(Northeastern Atlantic) under in situ conditions.
Keywords: Bacteria, Deep Sea Ecology, Organic Matter
Deep oceans represent one of the largest reservoirs of organic carbon on the
biosphere, mainly in the form of dissolved organic matter (DOM). DOM can
be divided in high molecular weight (HMW-DOM > 1000Da, representing
between 15 and 35% of total DOM) and low molecular weight (LMW-DOM
< 1000Da) size classes. Study of the biogeochemical cycle of DOM must be
improved in order to understand the interactions between marine prokaryotes
(Archaea and Bacteria) and marine organic matter, since they play a central
role in aquatic carbon cycle.
We synthesized tritiated exopolysaccharides (3H-EPS) [1] and incubated them
with natural deep-sea prokaryotes (2000m) at in situ pressure and
temperature conditions. We also examined the assimilation of 3H-Glucose and
measured Prokaryotic Heterotrophic Production (PHP, with 3H-Leucine). The
number of cells taking up tritiated Leucine, EPS and Glucose were determined
using microautoradiography combined with catalyzed reporter deposition
fluorescence in situ hybridization (MICRO-CARD-FISH).
The first results shown that deep-sea prokaryotes are able to degrade 3H-EPS,
assimilation rates being at the same range than in surface waters (assimilation
measured between 1.6 and 2.81 pmol.L-1 h-1). Using our high-pressure
retaining system [2], we found significant differences in assimilation rates for
all the substrates used between in situ and atmospheric pressure conditions. In
fact, assimilation rates of EPS, Glucose and Leucine were, respectively, 3.6,
3.4 and 2.3 times higher on samples under in situ pressure conditions than
decompressed one, confirming previous results obtained in Mediterranean
Sea.
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FUNCTIONAL DIVERSITY OF PHYTOPLANKTON IN THE MEDITERRANEAN SEA: ENVIRONMENTAL
FORCING ON CELL SIZE AND ECOPHYSIOLOGY
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Abstract
Size is a crucial biological trait that determines the metabolism and energy fluxes in cells through resources requirement and
acquisition, as well as the “susceptibility” of cells to environmental changes. The aim of our contribution is to do a synthesis of the
relations between size – pico vs nano+microphytoplankton – and environmental forcings that have been investigated in different
trophic conditions of the Mediterranean sea as well as from laboratory experiments. Different time and space scales are analyzed,
from the large basin scale to mixed layer or deep-chlorophyll maximum. A strong discrimination between picoplankton and the rest of
the community is highlighted both at the level of the ecological pattern and on their ecophysiological behavior.
Keywords: Phytoplankton, Pigments, Physiology, Biodiversity, Primary Production
Phytoplankton size ranges between 0.3 and more than 100 µm, classified as
picoplankton (<2-3µm), nanoplankton (3<20µm) and microplankton
(>20µm). Body size is a key-parameter in community ecology and probably
the most impacting functional trait for phytoplankton ecology. Both size and
ecophysiological diversity could have their relevance in the paradox of
plankton [1]. This adaptative character determines the efficiency of the algal
community function - as photosynthesis [2] - and the food web structure. At
a functional level, the broad range of sizes – resulting from adaptative
evolution - determines a high diversity of behaviors and acclimative responses
to environment forcing [3] and its variability over different scales. Tackling
with the question of cell size community structure means to deal with the
relation between ecosystem and cells at an energetic level [4]. The aim of our
contribution is to investigate the relations between phytoplankton size
community structure and environmental properties using a (photo-)
physiological approach. The questions we address are: How does size affect
the eco-photophysiological strategy developed by cells? and in which way
does the size-related strategy fit with the environmental properties and
variations? Data we are dealing with come from (i) experimental laboratory
studies aiming to investigate the photoacclimation capacities relatively to light
changes and the role of cell size on algal responses [3, 5] , and (ii) from the
Mediterranean sea field. The data we are analyzing cover a broad range of
trophic states and relevant scales for phytoplankton ecology, from the large
basin scale to the vertical distribution over the water column with emphasis on
mixed layer and deep-chlorophyll maximum. Data has been collected during a
trans-Mediterranean cruise carried out in summer 2007, mesoscale studies
performed in the NorthWestern Mediterranean sea (spring 2003), Northern
Adriatic sea (June 2003) and Strait of Sicily (1996) as well as from a
seasonally sampled fixed station in the South Tyrrhenian sea (2006-2009) and
over a daily cycle sampling program. Analysis mainly regards sizefractionated pigments (pico vs. nano+microphytoplankton), primary
productivity, hydrological and light environment and nutrient concentrations.
Contribution of picoplankton varied along trophic gradients over all the
investigated scales. Our results highlight significant differences of ecological
behavior between the two algal size classes (pico and rest of the community).
Picoplankton cells are no- or little limited by nutrient concentrations and these
cells appear to be much more able to cope with infra-diel light variations than
the greater cell size. That means that photosynthetic function is strongly
related to light field in the picoplankton group relatively to the greater cell
size. Ecological implications are that picoplankton distribution would be
mainly influenced by light (quantity and variability) and that is able to occupy
niches characterized by relatively high stressful conditions, in relation to
strong adaptation to these niches.

photoregulation dynamics of the picoeukaryote Pelagomonas calceolata in
fluctuating light. Limnol. Oceanogr., 54: 823-836.
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SEASONALITY OF DINOFLAGELLATES IN OLIGOTROPHIC ECOSYSTEM OF MIDDLE ADRIATIC
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Abstract
This study presents the first data on dinoflagellates composition in oligotrophic Tela šcica Bay, and it is a part of complex
hydrographical and biological investigation in the Middle Adriatic during 1999 -2000. The relative contribution of dinoflagellates to
microphytoplankton varied from 0 to 99.18%. Dinoflagellates dominated phytoplankton from late spring to beginning of autumn when
water temperatures over 20 °C prevailed.
Keywords: Adriatic Sea, Dinoflagellates, Salinity, Temperature
Introduction
Telašcica Bay is situated in the central part of the eastern Adriatic coast, in the
SE part of the island of Dugi Otok. It is 8200 m long and 150-1500 m wide,
with the total coast length of 68.78 km. Owing to well-indented coastline and
specific and diverse plant and animal life, this area was proclaimed the Nature
Park in 1988. Based on the annual microphytoplankton abundance, Telašcica
Bay may be classified as oligotrophic ecosystem [1].
Materials and methods
Phytoplankton samples were collected and hydrographic parameters were
measured monthly between November 1999 and October 2000 in Telašcica Bay
(except in February 2000). Surface samples were collected at three stations:
inland (T1), middle (T2), and outer (T3). Temperature, salinity and oxygen
saturation were calculated using standard oceanographic methods [2].
Phytoplankton counts were obtained at 200x and 400x magnification, using the
inverted microscope method [3]. PRIMER v5 software was used to calculate
the Margalef’s species richness index [4].
Results
Water temperature in Telašcica Bay ranged from 10.3 °C (January) to 24.9 °C
(July), with both the maximum and minimum at T1 (Fig. 1). Temperature rose
from April to July and began to fall down in September at all tree stations.
Salinity ranged from 37.9 in May to 38.9 in December, both at T2 (Fig. 1).
Dissolved oxygen concentrations ranged from 4.9 cm3 L-1 in September at T3 to
6.4 cm3 L-1 in June at T2 (Fig. 1).

Fig. 2. Annual distribution of dinoflagellates abundances (A) and their
relative contribution to microphytoplankton (B)

Altogether, 59 taxa of dinoflagellates were identified in Telašcica Bay. The most
abundant taxa (> 103 cells L-1) were: Gymnodinium spp., Gyrodinium sp.,
Oxytoxum variabile, Prorocentrum compressum, Prorocentrum micans,
Prorocentrum minimum, Prorocentrum triestinum, Scrippsiella sp. and
unidentified dinoflagellates. Prorocentrum compressum was the most dominant
species during the peak in June (1.7 x 104 cells L-1) . Margalef's species richness
index varied from 0 to 3.6 at all stations, with the highest value found at the
station T2 in August.
Conclusion
Dinoflagellates dominated the surface phytoplankton from late spring until
beginning of autumn, when temperatures higher than 20 °C prevailed in the
Telašcica Bay. In these months the contribution of dinoflagellates to total
MICRO was 48-99% at all stations, with smaller dinoflagelate (cell size < 40
µm), such as P. compressum, being the dominant taxa.
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Fig. 1. Map of Telašcica Bay (left) and annual distribution (right) of
surface temperature (A), salinity (B) and dissolved oxygen (C)

Microphytoplankton (MICRO, cells size > 20 µm) abundances, varied from
1.2 x 103 cells L-1 in September at T3 to 2.5 x 104 cells L-1 in April at T1.
Dinoflagellates were present in the Telašcica Bay throughout the whole
investigating period, except in November at T2 (Fig. 2). The relative
contribution of dinoflagellates to MICRO varied from 0 to 99.18% and from
May to September they were the dominant group in MICRO at all investigated
stations. Abundance of dinoflagellates ranged from 0 to 2.08 x 104 cells L-1
(Fig. 2), with the highest abundance encountered at station T2
(June2000).
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ANNUAL DISTRIBUTION OF NUTRIENTS AND PHYTOPLANKTON IN THE MARINE LAKE MIR (MIDDLE
ADRIATIC)
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Abstract
Phytoplankton and physical-chemical parameters were investigated in the marine Lake Mir special geomorphological phenomenon of
the Telašcica Nature Park. Nutrient limitation appears to have been important in defining the lakes ’ seasonal phytoplankton
composition. There was a predomination of small diatoms in spring and autumn, while dinoflagellate dominance began in May and
continued during summer. The phytoplankton abundance and biomass were similar those recorded in highly productive coastal Adriatic
areas and in the Mediterranean.
Keywords: Adriatic Sea, Nutrients, Phytoplankton
Introduction
There are several marine lakes along the Croatian coast and on the islands of
the eastern part of the Adriatic Sea. Phytoplankton succession and
community composition reflect the environmental conditions of the
ecosystem, among which the availability of nutrients play a significant role.
Changes in nutrient supply are often reflected in their ratios. Deviations from
nutrient ratios sufficient for a healthy growth of phytoplankton [1,2], either in
the nutrient availability or uptake indicate a potential for nutrient limited
phytoplankton growth. The present work reports the key environmental
variables, particularly nutrient ratios, as predictors of phytoplankton
abundance and structure.

September. In the water column doesn´t exist thermal or haline stratification
throughout the year. Oxygen saturation (O2/O2’) ranged from 0.74 to 1.43.
Regarding nutrients, nitrate (NO3) concentrations were low from June to
October. Despite the depletion of nitrate, nitrogen limitation was found only
in
July,
because
of
relatively
high
ammonium
(NH4)
concentrations. Phosphate (PO4) ranged from 0.02 to 0.19 μmol L-1 while
silicate (SiO4) ranged from 0.17 to 7.87 μmol L-1. Microphytoplankton
(MICRO) and nanophytoplankton (NANO) abundance ranged from 0.9 x 103
– 6.8 x 105 cells L-1 and 7.2 x 105 - 1.8 x 107 cells L-1, respectively. Three
peaks of MICRO were observed throughout the year (Fig.1). Domination of
diatoms (mostly Actinocyclus sp.) was evident during the peaks in November
1999 and April 2000, when temperature and salinity were low and nitrate and
ammonium were high. Dinoflagellates occurred in May and dominated the
lakes’ phytoplankton (65 - 95%) during the summer. Their dominance
coincided with higher temperature, salinity, PO4, and SiO4, but lower NO3. In
July 2000, the MICRO peak was dominated by dinoflagellates (mostly
Scrippsiella trochoidea). NANO was the dominant size fraction. The highest
values of NANO were recorded in April and August 2000. Autumn, winter
and spring provided an environment with low Si:N, while in summer Si:N, Si:P
and N:P values indicated that no depletion of nutrients occurred (Fig.2).

Results and Discussion
Marine Lake Mir is landlocked marine environment, situated on the southern
edge of Dugi Otok Island. The only communication with the adjacent sea is
through the system of subterranean caves and siphons. Physical-chemical
parameters and phytoplankton were collected monthly from November 1999
to October 2000. Parameters were determined by standard oceanographic
methods [3,4].

Fig. 2. Si:N:P molar ratios in Lake Mir. Molar quotients between in situ
concentrations of potentially limiting nutrients are delimited by Si:N = 1, N:P
= 16, and Si:P = 16 lines
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During the investigation period (Fig.1) the temperature ranged from 3.65 oC in
January to 27.55 oC in June, with annual temperature gradient of 24 oC.
Temperature rose from April to May and were more or less constant from
June to August. In September, the water column began to cool. Throughout
the year, the most of salinity values are greater than 39. in the summer period
the salinity values are extremly high (>40) with the maximal value of 44.36 in
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FIRST DATA ON THE BENTHIC ASSEMBLAGES OF HARMFUL MICROALGAL SPECIES IN THE GULF OF
TARANTO (NORTHERN IONIAN SEA)
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Abstract
The benthic assemblages of harmful microalgal species have been detected for the first time in the Gulf of Taranto (Northern Ionian
Sea).The most abundant species was Ostreopsis cfr. ovata, which was present in all the samples collected. The microalgal
association was mostly composed of Ostreopsis cfr. ovata, Coolia monotis, Amphidinium carterae and Coscinodiscus sp., and
showed features typical of both the Mediterranean and tropical assemblages.
Keywords: Algae, Toxic Blooms, Ionian Sea, Phytobenthos
Introduction
The biogeographical spreading of benthic dinoflagellates constitutes a major
issue since the majority of them are capable of producing toxins [1], and raises
questions about their origin and possible dispersal mechanisms [2, 3]. Among
these dinoflagellates, the most known species Ostreopsis have today exceeded
the biogeographical boundaries once considered for them (tropical and subtropical areas) and their presence in the Mediterranean Sea is actually welldocumented [4]. In the tropical regions Ostreopsis genera are usually found in
association with Gambierdiscus, Prorocentrum and Amphidinium species [5]. In
the Mediterranean Sea, the assemblages of Ostreopsis with Coolia monotis,
Prorocentrum lima and Coscinodiscus sp. [6, 7] have been detected. The aim of
this study is to describe for the first time the benthic assemblages of harmful
micro-algal species in the Gulf of Taranto (Northern Ionian Sea).

similar to that found in other Mediterranean coastal areas, such as the Catalan
[6], and the Northern Adriatic coasts [7]. Furthermore, the presence of
Amphidinium carterae, typical of the tropical associations, and observed along
the Southern Thyrrenian coast [9].has been confirmed also in the Nothern Ionian
Sea. In conclusion, the establishment of tropical microalgal associations, besides
the steady presence of “alien” species such as Ostreopsis ovata, seems to
confirm the ongoing process of Mediterranean “tropicalization”, even if the
presented data must be considered only preliminary.
Tab. 1. List and abundances of the microalgal taxa detected in the sediments of
the Gulf of Taranto.

Material and mehods
In August 2008 samples of sediment were collected from three stations, located
along the coastline of the Northern Ionian Sea (Mediterranean Sea) (1 = Mar
Piccolo of Taranto; 2 = Mar Grande of Taranto; 3 = Lido Bruno) (Fig. 1).
Samples of sediment (50–150 gr wet weight) were collected from depths
between 0.5 and 1.5 m, placed in plastic bottles with filtered seawater and kept
in the dark. In laboratory, sediment samples were vigorously shaken; the
material was then passed through 250 and 100 mm mesh sieves to remove large
particles, and was finally fixed with lugol’s solution. The sediment was dried
and then weighed. The fixed material was settled in 2–10 ml chambers for the
appropriate time according to Utermöhl’s sedimentation method [8]. Samples
were examined and counted with an inverted microscope. The epiphytic
abundance was expressed as cells gr-1 dry weight of sediment (dws).
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Fig. 1. Map of the Gulf of Taranto with sampling stations.

Results and discussion
The microalgal assemblages of sediments was dominated by dinoflagellates, the
most of them potentially toxic (Table 1). Ostreopsis cfr. ovata, which was
present in all the examined samples, reached the highest concentration at the stn.
3. The harmful dinoflagellates Coolia monotis, Prorocentrum lima and
Amphidinium carterae were also abundant. Among diatoms, the genera
Coscinodiscus and Nitzschia were important components of the assemblage.
The benthic microalgal association detected in the Gulf of Taranto (Ostreopsis
cfr. ovata, Coolia monotis, Prorocentrum lima and Coscinodiscus sp.) was
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Abstract
The abundance and distribution of actively respiring bacteria within the total prokaryotic community were estimated along the water
column in a coastal-offshore transect crossing the Tyrrhenian Sea during spring 2007. Specific fluorochromes (SyBr Green and 3,5cyano-dytolyl-tetrazolium chloride, CTC) were used to detect by flow cytometry the total prokaryotic community and the fraction of
actively respiring bacteria, respectively. Bacterial numbers were compared to those determined by epifluorescence microscopy.
Respiratory activity rates, leucine aminopeptidase and beta-glucosidase activity rates were also analysed, in order to relate the
abundance of living cells to their functional role in the ecosystem functioning.
Keywords: Bacteria, Tyrrhenian Se, Analytical Methods
by EPI varied between 8.25 x 103 (station 5, 50 m) and 1.79 x 105 cells ml-1
(station VTM, 25 m). CTC+ bacteria ranged from 9.45 x 102 (station VTM,
500 m) to 2.39 x 104 cells ml-1 (station 2, 1000 m); on average, they
represented 40.88% of TP. Spatial distribution of TP and CTC+ cells found
by EPI followed the same vertical patterns as FCM. CTC+ cells
predominated at station 2, accounting for over 70% of TP between 500 m and
1500 m. Significant relationships were always found between TP and CTC
counts by FCM (Pearson r: 0.975, 0.845, 0.881, P<0.01, stations VTM, 2,
and 5, respectively), since CTC+ cells belong to TP. Analysis of variance
performed on samples grouped according to the main water masses (surface
Tyrrhenian waters: 0-200 m, intermediate mixed waters: 200-1000 m, and
deep waters: > 1000 m), showed that CTC+ cells were significantly higher in
intermediate mixed layers than at surface (F= 4.751, P<0.05 for FCM). On
average, FCM counts were two orders of magnitude higher than EPI counts,
although no statistical differences were found between both the methods. At
station 2, TP and CTC+ counts by FCM correlated positively with
temperature (r= 0.818 and 0.836, P<0.01, respectively) and negatively with
salinity (r= -0.72 and -0.637, P<0.05, respectively); CTC+ cells correlated
negatively with oxygen (r= -0.851, P<0.01), suggesting its consumption during
respiration. No relationships between CTC+ cells and ETS activity rates was
generally detected, while CTC+ cells were related to LAP, β-Glu and AP
(station VTM, r=0.781, 0.702, 0.798, P<0.01).
Discussion
FCM method is a suitable approach to study the physiological state (i.e.
active respiration) of specific microbial populations which are active in the
organic matter biogeochemistry. Actively respiring cells in the examined
Tyrrhenian transect ranged in the same order of abundance as other marine
environments [3, 5]; they prevailed in the intermediate layers, suggesting their
distribution could be affected by water masses, like the Levantine Intermediate
Water. The lack of relationships between CTC+ cell numbers and ETS
activity rates confirms that cell abundance and activity may sometimes be
uncoupled, because CTC method detects only the most highly active cells [5].
FCM and fluorochromes could represent a powerful tool also for monitoring
bacterial cells for their living properties (enzyme activity, metabolism,
respiration) in clinical samples, helping to better assess their potential
pathogenic role.
Acknowledgements VECTOR Project was funded by the Italian Ministry of
University and Research.

Introduction
The determination of cell viability is a critical issue in assessing the role of
bacterial biomass in aquatic environments [1, 2]. Increased attention has
recently been paid in determining the fraction of bacteria that are metabolically
active and can be actively involved in biogeochemical cycles. Flow cytometry
(FCM) with specific fluorochromes used allow us to discriminate bacterial
cells according to their living attributes [2]. SyBr Green is a nucleic acid probe
to stain the total prokaryotic community (TP), which fluoresces in the green
range (maximum emission: 521 nm) of the light spectrum, when excited by a
488-nm wavelength light. The 5-cyano-2,3 ditolyl tetrazolium chloride (CTC)
is a redox stain conventionally used as a marker of actively respiring cells,
since in the presence of oxygen it is converted into formazan, which
accumulates as red fluorescing granules within CTC+ cells [3]. The search
aimed at evaluating, along a coastal-offshore transect crossing the Tyrrhenian
Sea, the distribution of actively respiring bacteria within the prokaryotic
community by FCM, in comparison with epifluorescence microscopy (EPI).
Materials and Methods
During April 2007, 31 seawater samples were collected by R/V
"Universitatis", at depths from 5 to 3250 meters, in an area of the central
Tyrrhenian Sea (Lat. 39°30’00’’N-Long. 13°30’00’’E to Lat. 40°36’30’’NLong. 14°08’30’’E). The study was carried out within the VECTOR
(VulnErability of the Italian coastal areas and marine ecosystems to Climate
changes and Their rOle in the Mediterranean caRbon cycle) Project. Three
stations (VTM, 2 and 5) were sampled; VTM was the most off-shore station
(maximum depth: 3450 m), about 80 nautical miles SW of Naples, while
station 5 was the most coastal one (maximum depth: 700 m). Before FCM and
EPI analysis, a 5-ml water sample was pre-filtered on a 100 μm-mesh size net
to prevent clogging of the flow cytometer. A 2 ml volume of the filtered
sample was stained with SyBr Green II (Molecular Probes, final
concentration: a 10-4 dilution of a 5 mg ml-1 stock solution) for 10 minutes in
the dark at room temperature. A 1-ml aliquot of the SyBr Green-stained
sample was added with a 5 mmol l-1 solution of CTC (final concentration;
Polyscience), and analysed using an Apogee 40 flow cytometer (Apogee Flow
Systems). Green fluorescence was collected in the FL1 channel(515-545 nm,
specific for SyBr Green); red fluorescence was collected in the FL3 channel
(650-690 nm, specific for CTC). The remaining 1 ml of the SyBr Green- and
CTC-stained sample was stored at + 5°C until EPI analysis, performed within
2 hours of sampling.For EPI method, the water sample was filtered on a
Nuclepore black (0.22 μm pore size) polycarbonate filter; the filter was
observed with a Zeiss Axioplan 2 epifluorescence microscope, equipped with
specific filter sets (blue light: BP 450-490, FT 510 and LP 520, for SyBr
Green+ cells; green light: BP 510-560, FT 580 and LP 590, for CTC+ cells).
On the same samples treated for FCM and EPI,temperature, salinity, oxygen,
fluorescence, extracellular enzymatic activities (leucine aminopeptidase, LAP,
β-glucosidase, β-Glu, alkaline phosphatase, AP) and microbial community
respiration by the Electron Transport System (ETS assay)[4], were measured.
Results
Temperature ranged from 13.39 to 17.79°C; salinity from 37.56 to 38.73. TP
counts obtained by FCM varied between 3.03 x 105 cells ml-1 (station VTM,
500 m) and 6.92 x 106 cells ml-1 (station 5, 100 m). CTC+ bacteria ranged
from 1.94 x 104 to 1.19x106 cells ml-1, recorded at station VTM (500 m) and
at station 2 (1000 m); on average, they accounted for 8.8 (station VTM) and
16.28% (station 2) of TP. At station VTM, a decreasing trend for both TP
and CTC+ cells was observed; an opposite distribution was found at stations
2 and 5. CTC+ cells were particularly abundant at station 2, between 500 and
1500 m, where values of 32.8-38% of TP were reached. TP counts obtained
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Abstract
The effect of Caulerpa racemosa var. cylindracea extract on ascorbate peroxidase activity and lipid peroxidation levels of Oryza
sativa seeds were determined.
Keywords: Aegean Sea, Biotechnologies, Enzymes
Introduction
Caulerpa racemosa var. cylindracea is one of the well-known invasive species
in the Mediterranean Sea. This seaweed showed invasive character and
observed in 13 Mediterranean countries after 1990 [1]. Seaweeds have various
vitamins, amino acids, trace elements and hormone-based compounds in their
tissues which are important for plant growth. Therefore, seaweeds extracts
can be evaluated as a natural organic fertiliser [2]. Reactive oxygen species
(ROS) are by-products of aerobic cell metabolism. ROS play vital roles in
various aging and disease processes. Unscavenged ROS can easily attack and
damage the important components of cell such as DNA, lipids and proteins
[3]. Ascorbate peroxidase (APX) transforms the hydrogen peroxide to water
via ascorbate. The disordered balance between oxidants and antioxidants is
resulted with peroxidation of polyunsaturated fatty acids of the cell
membrane. In these cases, antioxidant supplementation is needed for healthy
crops [4]. The aim of this study was to investigate the effect of Caulerpa
racemosa var. cylindracea extracts on APX activity and LPO levels in root
and leaf of Oryza sativa.

extract supplemented seeds showed lower LPO levels compared to control
groups. Therefore, it could be said that C.racemosa extract could be applied as
antioxidant booster in organic agriculture.

Fig. 2. The LPO levels of Oryza sativa root and leaf. Different letters above
the error bars indicate significant differences at p<0.05. The results are the
means of three different experiments

Material and Methods
C.racemosa was collected from Dikili-Izmir in May 2009. The seaweeds were
transported to the laboratory immediately, washed and then stored at -20 0C
until used. Seaweed fertilizer was prepared according to Sivasankari et al.’s
method [5]. Oryza sativa seeds were obtained from Ege Tarimsal Arastirma
Enstitüsü (Aegean Agricultural Research Institute) Izmir, Turkey. After
sterilization and soaked treatments, the seeds were watered with 15 ml 5%,
10%, 15%, 20% concentration of seaweed extracts every 24 h for 15 days in a
growth chamber (Nuve ID 501). The conditions of growth chamber were 25
0C and 55% humidity level. After 15 days, germinated Oryza sativa were
collected and 0.10 g of wet root and leaf were homogenized by adding 50 mM
2.0 ml phosphate buffer (pH 7.0). The activity of APX was measured
according to the oxidation of ascorbate in the presence of hydrogen peroxide
[6]. LPO level was estimated according to Zhu et. al. [7].
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Fig. 1. The APX activities of Oryza sativa root and leaf. Different letters
above the error bars indicate significant differences at p<0.05. The results are
the means of three different experiments

Results and Discussion
According to Figure 1 maximum APX activity was found in root of Oryza
sativa which was grown in the existence of 15% extract concentration (158.6 ±
1.9 IU/mg protein). As can seen from Figure 2 maximum LPO levels were
observed in control groups root and leaf however the minimum LPO levels
were found at 5% extract group. Abiotic factors are important sources of
ROS. In these abnormal conditions, ROS are increased in plant metabolism
and resulted in bad quality and low yield of agricultural product [8]. In the
literature there are many reports on the effect of seaweeds extract to the plant
growth. According to a recent paper, Caulerpa chemnitzia increases the
biochemical parameters of Vignia sinensis [5]. This report was also well in line
with the latter report. The present paper also revealed that C.racemosa
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Abstract
Lactic acid bacteria (LAB) collection was identified from enteric organs of healthy sea bass and sea bream cultured in tunisia. Thus
we charecterized mainly Enterococci group with predominance of E. faecium (53%) and E. faecalis (21%). E. sanguinicola, E.
casseliflavus, E. mundtii, E. gallinarum, E. pseudoavium, lactococcus lactis, Aerococcus viridans and Carnobacterium sp.
were also identified by 16S rDNA sequencing and comparing RAPD-PCR profiles. Further, we obtained clear discrimination within
species which were sensitive to vancomycin and resistants to others antibiotics tested.
Keywords: Aquaculture, Bacteria, Fishes
Introduction
LAB were described elsewhere as part of normal intestinal flora of fish and
reported acting as probiotics since they can be harmless bacteriocin-producing
bacteria and therefore may reduce the use of antibiotics in aquaculture [1]. The
Enterococcus were LAB of primarily human and animal gastrointestinal flora
which were introduced in farmed animals as biological control agents [2]. Here,
we present investigation results of LAB isolated from healthy farmed sea
bream and sea bass in Tunisia in order of to test their introduction as
probiotics for the most valuable local cultured fish species.
Materials and methods
Sixty healthy fish specimens of sea bass and sea bream were collected from
the greatest fish farm in southern zone of Tunisia (Monastir). Samples of skin
patches and intestinal contents were sterily removed, homogenised and diluted
in 0.9% saline solution and spread on MRS and M17 plates (Oxoid) before
isolation and phenotypic characterization by mean of standard tests (colony
and cell morphology, Gram stain, mobility, production of oxidase and
catalase) and miniaturized API50CH biochemical tests (BioMérieux, France).
Genetic characterization was performed using PCR-ribotyping of 16S rRNA
sequences using universal primers p8FPL(5’-AGTTTGATCCTGGCTCAG3’) and p806R(5’-GGACTACCAGGGTATCTAAT-3’). Further genetic
intra-specific characterization was performed by RAPD-PCR using M13
primer (5´-GAGGGTGGCGGTTCT-3´). In addition we test antibacterial
sensitivity of all the strains by classical agar diffusion method [3].
Results and discussion
From eighty-four LAB strains isolated of fish samples : 32 strains were from
skin and 52 from gut of both sea bream and sea bass. E. faecium was the most
frequent (53%), followed by E. faecalis (21%). E. sanguinicola (8 strains), E.
casseliflavus and Aerococcus viridans (each 3 strains) and E. mundtii, E.
gallinarum, E. pseudoavium, Lactococcus lactis and Carnobacterium sp. (each
one strain). The results obtained highlighted the first indigenous fish flora
description of E. faecalis, E. faecium and other enterococci not previously
considered [4]. Also, RAPD-PCR discrimination results were in agreement
with phylogenetic analysis based on 16S rRNA sequences. From another
view, Enterococcus isolates were sensitive to vancomycin and resistant to up
to 10 ATB tested. Increasing use of antibiotics should be considered as
principal cause of emergence for such resistance since supported by transfer
of plasmids and transposable elements within marine ecosystem [6]. Present
results should be considered in further to LAB investigation in fish both for
probiotic assessments and antibacterial resistance treatment in aquaculture.

Fig. 1. RAPD patterns of the sea bream (a) and sea bass (b) isolates obtained
by using the primer M13, and dendrogram obtained by UPGMA of
correlation value of merged normalised RAPD patterns.
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Abstract
Marine bio-fouling concerns any immersed structure. In order to specify fouling mechanism, we studied microbial communities and
bioactive interactions for biofilms obtained from an experimental disposal.
Keywords: Fouling, Bacteria, Diatoms, Biodiversity
Introduction
In seawater, immersed structures rapidly accumulate colonising organisms that
may range from microscopic bacteria to larger larvae or invertebrates. The first
stage of this biofouling consists on a biofilm formed by unicellular organisms
specially bacteria and microalgae [1]. Thus, we focused on these microfouling
communities formed on an immersed experimental system to analyse
biodiversity and potential biological activities.

Tab. 2. Antagonistic activity of
indologenes against pathogenic strains.

Methods
Bacteria and microalgae were isolated from immersed steel and glass plates
disposed in a shallow marine site (Bay of Carthage – northern coast of
Tunisia) [2]. Identification: Bacteria strains were specified basically on
cultural, morphological and biochemical identification while morphological
identification of fouling microalgae was realised on the basis of microscopic
observations. Antagonism test : Disc diffusion method [3] was used to detect
the potential antagonistic effect of all isolates against 15 sensitive bacteria
including fish and human pathogens.

fouling

bacteria Chryseobacterium

Results obtained were in accordance with previous studies, particularly for
the predominance of Pseudomonas sp. [4] in the bacterial community and
Licmophora sp. for microalgae [5].
Further experimentations are in progress for molecular speciation of
producers.

Results and discussion
A group of thirty one bacterial strains were isolated with predominance of
Gram negative (58%) mainly Aeromonas hydrophila and Pseudomonas
vesicularis (Table1).
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Tab. 1. Isolated microorganism from steel and glass plates.

Besides, 19 different species of microalgae, all diatoms, were identified with
dominance of: Licmophora and Nitzschia.
Antagonism test revealed interesting activities for one specie:
Chryseobacterium indologenes with large spectrum of activity mainly against
Staphlococcus aureus (Table 2).
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Abstract
In this study oil hydrocarbon degradation effect of 122 strains which were isolated from the coastal area of the Marmara Sea were
investigated. The highest oil hydrocarbon degradation effect with respect to pH and oil layer thickness was observed in the single
cultures of 112-Enterobacter sakazakii.
Keywords: Bacteria, Marmara Sea, Petroleum
Introduction
The fate of spilled oil in the marine environments depends on a number of
factors such as evaporation, dissolution, microbial degradation and photooxidation. Understanding the degradation capability of bacteria and selecting of
the most suitable oil degrading bacteria are important for bioremediation process
[1] In this study the bacteria which were isolated potentially hydrocarbon
polluted areas from the Marmara Sea were tested with respect to their oil
degradation effect with an aim to detect the best candidate strains for furthers
bioremediation studies.
Materials and Methods
The seawater samples were taken monthly from the four stations selected
among ports (M1), oil stations (M2), marinas (M3) and fisherman shelters
(M4) between July 2007 and June 2008. Isolates were identified [2] by API
20E and API 50 CHB (Biomereux, France). The single and mixed cultures of
strains were screened using the Minimum Inhibition Concentration tests (MIC)
with Batman crude oil (Figure 1). The isolates for which MIC values were
determined were incubated in a shaking incubator at 150 rpm during 30 days and
the ability of the isolates to degrade oil hydrocarbons was investigated by
recording the oil layer thickness and the pH values in 72 hours intervals [3,4].
Results and Discussion
The differences of petroleum layer (cm) and pH values between the first and
30th days are shown in Figure 2. 112-E. sakazakii was recorded as the best
candidate species between bacteria isolated from the studied area for
bioremediation studies. The thickness of petroleum layer decreased from 1,2 cm
to 0,2 cm in the single culture of E. sakazakii. In the single cultures of 111-E.
corrodens and 109-P. aeruginosa, mixed culture I (P. aeruginosa+B. subtilis+E.
coli), mixed culture II (P. aeruginosa+B. subtilis+V. fluvialis) the layer decreased
from 1,2 cm to 0,4 cm. The petroleum layer thickness decreased from 1,2 cm to
1 cm in the single culture of 109-B. cepace. Oil degradation abilities of the mixed
culture III (K. oxytoca+P. oryzihabitans+ P. mirabilis+E. sakazakii+E.
corrodens) and the single culture of 108-K. oxytoca, 107-A. hydrophila,106-C.
frenduii, 105-Providencia sp., have observed as low. The stocking of bacteria
able to degrade oil hydrocarbons constitute basic data for our further studies
intended to analytically determine which fractions of the oil was degraded by
these bacteria.

Fig. 2. The petroleum layer thickness (cm) and pH values of single and mixed
cultures
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Fig. 1. The MIC values of the isolates
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MICROBIOLOGICAL QUALITY OF THE STRIPED VENUS (CHAMELEA GALLINA) AND WEDGE CLAM
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Abstract
Microbiological quality of the economically important striped venus (Chamelea gallina) and wedge clam (Donax trunculus) were
investigated in the Marmara Sea. In this purpose, total coliform, fecal coliform, E. coli, Vibrio parahaemolyticus, and Salmonella
spp. of the clams were examined. In C. gallina total coliform, fecal coliform, and E. coli were below the limits of the Turkish
Fisheries Regulations and EC Shellfish Hygiene Directive. Similar results were obtained for D. trunculus, except for one station in
summer where E. coli were at the limit value. Although no Salmonella spp. were observed in both of the clams, V.
parahaemolyticus was found in clams during the summer season. As a result, E. coli and V. parahaemolyticus in the clams, regular
microbial monitoring of these species should be conducted in the Marmara Sea.
Keywords: Bivalves, Bacteria, Marmara Sea
Introduction
C. gallina and D. trunculus are the two most harvested and consumed bivalve
species in all over the world that are more abundant in Marmara Sea and western
Black Sea in Turkey. Bivalves are filter feeding and therefore tend to contain
microorganisms in their body. Due to different factors that may contaminate the
water column, pathogenic microorganisms may be harmful for human after
consumption of these clams. For the assesment of the risk for human, C. gallina
and D. trunculus were investigated for total coliform, fecal coliform, E. coli, V.
parahaemolyticus, and Salmonella spp. between February 2008 and January
2009 in southern Marmara Sea.
Material and Method
Samplings were conducted between February 2008 and January 2009 seasonally
from stations where natural stocks are found. C. gallina were sampled from five
stations namely Sevketiye (SV), Kemer (KM), Karabiga (KB), Gelibolu (GB)
and Bolayiralti (BA). D. trunculus were sampled from Karabiga (KB),
Denizkent (DK) and Cardak (CR). The samples were collected along the littoral
zone at 5 to 10 m depth using a mechanical dredge. Samples were stored at +4oC
and transported to the laboratory. Microbiological analysis of total coliform
(TC), fecal coliform (FC), E. coli, and Salmonella spp. (Sal) were conducted
according to FDA (1998)(1) and the analysis of V. parahaemolyticus (Vib) were
conducted according to FDA(2004)(2).
Result and Discussion
The results for C. gallina and D. trunculus are provided in Table 1 and Table 2.
Because of the risks to human health, many countries developed regulations
based on the microbiological analysis of the clams. According to the EC Shellfish
Hygiene Directive (91/492/EEC) and Turkish Fisheries Regulation (Annex 7),
tolerance levels for fecal coliform and E. coli in bivalves should be below 300
MPN/100g and 230 MPN/100g (3). According to FDA (US Food and Drug
Administration) and EPA (US Environmental Protection Agency) regulations,
the limit risk level for E. coli or fecal coliform is provided as 230 MPN/100g (4).
Salmonella spp. and V. parahaemolyticus should not be any present in shellfish
meat and fluid inside the shell. In this study D. trunculus had a E. coli value
(230EMS/100g) which is exactly as the limit value during summer in Denizkent
station and in the same station. Again, in summer, fecal coliform value
(290EMS/100g) was close to the limit value. When considering the other seasons
and bacteria groups, the bacteriological contents of clams were significantly
(p<0.05) higher in Denizkent station. In all stations and seasons the indicator
bacteria values in C. gallina were below the given limit values (3,4). Although
the pathogenic bacteria Salmonella spp were not found in any of the samples, V.
parahaemolyticus were found in D. trunculus speciesinthe Karabiga, Denizkent,
and Çardak stations during summer. In C.gallina species V. parahaemolyticus
was found in the Sevketiye and Kemer stations only once. As a result, in both
clam species microbial values increased with the increasing water temperatures
in summer. The reason of the increase during the summer season is due to the
domestic and industrial sewages besides the increase of human activity on the
shorelines. Although in most of the samples the increase of microbiological
values are not reaching the critical limits for human consumptions, the E.coli and
V. parahaemolyticus value observed at Denizkent for D. trunculus was reaching
the critical limit and therefore regular microbiological monitoring of the species is
suggested.

Tab. 1. Levels of microorganisms determined in D. trunculus at different seasons
and stations

Tab. 2. Levels of microorganisms determined in C. gallina at different seasons
and stations

>
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LUMINOUS BACTERIA CHARACTERIZATION IN MEDITERRANEAN SEA WATERS
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Abstract
To investigate luminous bacteria distribution in the Mediterranean Sea a multiyear study (2000-2009) was carried out in several areas
from W to E (Gibraltar Straits - Crete Island), during several oceanographic cruises carried out in various seasons. By means classical
identification pathways and molecular analyses (PCR, sequencing, etc) was carried out a taxonomic characterization from ca. 800
bioluminescent strains isolated in several sampling sites. Photobacterium phosphoreum was the more representative strain in the
whole sampling area.
Keywords: Bacteria, Biogeography, Open Sea
Luminous bacteria (LB) are widely distributed and most abundant organisms
light-emitting and are ubiquitous in the marine environment. LB interest several
ecological niches: planktonic/free-living, parasitic, saprophytic, gut-symbiotic
and light organ-symbiotic ([1],[2]). There are some studies describing the
distribution and abundance of this group in the ocean ([3],[4]) but are very few
data on LB distribution in the Mediterranean region. However are not yet
perfectly known information regarding population dynamics, ecological function
and role. According to molecular characterization and phylogeny, 11 species
belonging to genera Vibrio, Photobacterium and Shewanella are reported to
gather marine luminous bacteria ([5]) that can be divided in four groups:
Shewanella group, Photobacterium group, Vibrio fischeri group and Vibrio
harvey group ([6]). To understand better the distribution and ecology of
luminous bacteria in the Mediterranean Sea, we examined over 3500 samples
from about 210 sampling stations from the Straits of Gibraltar to the Island of
Crete. Samples were filtered through a Millipore filter (0.47µm pore size),
sewed on Petri dishes containing SWC agar medium and incubated in the dark at
20°C. Luminous colonies from plates of sampled depths (ca. 800 strains) were
randomly selected, isolated and purified and 250, grown on replicates, were
employed for taxonomic analysis. Total genomic DNA of each bioluminescent
strain was extracted and PCR amplification of the 16S rRNA genes was
performed using the primers 16F27 and 16R1492. Results were grouped into 7
areas: Gibraltar-Alboran, S-W Mediterranean, N-W Mediterranean, Sicily
Straits, Tyrrhenian Sea, Ionian Sea, E Mediterranean. In the whole studied area
P. phosphoreum (66.5%) was the most representative, whereas V. fisheri and V.
harveyi presented values of 9,0% and P. leiognathi 8.5%. Other isolated strains
belonged to S. woodyi (4.6%), P. profundum (0.5%) and unidentified strains
(1.9%). Collected results (Fig.1) showed a significant geographical difference:
the abundance of P. phosphoreum decreased moving from west to east, while V.
fisheri and V.harveyi showed an opposite behavior. As far as vertical
distribution is concerned, P. phosphoreum showed a wide distribution along the
water column preferring the batypelagic layer (800m-bottom) while V. fisheri,
did not found below 800m depth.

987.
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Taiwan. J. Microbiol. Immunol. Infect., 40: 14-23.
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Fig. 1. Luminous bacteria strains distribution in Mediterranean Sea
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DISSOLUTION OF BIOGENIC SILICA IN ADRIATIC WATER MASSES
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Abstract
Dissolution of diatom biogenic silica (BSiO2) and its control by prokaryotic activity were investigated in different Adriatic water
masses.
Keywords: Adriatic Sea, Biokinetics
In the Adriatic sea, diatoms are the most important primary producers and
represent the basis of pelagic and benthic coastal food chains. Orto-silicic acid
[Si(OH)4] is an essential requirement in the formation of diatom frustules and
its availability depends on both external inputs and internal recycling. Although
the recycling of biogenic silica (BSiO2) at the sediment-water interface has
already been quantified in different environments (1), very little is known about
the processes of the silica cycle that occur along the water column, particularly
below the euphotic zone. The silica cycle in Adriatic coastal ecosystem is now
receiving much attention, because the increased P limitation conditions is
changing the chemical composition of coastal waters. This may favour drastic
modifications to phytoplankton community structure. Current biogeochemical
models assume biogenic silica dissolution to be controlled by temperature,
zooplankton grazing and diatom aggregation (2) but the role of prokaryotes has
not been well established. Prokaryotes utilize the organic matter derived from
primary production by varied strategies, including attack on dead and living
diatoms by using hydrolytic enzyme, and could hasten silica dissolution by
degrading the organic matrix which protects diatom frustule from dissolution.
Here we report the results of experiments carried out on three Adriatic waters in
which we measured BSiO2 dissolution kinetics and prokaryotic enzymatic
hydrolysis. During an oceanographic cruise carried out during December 2007
on bord on Dallaporta CNR vessel, we sampled three different waters (surface SW, Adriatic Deep Waters - AdDW, Modified Levantine Intermediate Waters MLIW) in the southern Adriatic basin. 50 L microcosms were incubated under
controlled temperature and BSiO2, POC, Si(OH)4 concentrations were
analysed at different time intervals. Additionally, the diatom and prokaryotic
abundances were detected. Since of the organic matrix is a key biochemical
mechanism regulating diatom-silica recycling, we measured protease activity
and calculated the enzyme kinetics in order to verify if different environmental
conditions induce a variation in the conformation and thus in the efficiency of
the enzymes produced. The results showed a fast increase in Si(OH)4 inside
the deep and surface waters associated to an increase in enzymatic activity.
Prokaryotes mediate potentially rapid but highly variable silicon regeneration
rates enhancing the role of microbial loop on diatoms production and their
biogeochemical fate in the Adriatic ecosystem.

Fig. 2. Time evolution of aminopeptidase activity (AMA) (nM h-1 )
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Fig. 1. Time evolution of dissolved silica(µM)
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ISOLATION OF HOT SPRING CYANOBACTERIA FROM IZMIR AND COMPARISON OF
PYCOBILIPROTEINS
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Abstract
Cyanobacteria (blue-green algae) strains were isolated from hot springs area of Seferihisar, Zeytindali, Sifne -Izmir, Turkey.
Filamentous cyanobacteria are rich source of phycobiliproteins. Phycobiliproteins located in the thyllakoid membranes of the cells, are
functional light harvesting protein-pigment complexes, while the membrane-bound chlorophyll protein complexes were hardly impaired
as demonstrated by SDS polyacrylamide gel electrophoresis. In this study, the filamentous cyanobacteria are isolation and cultivated
crude extracts are obtained from phycobiliprotein after harvesting.
Keywords: Cyanophyta, Cyanobacteria, Pigments
Introduction
Blue-green algae (cyanobacteria) are prokaryotic microorganisms and have
many beneficial features; they are very nutritive and have therapeutic effects
such as immuno enhancing [1], [2] antioxidant, antiviral [3], and
antiinflammatory effects [4]. In this study, the phycobiliprotein of
filamentous cyanobacteria, isolated from different hot spring area in IzmirTurkey, was isolated and cultivated. In a previous study carried out with
protein content of the extracts. After cultivation of cyanobacteria biomass,
crude extracts were obtained from all species.

Communications, 304, 385-392.

Materials and Methods
Isolation was done by plating on to Blue-Green Algae Medium (BG-11)
containing 1.5 % agar. Individual cells were picked up and inoculated into the
liquid medium. Protein contents of the extracts were determined by Bradford
methods [5]. Sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDSPAGE) was carried out according to Okadjima et al. (1993) using a 12.5%
polyacrylamide gel and Brilliant Blue R was used for visualization the
proteins.
Result and Discussion
The number of species of microalgae is estimated at 22.000 to 26.000,
however only a little part of these organisms have been studied in detail with
regard to their biochemistry and ecophysiology [7]. Cyanobacteria(blue-green
algae) play an important role for being the only source of the blue pigment
phycocyanin, and since Spirulina is a very rich source of valuable chemicals,
particularly C-PC, commercialized for its use for medical purpose[8]. This is
the first study on a purified from hot spring isolate of cyanobacteria. Isolation
and cultivation of the cyanobacteria from these samples, three different media
were tested. It was observed that isolated colonies from each medium grew
best in BG-11 medium. Consequently, four different filamentous
cyanobacteriae strains were isolated on BG-11 medium. The crude extracts (15) were confirmed by SDS-PAGE (Fig 1).
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PHYTOPLANKTON ASSEMBLAGES AND DENSITY IN THE MONTENEGRIN COASTAL SEA
Dragana Drakulovic 1* and Nenad Vuksanovic 1
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Abstract
The Montenegrin coast is influenced by extensive use of the littoral zone and increasing development of tourism. All these changes
cause increased eutrophication. We studied microphytoplankton assemblages from April to September 2009 in Boka Kotorska Bay
and the Montenegro coast. The highest values of microphytoplankton density and some species indicators of eutrophication were
found in the inner part of Boka Kotorska Bay.
Keywords: Coastal Waters, Plankton, Adriatic Sea, Eutrophication
Introduction
Boka Kotorska Bay is a part of the Montenegrin coast, located in the
southeastern part of the Adriatic Sea. Due to its structure, values of some
parameters indicators of eutrophication level are high enough to classify the
region region as eutrophic.
Materials for investigation were collected from April to September 2009 in
monthly intervals at 15 stations in the inner part (Kotor Bay and Risan Bay),
middle part (Tivat Bay), outer part (Herceg Novi Bay) of Boka Kotorska Bay
and outside the Bay, in the open sea (Fig.1). Samples were taken using 5l Niskin
bottles on three depths (surface, middle and bottom). Microplankton abundance
was determined using a Leica inverted microscope [1]. Chlorophyll a
concentration was determined by measurement of absorbance with a PerkinElmer spectrophotometer and calculation according to Jeffrey et al. [2].

Fig. 2. Means values of microplankton abundance

Diatoms dominated the phytoplankton community throughout the study
period period with maximum on surface (2.51 x 106 cells L -1) in July.
Abundance of dinoflagellates increased in summer, but diatoms were the most
abundant. Some species appeared throughout the study. Some of them are:
Thallasionema nitzschioides, Pseudonitzschia spp., Prorocentrum micans,
Gymnodinium spp. Concentration of chlorophyll a in August was 2.675 mg/m3,
when the fourth peak of microplankton abundance occurred. In July
concentrations were lower (from 0.80 to 1.69 mg/m3). These changes can be
explained by different photosynthetic activities, in different cell size fractions,
and different phytoplankton composition [4].
Fig. 1. Investigated area

Conclusion
Maximum values of phytoplankton abundance and diversity in the summer
period were caused by untreated sewage waters. The change of environmental
conditions due to human activities in the Montenegrin coast are rapid, and
permanent seawater monitoring is necessary.

Results
Oxygen saturation was positively correlated with microplankton abundances.
Maximum values (from 115.7% to 125%) were found in July. The largest mean
value of microplankton abundance was found in July (8.40 x 105cells L-1). Also
in July we noticed two more peaks (3.86 x 105 and 3.08 x 105cells L-1). The
fourth peak occurred in August (3.05 x 105 cells L-1). All peaks were found in
the summer period in the inner part of Boka Kotorska Bay. Outside the Bay
values were lower, with maximum abundance of 7.84 x 10 4 cells L-1 in the
mouth of Bojana river. On the surface layer maximum microplankton
abundances were on the order of 106, as it is present in the other eutrophic
region [3].

References
1 - Utermohl C.,1958. Zur Vervollkommnung der quantitativen Phytoplankton
Methodik. Mitt. Int. Ver. theor. angew. Limnol.,9:1-38.
2 - Jeffrey S. W., Mantoura R.F.C., Wright S.W., 1997. Phytoplankton
pigments in Oceanography. UNESCO, Paris.
3 - Regner D., Vuksanovic N., Stjepcevic,B., Dutina M., Joksimovic D., 2002.
Sea-water quality and level of eutrophication in the Montenegrin coastal sea.
Stud. Mar., 23,1: 71-78.
4 - Krivokapic S., Stankovic Ž., Vuksanovic N., 2008. Seasonal variations of
phytoplankton biomass and environmental conditions in the inner Boka
Kotorska Bay (eastern Adriatic sea). Acta Bot. Croat. 68, 1: 45-55.

351
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

LE PHYTOPLANCTON TOXIQUE AU NIVEAU DU GOLFE DE GABES DURANT QUATRE CAMPAGNES
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Abstract
Cette étude a révélé la présence de 18 espèces toxiques appartenant aux groupes des dinoflagellés et des cyanobactéries dans le golfe
de Gabes. Les cyanobactéries toxiques sont composées d’une seule espèce "opportuniste" Pseudoanabaena galeata qui représente
11% du phytoplancton total et 74% du phytoplancton toxique. 17 espèces de dinoflagellés toxiques forment à elles seules 5% du
phytoplancton total et 36% du phytoplancton toxique. L’espèce Karenia selliformis représente 18% du phytoplancton toxique. La
dynamique de ces différentes espèces toxiques est fortement dépendante des conditions hydrologiques dans le golfe de Gabès.
Keywords: Gulf Of Gabes, Phytoplankton, Hydrography, Toxic Blooms
Introduction
Le développement des blooms phytoplanctoniques contribuant à la formation
des eaux colorées est en expansion tant par leur nombre que par leur fréquence
et intensité [1]. Les eaux colorées sont nocives à la santé humaine, notamment
lorsqu'il s’agit d’un développement d’espèces phytoplanctoniques toxiques
[2], [3]. Les efflorescences d’algues toxiques ont été décrites en Méditerranée
[4] notamment dans le golfe de Gabès depuis 1935 [5]. Dans cet écosystème,
une prolifération excessive d'une cyanobactérie Oscillatoria sp. récemment
appelée Trichodesmium erytreum a été observée au mois de juillet 1988 [6].
Matériel & Méthodes
Dans le cadre d’un projet intitulé "POEMM (LR02INSTM04" quatre
campagnes d’échantillonnage à bord du navire de recherche océanographique et
halieutique ‘Hannibal R/V’ ont été réalisées à différentes périodes de l’année
(juillet 2005, mai-juin 2006, septembre 2006 et mars 2007) [7]. Durant chaque
campagne, 30 stations ont été prospectées afin de réaliser une étude qualitative
et quantitative des communautés phytoplanctoniques toxiques. L’étude
qualitative et quantitative du phytoplancton a été réalisé en utilisant un
microscope à phase inverse selon la méthode d’Utermöhl [8].
Fig. 1. Abondance relative des différentes espèces phytoplanctoniques
toxiques au niveau du golfe de Gab ès durant quatre campagnes
d’échantillonnage (2005-2007)

Résultats & discussion
L’étude qualitative et quantitative du phytoplancton total a montré la
présence de 172 différentes espèces appartenant à 7 groupes [7]. Au cours de
cette étude, nous avons identifié 18 espèces toxiques, appartenant
essentiellement aux groupes des dinoflagellés et des cyanobactéries et qui
représentent respectivement 5 et 11% du phytoplancton total. Les
cyanobactéries toxiques, représentés par l’espèce Pseudoanabaena galeata,
constituent 74% de la flore cyanobactérienne totale (Figure 1). Les
dinoflagellés constituent 36% de l’abondance totale du phytoplancton toxique.
Ils sont composés de 17 espèces toxiques dont la plus importante est Karenia
selliformis qui représente 18% de la totalité des espèces toxiques (Figure 1).
La thermocline (mai-juin 2006) est caractérisée par une nette dominance de
Pseudoanabaena galeata représentant 88% des espèces toxiques (Figure 1).
Cette espèce reste aussi dominante (71%) avec l’établissement d’une
stratification thermique (juillet 2005) ; mais, suite à l’augmentation de la
température, une stratification thermique s’est installée en septembre 2006, et
nous avons observé une nette dominance de Karenia selliformis (74% des
espèces toxiques). En revanche, Pseudoanabaena galeata montre une faible
abondance ne dépassant pas les 0,5% des espèces toxiques. Le même résultat
est observé dans le golfe de Gabès en octobre 2000, où 10 espèces toxiques
sont présentes dont Karenia selliformis est la plus abondante [9]. Néanmoins,
d’après Turki et al. [9], une faible densité de l’espèce toxique Karenia a été
observée dans le nord-est du golfe de la Nouvelle Zélande. Lorsque la colonne
d’eau est bien mélangée (mars 2007) on note une abondance excessive de
Pseudoanabaena galeata (88% des espèces toxiques). Le même phénomène
s'est manifesté dans différentes zones du golfe de Gabès durant les années 90
[5].
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DETECTION OF ANTIMICROBIA ACTIVITY IN SPONGE SPECIES FROM TUNISIAN COAST (CENTRAL
MEDITERRANEAN)
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Abstract
To investigate antibacterial activities in sponges, we test 53 samples collected from different areas in Tunisian coasts. Three species
(hymeniacidon sp, Fsciospongia sp and Aplysina aerophoba) shown antibacterial activities against several Gram neagtive pathogen
bacteria. Sponge species represent source of several antibacterial compounds.
Keywords: Coastal Waters, Bacteria, Biotechnologies
Introduction
Sponges were described as source of different bioactive compounds (antiviral,
antitumoral, antibacterial..etc) with great benefit for pharmaceutical industry.
Previous studies highlighted antimicrobial activity of sponges and pointed them
as most significant invertebrate producers [1]. Here we report results of
antimicrobial activities revealed from Tunisian sponge species.

1 - Mohapatra B., Bapuji R. and Sree A., 2003. Production of industrial
enzymes (Amylase, carboxy-methyl cellulase and protease) by bacteria isolated
from marine sedentary organisms. Acta of Biotechnology., 23-1: 75-84.
2 - Lee Y.K., Lee J-H. and Lee H.K., 2001. Microbial symbiosis in marine
sponges. Journal of Microbiology, 39-4: 254-264.

Materials and methods
Sponges (53 samples) were collected in shallow coastal water (2 and 6m) from
different Tunisian coastal areas. Their identification was based on morphology
of spiculs and microscopic observations of their skeletal structures. Extraction
of their bio products was realized using 2 solvents: acetone and methanol. All
extracts obtained were tested by diffusion method against different bacterial
species: Vibrio alginolyticus, Pseudomonas aeruginosa, Aeromonas hydrophila,
Escherichia coli and Salmonella Typhimurium.
Results and discussion
Sponges collected (53 samples) belonged to order of Dictyoceratida and were
subdivided in 4 families: Irciniidae, Thorectidaes, Halichondriidae and
Spongidae. Three isolated species shown large inhibition of bacteria:
Hymeniacidon sp, Fasciospongia sp and Aplysina aerophoba with strong
activities on all pathogens tested.
Inhibition obtained was variable depending on bacteria species, category of
solvent and sampling areas. Thus, most significant activity was reported for
Fasciospongia sp on Salmonella typhimurium using acetone solvent extract.
Such results were in agreement with [2]. Depending on sampling area,
Fasciospongia sp from Kerkennah and Hymeniacidon sp from Salammbô have
most significant activities compared respectively to those of Bahiret El Biban
and Korbous. Since local sponge species seemed to harbour interesting
bioactive components, we continue further investigations on the specific
bioactive compounds and their eventual relation with epibionts.

Fig. 1. Identification of antibacterial activity of Hymeniacidon sp from
Salammbô and Korbous against different bacterial species. M: Methanol
extracts, A: Acetone extracts
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Abstract
Salmonella enterica ser.Typhimurium a été identifiée par utilisation de la technique PCR Multiplex chez la palourde Ruditapes
decussatus et comparée aux souches de référence C52 et LT2. Leur virulence a été mise en évidence par tests de cytotoxicité.
D’après les résultats obtenus, un même sérotype présente deux profils différents de pathogénicité et le titre de cytotoxicité chez les
Salmonelles Typhimurium isolées du milieu naturel demeure relativement élevé.
Keywords: Bacteria, Bivalves, Gulf Of Gabes
Introduction
Un nombre considérable de gènes (de l’ordre de quelques centaines) doivent
être mobilisés par Salmonella Typhimurium pour échapper aux mécanismes de
défense de l’hôte. Les facteurs de virulence spécifiques sont codés par des îlots
de pathogénicité (un à plusieurs gènes associés à la virulence), en plus des îlots
génomiques [1], [2]. Cette étude décrit l’identification de S. Typhimurium par
des gènes de virulence, grâce à la technique de PCR multiplex.
Matériel et méthode
Extraction de l’ADN chromosomique: L’extraction de l’ADN génomique est
effectuée selon le procédé de « boiling method » à partir de cultures
bactériennes de Salmonella enterica serovar Typhimurium dont six sont isolées
à partir de la palourde Ruditapes decussatus et deux sont des souches référence
respectivement S. Typhimurium C52 et S. Typhimurium LT2 [3].
L’amplification génique par PCR multiplex : trois paires d’amorces ont été
choisies, PhoP, Hin et Hli, donnant respectivement des bandes de 299 pb, 236
pb et 173 pb. Test de cytotoxicité : le surnageant des cultures bactériennes qui
contient les toxines est mis en contact avec des Cellules Vero, cette suspension
est incubée à 37°C dans une atmosphère à 5% de CO2 pendant 48 à 72 h [3].

Fig. 1. Profil électrophorétique des îlots de pathogénicité de Salmonella
Typhimurium. 1-6: S. Typhimurium isolées de la palourde; 7: S. Typhimurium
C52; 8: S. Typhimurium LT2

References
Résultats et Discussion
Les résultats de la caractérisation moléculaire de Salmonella Typhimurium sont
résumés dans le tableau 1. L’amorce PhoP amplifie une région de 299 pb, cette
amorce non spécifique des Salmonelles, caractérise également la présence de
coliformes. Les amorces Hin et Hli, spécifiques des gènes impliqués dans le
contrôle du système de variation de phase chez les Salmonelles, amplifient
respectivement une région de 236 pb et 173 pb. Une seule de ces bandes suffit
pour détecter une Salmonella Sp. (Figure 1). Ces résultats sont concordants
avec les travaux de Ben Salem [4] et l’étude de Way et al. [5].
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Pepper I.L., 1993. Specific detection of salmonella spp. by multiplex
polymerase Chain Reaction. App. Environ.Microbiol. 59: 1473-1479.

Tab. 1. Caractérisation de Salmonella Typhimurium isolées à partir de la
palourde Ruditapes decussatus
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PHYTOPLANKTONIC COMMUNITIES IN EUTROPHIC COASTAL LAGOONS OF THE NORTHERN
ADRIATIC SEA, ITALY.
Chiara Facca 1*, Adriano Sfriso 1 and Sonia Ceoldo 1
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Abstract
Water column samples were collected in some coastal lagoons in the north-western Adriatic Sea (Italy) in order to evaluate the
phytoplankton taxonomic composition and cell abundance. These areas are strongly affected by anthropic exploitation and impacted by
industrial, agricultural and urban discharges. Except for the records of the Venice Lagoon, where monthly samplings were carried out
in two sites from March 2008 to February 2009, in the other basins the samples were collected twice in several stations. Flagellates
often represented the bulk of the community, whereas dinoflagellates were almost negligible. Diatoms were occasionally dominant in
spring or summer. Cell abundance varied between 0.39 and 30.5 x 106 cells/L.
Keywords: Phytoplankton, Nutrients, Lagoons
Introduction
The Italian coastline of the North Adriatic Sea displays a complex system of
lagoons (Fig. 1), which receives the river discharges from a wide, densely
populated and highly industrialized drainage basin. This determines high
nutrients and pollutant inputs. Even though the most exploited basin is the
lagoon of Venice, also the other wetlands present important anthropic activities;
in particular extensive and intensive aquaculture installations are renowned in
the area of the Po river delta lagoons. In order to describe and compare the
environmental conditions in that basins water samples were collected to measure
phytoplankton communities and nutrient concentrations.

concentration was >50 µM and it was due to Cylindrotheca closterium and
Nitzschia frustulum bloom. In a couple of basins in the Po river delta lagoon
system, the phosphorus concentrations were comprised between 5 and 25 µM
during the October 2008 sampling campaign, but the phytoplankton community
did not exceed 106 cells/L, probably because of the low light availability. In the
lagoon of Venice the community composition and cell abundance in the two
sampling sites appeared to have some interesting differences, mainly due to the
different depth and water circulation. The annual mean cell abundance was, in
fact, higher in the site near the canal (4.43 x 10 6 cells/L) than in the shallow
bottom area (2.80 x 106 cells/L). Moreover, both nanoflagellates and
Skeletonema marinoi blooms were more marked near the canals than in the
shallow bottoms, where Thalassiosira sp. and Cryptophyceae prevailed. In the
Po river delta lagoons, the highest abundance was observed in July 2009, due to
a equal contribute of flagellates and diatoms. Except for few cases, flagellates, in
particular unidentified nanoflagellates, were always the dominant group.
Dinoflagellates, on the contrary, never exceeded 2.4% of cell abundance, being
negligible in most of the records. Diatoms displayed high variability ranging
between 1.8 and 81.8%. It was observed that diatoms happened to be
significantly abundant in summer in the lagoons of Grado-Marano and Venice,
and in autumn in the Po river delta lagoons. Even though the species occurrence
was quite similar in all the studied sites, small colonial centric diatoms such as
Chaetoceros spp. prevailed in the Po river delta lagoons whereas in the lagoons
of Grado-Marano and Venice benthic diatoms seemed to be more frequent.

Materials and Methods
Water samples were collected in 19 stations in July 2007 and in May 2008 in
the Grado-Marano lagoon, which is characterized by high nitrate and mercury
inputs. In the lagoon of Venice the campaigns were carried out in two sites from
March 2008 to February 2009. The sampling stations were located between the
Venice historical centre, where a sewage treatment plant does not exist, and the
Porto Marghera industrial area. In the Veneto area of the Po river delta, water
column was sampled in 17 sites in October 2008 and in July 2009.
Phytoplankton was determined according the Utermöhl’s method [1] and
nutrients according the Strickland and Parson’s procedure [2].
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Fig. 1. Map of the study area. Circles marked the sampling basins.

Results and discussion
Phytoplankton cell abundance varied more or less in the same range in the
lagoons of Grado-Marano and Venice with minimum of 0.23-0.39 x 106 cells/L
and peaks of 17.5-22.1 x 106 cells/L. In the Po river delta lagoons, maxima
values reached up to 30.5 x 106 cells/L. Even though the samples were collected
in different periods and with different frequency, the results allowed to highlight
some particular conditions. In the case of the Grado-Marano lagoon, the highest
values was observed in July 2007 close to the river discharge, where nitrate

355
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

MICROBIAL DESULFURIZATION OF EGYPTIAN CRUDE OIL BY A YEAST STRAIN ISOLATED FROM OIL
POLLUTED SEA WATER
Laila Abdel Moneim Farahat 1* and Nour Shafik El-Gendy 1
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Abstract
Sulfides and thiophenic compounds specially Benzothiophene and Di-benzothiophene (BTs and DBTs) are the main sulfur types
present in crude oil and its distillates (diesel) where their removals are very difficult by hydrodesulfuri-zation (HDS). As an alternative
method is microbial desulfurization by Candida parapsilosis Nsh45, a locally isolated microorganism, from Egyptian hydrocarbon sea
water. It was found that it is very efficient to remove up to 82% of 12.400 ppm sulfur content in diesel oil and ≈75% from Belayim
mix crude oil, respectively keeping the calorific value unchanged.
Keywords: Biotechnologies, Petroleum, Pollution, Red Sea
Introduction
In Egyptian crude oil, sulfur content ranges between (0.04- 4.19 wt.%)
including DBTs and BTs and another thiophene compounds. The presence of
sulfur has been correlated with the corrosion of pipelines, pumping and
refining equipments. Hydrodesulfurization (HDS) is the current method used
for sulfur removal, which is not only energy and capital intensive but also
suffers from limitations in the removal of typical sulfur bearing aromatic
compounds such as (DBT) and its derivatives. Microbial removal of organic
sulfur from crude oil offers an attractive route because of the mild operating
conditions afforded by the biocatalyst [1] offering significant cost and safety
advantages. The first microorganism capable of S removal Rhodococcus
rhodochrous (IGTS 8) that selectively cleaves sulfur from DBT through the
4S’ pathway [2] In this work we study the BDS activity of a new isolated
yeast strain Candida parapsilosis N.Sh 45 [3] on DBT. It is then applied to
desulfurize diesel and crude oil comparing it with the standard strain
Rhodococcus erytrhopilis (IGTS8).
Experimental work: The experiment was done using sterilized oil and basal
salts medium (BSM) to study the ability of Candida parapsilosis NSh 45 to
grow and desulfurize egyptian diesel of initial sulfur content (12,400 ppm) and
Belayim mix crude oil (BX 2.76% sulfur). The desulfurization was carried here
with the ratio of oil/BSM 1/3 (v/v) at pH 7 and inoculation size 10%. The
cultures and the control oil were incubated at 30ºc and checking speed 200 rpm.
Diesel oil was subjected to GC-FID analysis. Sulfur removal was determined
using x ray sulfur meter (ASTM, D4294). Calorific value and dynamic
viscosity were also measured to determine the effective microbial treatment.
Results and discussions
Identifications of the metabolites using GC-MS suggested that NSh 45
metabolized DBT trough the 4S pathway. This result is in agreement to that
obtained by Baldy et al [4].
Biodesulfurization of Diesel oil: The effect of microbial treatment on diesel
oil was studied after 7 days of incubation. The GC –FPD chromatogram of
biodesulfurised diesel oil revealed extensive depletion of sulfur compounds
(mainly BTs and DBTs) across the entire boiling range of the oil, with BDS
potential of about 82% as shown in the figure.

Biodesulfurization of crude oil: The effect of microbial desulfurization
treatment of belayim mix 2.76% was studied after 7 days of incubation.
Gravimetric determination of asphaltene content showed a decrease in its
weight percentage associated with the decrease in sulphur content of the crude
oil. GPC data of the average molecular weight in the following table support
the above results where there was a general decrease in the average Mwt of
asphaltene fraction and decrease in the dynamic viscosity about 69.62% [5].

Tab. 1. Effect of crude oil BDS on; asphaltene and maltene ratios, asphaltene
Mwt and viscosity

Conclusion
It was found that Candida parapsilosis is very efficient to remove up to 82%
of 12,400 ppm sulfur content in diesel oil and approximately 75% from
Belayim mix crude oil with initial sulfur content of 2.76% compared to the
standard strain Rhodococcus erythopilis IGTS8 wich removed up to 46% and
64% from the diesel and crude oil respectively.
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Fig. 1. GC-FPD chromatogram showing OSC in diesel oil

356
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

PHOTOSYNTHETIC PIGMENTS IN MUCILAGE AGGREGATES AND SURROUNDING WATER IN THE
NORTHERN ADRIATIC
Vesna Flander-Putrle 1* and Alenka Malej 1
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Abstract
Massive amounts of mucilage aggregates have been observed in different marine environments worldwide but the northern Adriatic
seems to be most severily affected. Our observations indicated that the phenomenon passed through a characteristic “life cycle” and
variable phytoplankton composition assessed by pigment biomarkers (HPLC). The number of phytoplankton groups decreased as the
aggregates aged and diatoms increased in relative biomass (up to 92.7 %). Phytoplankton biomass in seawater was similar in years
with and without mucilage. Significantly higher contributions to the total biomass of 19 ’-hexanoyloxyfucoxanthin-containing
phytoplankton (prymnesiophytes) were found in the upper 10 m preceding the mucilage phenomenon, followed by prevalence of
diatoms in summer.
Keywords: Adriatic Sea, Mucus Aggregates, Phytoplankton, Pigments
April-May due to the high contribution of 19'-hexanoyloxyfucoxanthincontaining phytoplankton - prymnesiophytes. Later on (in June) we observed
the beginning of mucilage formation, but due to the weather conditions that
followed, with summer storms and strong winds, the mucilage phenomenon
did not develop.

Introduction
Several types of aggregates are observed in the northern Adriatic.
Occasionally, masses of mucilage remained suspended in the water column of
the northern Adriatic for up to several months during the summer stratified
season (from May to September). Calm weather favours aggregation, whereas
intense mixing during strong north-easterly winds can cause a decay of the
event during its early phase. Eventually, mucilage accumulates on the shores
and bottom and generally disappears by autumnal vertical mixing although
recently it was observed also in other seasons. The main goal of our research
was to elucidate and quantify the composition of the phytoplankton
assemblages in the different types of macroaggregates.

Discussion and conclusions
The mucilage phenomenon shows an evolution [2]. Weekly or more frequent
observations during the summers of 1997, 2000, 2002 and 2004 indicated that
the phenomenon passed through a characteristic “life cycle”. Phytoplankton
composition in loose mucilaginous aggregates above the thermocline at
different periods was very similar, indicating that fresh mucilage may form in
the upper water column over a period of several weeks to months. The loose,
web-like mucilage that developed earlier in the sequence of mucilage formation
seemed, therefore, to be a favourable microenvironment for the development
of autotrophs, resulting in higher chlorophyll a per dry mass in the more
compacted mucilage clouds found deeper in the water column. Overall, the
fucoxanthin concentrations revealed that diatoms were the main contributor to
phytoplankton biomass in the mucilaginous aggregates. In contrast,
phytoplankton biomass in seawater during a mucilage event did not
significantly differ from years when mucilage did not occur. These findings
indicate that the development of macroaggregates did not significantly affect
the phytoplankton biomass in surrounding seawater. Our results suggest that
the role of prymnesiophytes and other small flagellated forms in the initiating
of mucilage development are crucial, and indicate the Fp index during spring as
possible predictor of mucilage appearance.

Methods
Samples of mucilage aggregates were collected in the eastern part of the Gulf
of Trieste during summers 1997 and 2000, on the surface and in the water
column. Seawater samples for a time course of pigments in ambient water
were taken monthly (from May to September 1997 and 2000) at 6 different
depths. Water samples were filtered through GF/F filters, mucilage samples
were concentrated, and both immediately frozen until analysed. Observations
of the evolution of mucilage phenomenon were carried out weekly by SCUBA
divers, who recorded the phenomenon. Using HPLC (High Performance
Liquid Chromatography) pigment analysis we determined the phytoplankton
community structure.
Results
Several kinds of mucilaginous aggregates were observed during this study.
Different forms of mucilage may co-exist in the water column. Phytoplankton
biomass in the mucilage samples was very high (from 7.9 µg/g to 390.8 µg/g of
chlorophyll a per unit of dry mass of mucilage). Generally, chlorophyll a per
dry mass was lower in loose networks of mucilage in the layer above the
thermocline compared to its concentration in the mucilage clouds and compact
yellowish-brown mucilage found predominantly in, and below the thermocline
layer. As the aggregates aged diatoms increased in relative biomass (up to 92.7
%). Cluster analysis of mucilage data indicated three, rather distinct
mucilaginous groupings: (1) mucilage at the sea surface, (2) mucilage from the
water column around the thermocline layer, and (3) “aged” mucilage samples
collected deeper and later in the season. The surface group appears to be more
similar to the deepest group than to the intermediate group located between
the surface and deep groups. PCA performed with the contribution of seven
phytoplankton groups in different mucilage samples from 2000, was used to
determine the course of mucilage development. An ordination plot produced
showed the progression of fresh mucilaginous aggregates (with
prymnesiophytes and silicoflagellates), to intermediate mucilaginous stages
(heterogeneous phytoplankton community), and to aged mucilaginous
aggregates (with prevalence of diatoms). Comparisons of the succession of
phytoplankton groups in the water column showed differences between
mucilaginous and non-mucilaginous years. The former were characterised by a
higher contribution of prymnesiophytes in spring, and the prevalence of
diatoms in summer. The single pigment index, Fp, used to capture the trophic
status of an ecological province [1], showed a clear difference between
mucilaginous and non-mucilaginous years. In April-May (1997 and 2000),
before the appearance of mucilage, Fp ratios were lower compared to the nonmucilaginous years. In contrast, when mucilage occurred in June-August, Fp
ratios were higher than during non-mucilaginous years. A similar pattern was
observed in year 2005, when the Fp index was very low (0.20±0.07) during
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SEM MICROPHOTOGRAPHS OF BIOFOULING ORGANISMS ON FLOATING AND BENTHIC PLASTIC
DEBRIS
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Abstract
Results from the first electron microscopic observations of both floating a bentic marine plastics debris are presented. Plastics were
collected near the marine protected area of the Cap de Creus(Catalan Coast). Floating plastics microphotographs showed fungi and
bacteria as the first settlers and a high diversity community of microalgae mainly diatoms and some dinoflagellates. Benthic plastics
are less colononized by microorganism and they are recovered by characteristic muddy sediment from the trawled fishing
grounds .The results are discussed taking into account the paramount importance to improve knowledge of the marine plastic debris
dynamics and consequently their impact in the marine environment.
Keywords: Algae, Biodiversity, Fouling
Introduction
Marine debris is defined as any manufactured or processed solid material that
enters the marine environment. Plastics account for the largest fraction of
marine debris, which average proportion varies between 60 to 80% of total
marine debris. In many regions, plastic materials constitute as much as 90 to
95% of the total amount of marine debris [1]. Apart from the widely
evidenced negative effect of plastics on marine mammals, turtles and seabirds,
plastics can also indirectly alter marine biodiversity by other less known
actions, such as help in the introduction of alien species by floating plastics
[2, 3] . Marine debris doubles the rafting opportunities for biota, assisting the
dispersal of alien species [4]. This work aims to improve the knowledge of
plastics debris effect both surface and bottom presenting images of the settler
plastic microorganisms using the scanning electronic microscope (SEM) from
areas subject to different levels of fishing impact.
Methods
Plastics were collected In the framework of the COMSOM project
(CTM2008-4617).Samples were fixed in 2% glutaraldehyde. After
dehydratation in etanol series, were critical point dried in liquid CO_2 ,
sputtered with gold-palladium and examined with a Hitachi S-3500N operated
at 5 kV.

Fig. 1. Two cells of Achnanthes joined to the substract for a peduncle.

Results and Discussion
SEM microphotograph of floating plastics debris shows the substrate covered
by fungi and bacteria and a very diversity community of microalgae mainly
benthic diatoms of the genus Thalasionema sp., Closterium sp., Tabularia sp.,
Navicula sp., Achnantes sp., Thalassiosira sp., Cylindrotheca. Dinoflagellates
and resting cyst have been observed in some occasions. SEM
microphotograph of benthic plastics shows, in general, a very distinct aspect.
They are recovered by characteristic muddy sediment from the trawled fishing
grounds and presented a less colonized substrate by microorganism. Diatoms
are present but in rare occasions. It has been observed quite often spawns of
unidentified organisms. This study of the microorganism attached to plastics
debris show the high potentiality of SEM analysis to study plastic debris
biofouling. SEM micrographs has been applied to study biofouling organism in
different interfaces, but this is the first study of SEM microphotograph
applied to marine plastics debris. Plastic accumulation in the marine
environment represents an extra impact source for marine biodiversity that is
already threatened by other factors like climate change, overfishing and many
other anthropogenic activities. But evidences are still anecdotic, which implies
an urgent need of increasing our knowledge on this subject.

Fig. 2. Spawn of an unidentified specie on a marine plastic debris.
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ASSESSMENT OF THE ECOLOGICAL STATUS OF THE NORTHERN ADRIATIC COASTAL WATERS:
TESTING AND ADAPTING TWO PHYTOPLANKTON INDICES
Janja France 1* and Patricija Mozetic 1
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Abstract
As stated in the WFD, the response of phytoplankton to eutrophication of coastal waters needs to be assessed by evaluating biomass,
composition and abundance, and blooms. We present the application of two indices (IE, ISS), which goes beyond the only metrics
(Chlorophyll a concentrations) considered till now in the Mediterranean intercalibration group.
Keywords: Adriatic Sea, Phytoplankton, Monitoring, Bio-Indicators, Coastal Waters
INTRODUCTION
Few classifications of the phytoplankton ecological status of European coastal
waters that consider all parameters (biomass, composition, abundance, and
frequency and intensity of blooms) listed in the Water Framework Directive
(WFD, 2000/60/EC), have been tentatively described to date. All attempts to
construct a useful index are from coastal waters of North-East Atlantic and
Baltic Sea [1, 2, 3].
Phytoplankton biomass is the only parameter that has been calibrated in the
Mediterranean intercalibration group (2008/915/EC), pointing out the
difficulty of describing the phytoplankton community and its changes with
proper metrics especially in the relatively oligotrophic Mediterranean Sea as
compared to north-western European seas. This work presents the application
of two still not fully developed indices in the northern Adriatic coastal waters
(Gulf of Trieste).

Tab. 1. Preliminary results of the application of two phytoplankton indices, IE
and ISS , in the coastal waters of the Gulf of Trieste for the period 2007-2008.

MATERIAL AND METHODS
Phytoplankton data were obtained during Slovenian national monitoring
program at five coastal stations. Reference conditions (RC) were determined on
a data set of a site in the Gulf of Trieste with slight anthropogenic influence.
Assessment period of two years only (2007-2008) was considered to estimate
the recent trophic conditions of five sampling stations. Two indices described
by Devlin et al. [3] were tested. 1. Index of elevated phytoplankton counts (IE)
is composed of frequency of elevated Chl-a records, frequency of high
phytoplankton counts and frequency of high count of any single taxa. 2. Index
of seasonal succession (ISS ) assesses the shift of the seasonal cycle of
phytoplankton functional groups from RC.
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RESULTS AND DISCUSSION
Values of IE separate the five stations into two groups: stations F, MA and C4
with IE lower than reference value, and stations K and DB2 with higher values
(Tab. 1). We estimate that, subjected to additional analysis, this preliminary
results could be used to set the boundary between very good and good
ecological status.
The second index, ISS , needs an initial construction of reference standardized
seasonal occurrence curves for the four functional groups. There is a difference
between the values of the total ISS among stations (Tab.1), but the results
nevertheless offer no possibility to distinguish between ecological statuses of
the stations.
We consider ISS less suitable classification tool as compared to the IE for at
least two reasons. First, the stations are too similar as regards the
phytoplankton community structure and, secondly, seasonal succession of
phytoplankton species can be hardly assessed solely on monthly basis due to
their fast generation times. There were several problems encountered during
this initial phase of phytoplankton index testing. One problem is represented
by the limited number of available data, e.g. two years of monthly data in
comparison to 6 years assessment period foreseen in the WFD. The second
and major problem relates to biomass and structural changes observed in the
last decades in the phytoplankton community [4], which makes the
establishment of the reference conditions a difficult task.
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CELLULAR AND MOLECULAR ADAPTATIONS TO MEDITERRANEAN DEEP SEA HYPER SALINES
LAKES
Bruno Franzetti 1*
1 Institut de Biologie Structurale. UMR 5075 CNRS - franzetti@ibs.fr
Abstract
Mediterranean Deep Halophilic Anoxic lakes (DHAL’s) are unique ecosystems in which microorganisms have to face hyper salinity
and high pressure as main stressor agents. To understand the origin and the environmental adaptation of these halophilic microbes it is
important to specify their limits of viability and the molecular modifications of their proteins. A study combining microbiology,
biophysical and electron microscopy will be presented as well as a preliminary work on the characterization of a DHAL enzyme
isolated by metagenomic screening.
Keywords: Salinity, Anoxia, Bacteria, Biotechnologies, Deep Sea Basins
Cellular and molecular adaptations to Mediterranean deep sea hyper salines
lakes Mediterranean Deep Halophilic Anoxic lakes (DHAL’s) are unique
ecosystems in which microorganisms have to face hyper salinity and high
pressure as main stressor agents. To understand the origin and the
environmental adaptation of these halophilic microbes it is important to
specify their limits of viability and the molecular modifications of their
proteins.
In order to investigate the possibility that the endogenous
halophilic Archaeal communities found in DHAL’s could be the result of
surface ensemencements, we have studied the effects of salt stress on the
extreme halophile Halobacterium salinarium. Gene expression and enzyme
activity studies combined with in vivo molecular dynamics measurements
(neutron diffusion) showed that low salt conditions represent a stressor
equivalent to high temperature for extreme halophiles. We found however that
a large proportion of the halophilic cells can survive to drasic reductions in
environmental salt concentrations, first by concentrating KCl inside the
cytosol and then by undergoing dramatic morphological changes. The stressed
archaea were studied by electron and confocal microscopy. The result revealed
cellular ultrastructural modifications that differ from other known microbial
survival forms such as sporulation. The Halobacterium survival form was
found to be able to resist normal sea-water conditions for long periods. A
esterase from DHAL was identified from metagenomic screening by Ferrer et
al. It exhibited salt and pressure-dependent activation. The corresponding
ORFs was cloned in expression vectors and purified as soluble material.
Biophysical measurements showed that the protein is a monomer that exists is
solution as two conformational states controlled by the redox conditions. The
protein is thus activated in DHAL anoxic conditions. Ferrer et al. 2005.
Microbial enzymes mined from the Urania deep-sea hypersaline anoxic
basin. Chemistry and Biology. 12, 895-904
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DEVELOPMENT OF A MICROARRAY-BASED ASSAY FOR THE DETECTION OF HARMFUL
DINOFLAGELLATES
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Abstract
The high throughput, automation possibility and specificity of microarray-based detection assay, makes this technology very promising
for qualitative HAB (harmful algal bloom) detection. In this study, we set up an assay based on the use of microarrays for the
simultaneous detection of 9 dinoflagellate species/clades in Mediterranean Sea. The array format, hybridization and staining protocols
were optimized, and the probe specificity and sensitivity were evaluated either with cultured microalgae or field samples,
demonstrating the applicability of this assay for molecular monitoring of toxic microalgae.
Keywords: Monitoring, Dinoflagellates, Biotechnologies
In the last years, several molecular methods having ribosomal DNA (rDNA) as
target have been developed for monitoring HAB species (mainly dinoflagellates)
[1]. In this context, the use of DNA microarrays represents a promising
molecular approach, able to detect simultaneously a number of DNA sequences
in an unknown sample. The application of microarray technology for the
detection of HAB species has been illustrated by several recent publications [2,
3, 4, 5], in which the target DNA was represented by 18S and/or 28S rDNA
genes and the length of the probes immobilized on a glass slide was between 18
and 25 nucleotides. It is also noteworthy that some authors, to reduce the
number of false positives, adopted a hierarchical probe approach [2, 3, 4]. In this
study, a microarray-based assay for the simultaneous detection and monitoring
of 9 dinoflagellate species in the Mediterranean Sea was developed. The target
dinoflagellates included Alexandrium andersoni, A. tamarense ME, A. tamarense
WE, A. catenella, A. minutum, A. taylori, A. pseudogoniaulax, Protoceratium
reticulatum and Lingulodinium polyedrum. The species-specific probes were 4547 nucleotides in length, and were designed on the ITS1-5.8S-ITS2 rDNA region
using the software Oligoarray 2.1. These probes were designed to identify
selected dinoflagellate species in the Mediterranean Sea, plus several nonMediterranean strains. Due to probe length and the rDNA region chosen, it was
not possible to adopt a hierarchical probe approach. Then, to reduce the number
of false positives, two specific probes were designed for each species.
Moreover, a positive control probe and a negative control probe were included
as microarray performance quality control. The microarray slide format
consisted in 24 subarrays, each made of 18 columns and 22 rows. A single
subarray contained 10 replicates of each probe (including positive and negative
control probes) for a total of 200 spots, to maximize statistical significance of
the results. The target rDNA region was PCR-amplified using conserved
primers, and labeled by incorporation of dUTP-biotin. Detection of the
hybridized PCR products was accomplished using Cy5-streptavidin. The
hybridization protocol was optimized and the specificity and sensitivity of the
method were tested using genomic DNA extracted from 20 cultivated strains.
The value of mean background of the entire subarray plus three standard
deviations was considered as threshold for a positive signal. The probe list and
the hybridization specificity results are illustrated in Fig. 1.

and A. pseudogoniaulax were used, a false positive signal appeared in probes
cate/tama2, and tay2 / P_reticulat2, respectively. Nevertheless, concerning A.
pseudogoniaulax, the false positive signals in probes tay2 and P_reticulat2
disappeared when amounts of PCR product ≤10 ng were used for
hybridization. The false positive results observed in probes cate/tama2, tay2 and
P_reticulat2 did not affect the reliability of the assay because the fluorescence on
probes cate/tama1, tay1 and P_reticulat1 was below the threshold. The assay
specificity was maintained also mixing different PCR products in the same
hybridization mixture or amplifying genomic DNA extracted from 4 different
Alexandrium species. Concerning the sensitivity of the microarray system, the
species-specific probes allowed to detect up to 2 ng of labeled PCR product
amplified from a DNA extracted from pure cultures. The microarray potential
was tested with net samples from northern Adriatic Sea, unspiked or spiked
with known amounts of target dinoflagellate species. Results confirmed the
specificity observed with previous experiments and revealed the presence of A.
pseudogoniaulax cells in Northern Adriatic (confirmed by Utermohl counts)
(Fig. 2). Moreover, using spiked samples, it has been established that the
sensitivity of the assay in net samples reached 1 cell/ml, with some variability
from one species to another. The optimized procedure of the assay is rapid (1
working day) and allows the processing of up to 24 samples on a single slide,
making microarray application attractive for monitoring programs.

Fig. 2. Microarray analysis results of PCR products amplified from a net
sample. The PCR-amplified positive control DNA (10 ng) was added in all
hybridization mixtures. Asterisks indicate values above threshold

References

Fig. 1. Summary of specificity tests for the microarray probes (on the left).
Target DNA consisted in the PCR-amplified ITS1-5.8S-ITS2 rDNA region of
strains indicated in the upper part of the figure. n.a.: not available.
It is noteworthy that, when amounts of PCR product ≥100 ng of A. andersoni
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DINOFLAGELLATE CYST ASSEMBLAGES AS REPERTOIRE OF SPECIES DIVERSITY: MAIN RESULTS OF
THE EU-SEED PROJECT RELATED TO MEDITERRANEAN SITES
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Abstract
Knowledge of phytoplankton species composition is important to understand bloom events in the coastal areas; it is also crucial to have
information on the presence of novel and potentially introduced taxa and to confirm the recurrent events of a species. In the case of
dinoflagellates, the alternation between the life stages (vegetative and resting stage) has profound implications for population
dynamics. Cyst assemblages in surface sediments represent a temporally integrated repertoire of species diversity. Therefore, cyst
“seedbed” maps provide baseline information for monitoring purposes, to depict geographic patterns of harmful species, and to detect
the introduction of new species.
Keywords: Biodiversity, Biogeography, Life Cycles, Toxic Blooms, Dinoflagellates
Introduction
The predictability of harmful algal blooms (HABs) is one of the most complex
subjects of study and one of the major setbacks is improving our knowledge of
life strategies of the species and their links to the surrounding environment.
Dormant cells are well-recognized stages of the life cycles of HA species. The
duration of the dormant phase is often much greater than that of the
multiplicative vegetative one. The dormant cells are non-motile hence, during the
resting period, dispersion and concentration are determined by the same forcing
functions that control the dynamic of passive particles in the water. Due to
these features, the dormant stages contribute to the persistence and expansion of
harmful species. In the EU SEED project, one of the objectives was focused in
the mapping of cyst beds and seed populations in surface sediments to obtain
information of species at several Mediterranean areas. The maps were produced
in a range of locations and habitats. The focus of those surveys has been to
asses the present or past biogeographic distribution of HA species.
Study areas
Sediment cores were taken by a scuba diver using cylindrical plastic corers (20
cm long with a diameter of 5 cm) in different target areas: Arenys harbour
(Spain), Olbia and Siracusa bay (Italy) covering different number of stations.
Samples were stored in the dark at 4°C until analysed. The sediments were
processed for cyst concentration and separation from the sediment using a
modified sodium polytungstate density gradient method [1] and analyzed by
molecular PCR method using taxa specific primers [2].
Results and discussion
The results of the different areas analyzed showed that a tight linkage exists
between pelagic and benthic domains but we also found species that were never
recorded as motile stages in the water column and were present in sediments as
resting cysts. This was the case of the following dinoflagellate species:
Pentapharsodinium cf tyrrhenicum, Scrippsiella crystallina, S. lachrymosa, S.
precaria, S. trochoidea, Protoperidinium avellanum, P. claudicans, P.
compressum, P. conicum, P. cf minutum, P. oblongum, P. pentagonum, P.
subinerme, Zygabikodinium lenticulatum, Gyrodinium instriatum and
Gymnodinium nolleri (Figure 1).
We found that mapping the distribution of benthic stages of HA species (e.g.
dinoflagellates) in superficial sediments it would allow the establishment of a
baseline for the monitoring of spreading events, such as introduction of new
species, and human-assisted dispersal. Embayments and hydrographically
confined areas in the Mediterranean Sea act as reservoirs for planktonic
dinoflagellates. During stagnant conditions, fluxes towards the sea bottom are
favoured. Organic matter, cysts, and other substances accumulate in the
uppermost layer of the sediments which is continually modified by addition of
newly settled particles and by subsequent degradation of the accumulated
material. Under these conditions, the formation of a cyst bank occurs [1, 3 and
4]. These seed banks have a high biodiversity, hosting more and/or different
species of those that constitute the diversity of the vegetative population
ecologically active in a present moment. Knowledge of the geographic
distribution and density of cyst beds of harmful algae can help to identify risk
areas under different ecological and hydrographical scenarios, providing useful
information for the management of coastal
areas.

Fig. 1. Pentapharsodinium cf tyrrhenicum. (2) Scrippsiella crystallina. (3) S.
lachrymosa. (4) S. precaria. (5) S. trochoidea. (6 a, b, c) Protoperidinium
avellana: (6 a) viable cyst, (6b) empty cyst with the archeopyle, (6c) theca of
the motile cell. (7) P. claudicans. (8) P. compressum. (9) P. conicum. (10) P. cf
minutum. (11) P. oblongum. (12) P. pentagonum. (13 a, b) P. subinerme: (13a)
viable cyst, apical view, (13 b) empty cyst, lateral view. (14 a,b)
Zygabikodinium lenticulatum: (14 a) viable cyst, (14 b) empty cyst. (15)
Gyrodinium instriatum. (16) Gymnodinium nolleri. All scale bars 10 µm
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SPATIAL AND TEMPORARY DISTRIBUTION OF PHYTO AND BACTERIOPLANKTON COMMUNITIES IN
WESTERN MEDITERRANEAN SEA. ANNUAL CYCLES AND TIME SERIES EVOLUTION.
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Abstract
The main problem in making an appropriate description of spatial and temporal cycles of phyto and bacterioplankton is the lack of
long-term studies and a wide spatial distribution. We analyze data from samples collected under RADMED monitoring program
implemented by the Spanish Institute of Oceanography. Stations distributed along the Spanish coast are sampled four times a year
(one per season) (fig1), from the Straits of Gibraltar to Barcelona, including Balearic islands. The seasonal cycle and time evolution of
phytoplankton communities are analysed to the light of environmental information provided by this multidisciplinary program.
Keywords: Western Mediterranean, Phytoplankton, Bacteria, Monitoring, Time Series
Material and methods
The samples collected were fixed with lugol, and analyzed by inverted
microscopy
for
identification
and
taxonomic
composition
of
microphytoplankton. We focus on the study of large groups (diatoms,
dinoflagellates and small flagellates). To study the smaller fraction of the
phytoplankton, pico and nanoplankton and cyanobacteria (Synechococcus and
Prhochlorococcus) samples were fixed on board with glutaraldehyde and
immediately frozen in liquid nitrogen. The determination of the abundance of
picoplankton organisms was conducted with a FACSCalibur flow cytometer
(Becton & Dickinson) with a laser emission of 488 nm. At each station, samples
are taken at standard depths (0, 10, 20, 50, 75, and 100). In the case of
microphytoplankton, which analysis requires a strong effort, samples were only
taken in areas of platform, while cytometry samples were analyzed both on
platform and slope.

south-north gradient with the highest abundances in the Alboran Sea area and a
decrease northward accompanied by greater depth of the peak of maximum
abundance.

Fig. 2. Diatom mean seasonal concentration in (a) Alboran Sea and in (b) Palma
de Mallorca (Balearic Islands)
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Fig. 1. RADMED monitoring program statios

The number of samples considered varies depending on the region, since there
are data from previous monitoring programs to RADMED included in this
study. In all stations studied, we have picoplankton cytometry and microscopy
data in the period RADMED (2007-2009), while the series for
microphytoplankton microscopy are longer in some areas as Alborán, in which
we also have microphytoplankton data for the periods 1994-2002 and 20022009 and in Balearic islands from 1994 to 2000.
Results and Conclusions
Preliminary results show an increase in picophytoplankton concentration from
platform
to
slope,
reflecting
offshore
oligotrophic
conditions.
Picophytoplankton maximum abundances deepen with higher latitudes. In all
the regions studied, the annual maximum is in autumn-winter, coinciding with
the end of the stratification period. Regarding to microplankton composition, in
all the regions we observe a dominance of diatoms and small flagellates, being
more abundant in southern regions such as the Alboran Sea (fig.2), with a
maximum in spring, when nutrient concentration is higher. They also describes
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PICOPLANKTON ABUNDANCE AND BIOMASS DISTRIBUTION IN TURKISH SEAS
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Abstract
Comparison of the heterotrophic bacteria and cyanobacteria (Synechococcus sp.) abundance and biomass in highly contrasting water
bodies composed primarily of the Eastern Mediterranean (Cilician and Levantine basins), the Sea of Marmara including Bosphorus
and Dardanelles and the Black Sea were made within the framework of SESAME (Figure 1). Changes in picoplankton abundance
and biomass in contrasting environments were investigated in relation to their unique physical, chemical and biological properties.
Seawater samples were collected from the SESAME cruises carried out during spring and fall 2008.
Keywords: Marmara Sea, Eastern Mediterranean, Cyanobacteria, Bacteria
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Picoplankton including photosynthetic picoplankton and heterotrophic bacteria,
are important members of marine microbial food webs [1]. They are also
important because of their sensitivity to environmental factors. The
Mediterranean Sea, the Sea of Marmara and the Black Sea, which are connected
to each other via the Turkish Strait System have very distinctive physical,
chemical and biological properties. Heteretrophic bacteria and cyanobacteria
(Synechococcus sp.) components of the picoplankton of these highly
contrasting water bodies were studied (Figure 1).
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Fig. 1. Map of the stations

Seawater samples were fixed with gluteraldehide, stained with acridin orange and
filtered through 0.2 µm pore sized nucleopore membrane filter. Filters covered
with immersion oil were counted using an epifluorescent microscope. The
Image-Pro Plus V 5.0, image analysis program was used for calculating cell
volume. 77 fgC/l [2] and 120 fgC/l [3] carbon conversion factors were used for
heterotrophic bacteria and cyanobacteria (Synechoccus sp.), respectively.
Maximum heterotrophic bacterial and cyanobacterial abundance and biomass
were observed in the Sea of Marmara during fall, with the values ranging
between 2.6x106 cells/ml and 14.4 µgC/l for heterotrophic bacteria and 2.1x105
cells/ml and 25.3 µgC/l for cyanobacteria. In contrast, lowest levels were
attained during fall in the Levantine Basin with the values ranging between
4.1x104 cells/ml and 0.24 µgC/l for heterotrophic bacteria and 2.5x101 cells/ml
and 0.02 µgC/l for cyanobacteria. Both the surface bacterial and cyanobacterial
abundance and biomass averages peaked in fall compared to spring in all regions
with the exception of the Sea of Marmara where an apparent decrease in
heterotrophic bacterial abundance and biomass was detected.
The Sea of Marmara held the highest bacterial population during both seasons
followed by the Black Sea and the Eastern Mediterranean. The Mediterranean
Sea is oligotrophic and the high bacterial abundance and biomass observed in
Cilician Basin is due to the sampling of productive coastal shelf waters during
the cruises. Both populations were more homogenously distributed with depth
during spring when the water column was mixed thoroughly.
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SEASONAL AND SPATIAL PATTERNS OF BACTERIAL PRODUCTION, RESPIRATION AND GROWTH IN
THE E. MEDITERRANEAN AND THE MARMARA SEA.
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Abstract
Bacterial production (BP), respiration (BR) and growth efficiency (BGE) were investigated in the upper 150m along a transect from
Ionian to the Marmara Sea including the Dardanelles, during the SESAME cruises in early spring (March 2008) and late summer
(September 2008) and the Alliance_TSS08 cruise (September 2008). Bacterial growth efficiency was highly variable, suggesting that
several factors (DOC and inorganic nutrients) control BGE. The largest amount of carbon taken up by bacteria (85-99%) was not
used for biomass production and was respired as CO2.
Keywords: Bacteria, Eastern Mediterranean, Marmara Sea
Bacterioplankton play a central role in the biological transfer of carbon in the
ocean through the microbial loop [1], however bacterial processes have poorly
been studied in the E. Mediterranean. In this study we report results from
bacterial production (BP), respiration (BR) and growth efficiency (BGE) along a
transect from Ionian to the Marmara Sea, including the Dardanelles straits.
North Aegean is the area where Black Sea waters (BSW) of low salinity and low
temperature enter the Mediterranean through the Dardanelles straits and intense
interaction of different water masses, within a relatively small area, takes place
[2]. Samples were taken on board the R/V Aegaeo and Alliance, in early spring
(March 2008) and late summer (September 2008) covering 15 stations at the
oligotrophic seas of the E. Mediterranean (Ionian, Cretan, Libyan and Aegean
Sea), 2 stations at the Dardanelles straits and 4 stations at the Marmara Sea. BP
and BR were measured by 3H-leucine incorporation, conducted at saturating
(20nM Leu) concentrations [3] and by an automated Winkler titration method
respectively. BGE was calculated using the formula BP/(BP+BR), assuming
RQ=1 [4]. BP ranged 0.13 - 52.82 ngC l-1 h-1 in the E. Mediterranean and
increased in March at the Aegean stations, with peak values at the surface layers
of North Aegean, as influenced by the Black Sea water. In September BP values
varied between 0.79 to 73.08 and 0.5 to 97.42 ngC l-1 h-1 at Dardanelles straits
and the Marmara Sea, while the increased surface values were not detected at the
N. Aegean water (Fig 1).

Fig. 2. Bacterial Growth Efficienty (BGE) at selected stations and dephts from
Ionian to Marmara Sea. S=September, M=March, 1=Ionian Sea, 2= Aegean Sea,
3=Dardanelles Straits and Marmara Sea

Bacterial growth efficiency was highly variable, suggesting that several factors
(DOC and inorganic nutrients) control BGE. The largest amount of carbon taken
up by bacteria (85-99%) was not used for biomass production and was respired
as CO2. Thus bacteria act more as a ‘sink’ of organic carbon to higher trophic
levels. E. Mediterranean is a complex marine environment and bacteria biomass
and growth are controlled by several factors. Studies which used BGE values of
30% would have significantly underestimated the carbon flux through bacteria.
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Fig. 1. Mean depth integrated values of bacterial production (BP) along the
transect from Ionian (1), Libyan (2), Aegean Sea (3), to Dardanelles straits (4)
and the Marmara Sea (5), in March and September 2008

Dissolved organic carbon (DOC) ranged 50-155 μmol l-1. High values of DOC
were encountered in Black Sea waters outflowing the Dardanelles Strait and
occupying the surface layer of North Aegean (92-155 μmol l-1 in March and 81132 μmol l-1 in September). Simultaneously in September increased values of
DOC were recorded at the surface layer of Dardanelles straits and Marmara Sea
(162-213μmol/l) (Zeri C., unpublished data). Bacterial respiration ranged 0.40 –
36.56 μM O 2 h–1, the amount of carbon respired was 0.23 – 9.97 μM C d –1.
Using both these BR and BP values, we calculated the BGE and it ranged from
1%– 19% (Fig 2).
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Abstract
Seasonal variations of plankton communities in the Toulon Bay (Var, France) have been studied since 1995 [1, 2] and samplings have
been carried out regularly. The abundance of phytoplankton (P), zooplankton (Z) and nutrients concentration (N), i.e. average
concentrations of nitrates and orthophosphates have lead to a three-trophic model [3]. Since 2005, bacteria average concentrations
(B) have been also evaluated to take into account their influence on plankton communities in the remineralization process. Thus, the
aim of this article is to propose the most simple and consistent Nutrient-Phyto-Zooplankton-Bacteria model transcribing this process.
Then, regarded as a dynamical system its mathematical features are highlighted.
Keywords: Population Dynamics, Nutrients, Phytoplankton, Zooplankton , Bacteria
The biological point of view
The classical three-trophic food chain [6] can be modelled by interactions of
predator-prey type which consist of a top-predator (Z) which can graze on
phytoplankton (P) which on its turn can predate on nutrients (N). But,
bacteria can break down into utilizable nutrient, a process known as
remineralisation [4]. Then, zooplankton can graze either upon phytoplankton
or bacteria or both. Many models have been already developed in order to
transcribe such behaviour [4] but the functional responses that involve make
their mathematical study and biological interpretation difficult. So, starting
from such seminal works the most simple and consistent NPZB model is
proposed.
Modelling
Let’s consider the classical Volterra predator-prey model [5, p.88] for a three
trophic level interaction involving nutrients (N), phytoplankton (P) and
zooplankton (Z) and let’s include bacteria (B). This NPZB model does not
include any functional response with limitation such as Holling type II or
type III [4] since it can be considered that bacteria are playing the role of
limiting factor in the evolution of this system. By considering that the
remineralisation process can be modelled by an interaction of predator-prey
type two terms are added to the nutrients growth: PB and ZB which
correspond to the transformation of phyto and zooplankton losses into
nutrients by the bacteria. Of course such terms represent an uptake for the
bacteria. The most simple and consistent NPZB model is thus built with a
parameter set chosen in a biological range.
Mathematical aspects
The behaviour of such dynamical system transcribes the evolution of each of
its components. And since for certain parameter values this singularly
perturbed system has three times scales the rates of change for the prey (N),
the predator (P), the top-predator (Z) and the bacteria (B) range from fast to
intermediate to slow, respectively [7]. The slow manifold analytical equation
on which the trajectory lies (limit cycle or chaotic attractor) is provided
according to a new method developed in [8]. Then, a state analytical equation
involving the four variables is established.
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PHYTOPLANKTON COMMUNITY STRUCTURE AND SUCCESSION ALONG THE EASTERN PART OF THE
NORTHERN ADRIATIC SEA
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Abstract
Biological and hydrochemical properties were investigated monthly on seven stations in the coastal waters of the eastern part of the
northern Adriatic Sea for the period 2008/2009. The characterization of phytoplankton community revealed apparent growth periods.
Keywords: Phytoplankton, Adriatic Sea, Coccolithophores, Diatoms, Dinoflagellates
bloom of Prorocentrum minimum (max 1.9x104 cells/l) occurred.

Introduction
The phytoplankton abundance and seasonality in the eastern part of the
northern Adriatic (NA) are well described, and directly depend upon input of
nutrients (related to the annual regime of the Po River discharge), and distinct
physical processes ([1], [2], [3]). The eastern part of the basin is characterised
by a different hydrological regime thus showing exceptions to the described
trends of phytoplankton succession.

June-August: diatoms (up to 68%), coccolithophorids (up to 30%). A rich
composition of dinoflagellates in both nano and micro fraction was observed. In
July a diatom peak included Chaetoceros sp. (max 3.6x105 cells/l), and Pseudonitzschia delicatissima complex (max 1.5x105 cells/l).
September–November: diatoms (up to 80%). Dominant species were Pseudonitzschia delicatissima complex and Chaetoceros sp. complex. Through the
whole profile Chaetoceros socialis prevailed in the bottom layer.

Materials and Methods
The study was performed along the Istrian peninsula, eastern NA, one mile
from the coast (Fig.1). Samplings were performed monthly during the 2008/09
period on seven stations. Water samples were collected with a 5-l Niskin bottle
sampler at surface, 10m and 2m above the bottom. Subsamples for nutrient
concentrations were analyzed by spectrophotometric methods [4]. Subsamples
for phytoplankton community characterization were analyzed microscopically
with the inverted microscope method [5] using a Zeiss Axiovert 200 model. A
Total of 210 samples were analysed. For statistical analysis Systat 12 was used.

Fig. 2. Contribution of the major phytoplankton groups (N=nanoplankton,
H=coccolithophorids, C=silicoflagellates, D= dinoflagellates, B= diatoms)

Although a monthly sampling strategy does not offer the best temporal
resolutions to appreciate the actual annual cycle of phytoplankton, the seasonal
blooms were apparent. The noted exceptions to the western part of NA [3]
were: (i) a significant portion of coccolithophorids in the community throughout
the whole investigated period, and (ii) absence of the diatom bloom usually
noted in spring.

References

Fig. 1. Map of the investigated area

Results and Discussion
Recognisable microphytoplankton comprised 165 taxa; 97diatoms, 50
dinoflagellates, 16 coccolithophorids, and 2 silicoflagellates. A seasonal cycle
was determined, together with several distinct periods which were characterized
by high counts of major phytoplankton groups (Fig. 2).
Annual structure of phytoplankton succession was as follows:
January: coccolithophorids (up to 60%). The most dominant species at all
stations was Emiliania huxleyii (max 4.4x10 5 cells/l). An early bloom of
Skeletonema marinoi (max 5.9x105 cells/l - JPI01 surface) was observed on the
two northernmost stations.
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dynamics of the Adriatic Sea ecosystem. An idealized model study. Deep-Sea
Res I, 47: 937-970.
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Methodik, Mitt. Int. Ver. Theor. Angew. Limnol., 9: 1–38.

February-April: nanoplankton (up to 76% in April). Dominant species:
Emiliania huxleyii and Pseudo-nitzschia delicatissima complex. In March a
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DEVELOPMENT OF NEW BIOASSAYS TO ASSESS THE QUALITY OF COASTAL AND ESTUARINE
ENVIRONMENTS: THE POTENTIAL OF THE COSMOPOLITAN MARINE PROTOZOA EUPLOTES
CRASSUS
Alessio Gomiero 1*, Lara Boatti 2, Cristina Nasci 1 and Aldo Viarengo 2
1 Thetis S.p.A. - alessio.gomiero@thetis.it
2 Department of Environmental and Life Sciences, University of Eastern Piemonte “Avogadro”, Via Bellini 25G, 15100 Alessandria,
Italy.
Abstract
Estuarine and coastal sediments represent the final destination of thousands of organic and inorganic pollutants which are continuously
discharged into the environment as result of industrial, agricultural and domestic activities. Due to the complexity of this environmental
compartment sole chemical characterization often fails to correctly estimate the toxicity of such complex matrix. In such a context, a
multi-disciplinary, chemical-biological approach can overcome this lack providing useful information for identifying those situations
which require a close investigation at an early stage. In this work, the possibility of utilizing the interstitial marine ciliate Euplotes
crassus (Dujardin, 1840) was examined for the screening of polluted estuarine sediments, pore and interstitial water by laboratory and
field experiments.
Keywords: Bio-Indicators, Ecotoxicology, Sediments, Pollution, Monitoring
Contamination of the aquatic environments by pollutants has become a
serious problem in the recent years. Furthermore, it has been observed that the
pollutant concentration in sediments and sediment’s interstitial water can be
more than 10-100 times higher than the one present in the overlying water
column. Hence, the interest in the toxicity of pollutants occurrence in these
matrices and their biological effects, has increased during the last decades as
they enter waterways by runoff, atmospheric deposition etc., and may be
transported to estuaries and coastal sites potentially causing harm to a large
variety of non-target wildlife organisms. On this context, it is generally agreed
that in the field of environmental biomonitoring biomarkers can provide useful
information for pointing out those situations requiring a close investigation at
an early stage [1]. From this point of view, it is of increasing interest to
identify a panel of organisms displaying sensitive responses to sediment and
pore water from coastal environments under anthropic pressure.

An integrated model supporting lysosomal stress responses as predictive
biomarkers of animal health status. Mar. Env. Res. 61, (3): 278-304.
3 - Morgan, G.B., Lackey, J.B., 1958. BOD determination in wastes
containing chelated copper and chromium. Sewage Ind. Wastes 30: 283-286.
4 - Losso C., Arizzi Novelli A., Picone M., Marchetto D., Pessa G.,
Molinaroli E., Ghetti P. F., Volpi Ghirardini A., 2004. Evaluation of surficial
sediment toxicity and sediment physico-chemical characteristics of
representative sites in the Lagoon of Venice (Italy). J. Mar Sys. 51, (1-4): 281292.
5 - Nesto N., Romano S., Moschino V., Mauri M., Da Ros L., 2007.
Bioaccumulation and biomarker responses of trace metals and micro-organic
pollutants in mussels and fish from the Lagoon of Venice, Italy. Mar. Poll.
Bull. 55, (10-12): 469-484.

Thus, the possibility of utilizing E. crassus, an interstitial single-cell marine
protozoa, was examined by applying a battery of tests including cell viability
and growth as typical ecotoxicological high-level endpoints. This study was
also addressed to detect more sensitive sublethal early-warning responses
utilising biological parameters such as lysosomal membrane stability and
endocytotic rate, which are typical stress biomarkers in eukaryotic cells [2].
The sensitivity of E. crassus assay has been assessed within a range of organic
and inorganic chemicals concentration and mixtures of them. Two heavy
metals species were selected, one essential (Cu) and a non-essential (Hg), since
it has been suggested that heavy metals may block enzyme systems of
microorganisms or interfere with some essential cellular metabolites of bacteria
and protozoa [3]. Furthermore, benzo(a)pyrene was involved as organic
pollutant model. A field application was also performed aiming to validate the
proposed bioassay. Four sampling sites within the Venice Lagoon were
chosen according to previously reported differences in both environmental
conditions and level of anthropic pressure [4, 5].
Results of laboratory studies indicated that estimated sub-lethal index of
stress presented significant differences between reference and treated animals
even after exposure to nano/micro molar trace elements concentrations. The
endocytotic rate data showed a particularly strong decrease of predation
capability in organisms treated with Hg. Sub-lethal tests, like endocytosis
rates and lysosomal membrane stability, were able to detect biological effects
of n/µM concentrations of toxicants. Furthermore, a significant synergic effect
was observed on lysosomal membrane stability and replication rate of ciliate
protozoa exposed to binary mixtures of selected toxicants. The results of field
samples were in agreement with the laboratory responses. The overall results
confirmed the suitability of using E. crassus as sentinel organism for
monitoring sediment toxicity and provided an ecotoxicological protocol based
on cellular biomarkers for the early detection of biological disturbance [6].
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PHYTOPLANKTON CARBON-BIOMASS IN THE MEDITERRANEAN SEA
Olympia Gotsis-Skretas 1* and Lydia Ignatiades 2
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Abstract
In this study, we defined the phyto-carbon derived from 63 phytoplankton samples (216 species) collected from 9 stations and 7 depths
located along a large scale (3188 Km) east-west longitudinal area (4o 95’E - 32o 67’E) of the Mediterranean Sea, in summer 1999.
Species identifications and cell dimension measurements for cell bio -volume calculations [1] were performed in an inverted
microscope. Conversion of cell bio-volume to cellular carbon-content was made with the application of equations found in the
literature [2], [3].
Keywords: Phytoplankton, Carbon, Biomass

Quantifying the carbon content of phytoplankton cells is essential, because
carbon is the main parameter used in models and in flux and budget studies for
understanding the structure and dynamics of marine ecosystem and for
evaluating the role of the ocean in global carbon cycles. A synopsis of the
results of the present investigation are given in Tables 1 and 2. The average cell
concentrations (Table 1) did not differ among the three dominant
phytoplankton taxa since they were for diatoms: 4.45x103 cells.L-1 (30.7%);
for dinoflagellates: 4.67x103 cells.L-1 (35.9%); and for coccolithophores:
4.17x103 cells.L-1 (33.3%). However, the average cell carbon content among
these taxa (Table 2) showed significant differences because dinoflagellates
contributed the maximal cell carbon content (average:18.71 μgC.L-1; 71.3%),
the coccolithophores the minimal carbon content (average:0.38 μgC.L-1; 2.2%)
and the diatom’s relevant average was 6.15 μgC.L-1 (26.5%).

Tab. 1. All stations’ means and ranges of phytoplankton abundance (cells.L-1
and % of total) for the three main phytoplankton groups along the east-west
Mediterranean.

Tab. 2. All stations’ means and ranges of cell carbon (μg.L-1 and % of total) for
the three main phytoplankton groups along the east-west Mediterranean Sea.

These data show that dinoflagellates were more carbon dense than diatoms and
coccolithophores because of their bigger cell volume and confirm the
information from the literature on the positive relationship of biovolume and
carbon biomass in phytoplankton. The results also demonstrate the
importance of dinoflagellates in the foodweb chain and the carbon cycle of the
oligotrophic Mediterranean Sea during summer.
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ETUDE PAR CYTOMETRIE EN FLUX DE LA DISTRIBUTION SPATIALE DU PEUPLEMENT MICROBIEN
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Abstract
Dans le Golfe de Gabès, les travaux effectués sur le phytoplancton et l’ultraphytoplancton en particulier, sont assez récents et peu
nombreux [1], d’où le manque d'informations et de données. L’application de nouvelles techniques telles que la cytométrie en flux
nous permet d’étudier l’action des facteurs physico-chimiques sur la distribution des populations bact ériennes et
ultraphytoplanctoniques.
Keywords: Cyanobacteria, Gulf Of Gabes, Phytoplankton, Nutrients
Matériel et méthodes :
La cytométrie en flux est une technique d'identification permettant de mesurer
les paramètres de diffusion, de diffraction et de fluorescence de cellules
individuelles dans une population en suspension monodisperse.
Cette technique est caractérisée surtout par sa rapidité d'analyse (jusqu’à
plusieurs milliers de cellules par seconde), sa sensibilité, sa précision, ainsi que
par sa simplicité. Cette étude de la distribution spatiale des populations
bactériennes et ultraphytoplanctoniques par cytométrie en flux entre dans le
cadre du projet intitulé « POEMM » (Planktonic and Oceanographic
Ecosystem Monitoring and Management), fondé par l’Institut National des
Sciences et Technologies de la Mer en Tunisie. La zone d’étude est située dans
le Gofle de Gabès (Sud de la Tunisie), entre 33°N-36°N et 10°E-13°E et
comporte 23 stations d’échantillonnage. La campagne a été effectuée à bord du
navire de recherche océanographique et halieutique « Hannibal R/V », en juin
2008. Le prélevement d'eau de mer a été fait à 3 niveaux de la colonne d’eau
(surface, milieu de la colonne d’eau et fond) pour les stations côtières, d'une
profondeur inférieure à 50 m, et à 5 niveaux (surface, -10 m, -20 m,
thermocline et fond) pour les stations de profondeur supérieure à 50 m.
Résultats et discussions :
L’analyse de l’ultraphytoplancton montre la présence d'eucaryotes
(picoeucaryotes et nanoeucaryotes). En ce qui concerne les cyanobactéries,
Synechococcus est présent de façon importante, alors que Prochlorococcus est
moins abondant. Toutefois, une nouvelle population de cellules prédatrices de
grandes tailles se distingue des autres groupes cellulaires. Ce groupe semble
original et caractéristique du Golfe de Gabès. L’analyse du bactérioplancton
montre la richesse du milieu en ces cellules hétérotrophes, avec présence de
deux groupes cellulaires (HNA : High Nucleic Acid) et (LNA : Low Nucleic
Acid), la distribution de ces deux populations est variable en fonction de la
profondeur. Ces résultats de distribution des différentes populations
bactériennes et ultraphytoplanctoniques sont discutés en fonction de la
distribution des facteurs physicochimiques au niveau de la zone d’étude.
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TROPICAL HARMFUL PHYTOPLANKTON SPECIES ALONG ABRUZZO COAST (W ADRIATIC)
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Abstract
The presence of tropical harmful species along the Abruzzo coast (Western Adriatic Sea) belong to 2007 when it was revealed the
first appearance of Prorocentrum lima species. After that summer, other tropical toxic species such as Ostreopsis ovata, Coolia
monotis and Prorocentrum concavum were observed. Besides, the ichtyotoxic species from Japan sea (Fibrocapsa japonica) has
been detected before 2007. These species are known to produce toxins that could be dangerous for human health. In this study four
coastal rocky points have been monitored during the summers 2007, 2008 and 2009. Chemical - physical parameters of sea water
have been measured in order to understand their relationship with the presence/absence of tropical harmful species.
Keywords: Algae, Toxic Blooms, Toxins, Phytoplankton, Species Introduction
(June, July, August and September) with a mean concentration of 1.9 x 105
cells · L-1. The first appearance of O. ovata, instead, was at the end of August
2008, at Ortona harbor and Fossacesia rocky bank. Its mean abundance was
3.4 x 105 cells · L-1. P. concavum and C. monotis have been detected for the
first time during this last summer (August and September 2009) always at
Ortona harbor, with 1.5 x 103 and 3.0 x 102 cells · L-1 mean concentrations
respectively. F. japonica, at last, has always been detected for the entire
period of monitoring, with a bloom phenomenon on August 2009 along the
entire coast of study (6.8 x 104 cells · L-1 mean abundance).

Introduction
O. ovata is a common species of tropical areas. Its occurrence in coastal areas
of the Adriatic Sea (Gulf of Trieste, Conero Riviera and Abruzzo coast) has
probably been favoured by the increased water temperatures of the last decade
[1]. It clearly poses increasing risks for human health and effects on benthic
communities. In most cases O. ovata was present in association with other
potentially toxic dinoflagellates such as P. lima and C. monotis,belonging itself
from tropical areas [2]. Blooms of F. japonica in the Adriatic Sea, instead,
have been regularly observed since 1997, above all in summer periods (July August). Among the 5000 species of marine phytoplankton, almost 300
species can occur in such high numbers that they obviously discolour the
surface of the sea, while only 80 species have the capacity to produce potent
toxins dangerous for humans [3].

Discussion and Conclusions
The increase of sea water temperature and the expand of ships traffic and their
ballast waters have caused the entry of several tropical harmful microalgae. In
fact, the Ortona harbor point, characterized by a major ship traffic, has
revealed the entire community of the species in study among the four
sampling stations. Besides, the highest temperature values of the three years
of monitoring were always measured on August. During these periods, the
contemporary presence of the 5 tropical harmful species has been registered.

Methods
This work underlines the presence of tropical harmful species of the Abruzzo
coast. The investigations were carried out in four confined areas such as
harbors and rocky banks during the periods of June, July, August and
September of 2007, 2008 and 2009 years. These stations have been selected
above all to localize epiphytic species like P. lima, C. monotis, O. ovata and
P. concavum due to their behavior to live on macroalgae, on sediments and
inside stagnant environment with absence of water movements. At each
station, one seawater sample was taken at 0.5 m from the surface by means of
a pump. Algae observations were effected by the use of the light microscope
(ausJENA Telaval 3) at 200x, 400x and 1000x magnification (Fig 1). Cells
abundance concentrations were all expressed as cells · L-1, reading the entire
well using a volume of 50 ml. Chemical - physical parameters of seawater
were measured by a multiparametric probe.
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Fig. 1. 1000x magnification, scale bar 10 µm: a) F. japonica; b) C. monotis; c)
P. lima; d) P. concavum. 200x magnification, scale bar 50 µm: e) O. ovata

Results
The first appearance of P. lima was recorded on summer 2007 only inside
Ortona harbor. Its cellular abundance has been detected for the entire season

371
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

ULVA INTESTINALIS ASSOCIATED BACTERIA: MOLECULAR IDENTIFICATION AND ANTIMICROBIAL
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Abstract
Seventeen marine bacteria associated with the green alga Ulva intestinalis (northern coast in Tunisia), were isolated and tested for
antibacterial and antifungal activity. None of the 17 isolates displayed antifungal activity whereas two isolates displayed antibacterial
activity with different antibiotic spectra. These two isolates (U1 and U5) belonged to Alpha-proteobacterial genus Stappia. Strain, U5,
showed the strongest activity against pathogens especially Staphylococcus aureus and Aeromonas salmonicida. Algae like U.
intestinalis may benefit from epiphytic bacteria such as Stappia as potential resources of natural antibiotic production and
concomitant protection against undesirable prokaryotes.
Keywords: Algae, Bacteria, Biodiversity, Antibiotics
Introduction
Bacteria surviving on marine algae live in highly competitive, nutrient limited
environment. This competition for both space and nutrient inflict selective
pressure on the marine microorganisms that may result in the production of
bioactive compounds of possible medical and biotechnological value [1]. In
Tunisian coast, the green alga U. intestinalis is abundantly present but little is
known about their epibionts and the ability of these to produce bioactive
compounds. Here we investigate the culturable bacterial fraction, colonizing U.
intestinalis and focus on their antimicrobial activity against pathogens bacteria
and yeast.

Table.1. Antibacterial spectra of the U. intestinalis active strains
U1 and U5.
Active strains
Test strains
S.aureus ATCC 25923
S.aureus
A.salmonicida
Streptococcus.sp
P.auruginosa
A. hydrophila

Materials and methods
Marine green algae U. intestinalis were collected from coastal waters, north of
Tunisia in Cap Zebib (37° 16.2’ N, 10° 3.6’ E) between January and
November 2007. Seaweed samples were washed and epiphytic bacteria were
isolated [2, 3]. Identification of isolates was realized by PCR amplification of
16S rRNA gene. In vitro antibacterial tests were performed against fifteen
sensitive bacteria including fish and human pathogens (Aeromonas
hydrophila , Pseudomonas cepacia, Vibrio anguillarum, Vibrio tapetis CECT
4600, Aeromonas salmonicida, Salmonella typhymurium, Streptococcus sp.,
Staphylococcus aureus, Vibrio alginoliticus, E. coli O126B16, E. coli ATCC
25922, Pseudomonas fluorescens AH2, Pseudomonas aeruginosa ATCC
27853, Staphylococcus aureus ATCC 25923, Enterococcus feacalis ATCC
29212) and Candida albicans ATCC.
For the bioassay, drops of 10µl of the algae-associated bacteria suspension
were spotted on the agar plates swabbed with the test strains and allowed to
dry at room temperature. After incubation for 24 h, antibacterial activity was
evaluated by measuring the inhibition zone (in mm) from the edge of the
colony to the edge of the clear zone.

U1
4
3
4
4

U5
13
13
12
-

Zone of inhibition (mm) measured considering the spot diameter,
-: No activity.
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Results and discussion
Seventeen morphological distinct isolates were selected from U. intestinalis
surface and tested for potential antibacterial and antifungal activities. Ten
isolates were identified by PCR amplification and 16sRNA gene sequencing.
Among them, nine were gram-negative, assigned to Proteobacteria (Gamma
(one strain) and Alpha subclasses (seven strains)) and Bacteroidetes (one
strain). Only one strain was gram-positive. Gamma-Proteobacteria subclass
was represented by the genus Vibrio. This isolate appears to be not closely
associated to its host since it was found inhibited by U. intestinalis extracts
(unpublished data). Only two strains U1 and U5 showed antibacterial
activities. These isolates were closely related to Stappia sp. Strong activity
was detected for U5 against gram-positive pathogens:S. aureus and S. aureus
ATCC 25923 and gram-negative A. salmonicida (Table 1). Similar
antimicrobial activity of epiphytic seaweed bacteria was reported previously
[3]. These authors described U. intestinalis as the main source of antibiotic
producing bacteria that were identified as Pseudomonas-Alteromonas. Here
we isolated antibiotic producing strains of Stappia sp. from U. Intestinalis, a
promising result in the discovery of novel antibacterial compounds. Further
analyses and characterization of the antibacterial compound is in progress.
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EVALUATION OF PESTICIDES TOXICITY USING BIOSENSORS OF THE MARINE PHOTOSYNTHETIC
PICOEUKARYOTE OSTREOCOCCUS TAURI
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Abstract
Biosensors expressing the firely luciferase driven by specific genes were developed in the marine photosynthetic picoeukaryote
Ostreococcus tauri and used to measure the toxicity of different pesticides (diuron and its metabolites DCPU and DCPMU, irgarol
1051, glyphosate, chlorpyrifos). Results were compared to the conventional assay of growth inhibition. Our results demonstrate that
the use of luminescent biosensors can constitute a sensitive, high-throughput and non-invasive approach to assess the toxicity of
pesticides. The gene encoding the cycling-dependent-kinase A (CDKA) implicated in cell cycle appeared to be the most sensitive to
the pesticides tested.
Keywords: Ecotoxicology, Phytoplankton, Pesticides, Biotechnologies, Physiology
Introduction - Coastal ecosystems are exposed to various pollutants
including pesticides. These pesticides can come from agricultural activities or
from the leaching of biocides used as marine antifouling agents. These different
pesticides may affect non-target organism including phytoplankton. There is a
great interest to develop new approaches to detect the toxicity of theses
pollutants for marine organisms and to perform ecotoxicological tests
considering the interactions between different pollutants or the interactions of
pollutants with environmental parameters. To resolve this complexity a highthroughput and sensitive assay is required. We propose here the use of the
marine photosynthetic picoeukaryote Ostreococcus tauri for which
biosensors expressing the luciferase under specific gene control have been
developed [3]. O. tauri belongs to the Prasinophyceae and is reported as a
globally abundant in Mediterranean coastal lagoons and in the oceans [1,2].
The most striking feature of O. tauri is it minimal cellular organization (a
naked, 1-micron cell, lacking flagella, with a single chloroplast and
mitochondrion), and a small genome (12.56 Mb) completely sequenced [4].
This is the first eukaryotic algal model where stably transformed luciferase
lines accurately report gene expression [3].

Fig. 1. Effect of different concentrations of diuron on the gene expression of
CDKA in O. tauri as measured with the luminescent biosensor. The
luminescence data are expressed in percentages relative to control cultures and
are the mean of three independent wells. The dashed line indicate 50% of
inhibition of CDKA gene expression

Material and methods - For the growth inhibition assays, O. tauri strain
0TTH0595 was grown in 96-wells microplate at 25°C with Keller media
under constant illumination at 56 µmole.quanta. cm-2. sec-1. Cells were
introduced at 5 x 106 cell/ml and the pesticides were added 24 h after
inoculation. Growth of cultures was measured by flow cytometry (Cell Lab
QuantaTM MPL, Beckman Coulter) over 72 h. For the luminescence assays,
four different transformed luciferase lines were used in this study (Table 1).
The different modified genetic lines were grown in 96-wells white microplate
at 20°C with Keller media and luciferin (10 µM) under constant illumination
at 13 µmole.quanta. cm-2. sec-1. Cells were introduced at 10 x 106 cell/ml and
the pesticides were added 24 h after inoculation. Luminescence was acquired
every 2 h (Berthold LB Centro automated luminometer) and over 72 h to
follow in vivo expression of genes of interest.

Tab. 1. The different luminescent biosensors used

Results and discussion - Based on the growth inhibition assays it was
possible to classify the toxicity of the pesticides as follow: irgarol > diuron >
DCPU > DCPMU > glyphosate > chlorpyrifos. The use of luminescent
biosensors gave the same order of toxicity but the effective concentration of
each pesticide leading to a decrease of 50% of luminescence was most of the
time lower than the concentration leading to 50% of growth inhibition,
suggesting a more sensitive assay. Moreover, the automated, non-invasive and
highly reproducible measurements of luminescence give additional advantages
to the use of the biosensors compared to the growth inhibitions assays,
promoting this new assay as a method of choice to monitor pesticide toxicity
in the marine environment. When the different biosensors were compared we
observed that pesticides tested had a stronger inhibitory effect on the
expression of cell cycle-regulated genes (CyclineA and CDKA) compared to the
photosynthesis (CAB) and the circadian clock (TOC1) regulated genes. The
CDKA:Luc reporter gene was the most promosing biosensor since it had high
basal level of luminescence and yielded highly reproducible results. The results
are very promising for the design of a fast and automated ecotoxicological test
based on O. tauri luminescent biosensors, which could constitute a useful tool
for studying i) the impact of environmental parameters influencing the
sensitivity of microorganisms to toxic compounds and ii) the interactive
effects of different pollutants.
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VIRIOPLANKTON DISTRIBUTION RELATED TO BACTERIAL METABOLIC STATUS DURING AN
AUTUMN SURVEY IN THE NORTHERN ADRIATIC SEA
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Abstract
The study was performed during November 2004 in order to detect spatial distribution of marine viruses in the surface waters of the
Northern Adriatic Sea, to assess their interaction with bacteria as their most common host, and to investigate the influence of bacterial
metabolic status on viral proliferation. Our results confirmed the numerical prevalence of viral fraction within the microbial community
and showed that not only the highly active but also less active or dormant bacterial cells can sustain viral proliferation, the latter
resulting particularly intense at the mouth of the River Po.
Keywords: Adriatic Sea, Bacteria, Coastal Waters, Po Delta
The importance of viral infection for overall bacterioplankton mortality tends to
increase with increasing bacterial abundance and/or productivity [1] with the
evidence that more active bacterial cells may be more susceptible to viral
infection and that a more active bacterial community may sustain higher viral
abundance [2]. Since the detection of highly active cells by using CTC method
[3], only partially explains the activity of bacterial community the
discrimination of non-viable (dead) bacteria could further help in understanding
viruses-bacteria interactions. The marked trophic gradient of water masses in the
Northern Adriatic represented suitable study area for investigating differences in
microbial interactions. Surface water samples were collected from 18th to 21th
November 2004 along 5 transects for a total of 25 stations (Fig. 1).

maximum VBR ratio of 14 near the Po River mouth. In that area also bacterial
production rate was the most intense (0.485 µg C l-1 h-1), gradually decreasing
along the C transect, whether the minimum rate of 0.026 µg C l-1 h-1 was found
in the offshore stations of the E transect. Non vital bacteria ranged between 0.1
and 9.5 ×108 l-1 and their proportion within total bacterial community strongly
varied from 0.4% up to 91%. It was found quite similar but opposite
distribution pattern of virioplankton and non vital cells (p<0.08). Our results
evidenced wide spatial variability of virioplankton and confirmed its numerical
prevalence within the microbial plankton community of the N Adriatic surface
waters. It is plausible that the riverine inflow increasing the trophic status of the
system largely influenced viral distribution and the intensity of virus-bacteria
interaction. Contrary to the results reported for the entire Adriatic [2], we found
that virus-bacteria interaction can not be explained by the distribution of total
bacterial community itself. Viral distribution matched quite well with bacterial
production and the abundance of active bacteria, but only in the area proximal to
the Po River mouth, suggesting that bacteria in this area shifted their metabolism
to highly active status. The possibility of the copious enrichment in viral
abundances from outside sources was also considered, but was less plausible
since viruses in the sea are generally from within the system [8]. The large
proportion of non vital cells was found also by other authors [9], even if they
put under discussion the reliability of the PI method to indicate non active or
dead bacteria. The relationship between viruses and active, non vital and total
bacterial community suggests that viral proliferation is not only due to the
highly active but also dormant bacterial host while the infection of non vital
bacterial cells is not productive, thus further confirming the key role of bacterial
activity in controlling viral dynamics.
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Fig. 1. Sampling stations in the Northern Adriatic Sea. Contour map indicates
distribution of virioplankton abundances

Temperature, salinity, oxygen saturation and fluorescence data were obtained
using CTD multiparametric probe (Idronaut Ocean Seven 316). Samples for
biological analyses were collected using a Carousel water sampler carrying
Niskin bottles. Viral abundance was determined using SYBR Green I protocol
[4]. Total bacterial abundance was determined using DAPI staining method [5]
while non vital cells were distinguished using PI nucleic acid stain and processed
according the manufacturer (Molecular Probes). Metabolically active bacteria
were detected by CTC incubation technique [6]. Bacterial Carbon Production
(BCP) was determined by [3H]-Leucine incorporation [7] only along C and E
transects (for a total of 9 stations). Seawater temperature ranged from 11.3 to
16.6°C. Minima values were found in the coastal area, increasing towards the
central part of the basin. Salinity ranged between 29.7 and 38.4 with rather
opposite pattern to the seawater temperature (p<0.01). Dissolved oxygen,
ranging between 82-93%, also resulted significantly but positively correlated
with temperature (p<0.05). These suggested the presence of a large amount of
freshwater in the coastal belt, which matched with the highest fluorescence
values. In the entire area fluorescence remained low ranging between 0.1 and 0.8
µg Chla l-1. Virioplankton abundances (Fig. 1) ranged between 3.8 and 19.9×109
l-1. Higher values were found near the Po River mouth (coastal stations of the E
transect) and offshore the lagoons (A3 and A5 stations). Bacterioplankton
displayed quite narrow variability, ranging within 0.9 and 1.8×109 cells l-1. The
abundance of highly active bacteria varied from 1.4 to 5.9×107 l -1, thus
remaining below 5% of total bacterial abundance. A clear coast to offshore
decreasing gradient was observed with the highest CTC+ abundance and the
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EVALUATION DE LA QUALITE BACTERIOLOGIQUE DE LA FRANGE COTIERE DE TETOUAN «KABILA OUED LAOU»
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Abstract
Parallèlement au développement industriel et urbain, la contamination du milieu littoral par des produits organiques et chimiques
générés par les activités humaines est devenue un fléau préoccupant. Ce travail présente une caractérisation bactériologique portant
sur l’appréciation de la contamination globale et de la contamination fécale. Les résultats révèlent une bonne qualité microbiologique
des eaux du littoral étudiées, avec une variation saisonnière de la charge bactérienne, présente à un niveau important durant les
périodes pluvieuses.
Keywords: Bacteria, Coastal Waters
Introduction
Le littoral méditerranéen présente quelques zones de forte densité de
population, particulièrement entre Tanger et Tétouan, ce qui entraîne un
développement du tissu industriel dans cette région. Ce développement a un
impact négatif sur l’environnement naturel et le milieu marin en
particulier. Des études antérieures [1] montrent que les eaux de la zone
littorale méditerranéenne comprise entre Fnideq et Kaâ-srass, indiquent une
bonne qualité microbiologique, excepté pendant la période des pluies où de
légers dépassements du seuil de la salubrité sont observés au niveau de Kabila,
Martil et Oued Laou. Afin de caractériser la qualité microbiologique de l’eau de
mer de la frange côtière de Tétouan, allant de Kabila à Oued Laou, une analyse
dénombrant la flore mésophile aérobie totale, les coliformes fécaux et totaux et
les entérocoques fécaux perfringens a été mise en place.
Matériel et méthodes
Les analyses bactériologiques permettent de dénombrer la flore mésophile
aérobie totale (FMAT), les coliformes totaux (CT) et fécaux (CT) et les
streptocoques fécaux (SF) après filtration sur membrane (45µm). La gélose
PCA a été utilisée comme milieu de culture pour la FMAT, la gélose VRBA
pour CT et CF et le milieu de Slanetz et Barthely pour SF.
Résultats et discussion
Les résultats obtenus montrent que la charge bactrienne moyenne de cet
écosystème pélagique est de 2,89 102 UCF/100ml. La station de l’embouchure
de l’oued Laou semble être la plus contaminée avec 1,04.103 UCF/100ml. Les
précipitations enregistrées dans la région durant la période d’échantillonnage
sont importantes pendant toute l'année excepté durant l'été. Des pics
maximums sont observés en automne et au printemps . Ce profil de variation
est semblable à celui de la charge bactérienne enregistrée durant la même
période sur les mêmes sites. Ce travail suggère une relation étroite entre la
quantité de charge bactérienne et les précipitations. Il semble que la
pluviométrie et les crues jouent un rôle déterminant dans les processus de
contamination correspondant également à l'importance de la charge polluante.
Conclusion
Cette étude révèle que le site le plus exposé à la contamination bactérienne est
l’embouchure de l'oued Laou et suggère une relation étroite entre la
pluviométrie et la charge bactérienne sur tous les sites examinés. Cela se
produit parallèlement à une augmentation de la charge polluante.
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Abstract
The solar saltern of Sfax sustained an abundant phytoplankton community with higher diversity in the outer than the inner zone in
terms of Shannon-Weaver diversity index (H’). Some environmental parameters such as salinity seem to play an important role in
determining the phytoplankton community succession and then diversity, favoring or limiting the growth of the different phytoplankton
groups.
Keywords: Phytoplankton, Salinity, Biodiversity
Introduction
Several investigations on plankton were conducted in the solar saltern of Sfax
[1, 2, 3]. In this ecosystem, phytoplankton was found to tolerate different
salinity [1]. That’s why, they could be found in the five ponds of our study,
but most of them concentrated in the pond of low salinity [3]. In this study,
phytoplankton density was described in 2000 and 2003 in five ponds of
increasing salinities.

controlled by salinity was a density-controlling factor [1,2]. Several studies
confirmed this result [1,2,3,4]. In consistency with this finding, Elloumi et al.
[2]reported that D. salina was the major phytoplankton taxon in the Sfax
saltern. The majority of these studies mentioned the decrease of aquatic
communities’ densities with the salinity gradient. The diversity index
decreased with the increasing of salinity. This can be explained by the negative
correlation recorded between salinity and diversity index (r = -0.96; n = 3; p <
0.05), (r = -0.94; n = 3; p < 0.05) in 2000 and 2003 respectively.

Material and methods
2-1- Sampling
Sampling was carried out in the central part of the five ponds A1, A16, C2-1,
M2 and TS in 2000 and 2003.
2-2- Phytoplankton
Water samples (200 ml) were fixed by Lugol’s iodine solution and counted
under an inverted microscope (× 400) using the Utermöhl method.
Phytoplankton identification was made from morphological criteria after
consulting various keys.
2-3- Statistical analysis
Mean and standard deviation (SD) were reported when appropriate. The
potential relationships between variables were tested by Pearson’s correlation
coefficient.
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Results and discussions
The density of total phytoplankton community marked differences between
ponds and years. Phytoplankton density ranged between 0.44 × 106 ± 0.62 ×
106 cells l-1 (pond A1) and 1.23 × 106 ± 1.87 × 106 cells l-1 (pond M2) during
the year 2000 (Table 1).

Tab. 1. Annual Mean ± SD of total phytoplankton density, diversity index
and salinity in ponds A1, A16, C21, M2 and TS during the years 2000 and
2003.

Throughout the year 2003, phytoplankton density increased in all the ponds.
The most important phytoplankton density was recorded in pond M2, at
about 3.34 × 106 ± 4.38 × 106 cells l-1 (Table 1).
The density of total phytoplankton decreased in pond TS. The highest density
recorded in pond M2 was due to the high abundance of Dunaliella salina
(66%) recorded in 2000, and the coexistence of Dunaliella salina (51%) and
Chlamydomonas rublifilum (49%) throughout 2003. The density of the species
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Abstract
The majority of prokaryotes live in marine habitats and play a key role in global element cycling. Yet, most of them are still unexplored
and little is known about their functions as well as their reactions to the rapidly changing environment. Plus, they are expected to be a
treasure trove for new genes interesting for biotechnology and medical applications. Transcriptomics and Metatranscriptomics are
currently the techniques of choice to assess gene expression and to unravel the reactions of the microbes to environmental changes.
In this study we present gene expression studies for the marine model bacterium Rhodopirellula baltica SH1T and
metatranscriptome studies employing ‘Next Generation Sequencing’ to analyze seasonal changes in the North Sea.
Keywords: Bacteria, Genetics, Time Series, Monitoring, Surface Waters
The complete genome sequencing of the marine planctomycete Rhodopirellula
baltica SH1T revealed many fascinating and rare features like a high number of
sulphatases and a global mechanism of gene regulation. In order to gain further
knowledge about this intriguing organism, it was cultured under various
conditions in chemostats and the resulting gene expression was analyzed with
whole genome microarrays. The presented data (Fig. 1) illustrates the reaction
of the organism to heat, cold and salinity shocks. Separately for each
condition, the gene regulation was monitored during time series, with sampling
after 10, 20, 40, 60 and 300 min. The response to heat shock was most
pronounced after 40 min, while adaptation to salinity up-shift took 300 min.
The strongest overall response was observed in the heat shock experiment.
During cold shock, the cells seem to reduce their activity. Hence, the number
of upregulated genes is significantly smaller than the
number of downregulated ones.

To answer these questions, the MIMAS “Microbial Interactions in MArine
S ystems” project was set up. It aims at investigating the seasonal changes in
the microbial communities at two long term ecological research sites in the
North Sea (Helgoland Roads) and the Baltic Sea (Gotland Deep). The Gotland
Deep is known for its stable waterbody and an Oxic-Anoxic intersection at a
depth of 120 m. In contrast, Helgoland Roads captivates with its fast
exchanging waterbody. In order to explore the biodiversity of the Helgoland
Roads research site, single cell in situ hybridization and ribosomal RNA
sequencing are performed. However, the core of the project is based on a
“Meta-Omics” approach: Metatranscriptomics and Metaproteomics will shed
light into the active fraction of genes, while Metagenomics will address the
genetic potential of the bacterial community as a whole. This integrated
approach will give new insights in the ecological role of marine bacterial
communities and their response to environmental changes such as climate
change.
Metatranscriptome analysis (Fig. 2) will be performed via pyrosequencing to
get a comprehensive insight into the flexible gene expression adaptation of the
bacterial community due to seasonal changes of their environment. For this
purpose seawater is sampled by serial filtration, total RNA is isolated and the
rRNA removed. Subsequently, ds cDNA is synthesized from mRNA using
random hexamers. The following cDNA sequencing is performed with a GS
FLX Titanium Pyrosequencer. Finally, Metatranscriptomic data are analyzed
in relation to environmental parameters using a novel data analyzing pipeline
invented and
developed in house.

Fig. 1. Stress answer of R. baltica with the number of regulated genes

R. baltica shows a general stress response as well as a specific answer to
different stress situations. While heat shock mainly influenced the classical
heat shock genes, cold shock also had an impact on genes from the lipid
metabolism. In addition, genes involved in recombination, in secondary
metabolites biosynthesis, transport and catabolism were induced at enhanced
temperature. Interesting was also the upregulation of SecA, which belongs to
the extracytoplasmic stress response. In the cold shock experiment, genes for
amino acid biosynthesis as well as for protein fate and synthesis were downregulated, emphasizing the switch to a passive state of the cells. Genes
involved in sporulation (oppB) and pilus assembly were repressed, leading to
reduced motility and budding ability. The salinity shift changed the expression
of genes, which encode for enzymes with a function in ion transport and in
morphology. Glutamate and trehalose act as cytoplasmic osmoprotectants,
which is why the respective genes involved in the synthesis of these
components were upregulated due to the osmotic shock.
The experiment also enabled us to predict new functions to a set of genes
without an assigned function by analyzing coregulations with known
genes.This will not only enrich the functional information in the databases but
might also lead to the discovery of new enzymes for biotechnology or medical
applications.

Fig. 2. Experimental approach of the Metatranscriptomic part in the MIMAS
project
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Open questions : Can knowledge gained by pure culture experiments be
transferred to natural habitats? Do microorganisms behave similar in the
environment and in the lab and how do the over 90% of uncultivable species
react to environmental changes?
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RESEARCH OF SERUM AMYLOID A AND TRANSFERRIN LEVELS FOLLOWED AFTER STREPTOCOCCUS
INIAE- INFECTED IN TILAPIA (OREOCHROMIS NILOTICUS)
Azime Küçükgül Güleç 1*
1 University of Tunceli Fishing Faculty/TURKEY - azimekucukgul@yahoo.com
Abstract
Streptococcus iniae is an important bacterial pathogen of fish, causing up to 50% mortality in stocks, which has recently been
associated with human infections. Some disease states are associated with, or are causally related to acute phase proteins (APPs).
Acute phase responses (APRs) to S. iniae (ATCC 29178) were characterized in plasma of tilapia following intraperitoneal (i.p.)
infection. Two experimental groups, including S.iniae-infected and S.iniae-infected+handling stress, with a group of nonstressed
control fish, were examined. Samples for plasma analysis were utilized to analyze serum amyloid A (SAA) and transferrin (Tf). The
diseases signs observed in tilapia were erratic, slowdown in fish motions and darkened skin. SAA and Tf has been reported to
decrease in acute phase plasma.
Keywords: Bacteria, Diseases, Fish Behaviour
Introduction
Streptococcus spp. have been recently listed among the emerging problems in
aquaculture. Fish farms in many parts of the world have suffered serious
economic losses due to this bacterial pathogen. For fish populations, many
parameters (factors) have been measured as biomarkers. APPs that is one of
them are plasma or serum proteins whose levels change in response to tissue
damage, infection, or inflammation (Gaby and Kushner, 1999). APPs are an
established diagnostic tool as early indicators of inflammation and disease
Recently, studies have showed significant diagnostic informations in prognose
and fixing of diseases of APPs consantration levels in plasma [2].

3 - Smayda, T.J., 1997. Harmful blooms: Their ecophysiology and general
relevance to phytoplankton blooms in the sea. Limnon. Oceanogr., Vol.
425 pp.1137-1153.
4 - Thomas, W. H., Dodson A. N., 1972. On Nitrogen Defficiency in
Tropical Pacific Oceanic Phytoplankton. II. Photosynthetic and Cellular
Characteristics of a Chemostat-Grown Diatom.

Materials ve Methods
Tilapia (mean 60 g) were acclimated in the experimental ponds for 1 month
prior to experiments. The fish were fed with carp feed at 2–3% body weight
daily. For each treatment, there were triplicates and each pond was stocked
with 5 fish (72 fish in total). Tilapias were injected intraperitoneally (i.p.) of
S. iniae (ATCC–29178) obtained from Deutsche Samlung Von
Microorganismen Zellkulturna Gmbh (DSMZ). In first group, tilapias were
susceptible to 3.3x105 (sublethal dose) S. iniae colony forming units (CFU).
The second group were exposed to both S. iniae-infection and handling stress
for 15 minutes additionally. The last group was the control group. The fish
were sampled on the 0, 7th, 14th and 21st day after the end of the challenge
trial. Samples for plasma analysis were collected from caudal venepuncture of
infected fish. Serum SAA was measured using the N-high sensitivity CRP
assay with latex-enhanced immunonephelometricy assay on a BN II analyzer
(Dade Behering, Milan, Italy). Transferrin were analyzed by Roche/Hitachi
902 machine used immunoturbiditometric immune assay with Randox (Kat.
no: TF 7197). T-test (Independent samples) and Mann-Whitney test and
Student’s t were used for statistic analyses.
Results and Discussion
Macroscobic diagnosis obtained darkening of the skin, untidiness in fish
motions and slowing down, immobility in pool edges were the first signs
observed in tilapia. In microscobic datas, haemorrhages were observed on the
ventral side of the body, lesions and hyperemiae in skin. Dermal hemorrhages
on the body surface and around the mouth, opercles, base of fins and anus [3]
have been observed in S. iniae infected moribund tilapia. These observations
are often assumed to be identical to those that occur from S. iniae infections.
While SAA levels increased in the first and second week, it decreased at the
last of the third week. In constrat to SAA, a contrary situation was followed
in transferrin levels of the same weeks. Jensen et al (1997) were examined
changes in APPs in salmonids. In this study, fish were injected with live A.
Salmonicida. Increases in SAA levels has been determined. Transferin levels,
for both group of the first week, were occured decreased but following weeks
its level reached to control levels. Determination of APPs can help in
monitoring health of individual subjects.
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GROWTH KINETICS OF TWO DIATOMS SKELETONEMA COSTATUM AND THALASSIOSIRA SP. FROM
IZMIR BAY (EASTERN AEGEAN SEA /TURKEY).
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Abstract
The purpose of this research is to reveal the detailed information on growth kinetics of Skeletonema costatum and Thalassiosira sp.
sampled from Izmir Bay. From the results of enrichment experiments under batch culture conditions it has been found out the limiting
nutrinet for Skeletonema costatumis nitrate and for Thalassiosira sp. isreactive phosphate (RP).
Keywords: Aegean Sea, Phytoplankton, Nutrients, Growth, Eutrophication
Introduction
Primary production impetus is depending on the presence of nutrients in
water column and their uptake rate by phytoplankton. The most important
sources of nutrient enrichment in coastal waters are atmospheric deposition,
enrichments from bottom waters and rivers as a point sources. Eutrophication
is a process whereby water bodies, such as lakes, estuaries, or slow-moving
streams receive excess nutrients that stimulate excessive plant growth (algae,
periphyton attached algae, and nuisance plants weeds). This enhanced plant
growth, often called an algal bloom, reduces dissolved oxygen in the water
when dead plant material decomposes and can cause other organisms to die.
The understanding and preventing of europhication are depending on knowing
the relationship between nutrients and phytoplankton.With the batch culture
experiments carried out using the diatoms Skeletonema costatumand
Thalassiosira sp. from Izmir Bay it was aimed to point out the physiological
properties of this species. Additionally, to form a base for model studies by
parameterise its exponential growth rates, nutrient limiting growth rates and
the Michealis-Menten curves that indicate dependence on nutrients. Being
spread in a wide area of oligotrophic regions to eutrophic regions shows that
these species’ environmental adaptation is quite interesting. Nutrient
enrichment experiments have been performed for determination of growth
limiting nutrient for species in community and nutrient limited growth of
them. MONOD kinetics equation was used for this purpose ([1],[2],[3],[4]).

reported S.costatum is growing better in batch culture with high N:Si ratio [9].
In winter period (in February) Skeletonema costatum growth was limited by
nitrate. The highest cell number was reached to 38 millions cell/L. at the
concentration of 886.2 μM nitrate. Maximum spesific growth rate of S.
costatum was calculated as 2.34 day-1 and half saturation constant (Ks) as 6.9
μM using Monod equation. There is no limitation observed at enrichment
experimets of Thalassiosira sp. for the different concentrations of silicate,
ammonium and nitrate. Estimated average growth rates are μavg:1.49 day-1 for
silicate, μavg:1.25 day-1 for ammonium and μavg:0.97 day-1 for nitrate in
natural environment. Enrichment experimets of RP at 10 different
concentrations, the highest cell concentration was observed at 38.9 μM and
the growth was stopped at high concentrations. At low concentrations the
growth limitation could be clearly seen. At the natural background
concentration we deduce that the growth rate of Thalassiosira sp. was reduced
50%. Using Monod equation, estimated maximum growth rate for
Thalassiosira sp. was μmax:1.73 day-1and Ks was 2.018 μM for RP. In
conclusion, according to our experimental results, it was determined that
species which do not need high silicate concentration were dominant in winter
period. Thalassiosira sp. species’ high phosphate uptake ability was limited
by RP. Skeletonema costatum’s growth rate was limited by nitrate. Light
density is low in winter at Izmir Bay. In this condition it is known that certain
species uptake nitrate at the precence of ammonium and can produce lower
energetic fotosenthetic productions [10]. We pointed out that this species has
an adaptation ability from oligotrophic conditions to eutrophic conditions.

Material and Methods
Izmir Bay is one of the largest and polluted bay of the Turkish Aegean coast.
The Izmir Bay is divided into inner, middle and outer Bay due to
topographical and hydrographical characteristics. The main pollutants
affecting the bay water quality are organic matter, suspended matter,
hydrocarbons, metals and pathogenic organisms. The pathways through which
these pollutants reach the bay are domestic and industrial wastes, rainfall, bay
activities and ship traffic, rivers and streams, erosion, agriculturel and other
sources [5]. For this study, experiment bottles were conducted in a constant
temperature room at optimal temperature of the species and irradiated at 1300
ftCd (foot-candle) by daylight fluorescent lambs. Cultures were maintained on
a 12:12 light:dark cycle. For stock culture and batch culture experiments, f/2
and h/2 mediums were used described by [6]. The experiments were carried
out in 1 liter Pyrex bottles initially containing 1 liter of seawater. For the
experiment, the concentrations of nutrients in f/2 medium were changed and
thus, for every nutrient, a different concentration was obtained. For the
experiment groups, nutrients, trace elements and vitamins were added
seawater according to f/2 medium [6]. Our experiment was performed under
non-limiting nutrient, light and temperature conditions except the nutrient
exposured. Ammonium, phosphate, silicate and nitrate were analysed by
spectrophotometric methods ([7],[8]). All of the spectrophotometric analyses
were carried out by using Bosch-Lomb Spectronic 21 UVD model
spektrophotometer and also chlorophyll α analysis were performed using
Turner 10-AU Model Fluorometer.
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Results and Discussion
According to analytical results, background seawater concentrations are given
below: Nitrate: 3.2 μM, Ammonium: 15.79 μM; RP : 2.6 μM and Silicate:
29.20 μM. When we examined the growth curves of Skeletonema costatum at
the different concentrations of silicate, ammonium and phosphate, we found
no limitation for these nutrients hence these nutrient concentrations are not
reached to limiting values in natural marine environment. Estimated growth
rate means are μavg: 2.06 day-1 for silicate, 1.97 day-1 for ammonium and 1.70
day-1 for RP. At the different concentrations of nitrate enrichment
experiments we observed that the population of Skeletonema costatum is not
able to grow in low nitrate concentrations. In the previous study it was
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THE COMPARISON OF KS VALUES OF CHAETOCEROS GRACILIS ISOLATED FROM THE BAY OF IZMIR
AND HOMA LAGOON
Banu Kutlu 1*
1 Tunceli University - banukutlu@tunceli.edu.tr
Abstract
Diatoms contribute to the global carbon cycle and they have an important role in regulating climates by using 40 percent of carbon in
oceans [1]. Chaetoceros gracilis were exposed to various concentrations of NH4+-N based on f/2 medium in order to determine
which nutrients have a limited effect on the growth of C. gracilis . As a result, while µmax values of the C. gracilis isolated from two
different medium are approximate, their Ks values are different. This may be related to the water’s nutrient value.
Keywords: Algae, Biokinetics, Chlorophyll-a
Introduction
Unicellular marine algae are used as food for marine organisms which have
commercial value. Chaetoceros sp, in particular, have good nutritional value
because of their small cell structures and unsaturated fatty acids. They are
widely used as food for cructaceans, mollusks and fish in larval stage in
aquaculture.
Materials and methods
Izmir Bay: The bay of Izmir is located in the Western part of Turkey and
surrounded by a densely populated community. The bay is divided into the
Inner, the Middle and the Outer Bay from the standpoint of topographical and
hydrographical characteristics. The Inner bay occupies a small area and is
shallow in depth. Homa Lagoon: This study was conducted in the Homa
(Sufa) Lagoon area located at the outer part of Izmir Bay. Microalgal Culture:
For this study C.gracilis was isolated from Izmir Bay (Aegean Sea) and Homa
lagoon. At the time of the study, cultures of C .gracilis were unialgal but nonaxenic. C. gracilis cultures were grown in 21 Erlen mayer flasks containing 1.5
of sterile f/2 medium [2]. Experiments were conducted at a constant room
temperature at 28 C and irradiated at 52 µmol/m2s by daylight fluorescent
lamps. Specific-growth rates: chlorophyll a specific growth rates were
calculated from chlorophyll a concentrations during experimental growth. The
specific growth rate was obtained from each growth curve calculating the
following equation. μ = 1/ (t2–t1)*log 2(N2/N1)
Result and discussion
Another parameter, without doubt, is nutrients which have an affect on the
growth of algae that have been taken from two different environments after
they were isolated. Chaetoceros
gracilis were exposed to various
concentrations of NH4+ -N on f/2 medium in order to determine which
nutrients have a limited effect on the growth of C. gracilis. Ks, which is
regarded as the affinity of C.gracilis in terms of nutrient in two regions, is
used as the index of species’ potential survival capacity in low density food
concentrations [3]. The value is > 1 µgat/L and it indicates that the waters of
the Bay of Izmir and Homa lagoon aren’t very poor in terms of NH4+-N. But
this value is greater in Homa lagoon. The difference of the calculated Ks value
(3.86) can be explained by the fact that the aforementioned species may be
showing environmental adaptation to the lagoon. Besides, the maximum
growth rates of the cells grown in ammonium are greater than those grown in
nitrate and this may be originating from the cells of species, which go into the
other phases of life. µ max values of Homa lagoon and Bay of Izmir are the
same [4]. Found the Ks values of C. gracilis species, which have been isolated
from waters poor in nutrients, as 0.1 Nm. As a result, while µ max values of
the C. gracilis isolated from two different medium are approximate, their Ks
values are different. This may be related to the water’s nutrient value.

References
1 - Nelson D.M., Treguer P., Brzezinski M.A, Leynaert A., Queguiner B.,
1995. Production and dissolution of biogenic silica in ocean: revised global
estimates, comparison with regional data and relationship to biogenic
sedimentation, Glob. Biogeochem., Cycles 9:359–372.
2 - Guillard, R.R.L and Rhther J.H., 1962. Studies on marine planktonic
diatoms I. Cyclotella nana Hustedt and Detomula Confervacae (Cleve). Gran.
Can. J. Microbiol., 8:229-239
3 - Smayda, T.J., 1997. Harmful blooms: Their ecophysiology and general
relevance to phytoplankton blooms in the sea. Limnon. Oceanogr., Vol.
425 pp.1137-1153.

380
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)
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Abstract
The Homa lagoon is the enclosed bay of Izmir which has been subjected to a variety of human influences such as agriculture in the
surrounding area. In this study, bio-chemical system was studied using some biological, chemical and physical parameters obtained
from the Homa lagoon. Temperature, salinity, NH 4 + - N, NO3 - N, PO4 - P, Si, in vivo Chl-a were measured. To determine the
variation of the parameters and to assess the dynamics between the nutrients and the microplankton of the Homa lagoon, nutrient
enrichment bioassays were performed from the selected main sampling station. During the spring bloom of 2006, four main growths
were observed. The first one appeared as bloom of Chaetoceros sp. In he second growth, an increase of Licmophora abbreviata
algae was observed. In the third one, Tintinopsis beroidea appeared.
Keywords: Biokinetics, Chlorophyll-a
Introduction
Homa lagoon is a natural fish production area in the Izmir. The Homa lagoon is
the enclosed bay of Izmir which is subjected to a variety of human influences
such as agriculture in the surrounding area. Nutrient inputs from agriculture are
the main antropogenic pollution source. In this study the bio-chemical structure
was investigated using some biological, chemical and physical parameters
obtained from the Homa lagoon. Temperature, salinity, NH4 -NO3, PO4, Si,
Chl-a were measured. To assess the dynamics between the nutrients and the
microplankton of the Homa lagoon, nutrient enrichment bioassays were
performed from the selected main sampling station. The region where the lagoon
water and the sea water converge is determined as the station. Nutrients were
added into the experimental bottles to find out growth curves and kinetic
parameters. The obtained data were plotted as growth curves and chl-a based
exponential growth rates were calculated. Growth rates as a function of nutrient
concentrations were fitted to the monod equation.
Methods and Materials
Water for nutrient samples was collected in 100 ml polyethylene cans.
(Nitrate+Nitrite)-nitrogen (NO3+NO2)-N, reactive phosphorus (RP), reactive
silicate (RSi) were measured spectrophotometrically according to Strickland and
Parsons [1]. During the sampling periods bioassay samples were collected from
Homa lagoon. Water samples in pet carboys were filtered from 245 micrometer
(µm) plankton net to remove mesozooplankton and distributed to the
experimental bottles. In situ conditions were simulated in the laboratory by
using constant temperature and light room (52 µmol/m light intensity).
Experiments were carried out in March, April and May 2006 to find out about
nutrient limitation and to assess phytoplankton community. Nutrients such as
nitrogen, phosphorus, silica were added to the one litter bottles which contained
seawater sample. This known nutrient concentration enrichments help find out
growth rate. The obtained data were plotted as growth curves and chl-a based
exponential growth rates were calculated. Growth rates as a functions of
nutrient concentrations were fitted to monod equations.
Result and discussion
The surface waters of the main station are rich in chl-a for most of the year. In
spring bloom, the values were as follows: 2006, (NO3-N + NO2-N (4.03 - 7.25),
RP (0.62-0.97), RSi (13.15-19.15) µ gat/l. The values ranged in (mM) for the
analyses in May 2006 (NO3-N + NO2-N ( 6.41 - 12.27), RP (0), RSi (1.199.83). The surface molar ratios of nitrogen to phosphate (N/P) were calculated
as 2.98 in spring time. Temperature values ranged between 15 and 22°C in
March, April, and May 2006. Salinity values ranged between 36 and 44.716 psu
in March-April and May respectively. Spring bloom time fourth main growths
were observed. The first one appears as bloom of Chaetoceros sp. In the second
growth, there was an increase of Licmophora abbreiata. The third one was
Tintinopsis beroidea. After all these observations, the specimens of copepod
were seen in the bay. Bio assay experiments can be summarized as follows.
Phytoplankton level of most of the experimental bottles reached the exponential
phase immediately, while some of the bottles exhibited lag phase (for NO3-N up
to 4.11 µM). The greatest variation took place for Max chl-concentrations and
phosphate concentrations. Growth rate and carrying capacity were calculated
by formula 1 and 2 respectively. Results of the growh rate and chl a max for
NH4 are calculated as µ = 2,54 and Chl a max in situ = 12.12.

Fig. 1. Physico-chemical parameters

Fig. 2. Growth rate with PO4-P
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ARCHAEAL DIVERSITY AT SHALLOW HYDROTHERMAL SYSTEM OFF PANAREA (EOLIAN
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Abstract
A molecular phylogenetic survey of occurring archaeal diversity at four different shallow hydrothermal vents was carried out by using
the 16S rDNA PCR-DGGE fingerprinting method. Most of retrieved archaeal sequences did not match with those of yet-described
Archaea, suggesting the presence of new archaeal genotypes.
Keywords: Aeolian Arc, Biodiversity, Thermal Vents
The shallow marine hydrothermal vents of the Eolian Islands in the Tyrrhenian
Sea are located in tectonically active areas and despite their accessibility, several
aspects concerning microbial ecology of these ecosystems have been much less
investigated than those of deep-sea vents. Among Eolian Islands, thermal
springs and shallow hydrothermal vents of Vulcano are considered the “type
locality” of hyperthermophilic Archaea. Very few studies have been concerned
the microorganisms living at near hydrothermal system of Panarea Island [1,2,3].
On the basis of culture-dependent techniques, microbial communities of extreme
environmentswere thought to be dominated by Archaea [4,5]. The recent
application of molecular methods revealed a different picture, in which Bacteria
dominated the microbial communities in most of these environments [2,3]. Here
we report the archaeal diversity studied by molecular tools in environmental
samples collected from four shallow thermal sites characterised by different
temperatures and depths located off Panarea Island. Archaeal diversity was
investigated by means of 16S rDNA PCR-DGGE fragment analysis, as
previously described [2]. DGGE profiles showed that total number of bands,
equivalent to the archaeal richness, was higher in water (24) than in sediment
samples (18). Comparison among the DGGE profiles, performed on the basis of
Bray-Curtis similarity coefficient, showed low similarity levels among vents,
suggesting that archaeal community was differently distributed at four sites,
according to physico-chemical parameters. The similarity matrices were also
used for constructing a non-metric multidimensional scaling (NMDS) diagram
(Fig. 1).

low similarity levels of sequences with yet-described clones of Archaea suggest
the presence of new indigenous archaeal phylotypes.
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Fig. 1. NMDS diagram showing the clustering of the archaeal community

Phylogenetic analysis revealed that most of the archaeal DGGE 16S rRNA gene
sequences matched with uncultivated Archaea and these results did not allow us
to speculate about their physiology. Only two sequences, obtained from sites 1
and 4, were distantly affiliated (<96% similarity) with Paleococcus helgesonii,
an obligate chemo-heterotrophic, hyperthermophilic, microaerophilic
euryarcheon, recently isolated from a geothermal well at Vulcano Island [6]. The
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Abstract
The discovery that viruses may be the most abundant organisms in marine ecosystems, surpassing the number of bacteria by an order
of magnitude, has inspired a resurgence of interest in viruses in the aquatic environment. In the present study we evaluated the
virioplankton, total culturable heterotrophic bacteria, luminous bacteria, Escherichia coli and somatic coliphages abundances, over an
annual cycle, at two sampling points located in the Southern Adriatic Sea (Italy) differently subjected to a sewage pipe impact.
Keywords: Adriatic Sea, Bacteria, Bio-Indicators, Sewage Pollution
Introduction
Coastal marine ecosystems are characterised by a complex set of dynamic
interactions between organisms including viral lysis [3]. Marine viruses are the
most abundant biological particles in the sea [4]. The evidence to date suggests
that virioplankton communities are mainly composed of bacteriophages and
that by specifically infecting heterotrophic bacteria, virus are likely to play
critical roles in the structure and function of aquatic food webs[1]. Although
an increasing number of work has been conducted on marine viruses, little is
known about their biology and ecology (relationships with hosts and the
environment) in the Southern Adriatic Sea Italian coasts. The aim of this study
was to describe the virioplankton, total culturable heterotrophic bacteria,
luminous bacteria, Escherichia coli and somatic coliphages abundances over an
annual cycle as well as the relationships between these planktonic
components at two sampling points located in a coastal area of the Southern
Adriatic Sea (S. Cataldo, Lecce, Italy). The former point was near the mouth
of a sewage pipe and the latter at 1000 m from the pipe.

ecosystems. Microbiol. Mol. Biol. R., 64: 69-114.

Material and Methods
Water samples were collected from surface (0.2 m depth) in 300 ml capacity
sterilized glass containers. To enumerate viruses water samples were filtered
through 0.02 µm pore-size filters, stained with SYBR Green I and observed
by an epifluorescence microscopy. For enumeration of heterotrophic and
luminous bacteria the number of colony forming units was determined by
plating 1 ml of undiluted seawater in triplicates on Complete Seawater. The
plates were incubated at 21°C for 20-24 hours. Escherichia coli presence was
assessed through the filtering membrane technique. Somatic coliphages were
detected through the double-layer agar technique, after a tangential flow
ultrafiltration (on 10 l of water) to increase the recovery capability for phages.
Results and Discussions
Our results indicated that microbial parameters displayed a much higher
abundance in the polluted point where the mean virioplankton abundance was
1.2 x 107 cells/ml and mean culturable heterotrophic bacteria density was 6 x
103 cells/ml. Furthermore viral density followed the pattern of luminous
bacteria abundance as confirmed by regression analysis [2]. In the impacted
point the highest concentrations of Escherichia coli were recorded in the
summer-autumn period (100 c.f.u./100ml) whilst in January they showed
values near to zero. By contrast, in the point at 1000 m from the discharge
pipe, somatic coliphages concentration recorded the highest value (128
p.f.u./100ml) in the coldest month (January). Our results show that somatic
coliphages are less sensitive to temperature than the classical indicators of
faecal contamination. These findings suggest that somatic coliphages could be
used as indicators to evaluate the quality of coastal seawater, in order to
provide a more accurate analysis of the hygienic-sanitary quality of the marine
ecosystem.
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ON THE GENETIC STRUCTURE OF RUDITAPES DECUSSATUS (MOLLUSCA, BIVALVIA) INFERRED BY
NUCLEAR AND MITOCHONDRIAL GENETIC MARKERS.
A. Manunza 1, D. Mascia 1, R. Demurtas 1, A. M. Deiana 1 and R. Cannas 1*
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Abstract
Analyses of 478 polymorphic AFLP loci and about 540 base pairs COI provided an account of genetic variation among Ruditapes
decussatus populations from both the French Atlantic coast and the Mediterranean Sea. AFLP analyses of 357 specimens from 17
locations revealed evidence of significant genetic differentiation among populations (Fst = 0.16; P<0.001). Data on COI sequences
from Mediterranean and Atlantic populations showed a lower genetic diversity among populations. Mismatch analysis found signatures
of past genetic bottlenecks in R. decussatus populations. These findings confirmed the utility of AFLP for population genetic study
while indicated that COI sequences, characterized by a lower intraspecific variability, could be more suitable markers for evolutionary
studies
Keywords: Western Mediterranean, Genetics, Bivalves, Aquaculture, Lagoons
Introduction
The grooved carpet shell clam Ruditapes decussatus is a bivalve well
appreciated for human consumption and one of the most expensive and
commercially important clam species in fishery and aquaculture for the
Mediterranean countries. Since wild stocks in most of the R. decussatus native
range have been in decline over the last decades, to ensure a successful species
management, it is extremely important to monitor the genetic variability both
natural and hatchery populations. In the present study we examined both
nuclear (AFLP) and mitochondrial DNA (COI) variation among samples of
the Mediterranean basin and Atlantic Ocean with the goal of characterize its
populations.

genetic diversity, and were developed at a relatively low cost and in a short
period of time, which can make them ideal tools for generating large data sets
for species that need a continuous monitoring. On the contrary, mitochondrial
sequences resulted to be far less variable, and could be more suitable for
evolutionary studies.
Tab. 1. AMOVA results of Ruditapes decussatus from AFLP data

Material and methods
The majority of samples were collected in lagoons of the western
Mediterranean basin: along the Sardinian coasts (n=10), in the Adriatic (Italy
and Albania, n=4), in the Thau Lagoon (France, n=1), in the Ebro Delta
(Spain, n=1). One sample came from the Arcachon lagoon (Atlantic coast,
France). AFLP marker profiles were generated using the procedures described
in [1] with minor modifications. Allele frequencies were estimated with
AFLP-SURV v. 1.1. Genetic diversity within and among populations were
estimated with ARLEQUIN 3.1 [2], and COA analysis using Adegenet [3].
Partial sequences of the mitochondrial COI gene were obtained using novel
internal primers designed from the partial mitochondrial sequence of Ruditapes
decussatus (GenBank Accession DQ184830). All sequences were aligned with
MEGA 4 [4] and analysed with DnaSP 5.1 [5], and ARLEQUIN 3.11.
Results
AFLP analysis was successfully performed on all 357 individual samples and
the two selected primer combinations produced a total of 478 polymorphic
markers. Among populations, the percentage of polymorphic loci ranged from
41.6 % to 60.9%, the expected heterozygosity values were generally low
(from 0.14 to 0.17). AMOVA showed a high genetic differentiation among
populations (Fst = 0.16, P<0.001), with most of the total variation (83.7%)
due to intra-population differences. Among all hypothetical groupings of
populations examined, several were found to have significant percentage of
among-groups variation but the higher differentiation were measured when
populations were clustered according to their genetic distances and not to their
geographic origin (Tab. 1: Structure A - 4 groups= Atlantic/ Adriatic/ Sardinia/
WMediterranean; Structure B - 3 groups= WMediterranean+Albania/ SGilla
(3sites)/ all others). In particular, COA analyses confirmed these results (Fig.
1). Nucleotide sequences of about 540 bp in length were obtained from the
mitochondrial cytochrome C oxidase subunit I (COI) gene. Analysis of
sequence variation revealed the occurrence of 19 variable sites, a low
nucleotide diversity (π: 0,00203) and haplotype diversity (Hd: 0.565). The
most common haplotype was found in about 60% of the specimens and in all
populations; other two less frequent haplotypes were present. Contrary to
what is shown by the AFLP data, COI sequences seems to indicate that
populations are not significantly differentiated. Mean overall Kimura genetic
distance was K2P=0.2%, and pairwise inter-population distances ranged from
0.1% to 0.4%. The mismatch analysis and the star-like maximum parsimony
network of COI sequences indicate the occurrence of past bottleneck events
followed by recent population expansions of R. decussates populations. Our
study confirm the utility of amplified fragment length polymorphism (AFLP)
markers for population genetic studies; they permitted to retrieve a higher

Fig. 1. COA (COrrespondance Analysis) of Ruditapes decussatus from AFLP
data. Eigenvalues corresponding to the represented components are filled in
black
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SALT MARSH ACCRETION BY ENDOGENOUS CYANOBACTERIA TO REDUCE EROSION IN VENICE
LAGOON
Davide Marchetto 1, Giovanni Cecconi 2, Claudia Cerasuolo 2 and Franco Baldi 1*
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Abstract
Different strains of cyanobacteria were isolated from salt-marsh of Venice Lagoon. One of them was used in the laboratory to
colonize artificial substrates to induce a better colonization of eroded sediments. Different materials for cyanobacteria colonization
were used from silica, zeolite to sediments. Different tests were made to improve cyanobacteria survival and exo-polysaccharide
production under diverse conditions to consolidate sediments.
Keywords: Cyanobacteria, Sediments, Erosion, Lagoons
substrates by determining photo pigments, carbohydrates, uronic acids,
exopolysaccharides (EPS) and proteins. Adhesion of cyanobacteria on
sediments was also studied with epifluorescence microscopy using PNA lectine
and other conventional fluorochromes. Experiments were performed also in
microcosmos, using lagoon sediments to study cyanobacteria colonization. Four
glassware vessels containing each 1 kg of sediments, sampled from the same salt
marsh station, were used for the experiment with natural and autoclaved
sediments with and without additions of cyanobacteria grown on porous zeolite.
These experiment was followed for 15 days and all parameters were determined
to understand the colonization process.
The CyV3 strain, belongs to Phormidium sp, grown significantly faster than
other isolated strains and so we use this strain to reproduce at the multilayers
structure (Fig 2). The strain was grown on coarse silica sand and fine zeolite: the
growth was faster in silica but the material consolidation was weak. With finer
grains of zeolites, the growth rate was longer but CyV3 produced higher
amounts of ESP and total carbohydrates to give a more consolidate structure.
So commercial zeolite grains (0.5 cm diameter) colonized by strain CyV3 were
used to seed CyV3 strain in microcosmos with lagoon sediments. The
cyanobacteria viability and reproducibility on colonized zeolites was monitored
for two months. The same percentage of viability was maintained for two
weeks, after a sensitive decrease of viability with an extended lag-phase was
observed. Results of experiments in the four microcosms indicated that a strong
microbial competition occurred in natural sample so cyanobacterial strain seeded
on zeolite did not produce significant augmentation of cyanobacteria population
in relation to native autotrophic population. Conversely, the inoculated
cyanobacteria zeolite grains in sterilized sediments gave a wide contribution to
the formation of consolidated cyanobacterial mat.

Fig. 1. Eroded sediments in the Northern Lagoon of Venice
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Fig. 2. Natural stratified sediments colonized by filamentous cyanobacteria

During the last century the Venice lagoon wetlands underwent to a severe
reduction of intertidal shoals and salt marshes. These geomorphologic
components of the lagoon are particularly vulnerable and they have been already
affected by intense erosion (Fig. 1) passing from 17.0% to 8.8% [1]. By many
observations we know that cyanobacteria in the Venice Lagoon form stratified
sediment (Fig. 2). These structures are very stable and consolidate sediments by
naturally reducing the erosion. The aim of this work was to mitigate this process
by promoting the consolidation of sediment surface with endemic cyanobacteria
mat, by growing these autotrophic bacteria on suitable solid substrates to seed
and colonize sediments in order to understand the colonization process for
facilitating the self-preservation of salt-marsh habitats.
Cyanobacteria were isolated from salt marshes sediment in the northern basin of
Venice Lagoon using solid media ASN-III [2]. A filamentous cyanobacteria
strain was selected among other isolates. The strain CyV3 was used in
colonization experiments on sandy quartz, commercial zeolites grain and natural
lagoon sediments. The growth and adhesion of bacteria were followed on these
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MICROSATELLITE MARKERS FOR POPULATION GENETIC STUDIES OF THE GIANT RED SHRIMP
ARISTAEOMORPHA FOLIACEA (CRUSTACEA, DECAPODA)
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Abstract
Microsatellite markers have been isolated and characterized from the giant red shrimp Aristaeomorpha foliacea in order to
investigate on the presence of distinct stocks in the Western Mediterranean Sea. Polymorphism of the newly obtained loci was
assessed in a restricted sample of 30 specimens, nine loci provided markers with polymorphism (range 2–19 alleles per locus). Six loci,
the most polymorphic and easiest to amplify and to score, were tested in a larger sample of 6 populations from the Western
Mediterranean Sea. Microsatellite data revealed a substantial genetic homogeneity and no signs of recent bottlenecks, suggesting the
existence of a high gene flow that connects all populations.
Keywords: Genetics, Crustacea, Western Mediterranean, Deep Waters, Fisheries
Introduction
The giant red shrimp, Aristaeomorpha foliacea, is a cosmopolitan crustacean
species, widespread in the eastern and western Atlantic, the western Pacific, the
Indian Ocean and the Mediterranean Sea. It is one of the most important
exploited crustaceans, having a long traditional and economical significance for
the deep fishery of the western and central Mediterranean countries. Despite its
commercial importance, little is known about the genetics, population structure,
and migration patterns of this species. Since direct tracking movements of
individuals is very difficult for marine species, the use of indirect methods,
including genetic approaches, for the measurement of connectivity among
populations can be very informative. With the aim of studying the population
structure and genetic connectivity among giant red shrimp populations from the
Western Mediterranean Sea and obtaining new and powerful genetic markers,
microsatellites loci were isolated from Aristaeomorpha foliacea genome using
the FIASCO protocol [1] from a partial genomic library enriched for an AC
motif.
Results
Among 96 recombinant clones obtained, a total of 43 sequences had a
microsatellite, 14 of which with flanking region of appropriate length and
sufficient quality to allow the design of primers that were used to amplify the
genomic DNA of a subsample of 30 specimens from two locations. Four out of
14 microsatellites were immidiately discarded because of their low amplification
success, while one was found to be monomorphic.
The remaining 9 loci were characterized by a high variability in PIC values
(0.36-0.91) and in the number of alleles (range 2 – 19).
In this study only the 6 most polymorphic loci were tested in a larger sample
and used to make a preliminary investigation on the genetic structure of
Mediterranean giant red shrimps. A total of 115 specimens were analysed from
6 populations: 4 samples were collected off the Sardinian coast (Sant’Antioco,
Cagliari, Siniscola, Asinara) and two samples off Sicily (Messina and Sicily
Channel). Two loci (Cea17 and Cia82) significantly deviated from HWE and this
could be explained by their associated elevated frequencies of null alleles (10%
and 19%, respectively) calculated with the algorithm of Dempster [2]. A.
foliacea populations resulted not genetically differentiated as indicated by the
low and not significant pair-wise Fst values calculated with Arlequin 3.1 [3].
Analysis of molecular variance AMOVA clearly showed that genetic variability
was largely due to differences among individuals (99.31%) rather than to
differences among populations (0.69%).
The absence of population structure was further confirmed by the bayesian
clustering method implemented in Structure 2.3 [4] indicating K=1 as the most
probable structure.
The PCA performed with Adegenet [5] showed a substantial genetic
homogeneity among populations separated by hundreds of kilometres
suggesting that western Mediterranean populations could represent a unique
panmictic stock (fig 1).
Finally, the bottleneck test [6] and interlocus g-tests [7] did not find signs of
recent bottlenecks (reduction of population size) or growth (increase of
population size after the recovering from a demographic collapse), leading to
hypothesize that, up to now, the Western Mediterranean giant red shrimps have
experienced a sustainable fishing pressure.
All these results clearly indicate that the microsatellite markers tested here can
represent very useful tools for population genetic studies of A. foliacea, for
instance for monitoring the detrimental genetic effects of any future increasing
fishing pressure.

Fig. 1. Typology of giant red shrimp populations obtained by interclass PCA.
Eigenvalues corresponding to the represented components are filled in black.
Points represent genotypes; samples are labelled inside their 95% inertia ellipses

References
1 - Zane L., Bargelloni L., Patarnello T. 2002., Molecular ecology 11(1): 1-16.
2 - Chapuis M-P, Estoup A. 2007., Mol Biol Evol. 24: 621–631.
3 - Excoffier, L. G. Laval, and S. Schneider. 2005., Evolutionary Bioinformatics
Online 1: 47-50.
4 - Falush, D., Stephens, M., and Pritchard, J. K., 2007. Molecular Ecology
Notes 7(4): 547-578.
5 - Jombart T. 2008., Bioinformatics 24: 1403-1405.
6 - Piry S., Luikart G., Cornuet J.M. 1999., Journal of Heredity, 90: 502– 503.
7 - Reich D.E., Feldman M.W., Goldstein D.B. 1999., Mol. Biol. Evol. 16, 453466.

386
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

DIVERSITY AND ABUNDANCE PATTERNS OF PHYTOPLANKTON IN COSTAL WATERS OF THE
NORTHERN ADRIATIC
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Abstract
The distribution and abundance of different phytoplankton groups and species composition are described for costal waters along the
Istrian peninsula and Kvarner Bay, in the northern Adriatic. Hydrochemical and biological properties were investigated during one
year. The coastal system is rather heterogeneous due to the influence of several rivers and other anthropogenic inputs in the system,
but also due to hydrography and complex circulation system in this area. The microphytoplankton community was dominated by
diatoms while the dinoflagelates appeared when the nutrients were scarce, generally after the diatom blooms. The general trend
followed expected succession patterns.
Keywords: Adriatic Sea, Phytoplankton, Coastal Waters
Introduction
Along the northern Adriatic (NA) coast the ecological factors (anthropogenic,
like e.g. nutrient input as well as naturally e.g. bathygraphy and river outflows)
are diverse. Hence the phytoplankton community is under equally diverse
influences and any disturbance in marine ecosystem is strongly affecting the
primary production at the first trophic level.

Pseudonitzschia species which were pronounced especially along the Western
Istrian stations (4.2 x10 5 cell/l Fig.2.). The peak cell abundance of the
spring/summer bloom was recorded in June in the surface layer of Rijeka Bay
where Skeletonema spp. reached 3.6 x10 5 cell/l, while the deeper water layers
were dominated by Coccolitophoridae like Emiliana huxleii (1.1 x10 5 cell/l).
The Rijeka Bay can be described as mainly influenced by the harbour city of
Rijeka and the karstic Rjecina river, where the nutrient rich fresh water input
triggered
the Skeletonema sp. bloom only in this restricted region.
Phytoplankton community structure alowed to discriminate different regions
along the NA cost.

Fig. 1. The investigated area with the sampling stations. The piecharts show the
phytoplankton community structures in March 2008.

Materials and Methods
Water samples were collected during seven cruises at 15 stations, each, one,
nautical mile from the Istrian coast and Kvarner Bay (NA) during 2007 and
2008 (Fig.1). Temperature and salinity were measured using a CTD probe
(Seabird, USA). A total of 315 water samples were analyzed during the study
period. Samples were collected with 5 L Niskin bottles, subsamples for the
determination of the nutrients were preformed using standard oceanographic
methods (1). Phytoplankton samples were preserved in 2% (final concentration)
neutralized formaldehyde and analyzed following the Utermol method (2) on
Zeiss Axiovert 200 inverted microscope. For statistical analysis the software
packages Systat 12 and Primer 6 were used.

Fig. 2. Abundances of main phytoplankton groups and Pseudonitzschia spp.
with the distribution over the stations
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Results and discussion
A total of 237 species were recorded. There were 126 species of
Bacillariophyceae, 83 Dinophyceae, 13 Haptophyta and 5 species of
Crysophyta while nanoplankton fraction was divided in 10 distinct groups
(diatomeae, dinoflagelata, cryptophyta, chlorophyta, cocolitophoridae..).
Statistical analysis of the phytoplankton community structure showed that the
stations along the western Istrian coast were significantly different from the
stations along the eastern Istrian cost and in Kvarner Bay (Fig.2). The
nanophytoplankton component was the dominant plankton guild throughout
the whole year in the NA while the microphytoplankton (size >20 µm) was
restricted to sporadic (late spring and autumn) blooms. During the investigated
period the most prominent bloom event was the autumn bloom (October 2007,
September 2008) characterized mostly by diatoms. The phytoplankton
community during the bloom was dominated by Chaetoceros species and
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HOLOCENE SEA-LEVEL CHANGE IN THE MEDITERRANEAN SEA: QUANTITATIVE RECONSTRUCTIONS
BASED ON FORAMINIFERAL TRANSFER FUNCTIONS
Yvonne Milker 1*, Gerhard Schmiedl 1 and Christian Betzler 1
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Abstract
Results from Late Glacial and Holocene relative sea-level estimates in shelf carbonate environments of the Western Mediterranean
Sea based on various regression methods and, on Plankton/ Benthos ratios, are presented. The relative sea-level estimations for the
different regions are similar to the global sea-level history underlying the potential of benthic foraminifera for quantitative sea-level
reconstructions.
Keywords: Western Mediterranean, Sea Level, Foraminifera
Introduction
Quantitative sea-level reconstructions using planktonic and benthic foraminifera
were more applied in the recent past and, give a potential for paleo-sea level
reconstructions over various timescales or for climate modeling.

influence of glacial melting rates on the Younger Dryas event and deep-ocean
circulation. Nature 342: 637-642.

Methods
The sea level estimations were based on various regression methods such as
Weighted Averaging (WA), Partial Least Squares (PLS) and, a combination of
both. Further, Modern Analoque Technique (MAT) and, a method based on
Plankton/ Benthos ratios were used. The transfer functions generated from
recent benthic foraminiferal assemblages in surface samples were applied on
fossil data-sets from the Alboran Platform, the Oran Bight and the Mallorca
shelf (cores 342-1, 367-1 and 401-1).
Results
The best predictive potential is given for the WA-PLS method. The relative sealevels estimates are similar to the global sea-level history on the Alboran
Platform and off the Mallorca Shelf (Fig. 1). In the Oran Bight, our estimates
show also a sea-level rise for the past 6000 cal. years BP, but exhibit significant
deviation from the global trend likely attributed to age model uncertainties. The
sea-level estimates based on transfer functions generated from recent P/B ratios
show in generally the global sea-level development, but with a higher inaccuracy.
Species-environment relations were investigated, showing that on the Mallorca
Shelf substrate and food effects interfere with the sea level signal resulting in an
partly overestimation of paleo-water depths.

Fig. 1. The relative sea-levels estimates are similar to the global sea-level history
on the Alboran Platform and off the Mallorca Shelf
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MOLECULAR MODELING IN BLUE BIOTECHNOLOGY: A COST-EFFECTIVE AND SUSTAINABLE
APPROACH TO EXPLOIT MEDITERRANEAN CHEMICAL DIVERSITY
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Abstract
Within this study, metabolites isolated from marine organisms living in the MediterraneanSea have been investigated by both a chemoecological and a computational approach to decode the "information content" of marine natural products in terms of possible
biotechnological applications. This led us to predict, from 3D chemical structures, the interaction of selected metabolites with
macromolecular targets underlying crucial ecological and pharmacological actions.
Keywords: Biotechnologies, Alien species
Natural products possess an extraordinary pharmacological effectiveness and
specificity compared to artificially designed molecules because evolutionary
selection has been the “nature's own high-throughput screening” process for
the optimization of biologically active compounds [1, 2]. As a result, a broad
range of bioactivities has been found within the increasing number of novel
secondary metabolites isolated from the under-explored marine sources [3].
However, similarly to their terrestrial counterparts, marine natural products
often interact with more than one specific target, also producing toxicity and
other side effects which often prevent their use as drugs. By combining a
chemo-ecological approach in the study of the natural function of small
molecules isolated from Mediterranean flora and fauna with modern “in silico”
target fishing techniques, we propose an efficient method for “a priori”
predictions of possible exploitation of marine natural products, or their
analogues, in biotechnological fields. Selected cases will be presented, with
emphasis on possible uses in biotechnology of undesired biomaterials from
invasive alien species, which are altering the Mediterranean community
structure [4]. This research has led us to select promising candidates in drug
discovery, and to design structural analogues for lead optimization. We believe
that our approach to blue biotechnology should prevent the negative impacts
of dispersive pharmacological evaluations and randomly-guided sampling
activities on the Mediterranean ecosystem, also providing sustainable
opportunities for the sea-based economy of coastal communities.
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CNIDARIA SHARE HOMOLOGOUS SECRETED PHOSPHOLIPASES A2 WITH BACTERIA AND FUNGI
Timo Nevalainen 1*
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Abstract
Secreted phospholipases A2 (sPLA2) containing conserved domain pfam09056 Phospholip_A2_3: Prokaryotic PLA 2 are present in
bacteria and fungi. In the current study, prokaryote-type sPLA2s were identified also in eumetazoans of the Phylum Cnidaria, such as
sea anemone Nematostella vectensis, hydroid Hydra magnipaillata and hard coral Acropora millepora. The functions of cnidarian
prokaryote-type sPLA2S are unknown.
Keywords: Bacteria, Cnidaria, Enzymes, Symbiosis
Introduction
Phospholipases A2 comprise a large family of intracellular and secreted
enzymes. Secreted PLA2s participate in important physiological and
pathological functions, such as digestion of dietary phospholipids,
inflammatory reaction and antimicrobial defence against bacteria and other
pathogens. Conserved domain pfam09056 Phospholip_A2_3: Prokaryotic
PLA2 [1] is characteristic of a number of sPLA2s of both Gram positive and
Gram negative bacteria. The catalytic site motif of prokaryote-type PLA 2
(XCXXHDXX) contains the conserved histidine and aspartic acid residues
typical of sPLA2s. In addition to bacteria, prokaryote-type sPLA 2s have been
identified in fungi. The observations reported here indicate that prokaryotetype sPLA 2 is present also in eumetazoan organisms of the Phylum Cnidaria.
Material and methods
Conserved domain pfam09056 was identified at web site
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi in PLA2 sequences
retrieved at NCBI and Swiss-Prot databases at web sites
http://blast.ncbi.nlm.nih.gov/Blast.cgi
and
http://www.expasy.ch/sprot/,
respectively. Multiple sequence alignment was done by the program
CLUSTAL W2 at http://www.ebi.ac.uk/Tools/clustalw2/index.html.
Results and discussion
The genome of starlet sea anemone Nematostella vectensis (Cnidaria,
Anthozoa) [2] contains a rich selection of PLA2s [3] including prokaryotetype sPLA 2s. In addition to fungi, cnidaria are the only eukaryotes that
contain prokaryote-type sPLA2s. The current observations show that there
are in Nematostella vectensis distinct sPLA2s that contain the conserved
domain pfam09056 Phospholip_A2_3: prokaryotic PLA2. In other cnidaria
including hydroid Hydra magnipapillata and hard coral Acropora millepora
there are sPLA2s homologous to prokaryote-type sPLA 2. The presence of
prokaryote-type PLA 2s in cnidaria seems to be unique; PLA2s containing the
conserved domain pfam09056 Phospholip_A2_3: prokaryotic PLA2 were not
found in any other metazoan (or eukaryote) besides fungi in the current study.
The function and evolutionary origin of prokaryote-type PLA 2 in cnidaria is
unknown. Besides vertical inheritance, horizontal gene transfer should be
considered as a possibility. A further explanation for finding DNA sequences
of prokaryote-type PLA 2 in cnidaria would be the presence of bacteria (or
fungi) in these marine invertebrates, either as symbionts, commensals,
pathogens or inert contaminants. However, the latter alternatives seem
unlikely, since measures were taken to exclude contamination of the specimens
used for sequencing the genome of Nematostella vectensis (Putnam et al.
2007).
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PATTERNS OF BACTERIOPLANKTON DIVERSITY IN RECREATIONAL MARINAS IN THE ISLAND OF
MALLORCA (BALEARIC ISLANDS) AND ITS RELATION TO HYDROCARBON POLLUTION
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Abstract
The analysis of bacterioplankton in surface seawater from different recreational marinas evidenced common patterns in the diversity
of some bacterial groups, i.e. Alphaproteobacteria. In particular, certain phylotypes of the Roseobacter clade predominated in these
environments. Although this clade seemed to be stimulated by experimental diesel-oil pollution, their apparent success in polluted
environments, such as marinas, is most likely due to a combination of factors and not only to hydrocarbon pollution.
Keywords: Bacteria, Balear Islands, Biodiversity, Pollution, Coastal Waters
Studies on bacterioplankton diversity in man-made, artificial habitats, such as
ports and marinas are scarce (1-3). Besides, we do not know which are the key
factors determining changes in bacterioplankton diversity in areas adjacent to
ports (2), nor the importance that these changes might have in the overall
functionality of the coastal ecosystem. The increasing pressure of nautical
tourism justifies the importance of improving our knowledge about the
microbiota of these environments. Preliminary studies done by our group in
Mallorca (Balearic Islands) indicated that there might be common patterns in
the bacterioplankton diversity in recreational marinas. Therefore, our first aim
was to demonstrate that such patterns in diversity really existed. We also
hypothesised that at least some of the components of the bacterioplankton in
marinas were selected by the stress caused by hydrocarbon pollution and we
made two laboratory experiments to address this issue.

constituted a minor component of the bacterioplankton. However, this group
increased in abundance in response to diesel addition, and contributed, among
others, to the rapid changes (within hours) in bacterial composition observed
after diesel addition (Fig. 2), particularly in summer. Although we have
evidences that some isolates of this group can grow on hydrocarbons we think
that their apparent success as main components of the bacterioplankton of
recreational marinas is the result of a combination of factors, and not only to
hydrocarbon pollution.

Surface water samples from seven marinas around the Island of Mallorca were
taken from the shore throughout a year period (2008-2009). For molecular
characterisation of diversity, DNA was extracted from 0.22 µm filters through
which 2 litres of pre-filtered water (5 µm) was filtered. Bacterial diversity
studies were based on terminal restriction fragment length polymorphism
analysis (T-RFLP) of 16S rRNA genes with primers for Bacteria and for
Alphaproteobacteria, and by the generation of clone libraries as described
previously (2-3). For the experimental pollution experiments, surface water
samples from a pristine coastal location (39º29’05”N, 2º28’16”E) were taken
at two time points, late winter and summer 2007. Each time, four laboratory
microcosms were prepared (45 l of water): two controls and two treated with
low concentrations (30 mg l-1) of diesel oil. Diversity analysis was based in
the amplification of ribosomal RNA by reverse transcription and PCR (RTPCR). Changes in diversity were followed for a period of 89 h.
Our study in surface water from different recreational marinas confirmed that
there were common trends in the composition of bacterial communities. Fig. 1
shows a non-metric multidimensional plot representing the similarity of TRFLP profiles for Alphaproteobacteria obtained for the different marinas.
Different marinas harboured similar alphaproteobacterial populations.

Fig. 2. UPGMA dendrogram of the T-RFLP profiles for metabolically-active
bacterioplankton (16S rRNA) in control (label C) and diesel-treated
microcosms (label D). Winter samples, W; summer samples, S. Sampling times
are: T0, 0h; T1, 3h; T2, 17h; T3, 27h; T4, 41h; T5, 65h and T6, 89h. Numbers
next to the nodes correspond to Bootstrap values (1000 replicates) >50%.
Scale bar represents similarity (Bray-Curtis coefficient)
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Fig. 1. NMDS plot of the similarities of T-RFLP profiles for 16S rDNA of
Alphaproteobacteria from different recreational marinas in Mallorca Island.
Marinas are identified by a three-letter code. Sampling data: September 2008,
squares; March 2009, circles. Solid lines encircle profiles with similarities
>70% (Bray-Curtis coefficient) and dashed lines those with similarities >80%.
Stress value, 0.108
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We also observed a temporal dynamics in the diversity of these populations;
samples from different times separated well in relation to the vertical axis, and
the dynamics were the same in different marinas. There were phylotypes,
(defined at 99% sequence similarity cut-off), particularly in the Roseobacter
clade of the Alphaproteobacteria, which predominated in all the marinas. In
the pristine waters used for microcosm experiments the Roseobacter clade
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LEPTOLYNGBYA SPECIES ISOLATED FROM THE SPONGE PETROSIA FICIFORMIS AS POTENTIAL
SOURCE OF NOVEL COMPOUNDS
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Abstract
A cyanobacterial species belonging to Leptolyngbyagenus has been isolated from the marine sponge Petrosia ficiformis and cultured
in laboratory conditions. Aqueous extracts from this Leptolyngbya strainshowed a biological activity, influencing Artemia salina
vitality, being cytotoxic with human erythrocytes and interfering with the sea urchin development.
Keywords: Cyanobacteria, Biotechnologies, Porifera
Introduction
Cyanobacteria are important primary producers of the marine and freshwater
environments. But they have also been identified as one of the most promising
groups of organisms producing novel, bioactive, natural compounds [1, 2].
Indeed, many investigations in this field indicated that marine microorganisms
are substantially involved in the biosynthesis of marine natural products
isolated from macroorganisms such as invertebrates. [3, 4]. The chemical
structures of over 13,000 novel compounds from marine organisms has been
already determined and their potential use in pharmaceutics widely considered
[5]. Antibacterial, antiviral, antifungal, algicide and cytotoxic activities have been
reported by many authors [6, 7, 8, 9].
Material and Methods
One strain of Leptolyngbya wasisolated from Petrosia ficiformis and cultured in
laboratory conditions.The extracts were obtained after sonication and
centrifugation of cyanobacterial cells. Artemia nauplii, human red blood cells and
sea urchin gametes and embryos were exposed to the cyanobacterial extracts
under controlled conditions, then examined for lethal (mortality) and sub-lethal
effects.
Results and discussions
Aqueous extracts from Leptolyngbya sp. isolated from the Mediterranean
sponge Petrosia ficiformis were able to exert a biological activity. The extracts
influenced the vitality of Artemia salina nauplii, induced the human
erythrocytes lysis and interfered with the normal development of sea urchin. In
particular, the presence of the extract induced a 90% of nauplii mortality after
24hrs of contact at the concentration of 15 mg/ml (w/v) and 100% of mortality
at the concentration of up 0.9 mg/ml (w/v) after 48 hrs of contact. The ability to
disrupt the integrity of erythrocytes was weak, inducing only 10% of
haemolysis, but a strong activity was detectable against sea urchin embryos. In
particular, the segmentation process was inhibited after treatment of eggs and
embryos with Leptolyngbya sp. extract. While male and female gametes were
able to perform the fertilization process, the resulting embryos were unable to
correctly develop to the pluteus larva. In conclusion, this cyanobacterial species
may be regarded as good candidate for drug discovery, with applications
especially in pharmaceuticals as inhibitor of cell division, also if further
investigations will be necessary to better clarify its biological activity.
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Fig. 1. Sea urchin embryos: a) control and b) embryo developed in presence of
the Leptolyngbya sp. extract: note the asynchronous cells division
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RAPID ENZYMATIC METHOD FOR THE ENUMERATION OF FAECAL BACTERIA (ENTEROCOCCI) IN
BATHING SEAWATER
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1 Laboratoire PROTEE, 83957 La Garde, France - marion-peirache@etud.univ-tln.fr
2 Institut Oceanographique Paul Ricard, Île des Embiez - Le Brusc
Abstract
The bathing water monitoring has a great interest for both bathers and authorities. The European community has actually lowered the
suitable tolerance levels of the two major fecal indicators: Escherichia coli and Enterococci. The enzymatic assay enables the
microbiological quality evaluation in less than an hour. Now available for Escherichia coli, this method doesn’t work for Enterococci
yet. Our present work first of all aims at adapting this method for Enterococci and in a second time at explaining biotic and abiotic
discrepancies met during on site application.
Keywords: Beach, Bacteria, Pollution, Monitoring
Since the new requirements of the European Community (Directive 2006/CE
07), rules have changed and the bathing water quality monitoring has to be
improved. The challenge is to combine rapidity and sensitivity with faster
techniques than those currently available, allowing real-time results. Such kinds
of methods are relevant for a good beaches management, since public health and
economic issues are concerned.
The rapid enzymatic detection method is able to produce a fast result, but may
be disturbed by interference. The principle of this technique, developed for
Escherichia coli [1], is to filter a defined volume of sea water through a
membrane (0.22 µm) which retains bacteria. Then, the membrane (i.e. bacteria)
is submitted to a specific substrate enriched with a fluorescent compound,
Methylumbelliferone (MUF). The more bacteria are present in the sample, the
faster is the lysis of the substrate. The kinetic of the fluorescence apparition
during 30 minutes gives a straight line which slope is proportional to enzymatic
activity. This slope is correlated to the enumeration of bacteria by standard
methods (membrane filtration and/or microplate) giving the number of bacteria in
function of enzymatic activity.
To explain discrepancies (figure 1), this work first establish the original
response for Enterococci by working on pure strain of bacteria, then test
different parameters, biotic or abiotic ones, on the enzymatic response.

Fig. 2. A) The 3D spectral representation of the fluorescence of the MUF (λex=
362 nm; λem= 445 nm) and natural fluorescence of bacteria at the end of measure
(T=30 minutes).The biggest peak (MUF) is over the characteristic peak C
(visible humic-like). b) The degradation of the substrate is showed towards the
2D curves of fluorescence of released MUF every 5 minutes along the kinetic
(λem= 445 nm)

The first results of this work is the optimal conditions (pH, temperature, MUF
concentration, ...) for enzymatic response of Enterococci (6 strains) found by
simplex optimization design.

The second result is obtain by chemometric experimentation on both
Enterococci and Escherichia coli (3 strains). Coefficient of factorial analysis for
7 parameters (suspended matter, hydrophobic and hydrophilic organic matter,
phytoplankton, autochtonous bacteria, heavy metals). are extracted giving the
impact of each parameter on the method efficiency.
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Fig. 1. Log-log linear regression between β-D-glucosidase activity (ng MUF/
mL) and Enterococci enumerated by standard method (CFU/100mL) N=58
The presence of micro-organisms, of plankton or suspended matter in natural
samples can actually induce both biotic and physical interferences. Biotic
interferences are confirmed, as previously found in literature for Escherichia coli
[2] : some phytoplankton organisms are able to degrade the substrate. In the
same way, autochthonous bacteria (Vibrio spp.) enhance the enzymatic activity.
Suspended matter can moreover lead to an underestimation of bacteria
numeration : a phenomenon of adsorption may occur, depriving contact of
bacteria with substrate. Futhermore organic matter could have influence as its
natural fluorescence wavelengths are located around the MUF ones (figure 2).

393
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

SPATIAL VARIABILITY OF PLANKTON COMMUNITIES IN A SEMI-CLOSED DISTURBED
MEDITERRANEAN ECOSYSTEM (TOULON BAY, FRANCE)
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Abstract
Plankton and chemical composition of seawater have been studied along a transect of thirteen sampling stations in Toulon Bay during
June 2009. Toulon Bay, located in the northwest Mediterranean coast of France, hosts major commercial and navy harbours.
According to location of the sampling stations, this bay is variably affected by anthropogenic inputs, raw sewage from the Toulon area
and maritime traffic. To understand spatial variability of the plankton communities in this disturbed ecosystem (little and large bay),
measurements of physical and chemical parameters were carried out in the water column of Toulon Bay. According to all parameters
analysed, several patterns have been obtained to explain the spatial variability of the plankton communities in this ecosystem.
Keywords: Plankton, Coastal Waters, Metals, Organic Matter, Bacteria
Experimental
Samplings were carried out the 11 June 2009 at thirteen stations, chosen
strategically to be representative of the entire Bay and clearly separated from
the open sea (Fig. 1). Samples for chemical analysis were collected in 1-L Teflon
(Nalgene) bottles by scuba diving at 3-m depth, microbial and larger
photosynthetic cells with a Niskin 10L-sampling bottle at 3-m depth and
zooplankton samples were collected with a plankton net (0.5 mouth diameter,
2.5 m long, 90 µm mesh size) along the 0 to 5-m depth water column.
Additionally, at 2 stations (in each part of the Toulon Bay), water sampling
were performed at 1, 3 and 5-m of depth to investigate the vertical variability of
the measured parameters.

and highlights the importance to consider further the chemical composition of
the water column for a better understanding of the plankton ecology.
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Fig. 1. Location of the sampling points (open diamond: 3-m depth sampling:
black diamond: 1, 3 and 5-m depth sampling)

Physico-chemical parameters (temperature, salinity, pH, O2, Eh, turbidity)
were measured in-situ using a multiprobe (Hydrolab MiniSonde 4a). Microbial
communities (heterotrophic bacteria, cyanobacteria and autotrophic pico
eukaryotes) were counted by flow cytometry [1]. Larger phytoplankton cells
were enumerated by inverted microscopy [2]. Zooplankton was characterized
by microscopy and proteomics identification (Electrophoresis analysis). After
filtration on 0.2µm on line filters (Sartorius) chemical samples were studied to
(1) characterize the dissolved organic matter (DOM) by TOC-meter (TOC-V,
Shimadzu) and 3-D fluorescence spectroscopy (Hitachi F-4500) measurements,
and (2) analyse the total dissolved Cu, Cd, Pb ,Zn (by DPASV), total dissolved
Hg (by CV-AFS) orthophosphates and nitrates (by colorimetric technique)
concentrations.
Results and Discussion
According to the location of the sampling stations [3], major changes in
plankton abundances and diversities have been recorded [4]. As a result, cell
abundances (e.g. heterotrophic bacteria, Prochlorococcus sp.) have been
multiplied by a factor 2 between the Large Bay and the Little Bay. However,
diversity of large phytoplankton cells and of zooplankton declined from the
Large to the Little Bay. By localisation, several patterns have been established
to determine “explicative variables” of these spatial variations. The results
provide a new evidence of the critical role played by anthropogenic inputs in the
spatial distribution of the “global” plankton cells (i.e. microbial and larger cells)
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ENUMERATION OF FECAL INDICATOR BACTERIA, IN CALVI BAY (CORSICA)
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Abstract
Man-induced pressures are very important on Mediterranean ecosystems. In order to check the accuracy of the use of faecal
bacteria as indicator of anthropic contamination, we assessed them in contaminated and uncontaminated areas of the Calvi Bay
(Corsica, France).
Keywords: Bacteria, Western Mediterranean, Sewage Pollution
Introduction - More than 70% of the world’s human population lives in
watersheds that drain to the coast. Further population growth will be centered
in these regions, exerting unprecedented pressure on riverine, estuarine and
coastal habitats receiving human pollutants [1]. The Mediterranean Sea is not
an exception. Considering its high species diversity and endemism rate, it is
one of the richest marine regions of Europe [2]. However, this unit is
ecologically vulnerable due to man-induced pressures. Therefore, it is
important to check the accuracy of existing methods and to develop new ones
more effective to study and counteract man-induced loss of aquatic ecosystem
biodiversity, water quality and recreational resources. In this context,
microbial bioindicators play a major role in detecting and characterizing these
changes. Indeed, microorganisms are generally highly sensitive to and heavily
affected by environmental perturbations. They have fast growth rates, and
respond to low levels of pollutants as well as other physical, chemical, and
biotic environmental changes [3]. Among them, faecal bacteria are used
worldwide as indicator of water anthropic contamination, they are used to
assess the potential health risk of pathogenic organisms presence in
recreational and aquacultural waters [4]. Faecal coliform and faecal Enterococci
are recommended by the European Union and the US Environmental
Protection Agency (EPA) because they are found specifically in warmblooded animal faeces [5] and not present in non polluted sites.
Material and methods - The bacterial community was studied at two sites of
the Calvi Bay, in Corsica (France); at the sewer in the port of the Station de
Recherches Sous-marines et Océanographiques (STARESO) and 30m outside
STARESO‘s port, on a patch of sand considered clean and unaltered by the
sewage. Samples were collected at different depth and four times a year
(April, May, July and November 2009*). Different methods were used;
epifluorescence with acridine orange staining to enumerate the total bacteria,
and 3M™ Petrifilm™ for aerobic mesophilic flora, Enterobacteriaceae,
Coliforms and Escherichia coli.

number in the matte and in the canopy of Posidonia oceanica meadow next to
the sand patch. These biota may be more conducive to abundance by
protecting against predators, increasing nutrient and organic carbon availability
and providing colonisable surfaces than in the water column [6].

Fig. 2. Variation of aerobic mesophilic flora, Enterobacteriaceae, Coliforms and
Escherichia coli CFU per ml at the sewer surface (A) and bottom (B) and at
the patch sand surface (C), bottom (D), Posidonia canopy (E) and Posidonia
matte (F) with 3M Petrifilm test (mean ± SD).

Conclusions - These preliminary results show the applicability of 3M™
Petrifilm™ for analysis of marine samples. Nevertheless, further analyses
have to be done to check the accuracy of this product. Moreover, it seems that
some faecal bacteria are able to survive in Posidonia meadow. Therefore, new
bioindicators must be developed to detect water anthropic contamination. In
this context, Bangiophyceae could be a potential candidate.
Acknowledgement This study was supported by the FRIA of Belgium and
by RACE (ACR n°05/10-33). The authors tanks 3M™ Petrifilm™ and all the
staff from STARESO. *Data from November 2009 are under sampling and
analysing, the results will be added later for the conference.

Results and discussion - In July, total bacteria number at the sea surface
level of the sewer (Fig. 1-A) was twofold higher (4.105 ± 3,1.104 Bacteria/ml)
than in April (2.105 ± 1,4.104 Bacteria/ml) and was more constant at the
bottom level (Fig. 1-B), with values comprised between 7,2.104 and 1,2.105
bacteria per ml throughout the sampling campaign. Comparatively, results
were less variable and bacteria are less abundant (Fig. 1-B) on the patch sand,
except in April in the Posidonia matte, where there were 4,2.105 ± 1,5.105
Bacteria/ml.
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Fig. 1. Variation of bacteria number per ml at the sewer (A) and at the patch
sand (B) counted by epifluorescence with acridin orange staining (mean ± SD).

3M™ Petrifilm™ analysis (Fig. 2) showed that there were fewer bacteria
identified in April comparatively to May and July. This could be explained by
the low presence of scientists and tourists in the station during this period.
We can also observe that the abundance of aerobic mesophilic bacteria was
still more marked at the sewer (Fig. 2-A and B) than at the patch of sand (Fig.
2-C,D,F and E) for all sampling periods. This difference was also highlighted
by the presence of a greater number of Enterobacteriaceae, Coliforms and
Escherichia coli. Surprisingly, these bacteria were also found in smaller
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Abstract
Lipid classes and fatty acid composition of polar, neutral lipid fractions and the fatty acid composition of grey mullet Chelon labrosus
from the geothermal water were determined. (PC) and (PE) was the main component in the Polar class as the TAG in the neutral
lipid. Docosahexaenoic acid (22:6n-3) and eicosapentanoic acid (20:5n-3) were rich in the PC and PE fractions. Saturated fatty acids
(SFA) were the most representative, followed by Monounsaturated fatty acids (MUFA) in the neutral fraction. The major constituents
of total fatty acids in Chelon labrosus were saturated: palmitic (16:0) andstearic acid (18:0), monoenes: oleic (18:1) and palmitoleic
acid (16:1), polyunsaturated: arachidonic (20:4 n-6), eicosapentaenoic (20:5 n-3) and docosahexaenoic acid (22:6n-3), but their amounts
differed significantly.
Keywords: Aquaculture, Fishes, Physiology
Introduction
The thick lipped grey mullet (Chelon labrosus) belongs of the family
Mugilidae order Perciformes. This species are very euryhaline with some
estuarine and freshwater families providing a good model for the assessment of
physiological plasticity related to changes in environmental salinity. Grey
mullet (Osteichthyes, Mugilidae) commonly inhabit tropical and warmtemperate estuaries [1]. In Tunisia It has been demonstrated that Chelon
labrosus can live in geothermal water in the south of the country. In the past
ten years, investigations have shown the significant potential of the
geothermal, brackish water for the successful culture of aquatic organisms
(fish, crustaceans, algae, etc). The present study was carried out to examine
lipid classes, and fatty acid compositions of the grey mullet muscle adapted to
the geothermal water, in order to acquire data for lipid biochemistry in grey
mullet (Chelon labrosus).
Materials and methods
Fish: Immature thick lipped grey mullet (Chelon labrosus) (30–40g body
mass) were provided by an experimental fish culturing centre in south of the
country (Béchima (INSTM -Tunisia).
Lipid analysis: Total lipids were extracted with chloroform: methanol (2:1,
v/v)) using the method of Folch [2].
Separation of lipid classes: Lipid class separation was performed by thin layer
chromatography TLC Two dimensional on silica-gel plates according to [3].
Each lipid class is subjected afterwards to gas chromatography.
Statistical analysis: data were analysed for significant difference of means,
ANOVA, and inspected by Duncan test at level of p < 0.05.
Results and discussion
In the analysed muscle tissue samples, we identified 22 identified fatty acids
in Chelon labrosus in muscle tissue samples. Palmitic (16:0, 34.25 %), stearic
(18:0, 6.8 %) oleic (18:1 n-9, 22.2 %) and linoleic (18:2n-6, 12.52 %) acid
were the most abundant fatty acids in muscle of Chelon labrosus. Lower
quantities of docosahexaenoic acid (DHA 22:6 n-3, 1.7%), eicosapentaenoic
acid (EPA 20:5 n-3, 1.4%), arachidonic acid (20:4 n-6, 0.8%). Polar lipid
fractions (PI, PS, PC, and PE) from the analysed fish species in this study
contained a great variety of different fatty acids. On the other hand, TG were
poorer in the diversity of fatty acids and contained a minor of different fatty
acid. All of the identified fatty acids were found in Polar lipid fractions.
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Abstract
The aim of the present study is to understand the changes in the abundance and biomass of filamentous cyanobacteria with increase
of salinity. Monthly samples over a period of one year (2007-2008) at three ponds (A1, A5 and C21) in the salt works of Sfax were
collected and analyzed. Densities and biomasses of filamentous cyanobacteria decreased with the increase of salinity. This group
uptake preferentially nitrites and ortophosphates at high salinities (> 62).
Keywords: Nutrients, Salinity, Cyanobacteria
Introduction
Phototrophic prokaryotes cyanobacteria are important primary producers
especially in oligotrophic waters and the open ocean [1]. They have a higher
nutrient affinity than eukaryotic algae, enabling them to grow under low
nutrient concentrations [2]. They are thought to be favored by low (lower than
15) [3] N:P and Si:N ratios [4]. The objective of this study is to evaluate the
influence of salinity increase on cyanobacteria abundance, biomass and
nutrients uptake.

filamentous cyanobacteria decreased with the increase of salinity. The highest
mean was recorded at A1 and the lowest one was found at C21 (Table 1). The
persistence of filamentous cyanobacteria in the extreme saline conditions
exerted upon them some ecological challenges, e.g., the production of some
extracellular enzymes [6]. Both filamentous cyanobacteria abundance and
biomass showed highly significant positive correlations (P<0.01) with
orthophosphates only at C21. They were able to accumulate phosphorus
directly and they became enriched in phosphorus to a greater degree than other
phytoplankton organisms [7]. Nitrites were preferentially and significantly
used by filamentous cyanobacteria at A5 (r= 0.996; P<0.01) and C21 (r=
0.845; P<0.01).

Materials and methods
Monthly samples were collected over a period of twelve months (September
2007 - August 2008) at three ponds (A1, A5 and C21) in the salt works of
Sfax (central-eastern coast of Tunisia, about 34°, 390N and 10°, 420E).
Salinity was estimated by the dry residue method, which consisted in
evaporating a 50 ml sample (24 h, 120°C) in a previously sterilized
crystallizing dish (by heating at 550°C for 1 h), and calculating the salt content
from the difference in weight before and after evaporation. Samples for
dissolved inorganic nitrogen (nitrite: NO2− , nitrate: NO3− , ammonium: NH4+),
silicates Si(OH)4 and orthophosphates (PO43− ) were stored at −20 °C before
analysis with an automatic BRAN and LUE BBE-type 3 analyzer.
Phytoplankton samples (200 ml) were fixed by Lugol-iodine solution (final
concentration 1%, v/v) and counted under an inverted microscope (x 400) [5].
In this study, filamentous cyanobacteria were determined together with
phytoplankton and not as single cells, e.g. Synechococcus, because we did not
use epifluorescence. Biomass was calculated from mean biovolumes taking into
consideration that 106 µm3 = 1 µg (wet weight), assuming that organic cell
carbon represented 12% of wet weight biomass. Pearson's correlation test was
applied.
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Results and discussion
The mean values found for all parameters during this study are summarized in
Table 1.

Tab. 1. Average values of the biological, physical, and chemical parameters in
three ponds (A1, A5 and C21) in Sfax salt works

Microscopic counting of water samples showed that filamentous cyanobacteria
constituted only a small proportion of the entire phytoplankton biomass
ranging from 0.59% at C21 to1.91% at A. Although, Over the year, N:P and
Si:N ratios were very low in the three ponds not exceeding 11.4 and 8.1
respectively. The phytoplankton biomass was dominated by small unicellular
(protozoa) dinoflagellates and diatoms. The average abundance and biomass of
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SMALL SEA FISH AS SOURCE OF GLYCOSAMINOGLYCANS, ESSENTIAL AMINO ACIDS, ESSENTIAL
FATTY ACIDS AND MICROELEMENTS USED FOR PHARMACEUTICAL PURPOSES
Natalia Rosoiu 1*, Laura Olariu 2 and Roxana Nita 2
1 "Ovidius" University, Constanta, Romania; Academy of Romanian Scientists, 050094 Bucharest, Romania natalia_rosoiu@yahoo.com

2 S.C. Biotehnos S.A., 075100 Otopeni, Romania

Abstract
By an original patented technology we have obtained a bioactive complex from Engraulis encrassicolus ponticus, Sprattus sprattus
sprattus and Odontogadus merlangus euxinus, constituted by glycosaminoglycans, essential amino acids, essential fatty acids,
eicosanoids, glycerolphosphates, and microelements. So, by their chemical composition, the bioactive extracts from small sea fish is
useful to prevent unsettle of the macromolecular structure and keep the functionality of the extracellular matrix from conjunctive,
cartilaginous and bone tissue.
Keywords: Biotechnologies, Black Sea, Fishes
Sea organisms arouse a major interest for the extraction of biological active
substances with multiple and valuable therapeutical applications all over the
world [1], [2].This work provides for the elaboration of an original extraction
and purification technology of glicosaminoglicans from sea organisms (small
sea fish) and their chemical, biological and pharmacological analysis together
with in vitro and in vivo tests, for the purpose of extracts’ conditioning
towards their use as pharmaceutical products (unguents, pastilles) with antiinflammatory activity, tissue restitution properties, anticlotting and
antithrombothic activities, biostimulating, antioxidative, hepatoprotective and
antiproliferative qualities. The physico-chemical analysis of different batches
obtained in laboratory revealed that obtained extracts from small see fish
represent a complex of active biological substances composed from
glycosaminoglycans (44-60% sulfated form), amino acids 3.5-12%, from
which 2-6.5%, essential amino acids ( valine, leucine, isoleucine, threonine,
methionine, lysine, phenylalanine, tryptophan), essential fatty acids 1-2%
(linoleic acid, arachidonic acid). There were identified glicerophosphates,
creatinin, mineral salts (Ca, Na, K, Fe, Mg, Se, Ni, Cu, Si) [3]. The extracts
show a dose dependent inhibition of hyaluronidase and induce a significant
decrease of elastase (MMP12) and collagenase (MMP1) ezymatic activity;
also favor the in vitro collagen fibrils formation, manifest a strong antioxidant
activity, that is present a very valuable therapeutically activitywhich will be
capitalized in medicine and dermo-cosmetics products. Bioactive complexes
rich in glycosaminoglycans obtained from small sea fish manifest a strong antiinflammatory activity comparatively with “diclofenac”. Taking into
consideration the presented results, the chemical composition of the bioactive
complexes obtained from small sea fish and the therapeutic effects highlighted
by in vitro and in vivo experiments shows that these extracts can be
conditioned and used successfully in the form of medicinal products with
valuable therapeutic properties and minimal side effects.
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Abstract
To study the potential “hidden” biodiversity of the plankton in the Western Black Sea and species that could represent an ecological
concern in the future, resting cysts were analyzed for the first time in superficial sediments along a transect offshore the city of Varna
(Bulgaria) and a sediment trap material from the open sea. An interesting finding was the record of eight species (in resting phase),
new in the Black Sea. Based on the bioinvasion history and the ecological affinity of the observed species (cysts), the results suggest
future implications for the Black Sea ecosystem and biodiversity.
Keywords: Plankton, Biodiversity, Blooms, Sediments, Black Sea
Introduction
Resting stage (cyst) production is a common life-cycle trait in many species of
the marine plankton of multiple function: a strategy to overcome unfavourable
conditions, a “seed population” for bloom initiation and re-colonization of the
pelagic domain, aiding in the genetic recombination of the population and more
effective mobilization of nutrients. Both, the abundance of resting stages in the
sediments and the number of cyst-producing species suggest this trait as a
driving force of plankton dynamics and biodiversity [1]. As in the framework
of the EU SESAME Project, one of the general objectives was to assess and
predict changes in the Black Sea ecosystem, the study of cyst bank produced
by plankton was deemed an efficient approach, since these assemblages play
the role of a “memory” and “early warning” of the plankton structural
dynamics, storing the information about past and future communities. As the
first targeted research of this scale in the Black Sea, the primary goal was to
study plankton biodiversity hidden in the sea floor as modern cyst
assemblages.

surface sediments were discovered. Thus the total number of cyst
morphotypes observed in this study was 71, out of which 61 produced by
dinoflagellates, 7 by ciliates, 1 by rotifers and two by copepods, corresponding
to 64 taxa (Table 1).
Even if cyst-forming species constitute a small part of the plankton
dinoflagellates recorded in the area, eight species, have never been observed in
the Black Sea (Table 1). Three of them were detected also for the first time in
the plankton samples collected during the SESAME cruises. Alexandrium
tamarense (cyst) and Cochlodinium polykrikoides (motile cells) have been
reported in surface sediments and water column respectively from Odessa Bay
(Northern Black Sea) [3], but for the Bulgarian area this represents the first
record.
The most abundant cyst morphotypes at all stations were those produced by
Scrippsiella trochoidea (Stein) Loeblich III, a species responsible for frequent
blooms in the area. As evident from the species (cyst) list a high variety of
Scrippsiella species (cysts) was recognized among which 4 new for the Black
Sea phytoplankton. The proportion of cysts density shed light on the coexistence of Pentapharsodinium dalei - P. tyrrhenicum - S. trochoidea,
confirming the dominance of S. trochoidea in the phytoplankton assembly.
The results suggest that the originally reported S. trochoidea, in fact,
represents a variety of species, e.g. should be treated as Scrippsiella complex.
Some interesting findings were related to the paleontological taxa Bicarinellum
tricarinelloides, Calcicarpinum perfectum, Calciperidinium asymmetricum and
Melodomuncula berlinensis, whose active stages are not known. But, their
increasing records from the surface sediments and trap samples, together with
some successful germination experiments, testify the modern status of the
species, as the case of Calciodinellum operosum, originally described as fossil
by Deflandre. These new records confirm the need to carry out an integrated
study of water column and sediments which could complete the list of species
[4] and add value to potential implications for the pelagic ecosystem. The
recent history of bioinvasions in this particular environment, calls for further
investigations of biodiversity as an imperative for the sustainable management
of the Black Sea ecosystem.

Study area and Methods
Surface sediments were sampled between April 2008 and April 2009 at 12
stations in the Western Black Sea (Galata transect) during 3 cruise campaigns.
In addition material collected by a sediment trap deployed at 900 m in the deep
sea was analyzed too. Sub-samples were processed by means of a sieving
technique [2] to concentrate cysts for their identification under light
microscope and for germination experiments.
Tab. 1. List of the 64 resting stage taxa from Western Black Sea sediments.
♦new records for the study area
§cyst morphotypes found only in the sediment trap
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Results and Discussion
In the surface sediment samples a total of 59 cyst morphotypes were
determined, mostly produced by dinoflagellates, out of which 5 were identified
as ciliate resting stages based on their peculiar flask-like shape. In the sediment
trap sample, 45 different morphotypes were found, mostly dinocysts, together
with two ciliates flasks, one rotifer and two Acartia resting eggs (copepod). In
the sediment trap material 12 different cyst morphotypes not present in the
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BIOFILM COMMUNITY AS A TOOL FOR MONITORING DISSOLVED AQUACULTURE WASTES
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Abstract
The aim of this work was to test biofilm as a tool to detect and quantify fish farm wastes related to OM and metals. Glass slides were
deployed along a spatial transect from a fish farm in June and September of 2008 for the same time span (16 days). After the retrieval
of the slides element concentrations and stable isotopes concentrations δ13C and δ15N were measured. This work demonstrates that
fish farm releases important quantities not only of carbon and nutrients but also of Cu and Zn and demonstrates that biofilm can be
used as a useful tool to monitor these wastes.
Keywords: Aquaculture, Eutrophication, Organic Matter, Metals
Relatively few studies have examined the effects of fish farm inputs on the
pelagic environment [1] and these studies have shown little or no effect of
dissolved wastes on most of the studied variables [2]. Even though, the release
of dissolved wastes from aquaculture practices is considerable large and
maybe, the experimental designs used in the studies to date, have failed to
demonstrate aquaculture impact on the water column [3] due to the dilution of
the pollutants. Metals are other pollutants derived from aquaculture practices,
(e.g. feed and antifouling products), which have being little studied in the
benthic system [4], but nothing in the water column. Microbial communities
are highly sensitive to changes in water quality and respond rapidly to
changing environmental conditions. Analysing shifts in microbial community
structure on artificial biofilm surfaces facilitates a direct comparison of
communities between sites without confounding environmental and physical
variables [5]. Stable isotopes are used to elucidate the source of carbon (C) and
nitrogen, but also have helped to investigate the trophic status of the whole
community compared to another. The aim of this work was to test biofilm as
a tool to detect and quantify fish farm wastes related to OM and metals.
Glass slides were deployed along a spatial transect from a fish farm in June
and September of 2008 for the same time span (16 days). After the retrieval of
the slides C, N, P, Fe, Mn, Cu, Zn, Cd, Pb, Ni, As, Cr, Tl, Ba, Se, Sn, Sb
concentrations were measured. Same, stable isotopes concentrations δ13C and
δ15N were measured. Results showed that C, nutrients (N, P) as well as Cu
and Zn were clearly affected by fish farm activity, showing a marked
accumulation compared to reference stations in both seasons. This work
demonstrates that fish farm releases important quantities not only of C and
nutrient but also of Cu and Zn and demonstrates that biofilm can be used as a
useful tool to monitor these wastes.

References
1 - Navarro N, Leakey RJG, Black KD. 2008. Effect of salmon cage
aquaculture on the pelagic environment of temperate coastal waters: seasonal
changes in nutrients and microbial community. Marine Ecology-Progress
Series 361:47-58.
2 - Pitta P, Apostolaki ET, Tsagaraki T, Tsapakis M, Karakassis I. 2006. Fish
farming effects on chemical and microbial variables of the water column: A
spatio-temporal study along the Mediterranean Sea. Hydrobiologia 563:99108.
3 - Sara G. 2007. A meta-analysis on the ecological effects of aquaculture on
the water column: Dissolved nutrients. Marine Environmental Research
63:390-408.
4 - Dean RJ, Shimmield TM, Black KD. 2007. Copper, zinc and cadmium in
marine cage fish farm sediments: An extensive survey. Environmental
Pollution 145:84-95.
5 - Webster NS, Negri AP. 2006. Site-specific variation in Antarctic marine
biofilms established on artificial surfaces. Environmental Microbiology
8:1177-1190.

400
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

EFFECTS OF DRYING PROCESS ON LIPID QUALITY OF SILVERSIDE (FISH) ATHERINA LAGUNAE
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Abstract
Changes in lipid quality of silverside during solar and hot air drying process were investigated. Total fatty acid content in silverside was
5.42 g/100g fresh sample. N-3 and n-6 polyunsaturated fatty acids levels were 0.59 and 0.62 g/100g fresh silverside respectively.
Therefore, all fatty acid groups increased significantly (p<0.05) within processing with higher levels in experimental drying process.
After hot air and solar drying treatments, PV and TBARS of the total lipids increased significantly (p <0.05) to reach 2.58 and 3.41
meq active O2/kg oil and 0.87 and 1.27 mg MA/kg oil, respectively.
Keywords: Fishes, Chemical Analysis
Introduction
Lipids of marine fish are rich in n-3 long chain polyunsaturated fatty acids [1]
of excellent nutritional value. However, they are very prone to oxidation
which is also favoured by processing. In Tunisia, silversides are traditionally
dried by spreading out on sand along the beaches for about 4 and 5 days in
summer. In attempt to reduce some of the problems associated with losses,
especially in lipid quality and time processing, experimental drying with
automated conditions have been investigated and compared with traditional
drying process.

other authors [4] who reported that peroxide value of migaki-nishin lipid
increased rapidly from 5.52 to 11.86 meq/kg within 4 days of drying and then
gradually increased up to 10 days of drying (16.07 meq/kg). The initial value
of TBARS was 0.48 mg MA/kg oil, suggesting that lipid oxidation did not
occurre during post-mortem handling to some extent. From this result,
TBARS slightly increased within drying treatment to reach in solar and
experimental dried silverside1.27 and 0.87 mg MA/kg oil respectively.
Conclusion
Results show that solar and experimental drying processes have significant
effects on lipid quality. Fresh silverside showed considerable polyunsaturated
fatty acids content, and these results suggest that dried silversides are good
sources of n-3 and n-6 fatty acids.

Materials and methods
Tunisian silversides Atherina lagunae (belonging to the same sampling catch)
were separated into three lots : (i) the first one was used for raw material, (ii)
the second lot was traditionally sun dried, (iii) the third lot was dried using an
electric drying unit. The temperature and relative humidity were maintained at
50°C and 15.02 % respectively. After lipid extraction and derivatisation, the
resulting methyl esters were analysed using an Agilent Gaz chromatograph
system 6890N. Peroxide value PV was determined according to the ferric
thiocyanate method [2]. Thiobarbituric acid reactive substances TBARS were
determined according to the AOCS method [3].
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Results and discussion
In fresh silverside, saturated fatty acids SFA (2.49 g/100g silverside)
constitute the majority of the fatty acids pool, followed by monounsaturated
MUFA (1.7 g/100g silverside) and polyunsaturated fatty acids PUFA (1.23
g/100g silverside) (Table 1).
Tab. 1. Fatty acid profile (expressed as g fatty acid /100g edible silverside) of
total silverside Atherina lagunae lipids

N-3 and n-6 PUFA levels were 0.59 and 0.62 g/100g fresh silverside
respectively, in which, 22:6 n-3 and 18:2 n-6 were the prominent PUFA.
Drying processes show significant differences (p<0.05) in fatty acid content.
Therefore, all fatty acid groups increased within drying treatment with higher
levels in experimental drying process. These results suggest that dried
silverside is a good source of n-3 and n-6 fatty acids. Results show that drying
process had a significant effect (p < 0.05) on the formation of primary
oxidation products in the samples, with higher PV levels obtained in solar
dried silverside.
Tab. 2. Changes in PV and TBARS of silverside Atherina lagunae during solar
and experimental drying process. PV: peroxide value. TBARS: Thiobarbituric
acid reactive substances. MA: malonaldehyde

The increase in PV levels is probably due to the temperature of drying and the
high content of unsaturated fatty acids. Such results are in agreement with
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ANTIBIOTIC RESISTANCE OF ENTERIC BACTERIA ISOLATED FROM SOUTH-WESTERN ISTANBUL
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Abstract
The aim of this study was to evaluate the impact of an urban effluent on the antibiotic resistance of enteric bacteria. A total of 72
strains were isolated from five different sampling stations of south-western Istanbul coast during the year of 2008. Among the isolates,
55,6% were Escherichia coli, 29,2% Enterococcus fecalis, 6,9 %, Proteus spp., 5,6% Klebsiella spp., 2,7 % Pseudomonas spp.
Strains of enteric bacteria were selected for antibiotic susceptibility testing. The antibiotic resistance tests resulted in bacteria being
the most resistant against Ampicilin (100%) and the most sensitive against Imipenem (0%) and Amikacine (7,6%). The results reveal
that study area faces bacteriological pollution and existing pollution level in this area is above the criterion specified for aquaculture,
fishery and recreational activity.
Keywords: Antibiotics, Bacteria, Sewage Pollution
Introduction
The quality of water is of vital importance to the society. If a bacterial pathogen
is able to develop or acquire resistance to an antibiotic, then this substance
becomes useless in the treatment of infectious disease caused by this pathogen
[1,2]. The aim of this study was to evaluate the impact of an urban effluent on
the antibiotic resistance of enteric bacteria isolated from surface water of southwestern Istanbul coast, Turkey.

recreational activity.

Materials and Methods
The enteric bacteria were isolated using the MPN Method from five different
sampling stations of south-western Istanbul coast on a monthly basis during the
year of 2008 (Figure 1). A total of 72 strains were isolated and strains of enteric
bacteria were selected for antibiotic susceptibility testing. The minimum
inhibition concentration was determined by the disk diffusion method in
Mueller-Hinton medium in accordance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines. Ten antimicrobial agents were selected as
representatives of important classes of antimicrobials: ampicillin (AM), 10
µg; amoxicillin-clavulanic acid (AMC), 10µg; tetracycline (TE), 30 µg;
chloramphenicol (CM), 30 µg; nalidixic acid (NA), 30 µg; amikacin (AC), 30 µg;
streptomycin (SM), 10 µg; imipenem (I), 10 µg; ceftazidime (CAZ), 10 µg;
trimethoprim-sulfamethoxazole (CO25), 25 µg. The results were separately
interpreted, using the breakpoints from the CLSI guidelines for the family
Enterobacteriaceae and non-fermenters [3,4,5,6].

Fig. 2. Antibiotic resistances levels of isolated bacteria
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Fig. 1. Sampling stations of south-western Istanbul coast [7]

Results and Discussion
In this study, 72 isolated strains were 55,6% Escherichia coli, 29,2%
Enterococcus fecalis, 6,9 % Proteus spp., 5,6% Klebsiella spp., 2,7 %
Pseudomonas spp. The results of the antibiotic sensitivity test were
interpreted and are presented as the antibiotic resistance pattern of the bacterial
isolates among sampling stations. It can be seen in Table 1. When comparing the
antibiotic resistance level between sampling stations, highest resistance to
antibiotics was determined in the first and third stations because those stations
have drainage water that contains high concentration of fecal coliforms. Also
indirect influences of bacterial pollution and negative environmental conditions
may be assumed to be related to antibiotic-resistant strains. The antibiotic
resistance tests show bacteria being the most resistant against Ampicilin (100%)
and the most sensitive to Imipenem (0%) and Amikacine (7,6%). As detecting
the antibiotic susceptibility profiles of the isolates, it would be possible to
design a general classification of the isolates and beside this, the risk factors of
the resistant strains in stations were determined. The results show that existing
pollution in this area is above the given criteria's for aquaculture, fisheries and
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PROLIFERATIVE STATUS DETERMINATION OF BENTIC INVERTEBRATES COELOMOCYTES/
HEMOCITES
Mirta Smodlaka 1* and Sanda Ravlic 1
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Abstract
Flow cytometry was employed to determine the coelomocytes/hemocytes DNA content in five selected marine invertebrates from the
Adriatic sea (sea mouse Aphrodita aculeata, spiny crab Maja crispata, starfish Echinaster sepositus, sea urchin Paracentrotus
lividus and tunicate Phallusia mammillata). The cell cycle analyses identified sea mouse coelomocytes as proliferating cells and
revealed that spiny crab hemocytes and sea urchin coelomocytes complete their division in the hemolymph and coelom, respectively.
The diploid DNA content (2C) in sea mouse was 1.24 pg, spiny crab 7.76 pg, starfish 1.52 pg and sea urchin 1.08 pg
Keywords: Adriatic Sea, Cell, Bio-Indicators, Physiology
Marine invertebrates play a very important role in the maintenance of the health
of marine ecosystems and serve as bio-indicators. Coelomocytes/hemocytes of
benthic invertebrates, as primary immune effectors that respond to stress
conditions, injures, host invasion and cytotoxic/genotoxic agents, have been used
for the monitoring of environmental conditions [1, 2]. As a free circulating they
are easily collected and analyzed by flow cytometry.

Paracenthrotus lividus. (5) Phallusia mammillata. - (A) DAPI - stained nuclei
and cells (3A1). (B) DAPI-fluorescence (FL6) distribution

The DNA content is a marker of cellular maturity since the frequency of cells is
G0, S and G2 phases could determine the proliferative status of the investigated
cells. When the measurement of DNA content is performed with internal
standard, flow cytometry provides information about genome size [3].

Tab. 1. Descriptive statistics of genome size variation within 5 species of
marine invertebrates calculated from distribution of DNA values of 10
specimens

Conclusions
1. Flow cytometry analyses of DAPI-stained nuclei identified the sea mouse A.
aculeate coelomocytes as proliferating cells.
2. Fluorescence microscopy of DAPI-stained cells identified the presence of
phagocytic activity in unchallenged red starfish E.sepositus.
3. Evidence of karyokinesis of both spiny crab hemocytes and sea urchin
coelomocytes revealed that their division is completed in the hemolymph and
coelom, respectively.
4.The diploid DNA content (2C) in sea mouse A. aculeata, spiny crab M.
crispata, red starfish E. sepositus and sea urchin P. lividus is 1.24, 7.76, 1.52
and 1.08 pg, respectively.
5. DNA content of sea mouse A. aculeata and spiny crab M.crispata are the first
records of their genome size. Furthermore, the DNA content of the sea mouse A.
aculeata is the first genome size record among the species in the Aphroditidae
family.
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Fig. 1. (1) Aphrodita aculeata. (2) Maja crispata. (3) Echinaster sepositus. (4)
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VARIABILITE JOURNALIERE ET VERTICALE DU PHYTOPLANCTON D UNE ZONE COTIERE DE LA COTE
SUD ATLANTIQUE MAROCAINE
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Abstract
L’étude du cycle nycthéméral de la répartition verticale du phytoplancton au niveau de la zone 23°30’N en hiver et en été 2002 a
révélé que le phytoplancton se développe principalement dans des eaux froides et moins ensoleill ées. L’ensoleillement et le
réchauffement thermique des couches de surface s’intensifieraient en hiver entre midi et 14h et en juillet au cours de la journée (entre
8h du matin et 20h), aboutissant à une diminution du développement du phytoplancton sur toutes la colonne d’eau en juillet et sur les
couches superficielles en hiver, et favorisant ainsi son développement dans les eaux sous-jacentes froides et moins ensoleillées.
Keywords: Phytoplankton, Density, Vertical Profile, Upwelling
Introduction - Le phytoplancton constitue une composante de grand intérêt
puisqu’il représente la base de toute vie dans les écosystèmes aquatiques. Son
pouvoir élevé de multiplication, sous des conditions écologiques déterminées,
permet un renouvellement rapide de la biomasse, et donc, le maintien des
autres maillons trophiques ayant un intérêt économique (poissons, crustacés,
céphalopodes, …) [1]. L’objectif de cette étude vise à décrire les variations
journalières verticale et saisonnière des densités et structures des populations
phytoplanctoniques.
Matériels et Méthodes - A bord du navire N/R Al Amir Moulay Abdallah,
des prélèvements d’eaux destinés au dénombrement du phytoplancton, ont été
effectués, au niveau d’une station côtière fixe située à 23°30’N. La position
longitudinale de cette station diffère légèrement d’une saison à l’autre ; 16°7’W
en janvier - février (31/01 au 01/02/2002) et 12°22’W en juillet (07/07 au
08/07/2002). L’échantillonnage a été réalisé avec un intervalle de temps
régulier, toutes les 4 heures au cours de la saison froide et toutes les 6 heures
en juillet 2002 et ce, à différentes profondeurs à l’aide de bouteilles reliées à
une multisonde CTD qui s’ouvrent à chaque niveau de profondeur retenu. Le
dénombrement du phytoplancton a été réalisé par la méthode d’Utermohl [8]
et est exprimé en nombre de cellules par millilitre (cell.ml-1).
Résultats et Discussion - L’étude de la variation du cycle nycthéméral de la
répartition verticale du phytoplancton au niveau de la zone du 23°30’N en
hiver et en été 2002, a révélé que les diatomées dominent l’ensemble du
peuplement phytoplanctonique avec plus de 98%, aussi bien en surface qu’en
profondeur et durant les deux saisons. Cette dominance est liée principalement
à l’existence d´une remontée côtière hivernale et estivale connue de la région et
un filament situé à la limite du talus continental de la zone de Dakhla. Ces deux
facteurs contribuent á la haute disponibilité des nutriments au niveau de cette
zone [3]. Plusieurs auteurs notamment Tilstone et al. [7] ont souligné que les
nutriments élevés dans la zone euphotique pendant l’upwelling coïncident
avec une biomasse élevée des diatomées. De même, les densités estivales du
phytoplancton sont plus importantes que celles hivernales. La densité
maximale hivernale était de l’ordre de 1 400 cell.ml-1, alors que celle, estivale
dépasse 2 000 cell.ml-1. Ceci pourrait s’expliquer par la disponibilité des
nutriments issus des remontées des eaux profondes qui caractérisent cette
région, et qui sont intenses en été par rapport à l’hiver [4, 5, 3]. De plus, cette
étude a montré une hétérogénéité inter saisonnière de la répartition journalière
et verticale du phytoplancton. En hiver, les fortes densités
phytoplanctoniques ont été observées dans les couches profondes entre 8h et
16h et principalement entre 12h et 14h, et dans les couches superficielles le
soir à partir de 20 h (figure 1).

couches profondes et en surface la nuit à partir de 2h du matin (figure 2).

Fig. 2. Variation journalière et verticale des densités (cell.ml-1) du
phytoplancton total en juillet 2002

Donc, le degré d’ensoleillement et de réchauffement thermique pourrait être
l’origine de la variabilité inter- et intra-saisonnière de la répartition verticale
journalière du phytoplancton. Cet ensoleillement et réchauffement
s’intensifieraient en surface en janvier – février entre midi et 14h et en juillet au
cours de la journée (entre 8h du matin et 20h), aboutissant à une diminution du
développement du phytoplancton sur les couches superficielles entre 12h et
14h en hiver et sur toutes la colonne d’eau en juillet durant la journée, et
favorisant ainsi son développement dans les eaux froides et moins ensoleillées.
Cela corrobore les résultats de Goffart et al. [2] qui ont noté que
l’ensoleillement intense des eaux provoqueraient une auto inhibition du
développement du phytoplancton du bassin Ligure (secteur Corse), où de très
faibles densités phytoplanctoniques ont été observées dans toute la couche
réchauffée. De même, les fortes intensités lumineuses ont une action inhibitrice
sur les mécanismes photosynthétiques [6].
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Fig. 1. Variation journalière et verticale des densités (cell.ml-1) du
phytoplancton total en janvier- février 2002

En été, les fortes densités ont été rencontrées le soir à partir de 20h dans les
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ANTIBACTERIAL ACTIVITY OF GRACILARIOPSIS LONGISSIMA (RHODOPHYTA, GRACILARIALES)
LIPIDIC EXTRACT
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Abstract
In this work we report the presence of an antibacterial activity in a seaweed, Gracilariopsis longissima, common in the Mar Piccolo
of Taranto (Northern Ionian Sea, Italy). In particular, algal lipidic extract shows a bacteriostatic activity against several Vibrio
species. Palmitic acid is predominant among the fatty acids and is presumably responsible for the antibacterial activity observed.
Keywords: Antibiotics, Algae, Bacteria, Ionian Sea
Introduction
With the advances in phytochemistry and pharmacology methods, several
medicinal plants were screened for active principles and biological activities.
Seaweeds are very abundant in coastal zones, where they sometimes reach
high biomasses. Inspite of their abundance, they are less used than terrestrial
plants as source of bioactive compounds with potential biotechnological
interest. Only in recent years they increasingly attracted interest in the search
for new drugs and have been shown to be a primary source of bioactive natural
products including antibiotics. Therefore, an effort is made in the present
investigation to screen a common red alga, namely Gracilariopsis
longissima, for its antimicrobial activity.
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Materials and Methods
In summer, Gracilariopsis longissima (S.G. Gmelin) Steentoft, L.M. Irvine et
Farnham) was collected in the Mar Piccolo of Taranto. The selected algal
material was washed 3-4 times in distilled water then shade dried for 8 d, and
the fully dried material was powdered. The powdered material was subjected
to Soxhlet extraction using chloroform/methanol (2:1 at 55-60 °C for 24 h).
The extract was concentrated to dryness in a flask evaporator under reduced
pressure and controlled temperature. Five milligrams of extract were dissolved
in 1 ml of ethanol and assayed for antimicrobial activity using the Kirby Bauer
method [1]. In vitro screening was carried out using several bacterial strains.
Fatty acid composition was determined as described by Budge and Parrish [3].
Analysis of fatty acid methyl esters was performed by gas-liquid
chromatography using a 6890 Hewlett Packard series gas chromatograph
equipped with a Omegawax 250 capillary column (Supelco - USA).

Results and Discussions
Gracilariopsis longissima lipidic extract showed a bacteriostatic activity
against all the Vibrio species utilized (Vibrio alginolyticus, Vibrio fluvialis,
Vibrio salmonicida, Vibrio vulnificus and Vibrio cholerae non O-1). These
results are interesting considering both the resistance against antibiotics
developed by bacteria [5] and the need to control fish and shellfish diseases
due to bacterial infections, including vibriosis [2]. The fatty acids profile of
Gracilariopsis longissima showed that palmitic acid methyl ester (16:0) was
the predominant saturated fatty acid (42%), whilst, among monounsaturated
fatty acids oleic acid methyl ester (18:1) prevailed (8.5%). Since the palmitic
acid represents the main component of fatty acids it is presumably
responsible of the antibacterial activity observed in the target algal species. In
several studies, indeed, palmitic acid has been reported to be the major
antibacterial compound in a mixture of fatty acids from other algal species.
The exact mechanism by which fatty acids exert their bactericidal action
remains unresolved but it has been suggested that these molecules initiate
peroxidative processes and inhibit bacterial fatty acid synthesis [6]. However,
fatty acids may interact with cellular membranes causing leakage of molecules
from the cells, reduction of nutrient uptake or inhibition of cellular respiration
[4].
Table 1. Results of in vitro experiments showing the antibacterial activity of
Gracilariopsis longissima lipidic extract .
Bacterial strain
Diameter of bacterial growth
inhibition (cm)
Vibrio alginolyticus
2.5
Vibrio fluvialis
0.8
Vibrio salmonicida
0.8
Vibrio vulnificus
1.5
Vibrio cholerae non O-1
1
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VARIABILITY OF PHOTOSYNTHETIC PARAMETERS IN A SHALLOW TEMPERATE COASTAL AREA
(GULF OF TRIESTE, ADRIATIC SEA)
Iva Talaber 1* and Patricija Mozetic 1
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Abstract
We studied the relationship between physico-chemical factors and photosynthetic parameters. PBmax was mostly affected by
temperature and phosphate. Overall, photosynthetic parameters showed less variability over the annual cycle in contrast to
environmental factors and phytoplankton biomass.
Keywords: Adriatic Sea, Coastal Waters, Phytoplankton, Primary Production
INTRODUCTION
The highly variable hydrological and physicochemical conditions of the
northern Adriatic are reflected in a high variability of phytoplankton. There is
little information about the effect of environmental factors on photosynthetic
properties of phytoplankton [1]. We studied this relationship in a shallow
coastal area (Gulf of Trieste) and tried to establish the degree of variability of
these parameters.
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MATERIAL AND METHODS
Sampling was carried out biweekly from February 2009 onwards at one
sampling site (1.3 NM off the coast, 22 m depth). P-E experiments were
performed in a light incubator with samples taken from 5 and 15 m depth and
inoculated with 14C. Physicochemical parameters (CTD profiles, nutrients)
and Chl a concentration were measured at each sampling. The photosynthetic
parameters were derived from the experimental data fitted to the continuous
exponential model of Platt et al. [2] (without the photoinhibition parameter,
which was statistically equal to zero in all cases). Coefficient of variation for
each variable and coefficients of correlation between variables (r) were
calculated and the significance of r was tested with the two-sample paired ttest.
RESULTS AND DISCUSSION
Photosynthetic capacity (PBmax)varied from 0.72 to 6.10 mg C mg (Chl a)-1 h1. The lowest value was found in April during mixed water column conditions,
while the highest in July in the subsurface layer of higly stratified water
column. Photosynthetic efficiency (α) ranged from 0.005 to 0.020 mg C (Chl
a)-1 h-1 (µmol photons m-2 s -1) -1. In general, higher α were typicall for the 15m depth layer. Coefficients of variation showed that nutrients and Chl a
biomass were more variable than the photosynthetic parameters suggesting
some physiological response of phytoplankton to environmental perturbations
in order to maintain similar rates of photosynthetic capacity.

Tab. 1. Coefficients of correlation (r) between variables (n=23) and
corresponding level of significance (** p<0.05, * p0.10)

α was not significantly correlated with any of the tested variables (table 1), and
also varied independantly from PBmax, which is in agreement with the fact that
both parameters are controlled by independent mechanisms of the
photosynthesis [3]. PBmax was significantly correlated with temperature,
which relates to the enzymatic control of photosynthesis. It was also
significantly correlated with phosphate, which is the most limiting nutrient of
the northern Adriatic [4]. The Chl a concentrations were significantly
negatively correlated with EPAR (z),which suggests adjustment of Chl a cell
content to the ambient light through photoacclimation.
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SEASONAL DYNAMICS OF THE BACTERIAL COMMUNITY IN CORRELATION WITH DIFFERENT
ENVIRONMENTAL FACTORS IN THE GULF OF TRIESTE (NORTHERN ADRIATIC)
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Abstract
Seasonal dynamic of bacterial community was studied in the Gulf of Trieste (northern Adriatic). The bacterial abundance, productivity
and community structure together with dissolved inorganic phosphate uptake by the 33P orthophosphate incorporation method and
nutrients factors were followed along the vertical profile. Preliminary analyses of bacterial community structure were performed.
Keywords: Adriatic Sea, Bacteria, Nutrients, Phosphorus
Introduction
The Gulf of Trieste, located in the Northern Adriatic sea, is a shallow, semi enclosed basin, which oceanographic properties are strongly affected by water
mass exchange from the Southern Adriatic, river inflows and meteorological
conditions ([1]). Enrichment experiments proved that phosphorous is the
primary limiting element for the growth of phytoplankton as well as for
bacterioplankton in the Gulf of Trieste ([2]). Being an integral members of
ecosystems, microbes are fundamental to the functioning and the health of the
marine environment. Bacterial community abundance and productivity in the
Gulf of Trieste has been studied in the past ([3]). However details of microbial
processes in the Gulf of Trieste are still poorly understood. The aim of this
study was to investigate in more details the seasonal dynamics of the bacterial
community in correlation with different environmental factors in the Gulf of
Trieste.

total community fingerprints using DGGE.
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Material and methods
The seawater samples for chemical and biological parameters were collected
during the period from 2007 to 2009 at standard sampling station, the
oceanographic buoy, located in the middle of the Gulf of Trieste (northern
Adriatic). Sampling was performed biweekly at six different depths (1m, 3m,
5m, 10m, 15m and 20m) using a Niskin sampler. At the same time vertical
distribution of temperature, salinity, chlorophyll a and dissolved oxygen was
also determined using CTD probe. Samples were analyzed for nutrients,
bacterial abundance and productivity as well as bacterial community structure.
Bacterial abundance was determined according to standard protocol, by
staining cells with 4’,6-diamino-2-phenylindole (DAPI) and examining them
under an epifluorescence microscope ([4]). Bacterial carbon production was
measured by the incorporation of 3H-leucine into newly synthesized proteins
in the bacterial cells ([5]). Subsamples for nutrient analysis were filtered
through glass fibre filters (GF/F) and analyzed according to standard protocols
([6]). Bacterial community structure was analyzed using two approaches: (i)
by isolation of colony - forming bacteria on ZoBell media and (ii) by culture independent genetic analysis. Subsamples for bacterial community structure
analysis were obtained by filtering defined volume of unfixed seawater onto
0.2 µm polyethersulfonic PALL filters (25 mm diameter, PALL Inc.). DNA
was extracted from the filters according to Böstrom ([7]) with slight
modifications. Community fingerprints were determined using the denaturing
gradient gel electrophoresis (DGGE).
Results and discussion
Bacterial abundance showed seasonal dynamics, with the highest values in the
late spring - early summer period (6.5 x 108 cells L-1 in May) and at the
beginning of the autumn period (9 x 108 cells L-1 in September). From the late
autumn until the early spring we observed lower bacterial numbers and equal
abundance distribution along the vertical profile. In the winter period and in
the spring - early summer there were somehow higher values at the surface.
On the other hand, in the late summer - early autumn period, the bacterial
abundance was increasing towards the bottom of the water column. Bacterial
carbon production showed seasonal dynamics as well, with the highest values
measured in the summer (20 µg C L-1 day-1) and lowest productivity in winter
- early spring (5 µg C L-1 day-1). From the late autumn to the early spring the
productivity did not vary much along the vertical profile. From late spring
until the middle of summer we observe higher bacterial productivity at the
surface and at the bottom of the water column. At the end of the summer, on
the other hand, the productivity at the surfaces in low, but increases with the
depth, reaching the highest values at the bottom. Seasonally changes in
dissolved inorganic phosphate uptake measured by the 33P orthophosphate
incorporation method were determined in total sea water and > 1 micrometer
size fraction. Preliminary analyses of bacterial community structure were
performed by sequencing dominate bacterial isolates and by determination of
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HIGH NITRATE SUPPLY INDUCES CHLOROPHYLL DEGRADATION CHLORELLA SP.
Inci Tüney 1, Dilek Unal 1* and Atakan Sukatar 1
1 Faculty of Science Biology Dept., Ege University, Izmir, Turkey - dilek.unal@mail.ege.edu.tr
Abstract
The effects of high nitrate concentrations on chlorophyll degradation in Chlorella sp. were investigated. The decrease in the ratio of
chlorophyll a/b with enrichment of high nitrate concentration (0.5 and 1 mM NaNO 3) was also caused by a decrease in chlorophyll a
and an increase in chlorophyll b concentration in Chlorella sps. cultures.
Keywords: Algae, Chlorophyll-a, Nutrients, Pigments, Physiology
Introduction - Nutrient concentrations play an important role in the growth of
phytoplankton, and the nitrogen sources considered most important for the
growth of phytoplankton are nitrate and ammonium. Much higher nitrate
concentrations have been found in aquatic ecosystems which were strongly
contaminated by agricultural and urban activities [3], [1]. Enrichment of nitrogen
and phosporus in aquatic enviroment can lead blooming of algae. Previously
studies have also reported that nitrate could affect photosynthesis, growth and
cellular toxicity of phytoplankton and metal toxicity to phytoplankton [3], [4],
et [5]. Previosuly studied demostrated that excessive nitrogen fertilization
causes osmotic stress, in which reactive oxygen species (ROS), hydrogen
peroxide (H2O2) and hydroxyl radical (•OH) are produced [6]. ROS are highly
toxic and can highly damage normal metabolism of lipids, proteins and nucleic
acids and then inhibit plant and algae growth. Although, they found high nitrate
concentration lead to inhibiton of growth of phytoplankton, effects of high
nitrate stress on chlorophyll content, chlorophyll degradation and lipid
peroxidation is still unexplored. In order to gain some insight into toxicity of
nitrate in green algae, this study examined the effects of nitrate stress
on chlorophyll degradation.
Material and Method - Cultures and materials : Chlorella sp. was obtained
from EGEMAC culture collection, University of Ege, Izmir, Turkey. Eight
flasks of 100 ml Chlorella sp. were used for the experiment. Chlorella sp.
culture was grown photoautotrophically in Rudic Medium (RD) at 31°C in
under continuous illumination (Table 1). Illumination provided by daylight
fluorescence tubes at 20 µmol photons m-2s-1. Chlorella cells were harvested by
centrifugation and transferred to a fresh medium, grown under the same
conditions for 1 day; 0.05, 0.5 and 1 mM NaNO3 were then added to the nitrate
stress groups, respectively. The cultures were sampled 1, 3, 18, 24 and 44 h by
removing 30 ml of the culture each time. All the experiments were repeated three
times. Cell density was mesaured by spectrophotometer at 663 nm. About 20
mg cells was extracted in the dark for 1 h at 65 °C in 3 ml dimethyl sulfoxide
(DMSO) in presence of polyvinylpolyrrolidone to minimize chlorophyll
degradation. To assess chlorophylls, absorbance of the extracts was read at
665.1, and 649.1 nm. Statistical analysis was performed with one-way analysis
of variance (ANOVA)(SPSS for Windows version 11.0).
Results and Discussion - Chlorophyll intermediate molecules are also
potential chloroplast signals that could regulate photosynthetic gene expression,
growth rates, and cell-death processes [7]. Our present results showed growth
rate decrease closely correlated with decreasing chlorophyll a/b ratio following
to supplemental different NaNO3 concentration (Figure 1). Chlorophyll b is
formed from chlorophyll a by the oxidation of the methyl group on ring II to the
aldehyde and the ratio of chlorophyll a/b is more sensitive to modification than
chlorophyll a+b. In green plants, antenna size is determined by the amount of
light-harvesting chlorophyll a/b protein complex that is associated with the
photosystems [7]. Conversion of chlorophyll b to chlorophyll a not only
impacts the chlorophyll a/b ratio but also is the first step of chlorophyll
degradation. In this study, on nutritional Chlorella sp. media and supplement
0.05 mM nitrate media, pigment levels were not significantly different (Table 1),
but they did differ between groups in the presence of different nitrate
concentration. The chlorophyll a/b ratio was significantly decreased in both 0.5
and 1 mM nitrate enrichment groups (Table 1). Our present results confirmed
that supplemental NaNO3 causes a significantly increase in chlorophyll b and a
concomitant decrease in chlorophyll a, consistent with accelerated conversion of
one to the other (Tab. 4). In conclusion, the levels of nitrate concentrations used
in the present study ranged from 0.05 to 1 mM. According to the present study,
these high nitrate concentrations caused chlorophyll degradation. Therefore,
further research is required to investigate the effect of high nitrate concentrations
on antioxidant mechanism in green algae. Table 1 shows Chlorophyll
a /Chlorophyll b (Chla/b) ratio of the alga Chlorella sp. cultivated with a
nutritional level of nitrate (control) and nitrate supplement of 0.05, 0.5, and 1
mM.

Tab. 1. Values in bold are significantly different from control samples.
Significance of differences (p<0.05) was checked by one-way analysis of
variance (ANOVA). n=number of replicates, x=mean values, SD=standard
deviations

Fig. 1. Cell density of the alga Chlorella sp. cultivated with a nutritional level of
nitrate (control) and nitrate supplement of 0.05, 0.5, and 1 mM.
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THE DEGRADATION OF DIFFERENT SCYHPOZOAN JELLYFISH SPECIES BY THE AMBIENT BACTERIAL
COMMUNITY
Valentina Turk 1*
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Abstract
The chemical composition and degradation of dead jellyfish tissue of Aurelia sp., Pelagia noctiluca and Rhizostoma pulmo by the
ambient bacterial community was studied in laboratory experiments using samples from the Gulf of Trieste (northern Adriatic).
Preliminary results showed rapid hydrolyzes of proteins in the presence of the natural microbial community and significant release of
disolved and anorganic nutrients, which can significantly alter the carbon and nitrogen cycles and oxygen dynamics in the surrounding
environment.
Keywords: Adriatic Sea, Bacteria, Medusae, Nutrients, Organic Matter
Introduction
The increasing frequency and intensity of jellyfish outbreaks in the northern
Adriatic may have a significant impact on fisheries, tourism and the
functioning of the food web. Although eight scyphomedusae species have
been discovered over the last 150 years in the northern Adriatic, only a few,
have been observed in large numbers [3]. The total organic content of jellyfish
is 1-2 % of wet weight and generally consists of high protein (72±14 %)
contents, low carbohydrate (7±5 %) and lipid (22±12 %) contents [4].
Proteins, as a quantitatively important component of the jellyfish body, are
substantially organic-nitogen containing compounds believed to be very labile.
During the decomposition of blooms, jellyfish carcasses can serve as an
important source of protein to the environment. Few studies have addressed
the fate of dead jellyfish [6], [8] nor indicated rapid decomposition and
nutrient release, either in the water column or on the sediment surface.

of degradation and bacterial growth depends on jellyfish chemical composition
as indicated by the ratio of biomass, ammonium and phosphate accumulation
of 1:3 between Aurelia and Pelagia.
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Materials and method
Jellyfish for our experiments were collected by dip net from the surface during
bloom events in the Gulf of Trieste (northern Adriatic). Bell diameters and
wet weight were measured for each jellyfish. Seawater samples were collected
with a Niskin sampler at 3 m depth at station BF (45° 32.804 N; 13° 33.034
E) in the Gulf of Trieste. Immediately after sampling, seawater was filtered
through a 200 µm mesh net and subsequently through GF/F filters (Whatman)
to yield a filtrate containing microorganisms. The filtered seawater was
collected in 8 L acid washed and autoclaved polycarbonate bottles (Nalgen)
and was used for the jellyfish decomposition experiments. In each experiment
equal amounts of jellyfish were selected and their whole tissues, including
interstitial water, homogenized with an Ultra – Turrax TP 18/10 (Janke &
Kundel) at 20 000 rpm for several minutes. The whole tissue of each jellyfish
was used as substrate, diluted in 8 litres of pre-filtered sea water containing
the ambient bacterial community. Bottles with filtered sea water without
addition of jellyfish served as controls. The bottles were incubated in situ at
3m depth in front of the Marine Biology Station from 24 March to 15 April
2009. Part of the homogenate was frozen and stored for CHNS elemental
analysis. All nutrient analyses were performed on a GF/F pre-filtered water
sample, using the standard protocols ([2]) and protein concentrations were
determined by the Bradford method [1] using the Bio Rad Protein Assay Kit.
Dissolved oxygen (DO) concentration was measured in triplicate by the
standard Winkler method. Bacterial abundance was determined according to
standard protocol, by staining cells with 4’,6-diamino-2-phenylindole (DAPI)
and examining them under an epifluorescence microscope [5]. Bacterial carbon
production was measured by the incorporation of 3H-leucine into newly
synthesized proteins in the bacterial cells [7]. Bacterial community structure
was analyzed using two approaches: (i) by isolation of colony - forming
bacteria on ZoBell media and (ii) by culture-independent analysis using the
denaturing gradient gel electrophoresis (DGGE) fingerprinting method.
Results and discussion
Elemental analysis of Aurelia sp., Pelagia noctiluca and Rhizostoma pulmo
reveals low dry weight specific carbon and nitrogen content, and rather low
C/N atomic ratios (3.9 – 4.9). Preliminary results showed variation in protein
concentrations of added dead substrate between jellyfish species.
Concentrations were twice as high in the experimental bottles with Pelagia
and Rhizostoma compared with Aurelia. After 72 hours of incubation, the
protein concentrations were reduced in all experimental bottles with the jellymixture, and significant bacterial growth with biomass increases was recorded.
The initially high concentrations of protein, DOP and orthophosphate in the
amended bottles, appear to support microbial mineralizations which consume
oxygen and release dissolved inorganic nutrients, mainly ammonium. The rate
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EMILIANIA HUXLEYI BLOOM IN WINTER PERIOD IN THE DARDANELLES, TURKEY
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Abstract
Following a strong summer bloom of Emiliania huxleyi (Lohmann) Hay & Mohler, 1967 in June and July 2003, a winter bloom was
observed for the first time between late December 2003 and early January 2004 in the Dardanelles and the results were appreciated
along with hydrography. E. huxleyi was the dominant species and represented about 90.0% of the phytoplankton assemblage. The
bloom started flourishing after the diatom and dinoflagellate blooms under nitrogen depleted and moderate light, temperature and
salinity conditions.
Keywords: Dardanelles, Blooms, Coccolithophores, Hydrography
The Dardanelles is a part of the Turkish Strait System and located between
the Aegean Sea and the Sea of Marmara and has two flow system reverse to
one another [1]. The data in this study is a part of the data collected during
cruises in the period of January 2002 and January 2004, in the framework of a
National project of TUBITAK, Turkey [1]. CTD parameters, nutrient and
chlorophyll-a were also measured by using YSI 6600 MPS, Autoanalizor and
spectrophotometer, respectively [2]. Except for the polar ones, E. huxleyi is
one of the most abundant coccolithophores occurring globally in the oceans in
early summer periods. In summer, high surface irradiance, shallow
stratification with a mixed layer depth of about 10-20 m, anomalies in salinity
and temperature, low phosphate and silicate concentrations compose
favorable conditions for E. huxleyi bloom in the marine systems [3]. However,
following a strong summer bloom of coccolithophore in June and July 2003
[3], a winter bloom was observed for the first time between late December
2003 and early January 2004 in the Dardanelles (Fig. 1).

Dardanelles is under the hyper-eutrophication due to the fact that it is a part
of the Turkish Strait System affected by the Black Sea.

Fig. 1. Map of the Dardanelles and sampling station
Fig. 2. The vertical profiles of E. huxleyi (A), dinoflagellates (B), diatoms (C),
total phytoplankton (D), and chlorophyll-a (E) in winter in the Dardanelles

While E. huxleyi revealed small population density (1.60 x 104 cells L-1) in
early December 2003, the bloom started in middle December 2003 (7.86 x 106
cells L-1) and then peaked in early January 2004 (5.03 x 107 cells L-1) in the
superficial layer. The peak dramatically decreased in late January 2004 (7.50 x
106 cells L-1) (Fig. 2A). E. huxleyi was the dominant species and represented
about 90.0% of the phytoplankton assemblage. The bloom started flourishing
after the diatom and dinoflagellate blooms (Figs. 2B, C) under nitrogen
depleted and moderate light, temperature and salinity conditions. Water
temperature (10.31±1.14 oC) and salinity values (27.05±0.88 ppt) were
usually stabile. Surface chlorophyll-a concentrations ranged from 1.23 to 2.32
µg L-1 (1.94±0.43 µg L-1) during the bloom (Fig. 2E). Vertical profiles of
inorganic nutrients showed that the concentrations in the upper layer were
lower (0.26±0.14 µM for NO-2+NO-3, 0.06±0.01 µM for PO-34 and
2.51±1.16 µM for SiO4 than those in the lower layer (0.42±0.24 µM for NO-3
2+NO 3, 0.07±0.02 µM for PO 4 and 2.80±0.84 µM for SiO4) due to E.
huxleyi blooms in the surface waters during the winter bloom conditions.
Although SiO4 concentration was calculated as mean value of 2.80±0.84 µM,
the surface concentration was lower than 2.00 µM in the first period of the E.
huxleyi bloom, due to its excessive utilization by diatoms just before the E.
huxleyi bloom (Figs. 2A, C). Ratios of N:P (min-max: 2.00-7.33;
mean:4.12±2.12,) Si:N (min-max: 3.08-17.33; mean: 9.79±4.32) and Si:P (minmax: 24.00-58.50; mean: 40.35±16.25) of the bloom period were lower than
those of the non bloom periods. The strong bloom potential of E.huxleyi
in winter period in addition to the summer period [3] has revealed that the
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SHORT TIME VARIATIONS OF CHLOROHYLL A AND NUTRIENTS IN THE DARDANELLES, TURKEY
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Abstract
The distribution of chlorophyll a and nutrients were investigated in relation to the hydrography in the period of January 2002 and
January 2004 in the Dardanelles. Nutrient levels were lower in the upper layer waters than in the lower layer waters due to excessive
algal blooms in the surface waters. In vision of nutrient ratios (N:P=3.21, Si:P=33.17 and Si:N=12.71), nitrate was more limiting
nutrient than phosphate. In addition to high chlorophyll a levels in surface waters (3.01±2.83 µg L-1), there were secondary high values
of chlorophyll a in subsurface depths especially in spring and summer periods.
Keywords: Dardanelles, Chlorophyll-a, Nutrients, Hydrography, Time Series
The distribution of phytoplankton chlorophyll a and inorganic nutrients were
investigated along with hydrography in just nouthern part of the Nara Cape of
the Dardanelles (Fig. 1).

Fig. 1. Map of the Dardanelles (Çanakkale Strait) and sampling station (St.)

The Dardanelles is located between the Aegean Sea and the Sea of Marmara and
has two flow system reverse to one another [1]. The data were collected during
cruises in the period of January 2002 and January 2004, in the framework of a
National project of TUBITAK, Turkey [1]. It was collected 74 surface samples
for chlorophyll a and nutrient during the two years sampling period. CTD
parameters, nutrient and chlorophyll a were measured by using YSI 6600 MPS,
Autoanalizor and spectrophotometer, respectively [2]. Results showed that
temporal temperature variations in surface waters (6.25-25.99 °C) originated
from the Black Sea were higher than deep waters (13.09-18.44 °C) originated
from Mediterranean. Due to two different water systems, there were two
temperature stratification reverse to one another during the year. Since surface
water of the Dardanelles was affected by the Black Sea, there was a vertical
salinity profile increasing with depth (from 22.28-26.95 to 38.09-38.93 ppt)
during the year. Dissolved oxygen in surface waters were generally close to
saturation limit (10 mg L-1) and sometimes were higher than the limit (>10 mg L1). Due to excessive algal blooms in the surface waters [1], surface levels of
nutrients were lower (0.21±0.22 µM for NO-2+NO-3, 0.08±0.05 µM for PO-34
and 1.80±1.14 µM for SiO4) than deep levels (0.50±0.35 µM for NO-2+NO-3,
0.08±0.06 µM for PO-34 and 2.80±0.97 µM for SiO4) except for PO-34 (Fig. 2).
Elemental ratios of N:P, Si:P and Si:N were calculated to be 3.21±2.70,
33.17±34.47 and 12.71±11.52 in surface waters respectively, whereas they
were calculated to be 6.66±5.92, 38.40±19.86 and 8.76±7.14 in deep waters
respectively. In vision of the elemental ratios, nitrate was more limiting nutrient
than phosphate. Chlorophyll a ranged from 0.13 to 15.21 µg L-1 (3.01±2.83 µg
L-1) in surface waters. In addition to high chlorophyll a levels in surface waters,
there were secondary high values of chlorophyll a (min-max: 0.47-16.16; mean:
3.18±3.02 µg L-1) in subsurface layer waters (10 m) in some periods, especially
in spring and summer periods (Fig. 2).

Fig. 2. Short time variations of nutrients and chlorophyll a in the Dardanelles
(Çanakkale Strait)

At sight of high levels of nutrients and chlorophyll a, Dardanelles is under the
heavy eutrophication due to the fact that it is a part of the Turkish Strait
System affected by the Black Sea.
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Abstract
To understand the relative importance of viral shunt vs predation of both heterotrophic nanoplankton (HNF) and microzooplankton on
autotrophic and hetereotrophic prokaryotes in the pelagic Mediterranean food web, we performed a series of independent incubation
experiments along a wide trophic gradient from the Atlantic Ocean to the eastern Mediterranean Sea during a trans-Mediterranean
cruise (May-June 2007). Results indicate that nanoflagellates predation, although often strongly controlled by microzooplankton,
caused most prokaryotic losses; microzooplankton was more efficient on the autotrophic picoplankton.
Keywords: Bacteria, Predation, Levantine Basin, Western Mediterranean, Plankton
Surface water samples were collected at 9 stations including: 1 station in the
Atlantic Sea (station VA), 4 stations in the western Mediterranean Sea and 4
stations in eastern Mediterranean Sea (fig.1).

contribution of the viral infection to prokaryotic mortality with decreasing HNF
abundance. Heterotrophic bacteria abundance (fig.2) ranged from 2.44 ± 7.8 to
6.57 ± 3.45 x105 cells L-1, and on average was higher in the western basin.
Microzooplankton (MZ) abundance (fig.2) ranged from 7.64 ± 1.36 to 20.08 ±
4.34 x102 individuals L-1.

Fig. 2. Abundance of heterotrophic picoplankton and nanoplankton, and
microzooplankton in the 9 stations of the trans.Mediterranean cruise.
Fig. 1. Position of the 9 stations along the cruise track (VECTOR Project MayJune 2007).

The loss of prokaryotic biomass caused by grazing or virus-mediated lysis has
different consequences in organic C fluxes and biogeochemical cycles. If the main
control of prokaryotic abundance is via protozoan grazing, most of the carbon
will be channelled to higher trophic levels in the food web. Conversely, if viral
infection accounts for most prokaryotic losses, the flow of carbon and nutrients
can be diverted away from larger organisms thus accelerating the transformation
of nutrients from particulate to dissolved states. This last process is named
“viral shunt”. The impact of viruses in pelagic processes depends largely on the
significance of the virus-induced prokaryote mortality (VIPM). In the present
study VIPM has been estimated on the basis of the viral production and the
burst size of viruses (i.e, number of viruses released per infected cell). Viral
production rates were measured using the dilution approach, which has been
repeatedly applied to several coastal and deep-sea systems [1, 2]. Results
reported here indicate that viral abundance was very low and did not
significantly vary along the trophic gradient (on average, 6.94 ×104 viruses mL1). Conversely viral production ranged from 1.16 ± 0.16 ×103 viruses mL-1h-1,
at the station V1, to 2.57 ± 0.60 ×104 viruses mL-1h-1, at the station V3, in the
western Mediterranean Sea. However, on average, no significant differences
were observed between viral production in western and eastern Mediterranean
Sea. Assuming a burst size of 15, the fraction of prokaryotes killed by viruses
per day ranged from ca. 0.3 to ca. 8% d-1 (at the stations V1 and V3, in the
western Mediterranean Sea) and on average similar values of prokaryotic
mortality were observed in both western and eastern sectors of the
Mediterranean Sea. Previous studies suggested that higher values of VIPM may
be related to the probable absence, or extremely low density, of grazers that
compete with viruses for prokaryotic cells [2]. In the present study
nanoflagellates (HNF) abundance (range: 3.63 ± 1.18 x102 - 1.15 ± 0.05 x103
individuals L-1) was on average 2 orders of magnitude lower than viral
abundance (fig. 2). A positive relationship (n = 9 R = 0.74) was observed
between viruses to HNF abundance ratio and VIPM suggesting a higher

Grazing impact of HNF and MZ on picoplankton was separately assessed
using the classic Landry and Hasset (1982) [3] dilution method. Four models of
interaction between HNF and MZ were identified: 1) only HNF fed on
picoplankton, no MZ grazing was detected on both picoplankton and HNF, 2)
MZ fed directly on picoplankton, no HNF predation was detected, 3) MZ
caused an increase in prokaryotic loss compared to the only HNF predation,
indicating a direct predation of larger consumers, 4) MZ grazing on HNF
reduced prokaryotic biomass loss, indicating a strong top down control of MZ
on HNF biomass. The experiments of HNF grazing indicated that most of the
prokaryotic mortality in surface waters of the Mediterranean Sea is due to
predation by HNF, although in few cases, and particularly on autotrophic
fraction, MZ was a more efficient predator than HNF. Results show that in the
eastern Mediterranean picoplankton mortality due to both HNF and MZ
grazing was always higher than growth rate.
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Abstract
The identification and quantification of individual algal species remains difficult, time consuming, requiring a great deal of expertise and
experience. Alternative to traditional, morphology-based methods, molecular techniques need less expertise for the detection of cryptic
species within the bioindicator community. Although these methods require detailed knowledge of the molecular diversity within taxa
in order to design efficient specific primers to avoid cross-reaction with non-target sequences. Based on rDNA (large subunit) LSU,
RAPD and real-time PCR results and melting curve analysis, a model system to detect marine, planktonic, bloom -forming
dinoflagellate Prorocentrum minimum using the DNA extracted from the Golden Horn Estuary bloom samples and mixed samples.
Keywords: Bio-Indicators, Toxic Blooms, Population Dynamics, Phytoplankton, Bosphorus
Introduction
DNA directly amplified from the environment have revealed a rich biodiversity
of marine dinoflagellates that has escaped routine detection using microscopy
[1]. The rDNA amplification approach to explore for the presence of unknown
dinoflagellate DNA in the marine environment includes dinoflagellate-specific
PCR of DNA extracted from field samples and cloning and sequence analysis of
randomly selected clones [2]. DNA melting curve analysis is a technique that
can be applied post-PCR to provide the melting temperature of the
amplification products [3]. Sequence differences of each PCR amplicon can be
distinguished by the melting curve that is affected by the GC content of the
PCR product and the absolute order of the bases in the sequence [4, 5].

Tab. 1. Reproducible Tm peak ranges (C) after melting curve analysis for LSU
rDNA and for species

Materials and Methods
Field samples used in this work are morphologically identified dinoflagellate
Prorocentrum minimum obtained from Golden Horn 26.07.2000 bloom. The
number of cells were counted to be 70x106/lt [6]. DNA isolation was done
using MN Nucleospin Plant II kit. The sequences of the primers are given in
Table 1. For real-time PCR Takara’s SYBR Premix Ex Taq kit has been used.
Real-time PCR has been done in Rotorgene Thermal Cycler. Confirmation of the
real-time results were done on 2% Agarose gels (Figure 1). The size markers
used in gel electophoresis have the band sizes 1000bp, 900 bp, 800 bp, 700 bp,
600 bp, 500 bp, 400 bp, 300 bp, 200 bp and 100 bp in descending order.
Results and Discussion
Instabilities in the aquatic ecosystem should be monitored routinely. There are
some bioindicator species that can be biomonitored for red-tide events in the Sea
of Marmara. Prorocentrum minimum is a toxic species causing frequent redtides especially in Haliç. In our study we have done the detection of this
bioindicator species by using real-time PCR as a supporting tool for
conventional methods of detection which will facilitate the routine monitoring of
this species in the Sea of Marmara. Our approach, using the polymerase chain
reaction (PCR) amplification of large subunit gene sequences (LSU rDNA), P.
minimum specific sequences and RAPD and sybrgreen RAPD-real-time PCR is
a useful and cost-effective genotyping method that can be used to determine
both the population complexity and species identification of organisms in
harmful algal blooms [7, 8]. DNA fragments (represented as bands on the gel)
that were excised from agarose gel and were sequenced to determine the genetic
variation data due to spontaneous mutations or taxonomic differences among the
various bloom forming Prorocentrum minimum clones. There seems to be intraspecific variation, although spatial and temporal origins of the Haliç bloom
samples was the same and approximately 100% cells as biomass and diversity
belong to P. minimum [6]. Melting temperature differences are indicating this
well and the xn PCR data confirmation with 2%agarose gel electrophoresis
figures are indicating the variation as formed polymorphic bands and
heteroduplexes detected and shown with arrows in figures confirmed with the
sequencing data. x10 real-time LSU-rDNA amplification confirmation of Haliç
2000 Prorocentrum minimum bloom DNA indicating the dimorphism in the
amplicon.

Fig. 1. X10 real-time LSU-rDNA amplification confirmation of Haliç 2000
Prorocentrum minimum bloom DNA indicating the dimorphism in the amplicon
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Abstract
The cytometric characteristics (Size Scatter and Green Fluorescence) and abundances of HNA (high nucleic acid) and LNA (low
nucleic acid) bacterioplankton cells were examined in the frame of a Transmediterranean cruise held in summer 2008. LNA and
HNA group showed remarkable distribution following vertical, chlorophyll and bacterial production gradients.
Keywords: Bacteria, Open Sea, Organic Matter, Competition
In the last decade there has been an increasing documentation on the relationship
between key bacterioplankton groups and their role in the heterotrophic
bacterial production. Mediterranean Sea being strongly stratified and P limited
during a large part of the year, P limitation of heterotrophic bacterial production
is not uncommon. In the frame of French (BOUM : biogeochemistry from
oligotrophy to ultra-oligotrophy of the Mediterranean Sea) and EU programs
(SESAME: Southern European Seas, Assessing and Modelling Ecosystem
changes) we examined bacterial production over different basins, with the
attempt to focus on the role played by high and low nucleic acid groups (HNA
and LNA groups, respectively) in relation to surrounding biogeochemical
conditions. Most studies dealing on HNA and LNA after flow cytometry
analysis focused mainly on their abundance distribution. Investigations using
3H-leucine labelling coupled to cell sorting technique, since the pioneer study by
Servais et al (1999), suggested the importance of HNA group to sustain bacterial
production, these cells being not only larger but also more active per unit cell
than LNA cells. However, in oceanic areas, the role of LNA to sustain a large
part of bacterial production has been also evidenced [1], [2] et [3]. Flow
cytometry allows also determination of other HNA and LNA group
characteristics: Size Scatter (SSC) and green fluorescence (FL). Recently, it has
been suggested that interactions within these two groups could be highly
dynamics [1] and partly explained by the relationships between the cytometric
characteristics of these 2 groups. However, although these 2 fractions are
ubiquitous in aquatic systems, little is known about their distribution in the
oligotrophic to ultraoligotrophic Mediterranean Sea, and nothing about their
cytometric characteristics. Both HNA and LNA abundances increased with
bacterial production, however the slope of increase of HNA being lower than
that of LNA, the percentage of HNA slowly decreased when bacterial
production increased (Figure 1). The cytometric characteristics of these 2
groups exhibited different types of relations according vertical distribution of
chlorophyll, notably distinct groups emerged for layers above the deep
chlorophyll maximum (dcm), below the dcm and for deep layers (-250 m). 3Hleucine labelling coupled to cell sorting enabled us to reveal the distribution of
high and low nucleic acid groups within heterotrophic bacterioplankton in terms
of leucine assimilation and response to amendments, as well as the potential of
some cyanobacteria to assimilate organic compounds. HNA cells responded
drastically after nitrogen+phosphorus enrichments by both increasing their
abundance, their contribution in term of total abundance but also their per cell
activity, with a final contribution of total BP reaching 86%, demonstrating its
zymogenous-type behaviour. However for in situ steady state conditions of
oligotrophy, HNA cells exhibited large variability of per cell activity according
to the cell size, the low size HNA group exhibiting the same per cell activity
than LNA cells. LNA cells were abundant within the surface layers (41 to 74 %
of abundances) and their bulk activity could be responsible of up to 65 % of the
total bacterial production.

Fig. 1. Relationship between the proportion of HNA cells and the bacterial
production over vertical and horizontal gradient in the Mediterranean Sea.
Distinct groups were identified according vertical distribution of chlorophyll a
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POTENTIAL TOLL OF A DESALINATION PLANT: B) THE MICROBIAL ASPECT
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Abstract
The potential impact of backwash and brine discharge on the standing stocks and productivity of phytoplankton and bacterioplankton
was monitored at the area of the outfall of a reverse-osmosis based desalination plant. Preliminary results indicate that the backwash,
that includes iron hydroxide used as a coagulant, may have a potentially inhibitive impact on the microbial biota found near the outfall.
Keywords: Chlorophyll-a, Bacteria, Levantine Basin, Primary Production
Three surveys (April and August 2008 and April 2009) were conducted in the
area of a brine outfall of the desalination plant in Ashkelon, Israel. The water
quality aspect is described by Dromi et al (Submitted abstract, CIESM 2010)
and the current presentation relates to the possible impacts of the brine outfall
on phytoplankton and the bacterial community. Although one may assume that
brine by itself is diluted rapidly and does not leave a detectable impact even of
sessile organisms [1], the discharge of a coagulants and antiscalants (added for
the amelioration of seawater prior use in the plant) poses potentially a stress
factor for biota. Water samples were collected before, during and after the
pulsed discharged of the backwash, along a gradient from the more affected area
to apparently clear (non affected) water area. It should be emphasized that
brines from the desalination plant and the cooling water from the power station
located at the same site were discharged continuously and only the backwash
discharged was pulsed. Phytoplankton standing stock was assessed by the
measurement of chlorophyll a (Chl) concentration and primary productivity by
14C-labeled bicarbonate uptake under standard conditions of 20 ºC and light flux
of 100 mmol photon m-2 s-1. Chl in the unaffected area was 1-2 mg m-3, but as
low as 0.15 mg m-3 following the discharge of the backwash. Most of the algal
biomass was composed of cells larger than 10 micron in diameter, and
microscopic qualitative examination revealed that diatoms and dinoflagellates
dominated phytoplankton. Comparison of acidified and non-acidified Chl
extracts showed phaeophytin (and Chl degradation products) constituted only a
small fraction of chlorophyllous pigments, and thus we may assume that most
phytoplankton cells collected from the sea samples were intact, indicating that
physical damage was not part of water treatment impact. Chl-normalized
photosynthetic activity ranged from 1.1 to 6.8 mg C mg Chl-1 h-1and showed a
trend of inverse relationship with the proportion of the coagulant in seawater
(Fig. 1). The latter was assed by reddish hue imparted by the presence of iron
hydroxide and determined by spectrophotometric examination of the sea water
at 400 nm.

approximately proportionally to the manner seen in the biomass-based
phytoplankton productivity. Rates of algal and bacterial productivity were
positively correlated, however the relationship between the rates changed
between experiments (Fig. 2).

Fig. 2. Comparison of the rates of primary productivity (PP) and bacterial
secondary productivity (BSP) offshore the desalination plant offshore
Ashkelon, Israel.
While the spatial trend of increase of standing stocks of phytoplankton and
bacteria towards the clear, unaffected water indicate, probably, just the dilution
impact of the backwash discharge from the desalination plant, modification of
rates is apparently a display of the inhibitive role of the saline concentrate
and/or accompanying chemicals on microbial physiology. However, further
investigation is required to elucidate: 1) what is the mode of action of the
components of the backwash discharge, and 2) does the inhibitive action of the
backwash water confers a risk of modification of the planktonic microbial
community in the area of discharge on the long run.
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Fig. 1. Plot of assimilation number (A.N.), which is the expression of
chlorophyll a-based value of primary productivity, against absorbance at 400
nm determined spectrophotometrically.

Bacterial counts were conducted in DAPI stained sub-samples. Bacterial density
was also inversely correlated with the distance from the outfall and time elapsed
since the backwash discharge, and varied from 1.8 and 41.1*108 cell L-1. Cell
number-normalized bacterial productivity, measured under standard conditions
by 14C- labeled leucine, increased from the outfall site towards clear water,
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Abstract
Three models were defined depending on the location of the maximum of chlorophyll’a’ either in the axis coast/ offshore and in the
water column (shallow or deep water). During 1998, in the 1st model two cells of great contents of chlorophyll ’a’ were met, one in
the coast and the other in the offshore.The 2nd model has an opposite evolution compared to the 1st model.In the 3rd model the
chlorophyll ‘a’ maximum is recorded in the coast describing a decreasing gradient coast-offshore. In 1999, the maximum is at the
offshore stations in the 1st model; 2nd model where the maximum occupies an intermediate or central situation. 3rd model two cells
were presented: one at the coast, and the other in the offshore identified only at Dakhla region.
Keywords: Chlorophyll-a, Upwelling, Vertical Profile
Introduction
The vertical movements of the upwellings are interesting from physical and
biological point of view, since they affect the quantities of nutrients brought
into the euphotic zone and consequently the organic production of water.
Thanks to the fertilizing contribution of deep water, the production and the
productivity of phytoplankton rise. Moroccan Atlantic coast has the privilege
to be among the 5 areas in the world influenced by this phenomenon which is
also called resurgence of cold water.
Material and Methods
Data of this study comes from sea cruises onboard of the russian R/V
Atlantniro (1998) and Atlantida (1999). The water samples intended for the
proportioning of chlorophyll `a’ are analyzed by the fluorimetry. The
frequency of buoyancy called also frequency of Brunt Väisälä represents the
intensity of the stratification of the water column, and thus its stability. The
depth, where this frequency is the highest, it corresponds to the depth of the
thermocline (1). And finally, we used the immersion at which 1% of surface
radiation arrives, which delimits more or less the euphotic layer or the layer of
photosynthesis. In order to comprehend the study, vertical distributions of
chlorophyll 'a' detailed by transects were analyzed.

Fig. 2. Vertical Distribution of Brunt Vaisala Frequency during 1998

It would be due to an upwelling which has just started, and which would be
identifiable by the character of homogeneity of its isolines, by the cold water
patch raised at the coast, and likely by an apparent starting of phytoplankton
development, schematized by chlorophyll’a’ assimilation rate. This can be
explained by two ways: (i) A recent upwelling character of Bojdor Cape.
Indeed, following (3), in the stations where the upwelling is recent, nutrients
are very abundant, but the phytoplankton development starts and water is
hence relatively clear. (ii) This second point rises from the first, and which
stipulates that high pulses of wind cause a ascendance of cold and nutrient rich
water, and turns to be turbulent. The conditions are thus unfavourable, since
thickness of the euphotic layer is reduced. Light, becomes a limiting factor and
nutrients are not consumed (3). This explains perfectly the high percentages of
phosphates of 0.9µgat/l in Cape Bojdor. On the other hand, in Cape Blanc, the
frequency of buoyancy reaches its maximum, like it was announced
previously. For the other transect, the vertical distributions of Brunt Vaisala
frequencies show identical structures to those of chlorophyll `a' in the
euphotic layer. In other terms, the two cells of big concentrations (coast and
offshore) met in the area of Dakhla coincide with high values of frequency. In
addition, the major maxima of chlorophyll correspond to the thermocline.
Indeed, 44% of the stations show that the maximum of chlorophyll ’a’ is less
deep than the pycnocline. Whereas only 23% of the stations are located at the
same depth as of the pycnocline and 32% are at a deeper levels.

Results and Discussion
Primary production is important within Cape Blanc, a rich place in nutrients
brought in one hand, by an upwelling which occurs year along, and on the
other hand by SACW (2). Moreover, this zone corresponds to the richest
zone in terms of chlorophyll `a' average (calculated within the euphotic layer).
It reaches the order of 6 mg/m3 in the area located at the north of this zone,
(figure1), where a certain homogeneity of its water column is noticed,
represented by low frequencies (not exceeding 0.02 units), except for Cape
Bojdor (26°N) where a degree of stability going up to 0.06 units was met.

References

Fig. 1. Evolution of chlorophyll’a’ average versus coastal stations latitudes
(mg/m3)

1 - AGUSTI S., & C.M. DUARTE., 1999. Phytoplankton chlorophyll’a’
distribution and water column stability in the Central Atlantic Ocean.
Oceanol. Acta (1999) 22: 193-203.
2 - MINAS H. J., M. MINAS & B.COSTE., 1978. Rôle de l’oxygène dans le
système production -regeneration des résurgences côtières Nord- Ouest
Africaines. In Symp. Can. cur: Upwelling and Living Resources, Las Palmas.
Number 69.
3 - MOREL A., 1982. Optical properties and radiant energy in the waters of
the Guinea Dome and the Mauritanian upwelling area in relation to primary
production. 183: 93.

It is reminded that the character of homogeneity of the majority of the stations
of the northern zone was noticed also on the vertical distributions of
chlorophyll 'a' , and which coincides with rather low values in terms of average
of chlorophyll `a'. In the second time and for more clarity reasons, we used the
vertical distributions of the frequencies of Brunt Vaïsala along the main
transect. Figure 2 shows that in Bojdor Cape, it is obvious that a thermocline
on the surface is presented by the isoline of 0.06 units.

416
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

CARBON FLOW MEDIATED BY MICROBIAL COMMUNITIES IN THE EASTERN MEDITERRANEAN SEA
A. Zoppini 1*, S. Amalfitano 1, S. Fazi 1, S. Tugrul 2, Z. Uysal 2 and A. Puddu 1
1 IRSA-CNR (Italy) - zoppini@irsa.cnr.it
2 IMS-METU (Turkey)
Abstract
Planktonic microbial communities play an important role in controlling the CO 2 flux between the atmosphere and the ocean. C-uptake
(primary and bacterial production) have been analysed more extensively than mineralization processes (community respiration). This
has given rise to a gap for a complete knowledge of C-flux in the marine environment. The research activity conducted in the frame
of the EU Project SESAME (WP 3.8.2) provided new data on biological processes in the Cilician Basin. This area showed the
heterotrophic nature of the off-shore site (P/R<1) with the potential to represent a consisting CO2 source.
Keywords: Bacteria, Primary Production
m-2 h-1. PP and BP rates measured in this survey were comparable with those
reported for the near E Mediterranean areas [5-6] for the ultra-oligotrophic
Cyprus Eddy and for the oligotrophic Cretan Sea, respectively. The C-release
due to community respiration accounted for 3.5-17.3 mmol C m-2 h-1. The
mid shelf site differed for a higher C-uptake (PP 2.7-6.5 and BP 0.10-0.15
mmol C m-2 h-1) and a lower C-release (CR 2.0-2.8 mmol C m-2 h-1). The
heterotrophic nature of the off-shore site is described by the PP/CR ratio <1.
These preliminary results define this area as a potential CO2 source.

The net flux of CO2 between the atmosphere and the ocean is mostly
controlled by the balance among three key processes mediated by the
microbial communities: 1) uptake by phytoplankton photosynthesis (CO2
uptake) 2) mineralization processes (CO2 emission) 3) export toward the
ocean depths. Phytoplankton is responsible for roughly half of the CO2
fixation on the earth and at least 50% of the fixed C is channelled through the
microbial food web in the dissolved phase [1]. In pelagic ecosystems
heterotrophic bacteria mediate a significant conversion of dissolved organic
carbon to biomass, which is then transferred to the food web. Only a small
fraction of this organic matter is buried in marine sediments being the bulk of
the produced organic matter remineralised trough respiration [2]. As a
consequence oceans can act as net source or sink of carbon depending on the
production or decomposition of organic matter due to biological activities.
Recent comparative studies have suggested that respiration may
systematically exceed production in large areas of the oceans [3]. The E
Mediterranean Sea is considered one of the most oligotrophic regions in the
world, in terms of both primary productivity and autotrophic biomass [4].
The Cilician Basin occupies the NE part of the Levantine Basin (Fig.1) and so
far no data on primary production, bacterial production and community
respiration rates are available.
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Fig. 1. Cilician Basin: location of samplig sites utilized in the EU project
SESAME

To fill this gap, two short cruises (March 2008 and February 2009) have been
carried out in the Cilician Basin, on board of R/V Bilim-2 of IMS-METU, and
samples were taken from two sites representative of mid-shelf and offshore
conditions. Depth profiles of the microbial community activities were
analyzed in terms of primary production (PP, NaH14CO3 uptake), bacterial
carbon production (BP, 3H-leucine inc.) and community respiration (CR,
changes in dissolved oxygen by Winkler method) along with bacterioplankton
and phytoplankton cell abundances. Bacterial community composition was
analyzed by CARD-FISH along with phytoplankton composition. The
frequencies of cells with DNA de novo synthesis were determined by
thymidine analog 5-bromo-2-deoxyuridine (BrdU). Chlorophyll a and
nutrients were also analyzed along with organic matter concentration.
Chemical parameters revealed the ultraoligotrophic conditions of these sites.
Chlorophyll a reached the highest concentration (0.2 mg m-3) in the mid-shelf
station. In the off-shore site photosynthetic C-uptake accounted for 1.6-2.1
mmol C m-2 h-1 whereas bacterial C-uptake accounted for 0.03-0.08 mmol C
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Abstract
We investigated the composition and spatial distribution of hydrocarbons found in Tunisian’s marine environments. Although moderate,
these hydrocarbon concentrations should ideally be reduced. Then, we investigated the characterization of bacterial diversity of
polluted seawater. Molecular analysis of bacterial composition associated with hydrocarbon composition analysis provided evidence
that microbial composition dynamics is related to changes in substrate composition, and there is a close relationship between the
proliferation of specialized species and their function in the degradation of the different fractions of oil.
Keywords: Bacteria, Pollution, Coastal Management, Monitoring
Introduction
Sea Coastal were being the receptor of diverse pollutants. Sea water, [1], [2]
marine sediment [3] and interstitial water [2] were the subject of this
pollution. In the Mediterranean sea, pollution is related to the increase of
industrialized and newly industrialized countries. The mediterranean coast in
Northern Tunisia is one of such industrialized and populated region [4], [5].
On the other hand, hydrocarbons are one of the most important pollutants
that can persist for years [6]. Microbial degradation is the major natural route
for cleaning up oil spills [6]. Characterizing microbial diversity and identifying
microorganisms which play a key role in the degradation of pollutants could
be useful in defining new strategies for bioremediation. The aim of this work is
to better understand the present status of environmental pollution by
petroleum derives on tunisian coast and to analyze the bacterial diversity
during oil degradation in order to contribute to the understanding of the
bioremediation technology in a marine environment.

Gammaproteobacteria subclasses. The minor phylotypes are distributed
within the Actinobacteria, the Firmicutes, and the Bacteroidetes groups. The
existence of bacteria in petroleum-contaminated sites suggests that many
species have evolved specifically in these environments and may be active in
the metabolism of hydrocarbon.
3. Bioremediation efficiency of the adapted microflora
The amount of TPH and AH decreased after 3 days. NAH and AH
biodegradation reached the highest value (92.6%; 68.7%) at the end of the
incubation period. A slight decrease in NAH degradation was detected at day
21. Detailed chromatogram analysis showed visible degradation of n-alkanes
ranging from n-C14 to n-C24 during the first week. Branched alkanes were
degraded during W2. At the end of W3, the majority of n-alkanes were totally
degraded. Community composition changes began during the first week (W1)
and remained significant during the whole incubation period. At S3 and S4, we
observed a major decrease in bacterial diversity, confirmed by diversity
indexes. Bacterial diversity is gradually reduced during the biodegradation
process. We found that in W1, W2 and W3. The 16S rRNA sequences are
affiliated with the same microorganisms detected in the AM library, with
variation in their proportions and the emergence of new species. We concluded
that the AM consortium shows a high performance of degradation of both
NAH and AH components.

Materials and Methods
Hydrocarbon analysis: Hydrocarbons were extracted using chloroform. The
extract (TH) was fractionated into non aromatic hydrocarbon (NAH) and
aromatic hydrocarbons (AH) by adsorption liquid chromatography using a
column of silica-gel. The TH, NAH and AH were determinate and were
analyzed with a gas chromatograph.
Molecular analysis: Direct extraction of total microbial DNA from polluted
seawater samples, amplification of 16S rRNA genes, cloning, sequencing,
chimera check and phylogenetic rRNA gene sequence analysis were
performed. All sequences were imported in the ARB database and compared
to the GenBank database using BLAST. They were aligned using the ARB
program and then manually checked. A distance matrix was generated and used
by the DOTUR computer program to define Operational Taxonomic Units
(OTUs). A 97% sequence similarity cut-off was used to define an OTU).
Bioremedation essays : Biodegradation assays were carried out in seawater
inoculated directly with fresh culture of an adapted microflora. The efficiency
of biodegradation corresponding to each incubation period was calculated for
the various fractions of TPH, NAH or AH at various incubation periods.

Conclusion
Our findings indicate hydrocarbon contamination in region of study. The use
of bacterial diversity analysis could be useful in defining new strategies for
bioremediation. Finally, to further elucidate the role of these bacterial groups
in hydrocarbon degradation, catabolic gene expression profiling may be
necessary.
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Results and discussion
1. Evaluation of hydrocarbon pollution
TH concentrations differed from one site to another. NAH and AH levels
showed a variation among the collection sites, with an average of 66.22–
211.82 µg/g for NAH and 13.84–115.60 µg/g for AH. NAH was predominant.
GC traces show unimodal distribution of n-alkanes, equivalent distribution
pattern of both odd carbon-numbered alkanes and even-carbon-numbered
alkanes. All geochemical markers enable us to make the hypothesis of
petroleum source contribution. Our results show that the TPH levels were
relatively low compared to those of locations around the world reported to be
chronically contaminated by oil.
2. Bacterial diversity of polluted seawater
AM microflora represent the natural bacterial population of seawater from a
region adjacent to an oil refinery. A total of 94 clone sequences were obtained
for the AM clone library. They show a percentage of sequence identity to the
closest related sequences in the public databases ranging between 91% and
100%. The 16S rRNA gene sequences can be grouped into 22 OTUs, of which
16 OTUs are affiliated with cultivated microorganisms while a unique OTU is
affiliated with a noncultivated microorganism with ≥97% sequence identity.
A total of 5 OTUs represent novel OTUs sharing less than 97% sequence
identity. Detailed analyses of the AM clone library indicated that the
abundant phylotypes are distributed within the Alpha-, Beta-, and
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OBSERVATIONS ON THE ABUNDANCE OF HOLOTHURIAN SPECIES ALONG THE ALEXANDRIA COAST,
EGYPT
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Abstract
Sea cucumber plays an important role in marine communities besides it’s great economical importance to man. By 2000, production
increased from 20 tones in 2000 to 2310 tones in 2002, and then dramatically decreased to 6 tons in 2006 [1]. The present study
presents abundance, distribution size composition of Holothurians along Alexandria coast of Egypt. Samples were anaesthetized in
MgCl2 (2.5%) solution to overcome the error resulted from contraction and relaxation of body muscles[4].
Keywords: Eastern Mediterranean, Biodiversity
Introduction and Methods
Two species of holothurians Holothuria arenicola and Bohadshia orgus were
recorded. The abundance was 98% and 2% for H. arenicola and B.argus,
respectively. 2015 Samples were collected randomly using quadrate transect (20
m × 10 m) from the selected sites along the Alexandria coast in eastern
Mediterranean Sea during the period from January 2005 to July 2007 as in fig.
1. The distribution and abundance of Holothurian species were calculated by
counting the number of each species per 200 m2. Samples were anaesthetized in
magnesium chloride (2-5%) solution to over-come the error resulted from
contraction and relaxation of body muscles [4]. Samples weighed with a digital
balance, then gently straightened and their lengths measured to 1 mm with a
ruler. The total length (TL), total wet weight (Twt) was measured for each
specimen.

fishing during the last eight years as a result of drastic increase in demand for sea
cucumber as bech-de-mer. The problem of over fishing can be overcome through
firm and conservative management as well as aquaculture of this valuable
resources.

Results and discussion
During the present study only two species of holothurians; Holothuria
arenicola and Bohadshia argus were recorded. H. arenicola was the most
abundant species along the Alexandria Coast of Egypt. The abundance
percentage was 98% and 2% for H. arenicola and B. argus, respectively.
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Fig. 1. Length Frequency distribution of male and female Holothuria arenicola

Length distribution of H. arenicola for males and females as presented in fig.
(1). Regardless of male and female, the most frequent length was in range of 9.5
to 13.5 cm. By comparing the present results with that [3] decrease in frequent
length in clearly observed as 11.0 – 15.7 in 1999 to 9.5 – 13.5 cm in 2007. This
reflects the intensive fishing activity in the last years which supports the
necessity of rapid management of H. arenicola fishery in Mediterranean Sea. It
is found that smaller individuals observed in winter and autumn which may be
attributed to the fact that the fishing activity in summer and spring is higher as
well as the fishing selection during these seasons is lead to presence of small
sized animals in autumn and winter. Further migration and hence greater habitat
separation between juveniles and adults of some species may occur as
holothurians mature [2]. The regression equations of length-weight relationship
for male and female of H. arenicola were described in (Table 1). In the present
study, regardless of sex and season, the slope was ranged between 0.8 – 1.3 that
was significantly different from 3. This means that length does not grow at the
same rate of the weight. [3] reported negative allometric relationship for H.
arenicola. The higher regression coefficient in the present study reflectes the
fitted length weight relationship. The present information confirmed that H.
arenicola along the Alexandria coast of Mediterranean Sea is exposed to over
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MEAN TROPHIC LEVEL ESTIMATION OF THE CATCH OF VARIOUS FISHING GEARS (N. AEGEAN)
Aggeliki Adamidou 1* and Argyris Kallianiotis 1
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Abstract
The mean trophic level (mTL) for the fish catch of bottom trawlers, purse seiners and trammel nets that operate in the northern
Aegean Sea was estimated and compared aiming to examine the possible impact of various gears on the marine ecosystem. The mTL
of the catch was 3.89 (±0.021 S.E) for the bottom trawls, 3.69 (±0.035 S.E) for the trammel nets, and 3.33 (±0.029 S.E) for the purse
seines.
Keywords: Aegean Sea, Fisheries, Food Webs
Introduction
Trophic level (TL) is an ecological indicator widely accepted and used for
quantification of the ecosystem effects of fishing and for the management of
fisheries resources [1]. Fishing in the Thracian sea is carried out by bottom
trawls, purse seines and small-scale fishing gears. The mean trophic level
(mTL) of their catches can be used to quantify whether a fishing gear removes
high or low trophic level organisms from the ecosystem and the extent each
gear contributes to the fishing down of the marine food webs [1]. The aim of
the present study was to estimate the mTL of the catches of the three most
commonly used fishing gear (purse-seines, bottom trawls and trammel nets) in
the northern Aegean Sea.
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Materials and Methods
Data were collected by on board sampling during 2004 in the Thracian Sea
(northern Aegean Sea). Thirty-six seasonal trials were performed by each gear
with commercial vessels. Regarding trammel nets, 9 different mesh sizes were
used (36, 42, 60, 64, 72, 76, 80, 84, 90 mm full mesh of inner panel). The
mTL of the fish catches was estimated by gear, and weighted by the weight of
each species participated in the catch. The mTL of the three gears was
compared with ANOVA and the Fisher’s LSD test was used to determine
which means were significantly different from which others. The values of TL
used were obtained from literature [2], [3].
Results and discussion.
The estimated mTL of the total catch was 3.89 (±0.021 S.E) for bottom
trawls, 3.33 (±0.029 S.E) for purse seines, and 3.69 (±0.035 S.E) for trammel
nets (Fig. 1). The comparison of the mTL per gear indicated that there was a
statistically significant difference between the means of the 3 gears (ANOVA,
F-Ratio:108.75, p<0.0000). The mTL of trammel nets ranged according to
target species from 3.3 (for Mullus sp) to 3.9 (for large speciments of
Sparidae). The above gears operate in different way and exploit different
stocks or different parts of the same stock. Bottom trawls, fish a great variety
of demersal and benthic mainly piscivorous species therefore, the mTL of
their catches was the highest among the gears. Purse seines fish in the pelagic
domain and catch pelagic, planktivorous species of small and medium size
thus, the mTL of their catches was lower. Trammel nets exploit certain sizes
and species of demersal and benthic fish. The mTL of their catches increased
with the mesh size as a consequence of the positive relation between TL and
body length [4]. Conclusively, it could be said that bottom trawls contribute
more than the other two gears to “fishing down the marine food web”.
However, the removal of vast quantities of lower TL species, as it happens
with purse seines catches, might lead to bottom up cascading effects that also
affect negative the marine ecosystem.

Fig. 1. Box-whisker plots of mean trophic level (mTL) per gear
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POPULATION STUDY OF THE FAN MUSSEL PINNA NOBILIS L., IN TWO AREAS OF SARDINIA (WMEDITERRANEAN)
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Abstract
We investigate the population ecology and conservation status of the endangered Mediterranean bivalve Pinna nobilis. Spatial
distribution, size structure, shell orientation and valve colonization by epibionts were the main descriptors investigated in two areas of
Sardinia: S. Antioco island and the Gulf of Oristano (Sardinia, western Mediterranean).
Keywords: Bivalves, Endemism, Conservation, Tyrrhenian Se
Introduction
The fan mussel, Pinna nobilis L., is an endemic Mediterranean species
considered to be endangered, whose preservation is urged mainly through the
Barcelona Convention and the Habitats Directive. There has been a
knowledge-gap in the ecological status of the populations and also in the
response to the enforcement of conservation measures, particularly in the
insular areas as well as the north African countries [1]. The fan mussel has
historically been harvested for different purposes: human consumption, shell
collection and for the production of “sea silk” from byssus. In Sardinia (W
Mediterranean) were known four main critical areas characterized by large fan
mussel beds: the Gulf of Alghero (NW coast), the Gulf of Olbia (NE coast), S.
Antioco island (SW coast) and the Gulf of Oristano (W coast). In order to
assess the conservation status of this species an investigation started in 2008.
Here we present the main results from two areas studied.
Material and Methods
Underwater visual counts of specimens (live and dead), size measurements
(total height in cm), shell orientation (0-360°) and epibiosis of valves (by
digital pictures), were collected within a detailed sampling design. Data
collected refers to 50 quadrats (10x10 m) randomly replicated and georeferenced. Density was expressed as the number of specimens/100 m2. Valve
orientation was analyzed by the Rayleigh test, while epibiontic data were
analyzed using one-way Analysis of Similarities (ANOSIM) based on
differences in the spatial scales.

Fig. 2. Rose diagram reporting shell orientation in S. Antioco island

Discussion
The high density values found in both areas to indicate the good health
conditions of these populations; moreover values found are much higher than
those estimated in other Mediterranean areas [2,3]. P. nobilis populations are
particularly vulnerable to anthropogenic impacts such as structural changes of
seagrass meadows, mechanical impacts due to dredging, anchoring, trawling
and entanglement nets and we argue the fact that the protection of populations
should match with the protection of the habitat.

Results
A total of 530 and 725 specimens of P. nobilis were counted and measured
respectively in Gulf of Oristano and S. Antioco island. Specimen densities
showed significant differences between the two areas analysed. Density of live
+ dead specimen varying from 4.42 (± 3.09 SD) to 20.33 (± 6.76 SD)
specimens/100 m2 in Gulf of Oristano; from 1.75 (± 1.22 SD) to 48.67 (±
21.42 SD) specimens/100 m2 in S. Antioco island. Specifically we found that
spatial distribution and shell orientation of specimens depends on local
ecological features (Fig. 1-2).
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Fig. 1. Rose diagram reporting shell orientation in the the Gulf of Oristano
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TEMPORAL VARIATION OF HYDROCHEMICAL PARAMETERS IN THE TRABZONCOAST
(SOUTHEASTERN BLACKSEA) DURING THE SPRING OF 2009
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Abstract
The study was conducted between March and May 2009 at one station in the Trabzon Coast (Southeastern Black Sea). Physical
parameters were obtained by Idronaut Ocean Seven 316 CTD probe. Nutrients were measured by spectrophotometric methods
(Parsons et al.1984). Chl-a analysis were carried out by HPLC technique. During the sampling period, Oxygen minimum layer was
observed between at 160-170 meter depth. The seasonal thermocline was observed above 55 m in May 2009. PAR depths were
observed min at 22 m and the max at 30 m in May and March respectively. Among the sampling period, the minimum nitrite,
ammonium and silicate concentrations were observed in May 2009. Because of no nutrient limitation, among the environmental
parameter studied, the light intensity is more important for phytoplankton spring bloom at the coastal area.
Keywords: Black Sea, Nutrients
Introduction
The Black Sea is a unique marine environment representing the largest
landlocked/semi-enclosed and deep anoxic basin in the world. The coastal
waters of the Black Sea are principally fed by the river input and by the
lateral/ vertical nutrient transport mechanisms (1). In the spring period; the
coastal area is characterized by homogeneity of the water column in respect of
temperature, salinity and nutrients. Dissolved Oxygen (DO) gradually
decreases with depth. The coastal marine eutrophication is significant which is
characterized by higher nutrient content with compare to the surface water of
the offshore areas. The aim of this study was to evaluate hydrochemical
parameters of region, reveal hydrographic status and response of the
phytoplankton biomass to environmental factors during the spring 2009,
mixing period.

DO was obtained as 9,96 mgL-1, 10,72 mgL-1 10,62 mgL-1 in March, April
and May respectively at the surface water of sampling station. During the
sampling period,Oxygen minimum layer was observed between at 160-170
meter depths. pH showed similar profile for March, April and May during the
sampling period. Although the stagnation was present in March and the April
2009, the seasonal thermocline was observed above 55 m in May 2009. PAR
depths were observed min at 22 m and the max at 30 m in May and March
respectively (figure 2). Throughout spring 2009, the maximum concentrations
of nitrate, nitrite, ammonium and silicate were not higher than 0,29 µM,
38,48µM, 3,06µM and 0,58 µM respectively in the whole sampling depth.
Among the sampling period, the minimum nitrite, ammonium and silicate
concentrations were observed in May 2009. Although the chlorophyll-a,
which can be used as indicator of phytoplankton biomass, was to be expected
to have high values at surface water in May , the maximum value was found as
a 6,41µgL-1 at 15 m in March 2009 (figure 2).

Material and Methods
The sampling was performed between in March-May 2009 at one station in
the Trabzon Coast (Southeastern Black Sea). Water samples were taken from
the surface to 60 m, 5 meter interval using 5 liter Niskin bottles mounted on a
SEB 32 Carousel Rosette sampler. Hydrographic data were collected by using
Idronaut Ocean Seven 316 CTD probe. Nutrients (nitrite, nitrate, ammonia
and silicate) were measured by Shimadzu UV 1800 spectrophotometer (2).
PAR was measured by Li-193 SA Spherical Quantum Sensor and Li-190 SAT
Quantum terrestrial sensor. Chl-a analysis were carried out by using Shimadzu
LC-20 AT/ Prominence HPLC (3).
Result and Discussion
The vertical distribution of temperature, salinity, dissolved oxygen and pH
profiles were given in figure 1.

Fig. 2. Chl-a concentrations (A) and PAR values (B)

Because of no nutrient limitation, among the environmental parameter studied,
the light intensity is more important for phytoplankton spring bloom at the
coastal area. When not only the nutrient but also the chlorophyll-a
concentrations were considered, it seem that the coastal water of Trabzon was
eutrophic in spring 2009.
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Fig. 1. CTD profiles (A: March, B: April, C: May) and Nutrient profiles (D:
March, E: April, F: May)

424
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

PARTITIONING OF THE NORTHERN TUNISIAN COASTS INTO HOTSPOTS OF CETACEAN
DISTRIBUTIONS
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Abstract
For two years 2008 and 2009, indications about cetacean sightings’ aggregations were supplied by fishing boats. Based on weekly
questionnaires to fishermen the most frequently encountered species were the bottlenose dolphins Tursiops truncatus representing
77.8% of all sightings and the common dolphin Delphinus delphis (22.2 %). Sightings positions were distributed over a grid of 5’
longitude and 5’ latitude to localize the “hotspots”.
Keywords: Cetacea, Distribution Coefficient, Mapping
Introduction
Despite of the occurrence in Tunisian waters of all cetacean species known to be
regular in the Mediterranean basin except Cuvier’s beaked whales [1], [2], [3],
[4], the information about their distribution is very scarce due to a lack of
continuous studies [5]. This work was carried out by gathering data collected
over two years 2008 and 2009 to reveal preliminary indications of cetacean
distribution areas in northern Tunisian coasts.
Material and Methods
We estimated the aggregation of cetacean observations in some selective fisheries
area from reports received from fisheries boats (2008 and 2009). This area
encompasses the coastal and offshore waters of the northern Tunisian coast
extending from the coastline to 38° N and from 009° E to 010° 30’ E. Data were
collected by means of questionnaires including specific questions about fishing
area and cetacean sightings. 20 fishing boats were considered in this study
according to two main variables: educational profile of fishermen and experience
level in identifying cetacean species. Sighting is defined in this study as a visual
detection of a group of cetaceans recorded at least by two different fishing
boats. Sightings were distributed on the grid of the studied area with a cell size
of 5’ x 5’, reaching 190 cells. Hotspots are cells where the species occurred more
than three times during the same season.
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Results and Discussion
For instance, 54 cetacean sightings were admitted and more than 20 were
excluded due to incertitude. All observers reported sightings of small cetaceans
principally bottlenose dolphins reaching the 77.8% and occasionally the
common dolphins (22.2%). From the total of cells where fishing boats set sail,
we identified 17 hotspots. Common dolphin sightings occupied only 4 hotspots
confined to deep water in the northeastern part of the study zone, however
bottlenose dolphin occupied 13 hotspots in coastal and offshore areas (Figure
1). Coastal cells were classified as a school ground for juvenile bottlenose
dolphin to learn hunting techniques during autumn season [4].
This study highlights the ecological importance of particular zones off the
northern Tunisian coasts that should be monitored.

Fig. 1. Distribution of hotspots for common dolphins (in dark grey) and
bottlenose dolphins (in light grey) in the northern Tunisian coasts estimated
from fisheries boats during 2008 and 2009, with isobaths each 100 m
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MORPHOLOGICAL AND ECOLOGICAL CHARACTERISTICS OF MALVUFUNDUS REGULUS FORSKALL,
1775 FOUND IN ANTALYA BAY, TURKEY
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Abstract
Malvufundus regulus, an alien species in the Mediterranean Sea has been examined morphologically and ecologically in connection
with submarine caves in Antalya Bay.
Keywords: Western Mediterranean, Mollusca, Bivalves
Introduction
Levantine Sea where the fauna has always been shown to get influenced by the
lessepsian migration through the Suez Canal [1,2,3]. The Bay of Antalya is
always exposed to that migration pressure. Many bivalve species belonging to
the Indo-Pacific fauna were already recorded in Turkish waters. A member of
Malleidae, Malvufundus regulus Forskall, 1775 is one of those remarkable
lessepsian species, has been already extended to the Greek waters [2,5]. This
work is to be informative about this alien species for better understanding its
adaptation to a new ecosystem.
Material and Methods
Specimens were collected near the cave entrances at the depths of 1-5m by
Scuba diving along the rocky cliffs of the Antalya Bay at 36053′02′′N–30040′
47′′E and 36053′ 05′′N–30041′54′′E. Samples of Malvufundus regulus were
taken to the laboratory for further investigation.
Results
Members of Malvufundus regulus were found as attached on rocks among other
cemented bivalves such as Spondylus spinosus, and Pinctada radiata while a
measurement of faunal abundance of the caves in the littoral zone of Antalya
Bay. Solitary M. regulus seemed to prefer shaded rocks or their crevices but not
on bare substrates and was observed in close association with the vegetal cover
of the rocks (Fig.1).

Fig. 1. Malvufundus regulus

The rocky littoral zone of Antalya is found mostly covered by coralligen
formations, constituted by several species of rodophyta, heterokontophyta and
chlorophyta in numbers of 23, 9 and 8, respectively. Living forms of M. regulus
were in upright position and adhere themselves to hard surfaces by a small but
strong bundle of byssus threads. Shell has thin, translucent valves generally
elongated posteroventrally, and shows a striking contrast in its shell form. Right
valve is moderately convex, while the left is nearly flat or a little concave. A
posterior tooth extends along the posterior part of the dorsal margin. The shell
thickness differed that the dissoconch part was much harder and softened
towards the posterior end gradually. Colour is found variable, some were dark
purplish throughout, but yellow is also frequent. A pattern was seen to give a
butterfly wing appearance at the posterior margin (Fig. 2a). The nacreous layer
is very thin and restricted to the dissoconch. Valves held shut by one large
adductor muscle. The body is laterally compressed. Soft tissues were mainly the
mantle (M), adductor muscle (A), body (B) and the ctenidia (C). The foot (F)
appeared a very degenerative. Body organization could not be determined as it
was almost flattened in shape. Byssus is produced from the center just above
the ctenidia and extended out by the hinge. The gills were the most prominent
structure (Fig.2b).

Fig. 2. A-b

Discussion
Submarine caves are semi-closed systems within the marine ecosystem [6] .
Many marine invertebrate groups use cryptic habitats for settlement.
Malvufundus regulus is such one that was frequent in the study area. The
species is also described to inhabit in deeper waters [4].M. regulus is found
singly. It is not a burrowing species as burrowers are usually lost their byssal
aparatus [7]. The organism seemed to burrow slightly at its post-larval stage and
then a permanent attachment is provided by byssus. The soft parts were
confined in a much smaller and narrower chamber. But after settlement, the shell
stated to grow only posteroventrally to an elongated valve which is to facilitate
the posterior end in free communication with the water above [7]. The shell
strength of the specimens differed along the shell as thickness is gradually
reduced, is reckoned that shellstrength is directly correlated withshell
thickness.The opportunity to examine the ecological and morphological status
of such alien species helps for better comprehension of their connection
between ecosystem and biodiversity changes in the Levantine Sea. The species
become a strong competitor for space and food to persist under the fixed
condition in the settling site. Surrounding vegetation seems an important
biological factor as well as the physicals of light and wave exposure. It is
assumed that a hydrodynamism is generated as a consequence of seaweed
plasticity which helps to determine the sustainability of this alien species. Due
to water currents the food particles become available for this filter feeding
organism. Oxygen profile of the water is backed up by the existing seaweeds
because oxygen consumption is closely related to production. Further studies
will be needed focusing particularly the population dynamics of this organism
relative to seasonal biological and physical conditions within the area.
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Abstract
A group of Italian marine biologists, covering most taxa, has been volunteering for collecting data on the distribution of alien species
for several years. Starting from mid twentieth century, the lagoon of Venice and the Mar Piccolo di Taranto have resulted as the main
hotspots of introduction, with 40 and 24 alien species, respectively. High numbers of introduced species are related to the presence of
ports, marinas, aquaculture facilities, and of disturbed environmental conditions. The intensity of observations during scientific research
programs may have added a bias in the evaluation of hotspots.
Keywords: Alien species, Species Introduction
Methods
Distribution of alien species has been assessed for the whole Italian coast,
gathering literature records for the following taxa: Macrophyta, Porifera,
Ctenophora, Cnidaria, Annelida, Mollusca, Crustacea, Picnogonida, Bryozoa,
Tunicata and Vertebrata. Only species of “recent” introduction (after 1945)
have been taken into account. The data have been checked by experienced
taxonomists of the group, and compared to recent findings in the
Mediterranean at large [1]. The number of total records has been calculated for
the most representative locations, in order to identify sites where the
introduction of alien species is more likely to occur along the Italian coast.

aquaculture activity, degraded environment; an active research group based in
Taranto [3] has performed routine surveys in the area.
Sicily (S-E Tyrrhenian and Straits of Sicily) - In the main island of the
Mediterranean Sea, Sicily, also including smaller islands, the number of alien
species has been increasing throughout the investigation period. While
aquaculture industry is less developed there than in other parts of Italy, the
geographic location might be viewed as the main determinant for the spotting
of a large number of alien species: 11 in Catania, 13 in the S-Thyrrenian
(Aeolian islands and Ustica), and 18 in the Straits of Sicily (Pantelleria and
Pelagian islands). Located at the crossroads between the Eastern and Western
sectors of the Mediterranean, Sicily is interested by an intense maritime traffic
including fisheries and recreational fleets made of relatively small vessels. It
also presents climatic conditions favouring the establishment of species until
recently restricted in the Levantine waters. The presence of many marine
biology centres based in Sicily is an obvious counterpart.

Fig. 1. Hotspots of introduction of alien species
Fig. 2. Distribution of main ports, aquaculture sites and research institutions
where SIBM members operate

Results & Discussion
Fig. 1 shows the main hotspots of introduction along the Italian coasts. Circle
diameter is proportional to the number of introduced aliens. Three main
hotspots can be clearly identified: the Lagoon of Venice, Taranto and Sicily.
Fig. 2 shows the distribution of main ports, aquaculture sites and research
institutions where SIBM members operate. It is obvious that in many cases
there is a correlation between such factors, explaining the high numbers of
recorded aliens. For example, 10-15 species have been recorded in each of the
three sites with important commercial, military and recreational ports (Genoa,
Naples, Otranto), having also been studied by experienced teams of marine
biologists.
Lagoon of Venice (N-Adriatic Sea) - Venice is the main hotspot of introduction
in Italy, and probably one of the most important in the whole Mediterranean:
40 alien species have been recorded here since 1945. In the Venice lagoon there
is a unique combination of factors that have favoured such a massive
introduction of non-native organisms. Venice hosts commercial and tourist
ports, recreational marinas, aquaculture facilities. It has experienced rapid
environmental changes over the past decades, with detrimental effects on the
native biota, which has easily been replaced by invaders brought by shipping
and aquaculture [2]. Furthermore, in Venice there is an uncommon
concentration of research institutions displaying taxonomic expertise in most
taxa and constantly monitoring its fragile ecosystem and its biota.
Taranto (N-Ionian Sea) - The Gulf of Taranto, containing the coastal lagoon
“Mar Piccolo” and the second most important commercial port in Italy, is
another hotspot, where 24 species of alien species have been introduced. As
for the Lagoon of Venice, the factors that favour introductions are: shipping,

Conclusions
A total of 163 alien species introduced has been recorded in Italian waters
(Occhipinti-Ambrogi et al., in preparation), following a trend common for the
whole Mediterranean Sea [1]. Some localities have yielded a very high number
of species, and can be considered hotspots for present and future
bioinvasions. Intense ship traffic in large ports and non voluntary transport of
species connected with aquaculture activities are common in the three main
hotspots examined, but the high number of species identified is also a
consequence of the concentrated marine biological monitoring effort by expert
teams.
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ANCHOVY AND SARDINE JUVENILE GROWTH DETERMINED USING THE SARDONE PROTOCOL: THE
CASE OF THE GULF OF LIONS
Itziar Alvarez 1*, Juan pablo Beltran 2, Beatriz morales- Nin 1 and Isabel Palomera 2
1 IMEDEA (CSIC) - itziar.alvarez@uib.es
2 ICM (CSIC)
Abstract
This contribution is a first attempt for sardina (Sardina pilchardus) and anchovy (Engraulis encrasicolus) juveniles growth analysis
in the Gulf of Lions. A first conclusion is that growth rates and increment widths are different depending on their hatching dates. Both
clupeoid species growth is faster and higher when their hatch dates are closer to the warmer conditions, which is at the end of the
spawning season for sardine and at the peak spawning for anchovy. In this period, environmental factors, such as SST, are more
favorable for the early life stages growth.
Keywords: Growth, Life Cycles, Recruitment, Larvae
Introduction
In larval and early juvenile stages of fish, information on age structure can be
used to clarify the effects of changes in the environment on growth and survival,
and can result in an improved understanding of factors affecting recruitment
success [1]. Rearing experiments under different environmental conditions
provide valuable data on larvae growth but there is a limitation in rearing older
individuals [1, 2, 3]. Long term series of data or different areas shall be used to
determine the possible differences in growth determined by different
environmental conditions in the wild. Sardone Project is aimed at developing a
series of tools to better understand stock assessment and fishery management of
small pelagic fish resources (anchovy and sardine) of the Mediterranean. The
three major stocks and fisheries: the NW Mediterranean, the Adriatic and the
Aegean have been chosen and a unique reading protocol and several calibration
exercises were performed in order to minimize differences in interpretation
between readers. All the differences in growth between the three areas will then
be understood as induced by different environmental conditions. In this study
we present the Gulf of Lions results, ready to compare with the other areas.
Material and Methods
Sardine and Anchovy juveniles from the different Sardone surveys were used to
determine growth parameters. Sardine juveniles were caught at early August
2007, while anchovy juveniles were caught at early December 2007. Otolith
preparation and interpretation were based on the protocols prepared by
IMEDEA and AZTI for the SARDONE project [4]. The individual hatch date
was calculated by subtracting its age (number of increments) from sampling
date. According to [1] and [2], increment formation on anchovy and sardine
otoliths starts from the hatching ring and the deposition is daily thereafter. The
period in which all fish from each sampling period had hatched was divided into
sub-periods and the evolution of increment widths was examined separately for
each subperiod (subgroup).

ranged 48-95 mm, the age interpreted ranged between 42 and 101 days and the
average growth rate 0.851 mm day-1. Juveniles were grouped depending on their
hatch date. The three groups had different growth rates, different maximum
increment widths, and different period in life were the growth slows down (day
30, 45 and 60, figure 1)
b) Environmental implications in growth
For the sardine groups, as later they hatched in the season (Fig. 2), higher were
their growth rates and higher the maximum increment width reached. The
opposite occurs to the anchovy groups, where the higher growth rates and
maximum increment widths reached belonged to the individuals hatched in
September (JuvEe1). Around late November, the three groups growth patterns
were synchronized.

Fig. 2. Increment width (5-point running mean) for the hatch-date
grouped S. pilchardus and E. encrasicholus juveniles

Results and Discussion
a) Somatic growth
A total of 49 Sardine juvenile were analyzed, with TL ranging 65-97mm, the age
interpreted range was between 101 and 120 days and the average growth rate
was 1.01 mm day-1. Based on the hatch dates, 3 groups were made and the
evolution of increment widths was examined separately for each subgroup (Fig.
1). The three groups followed the same growth pattern but with differences in
the slopes (JuvSp3 increments widths grew faster than JuvSp2 and JuvSp1),
and differences in the maximum width reached.

Fig. 1. Increment width (5-point running mean) by age (number of
increments) for the different hatch-date grouped Sardine and Anchovy
juveniles

Environmental factors, such as sea surface temperature, which is higher in the
central part of the year, might be responsible for those intra-area differences in
growth. Growth plasticity in early life stages for both species depending on
hatch date might also be present depending on the geographical area considered.
Further comparisons between individuals hatched in different areas (different
environments) will allow to identify key environmental factors affecting early
life stages growth and will also allow to establish new growth patterns related to
changes in those key factors.
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Abstract
The purpose of this work was to study the dynamics of two Paracartia species in two ponds in the Sfax saltern: A1 (salinity:
50.44±7.12) and A16 (71.51±13.46).Paracartia latisetosa and P. grani showed different population dynamics at the two different
sites, but the influence of salinity could be ignored.
Keywords: Salinity, Brackish Water
Introduction
Paracartia latisetosa and P. grani are present in Sfax saltern. P. latisetosa is a
seasonally dominant copepod species in northern Tunisian coastal waters [1].
P. grani is typical of highly turbid semi-enclosed systems in which food is
often unavailable [2]. The aim of this work was to compare dynamics of this
two species in two ponds of different salinity.
Material and methods
The Sfax solar saltern is located in the central-eastern coast of Sfax (Tunisia,
34° 390 0.100 N and 10° 420 3500 E). It is a confined ecosystem (sensu [3])
with evaporation exceeding water import. Sampling was carried out monthly
from September 2007 to August 2008 in ponds A1 and A16. The
zooplankton was collected by filtering 50l of water through 50 μm-mesh net,
then transferred to a sterile 125 ml flask, and fixed with formaldehyde (5%
final concentration) for further quantitative and qualitative analyses.
Results and discussions
The two ponds differed in the salt concentration. Salinity varied from 41.80 to
62.20 ‰ at A1 (average, 50.44 ± 7.12‰) and from 50.20 to 98.00‰ at A16
(average 71.51 ± 13.46‰). Temperatures were not greatly different in both
ponds. They ranged from 11.50 to 29.00° C at A1 (average, 20.71±5.57° C)
and from 12.50 to 30.00° C at A16 (average, 20.91±5.86° C).
The population density of P. latisetosa was higher in A16, whilst the
population density of P. grani was higher in A1 (table. 1).

Fig. 1. Monthly variations of Paracartia latisetosa and Paracartia grani in
Sfax salt works

Tab. 1. Average annual abundances of P. latisetosa and P. grani (adult
specimens) in two ponds (A1 and A16) of Sfax salt works
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At pond A1 total copepods abundance positively correlated with Salinity (r =
0,840), and negatively correlated with temperature (r = -0,610). At pond A16,
total copepod and single species abundances did not correlate significantly
with Salinity. Monthly abundance fluctuations of both species were different
in both ponds (Fig. 1). P. grani was absent for 7 months in A16, and only 1
month in A1. P. latisetosa was absent for 6 and 4 months in A1 and A16
respectively.
Acartiidae are typical resting egg producers in confined areas [4]. P. latisetosa
is well-known for the production of diapause eggs which allow it to overwinter [5], but the species was absent from the water column of both basins
also from April to June 2008. Also P. grani is known to produce resting eggs
[6]. Hence the intermittent population of these species is affected by the
hatch of eggs, rather than by the development rate of juveniles under different
salinity conditions. Paracartia grani drastically diminishes its abundance from
A1 to A16. Notwithstanding, both ponds saw a demographic prevalence of
that species. In A16, in fact, P. grani is only slightly more numerous than P.
latisetosa which here shows an opposite trend, being more abundant than in
A1. P. latisetosa, whose demographic growth seems to be directly correlated
with Salinity in the two salt works studied, is also a typically brackish water
species. Apart from features which interact in affecting the species reciprocal
affirmation in such extreme environments, it emerges clearly that salinity could
not be considered as the driving condition in assessing the Paracartia
populations in confined environments.
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Abstract
L’examen de 69 individus appartenant à 4 espèces de poissons sparidés provenant de la lagune de Bizerte, a permis de recenser 8
espèces de parasites (A. stossichi, B. israelensis, H. pycnoporus, L. album, L. pegorchis, M. monorchis, R. fractum et S.
pagelli). La richesse spécifique de ces sparidés est faible. La comparaison de la faune digénétique des sparidés lagunaires avec celle
des poissons marins montre une diversité et une fréquence plus faible dans le premier biotope.
Keywords: Biodiversity, Fishes, Lagoons, Parasitism
Introduction
En Méditerranée, les travaux de recherche sur les digènes ont surtout concerné
les poissons téléostéens marins [1-6] le milieu lagunaire a été peu étudié. Le
manque de données sur la faune digénétique lagunaire nous a incité à
entreprendre l’étude des trématodes de quelques sparidés provenant de la
lagune de Bizerte et d’effecteur une analyse comparative avec les données
disponibles concernant le golfe de Tunis.

pollution sur les hôtes intermédiaires et les stades libres de parasites ainsi qu’à
un faible effectif de l’échantillonnage. Par ailleurs, nous signalons trois
nouveaux hôtes dans la lagune de Bizerte, deux (B. boops, P. erythrinus) pour
L. pegorchis et un (P. pagrus) pour L. album.
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Matériel et méthodes
Les poissons examinés (Boops boops, Pagellus erythrinus, Pagrus pagrus,
Spondilyosoma cantharus), provenant de la lagune de Bizerte, située au nordest de la Tunisie, représentent un effectif total de 69 spécimens. Le poids et la
taille de chaque individu ainsi que la date sont notés sur une fiche
topographique parasitaire. L’animal est, ensuite, incisé médio-ventralement à
partir de l’anus. Le tube digestif prélevé est déroulé et divisé en différentes
parties (œsophage, estomac, caecums pyloriques, intestin antérieur, intestin
moyen, intestin postérieur et rectum). Chaque partie est placée dans une boîte
de Pétri contenant une solution physiologique, puis disséquée et examinée.
Les mésoparasites prélevés sont déterminés, dénombrés et leurs localisations
notées. Ils sont, par la suite, soit directement étudiés in vivo au microscope,
soit préparés pour une étude ultérieure in toto. La nomenclature appliquée
pour la détermination des valeurs épidémiologiques est celle utilisée
habituellement [7-8].
Résultats et discussion
L’examen du tube digestif des poissons récoltés nous a permis de recenser 8
espèces de trématodes appartenant à 6 familles distinctes : Faustulidae
(Bacciger
israelensis),
Fellodistomidae
(Steringotrema
pagelli),
Gyliauchenidae (Robphildollfusium fractum), Hemiuridae (Aphanurus
stossichi), Monorchiidae (Monorchis monorchis) et Lepocreadiidae
(Holorchis pycnoporus, Lepocreadium album, Lepocreadium pegorchis).
L’étude de la distribution de ces parasites au sein du tube digestif des
différents hôtes montre que B. israelensis et R. fractum se limitent
respectivement à l’intestin moyen et l’intestin antérieur, d’autres espèces (A.
Stossichi, H. pycnoporus, L. album, M. monorchis et S. pagelli) ne semblent
pas montrer de préférence biotique et sont donc présents dans différentes
parties de l’intestin. L’examen de la répartition des espèces parasites qui
fréquentent divers sparidés montre que L. pegorchis n’occupe pas le même
microbiotope chez les deux espèces d’hôtes ; en effet, ce parasite colonise les
caecums pyloriques chez B. boops et l’intestin moyen chez P. erythrinus. L.
album, qui se limite à l’intestin antérieur chez P. pagrus, semble étendre son
aire de répartition aux caecums pyloriques chez S. cantharus Ceci est sans
doute en relation avec le polymorphisme du tube digestif des hôtes et leur
résistance différentielle aux parasites [9].
Concernant la richesse spécifique de ces sparidés, la plus importante est
enregistrée chez B .boops (4 espèces). A. Stossichi semble être le parasite
dominant chez ce poisson. S. cantharus héberge 3 espèces de digènes. La
parasitofaune de ce sparidé est dominée par S. pagelli et à moindre degré par
L. album. La diversité de la faune digénétique de P. pagrus et P. erythrinus est
faible ; elle ne dépasse pas, respectivement, 1 et 2 espèces.
L’examen de l’ensemble des parasites présents dans un individu hôte a révélé
que la majorité des espèces hôtes loge une seule espèce de parasite et rarement
deux ou trois espèces ; les infracommunautés sont donc pauvres.
La comparaison de la faune digénétique des poissons lagunaires avec celle des
poissons marins [10] montre une diversité et une fréquence généralement plus
faible dans la lagune de Bizerte. Ceci peut être en relation avec une faible
fréquence des hôtes intermédiaires dans le biotope, à une action néfaste de la
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Abstract
The monk seal (Monachus monachus,Hermann1779) belongs to the order Pinnipeds (Pinnipedia), family seal (Phocidae), sae
monk genus (Monachus). The total population amounts to about 350 individuals in smaller, isolated and endangered groups.The
aim,during a four-year systematic research (2006-2009) the data on the sightings of monk seal in the Croatian part of the Adriatic Sea
have been collected.The results,the sightings were reported in the area (79 sights). According to the systematic research of the habitat
(21 caves) of the open-sea islands and the Adriatic coast and their recordings, it has been determined that a monk seal stays in
them.Conclusion,For the survival of the species it is essential to protect areas of open-sea islands in the Adriatic and to place infrared
cameras inside the caves thus giving us the insight of their use.
Keywords: Adriatic Sea, Islands
Introduction
The monk seal (Monachus monachus, Hermann 1779) belongs to pinnipeds
(Pinnipedia), of family seal (Phocidae), sea monk genus (Monachus). It lives
in small groups at the Mediterranean and Adriatic [1]. It uses caves which
have a sunny beach or stone plaques as habitats [3]. In the Atlantic it leaves
along the West Sahara coast, Mauritania and Morocco. They stay in the litter
area. Due to its sensitivity, rarity and critical status it belongs to ten most
endangered mammals of the world. [2]. Once, the number of the individuals in
the Adriatic was 64 and today this number has drastically decreased[5]. It
feeds on molluscs, cephalopods and fish. The population of the species is
decreasing. The exact cause is not known. It is presumed that it is caused by
killing of sexually mature individuals and decreased reproduction activity and
mortality due to viral disease. The biology of the species is still quite
unknown [4].
Material and Methods
The aim of a four year (2006 – 2009) systematic research is gathering data on
sights of the monk seal in the Croatian part of the Adriatic and to research
new caves/habitats of the species. The interest group – fishermen are given a
questionnaire/postcard during a terrain visit of the researched area at the
Adriatic. The gathered data on the sights of the individual and their analyses
will enable new ideas on the behaviour of the individual during meeting and
time of keeping back/observation.

Fig. 1. Sightings of the Monk Seal (Monachus monacshus) in the Croatian part
of the Adriatic 2006 - 2009

Discussion
The public became interested in reporting their sights of the species by
educational methods/lectures, distributions of questionnaires on the sights of
monk seals. Simultaneous sights in various areas indicated that a smaller
population of the monk seal lives in the Adriatic in two colonies of 5-7
individuals. Material evidence is video records and photographs of individuals
taken in caves or near them, in various areas of the Croatian part of the
Adriatic. Survival of the species can be obtained by establishing specially
protected areas of open sea islands of the Adriatic and placing infrared
cameras inside caves which would give us the insight into their use.

Results
The four year systematic research of the habitat (21 caves) of open-sea islands
and the Adriatic coast and their recording, it has been determined that a monk
seal stays in them. The monk seal is present in the Adriatic Sea. The sights
were reported in the area of the whole Croatian part of the Adriatic (79 sights,
picture 1). The photoidentification method of video records and photographs
of the monks seals was used. Based on these results it is presumed that
several various individuals have been living in this area of the Adriatic (a male,
a female and a young of the animal) and individuals for which a gender could
not have been determined by photoidentification.
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BIODIVERSITY OF ZOOBENTHOS ASSOCIATED WITH A CLADOCORA CAESPITOSA BANK IN THE
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Abstract
Biodiversity of zoobenthos associated with a Cladocora caespitosa bank was assessed in the north Aegean Sea, during summer
1998. Overall, 31 megabenthic and 54 macrobenthic species were recorded, 58 of which are reported for the first time to live in
association with C. caespitosa; thus, the biodiversity of C. caespitosa assemblages is increasing to 286 species. 12 species dominated
in frequency and abundance and the estimated diversity indices gained high values. These results indicate that the associated
assemblages are probably differently structured among individual colonies and banks.
Keywords: Aegean Sea, Biodiversity, Rocky Shores, Zoobenthos
Introduction
Cladocora caespitosa (Linnaeus, 1767) is a colonial zooxanthellate Scleractinian,
occurring throughout the Mediterranean [1]. The species usually forms
subspherical colonies of small size [2]. Occasionally and mostly to the SE
Mediterranean, these formations can be of very large size, described under the
term banks [3]. Such biogenic structures, recently considered as ecosystem
engineers, have been intensively studied [2, 3] but very few data exists about the
structure of the associated benthic assemblages [4]. Accordingly, the aim of the
present work is to contribute to the study of the fauna associated with a C.
caespitosa bank, by providing information about species richness and
distribution.

with C. caespitosa colonies [4]. Polychaeta was the most speciose and abundant
group, followed by Gastropoda and Peracarida (Figure 2).

Materials and Methods
The study was conducted at the north Aegean Sea (Figure 1), where a large bank
(3m high and 5 m long) has been described at 20m depth. Sampling was carried
out in summer 2008 by SCUBA diving and involved: (1) the assessment of
megabenthic diversity using visual census along transects, (2) the assessment of
abundance of the most conspicuous, epibenthic, sessile animal species, applying
the method of randomly placed frames, and (3) the collection of quantitative
macrobenthic samples, by totally scraping of the substrata using a quadrate
sampler (5 replicates 400 cm2, each). The collected material was sorted,
identified at species level and counted. Common biocoenotic methods were
employed to analyze data.

Fig. 2. Taxa contribution to species richness and abundance at the studied C.
caespitosa bank

The species Hiatella arctica, Syllis hyalina, Nereis rava, Trypanosyllis zebra,
Vermilliopsis infundibulum, Microdeutopus anomalus, Lycidice ninetta, N.
zonata, S. prolifera, Modiolus adriaticus, Phascolosoma granulatum, Caecum
trachea and Paranthura nigropunctata dominated in terms of frequency of
appearance and abundance. Diversity indices gained high values, 4.83 and 0.86
for Shannon-Wiener and Pielou’s Evenness, respectively. According to literature
data 16 megabenthic and 212 macrobenthic species inhabit Cladocora caespitosa
colonies at the north Aegean Sea [4]; including the results of the present study,
the total number of species associated with C. caespitosa is increasing to 286
(242 macrobenthic and 44 megabenthic species). It seems also that the
associated assemblages are probably different structured among individual
colonies and banks. Considering that C. caspitosa is affected by necrosis under
increasing temperature [6] further research is required since such mortality
events could have cascade effects to the associated assemblages.
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Fig. 1. Map of the study area where C. caespitosa bank is located

Results and Discussion
Thirty-one megabenthic animal species were recorded, 3 of which have been
previously reported from C. caespitosa colonies [4]. The most conspicuous and
abundant of these species were Agelas oroides (22 individuals m-2), Axinella
cannabina (5 individuals m-2), A. verrucosa (2 individuals m-2), Chondrosia
reniformis (5 individuals m-2), Diplastrella bistellata (19 individuals m-2),
Petrosia ficiformis (11 individuals m-2), Ircinia variabilis (9 individuals m-2)and
Halocynthia papillosa (1 individuals m-2). All these species are very common at
sublittoral cliffs in the Aegean Sea [5]. Fifty-four macrobenthic animal species
were recorded, 24 of which have been previously reported to live in association
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Abstract
This study examines the effects of heated water originating from the "Orot Rabin" power plant on benthic foraminifera known to be
sensitive bioindicators of environmental change. We performed 10 sampling campaigns during a period of one year, at 4 stations
located along a temperature gradient of approximately 10 °C. The SST along the transect vary between 25/18 °C in winter, and 36/31
°C in summer. A significant negative correlation was found between SST and benthic foraminiferal abundance, species diversity and
species richness. If this research is taken as a model, it may be concluded that global warming has a primary negative effect on
foraminifera assemblage characteristics and thereby most likely on other marine organisms as well.
Keywords: Foraminifera, Thermal Pollution, Eastern Mediterranean, Biodiversity
Over the past several decades public and scientific awareness to global warming
has increased significantly. As a result, many studies have examined the
potential deleterious effect of global warming on the natural environments,
though few have explored its effect on marine living organisms in the southeast
Mediterranean Sea. As of today, an accepted forecast for the next two decades
is that ocean temperatures will rise at a rate of 0.2 °C per decade [1]. The
current rate of warming in the Mediterranean Sea is in accordance with the rate
of global warming and stands at 0.028 °C/year [2].

polluted stations.

This study was set to examine the effects of increased SST on benthic
foraminifera known to be sensitive bioindicators of environmental change. The
thermal patch originating from a power plant on the coast of Israel was chosen
as a sampling area for this research, since it presents a unique small-scale analog
for the expected future rise in sea surface temperatures. Ten monthly sampling
campaigns, were performed in 4 stations located along a temperature gradient of
approximately 10 °C, from the discharge site of the heated seawater to a few
kilometers south. Benthic foraminifera were collected from a shoreface complex
of macroalgae and sediment trapped within. The SST varied between winter,
25/18 °C and summer, 36/31 °C along the transect (Fig. 1). During the summer,
the addition of the temperature anomaly to the already extreme summer
temperatures becomes a threat.

In this research we show that even a rise, as small as 2 °C, in SST can have
serious ramifications on the benthic communities living in the near shore
environment. If foraminifera are affected to such an extent it is not unlikely that
other more developed marine creatures will be negatively affected as well, either
directly by the rise in SST or via the decrease in organisms lower down the
marine food chain, such as foraminifera. If this research is taken as a model, it
may be concluded that global warming has a primary negative effect on
foraminifera assemblage characteristics and thereby most likely on other marine
organisms as well.

The natural seasonal pattern in this near-shore environment, depicted best by
station 4 located beyond the thermal patch, shows that foraminifera reach
maximal abundance in winter and spring, ~2 months prior to a deeper (~40 m)
inner shelf habitat, probably due to faster warming of the shallow waters. A
significant negative correlation was found between SST and benthic foraminiferal
assemblage characteristics. The abundance and species diversity show negative
correlation with the SST anomaly throughout most of the sampling period,
though the species diversity was not as significant as the abundance. The total
foraminiferal abundance was significantly lower at the thermally polluted
stations, especially during the summer, but also throughout the entire year,
indicating that the thermal pollution has a detrimental effect on benthic
foraminifera, irrelevant to the natural cyclic changes in SST. The foraminiferal
abundances decrease as the SST rises (Fig. 1), reaching minimal abundances
when the SST rises above 30 °C, indicating that this temperature maybe a
critical threshold above which foraminifera growth and reproduction are severely
retarded.
Species richness reached extremely low values at the thermally polluted stations
during the summer, with a minimum of 3 species compared to a maximum of 24
in the natural, unaffected station. This indicates that some species have adapted
to the elevated temperatures better than others. The foraminiferal assemblage at
the sampling area is composed mostly of epiphytic species. A total of 42
species belonging to 24 genera were identified with six species dominating the
assemblage throughout most of the sampling period. These species appeared to
have different seasonal patterns, out of the six dominant species Rosalina
globularis, Tretomphalus bulloides and Textularia agglutinans show a clear
preference to the winter months, while species belonging to the genus
Lachlanella reach maximum abundances in spring and Pararotalia spinigera in
summer. The temperature tolerance varied considerably among the different
species with some being more tolerant to the raised SST than others. The
miliolids, Lachlanella sp. 1 and sp. 2 seem to have high tolerance to the elevated
SST and even survived the most extreme summer temperatures at the thermally

Fig. 1. The SST and the average foraminiferal abundance at the 4 stations
throughout the sampling period
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THE OCCURRENCE OF THE JINGA SHRIMP, METAPENAEUS AFFINIS (H. MILNE EDWARDS, 1837)
(DECAPODA, PENAEIDAE) – A COMMERCIALLY VALUABLE ALIEN
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Abstract
In 2000 the use of beach seining and trawling was prohibited in the Bay of Izmir, on the Aegean coast of Turkey. Ever since artisanal
fishermen have been using stationary gear such as gillnets and longlines. Trammel nets have been used between May and October to
fish the native Mediterranean prawn Melicertus kerathurus. In 2008 large numbers of an alien prawn, Metapenaeus affinis, were
collected for the first time in the inner part of the bay. Because of their higher value and longer fishing season than the native prawn,
fishermen began to exploit them.
Keywords: Alien species, Aegean Sea, Crustacea, Fisheries
Introduction
Metapenaeus affinis (H. Milne-Edwards) is an Indo-West Pacific species
which ranges from the Arabian Gulf to the Malay Archipelago [1]. It is
commercially valuable in some Asian countries and in the Persian Gulf.
Trawlers, trammel nets, beach and boat seines are used to catch this species.
Soon after the population of the jinga shrimp was discovered in Izmir bay,
local fishermen began catching them using shrimp trammel nets.
Extensive studies conducted in 2003-2005 of the commercial prawn trammel
net fishery targeting the native Mediterranean prawn Melicertus kerathurus
(Forskål, 1775) in Izmir Bay have revealed no alien prawn either in the landed
catch or in the discard [2,3].The aim of this study was try to determine
the fishing method and technial details of the trammel net which used to
capture Jinga shrimp.

not operate, however other types of nets are set for sparid fish and
occasionally few individuals are caught as well. The jinga shrimp fishery lasts
from April to October.

Fig. 2. Technical detail of trammel net, used for jinga shrimp in Izmir Bay

Acknowledgements : The authors would like to thank Prof. Dr. Bella S.
GALIL for her support and Mr. Salih Öztürk for providing the specimens.

Fig. 1. Metapenaeus affinis a) Lateral view of male, b) 5th Pereiopod of
male, c) Rostrum of male d) petasma and 1st pereiopods (Photo:
I.AYDIN)
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Material and Methods
This study was realized in Izmir Bay with a commercial F/V EFSANE 6
between April 2008-October 2009. Depth of the fishery areas varied 8-12
meter.The shrimp trammel nets which are popular for the bay were used to
collect specimens[4].
Results and Discussion
Jinga shrimp specimens were occurred in April 2008 in Izmir Bay where is the
eastern shore of the Aegean Sea [5].Trammel nets for jinga shrimp set in the
inner part of the bay catch other species as well: Whiting (Merlangius
merlangus), meagre (Argyrosomus regius), red mullet (Mullus barbatus), chub
mackerel (Scomber japonicus), squid (Loligo vulgaris), sole (Solea solea) are
the most commercially valuable abundant species in all seasons. Twaite shad
(Alosa fallax) and annular sea bream (Diplodus annularis) are commercial
between May – September during the closure of trawling and purse seining.
72 species were identified from prawn trammel nets in the bay of Izmir, and
46 of them are considered discards [2]. We identified 8 species collected in the
jinga shrimp fishery in the bay and only two of them are discards during the
trawl fishing season. The difference in number of species may be due to the
location of the fishery, which is in the innermost part of the bay, closer to the
harbour of izmir, whereas M. kerathurus is fished in the middle and outer part
of the bay.
The fishermen use 8-9 pieces of netting per fishing operation. The average
catch was ere 18, 26, 12 kg respectively in spring, summer and autumn of
2008, and 10, 15, 3 kg respectively in 2009. In winter the prawn fishery does
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Abstract
Here we tested a simplified visual census methodology in which the sampling unit consisted of snorkeling trials of 5 minutes. Censuses
were conducted over 4 different Mediterranean locations, according to a hierarchical sampling design. Results discriminated the
assemblages at different spatial levels and confirmed the importance of Latitude gradient for the distribution of T. pavo and S.
cretense. Aim of this contribution is to discuss the potential of this method to detect variability trends of Mediterranean fish species.
Keywords: Fishes, Sampling Methods, Global Change
Introduction
The contemporary change in the species geographical ranges is one of the most
apparent signals of climate warming worldwide [1] and now in the
Mediterranean Sea, a number of thermophilic coastal fish species seems to be
extending their distribution and increasing in abundance [2]. Our capacity to
monitor and understand this phenomenon is limited by the pragmatic
constraints that arise in encompassing large spatial and temporal scales, being
the most of information generally given by the sum of sporadic observation. As
recently emerged by a CIESM workshop [2], to select a reliable network of
variables, to use simple methods and a minimal investment in extracting local
information can help much in overcome these difficulties. Therefore, on the
basis of these guidelines, we propose a simplified visual census methodology to
monitor a set of coastal fish species. The method was specifically intended to be
used by a wide group of observers over large geographical scales and, hopefully
within long time series.

Results and Discussion
We counted 2257 individuals overall. According to PERMANOVA analysis
(Tab. 1), significant differences in the fish assemblages were detected at the
spatial scales of ‘locations’ and ‘sites’ but no significant differences were found
for the factor ‘latitude’.

Fig. 2. Permutational multivariate analysis of variance based on the Bray Curtis
dissimilarity measure for square root transformed abundance data.

Materials and Methods
Our sampling unit (count) consisted of a snorkelling transect of 5 minutes,
parallel to the shore. During this time, the observer takes abundance data for a
set of species (i.e. Epinephelus marginatus, Caranx cysos, Thalassoma pavo,
Coris julis, Sparisoma cretense, Serranus scriba, Serranus cabrilla, Sarpa
salpa), that were chosen for their wide distribution and different affinity to
temperature. The study, performed during September-October, 2009, was
limited to rocky bottoms, in order to minimize the sources of variability. The
sampling design consisted of 2 different latitude ranges (low and high) with 2
locations nested in each of it, 3 sites nested in each location and 4 replicate
trials, for a total of 48 fish counts (Fig. 1). Data were overall square root
transformed, univariate and multivariate analyses were performed by using the
PRIMER 6+PERMANOVA software package.

The lack of statistical significance for the factor ‘latitude’ can be explained by a
inadequate number of replicates at the location level. Therefore we proceeded
with the SIMPER analysis that indicated T. pavo (Contribution to the
dissimilarity 28.79%), S. salpa (24.17%) and S. cretense (13.72%) as mostly
important to discriminate between low and high latitudes. T. pavo and S.
cretense are species that are typical of the south Mediterranean and these
results confirmed the importance of latitude in shaping their distribution.
According to 3-way PERANOVA, T. pavo resulted to vary significantly
according to the factor latitude (Pseudo F= 120.71; p = 0.461), but also with the
factors ‘location’ and ‘site’. In sum, despite the poor quality of information that
was extracted by each single trial, these preliminary data were effective in to
discriminate spatial differences at the level of location and sites. The study
represented an useful test to plan future sampling and hopefully an incentive to
discuss the potential of this simple method to detect variability trends of
Mediterranean fish species. We believe that powerful information could be
obtained by means of a structured sampling design where many other similar
observations are assembled to build a wider-scale picture. The census method
was simplified to the maximum in order to be used also by not-specialist alike.
Future investigation could be conceived to test for the influence of overriding
factors that act at global scales. Hopefully, in a next future we could: 1) test the
importance of latitudinal gradients and temperature in shaping species
distribution; 2) start building long time series, which is one of the research
priorities under climate change scenarios.
Acknowledgments: EMCC and Italian Ministry for the Environment and
Territory: ‘the impacts of biological invasions and climate change on the
biodiversity of the Mediterranean sea’ Project *.
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Fig. 1. Study locations (black diamonds) (low latitude: Linosa and Capo
Milazzo; high latitude: Punta Arasu and Cap de Creus) and sites (black circles).
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Abstract
Time series decomposition of remote sensing observations (Aqua-MODIS) of sea surface chlorophyll (SSC) since July 2002 to June
2009 is performed at various coastal and open sea areas in the Mediterranean and Black Seas. The evolution of SSC is assessed
against satellite sea surface temperature (SST) and wind vector data provided by ECMWF, in order to disclose possible connections
of the environmental variables on the regional chlorophyll trends. The interaction between SSC and the environmental variables is
assessed using time-lagged cross-correlations of the variables. Then, the time lags showing the highest significant correlations were
chosen for further hypothesis validation using generalized additive models. Results are discussed within the framework of seasonal
changes in the Mediterranean area and at global scale.
Keywords: Time Series, Chlorophyll-a, Temperature, Wind/Font
Introduction
Atypical warmer summers and cooler winters have been reported in recent years
in the Mediterranean Sea areas. For instance, winter periods in the Gulf of
Lions, like those in 1999 and 2005 were atypically cooler and windy, producing
submarine cascades with vertical velocity of 80 cm s-1 from nominal 10 cm s-1,
thus altering benthic organisms and transporting down from surface an atypical
large amount of organic matter [1], [2]. We postulate the hypothesis that local
unusual seasonal events could leave a signal in upper water layers properties
(i.e. not only in the bottom), as they have a direct connection with the
atmosphere. Phytoplankton species, with relatively fast growing rates are good
indicators of environmental changes. Temperature and wind strength are
responsible for changes in surface water density and are potential factors for
inducing surface fertilization (increasing phytoplankton primary production)
and transporting phytoplankton from surface to deeper water layers altering
phytoplankton primary production. The present study deals with sea surface
phytoplankton chlorophylls variability in the last seven years (2002-2009) and
its relationship with sea surface temperature and wind velocity.

Results
Trends of surface chlorophylls along with temperature and wind velocity are
not linear. Chlorophylls in Aegean Sea and Levantine basins show an upward
trend of 0.25 mg m-3 in last seven years. Seasonal patterns of surface
temperature and wind velocity are local, not extending to the whole
Mediterranean area, as reported from mesoscale models [3]. Events of highest
and lowest values of the variables are generally equivalent to those values
observed in the past. Present data do not provide evidence of clear (linear)
trends of the variables within last seven years. Just a few local trends seem to be
linear, but their linearity is not guaranteed with time. Wind velocity is an
environmental factor explaining a minor part of the chlorophyll variability in
surface waters in the Mediterranean stations. Most of the chlorophyll
variability is generally explained by SST. Relatively strong winds in the Gulf of
Lion and Aegean Sea do not affect significantly the surface chlorophyll
variability. In the Gulf of Lion, factors other than SST and wind (such as river
discharges) are responsible for the variability of surface chlorophylls, whereas in
the Aegean Sea, SST is an important factor explaining most (70%) of total
phytoplankton variability. In the Levantine basin, SST by itself (i.e. with no
covariates in a model) explains the highest variability of surface chlorophyll
(81%) compared with the lower variability explained by the models in the
remaining 11 stations. The prediction of surface chlorophylls in the Black Sea
slightly improves with the addition of wind velocity to SST as explanatory
variable. The stations in the Black Sea are the least influenced by SST and
winds. The upper water layers of the pelagic ecosystem could not be strongly
altered by extreme changes in wind regimes. The pelagic ecosystem was
generally sensitive to changes in SST, except in the areas of strong influence of
river discharges such as the Gulf of Lions. This leads us to suggest that atypical
cool and windy winter seasons in the Gulf of Lions, although altering the deep
ocean, do not seem to affect the upper layers of the pelagic ecosystem. Further
analysis with data taken in the areas around the deep canyons (where cascading
events takes place) in the Gulf of Lions is required to validate the present
conclusion.

Methods
Twelve locations were selected in the Mediterranean seas and Black Seas for the
present study (Fig. 1). Inter-annual trends of 8-day AQUA-MODIS composite
SSC and SST, along with 8-day ECMWF composite wind velocity estimated
from vectors u and v at 10 above the sea surface, from the week 24 in 2002 up
to the week 23 in 2009, were assessed using loess smoothing (non-linear). Then,
cross-correlation analyses of chlorophyll time series against SST and wind
velocity was performed to investigate for potential real-time and time-lagged
connections. Finally, hypothesis validation of potential connections between
chlorophylls and the environmental variables was performed using Generalised
Additive Models.
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Fig. 1. Monthly composition of Aqua-MODIS sea-surface chlorophylls in
the Mediterranean and Black seas(Source:http://oceancolor.gsfc.nasa.gov)
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SPATIAL DENSITY AND MORPHOLOGY VARIATION OF CAULERPA SCALPELLIFORMIS (BROWN EX
TURNER) C. AGARDH (CAULERPACEAE, CHLOROPHYCEAE) IN ANTALYA GULF (TURKEY)
Beylem Banbul acar 1*, Halil Çolak 1 and Mehmet Gökoglu 1
1 Akdeniz University, Faculty of Fisheries - beylemb@akdeniz.edu.tr
Abstract
Morphology and density variations of C. scalpelliformis at four locations in the Gulf of Antalya (Levantine Basin) are studied in the
period July-September 2009. There were differences in 6 (frond length, number of frond, rhizome length;P<0.05 and apical frond
width, pinnule length, diameter of stolons;P<0.01) of 10 morphological characters among the stations. The lowest total stolon length
(197 cm/m2) and density (94,76±0,99 frond/m2) are observed at the station IV with highest sediment porosity (%44,35).
Keywords: Levantine Basin, Phytobenthos, Density
Introduction
The first record of alien species Caulerpa scalpelliformis (Brown ex Turner) C.
Agardh from Turkey is reported from Antalya harbour in the period AugustSeptember 1995, from depth of 0,5 to 2 meter in seawater with a temperature
range of 26.5-27oC. But that species was not found at the same location in the
period 1995-1997 because of the low water temperature[1]. Hereafter C.
scalpelliformis was observed again around the same station at 25.02.99 (low
water temperature) from dept of 1-3 meter[2]. This green alga has been cover
property as other invasion species and has the rapid spread[2][3]. It may
negatively effect biological diversity when didn’t take measure[2].

Tab. 2. Correlation coefficients (Pearson product moment correlation) among
the morphological characters on sampled individuals Caulerpa scalpelliformis
(N=120 and N=40). ** Correlation is significant at the 0.01 level, * Correlation
is significant at the 0.05 level, Morphological codes are given in Table I

Materials and Methods
Specimens of C. scalpelliformis were hand-collected by SCUBA diving in the
period July-September 2009 in the Gulf of Antalya from 4 locations (St.I:
36o53'02.78"N,30o42'02.70"E; St.II: 36o52'35.56"N,30o39'56.79"E; St.III:
36o52'11.87"N,30o39'17.98"E; St.IV: 36o51'36.49"N,30o38'21.58"E). The
morphological characteristics were measured by using 150 mm 1/100 digital
caliper in the laboratory of Faculty of Fisheries. Analysis of variance
(ANOVA) and Duncan Multiple Range Test were employed to test the effect
of morphological characters and density of C. scalpelliformis between the
locations. Pearson Correlation Coefficients were measured to indicate the
relationship between morphological characters. SPSS version 14.0 was used for
all analyses.

Discussion
C. scalpelliformis is an Indo-Pacific species with a wide distribution in the
Indian Ocean and the Pacific as well as on warm-temperate Atlantic coasts[4].
It was found on concrete walls sheltered from waves from depth of 0,5 to 2
meter with stolons 20-21 cm long, 1.2 mm wide, with well-developed rhizoids
1.4 to 4.1 cm long; fronds, up to 5-5.5 cm high and 10-13 mm wide[1]. Our
results are greater than these for some morphological characters but correspond
to morphological data of C. taxifolia[5]. C. scalpelliformis was not observed
shallower than 15 meter and deeper than 40 m in our study. Despite monthly
observations carried out in Antalya harbour as well as in other stations of the
Antalya Gulf from October 1995 to June 1997, the species was never detected
again. It is indicated that could be due to the low water temperatures occurring
in winter at that station which cannot support C. scalpelliformis[1]. Recovery
of this species at 1999 in winter time at the same station[2] and at 2009 at 4
stations through the Antalya Gulf indicate expantion of the distribution area of
C. scalpelliformis in the Mediterranean Sea. Our results show that species
prefer sandy-muddy bottom to spread.

Results
The colonies of C. scalpelliformis were found at the each station from depth of
15-25 meter in seawater with a temperature range of 28-29oC and salinity of
38.2 psu. The feather-like thallus is delicate with narrow stolons, erect fronds
and wide pinnules. The stolons are slender, 0.12-0.17 cm in diameter, with long
rhizoids, 4.17-5.91 cm long. The fronds are olive to dark green, 7.26-8.74 cm
high and 1.17-1.37 cm broad. Total stolon length (cm), frond number and dry
weight (g) of C . scalpelliformis in m2 have higest value (977, 645.79±2.44,
48.3 respectively) on the sandy-slimy sediment with lowest porosity at the
Station I (Table I).
Tab. 1. Summary statistics of morphological characters, density of C.
scalpelliformis and sediment porosity in different locations (means±standard
errors) FL:frond length, RL: rachis length, FW: frond width, AFW: apical frond
width, PN: number of pinnule, PL: pinnule length, FN: number of frond, SLR:
stolon length between two rhizomes, RHL: rhizome length, SD: diameter of
stolons
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Correlarions between the 12 morphological characters of C . scalpelliformis are
significant (Table 2).
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Abstract
The field identification guide surveys marine organisms of commercial and potential commercial importance. The region covered
extends from the Mediterranean coast of Turkey proceeding in a general southwestern direction to that of Morocco. Species were
selected carefully according to economic interest, commonness and sometimes according to their endangered or invasive status. A
total of 372 marine species were considered, including the most common exotic ones. Also presented are their relevant diagnostic
features, biological information, and geographical distribution while highlighting their importance on local fisheries. The entire field
guide was translated into Arabic for a better accessibility among non scientists in Arabic speaking countries.
Keywords: Fisheries, Alien species, Biogeography, Eastern Mediterranean, Western Mediterranean
Limited knowledge and skills for marine species identification are among the
main weaknesses affecting the coastal waters fisheries in the eastern and
southeastern Mediterranean countries, namely Turkey, Cyprus, Syria,
Lebanon, Egypt, Libya, Tunisia, Algeria, and Morocco. Imprecise species
identification hinders accurate estimation of commercial landings and all
attempts to develop and manage sustainable fishery measures. The field guide
is the first attempt to provide a comprehensive survey of marine species
likely to be encountered in fishery landings, on the market and at sea in the
covered area. There is a pressing need for such a modern reference work as no
similar publication has been presented in over 20 years [1]. Furthermore, the
field guide is an original effort to highlight the commercial importance of recent
marine introduced species, most of which have well established populations.
The field guide is largely based on an extensive list of relevant bibliographic
references but also incorporates and organizes a compilation of raw data
gathered by nine fishery experts from each of the respective countries.
After a brief introduction of the Mediterranean ecosystem’s general features
and biodiversity, a section is dedicated to landing statistics reported by all
concerned countries since the year 1950. A special emphasis is made on
introduced species of commercial importance and on those that are a potential
threat to humans, fisheries, and the ecosystem. The marine organisms
considered were organized under major taxonomic groups and subgroups.
These were crustaceans (stomatopods, shrimps and prawns, lobsters, crabs),
molluscs (gastropods, bivalves, cephalopods), echinoderms (sea urchins), and
fishes (lampreys, cartilaginous fishes, bony fishes, chimaeras), as well as sea
turtles and marine mammals. The most relevant morphological terms and
measurements, essential for identification, are described by means of labeled
illustrations and a glossary. Each chapter is dedicated to one of the
aforementioned taxonomic groups and starts by an introduction summarizing
general information such as morphology, biology, as well as the commercial
importance concerning this specific group in the Mediterranean. The
information given by species contains the valid scientific name as well as the
official FAO common names in English, French, and Spanish. In addition, a
provisional Arabic common name was recommended. Brief information
regarding relevant diagnostic features, biological information and habitat,
importance to fisheries and geographical distribution of the species is also
included. Conveniently, accurate line drawings for all species complement the
information. Particular care was taken to make the field guide user-friendly and
accessible to the general public without the need for prior knowledge in marine
biology or fisheries. Concurrently, it can be used as a practical working tool
for scientists, fisheries professionals, and inspectors reporting landings at the
national level, as well as by fishermen, students, sports anglers, and
naturalists. It is also expected to serve as a baseline document for
environmental assessments and fisheries management. Furthermore, the entire
field guide was translated into the Arabic language for a better dissemination
among Arabic-speaking users, particularly fishermen. Most commonly used
vernacular names in Arabic, Turkish, and Cypriot Greek were also
summarized in tables that can be found at the end of the document. An
undertaking of this magnitude was done in the hopes of establishing a better
form of communication among interested individuals. This “Field
Identification Guide to the Living Marine Resources of the Eastern and
Southern Mediterranean” was prepared under the coordination of the Fisheries
and Aquaculture Management Division, Fisheries and Aquaculture
Department, Food and Agriculture Organization of the United Nations

(FAO).
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COMPARISON OF DISCARDS OBTAINED USING DIFFERENT MESH SIZES AND SHAPES IN THE
CODEND OF THE TRAWL
Jorge Baro 1*, Teresa Garcia 1 and Jose miguel Serna 1
1 Instituto Espñaol de Oceanografía. Centro Oceanoghráfico de Málaga - jorgebaro@ma.ieo.es
Abstract
In this work a comparison of the discards rates among trawl gears using different type of codend is presented. Sampling took place
during 6 months in 2008 on-board four commercial trawlers in northern Alboran Sea using three different types of meshes in the
codend (40-mm diamond- and square-mesh and 50 mm diamond-mesh). Our results showed that discards rates varied between type
of meshes but no differences were found between vessels.
Keywords: Alboran Sea, Deep Waters, Fisheries
At a world level between 17.9 and 39.5 million tons of marine organism are
discarded [1]. Mediterranean trawl fisheries are highly diverse in terms of
species and many of them are discarded for economic (low commercial value) or
legal reasons (minimum landing sizes) [2, 3]. Discards are important for stock
management because contribute to fishing mortality and they also represent and
economic and ecological impact. The use of bigger mesh size than traditional or
more selective shapes in the codend can contribute to reduce the discards and
hence the impact of fishing in the ecosystem.
Sampling took place between May and October 2008 on-board four selected
commercial trawlers representative of the studied area in terms of size, engine
power, fishing capacity and construction characteristics. The overall objective of
the surveys was to compare profitability of trawl fishing in northeast Alboran
Sea between 600 and 800 m depth, using three different types of meshes in the
codend (40-mm diamond- and square-mesh and 50 mm diamond-mesh) under
commercial condition. The weights of landed and discarded organism were
estimated by on-board observers for 451 trawl daylight hauls following
commercial fishing procedures. The average duration of the trawls was 3.5
hours. All species captured were weighted and counted. Two-way analysis of
the variance, (ANOVA) was used to test differences in the pattern of the yields
(kg/hauls) between fishing vessels and type of meshes.
Discarded rates ranged from 4.4% and 16% of the total catch depending on the
vessels and the type of codend. Fishes were the most important group in terms
of weight discarded for all the vessels (41.7%-65.9% of the total), followed by
crustaceans (11.8%-23.11) and molluscs (8.5%-11.16%) (Table 1). Main
discarded fishes were Condricthyans and Macroruidae: Nezumia aequalis,
Chimaera monstrosa, Torpedo nobiliana, Etmopterus spinax, Dalatias licha,
Trachyrhynchus trachyrhynchus, Galeus melastomus and G. atlanticus. The
crustaceans Dardanus arrosor, other Paguridae and Polycheles typhlops and the
molluscs Octopus defilippi Neorossia caroli, Eledone cirrhosa and Pteroctopus
tetracirrhus were the main species discarded in these two groups.
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Tab. 1. Discards (g/haul) by group of species and type of meshes in the codend
(40SQ: 40 mm square-mesh; 50D: 50 mm diamond m-mesh; 40D 40 mm
diamond mesh)

;
Discards rates were significant different between type of meshes of the codend
(p<0.05), although there were not observed differences between the discards
between vessels. In general highest rates of discards were recorded for the 50
mm diamond-mesh codend (Table 2)
Tab. 2. Discarded rates (in percentages) by vessels and type of meshes in the
codend (40SQ: 40 mm square-mesh; 50D: 50 mm diamond m-mesh; 40D 40 mm
diamond mesh)

.
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OF FISH SPECIES OF CABRERA NATIONAL PARK (NW MEDITERRANEAN).
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Abstract
Temporal variation of fish larvae during the winter-summer transition in Cabrera National Park (SE Mallorca) reveal two spawning
strategies of coastal species; (1) a few species spawn early in the year coupled with the zooplankton biomass peak (e.g. Diplodus
sargus, Boops boops), and (2) a larger proportion of species spawn in early summer when hydrographic conditions are milder but
food availability is lower (e.g. Coris julis, Serranus hepatus). Specific abundances in spring were fairly higher than in summer (~7
fold). We interpret these strategies on the basis of food availability and change in coastal circulation.
Keywords: Ichthyoplankton, Circulation, Fishes
Introduction
Discerning the environmental factors that are relevant in each coastal area for the
survival of early life stages and, particularly, the identification of critical zones
and periods for the resource development is essential for the management of
marine protected areas (MPAs). Among the physical and biological signals
affecting ichthyoplankton assemblages, seasonality is one of the most notable
forcings. Yet, there is no unique adaptative response of fish larvae to seasonal
changes. Conversely, in order to optimize the reproductive success, larval timing
may strongly differ among species. A combination of favorable hydrodynamic
conditions, food availability and quality, and predation avoidance, among other
factors, may determine the spawning period, particularly in temperate seas such
as the Mediterranean Sea with a marked seasonal cycle in temperature.
Archipielago de Cabrera National Park is a marine protected area situated to the
south of Mallorca (Balearic Islands). As in other oligotrophic areas, food
availability is low and increases in zooplankton biomass generally restrict to a
late winter bloom. A major aspect of the circulation around the Mallorcan shelf
is the presence of island trapped waves (ITWs) generated by local wind forcing
[1]. Transport is thus conditioned by prevailing meteorological conditions.
Retention mechanisms near the adult habitat together with food availability are
postulated as major constrains to fish larvae survival. This study seeks to
identify the consequences of spawning timing of coastal fish species in the
waters of Cabrera National Park in the context of these two factors.

characterized by two typical wind modes. Eastern winds are prevalent on
summer (Jun.-Aug.) whereas alternation between easterly and westerly episodes
occurs in spring (Mar.-May). These changes in wind forcing have consequences
in mean coastal transport that reveal a shift in current direction at the beginning
of early summer. Numerical simulations of wind forced ITWs capture well the
main features of measured current variability suggesting that coastal circulation
responds energetically to this local forcing and that shelf currents are relatively
uncoupled from oceanic flows. This is also evidenced by the scarce and episodic
presence of oceanic fish larvae. Larval trajectories computed with the IBM
model reveal the differences in the dispersion patterns attending to wind forcing.
ITWs generated by the westerly winds tend to disperse larval particles toward
the outer shelf, whereas the eastward winds (prevailing in summer) retain larval
particles in the north-western coast of Cabrera. This suggests that while
increased food availability may be advantageous for the development of spring
species, larvae would be more susceptible to be advected far from the adult
habitat. However, loss by dispersion could be partially compensated by a higher
abundance of larvae in the plankton during that period. On the other hand,
summer spawning would guarantee larval fish retention in the coastal
environment. This last strategy would be advantageous for the maintenance of
fish populations in the area, what is especially relevant in the context of the
MPAs.

Materials and methods
Sampling consisted on fortnightly measurements at three stations located
between Mallorca and Cabrera that were visited between February and August
2007. These measurements where complemented with current records from a
bottom mounted ADCP. Zooplankton samples were collected with vertical
tows of a WP2 net and fish larvae were sampled by oblique hauls of a bongo net
(0.6 m mouth opening). Wind maps were constructed by optimal interpolation
from wind data recorded by two coastal stations and Quikscat satellite data for
the period (2000-2009). Synoptic wind patterns were identified using the SelfOrganizing Map (SOM) algorithm. To compute a range of likely larval transport
outcomes, an individual based model (IBM) for larval dispersal was developed
using velocity fields of a high-resolution (~200 m) ocean circulation model
(POM). Simulations were run for 30 days forced by the computed wind
patterns to simulate the generation and propagation of ITWs.
Results and discussion
Fish larvae belonging to a total of 57 taxa were identified. Larval mean
abundances fluctuated between 25 and 162 ind m2 which is in the range of
average values in Mallorca [2]. Attending adult habitat, fish larvae were grouped
into two groups: i) larvae of shorefish and shelf dwelling species and ii) larvae of
mesopelagic species, dwelling in the open sea. The species included in the latest
group, the majority of them belonging to Myctophidae family, were more
abundant in summer, but their presencewas episodic and presumably associated
to oceanic water intrusion in the continental shelf. Concerning the species
included in the first group, a clear temporal variability in the ichthyoplankton
composition was observed between spring and summer, with an increase in the
number of taxa in summer. Some species, such as Diplodus sargus and Boops
boops were particularly abundant in spring and showed the highest abundances
in April, following the seasonal peak of zooplankton. Other species, such as
Serranus hepatus or Coris julis, peaked in summer though, in general, their
abundances were lower than that of the spring species. The onset of the
spawning period for these species occurred in early June when water
temperatures raised above 20ºC.
Wind patterns from SOM classification reveal a seasonal wind regime

Fig. 1. Map showing the three sampled stations and mean summer (gray) and
spring currents (black) currents. Inset: relative abundances of copepods and a
spring (B. boops) and summer (S. hepatus) species
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Abstract
In this study, the vertebrae of the common eagle ray (Myliobatis aquila) and backchin guitarfish (Rhinobatos cemiculus) were
used for ageing. A total of 10 M.aquila (females and males) and 10 R. cemiculus (females and males) were sampled. Age
determinations were carried out using vertebral sections. Alcian blue dying techniques were used to enhance the visibility of the band
on vertebrae.
Keywords: Biodiversity, Eastern Mediterranean, Elasmobranchii
Introduction
Chondrichthyan fish are of low productivity compared to teleost fishes.
Because of low productivity, target or non-target chondrichthyan species are
most affected by commercial fisheries. For this reason, most of elasmobranches
are listed in IUCN Red Data Book. Impact of commercial fisheries on
chondrichthyan fish population around the world is currently the focus of
considerable international concern of both academicals or non-governmental
organizations for conservations and management of stocks. One of the most
important points in fish and fisheries biology is age determination. Particularly
if it is necessary to determine fish population structure, age determination has
crucial importance. Bone of chondrichthyan species has not calcium, therefore
their age determination is not easy relative to teleost fishes. For this reason,
chondrichthyan stocks management strategies become harder. Age determination
in chondrichthyan species can be done using some staining techniques which can
make growth bands visible. Different staining techniques have been using to
make growth bands visible. However success of the age determination varies for
each technique. Numerous techniques have been used in the attempts to enhance
the visibility of growth bands in vertebrae of elasmobranchs. All of these
techniques show that the success of each technique is often species specific and
that slight modifications in the technique may enhance the results. Alcian blue
staining technique have used to enhance the visibility of the cartilage skeleton of
mouse embryos and cartilage and related tissues in the trunk and fins of teleosts.
However, the techniques have used to first time on elasmobranchs vertebrae
successfully [1].
Material and Methods
This study was conducted on the north-eastern Mediterranean coast of
Turkey ). Samples were collected by using commercial gill-net (44 mm mesh
size), trawling (44 mm stretch length) and longline fishery. In this study A total
of 10 M. aquila (females and males) and 10 R. cemiculus (females and males)
were sampled. Age determinations were carried out using vertebral sections.
Eight to ten vertebrae were removed from the widest portion of the body, just
behind the gill slits for each specimen. Remaining muscle tissue was removed
from each centrum using a knife and to remove excess connective tissue, the
centra were soaked in 5% sodium hydrochloride for one day and then rinsed in
distilled water. The vertebrae were preserved in 70% ethanol until the
examination. The diameter of examined vertebrae was measured to the nearest
0.01 mm for each sample, using a manual caliper. The sections were mounted on
microcope slides using transparent acrylic glue and were polished with
sandpaper until approximately 0.5 mm in thickness. In this study alcian blue
dying techniques were used to enhance the visibility of the band on vertebrae.
The section was soaked in alcian blue solution (16 ml 100% ethanol, 2 mg alcian
blue and 4 ml glacial acetic acid in 0.8 ml distilled water) for 12 h. In order to
determine the age (A), the sections were viewed in a stereo microscope (X10
magnification) with both transmitted and reflected light for identification of
growth rings. Images of the vertebrae were captured with a digital camera
(Kodak, 6.0 MP) and the images were examined using PhotoshopTM 7.0.

Fig. 1. Age marks on the vertebrae for Rhinobatos cemiculus

Rhinobatos rhinobatos percentage of readable vertebrae was 84% [1] , for this
study they were 90%. Thus it can be claimed the alcian blue staining technique
can be used successfully for the age detemination of elasmobranchs vertebrae
[2].
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Results and Discussion
Alcian blue dying techniques were used to enhance the visibility of the band on
vertebrae and were stained and age bands on the vertebrae (Fig.1) were observed
to be quite visible.
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FISH FAUNA OF THE MARKIZ ISLAND (ÇANDARLI BAY, AEGEAN SEA)
Bahar Bayhan 1*, Murat Kaya 1 and Tuncay Murat Sever 1
1 Ege University, Faculty of Fisheries, Department of Hydrobiology - bahar.bayhan@ege.edu.tr
Abstract
In order to establish benthic and pelagic marine fish in the vicinity of Markiz Island, compherensive submarine observations were
conducted by diving with and without scubas. Beside that a 30 minute trawl hauling was made to collect benthic species in north east
of the island, with 70 fish species of 25 family being determined.
Keywords: Aegean Sea, Fishes, Teleostei
Introduction
Northern part of Aegean Sea is under the influence of cool and less saline
currents from Black Sea while the southern part is influenced by warm and
salty currents. The study area is geographical transition between both
seas. The differences observed in ecological features of Aegean Sea were suited
to this geographical properties. It is possible to describe its middle section as a
transitive zone, therefore there is a rich biological diversity in Aegean Sea
where more than 300 fish species and some 5000 invertabrate were reported
[1]. Recent lists have included new records a total of 389 marine fish, which
indicates that Aegean Sea ranks on the top of the list of species among
Marmara, Mediterranean and Black Seas coasts of Turkey [2].
Papaconstantinous [3] however reports that 447 marine species inhabit Greece
Seas. This study aims to establish fish species in the vicinity of Markiz Island.

Tab. 2. Demersal fish fauna of Markiz Island

Material and Methods
In order to establish benthic and pelagic marine fish in the vicinity of Markiz
Island, located in the enterence of Çandarli Bay in Aegean coast of Turkey,
submarine observations were conducted by diving with and without scubas in
2007. Beside that a 30 minute trawl hauling was carried on to collect benthic
species in north east of the island, with fish collected being asssessed in two
categories, namely benthic and pelagic. Taxanomic categories used for fish
considered [4], [5] and [6].
Results and Discussion
70 fish species of 25 family were determined and collected fish being asssessed
in two categories, namely benthic and pelagic. Table 1 includes pelagic species
and Table 2 shows demersal species. Sparidae family was the highest in
number, followed by Labridae with 10 and Mugilidae with 5 species. These
fish species were well known fish fauna in the Mediterranean Sea [2].
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Tab. 1. Pelagic fish fauna of Markiz Island
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PRESENT STRUCTURE AND DISTRIBUTION OF MACROBENTHIC POPULATIONS IN THE NORTH WESTERN BLACK SEA – ROMANIAN SHELF
Tatiana Begun 1, Adrian Teaca 1, Marian Traian Gomoiu 1 and Mihaela Muresan 1*
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Abstract
The distribution of soft bottom macrobenthic populations was studied by analyzing 325 quantitative samples in the Romanian Black
Sea continental shelf. A total of 240 taxa belonging to 25 systematic groups were found in the assemblages, within Polychaeta had the
highest number of species and individuals. The maximum biodiversity occurred in the mud mussels and Modiolus biocoenosis,
whereas the highest abundances in the shallow waters.
Keywords: Zoobenthos, Continental Shelf, Black Sea
Introduction
In the last decades the Black Sea has suffered major changes induced by human
activities. Many species disappeared or decreased in biomass, e.g. the mussel
Lentidium mediterraneum, Donacilla cornea, Mytilus galloprovincialis [1].
Other species increased explosively in biomass, e.g. the bivalve Mya arenaria,
the polychaet Melinna palmata. It is assumed that these modifications of the
ecosystem were essentially caused by changes in nutrient discharges through
major rivers, particularly the Danube [1]. This study, based on the results of
researches performed in the past 7 years, comes to complete some gaps in the
specialty literature concerning spatial distribution of macrobenthic populations
of the Romanian Black Sea Shelf.
Materials and methods
In the period 2003 - 2008, a number of 325 quantitative benthos samples were
collected at depths ranging between 0 – 213 m by means of the van Veen-type
grab, box corer and multicorer. The offshore samples were collected during
several cruises (R/V „Akademik” 2003 and 2006, R/V „Parshin” 2005, R/V
„Mare Nigrum” 2006, 2007 and 2008), while the inshore samples during several
national projects covering only the sedimentary substrata. The sampling was
done with 0.1 m-2 van Veen grab, 0.25m-2 box corer, 0.015 m-2 multicorer.
Results and Discussion
The analyses of the samples helped identify 240 taxa (235 species) of which
Spongia - 9, Coelenterata – 16, Turbellaria – 3, Nemertini – 6, Polychaeta – 77,
Oligochaeta -1, Hirudinea – 1, Mollusca – 48, Bryozoa -1, Sipunculida – 1,
Phoronida – 1, Pantopoda -2, Crustacea – 58, Echinodermata – 3, Tunicata - 6
and indeterminated taxa - 7, approximately 70% of the total number of species
recorded in period 1960-1970 [2]. The mean abundance of the macrobenthic
populations was 11,914.9 ind.m-2 for density and 573.4 g.m-2 for biomass.
Most macrobenthic taxa occurred in the samples had a small frequency; out of
the 240 taxa recorded, 137 taxa had a frequency of 1-2 %, 34 taxa 2-5 %, 23 taxa
5-10 %, 27 taxa 10-20 %, 17 taxa 20-50 % and only two species had a
frequency over 50 % (polychaet Capitella capitata andamphipod Ampelisca
sarsi).
Numerical abundances were dominated by worms (6,974.4 ind.m-2) and
molluscs (3,689.8 ind.m-2) populations representing 89 % of the total mean
density of benthos. As weight, only the molluscs (Mya arenaria, Mytilus
galloprovincialis) represented more than 66% of the total mean biomass.
The distribution species is conditioned by the input of fresh water from the
Danube. The influence of Danube plume extend on the coast between front of
Delta and Midia Cape where the number of macrobenthic species is very small,
dominated by the opportunistic euryhaline species resistant in conditions of
accentuated sedimentation, as: M. arenaria, A. sarsi, Alitta succinea.
The maximum number of species occurred at a mud mussels biocoenosis (21 –
50 m: 159 taxa) and Modiolus biocoenosis (51 – 110 m: 153 taxa), whereas the
lowest number was found between 111 – 150 m depth (16 taxa) (Fig. 1).
The numerical and biomass abundance of macrobenthos populations diminishes
from the shallow waters to the periazoic level (Fig. 2). The curves describing the
distribution tendency of the density and biomass according to the bathymetric
gradient is a logarithmic type function with a high correlation coefficient (R2 =
0.93 for density, R2 = 0.85 for biomass). The distribution of macrobenthos
fauna on the Romanian shelf is limited by the drastic decrease of oxygen and the
increase of H2S at approximately 150 -170 m depth.

Fig. 1. The number of species of macrobenthic populations’ distribution on the
Romanian Black Sea Shelf

Fig. 2. The numerical abundance of macrobenthic populations’ distribution on
the Romanian Black Sea Shelf
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Abstract
Dans ce travail, 109 espèces vagiles ont été échantillonnées et identifiées. Elles appartiennent à 6 groupes dont les Crustacés, les
Mollusques ; les Polychètes sont les plus dominants. Les assemblages faunistiques ont varié en fonction du temps et surtout de la
profondeur et des paramètres phénologiques de l’herbier. Le recours à différentes méthodes d’analyse, nous a permis de confirmer
l’impact prépondérant de la profondeur et de certains paramètres phénologiques de l’herbier sur la diversité et les assemblages des
macroinvertébrés de l’herbier de posidonie.
Keywords: Phanerogams, Biodiversity
Sur les côtes tunisiennes, les travaux qui se sont intéressés à l’étude des
macroinvertébrés associés à l’herbier de posidonie sont relativement rares. Cela
nous a incité à entreprendre ce travail dont les principaux objectifs sont la
connaissance des populations de macroinvertébrés vagile associés à Posidonia
oceanica et les variations spatiotemporelles de leur diversité et de leurs
assemblages. Pour cela, nous avons choisi comme site d’étude la région de Cap
Zebib, situé au Nord-est de la Tunisie. Dans cette zone, les prospections ont été
réalisées durant la période allant de mai à décembre 2007. L’échantillonnage a été
effectué à l’aide d’un cylindre de 25 cm de diamètre [1] au niveau de deux
stations localisées respectivement à 3 et à 12 m de profondeur. L’ensemble des
échantillons collectés nous ont permis d’identifier 109 espèces d’invertébrés
appartenant à 6 groupes : les Crustacés (42), les Mollusques (39), les
Polychètes (19), les Echinodermes (6), les Sipunculidés (2) et les Némertiens
(1).
La richesse spécifique a toujours été plus élevée à la profondeur de 3m qu’à
celle de 12m. L’indice de Shannon Wienner (log e) a varié de 2,2 à 3,53 bits avec
une valeur plus importante à 3m.
La classification hiérarchique nous a permis de distinguer deux groupes (A et B).
Ces groupes représentent les échantillons récoltés respectivement à 3 et à 12 m
de profondeur (Fig. 1a). L’analyse de chaque groupe, pris séparément, a révélé
une large similarité entre le cluster des Crustacés et celui de l’ensemble de la
macrofaune, ce qui traduit la dominance de ce groupe (Fig. 1b). Cette variation
spatiale des populations a été confirmée par l’ANOSIM qui a permis d’obtenir
une valeur globale de R significative pour le facteur profondeur (r = 0.338; p < 5
%).
Pour établir les relations entre la faune associée, la profondeur et les paramètres
phénologiques de l’herbier, le test de Spearman a été appliqué pour les trois
groupes dominants. Ainsi, pour les Mollusques, une corrélation négative a été
observée entre la profondeur, d’une part et la richesse spécifique, le nombre
d’individus et l’indice de Shannon Wienner, d’autre part. Pour le groupe des
Polychètes, le nombre d’espèces et H’ sont corrélés positivement avec la densité
et la profondeur. Enfin pour les Crustacés, une corrélation négative a été
observée entre le nombre d’individus et la surface foliaire. La structure des
peuplements d’invertébrés associés à Posidonia oceanica est donc plus
influencée par les variations spatiales que temporelles. L’ensemble des
observations sont en concordance avec les résultats obtenus dans d’autres
secteurs de la Méditerranée [2], [3].

Fig. 1. Dendrogramme de similarité de Bray-Curtis représentant toute la faune
(a) et le groupe des Crustacés (b).
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Abstract
L’écosystème côtier de la baie de Sousse a révélé l’existence de variations spatiales importantes influencées par la pollution thermique
provenant de la centrale électrique de la région. La valeur moyenne estivale de la température est normalement de l’ordre de 27°C.
Cependant, elle a atteint 36°C au niveau du rejet durant la période d'étude. Les densités cellulaires du phytoplancton ont atteint 1 306
050 cellules/l au niveau du rejet contre 13 710 cellules/l au niveau des stations les plus éloignées.
Keywords: Phytoplankton, Thermal Pollution, Eutrophication
Introduction
Les effluents urbains et industriels sont, la plupart du temps, les acteurs
majeurs du déséquilibre écologique au niveau des écosystèmes côtiers [1]. Les
rejets d’eau chaude à partir des centrales électriques sont aussi d’une
importance non négligeable [2], [3], [4] et [5]. C’est dans ce contexte que la
baie de Sousse, située sur la côte Est de la Tunisie (35°50’ N ; 10°50’ W) a été
exposée, au cours de ces dernières décennies, à plusieurs problèmes d’ordre
environnementaux. En effet, une prolifération massive inhabituelle de méduses
est devenue incontestablement le rendez-vous des baigneurs chaque été. La
pollution thermique, provoquée par la centrale électrique, qui déverse de l’eau
chaude dans ce milieu par l’Oued Hamdoun, pourrait être à l’origine de cette
prolifération via le réseau trophique. Cette étude démontre l’influence de cette
pollution thermique sur la répartition spatiale de la population
phytoplanctonique au niveau de cet écosystème côtier.

Fig. 1. Regroupement des stations selon la température de l’eau sur la
base de la distance euclidienne

Matériel et méthodes
Les stations d’échantillonnage sont réparties sur 5 radiales séparées l’une de
l’autre de 2 Km et dont chacune comprend 3 stations selon les isobathes : 2 m,
5 m et 10 m. De plus, 2 stations ont été choisies à proximité des canaux
d’amené d’eau de mer pour la centrale électrique, 2 autres au niveau du rejet et
une station de référence en amont du site selon le sens du courant, ont
également été choisies. L’identification et le dénombrement du phytoplancton
ont été effectués selon la méthode d’Utermöhl. Seules les espèces appartenant
aux Dinoflagellés et aux Diatomées ont été prises en considération dans cette
étude.

Conclusion
Le rejet d’eau chaude en provenance de la centrale électrique de la région,
favorise la prolifération du phytoplancton, premier maillon de la chaîne
alimentaire en mer. Cette prolifération pourrait être à son tour, à l’origine des
blooms de méduses inhabituellement enregistrées ces dernières années dans la
région.
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Résultats et discussion
La température de l’eau a oscillé, durant la période d’étude, entre une valeur
minimale de 26°C au niveau de la station la plus éloignée du rejet et une valeur
maximale de 36°C au niveau de la station la plus proche. Des valeurs de
température assez élevées, de 32°C, ont été également enregistrées au niveau
des stations de la 1re et 2e radiale, qui sont très proches de l’effluent. Au
niveau des stations de la 3e, 4e et 5e radiales, la température n’a pas dépassé
27 °C. Le regroupement des stations d’échantillonnage en fonction de la
température de l’eau (Fig.1), met en évidence trois groupes de stations selon
leurs affinités thermales. Le premier groupe comprend les stations OH1 et
OH2 qui sont les plus proches du rejet. Le deuxième groupe comprend les
stations 12 et 22 qui sont sous l’influence directe du rejet. Enfin, le troisième
groupe comprend le reste des stations qui sont relativement à l’abri de la
pollution thermique. Les densités cellulaires du phytoplancton les plus élevées
(1 250 000 cellules/l) ont été enregistrées au niveau des stations les plus
proches de l'effluent. Les stations situées au niveau de la première et la
deuxième
radiale,
présentent,
elles
aussi,
des
concentrations
phytoplanctoniques relativement très importantes. Le regroupement des
stations en fonction des densités phytoplanctoniques sur la base de la distance
euclidienne,
montre également trois groupes de stations à densités
phytoplanctoniques comparables. Les trois stations les plus proches du rejet
appartiennent au même groupe présentant les densités phytoplanctoniques les
plus élevées. Ce qui révèle encore une fois l’influence directe de ce rejet sur
l’accroissement de la production primaire au niveau de cette zone. Néanmoins,
cette influence n’est pas de très grande ampleur et elle s’exerce sur une
superficie de l’ordre de quelques Km2. Ainsi, l’effet de cette pollution
thermique semble s’estomper à partir de la troisième radiale située à environ 6
Km du rejet. En revanche, la prolifération du phytoplancton semble être
influencée par l’action conjuguée de la température et de la richesse en
éléments nutritifs comme cela a été constaté au niveau de quelques
écosystèmes comparables [6].
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CARACTERISATION MORPHOMETRIQUE DE SCORPAENA PORCUS POISSON SCORPAENIDAE (LINNE,
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Abstract
Une analyse factorielle discriminante des données morphométriques a été réalisée sur trois échantillons, composés au total de 90
spécimens de Scorpaena porcus (Linné, 1758) (Scorpaenidae), collectés à partir des apports de pêche côtière de trois sites, localisés
respectivement au nord, à l’est et au sud du pays. Cette analyse a révélé l’absence d’homogénéité totale entre les trois échantillons.
Keywords: Analytical Methods, Biometrics, Mediterranean Ridge, Fishes
Bien que les Scorpaenidés peuplent l’ensemble du littoral tunisien, les études
biologiques se rapportant à cette famille ont concerné uniquement trois
espèces (S. porcus, S. scrofa et S. notata) de la région Sud [1]. Notre objectif
étant de caractériser les populations des côtes tunisiennes, nous avons donc
mené une analyse comparative des données relatives aux caractères
morphométriques de S. porcus [2], provenant de trois régions littorales
tunisiennes, Nord, Est et Sud. Le nombre de spécimens de S. porcus, collectés
le long des côtes Nord, Est et Sud est respectivement de 31, 33 et 26. Tous les
spécimens ont été photographiés pour être traités à l’aide du logiciel visilog.
Des points décrits sur le corps des poissons ont été utilisés pour construire un
réseau de distances selon la méthode de Truss [3]. 18 points repères,
déterminant 36 distances, ont été ainsi établis et mesurés. Une transformation
logarithmique des données morphométriques a été réalisée pour augmenter la
linéarité et la normalité [4]. Ces données ont été transformées selon la formule
suivante [5] : Vtrans = logV - β (log LS - log LSmoy), où Vtrans est la mesure
transformée ; V est la mesure originale ; β est la pente de régression de la
relation (Log V/log LS) ; LS est la longueur standard du poisson ; LS moy est
la moyenne des LS. Les distances transformées ont servi à réaliser une analyse
factorielle discriminante (AFD) [6], au moyen du logiciel R. Les deux premiers
axes de l’analyse factorielle discriminante absorbent 68,45 % de la variabilité
totale. Les résultats obtenus indiquent l’existence de deux groupes
morphologiquement différents de S. porcus : le premier est représenté par
l’échantillon de la région Sud, le deuxième par les deux échantillons des régions
Est et Nord.

Fig. 2. Dispersion des individus définis par les variables métriques dans le plan
de l’AFD selon les régions Nord, Est et Sud

Les résultats de notre analyse discriminante mettent en évidence une
différenciation significative entre deux groupes de S. porcus Nord-est et Sud.
L’absence d’homogénéité totale de l’espèce pourrait être interprété comme
étant le résultat du caractère sédentaire de S. porcus.
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Fig. 1. Contribution des différentes distances représentant les caractères
morphométriques dans la formation des axes discriminants de l’AFD
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LES BRYOZOAIRES ÉPIPHYTES DES HERBIERS À POSIDONIA OCEANICA DES CÔTES TUNISIENNES
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Abstract
Dans ce travail, nous nous sommes intéressés à l’étude des Bryozoaires des herbiers de Posidonie au niveau de cinq sites, répartis sur
les côtes Nord-est et Sud-est de la Tunisie. Un échantillonnage saisonnier a été effectué durant une période de trois ans. Au cours de
ce suivi, nous avons recensé 90 espèces de Bryozoaires appartenant aux trois classes Cheilostomona, Cyclostomona et
Ctenostomona.
Keywords: Bryozoa, Posidonia
Les herbiers de posidonie sont traditionnellement considérés comme la
superposition de trois biotopes : la matte, les rhizomes et les feuilles. Seules
les deux dernières strates sont concernées par la faune des Bryozoaires [1].
L'objectif de cette étude est de contribuer à la connaissance de la richesse
spécifique de la communauté des bryozoaires épiphytes des herbiers de
Posidonie de la côte tunisienne et à la caractérisation de la faune
Bryozoologique de chaque compartiment de l’herbier. Pour cela, un
échantillonnage saisonnier a été effectué durant une période de trois ans
(octobre 2005 - décembre 2008) au niveau de cinq sites, répartis sur les côtes
Nord-est (Bizerte, Gammarth, Sidi Raies, El Hawaria) et Sud-est (Kerkennah)
de la Tunisie. Les prélèvements ont été effectués, au cours de plongées sousmarines, au moyen d’un quadrat de 20 cm de côté [2]. Afin de caractériser
l’état de l’habitat et du peuplement, nous avons calculé la richesse spécifique
(nombre d’espèces), l’indice de Simpson (Is), l’indice de Shannon - Weaver
(H’) et l’indice d’équitabilité. Au total, nous avons recensé 90 espèces
appartenant à trois classes : Cheilostomata (73 espèces), Cyclostomata (13
espèces) et Ctenostomata (4 espèces). Parmi les Cheilostomata, les trois
espèces, Electra posidonia, Microporella ciliata et Turbicellepora avicularis,
dominent au niveau des cinq sites. Les espèces observées sur les Rhizomes
sont plus importantes en nombre (54) que celles trouvées sur les feuilles (36).
Six espèces (Copodozum planum, Pherusella tubulosa, Microporella ciliata,
Crisia fistulosa, Schizomavella hastata et Reptadeonella violacea) ont été
récoltées aussi bien sur les rhizomes que sur les feuilles. Le dendrogramme de
la classification hiérarchique (Fig.1) a permis de séparer deux assemblages : le
premier est formé par le site de Kerkennah et le second est composé par les
quatre autres sites.

Tab. 1. Liste des espèces recensées
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Fig. 1. Dendrogramme de la classification hiérarchique des cinq stations
étudiées (K : Kerkennah ; BM: Bizerte ; G : Gammarth ; SR : Sidi Rais )

Le test de Simper a montré que E. posidonia, A. ledigera et M. ciliata sont les
espèces qui ont le plus contribué à cette distribution. L’ensemble des résultats
obtenus sont conformes aux observations d’autres auteurs en Méditerranée [1],
[3] et [4]. La riche faune rencontrée des bryozoaires épiphytes reflète l’intérêt
écologique de l’herbier à Posidonia oceanica.
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Abstract
La caractérisation biochimique d’Holothuria polii et d’Holothuria tubulosa, récoltées au niveau de la côte Est de la Tunisie a
permis de noter quelques différences entre les deux espèces et de montrer leur importance nutritionnelle (teneur en protéines de
l’ordre de 8 g/100g, teneur en lipides de l’ordre de 10 g/100g et une teneur moyenne en sucres de 15 mg/g). Leur teneur moyenne en
polyphénols est de 50 µg/g. Ces substances présentent une activité antioxydante non négligeable qui permettrait une éventuelle
valorisation industrielle de ces espèces.
Keywords: Chemical Analysis, Echinodermata, Infralittoral
Introduction - Les holothuries des côtes tunisiennes constituent une faune
méconnue aussi bien sur le plan biologique qu’écologique. Parmi les 11 espèces
inventoriées en Tunisie [1], Holothuria polii et Holothuria tubulosa sont à la
fois fréquentes et abondantes le long du littoral Est. Ce travail a pour objectif
la valorisation nutritionnelle de ces organismes marins.
Matériel et méthodes - Les holothuries étudiées proviennent de la région de
Monastir (Méditerranée centrale). Les spécimens ont été récoltés vivants par
plongée en scaphandre autonome à 7 m de profondeur entre le mois d’août
2008 et janvier 2009. Ils ont été directement congelés à -20°C jusqu’à leur
analyse. Après tri et identification [2] (figure 1), les individus ont été
disséqués. Seule la cuticule a été récupérée et découpée en morceaux. La teneur
en protéines a été dosée par la technique « Kjeldahl » [3]. L’extraction et la
quantification des lipides totaux (matières grasses) des holothuries ont été
réalisées par Soxhlet [4]. Les sucres totaux sont dosés par la méthode au DNS
(acide dinitrosalicylique) [5]. Le dosage des polyphénols totaux a été réalisé en
utilisant le Folin Ciocalteu [6]. Le dosage de l’activité antioxydante a été
réalisé selon Brand-Willizms [7] par réduction du DPPH° (2,2-diphényl-1picryl-hydrazyl) et en utilisant comme antioxydant standard le TROLOX.

Fig. 2. (a) Holothuria polii récoltée à Monastir (janvier 2009); (b) spicules
Holothuria polii

Conclusion - La liste des espèces aquatiques utilisables pour des extractions
de molécules actives ne cesse de s’enrichir. Elle comporte essentiellement des
groupes d’espèces méconnues et n’ayant pas d’intérêt halieutique majeur.
Dans ce contexte, une étude préliminaire sur 2 espèces d’holothuries des côtes
tunisiennes a été entreprise pour leur valorisation. Les résultats de cette étude
mettent en évidence des propriétés nutritionnelles intéressantes. Nos
recherches futures seront axées sur l’extraction d’autres molécules actives
comme les saponines.

Résultats et discussion - Les analyses effectuées montrent que les teneurs en
protéines pour les deux espèces d’holothuries sont proches : 7,78 g/100g pour
Holothuria polii et 8,56 g/100g pour Holothuria tubulosa (figure 2). Par
conséquent, ces 2 espèces ne constituent pas une source importante en
protéines comparativement aux autres organismes marins [8], [9]. Toutefois, la
teneur en matières grasses est plus élevée chez Holothuria polii (11,7 g/100g)
comparativement à Holothuria tubulosa (9,5 g/100g). Les holothuries
constituent une source appréciable en lipides comparées aux bivalves
comestibles [8], [9]. Les sucres totaux représentent des teneurs faibles (13,75
mg/g pour Holothuria tubulosa et 16,2 mg/g pour la seconde espèce). Quant à
la teneur en polyphénols, elle est de 64 µg/g pour Holothuria tubulosa et de 40
µg/g pour Holothuria polii. Les composés phénoliques peuvent avoir de
nombreuses propriétés physiologiques et peuvent jouer un rôle anti-allergène,
anti-inflammatoire, antimicrobien et antioxydant. En effet, l’étude des
propriétés antioxydantes des substances phénoliques chez Holothuria
tubulosa montre un pouvoir anti-radicalaire près de 2 fois plus important que
celui d’Holothuria polii (respectivement de 24 et 14 mM équivalent Trolox).
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Fig. 1. Caractéristiques physico-chimiques et biochimiques des espèces
d’holothuries isolées de Tunisie
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Abstract
Des observations récentes faites au cours de campagnes de prélèvements médio et infralittoraux d’organismes benthiques dans des
lagunes côtières tunisiennes nous ont permis de mettre en évidence l’installation de 4 crustacés d’origine lessepsienne signalés pour la
première fois en Tunisie et sur la rive Sud de la M éditerranée (amphipode Caprella scaura) et en Méditerranée centrale
(amphipodes Maera hamigera, Gammaropsis togoensis et l’isopode parasite Anilocra pilchardi).
Keywords: Crustacea, Biodiversity, Gulf Of Gabes, Infralittoral, Lagoons
Les prospections menées régulièrement au niveau de la frange littorale marine
tunisienne et dans les milieux lagunaires (Boughrara et les Bibans) ont permis
d’inventorier parmi les communautés benthiques médio et infralittorales des
substrats meubles et rocheux trois nouvelles espèces d’amphipodes et un
isopode. La liste de l’amphipodofaune de Tunisie ne cesse de s’enrichir. Des
investigations récentes font état de 2 Amphipodes lessepsiens nouveaux
Elasmopus pectenicrus et Stenothoe gallensis [1]. Ces 2 espèces sont récoltées
en nombre important dans nos échantillons en provenance de la lagune de
Boughrara surtout parmi les algues brunes. De manière concomitante, nos
prélèvements regroupent des espèces non encore inventoriées :
Gammaropsis togoensis (Schellenberg, 1925). Cet amphipode originaire des
océans Indien et Pacifique et des côtes Est et Ouest atlantiques a été signalé
uniquement en Méditerranée orientale en Israël et en Turquie [2], [3]. Nous
avons récolté massivement cette espèce (139 individus) en octobre 2009, à
Boughrara, sous les pierres à des profondeurs n’excédant pas 1,5m. La taille des
spécimens se situe entre 3,8 à 4,2 mm pour les mâles et 2,5 à 2,8 mm pour les
individus femelles.

Fig. 1. Distribution méditerranéenne actuelle de l’amphipode Caprella Scaura
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Caprella Scaura (Templeton, 1836) a été trouvée au cours de la saison estivale
dans les lagunes de Boughrara et des Bibans (juin à septembre 2009). Cet
amphipode euryhalin originaire de l’océan Indien [4], prospère dans les stations
peu profondes, principalement parmi les rhodophycées appartenant aux genres
Gracillaria et Polysiphonia. Un total de 287 spécimens ont été échantillonnés
avec une densité moyenne oscillant entre 7 et 24 individus/m2. C’est une espèce
des communautés "fouling" occupant de nombreux habitats comme la végétation
marine et les bryozoaires du genre Bugula [5]. Cet amphipode a été uniquement
signalé dans plusieurs régions des côtes européennes dont la lagune de Venise
[6], [7]. Nous le mentionnons pour la première fois sur la rive Sud de la
M éditerranée (Fig. 1).
Maera hamigera (Haswell, 1880). Cette espèce a été récemment trouvée au
niveau des côtes libyennes [8]. Nous avons récolté dans la lagune des Bibans
quelques rares spécimens (11 individus) associés aux amphipodes lessepsiens
Elasmopus pectenicrus et Stenothoe gallensis.
Anilocra pilchardi est un isopode, cymothoïdae parasite. Il a été récolté lors de
nos prospections sur de nombreuses espèces ichtyologiques autochtones et
exotiques pêchées dans les lagunes de Boughrara et des Bibans. Les poissons
hôtes pour cet ichtyoparasite sont nombreux. Nous l’avons trouvé fixé par ordre
décroissant de préférence sur les mugilidae (Chelon labrosus et liza saliens), sur
les Sparidae (Diplodus sargus et Boops boops), sur les Clupéidae (Sardina
pilchardus et Sardinella aurita) et sur l’Hemiramphidae Hemiramphus far. Ce
parasite hématophage non spécifique a été signalé seulement en Méditerranée
orientale (côtes libanaises) [9]. Cet isopode semble bien acclimaté et se reproduit
dans son nouveau biotope (tous les stades ont été observés, adultes, sub-adultes
et femelles ovigères).
La faune marine tunisienne montre des modifications importantes qui se
traduisent par l’introduction et l’acclimatation massive d’espèces non indigènes,
surtout d’origine lessepsienne. Ce phénomène de bioinvasion s’est accéléré lors
des dernières décades probablement en relation avec le réchauffement des eaux
marines et l’intensification du trafic maritime.
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Abstract
Une étude de la biodiversité faunistique associée à la Chromobionte, endémique de la Méditerranée, Cystoseira stricta, de la région
de Tipaza a été effectuée au niveau de l'étage infralittoral supérieur de quatre sites. Elle a permis d'identifier 117 esp èces
quantitativement dominées par les Crustacés.
Keywords: Endemism, Algae, Bio-Indicators, Zoobenthos, Biodiversity
Introduction
L’espèce Cystoseira stricta constitue l’élément fondateur d’un écosystème
remarquable de l’infralittoral supérieur ; cette espèce est directement soumise à
l’impact anthropique croissant dans la région d’étude. L’analyse de la
biodiversité qui le compose est un outil appréciable pour la caractérisation du
milieu marin et de sa biosurveillance. L’intérêt porté sur l’étude de la faune
associée aux Cystoseires est nouveau en Algérie. Cette étude concerne 4 sites
de référence de la région de Tipaza : Ain Tagourait, Anse de Kouali, Anse des
Carrières et El Hemdania ; ces zones sont considérées comme étant d’intérêt
stratégique majeur pour la conservation et la protection de la diversité
biologique marine. Les objectifs sont la localisation et une meilleure
connaissance de l’identité et de la structure de cette biocénose formée par une
espèce méditerranéenne endémique et vulnérable [3].

premier site étant situé à proximité d’un complexe touristique, le second près
de oued Nador (effluents importants du bassin versant). L’analyse des
groupes trophiques a révélé la nette prépondérance des brouteurs.
Les valeurs des indices de diversité (Shannon, H’ et Equitabilité, E) et les
DRF révèlent un peuplement diversifié qui tend à l’équilibre.
Pour les principales espèces, la présence de certaines espèces a permis
d'évaluer la situation écologique des sites étudiés. Ainsi, le Crustacé
Elasmopus pocillimanus est dominant à El Hemdania où il supplante le
Crustacé de mode agité Hyale pontica, témoignant probablement d’une affinité
pour des eaux moins agitées. Les données concernant les peuplements
infralittoraux superficiels, entre autre le peuplement à Cystoseira stricta (mode
battu) ont mis en évidence que Jassa falcata affectionnait probablement les
zones à fort hydrodynamisme et non les zones polluées au sens strict. Dans
cette étude, Jassa falcata est une espèce fréquente au sein des peuplements à
Cystoseira stricta, la dominance de Jassa falcata varie entre 1,08% (El
Hemdania) et 2,59% (Anse de Kouali 3).

Matériels et méthodes
Les denses recouvrements de Cystoseira stricta observés au niveau de la zone
infralittorale supérieure des quatre stations d’études ont été investis. Une
surface homogène de 2m2 par saison (été/hiver) et par station a été délimitée
pour les 5 réplicats (20X20cm). Un grattage jusqu’à la roche a été effectué. Le
tri du macrobenthos s’est fait sur tamis à mailles d’1mm de diagonale. La
biomasse sèche des Cystoseires, par mètre carré, a été estimée pour chaque
site.

Conclusion
L’espèce Cystoseira stricta est une espèce à forte valeur patrimoniale, c’est un
atout de classification des zones où elle a été identifiée dans le rang d’espaces
d’intérêt prioritaire de protection ; ses biomasses importantes, comparables à
celles enregistrées dans d’autres régions méditerranéennes, justifient encore
plus la vulnérabilité et la grande valeur écologique de ces sites. L’intérêt des
peuplements qui lui sont associés et leur étude est démontré par la richesse
spécifique importante qu’ils recèlent, mais aussi par la particularité de cette
faune qui permet de caractériser le milieu du point de vue hydrodynamique
(mode battu) et du degré de salubrité. Si les espèces indicatrices d’eaux pures
sont dominantes au sein de ces sites, il n’en demeure pas moins que des
espèces sentinelles indicatrices de perturbations contribuent fortement au
peuplement faunistique à l’Anse des Carrières et à l’Anse de Kouali,
constituant un premier signal d’une altération de l’écosystème. Pour la
conservation des types d'habitats marins naturels et remarquables et sur la
base des critères méditerranéens, des fiches techniques d'évaluation écologique
ont été établies pour chaque site. Ces fiches synthétisent les données
scientifiques recueillies avec pour finalité de fournir des documents de prises
de mesures de protection et de conservation à l'usage des gestionnaires.

Résultats et discussions
Les biomasses sèches moyennes des Cystoseires ont été estimées entre 2344
et 3460g MS/m2, avec des densités supérieures en été. Bellan-Santini, (1969)
[1] estimait cette biomasse moyenne à environ 2 200g MS/m2 à Marseille. Un
total de 117 espèces a été recensé en association à Cystoseira stricta au niveau
des quatre sites étudiés. Un nombre total de 8 485 individus est noté, ils sont
répartis en 39 espèces de Crustacés, 37 de Mollusques, 23 de Polychètes, 5
d’Echinodermes, 6 de Cnidaires, 3 de Sipunculidés, 2 de Spongiaures, une de
Némerte et une espèce indéterminée de Bryozoaire. Le nombre d’espèces le
plus important a été enregistré à l’Anse de Kouali (78 espèces), suivi d'Ain
Tagourait (71 espèces), d’El Hemdania (63 espèces) et enfin de l’Anse des
Carrières (61 espèces). Cette analyse de la biodiversité met en évidence une
richesse spécifique relativement importante au sein des peuplements à
Cystoseires, particulièrement ceux à Cystoseira stricta. Selon Bellan-Santini
[1], les conditions d’hydrodynamisme intense favorisent le développement
d’une faune importante qui trouve « refuge » au sein du peuplement à C.
stricta. Il considère que ce peuplement de mode battu ne permet le
développement que d’espèces fortement adaptées à ce type de biotope, d’où
sa relative pauvreté du point de vue qualitatif.
Le groupe zoologique dominant est celui des Crustacés au niveau de toutes les
stations. Néanmoins, les sites d'Ain Tagourait et d’El Hemdania présentent les
dominances les plus élevées (supérieure à 60%) pour ce groupe. Les stations
Anse de Kouali 3 et Anse des Carrières ont respectivement des dominances
de 59,43% et 58,44%. Bellan-Santini [4] indique qu’une richesse spécifique et
des dominances quantitatives élevées en Crustacés reflètent un milieu salubre
et des eaux pures. L’auteur fixe une barrière moyenne de 15 espèces à cette fin.
D’un point de vue spécifique, les résultats obtenus dans cette présente étude
indiquent des milieux relativement salubres, avec plus de 18 espèces par site.
Le groupe écologique regroupant les espèces d’Algues Photophiles (AP)
domine largement la macrofaune. L’analyse a révélé la présence de 9 espèces
communes aux quatre sites dont 4 sont particulièrement importantes. Les
Crustacés caractéristiques des eaux pures et agitées Hyale pontica, et à
moindre degré Caprella liparotensis, dominent pratiquement au niveau de tous
les sites. La Polychète opportuniste Platynereis dumerilli, espèce sentinelle
selon Bellan [2] , est fortement représentée aux sites Anse de Kouali 3 et Anse
des carrières témoignant d’une relative altération de la qualité des eaux ; le
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AGE, CROISSANCE ET REPRODUCTION DU SAR COMMUN DIPLODUS SARGUS SARGUS (SPARIDAE)
DES COTES DE L'EST ALGERIEN
Wafa Benchalel 1* and Mohamed Hichem Kara 1
1 Laboratoire bioressources marines, Université Badji-Mokhtar, Annaba, El Hadjar, 23000 Algérie - wafachalel@yahoo.fr
Abstract
L'age, la croissance et la reproduction sont étudiés chez le sar commun Diplodus sargus sargus (L., 1758) des côtes Est de
l'Algérie. La lecture des otolithes de 241 individus a permis de d éterminer les paramètres de croissance par le modèle de Von
Bertalanffy. La relation liant le poids à la taille est globalement isométrique. L'activité sexuelle a lieu de janvier à mai et la ponte au
printemps (mars à mai). La première maturité sexuelle est acquise à partir d’une longueur totale (Lt50) de 20 cm, quel que soit le sexe,
et correspond à un âge d'environ 4 ans.
Keywords: Fishes, Algerian Basin, Growth, Reproduction
Introduction
Diplodus sargus sargus (L., 1758) est un poisson démersal assez commun et
largement répandu dans l'ensemble du bassin méditerranéen [1]. De bonne valeur
commerciale, il est très recherché par la pêche locale et joue un rôle écologique
important au sein des écosystèmes côtiers qu’il occupe. Cette étude fournit les
premières données sur l’âge, la croissance et la reproduction de D. sargus
sargus sur les côtes Est de l’Algérie.

Tab. 1. Longueurs retro-calculées chez Diplodus sargus sargus des côtes de
l'Est de l'Algérie

Matériel et méthodes
Un total de 241 individus (143 mâles et 98 femelles), de longueur totale
comprise entre 11,2 et 34,6 cm et de poids total allant de 20,2 à 746 g,
provenant de la pêche aux filets maillants, sont examinés. La détermination de
l’âge est réalisée par otolithométrie. La longueur totale correspondant à chaque
âge est rétro-calculée par la méthode de Lee [2]. Les croissances linéaire et
pondérale sont ajustées au modèle de Von Bertalanffy [3]. Les paramètres L∞ , K
et to sont déterminés par le programme Fisat II (version 1.2.2). La croissance
relative est établie entre la longueur totale (Lt en mm) et le poids éviscéré (Pe en
g) [4]. La relation taille-poids porte sur 440 individus (178 femelles et 262
mâles). La période de reproduction est déterminée pour les mâles (N = 262) et
les femelles (N = 178) à partir de l’évolution du rapport gonado-somatique
(RGS). La taille à la première maturité sexuelle est estimée.
Résultats et discussion
L’analyse des variations mensuelles de l’allongement marginal des otolithes chez
les différents groupes d’âge, montre l’individualisation d’un seul anneau d’arrêt
de croissance par an et se forme en juin. Les tailles des sars aux différents âges
sont rétro-calculées, en tenant compte de l’existence d’une corrélation
significative entre la longueur totale du poisson et le rayon de son otolithe (r =
0,897, p ≤ 0,01). L’âge maximum des poissons péchés est de 10 ans (tab. 1). La
croissance linéaire absolue est exprimée comme suit:
Femelles:
Lt = 354,1 ()1-e - 0,160 (t + 0,605))
M âles:
Lt = 351,4 (1-e - 0,161 (t + 0,427))
Sexes confondus: Lt = 363,9 (1- e - 0,154 (t + 0,488))

Fig. 1. Évolution mensuelle du RGS chez les femelles, les mâles et les sexes
confondus de Diplodus sargus sargus des côtes de l’Est de l’Algérie

La relation liant le poids éviscéré du poisson à sa taille est isométrique chez les
deux sexes confondus, chez les mâles et chez les femelles:
Femelles:
Pe =2,720.10-5 Lt 2,945
M âles:
Pe =1,900.10-5 Lt 3,009
Sexes confondus: Pe =2,240.10-5 Lt 2,987
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Le suivi mensuel des valeurs moyennes du rapport gonado-somatique (fig. 1)
montre que la reproduction de D. sargus sargus se déroule entre janvier et mai.
Les valeurs maximales du RGS marquant la maturation des gonades sont
enregistrées en mars (3,864) pour les femelles et en avril (4,443) pour les mâles.
Cette période est identique à celle déterminée dans le golfe de Tunis [5]. Le sar
commun se reproduit à partir d’une longueur totale (Lt50) de 20 cm chez les
femelles et 20,2 chez les mâles, ce qui correspond à un âge d’environ 4 ans.
Cette taille est de 21 cm dans le golfe de Tunis.
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IMPACT DES CHANGEMENTS CLIMATIQUES ET DES ESPECES EXOTIQUES SUR LA BIODIVERSITE ET
LES HABITATS MARINS AU LIBAN
Ghazi Bitar 1*
1 Faculté des Sciences, Université libanaise - ghbitar@ul.edu.lb
Abstract
Le changement climatique du bassin levantin et en particulier au Liban est un fait incontestable. Le Canal de Suez et le réchauffement
global sont essentiellement à l’origine de l’arrivée et de l’établissement des espèces exotiques et par suite au changement biotique
dans la région. Ces espèces à affinité tropicale ont contribué à la restructuration des peuplements et ont réussi à former des faciès
particuliers. Plusieurs espèces y sont bien établies et présentent un comportement d’espèces envahissantes.
Keywords: Global Change, Species Introduction, Eastern Mediterranean
Introduction Depuis 78 ans, Gruvel [1] a souligné la présence en
M éditerranée orientale d'espèces « lessepsiennes » en provenance de Mer
Rouge, mais ne mentionne pas l'influence de ces espèces d'affinité chaude.
Probablement, le rôle de ces espèces dans la structuration des biocénoses
indigènes (surtout benthiques) n'était pas encore significatif. En vue des
connaissances progressives des habitats marins, la côte Levantine et en
particulier celle du Liban représente un domaine intéressant d'étudier les
changements biotiques liés à la «tropicalisation» de la Méditerranée et aux
espèces introduites qui ont augmenté au dépens des espèces indigènes [2].
Matériel et méthodes Depuis 1991, nous avons prospecté
systématiquement la côte libanaise en plongée, en effectuant des relevés
visuels et en prélevant des échantillons. Plusieurs campagnes de plongées
intensives inspirées par la même motivation (faire progresser l'inventaire de la
biodiversité, relever les incidences des activités humaines et en particulier
l’impact des espèces exotiques) ont eu lieu dans le cadre de la coopération
libano-française et libano-espagnole. La reconnaissance visuelle immédiate des
communautés a été complétée par des photographies sous-marines et par
prélèvements d’organismes, entre les hauts niveaux et 67 m de profondeur.
Etat des lieux Le changement climatique en Méditerranée est un fait
incontestable. Des séries d’enregistrements de température à long terme ont
démontré pour la Méditerranée Nord Occidentale une tendance au
réchauffement de l’ordre de 1°C. De même des événements extrêmes comme
ceux des étés 1999 et 2003 ont aboutit à des mortalités massives d’invertébrés
de substrats durs [3]. Au Liban, les études de l’impact du changement
climatique sur la vulnérabilité des écosystèmes marins sont peu nombreuses et
fragmentaires. Des séries temporelles de 4 ans (1999 à 2002) ont montré des
différences interannuelles ainsi qu’un changement de niveau de la thermocline
[4]. L’impact du changement global en Méditerranée orientale est plus ancien
qu’en Méditerranée occidentale vu que le régime thermique y est beaucoup
plus élevé. On a souligné, Il y a 45 ans, une fréquence élevée des espèces à
affinité chaude dans le bassin levantin sans mentionner l'influence des espèces
exotiques de la Mer Rouge [5]. Probablement, le rôle de ces espèces dans la
structuration des biocénoses de la Méditerranée n'était pas encore significatif.
Dans les parties les plus chaudes de Méditerranée comme la côte libanaise, les
altérations des écosystèmes, les mortalités et la disparition des espèces
sensibles au réchauffement se sont produites il y a longtemps. Les gorgones
qui ont été signalées au Liban il y a plus de 75 ans [1], ne sont plus citées dans
la littérature au moins dans les 60 premières mètres. La moule Mytilus
galloprovincialis est remplacée par l’espèce exotique Brachidontes pharaonis.
L’herbier Posidonia oceanica n’est plus vu au Liban depuis 1977
(observations personnelles). Cet herbier est remplacé par les herbiers de
Cymodocea nodosa et Halophila stipulacea. Pour les poissons herbivores, les
deux espèces lessepsiennes Siganus rivulatus et S. luridus sont en cours de
remplacer le poisson local Sarpa salpa. Le crabe Charybdis helleri devient de
plus en plus abondant aux dépens des Eriphia verrucosa, Pilumnus hirtellus et
Pachygrapsus marmoratus. L’arrivée des espèces exotiques est due en grande
partie à la tropicalisation et à leur capacité de résistance plus importante que
celle des espèces indigènes sans oublier la place disponible. Actuellement,
parmi plus de 25 principaux habitats (de la surface jusqu’à 45 m), il y en a 18
qui sont formés d’espèces exotiques dont 4 (soulignées) sont envahissantes:
Brachidontes pharaonis, Pomatoleios kraussii, Caulerpa scalpelliformis,
Ganonema farinosum, Macrorhynchia philippina, Oculina patagonica,
Cerithium scabridum, Phallusia nigra, Spondylus spinosus, Chama pacifica,
Herdmania momus, Galaxaura rugosa, Stypopodium schimperi, Caulerpa
racemosa var. lamourouxii, Codium taylorii, Halophila stipulacea,Strombus
decorus et Codium sp. groupe repens [2, 6 et observations personnelles]. La
capacité de résistance des espèces exotiques est expliquée par leur pouvoir de
s’installer en mer, à des profondeurs différentes (y compris les ports, les
grottes et les salissures), aussi bien dans les zones propres et polluées (e.g. C.

pacifica, S. spinosus, Pinctada radiata, S. decorus, P. Kraussii, Synaptula
reciprocans, P. nigra, H. momus, Symplegma brakenhielmi et C. helleri). Le
réchauffement d’origine anthropique peut avoir des affections et des
conséquences visibles sur les écosystèmes et sur les espèces aussi bien
indigènes et exotiques. C’est le cas du blanchissement et parfois la disparition
dans plusieurs localités libanaises des coraux Oculina patagonica. Plusieurs
espèces et certains écosystèmes sont souvent déjà fragilisés par les pollutions
et/ou la surexploitation et la fragmentation des habitats. Ils peuvent ainsi
présenter une très grande sensibilité à un changement du climat. C’est le cas
des espèces menacées qui deviennent de plus en plus rares : Hippospongia
communis, Spongia spp., Charonia lampas, Charonia tritonis variegata,
Tonna galea, Stramonita haemastoma, Pinna nobilis, Sabella spallanzanii, et
Cystoseira amentacea. Il convient de rappeler que certaines conséquences des
changements climatiques et de l’expansion des espèces envahissantes seront
irréversibles, et que, dans certains de ces cas, il n’existe donc pas de réduction
de la vulnérabilité. C’est là un risque important tout particulièrement pour la
biodiversité marine. On est donc en train d’assister à un bouleversement de la
géographie du climat et des biocénoses en Méditerranée et en particulier dans
sa partie levantine, conditionnant des déplacements dans l’espace des espèces
leur permettant de se maintenir dans des conditions environnementales
propices à leur croissance et leur reproduction. A titre d’exemple les poissons
Thalassoma pavo et Diplodus cervinus cervinus qui sont devenus communs
en Méditerranée nord occidentale [3].
Conclusion et perspectives Le fait que le réchauffement global et l’arrivée
des espèces exotiques affectent le bassin levantin en général et la côte libanaise
en particulier et contribuent à des changements biotique et bionomique, il est
nécessaire d’élaborer des plans d’action nationaux et régionaux afin de bien
contrôler et suivre la répartition de ces espèces en relation avec le
réchauffement global. Une évaluation complète de la vulnérabilité de la côte et
des écosystèmes marins ainsi que des études sur les mesures d’adaptation sont
nécessaires pour faire face à l’impact du changement de climat. Les séries
temporelles de la température, doivent être poursuivies dans le temps et sur
une longue période pour qu’ils s’intègrent dans le cadre du changement
climatique et par suite des scénarios de projection. En ce sens, la côte libanaise
représente un biotope intéressant pour étudier les changements liés à la
"tropicalisation" de la Méditerranée et aux espèces exotiques (introduites ou
migratrices à travers le Canal de Suez) surtout que les connaissances des
communautés benthiques et ichthyologiques ont progressivement augmenté.

References
1 - Gruvel A., 1931. Les Etats de Syrie. Richesses marines et pluviales. Soc.
Edit. Géogr. Marit. et Colon., Paris, 453p.
2 - Bitar G., Ocana O., & Ramos-Espla A., 2007. Contribution of the Red sea
alien species to structuring some benthic biocenosis in the Lebanon coast
(Eastern Mediterranean). Rapp. Comm. Intern. Mer Médit., 38, p. 437.
3 - Pérez T., 2008. Impact des changements climatiques sur la biodiversité
marine et côtière en Méditerrranée. UNEP-MAP-CAR/ASP (N°
27/2007/RAC/SPA), Tunis : 58 p.
4 - Abboud-Abi Saab M., Romano J.C., Bensoussan N., Fakhri M., 2004.
Suivis temporels comparés de la structure thermique d'eaux côtières libanaises
(Batroun) et françaises (Marseille) entre juin 1999 et octobre 2002. C.R.
Geoscience 336 : 1379-1390.
5 - Pérès, J.M., Picard, J. 1964. Nouveau manuel de bionomie benthique de la
Mer Méditerranée. Rec. Trav. St. Mar. Endoume, 31(47): 1-133.
6 - Bitar G., Harmelin J.G., Verlaque M., Zibrowius H., 2000. Sur la flore
marine benthique supposée lessepsienne de la côte libanaise. Cas particulier de
Stypopodium schimperi. Mednature 1, RAC/SPA, PNUE: 97-100.

452
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)
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Abstract
By analysing the isotopic composition of the cultured fish Dentex dentex and Argyrosomus regius, filter feeders and their food
sources, it was demonstrated that unassimilated food sources could be reduced by using associated filter feeders in an integrative
aquaculturemultitrophic method. This assessment has demonstrated a reduction of waste fluxes to the benthic compartment linked
with the Mytilos galloprovincialis culture mixed with fish cages.
Keywords: Aquaculture, Balear Sea, Bivalves
Introduction
The rapidly increase of marine aquaculture to global sea food supplies implies
changes in energy and nutrient fluxes of marine fish farming, impacting on
benthic ecosystems by uneaten pellet food and faecal pellets (as the main
components of particulate organic matter, POM) affecting habitats and
communities such as the seagrass Posidonia oceanica (L.) communities [1]. A
multitrophic system to reduce the impact of fish farm cages on the water and
communities around cages is a possible solution, including primary sources of
organic matter, filter feeders and consumers.
Materials and Methods
Fifteen cultivated specimens of Dentex dentex (Linnaeus, 1758), nine of
Argyrosomus regius (Asso, 1801) and the bivalves Mytilus galloprovincialis
(Lamarck 1869) and Chlamys varia (Linné 1758) were analysed to measure
carbon and nitrogen isotope ratio and compared to the food sources supplied.
Plankton and the particulated and sedimented organic matter were acidified by
adding HCl 2N.
Results and Discussion
The comparision of the fish species and the filter feeders studied and their food
sources was showed in figure 1. The percentage contribution of each source to
each stable isotope composition (Mixing Models, Isosource, Fig. 2) indicates
that filter feeders feds on fish farm wastes and presents some variability in the
constancy at the bivalves, which could be related to the physiological and
biochemical mechanisms occurring through the trophic increase in d15N values,
and to food selectivity [2]. The additional potential input of organic matter into
the system by the excretion of faeces and pseudofaeces associated to filter
feeders would not have affected the water-column material neither sediment
deposition, as it has been demonstrated [3] according to current velocities in the
vicinities of the aquaculture station. Furthermore, it has been documented
[4] that the association of Mytilus galloprovincialis with fish farm cages has a
greatly profit from the aquaculture by the increasing mussel size and a reduction
of the duration of the production cycle, which has been also demonstrated with
the CI values of the bivalves of the present work.

Fig. 2. Isosource analyses of the different compartments. Percentage
contribution of the different sources to carbon and nitrogen stable isotopes for
Dentex dentex (A), Argyrosomus regius (B), filter feeders (C) and POM (D).

References
1 - Holmer, M., Marba, N., Diaz-Almela, E., Duarte, C. M., Tsapakis,
M.,Danovaro, R., 2007. Sedimentation of organic matter from fish farms in
oligotrophic Mediterranean assessed through bulk and stable isotope (d13C and
d15N) analyses. Aquaculture, 262: 268-280.
2 - Lojen, S., Spanier, E., Tsemel, A., Katz, T., Eden, N., Angel, D. L., 2005.
d15N as a natural tracer of particulate nitrogen effluents released from marine
aquaculture. Mar Biol, 148: 87-96.
3 - Gibbs, M.T., 2007. Sustainability performance indicators for suspended
bivalve aquaculture activities, Ecol Indic, 7: 94–107.
4 - Peharda, M., Župan, I., Bavcevic, L., Frankic, A., Klanjcek, T., 2007.
Growth and condition index of mussel Mytilus galloprovincialis in experimental
integrated aquaculture. Aquacul Res, 38: 1714-1720.

Fig. 1. Distribution of carbon and nitrogen stable isotope ratios (mean ± S.E.M.)
among the different samples for organic matter fluxes. Food sources (grey
squares), filter feeders and occasional species (white triangle), pellet food (grey
circle) and cultured fish (white rhombus) are shown.
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Abstract
The present work test fish-scale sampling as a non-lethal technique for trophic level assessment instead of muscle isotopic
determinations in fishes Dentex dentex, Argyrosomus regius and Xyrichtys novacula. The isotopic offset (Δ13Cand Δ15N) between
muscle and scales indicate that the application of scales instead of muscle allow to apply non -lethal methods on isotopic studies
regarding fish species for conservation purposes. This technique has been proven to be appropriate for trophic studies of fishes at
marine protected areas
Keywords: Carbon, Food Webs, Trophic Relations
Introduction
Stomach content analysis provides information on recently ingested food
sources while stable isotope analyses, particularly carbon and nitrogen, provides
information on the long-term diets of organisms. Environmental conditions
preserve chemical recording in animal tissues [1]. The analysis of different
tissues gives the advantage of revealing the timescale needed to assimilate a new
nutrient source [2]. Studies on fish tissue-diet isotope offset of endangered or
protected fish species allows us to focus on conservation management.
Material and Methods
Fishes Dentex dentex, Argyrosomus regius and Xyrichtys novacula were selected
owing to their wide distribution in Mediterranean waters, their economic
importance and their value in the recreational fisheries of the Balearics. Isotopic
composition (δ13C and δ15N) of white muscle and scales of Dentex dentex,
Argyrosomus regius and Xyrichtys novacula are represented in Figure 1.

presented a constancy in the offset values (enriched 3.02 ± 0.06‰ for 13C and
depleted 0.91 ± 0.14‰ for 15N). A. regius and X. novacula presented a linear
regression (13C enrichment of 2.27 ± 0.07‰ and 2.52 ± 0.04‰ and 15N
depletion of 1.69 ± 0.06‰ and 0.96 ± 0.03‰, respectively). The present work
has yielded a correction factor for isotopic analyses that may be applied to
marine fish species Argyrosoums regius andXyrichtys novacula. The constancy
in isotopic offset values of the farmed fish Dentex dentex (with a linear
regression close to R2 = 0; Figure 2) was related with the straight length values
of the sampled individuals. Those results implie that lethal sampling is
unnecessary, since other non-lethal tissues can provide a measure of the δ13C
and δ15N signatures without affecting abundances by removing resources from
the ecosystem or reducing their gene pools [3].

Fig. 2. Isotopic offset for δ13C (A) and δ15N (B) between free-bone white
muscle and scales from Dentex dentex, Argyrosomus regius and Xyrichtys
novacula

Fig. 1. Distribution of carbon and nitrogen stable isotope ratios (δ13C and δ15N)
of farmed Dentex dentex (n = 20), farmed Argyrosomus regius (n = 9) and wild
Xyrichtys novacula (n = 41), significant differences (p < 0.001) observed
between tissues. Squares represent free-bone white muscle and rhombuses
represent fish scales.
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Results and Discussion
The present work shown significant correlation between stable isotope muscle
tissue and scales signatures in A. regius (p < 0.01) and in Xyrichtys novacula (p
< 0.001). No correlation was found in the muscle and scale stable isotope
signatures of Dentex dentex. Nonetheless, all the species sampled showed
significant differences between muscle and scale stable isotope (δ13C and δ15N)
signatures (Paired t-test, p < 0.01). Tissue offset of 13C and 15N values derived
from isotopic analyses of D. dentex did not varied significantly (Figure 2) and
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CHANGES IN THE CILIATE COMMUNITY OF EUTROPHICATED VRANJIC BASIN (MIDDLE ADRIATIC
SEA) DURING 2004-2005
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Abstract
Temporal variability in ciliate abundances was investigated in eutrophicated Vranjic Basin (middle Adriatic), before and after
activation of new sewage system. The differences were evident in the absence of nonloricate summer peak and reduction of average
nonloricate and tintinnid abundances in 2005, 2.3 and 1.9 times, respectively. The distinction in tintinnid taxonomical composition
between years was not noticed.
Keywords: Adriatic Sea, Density, Eutrophication, Zooplankton
The effects of eutrophication in the Kaštela Bay, primarily in the
phytoplankton community, were first observed at the end of seventies. Since
the end of 1980, summer “red tide” blooms have occurred regularly [1], causing
occasional mortalities to shellfish and demersal fish. These biological changes
were accompanied by oxygen supersaturation in the surface and hypoxia in the
bottom layers. After the activation of modern sewage system in November
2004, disappearance of nutrient and oxygen extremes, decrease in bacterial and
phytoplankton abundance and production, and re-establishment of the
phytoplankton regular seasonal cycle were recorded [2].
In the Vranjic Basin the ciliates are an important zooplankton fraction,
characterised by high biomass and intensive population dynamics [3]. As a
result of their short generation time, they respond almost instantaneously to
various environmental fluctuations and can act as stabilizers of the watercolumn community [4]. Therefore the aim of this study was to investigate
possible changes in nonloricate (NLC) and tintinnid (TIN) assemblages after the
activation of new sewage system.
Monthly samples were collected at one station located in the Vranjic Basin (43°
31.9'N; 16°27.2'E) in the middle Adriatic Sea, from January 2004 until
November 2005, at 5 m depth intervals between the surface and bottom (15 m),
using 5 l Niskin bottles. The plankton material was preserved and prepared for
microscopic analysis as described in the reference [3].
Average column ciliate density values in the Vranjic Basin in 2004 ranged from
404±131 (December) to 2510±1638 ind.L-1 (May), while the oscillations in
2005 decreased by the factor 2.2, ranging from 75±54 (January) to 829±249
(September). Temporal variability was primarily due to changes in NLC
community (r=0.95; p<0.0001; N=67), representing 34.0-96.4% of the total
ciliate abundance.
The most prominent feature of NLC seasonal dynamics was the occurrence of
three peaks in 2004, and two in 2005 (figure 1). Unlike the spring and autumn
increases recorded in both years, the summer maximum was not found in 2005.
During the whole investigated period, the highest average abundance values of
1545±1350 and 575±283 ind.L-1 were recorded in May, while autumn maxima
were somewhat less pronounced. Apart from the high TIN abundances recorded
in spring 2004, with the average column values of 966±593 ind.L-1 in May, TIN
concentrations did not vary significantly during the rest of sampling period
(figure 1).

In both sampling years the NLC vertical distribution was characterised by quite
homogenous distribution during the isothermal conditions. However,
temperature stratification caused the redistribution of NLC, with the maximum
in surface layers, particularly in May 2004 (3389 ind-L-1 at 0 m). The exception
was noted only in October 2004, when majority of NLC migrated to 10 m depth
(2176 ind-L-1). Apart from the hydrographical properties of the Basin, vertical
distribution of TIN was related to their taxonomical structure. Among 44
determinated TIN species, statistical analysis extracted Favella ehrenbergii,
Codonellopsis schabi, Tintinnopsis beroidea and Helicostomella subulata as
discriminator species that contributed to dissimilarities between the sampling
years with 23.4%.
Although the differences in ciliate abundances between 2004 and 2005 were not
significant (p=0.0592), the distinction was clearly evident in the absence of
NLC summer peak and reduction of average NLC and TIN abundances in 2005,
2.3 and 1.9 times, respectively [3, 5]. The differences in TIN taxonomical
composition between years were not evident.
Future long-term investigations of the trophic relationships within microbial
food web and interactions with abiotic environmental factors are needed for
better explanation and understanding of ciliate role in this eutrophic marine
ecosystem.
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Fig. 1. Seasonal distribution of ciliates in the Vranjic Basin during the 2004-2005
(NLC, nonloricate ciliates; TIN, tintinnids)

455
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

ON THE PRESENCE OF CLAVELLA STELLATA (COPEPODA:LERNAEOPODIDAE) (KROYER 1838) IN THE
EUROPEAN HAKE (MERLUCCIUS MERLUCCIUS) (L.1758)
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Abstract
The aim of the present study is to assess the presence of Clavella stellata in Merluccius merluccius from the southern Tyrrhenian
Sea. 859 specimens of European hake, coming from two experimental trawl surveys, were examined for the occurence of copepods.
Clavella stellata was found in the buccal cavity (76) and gills (2) of 78/859 (9.08%) of hakes.
Keywords: Fishes, Parasitism, Copepoda
Clavella
stellata belonging to the Family Lernaeopodidae (Copepoda,
Siphonostomatoida) is a poorly studied copepod. This family is characterized
by a sharp sexual dimorphism. Adult females are attached by a permanent
anchorage organ, the bulla. This is produced in the frontal region of the
cephalotorax (1). Male lernaeopodids are dwarf, and they are usually attached to
the females. Males die after copulation (2). The aim of the present study is to
assess the presence of C. stellata in Merluccius merluccius from the southern
Tyrrhenian Sea. Study area is situated in the southernmost part of the
Tyrrhenian Sea. Two experimental trawl surveys were conducted in July and
November 2003. A total of 859 fishes belonging to the species M. merluccius
were caugth. Macroscopical exam was aimed at evaluating the presence of
ectoparasites on the skin, buccal and gills cavities. 10 parasite specimens were
fixed in 70% alcohol solution and clarified by lactophenol for optical
microscopy study. Parasite identification followed Scott & Scott (3) and
Kabata (4). A total of 78 out of 859 (9.08 %) specimens were parasitized, 76 in
the buccal cavity and 2 in the gills (Table 1). Each of the infected fish showed
only one parasite. The examined parasites, all female sex, showed morphologic
features that, according by Scott & Scott (3) and Kabata (4), allowed to classify
the copepods as Clavella stellata (Kroyer, 1838) sin. Anchorella stellata – Fam.
Lernaeopodidae (Figure1) . As far as we know, C. stellata has been described in
the same host in North Sea and Atlantic Ocean (4), but has never been reported
in the Tyrrhenian Sea. Our study does represent the first report of this parasite
in the European hake in this area. From the literature the elective site of C.
stellata is along the rims of the host opercula, although some specimens can be
found between the bases of pectoral fins and occasionally even on the top of the
head (5). The bulla is not embedded in the host tissues, but rather glued to the
surface of scales or to the skin (4). In our observations, parasites were never
localized on the skin; In 76 individuals they were in the mouth and only in 2
subjects in the gills, with the bulla glued to the mucosa.
Tab. 1. Table 1. Number and percentage of infected hakes.

Fig. 1. Macroscopic image of Clavella stellata
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Abstract
The lower limit (31-34 m deep) of the Posidonia oceanica meadow was monitored (2002 through 2008) at Port-Cros Island
(Provence, France, Mediterranean Sea), a national park where the biota and communities are considered to be in pristine condition.
Both shoot density and cover conspicuously declined at the seagrass limit.
Keywords: Posidonia, Monitoring, Phanerogams, Temperature
Introduction
Posidonia oceanica seagrass meadows are utilized as a biological indicator
which allows an overall assessment of the quality of the marine environment
and an evaluation of the efficiency of management policies. Within the PortCros Island national park (Provence, France, Mediterranean), biota and
communities are considered to be in pristine condition. As a result, the P.
oceanica lower limit is expected to be stable, in contrast with many other
Mediterranean localities [1].

unclear.
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Material and Methods
Two sets of 10 cement markers were laid down at the lower limit of the P.
oceanica meadow, i.e. at the boundary between the meadow and the dead matte
or the coastal detritic community (sand) which extends downwards and
offshore. The first monitoring site is localized near La Palud Cove (34 m deep),
on the northern coast of Port-Cros Island. The second one is localized on the
southeastern coast, between Pointe du Vaisseau and Pointe du Tuf (31-34 m
deep). They were established in fall 2002 and 2006 respectively, and then
monitored in fall 2005 and 2008. The P. oceanica shoot density was measured
in the vicinity of each marker by means of a 20 cm x 20 cm frame randomly
placed (three replicates). Shoots were counted within the frame. The cover is
the mean percentage of substrate covered by the P. oceanica meadow
(whatever the shoot density within the meadow or within patches of P.
oceanica); cover was measured according to the method described by
Boudouresque et al. [2].
Results and Discussion
The mean shoot density of the Posidonia oceanica meadow declined from 123
to 48 shoots/m² between 2002 and 2008 at La Palud (Wilcoxon signed-rank
test, p= 0.005; Table 1), at a mean annual rate of reduction of 14%. The bottom
cover declined at an annual rate of 7% at La Palud (2002-2008; p= 0.03; Table
2) and 20% at Vaisseau-Tuf (2006-2008; p= 0.01; Table 2). According to
Pergent et al. (1995) these values fall within the range of "normal densities" for
a pristine meadow at the depths considered (61-285 shoots/m² at 31 m depth,
38-262 at 34 m).
Tab. 1. Change over timeofshoot density (mean number of shoots per m2) of
the P. oceanica meadow.

Tab. 2. Change over time of bottom cover (%) of the P. oceanica meadow.

The decline of shoot density constitutes a harbinger for the withdrawal of the
seagrass meadow limit [3]. The steady retreat of most deep P. oceanica limits
in the northwestern Mediterranean [3], including those of meadows in
supposedly pristine localities, is a worrying feature, the cause of which is
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L. Boudaya 1*, L. Neifar 1, P. Rizzo 2, C. Badalucco 2, A. Bouain 1 and F. Fiorentino 2
1 National Council of Research Institute for Marine Coastal Environment , Mazara del Vallo, Italy

2 FLaboratoire de Biodiversité et Ecosystèmes aquatiques, Faculté des Sciences de Sfax, Tunisia - l_boudaya@yahoo.fr

Abstract
A total of 768 specimens of Chelidonichthys lastoviza was collected from landings of bottom trawlers between January 2003 and
November 2004. The total length ranged from 12 to 22 cm in females and from 13 to 19 cm in males. Marginal increment analysis of
otoliths showed that the translucent zone was laid from November to April and the opaque zone laid from May to October. Females
were from age group I to V and males from I to IV. Growth parameters of the von Bertalanffy growth function were TL ∞ = 33;
K = 0.13 and t0 = −2.94 in females and TL∞ = 29.84; K = 0.13 and t0 = −3.73 in males.
Keywords: Growth, Gulf Of Gabes
Introduction
Chelidonichthys lastoviza (Bonnaterre, 1788), together with Chelidonichthys
lucerna (Linnaeus, 1758) and Chelidonichthys obscurus (Linnaeus, 1764), are
the main gurnards landed by Tunisian fiheries. The present study aims to
provide information on age and growth, of this species in the Gulf of Gabès
(Southern Tunisia).

4 - Boudaya L., Neifar L. Rizzo P., Badalucco C., Bouain A. and Fiorentino
F., 2008. Growth and reproduction of Chelidonichthys lucerna (Linnaeus)
(Pisces: Triglidae) in the Gulf of Gabes, Tunisia. J. Appl. Ichthyol. 24 : 581–
588.
5 - Ktari-Chakroun F. and Azouz A., 1971: Les fonds chalutables de la région
sud-est de la Tunisie (Golfe de Gabès). Bull. Inst. Océanogr. Pêche. Salambô
2: 5-48.
6 - Pannella G., 1980: Growth pattern in fish sagittae. In: Rhoads D.C, and
Lutz R. A. (eds), Skeletal growth of aquatic organisms: biological records of
environmental changes. Plenum press New York, pp. 519-556.
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Douarnenez. I. La croissance de: Eutrigla gurnardus, Trigla lucerna,
Trigloporus lastoviza et Aspitrigla cuculus. Cybium 9 : 127-144.

Materiel and methods
A total of 768 specimens of C. lastoviza were monthly sampled from January
2003 to November 2004 randomly from the landings of bottom trawlers
operating in the Gulf of Gabès. Total length (TL) and total weight (TW) were
measured to the nearest mm and 0.01g respectively. 674 Sagittal otoliths were
read as whole. Opaque and transparent rings were counted and one opaque
zone with one transparent zone considered as anual growth. Yerly increments
are counted considering the tranlucent zones, which are considered to be laid
down in winter. Growth was expressed through the “classic” model of Von
Bertalanffy. Growth parameters were estimated by non – linear approach as
implemented in the FISAT package [1]. For the sake of comparison, the index
of overall growth performance φ' [2] was used.
Results and discussion
Marginal increment analysis showed that one opaque and one translucent zone
were deposited annually. The translucent zone, corresponding to the period of
slow growth, occurred from November to April while the opaque zone,
corresponding to the period of fast growth, occurred from May to October. A
similar pattern was common among other gurnard species [3,4]. The seasonal
changes observed in the otolith margin maybe related to seasonal fluctuations
in water temperature in the Gulf of Gabès [5]. Nevertheless, the pattern
observed may reflect other environmental changes such as photoperiod and
prey availability, in addition to internal physiological factors as suggested by
Pannella (1980) [6]. Females ranged between 12 to 22cm TL and males
between 13 and 19 cm TL. The age group in the exploited stock varied
between I to IV (males) and V (females). Von Bertalanffy parameter estimates
(table 1) showed that C. lastoviza is a relatively fast-growing and moderately
long-living species, like other gurnads species (3). A comparison of male
(2.06) and female (2.15) φ' values shows that the population of the Gulf of
Gabès had a slow growth performance compared with other populations [7].

Tab. 1. Growth parameters of the Von Bertalanffy growth equation and the
growth performance index (φ’) for C. lastoviza.. (Lt: asymptotic total length;
K: the growth curvature parameter; t0: the theoretical age when total length of
fish is zero)

References
1 - Gayanilo F. C. Jr. , Sparre P. and Pauly D., 1996. FAO-ICLARM stock
assessment tools (FiSAT) user’s manual. FAO computerized information
Series (Fisheries) 8: 126.
2 - Pauly D.and Munro J. L., 1984. Once more on the comparison of growth
in fish and invertebrates. ICLARM Fishbyte 2: 21p.
3 - Colloca F., Cardinale M. and Ardizzone G. D., 2003. Tracing the life
history of red gurnard (Aspitrigla cuculus) using validated otolith annual rings.
J. Appl. Ichthyol. 19:1-9.

458
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

AGE, CROISSANCE ET REPRODUCTION DU BARRACUDA SPHYRAENA VIRIDENSIS (SPHYRAENIDAE)
DES COTES DE L'EST ALGERIEN
Nadjette Bourehail 1*, Raymonde Lecomte-Finiger 2 and Mohamed Hichem Kara 1
1 Laboratoire Bioressources marines, Université de Badji Mokhtar, Annaba, 23000, Algérie - nadjetteb@yahoo.fr

2 UMR 5244 CNRS UPVD EPHE, Centre de Biologie et Ecologie Tropicale et Méditerranéenne, 66860 Perpignan, France

Abstract
L'âge, la croissance et la reproduction sont étudiés chez le grand Barracuda Sphyraena viridensis (Cuvier, 1829) des côtes Est de
l'Algérie. Une clé âge taille et une clé âge poids sont présentées à partir d’un échantillonnage mené sur 683 individus pêchés dans le
golfe d’Annaba. L’analyse des coupes des sagittae a révélé que les âges varient entre 0+ et 9 années. Un dimorphisme sexuel se
manifeste à partir de la quatrième année. La première maturité sexuelle est acquise à partir d’une longueur totale (Lt50) de 62,5 cm
chez les femelles et 59,5 cm chez les mâles.
Keywords: Algerian Basin, Fishes, Growth, Reproduction
Introduction
Sur les côtes algériennes, tous les inventaires réalisés depuis Dieuzeide et al.
[1] indiquent que la famille des Sphyraenidés est représentée exclusivement
par l’espèce Sphyreana sphyraena. Cependant, deux espèces du genre
Sphyraena ont été identifiées dans le golfe d'Annaba, Sphyraena sphyraena et
Sphyraena viridensis [2]. Nous présentons dans ce travail les premières
données sur l’âge, la croissance et la reproduction du Barracuda Sphyraena
viridensis des côtes de l’Est Algérien.

Le coefficient d'allométrie de la relation entre la longueur totale et le poids total
est exprimé par la relation : Pt = 2,099.10-3 Lt3,131. La valeur du coefficient
d’allométrie (b = 3,131) indique une allométrie de croissance majorante.
Le cycle du rapport gonado-somatique (RGS) fournit des indications sur la
periode de ponte (Fig. 2). Le RGS atteint son maximum en avril chez les mâles
(5,606) comme chez les femelles (4,941). Cette espèce est gonochorique,
l’évolution temporelle de son sex-ratio montre une dominance des femelles.

Matériel et méthodes
Au total, 683 individus de longueur comprise entre 18,4 cm à 113 cm,
correspondant à des poids variant de 25,06 g à 6710 g ont été examinés. Ils ont
été récoltés dans les poissonneries de la ville d’Annaba. La détermination de
l’âge est réalisée par otolithométrie. La longueur totale correspondant à chaque
âge est rétro calculée par la méthode de Lee [3]. Les croissances, linéaire et
pondérale, sont ajustées au modèle de Von Bertalanffy [4]. La relation taille
poids W = aLb [5] est établie par sexe et pour l’ensemble de la population. La
sexualité et la reproduction sont analysées à l’aide du sex-ratio SR (% des
mâles), du rapport gonosomatique (RGS) et du rapport hépatosomatique
(RHS). La taille de maturité sexuelle, celle pour laquelle 50 % des individus
sont adultes, est estimée.
Résultats et discussion
La figure 1 montre que la croissance linéaire est très rapide durant la première
année. Son taux annuel diminue ensuite progressivement, surtout à partir de la
troisième année, en raison probablement de l'acquisition de la première
maturité sexuelle. Sur la base des observations et des mesures prises sur les
coupes des otolithes sagitta, une forte corrélation a été déterminée entre le
rayon total de l’otolithe et la longueur totale du poisson (r = 0,87, p ≤ 0,01).
L’équation décrivant la relation longueur totale du poisson (Lt en mm) en
fonction de la longueur du grand rayon de l’otolithe (Rt en mm) est : Lt =
272,33 Rt - 5,51. La méthode de retrocalcul a permis de définir neuf groupes
d’âge dans la population totale, dont les plus représentés sont les groupes 1, 2
et 3.

Fig. 2. Evolution mensuelle du RGS chez les femelles et les mâles de Barracuda
Sphyraena viridensis des côtes de l’Est de l’Algérie

Les tailles de maturité sexuelle sont estimées à partir des observations réalisées
en pleine saison de maturation des gonades (avril - juillet). Les individus,
répartis par classe de 10 mm, sont supposés tous adultes à partir de 625 mm
pour les femelles, de la classe 595 pour les mâles.
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Fig. 1. Croissance linéaire absolue de Sphyraena viridensis (o : femelles, x :
mâles) des côtes de l’Est de l’Algérie
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Abstract
The effects of seasonal variations on the fatty acid composition of the silverside Atherina sp from Kerkennah islands were
determined for a one-year period. The levels of lipid displayed pronounced seasonal fluctuations with the highest values in March. The
increase of the polyunsaturated fatty acids (PUFA) percentage was accompanied with a decrease of saturated fatty acids.
Docosahexaenoic acid and eicosapentaenoic acid were the most abundant PUFA. The percentages of total n-3 fatty acids were
higher than those of total n-6 fatty acids in spring season.
Keywords: Fishes, Islands, Chemical Analysis
Introduction
Atherina is a genus of small inshore fishes with many populations living in
brackish, marine water and fresh water [1]. Like marine food products,
Silverside are valuable sources of nutrients such as lipids. Lipids of marine fish
are rich in n-3 long chain polyunsaturated fatty acids [2], [3], [4] of excellent
nutritional value and beneficial effect on human health, especially
eicosapentaenoic acid (C20:5n-3) and docosahexaenoic acid (C22:6n-3).
Atherina sp is one of the commercially important and highly consumed fish
species in Tunisia especially in the centre and south coast of Tunisia. In view
of these facts, the aim of this study was to determine seasonal variations of
the fatty acid composition and n-3/n-6 ratios of the Silverside which has not
been studied in the area. Materials and methods This study was carried out
in 2008 and samples were obtained in January, March, May, July, September
and November from kerkennah islands (Tunisia). This study was focused on
adult fishes and samples were conserved at -40°C until their analysis. Total
lipids were extracted according to [5] procedures by chloroform/methanol
(2/1) and quantified gravimetrically. A fraction of lipids extract was
transesterificated according to the experimental procedure of [6]. The
comparison of different biochemical parameters were tested using Duncan’s
test (95% confidence interval) with one-way ANOVA.
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Results and discussion
The fat content of the analysed specie shows an important dependency on
season (Table 1) in Silverside, it was minimal in September and November
(2.4–2.2%), and maximal in March and May (4.7%–5.9%). The fatty acid
profile in silverside was typical of marine animals (Table2), with the
dominance of palmitic acid (C16:0) for saturated fatty acids SFA. Also, Oleic
acid (C18:1) was identified as the major monounsaturated fatty acids MUFA,
Docosahexaenoic acid (DHA) (C22:6n-3), linoleic acid (LA) (C18:3) and
eicosapentaenoic acid (EPA) (C20:5n-3) were the most abundant
polyunsaturated fatty acids PUFA. The same data were found by [7], [8]. In
the present study, the significant increase (p <0.05) of the polyunsaturated
fatty acids percentage was accompanied with a decrease of saturated fatty
acids. The observed increase in PUFA is likely due to the preparation of
spawning period. This finding is supported by the fact that the level of PUFA
was lowest both before and just after reproduction [9]. The n-3/n-6 ratio is a
good index for comparing relative nutritional value of fish oils [10]. The
present data show that in all months except September and November, the
percentages of total n-3 fatty acids were higher than those of total w6 fatty
acids. n-3/ n-6 fatty acids ratio in Silverside can be significantly influenced by
spawning and season.
Conclusion
This study has shown that the maximum levels of lipids were reached during
the period of March and May; in contrast, the lowest levels were recorded in
September and November. The Silverside is a suitable item in the human diet
during the spring period in Kerkennah islands when the levels of EPA, DHA
and n-3/n-6 ratio are considered.
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CHARACTERISATION AND SEASONAL VARIATION OF LIPID AND FATTY ACID COMPOSITION OF
COQUINA CLAM, DONAX TRUNCULUS (MOLLUSCA, BIVALVIA) FROM THE GULF OF TUNIS
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Abstract
The lipid content and fatty acid composition of the coquina clam Donax trunculus (Mollusca, bivalvia) sampled from the sandy beach
of Borj Cedria (BC) situated in the Gulf of Tunis (the North Eastern coast of Tunisia) were analysed. Total lipid content in dry weight
was ranged from 4.8 to 7.3 % and the major fatty acids in D. trunculus tissues were palmitic (C16:0), stearic (C18:0),
eicosapentaenoic (EPA) (C20:5n-3) and docosahexaenoic (DHA) (C22:6n-3) acids. In comparison with saturated fatty acids (SFA)
and monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA) constituted the highest proportion during the four
seasons.
Keywords: Bivalves, Physiology
Introduction
Donax trunculus (Linnaeus 1758) (Mollusca: Bivalvia) is an AtlanticMediterranean warm-temperate species. Among bivalves, it is one of the most
harvested clams in the world [1]. Generally, gametogenesis takes place during
winter and spring and gamete emission starts in late spring and continues until
summer. In Tunisia, D. trunculus shows a large distribution with high density
along the sandy beaches especially in the Gulf of Tunis coasts. To the best of
our knowledge, informations concerning the quality requisites of D. trunculus
in lipid and fatty acid composition do not exist. Therefore, the purpose of this
work is to study the natural seasonal variations in lipids and fatty acid
composition of D. trunculus.

Tab. 1. Seasonal variations in lipid (g/100g dry weight) and fatty acid
composition (% of total fatty acids) (means ± standard deviation) in the total
mass of Donax trunculus

Materials and methods
Specimens of D. trunculus were collected at approximately monthly intervals
between July 2004 and may 2005 along the sandy beach of Borj Cedria at a
depth of 50 cm. Total lipid from each sample (six replicates of the whole
animal per season) was extracted with chloroform: methanol (2:1, v/v) [3].
Fatty acids from total lipids were acid catalysed transmethylated [4] and
subsequently analysed by high resolution gas chromatography. Tukey Honest
Significant Differences (HSD) multiple comparisons test was conducted to
determine differences at a significance level of 5 % (p<0.05).
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Results and Discussion
Total lipid content in dry weight of Donax tissues was accumulated especially
during winter (7.37 %) and summer (5.9 %). The variation of lipid content
could be explained by the abundance and quality of the available food in the
Donax environment and by the accumulation or utilization of lipid reserves
prior to gametogenesis.
Results on seasonal variations of the fatty acid composition ,expressed in
percent of total fatty acids, (Table 1) indicate that the major fatty acids in D.
trunculus tissues were C16:0, C18:0, C20:5n-3 and C22:6n-3 acids. Compared
with SFA and MUFA, PUFA constituted the highest proportion. PUFA were
generally low during summer (38.7 ± 2.2%), and high during winter (46 ± 2.2
%, p= 0.00019). SFA varied between 28.8 ± 1.9 % and 34.7 ± 2.4%
respectively during winter and summer. No significant seasonal changes were
observed in MUFA which represent the lowest proportion of total fatty
acids. The seasonal variations of PUFA could hardly be correlated with the
different phases of the annual reproductive cycle of the animals; this may
explain the main function of these fatty acids in gamete formation. During the
period under study, D. trunculus was characterised by high levels of n-3
PUFA (24.5-34.9 %), important in the human diet especially for their
prevention of cardiovascular diseases, low levels of n-6 PUFA (6.4-9.7 %) and
relatively high n-3/n-6 PUFA ratio values (3.5-5.6).
Due to their low lipid and the high percentage of healthy n-3 PUFA especially
in winter and spring, periods of reserve accumulation, we can conclude that D.
trunculus can be considered as a food item with interesting dietetic properties.
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TUNISIAN FISH FAUNA AND THE GLOBAL WARMING
Mohamed nejmeddine Bradai 1*
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Abstract
In Tunisia, 356 species of fish were reported between 1884 and 2009, some for the first time in this work. After a critical review, we
eliminated six species mentioned in the ichthyologic literature. Two others seem dubious but also require a review. They are not
considered in this work. Analysis confirms the subtropical character of Tunisia fish fauna and especially of the Gulf of Gabes and that
this character is accentuating.
Keywords: Biogeography, Fishes, Gulf Of Gabes, Global Change
Introduction
This work updates the Tunisian fish species inventory [1]. It is based on the
new records of species for the Tunisian waters available in the bibliography
(after 2002) and on news observations made during surveying campaigns and
visits to the main landing points.
Material and methods
A grouping of the recorded fish species is given according to their geographic
distribution [2] into: (1) Cosmopolitan (2) Atlanto-Mediterranean (3) Endemic
(4) Indo-Pacific. The following categorisation of the recorded species is also
given: species mainly distributed in cold and temperate waters and species
having affinity for tropical and subtropical waters [2].

Fig. 1. Biogeographic characteristics of the fish fauna of Tunisia.

Results and discussion
According to the data available in 2009, Tunisian fish biodiversity can be
summarized as follows: Petromyzontiformes 1 species, Holocephali 1,
Elasmobranchii 63, Chondrostei 1, Osteichthyes 282 for a total of 348 valid
species belonging to 115 families, 229 genus and 30 Orders. Most species (294
of 348) have an Atlantic origin, 16 species are considered as sub-cosmopolitan
and 25 are endemic to the Mediterranean. The Tunisian coasts are concerned by
marine invaders originating from the tropical Atlantic (8 species) and Indopacific areas (13 species) (fig.1). Species coming from the northern Atlantic are
mainly found in the northern zone, while the Subtropical and Saharian species
are mainly found in the Gabes Gulf area. These results confirm the tropical
character of this region. The species distribution along the Tunisian coasts is
unbalanced; some species appear to be restricted to a particular sector; 54 were
recorded only in the northern sector, mainly distributed in cold and temperate
waters and 49 only in the southern sector, having mainly affinity for tropical
and subtropical waters. Carcharinus melanopterus, Taeniura grabata, Pagrus
coeruleostictus, Rhonchus Caranx, Dicentrarchus punctatus, Solea aegyptiaca
and species of genus Epinephelus and Serranus, having frankly tropical or
subtropical affinity, are more abundant in the Gulf of Gabes than in the
Northern. This work confirms the subtropical fish fauna of Tunisia and
especially the Gulf of Gabes. Currently, this character is accentuated by the
arrival, in addition to fish Lessepsian, Atlantic species with affinities for warmer
waters such as Seriola fasciata, Sphoeroides cutaneous and also because of the
development of populations Balistes carolinensis, Caranx crysos, C. rhonchus,
Synodus saurus, Sparisoma cretense... The new records are mostly thermophilic
species such as the oilfish Ruvettus pretiosus (F. Gempylidae) observed recently
in the gulf of Gabes. The specimen was 132 cm (TL) and it weighed 11 kg. Some
species restricted to this region have been observed more and more in the north.
These changes could be a sign of a climate change and global warming in
generally. Climate change is operating in the Mediterranean, it is undeniable!
The succession of thermal anomalies and so on stability of water masses
occurred in the mid 80s would have greatly facilitated the blooms of jellyfish. In
Tunisia the appearance of jellyfish was usually in September when vacationers
begin to desert beaches. Over the past five years, the phenomenon became early
which attracted public attention. The blooms of several species of jellyfish
which mainly pulmo Rhizostoma were spectacular in May and June 2008 and
2009. This is especially due to climatic reasons that are causing their
proliferation and possibly depletion of the leatherback turtle, large predatory of
jellyfish. These phenomena could have negative consequences on fish stocks.
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PRELIMINARY POPULATION GENETIC STRUCTURE OF THE ENDANGERED DUSKY GROUPER,
EPINEPHELUS MARGINATUS, IN MALTA AS REVEALED BY SIX MICROSATELLITE MARKERS.
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Abstract
The objective of this study is to describe the population structure of the endangered marine fish, Epinephelus marginatus (Teleostei:
Serranidae), in the Maltese archipelago for the purpose of localized conservation management planning. Preliminary genetic population
structure of the Maltese dusky groupers was determined by six microsatellite markers. Initial results based on F ST values comparing
three spatial groups (Group A, North Malta; Group B, South Malta; and Group C, Hurd Bank) indicate group A and B are one
continuous population inhabiting the Maltese archipelago (P(a-b) > 0.05) whereas group C, an area 23 km east of the main island, is
identified as a sub-population to these groups (P(a-c) = 0; P(b-c) = 0). Results suggest that management should be designed to reflect
the archipelago as a single population.
Keywords: Biogeography, Conservation, Genetics, Islands, Teleostei
Introduction
The dusky grouper, Epinephelus marginatus (Teleostei: Serranidae), is an
endangered marine fish considered to be facing a very high risk of extinction in
the wild. Due to concerns of population decline throughout their geographic
range, the IUCN has currently listed them as endangered (EN) A2d [1]. Their
native range includes the Mediterranean Sea, the eastern Atlantic Ocean along the
west and south coasts of Africa around the cape to Mozambique as well as
Brazil. Characterized by high site fidelity and protracted development to sexual
maturity, this reef-associated protogynous hermaphorodite can usually be found
in depths up to 50 meters off rocky coastal shores [2]. Localized population
structure parameters include pelagic larval dispersal influenced by surface current
direction during spawning season along with limited juvenile stage movement.
The purpose of this research is to describe and define the status of the Maltese
population of dusky groupers in order to best develop a comprehensive
conservation management and monitoring strategy.

individual genotypes to populations (Fig. 1). Within group analysis reveals
observed allelic heterozygosity was greatest in group C (HO(a) = 0.79, HO(b) =
0.67 and HO(c) = 0.81) while group A revealed the most unique haplotypes (n(a)
= 31, n(b) = 12 and n(c) = 3). Rare breeding size males (TL ≥ 85 cm) were
present in all groups with a significantly higher incidence of large size individuals
(TL ≥ 70 cm) observed in the west Gozo area of group B. Tests of population
differentiation reveal little genetic variation between groups A and group B (FST
(a-b) = 0.01, P > 0.05) while group C shows moderate differentiation from all
other groups tested (FST(a-c) = 0.10, P = 0; FST(b-c) = 0.11, P = 0).
Discussion
Results indicate moderate genetic partitioning in a limited spatial range based on
biogeographical isolation due to depth range and larval retention patterns. Based
on preliminary FST values, group A and group B are considered to be a single
congruent population inhabiting the Maltese archipelago whereas group C is
identified as a sub-population to these groups. Due to long life history traits,
population decline does not appear to have deleteriously effected within
population allelic variation to date. West Gozo has been identified as a possible
spawning site and area of conservation interest due to the relatively high
concentration of large size individuals. Group A as a whole is also important
since it contains a significant number of unique haplotypes. Average south
eastern surface currents originating from the northern tip of Gozo during
spawning season as a mechanism for pelagic larval dispersal is a probable mode
for genetic homogenization within the Malta population. We theorize Gozitan
individuals may be an important source population to the rest of the archipelago.
Therefore, we recommend management and pilot monitoring efforts initially
focus on the northern (group A) and west (group B) Gozitan meta-populations.
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Fig. 1. Map of collection locations for Maltese E. marginatus with 100 m
bathymetry lines (NTS). Group A, North Malta (n = 13); Group B, South
Malta (n = 11); and Group C, Hurd Bank (n = 6). Arrows indicate
predominant surface current direction mean [3] for pelagic larval dispersal
during the spawning months between June and August

Materials and Methods
A total of 30 dusky grouper specimens with known catch locations were
sampled from the Maltese archipelago between 2007-2009. Six fluorescently
tagged microsatellite markers were used in this study to explicate the population
structure: three primers developed for the red hind grouper [4], Epinephelus
guttatus (RH_CA_001, RH_CA_002 and RH_CA_008) and three developed for
the gag grouper [5], Mycteroperca microlepis (GAG010, GAG038 and
GAG045). Individuals were genotyped using an Applied Biosystems™ 3130x1
capillary electrophoresis system. Tests of population differentiation were
calculated using the software Arlequin [6].
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Results
Three sample groups were identified based on log-likelihood assignment tests of
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TROPHIC HABITS OF RED SCORPIONFISH SCORPAENA SCROFA (OSTEICHTHYES,
SCORPAENIFORMES) IN THE CENTRAL WESTERN MEDITERRANEAN
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Abstract
Feeding habits of Scorpaena scrofa in the Sardinian waters were analysed. The trophic spectrum of this commercial species was
mainly composed of teleosts and crustaceans, in particular Decapoda Natantia, followed by Amphipoda and Decapoda Brachiura. The
diet changed according to the sex and the size of the specimens.
Keywords: Diet, Western Mediterranean, Fish Behaviour
Introduction
The red scorpionfish, Scorpaena scrofa (L., 1758), is distributed in the Eastern
Atlantic and throughout the Mediterranean at depth of 0-370 m [1]. The
knowledge about feeding habits of this commercial species is scarce, then the
aim of this work is to provide information on the diet by examining specimens
captured in the Sardinian waters.
Materials and Methods
A total of 64 specimens, caught at depths from 14 to 119 m, were analysed. The
stomachs were removed and preserved in 6% formaldehyde. Each prey item was
identified to the lowest possible taxonomic level. The contribution of each food
item to the diet was determined by diet indices: %Cv, %F, %N, %W, IRI [2].
The diet breadth was calculated using Levin’s standardized index [3], and the
intensity of feeding was determined by gastro-somatic index (IG, gut is
expressed as percentage of body weight). Difference in diet composition by size
(1: 0-11 cm; 2: 11-21 cm; 3: 21-32 cm) and sex were tested by chi-square test.
Results and Discussion
A total of 13 different prey items, belonging to 9 major taxonomic groups, were
identified (Table 1). Teleostea was the most important prey category in the diet
followed by Crustacea, Mollusca and Tunicata. Among crustaceans the main
items were Decapoda Natantia, followed by Amphipoda and Decapoda
Brachiura. Stomatopoda, Euphausiacea and Isopoda were occasional prey .
Tab. 1. Trophic spectrum of Scorpaena scrofa in the Sardinian waters
Fig. 1. Changes in diet (IRI) as a function of Scorpena scrofa size classes (A)
and sex (B)

Teleostea (IRIf=6851; IRIm=6961) was the most important prey in both sexes
followed by Crustacea (IRI=5056) in males specimens. The proportion of
empty stomachs (Cv=54.69) varied among sexes (males Cv=42.11; females
Cv=73.91) and size classes (Cv1=51.85; Cv2=61.07; Cv3=37.50). The IG index
value was lightly higher in males than in females (IGm=3,079; IGf=2,964) and
increased from the smallest individuals to the largest (IG1=2.652; IG2=3.163;
IG3=3.218). Dietary breadth as indicated by Levin’s standardized index was
0.316.
The composition of diet suggested that S. scrofa was a benthophagous
specialized species that preyed mainly on teleosts followed by crustaceans.
Results showed that diet was similar to that described for the northern [4] and
the southern Mediterranean Sea [5].
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Red scorpionfish selected preys according to the size of specimens (Fig. 1 A):
Crustacea (IRI1=8041; IRI2=4326) and Teleostea (IRI1=4878; IRI2=10857)
dominated the diet in the first and second size classes. The diet of the third size
class was more heterogeneous and included Taliacea (IRI1=694) and
Cephalopoda (IRI1=210); the importance of Teleostea in the diet increased
(IRI1=7495), while the importance of Crustacea decreased (IRI1=1111).
Crustaceans taxa changed according to size: Natantia (IRI1=2307) and
Amphipoda (IRI1=659) were mainly eaten by youngest specimens whereas
Stomatopoda (IRI1=347) and Isopoda (IRI1=209) by adults. Significant
difference was found between males and females (p<0.05) (Fig. 1 B).
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Abstract
Harbours are generally considered as areas of build-up of algal cysts which can function as potential seeds for pelagic algal
populations. In the autumn 2006, a sampling programme of phytoplankton and sediments was carried out in the ports of Trieste
(Adriatic Sea) and Milazzo (Tyrrhenian Sea). In both ports, the analyses of water samples revealed a high specific diversity of the
phytoplankton community. At the same way, in sediments many cyst morphotypes were identified. Water and sediment analyses
confirmed the importance of these areas as potential reservoir of plankton diversity as well as of harmful species.
Keywords: Coastal Systems, Toxic Blooms, Plankton, Adriatic Sea, Tyrrhenian Se
The risk of the introduction of non indigenous plankton species including
those of species potentially harmful for the environment and humans has been
widely documented in many areas of the world [1]. Considering the potential
role of the ballast water as vector for marine introductions [2], ports can
represent areas potentially at risk for the high number of ships they receive
each year. To analyze the composition of phytoplankton community and algal
cyst assemblage in the ports of Milazzo (Tyrrhenian Sea) and Trieste
(Adriatic Sea), a sampling programme was carried out from 6 to 7 and from 12
to 14 September 2006, respectively. In seven and eight stations, respectively,
phytoplankton nets and sediment cores were collected. The analysis of
phytoplankton nets revealed a relatively high specific diversity along the
water column in both ports, with more of 120 taxa identified belonging mainly
to Bacillariophyceae and Dinophyceae. Various toxic species, such as DSP
and PSP species, were identified. Finally, in the Milazzo port, the presence of
Ostreopsis sp., an epiphytic dinoflagellate responsible for respiratory
problems since some years along the Italian coasts, was recorded in many
stations. In the port of Trieste, cyst abundance ranged from 459 ind g-1 DW
recorded at the st. 6 to 3651 ind g-1 DW at the st. 3 (Fig. 1).

Fig. 2. Some examples of cyst morphotypes identified in this study. A:
Diplopsalis group; B: Lingulodinium polyedrum; C: Scrippsiella lachrymosa;
D: Protoperidinium compressum; E: cf. Zigabikodinium lenticularis; F:
Protoperidinium subinerme; G: Scrippsiella trochoidea; H: cf. Woloszynskia
sp. Scale bar = 10 μm.
The analyses of phytoplankton communities and cyst assemblages of the two
sampled ports revealed a rather high species diversity. The occurrence of
Warnowia and Woloszynskia cysts (previously observed as cysts in another
site in the Gulf of Trieste [3], but never in the water column) suggests that
these species may be common members of the phytoplankton community in
this area. However, these taxa are very difficult to identify live in plankton
samples, and almost impossible in fixed samples. So, this survey of resting
forms allow us to deepen our knowledge on phytoplankton biodiversity.
Moreover, the identification of species potentially harmful in both water
column and sediments highlights the importance of these studies and the
necessity to couple the two different kind of sampling, especially in areas at
risk such as ports.
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Fig. 1. Cyst abundance (number of cyst g-1 of dry weight) at different
sampling stations in the ports of Trieste and Milazzo.

A total of 32 different cyst morphotypes belonging to dinoflagellate group
were identified at least at genus level. Alexandrium, Protoperidinium and
Scrippsiella were the genera more represented. Calciodinellum operosum (up
to 54 cysts g-1 DW), Lingulodinium polyedrum (up to 957 cysts g-1 DW),
Scrippsiella lachrymosa (up to 212 cysts g-1 DW), S. trochoidea (up to 165
cysts g-1 DW) and cf. Woloszynskia sp. (up to 696 cysts g-1 DW) were the
most abundant species (Fig. 2). In the port of Milazzo, cyst abundance was
lower than those in the port of Trieste, ranging from 19 cysts g-1 DW at the
st. pont.1 to 250 cysts g-1 DW at st. 1 and p.mil. 1. Differently from Trieste,
in the port of Milazzo the number of identified morphotypes was lower,
although the most abundant types were the same (Alexandrium spp.,
Lingulodinium polyedrum, Scrippsiella spp.).
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Abstract
Trammel nets are one of the most commonly exploited gears of small scale fisheries used all along the Greek coasts and in
Mediterranean. However, knowledge on the discards of this gear is scarce. Discards in trammel net fishery include species with no
commercial value, or commercial species, which cannot be distributed in the market because of their small size, or because they come
on board already destroyed. The mesh size of the nets and depth of fishing operations are two factors affecting the proportion of the
discards.
Keywords: Fisheries, Ionian Sea
Introduction
In general, the coastal fisheries gears are highly species and size selective. The
unwanted catches are limited and consequently, the proportion of the fish
discarded is low in each fishing operation. Discards in trammel net fishery
include species with no commercial value, or commercial species, which cannot
be distributed in the market because of their small size, or because they come on
board destroyed by polychaetes or other marine organisms while the nets
remain into the sea [1]. However, the extended use of the trammel nets by
numerous vessels could account for a significant quantity of discards. The aim
of this work was to study the discarding practice of trammel nets and the effects
of the mesh size, depth and soaking time on the amount of the discards
produced.
Material and Methods
Experimental fishing trials with trammel nets of different inner/outer mesh size
combinations took place in the Ionian Sea (Greece), during June and July 2004.
The mesh sizes used for the inner net were: 44, 56, 72 and 80 mm. The outer
panels of the trammel nets had a stretched mesh size of 220, 280, 360 and 400
mm, respectively. All nets were made up of sheets of the four mesh sizes joined
end to end to make up a fleet and arranged in random order. Total net length for
each mesh size was 500 m. A total of 76 sets of nets were deployed at depths
ranging from 10 to 130 m. Normal fishing practices were followed. The nets
were set during sunrise and retrieved the following morning, with a soaking time
of around 20 h. After hauling, the catch was removed and analyzed separately
for each net.
The analysis of the discards was carried out using the logistic regression model.
A binomial GLM was used to assess the effect of the soaking time, depth and
mesh size on the discard probability, first for all the specimens of all the species
caught (n=2144) and then for three of the most abundant species. The goodness
of fit was tested using le Cessie-van Houwelingen-Copas-Hosmer test [2]
[3] and the ROC (Receiver Operating Characteristic) curve was used to describe
the accuracy of diagnostic test.
Results and Discussion
Out of the three covariates used in the logistic regression model for all the
specimens of all the species caught, only the depth appeared significant (Tab.1).
The le Cessie-van Houwelingen-Copas-Hosmer test (p=0.77, under the null
hypothesis assumption that the estimated values by the model are similar to
those observed) confirmed that the model fitted the data well.

Fig. 1. A) The discards probability estimated as a function of depth by the
logistic regression model. B) Receiving operating characteristic (ROC) curve of
the predicted discards probability for the specimens caught

The logistic regression analysis showed that, for all the specimens of all the
species caught, depth was a significant factor in determining the discard
probability: increasing depth decreased the probability of specimens discarded.
However depth did not completely explain the discard levels, which were
probably related to other factors, such as the presence of scavengers feeding on
them (i.e. Polychaetes), the weather conditions and the way of fish capture in
the nets. The mesh size was significant in determining the discard levels of
Sciaena umbra: the smallest mesh size implied more discard probability. In this
case the use of larger inner panel mesh sizes could reduce the discard level of the
species and could also reduces the handling time spent on board in removing the
specimens from the nets.The soaking time did not affect the commerciality of
the specimens caught, maybe due to the small difference of this factor between
the hauls.
In conclusion this study shows that the depth and the inner panel mesh size
affect the discard levels in trammel nets fishery but are not enough to explain
them completely; in addition the importance of these factors on discard levels
varies by species.
Acknowledgements : This work is part of the research project “Development
of an integrated management system to support the sustainability of Greek
fisheries resources, IMAS-FISH”, financed by the Greek Ministry of
Development. The authors are grateful for the help of the master and the crew
of the fishing vessels “Kapetan Michalis” and “Aghios Nikolaos”.

Tab. 1. Estimates, standard error, and p-value of covariate for the logistic model
(*significant at 0.05 critical p-value)
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The regression model showed that the probability of the discard of specimens
decreased by about 10% from 10 to 120 m depth (Fig.1A). Although the depth
was significant for the logistic model, the area under the ROC curve was 0.52, so
the discrimination capacity of the model was very low (Fig. 1B). The same
logistic regression model was used to assess the probability of discarding for
Sciaena umbra, Merluccius merluccius and Pagellus erythrinus. For S. umbra
the model showed that only the mesh size was significant: the discard
probability using the 44 mm mesh size was greater than for the 72 and 80 mm.
For M. merluccius and for P. erythrinus no covariates were significant.
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AN EVALUATION ABOUT THE COLOUR VARIATION OF CARCINUS AESTUARII NARDO, 1847 WITH
PARTICULAR REFERENCES TO THE FEATURES OF CARCINUS MAENAS (LINNAEUS, 1758)
Elif Can 1*
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Abstract
The carapace colour variation is distinguished in Carcinus aestuarii witha number of 870 male crabs were categorized as green and
red. Carapace width of each individual was also measured. The population of C.aestuarii followed the terms that the red –coloured
crabs were bigger than the green-coloured ones.
Keywords: Estuaries, Crustacea
Introduction
The carapace colour of European green crab, Carcinus maenas (Linnaeus, 1758)
was referred in several studies, in which a variation is exhibited ranging from
light green to deep red [5]. Similar colour variation is also distinguished in the
green crab Carcinus aestuarii,inhabits the Mediterranean estuarine and lagoons
[1]. The differences in terms of behavioral, physiological and ecological features
are observed between red and green coloured individuals [2, 3, 4, and 5]. The aim
of this study is to identify the features of C.aestuarii in order to determine the
similarities to C.maenas regarding the introduced differences.
Material and Methods
The crabs were collected at monthly intervals for one year from April 2001 to
April 2002, by means of a beam trawl. All crabs were counted and sexed. Colour
forms were categorized as green and red. Carapace width of each individual was
also measured. The male crabs were preferred to be given in this study according
to high numbers compared to females. The Mann-Whitney U test is performed
to determine the significant differences between green and red forms in terms of
carapace width.
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Results and Discussion
A number of 870 crabs were categorized as green and red. In this categorization,
the red- coloured males had a ratio of 13.6%. The mean carapace width of red
males was 29±0.4 mm while the mean carapace width of green forms was 24
±0.3 mm. Red males were significantly larger than green males (Z=-6.6; p <
0.05). The population of C.aestuarii followed the terms that the red –coloured
crabs are bigger than the green-coloured ones, which indicates for both forms of
C.maenas. Seasonal variation in abundance of red coloured males was observed
with small numbers from June to October and during October, the number of
individuals increased to the highest (Figure 1). The prediction about the red
coloration of the crabs is related to intermolt duration [2, 4] and sexual maturity
[5]. According to this approach, red coloured individuals are the mature crabs
[5].

Fig. 1. Monthly variation of red males
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GIS MAPPING OF SEABIRD DISTRIBUTION - A PAN-MEDITERRANEAN PERSPECTIVE
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Abstract
Seabird distribution in the Mediterranean sea was mapped in GIS format in a 10x10 -km grid. The resulting cells were weighed
according to the conservation value of the species present. This allowed for numerical calculations and direct comparisons. A network
of offshore protected areas is recommended to protect seabird biodiversity in Mediterranean offshore waters, as promoted by UNEP
RAC/SPA.
Keywords: Gis, Birds, Marine Parks, Biogeography
The Mediterranean region is home to several species of seabird of high
conservation value in global terms (1), with several endemic taxa and some
additionally in decline. The protection of the key sites for their survival is an
essential tool to ensure their long-term conservation. The UNEP Regional
Activity Centre for Specially Protected Areas (RAC/SPA) in compliance with
the Mediterranean SPA/BD Protocol undertook an initiative to promote the
establishment of a Specially Protected Areas of Mediterranean Importance
(SPAMIs) network, including seabirds in Areas Beyond National Jurisdiction
(ABNJs). Species' known distribution (both breeding and wintering ranges)
were obtained from various sources: published references, consultation to
experts, data from censuses at sea and satellite telemetry (2, 3; see 4 for full
reference list), plus own data. The information was compiled and mapped in
GIS format in a 10x10-km grid following the recommendations of the EEA (5).
The resulting cells were assigned a numerical value based on the number of
species present and their conservation value (endemic and/or in decline).
Treatment of the data allowed for graphic representation and for some
geographical calculations, as well as for further analysis along with
environmental variables.

(cat. 5-7) in terms of priority bird species present; these were assigned
‘priority A’. Priority A areas are found within the limits of priority B zones
in all cases. Characteristically, they are found on the continental shelf, around
breeding islands or where key oceanographic features (fronts, upwellings)
occur. Also, outstandinly, in the Strait of Gibraltar Information on seabird
distribution can be further completed and updated from other sources
(telemetry GIS, GLS, PTT) as it becomes available, and used to provide
quantitative evidence of use of the [pre]selected areas. Using GIS, seabird
distribution can be analyzed against environmental and oceanographic
variables, with several examples being provided. This exercise represents an
initial step towards the selection of protected areas for seabirds at panMediterranean scale and has been developed in the framework of the activities
of UNEP RAC/SPA.

Fig. 2. General map of Mediterranean “Pelagic distribution of Mediterranean
seabirds of conservation concern. Potential sites (SPAMI) in open seas"
Fig. 1. Sample map of Region 1-Alboran Sea
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The following trends were observed:
- the Mediterranean Sea revealed quite heterogeneous in terms of seabird
distribution
- nearly two-thirds (59.32%) of the sum of cells had insignificant presence of
priority species (cat. 0-1) and large areas of the ocean had relatively low value
–with the available information. ‘Poor’ areas concentrated mostly in the
eastern Mediterranean basin, particularly the southern latitudes. Also, in
general terms, deep-water areas were poorer in their presence of pelagic birds.
- inversely, priority bird species were present in only about one-third
(40.68%) of the total cells
- priority bird species were somewhat dispersed over the areas where they
were present; no single cells had a value >7, when the highest possible value
was 11
- nearly one-fourth (29.04%) of the sum of cells corresponded to cat. 2-4;
these were assigned ‘priority B’. The distribution of priority B areas marked
the influence of large-scale ocean graphical features (increased productivity,
mixing of waters, bathymetric zone) and revealed as a general indicator of areas
of conservation interest for seabirds. Given the paucity of data for some
species and regions, priority B areas were taken as ‘good areas’ for the
development of a network of marine protected areas for the conservation of
seabirds
- less than 10% (11.64%) of the total sum of cells had the highest importance
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THE INFLUENCE OF HYDRODYNAMIC PROCESSES ON ZOOPLANKTON TRANSPORT AND
DISTRIBUTIONS IN THE NORTH WESTERN MEDITERRANEAN SEA ESTIMATED FROM A
LAGRANGIAN MODEL.
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Abstract
A Lagrangian module has been developed and coupled with the 3D circulation model Symphonie to study the influence of
hydrodynamic processes on zooplankton transport and distributions in the North Western Mediterranean (NWM) sea. Forward and
backward procedures are used to simulate trajectories of planktonic organisms. The individuals are released from March to October
from different places of the NWM to study their transport and tracked for 40 days either as passive particles or with a simple diel
vertical migrations (DVM) pattern. Teleconnectivity between different regions of the NWM sea are proposed. The model used
backward procedure to study the origin of organisms drifted to the coastal line all around the NWM sea. The patterns of distribution of
the jellyfish Pelagia noctiluca are discussed.
Keywords: Models, Zooplankton , Western Mediterranean, Circulation Models, Life Cycles
Zooplankton transport in a variety of physical conditions can be considered
as the combination of two closely linked aspects. The first involves
zooplankton transport by non-stationary flow field and the second involves
the behavioral response of the zooplankton organism, mainly swimming, to
changes of environmental conditions. Lagrangian particle-tracking models
coupled with hydrodynamic models are particularly efficient tool to examine
the role played by various physical processes, to study transport processes
over an entire basin and to simulate complex and interactive processes acting
at different scales.. The North Western Mediterranean (hereinafter NWM) is a
favorable area to study the influence of water circulations and estuarine inputs
on biological activity and distributions. In the NWM, large scale circulation is
dominated by the Northern Current The NWM sub-basin is one of the most
productive areas in Mediterranean owing to important river discharges from
the Rhône and Ebre rivers and strong wind mixing on the shelf, and in the open
sea the central divergence zones of the Liguro-Provençal and CatalanoBalearic Seas, gyres, upwellings and vertical mixing. In this study, we
investigate the influence of the hydrodynamic processes on zooplankton
transport and distributions in the NWMS. The model is fully described by
Qiu et al. (submitted). We simulate the trajectories of passive particles and
vertically migrating organisms in the region by using a lagrangian-particle
algorithm driven by velocity fields from a three-dimentional (3D)
hydrodynamic model. The model will be used in forward and backward
procedures for different objectives. The model domain extends between
longitude 1.75°W and 10.90°E and latitude 38.28°N and 5.61°N In order to
classify different zones of the NWM as aggregative or dispersive, we divide
the model domain into 9 sectors. Sectors 1 and 2 correspond to shelf areas
delimited by the isobath of 200m in the GoL and in the Catalan Sea,
respectively; sector 3 marks the shelf area around the Balearic islands; sectors
4, 5 and 6 represent the Ligurian Sea (Here sectors 5 and 6 represent di_erent
ecosystems in the Ligurian Sea); sector 7 bounds the center of the NWM gyre;
sector 8 is the shelf slope where The modeled domain extends between
longitude 1.75° W and 10.90° E and latitude 38.28° and 5.61° N (Fig. 1). In
order to classify the different zones of the NWM as aggregative or dispersive,
we divided the modelled domain into 9 sectors Sectors 1 and 2 correspond to
shelf areas delimited by the isobath of 200m in the GoL and in the Catalan
Sea, respectively; sector 3 marks the shelf area around the Balearic islands;
sectors 4, 5 and 6 represent the Ligurian Sea (sectors 5 and 6 represent
different ecosystems in the Ligurian Sea); sector 7 bounds the center of the
NWM gyre; sector 8 is the shelf slope where the main branch of the NC
passes; sector 9 represents the offshore zone in the Catalan Sea. In a first
part, the model is used in forward procedure to study transport from source
region to target regions in the way to study connectivity of zooplankton
populations between regions in the NWM.
Particles are released at D
point and R point (Fig. 2) every 3 days from March 1st to August 31, 2001.
During the simulations, the particles are simulated as passive zooplankton
individuals. The final distributions of the particles are shown in Fig. 3 and 5.
The particles released in one month are plotted in one figure. Here Fig. 3
shows the final locations of the particles released at D point and Fig. 5 at R
point. The release locations are also included. The percentages of the particles
distributions in different sectors are shown in Table 1 and 2. The particles
released in one month have been considered as a whole. After 40 days being
released at D point, the particles could almost spread anywhere in the NWM
(Table 1 and Fig. 1). After being released at D point, the particles are divided

into two parts resulting from the currents. One part follows the anticlockwise
circulation, first drifts southern and then eastern along the WCC. After
reaching the area northeast to the Corsica Island, the particles flow northern
along the continental slopes, then return in the NC and go back at D point
again. At the end of simulations, this part remains in the sector 4 and 5, i.e. the
Ligurian Sea. Another part of the particles follow the NC westward. From the
sector 6, the main particles trap in the NC (the sector 8) along the continental
slope and then flow into the Catalan Sea (the sector 2 and 9), a part moves
more offshore into the sector 7 and a few particles enter in the sector 1 with
the intrusion of the NC at the eastern side of the GoL. In the Catalan Sea, the
particles reach as far as the Channel of Ibiza where it splits in two parts. The
main part re-turn into the Northwestern Basin and some particles enter in the
sector 3 (Fig. 1). Strong seasonal patterns in the transport and distributions of
the particles are observed (Table 1, Fig. 1). Only 17% of the particles, which
released in May and June, maintain in the Ligurian Sea (the sectors 4-6) while
the maximum, over 60% in March. On the contrary, only 9% enter in the
Catalan Sea (the sectors 2-3 and 9) in March while 46% in May (Table
1). The distributions of the particles in the path areas of the NC are more
offshore in July and August than in other months (Fig. 1). At the end of the
simulations, the particles scatter in the northeastern part of the Catalan Sea,
which released in March and April. The main particles released in July and
August concentrate in the path of the NC. And the particles released in May
and June distribute mainly similar with the cases in July. However, comparing
to only a few particles locate in the northeastward re-turn branch in July,
more particles are in the path of the re-turn branch in May and June, even
some flow to the areas east to the Balearic Island in May. Moreover, different
patterns appear in the final distributions of the particles with different
released depths. At the end of the simulations, the main parts of the particles
locate in the path of the NC, which release at -100m. The particles released at
-5m distribute more complex than those released at -100m, which scatter in
the whole areas of the NWM, and the patterns are different in different
months. Moreover, along the path of the NC, the particles released at -5m
locate further than the particles released at -100m, and only a few of the latter
particles reach the open boundary.
Others simulations with launched
particles from different origins will be presented and zooplankton
connectivity between regions will be discussed The model will be used
backward procedure to study the origin of organisms drifted to the coastal line
all around the NWM sea. This backward procedure is particularly interesting
to investigate the patterns of distribution of the jellyfish Pelagia noctiluca
from the area where coastal jellyfish invasion have been observed, i.e. on the
French Riviera, the Gulf of Lions and the Catalan and Balearics seas. The
simulations offer a tool to suggest potential pathways of jellyfish transports
in the NWM sea.
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THE LESSER-SPOTTED DOGFISH (SCYLIORHINUS CANICULA): PARASITES AND SCAVENGER HABITS
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Abstract
The occurrence of parasites in the digestive tract of the lesser-spotted dogfish (Scyliorhinus canicula) caught in the north western
Mediterranean was analysed and the results compared with infestation levels in samples of the same species caught in the Atlantic
(off the south west coast of Ireland). The relationships between parasite levels and the scavenger habits of the lesser-spotted dogfish
are reviewed. The importance of adapting sanitary controls when working with lesser-spotted dogfish on board commercial fishing
vessels is emphasised. It is suggested that protocols be adopted so as to prevent increased parasite loading in the lesser -spotted
dogfish.
Keywords: Parasitism, Fisheries, Diseases
The lesser-spotted dogfish Scyliorhinus canicula (Linnaeus, 1758), a small
demersal shark (Carcharhiniformes: Scyliorhinidae), is a broad generalist in its
diet and habitat requirements. It is an opportunistic feeder and cannibalism is
frequently recorded [1] [2]. While not being a targeted commercial species, it is
caught as by-catch, and has a moderate commercial value in the NW
Mediterranean traditional fish markets. The lesser-spotted dogfish are primarily
a by-catch species of the Irish demersal fishery and are normally discarded in
Irish waters [3]. A study of metazoan parasites of the lesser-spotted dogfish
[4] from Isle of Man waters, in the Irish Sea, showed some 10 different species
of parasites. Three of them were nematodes: Anisakis simplex, Proleptus
obtusus and Pseudoterranova decipiens. Henderson and Dunne [5] observed a
prevalence of 94% of Proleptus obtusus in Scyliorhinus canicula from the
Galway area on the west coast of Ireland. A previous study in the NW Spain
[6] also reported a 91,2% prevalence of Proleptus obtusus in S.canicula. Also
recorded was Anisakis simplex (3,5%). To date, no work on nematode
parasitism of S.canicula in the Mediterranean Sea or off the SW coast of Ireland
has been published. In 2008, a total of 130 lesser-spotted dogfish were caught
from the NW Mediterranean coast (Blanes, Costa Brava) and 28 individuals
from the SW coast of Ireland. Samples were sexed, weighed (gr) and length
taken (cm). The stomach contents were weighed and the nematodes were
counted, weighed, and preserved in 70% alcohol. Prevalence was calculated as
the percentage number of hosts infected with one or more individuals of a
particular parasite species, divided by the number of hosts examined; mean
abundance as the number of individuals of a particular parasite species in a
sample of a particular host species divided by the total number of hosts
examined; and mean intensity as the total number of parasites / number of hosts
infected by the same parasite. Nearly all (97%) the Mediterranean individuals
and all (100%) the Atlantic specimens analysed contained the parasite
Proleptus obtusus (Physalopteridae, Proleptinae). Individuals of P. obtusus
found in the stomach were always adults, and some of them were ovigerous
females. S.canicula would therefore appear be an important host and also a
possible infection agent for this parasite.
One individual from the
Mediterranean area was infested by the larval stage of a parasite clearly
belonging to the Fm. Anisakidae, which suggests that S.canicula may be an
intermediate host for this parasite. In the Mediterranean sample, one stomach
also contained an Isopod parasite, Ceratothoa oestroides, of the Fm.
Anilocridae. Anisakiasis is a zoonotic disease with a dramatic increase in its
reported prevalence throughout the world in the last two decades [7]. In the
NW Mediterranean coast, fishermen either discard the captured lesser-spotted
dogfish (due to the low commercial value) or eviscerate on board, in order to sell
the cleaned fillets in the market. McClelland et al. [8] and Abollo et al. [9] have
reported that the lesser-spotted dogfish eat discarded viscera of their own
species, leading to increased prevalence of Anisakis in fish products. The
practice in the Mediterranean of disposing of infected viscera at sea may
therefore lead to increased parasite loading on the lesser-spotted dogfish. A
change in viscera disposal practices could alleviate this. It is suggested that
sanitary controls/protocols be increased for those areas in the Mediterranean
implementing such practices. Such protocols should also be extended to include
Atlantic waters in the future.

Tab. 1. Nematodes founded on the stomach contents of S.canicula individuals,
sampled from Mediterranean and Atlantic coasts

;
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VERTICAL DISTRIBUTION OF ANCHOVY EARLY STAGES IN THE ALBORAN SEA: VALIDATING TOOLS
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Abstract
We offer the first data on vertical distribution of anchovy larvae (Engraulis encrasicolus) in the Alboran Sea. Preliminary results
show that the vast majority of anchovy larvae distributed in the top 25 m during daytime, suggesting either a lack of vertical migration
or a type II migration. Data are discussed in the frame of the potential implications of vertical migration data for spatially -explicit
individual-based model escercises being implemented in the area
Keywords: Alboran Sea, Models, Fisheries, Ichthyoplankton
Introduction
Vertical migration of fish larvae is likely to affect their probability of survival.
In European anchovy (EA) Engraulis encrasicolus, type I vertical migration,
implying nocturnal ascent and diurnal descent, has been described in the NW
Mediterranean [1]. However, evidence suggests that this is not a speciesspecific strict behaviour but it may be influenced by the environment: for EA
in Benguela, Olivar [2] and Stenevik et al. [3] found either no evidence for
vertical migration, with all larvae being at the top 25 m, or a type II (oposite
to Type I) vertical migration. This was related to either the presence of a
strong thermocline or the avoidance of an offshore Eckman transport layer.
Anchovy populations living in the vicinity of the Strait of Gibraltar dwell in
coastal areas heavily influenced by the Atlantic Jet, which provokes high
mesoscale variability and mixing of Atlantic and Mediterranean waters.
Historically, there has been a drastic reduction in the anchovy population
hypothetically caused by the combination of man-induced pressure in an area
of relatively localized spawning area, together with changes in production
processes. Within the SESAME EU project, one case study tackles the
analysis of EA changes in abundance through environmental and human
forcings in the Alboran Sea. Through the combination of Individual-based
models coupled to circulation models, we try to understand the underlying
processes regulating mid and long-term fluctuations in the populations.
Gathering in situ data like vertical migration or growth is one step towards
building and validating these models. The objective of this work was to
analyse the vertical distribution of anchovy early stages in a coastal area where
it spawns, and to interpret the results in the frame of existing dispersion
models and vertical distribution data.

area was characterised by the presence of mixed Mediterranean-Atlantic
waters of 36.6-37at surface, and of Mediterranean waters at deepre layers
(Fig.1 A). The signal of the Western Atlantic Gyre, was visible at station 6
from the coast (Fig. 1 A). A strong shallow thermocline at ca. 25 m was
present in the area. From the 10987 larvae found, anchovy represented only
1.23 % (135 ind). Eggs were found in low numbers (54) in the vicinity of
Malaga Bay, suggesting a very local and patchy spawning, which confirms
earlier works [4]. Eggs and larvae agregated in the top 25 m, diminishing
sharply afterwards (Fig. 1 B), in relation to the presence of the strong
thermocline. The data for Fig. 1 were collected during daytime: although these
results are preliminary, there was no evidence to suport the view that larvae
performed significant type I migration. We provide the first data on vertical
distribution of anchovy in the Alboran Sea. Further analysis of size-based
data, and diel rithms will shed more light into the mechanisms driving vertical
behaviour in this area, and will be an added value for the spatially-explicit
IBM excercises that are being implemented.

Material and Methods
A first excercise to identify the zones in the North Alboran Sea with higher
retention probability was perfomed using the outcome of a 3D ROMS
(www.myroms.org) ocean climatology of 30 years averaged each 8 days (2 km
resolution in the Alboran Sea, MFS used as boundary conditions and ERA-40
for meteorological forcing). The package Ichthyop (www.ecoup.ird.fr/projects/ichthyop) was used to simulate the transport of inert
particles from 13 different areas during 12 climatological months. Each
monthly run consisted on 65000 particles released between the 50 and 100 m
isobath, which drifted for 30 days. They were set to recruit if they spent over
1 day over the 50 m isobath at ages older tan 14 days. To obtain vertical
distribution data, an ichthyoplankton-oceanographic survey was conducted in
2008 over the potential spawning zone of EA (Fig. 1). From the 27 stations,
preliminary data from the vertical distribution of anchovy eggs and larvae was
analysed from 12 stations located at the areas of higher retention, close to
Malaga Bay. Vertical distribution was derived from a multinet (HydroBios,
50x50) equiped with 200 microns mesh and set to operate at 25m intervals
from 100 m to surface. Plankton samples were preserved in seawater with 4%
formalin buffered with Borax. All fish species were sorted and EA eggs and
larvae were kept separate for later analysis. The preliminary results shown
here correspond to mean abundances per stratum of stations collected during
daytime, using stations for which at least the top 2 depth ranges were
available.

Fig. 1. (A) Salinity (contour) superimposed on a temperature profile (shaded)
from a transect of the N Alboran Sea. (B) Median vertical abundances and IQ
ranges of anchovy eggs and larvae from positive stations. In A, the stations
(dots), transect (rectangle) and the aproximate location of the thermocline
(horizontal dashed line) are indicated
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Results and Discussion
The results of the dispersal model showed that 1) the area close to Malaga
Bay showed a significantly higher probability of retention than adjacent zones
in the N Alboran Sea, and 2) that this retention was higher from April to
September, coinciding with the spawning period of the EA. The surveyed area
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PHENOTYPIC VARIABILITY OF THE KILLIFISH APHANIUS FASCIATUS (NARDO, 1827)
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Abstract
Samples of the cyprinodontid A. fasciatus from the Northern and Central basins of the Venice lagoon were compared in terms of
phenotipic variability. Results suggest that fishes inhabiting the two basins differ in some life history traits and in the fluctuating
asymmetry of lateral bars.
Keywords: Teleostei, Adriatic Sea, Brackish Water, Life Cycles, Conservation
Introduction
Estuaries and coastal lagoons represent important natural areas for fish
communities. The Venice Lagoon is the largest lagoon in the Mediterranean
basin, covering an area of about 540 km 2. It is characterized by a complex
patchwork of shallow water habitats. Among them, saltmarshes offer many
different ecological niches and resources to nektonic community. The extension
of these habitats is subject to a progressive reduction due to human activities.
For these reasons, the European Directive 92/43/EEC (‘Habitat’ Directive) lists
these habitats in Annex I as natural habitats of community interest. Aphanius
fasciatus (Pisces: Cyprinodontidae) has been considered by previous studies [1]
as a typical species characterizing the nektonic community of salt marsh creeks.
It is also listed in Annex II of the Habitat Directive as a ‘species of community
interest whose conservation requires the designation of special areas of
conservation’. Other species belonging to the order Cyprinodontiformes have
been used in many studies of environmental monitoring of salt marsh systems
[2, 3, 4]. In the present study, first results of the variation of some phenotypic
traits between fishes inhabiting two main basins (Northern vs Central) is
reported, in order to assess the health of natural populations of A. fasciatus and
in the perspective of its potential use as "biomonitor" of ecological status and
variability of saltmarshes in the Venice lagoon.
Material and Methods
Samples of A. fasciatus were collected in the Northern and Central basin of the
Venice lagoon using a beach seine. For each specimen a set of phenological traits
were collected: Standard Length (SL), Total Weigth (TW) and number of vertical
bars on each body side. A Condition Factor CF=(TW*100)/SL3 was calculated
for each individual.

Fig. 2. Cumulative frequencies values of fluctuating asymmetry (FA) in males
and females of A. fasciatus collected in the Northern and Central basin of the
Venice lagoon
The difference in the number of vertical bars between the two body sides was
used to assess the absolute values of fluctuating asymmetry (FA) [5] and to test
for its variability between the two basins. The degree of FA may be used as
indicator of developmental instability due to environmental stress [6]. Males
and females were analyzed separately, due to the sexual dimorphism of this
species.
Results and Discussion
The mean values of CF of fishes in the Central basin were higher than that of the
Northern one within the smaller and intermediate size classes, whereas they
were similar or slightly higher in the Northern basin for larger size classes
(Figure 1). This suggests the presence of different life history traits, especially
in size/age-specific growth rates, or in the level of reproductive and somatic
investment. Also the degree of FA changed significantly between the two
basins, with higher frequencies of asymmetry in the Central basin (Figure 2).
Although further studies are needed to properly explain the patterns of
phenotypic variability observed in this species, the differences found between
the two basins suggest the potential use of this species as “biomonitor” for the
variation of saltmarsh habitat quality.
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Fig. 1. Condition Factor (mean ± SE) of males and females, calculated for five
size classes in the two basins. * = significant statistical difference for p<0.05 by
Mann-Whitney test.
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DETERMINATION OF OXIDATIVE STRESS PRECURSORS OF BLEACHED AND NON-BLEACHED
ANEMONES FROM TURKISH COASTLINES
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Abstract
The antioxidant enzyme activities and the lipid peroxidation levels of bleached and non -bleached Anemonia viridis from Turkish
coastlines were determined in the present study.
Keywords: Aegean Sea, Cnidaria
Introduction
Sea anemones, a group of the order Actinaria, show a symbiosis between
cnidarian and an alga commonly known as zooxanthellae. This association is
considered to be mutualistic as the two side of the association acquire some
benefits from the presence of other side. Despite its benefits to each side, this
mutualism must be carefully balanced. If this balance shifts towards to alga,
the anemones will be destroyed by the excess O2 and also the increased
reactive oxygen species (ROS) from photosynthesis [1]. Due to their unpaired
electrons, the reactive oxygen species react rapidly with some molecules in the
body which may cause DNA injury, lipid peroxidation and protein
carbonylation [2]. In order to protect themselves against the excess ROS, the
anemones expel the alga from their bodies to reconstitute the balance between
two sides of symbionts or the photosynthetic pigments of alga are removed.
This alga or pigment loss cause whitening which is named “bleaching” in the
anemone. There are some reports in the literature that elevated temperature,
UV exposure, cold shock, pathogenic infections, reduced salinity, unfavorable
light conditions or pollution may also be the other factors of bleaching [3]. To
the best of our knowledge, this is the first report on the bleaching event of
anemone species from the Turkish coastlines. The antioxidant enzyme
activities and lipid peroxidation levels of the bleached and non-bleached
anemones which were collected from the same locations were investigated in
order to see the differences between these individuals.

Results and Discussion
In order to evaluate if there is a connection between the bleaching of sea
anemones and increased oxidative stress, the antioxidant enzyme activities
were determined. The results were presented in Figure 1. SOD activities of
non-bleached tentacles were statistically higher than the SOD activities of
bleached ones (p<0.05). The excess H2O2 is scavenged by the activities of
CAT. There was a statistically difference between the CAT activities of nonbleached and bleached columns (p<0.05). There was no statistical difference
between the GPx activities of all species. No statistical differences were
observed between the LPO levels of these species. According to the results of
present study, there is no correlation between the antioxidant enzyme
activities and the bleaching event.

Materials and Methods
The animals were collected from Dikili-Turkey in May 2009. 0.10 gram of
samples was homogenized in 1 mL of phosphate buffer (pH 7.2, 50 mM)
with Ultra-Turrax T8 IKA-Werke homogenizator. The homogenates were
centrifuged in a refrigerated centrifuge (Hettich 32R) at 10,000 rpm for 10 min
at +4°C to remove the cell debris and the supernatants were used in
experiments. Total protein concentrations were determined by the Bradford
Method using bovine serum albumin (BSA) as standard [4]. SOD activity was
assayed by using a commercial kit produced by Randox (SD 125). CAT
activity was determined by Aebi’s method [5] that measures the decrease in
absorbance of H2O2 at 240 nm. GSH-Px activity was assayed by using a
commercial kit produced by Randox (RS 505). LPO level was measured by
measuring the concentration of thiobarbituric acid reactive substances (MDA).
The LPO level was calculated by using an extinction coefficient of 155
mM −1cm−1 as nmol MDA/g fresh weight of anemones [6]. Student t test was
used to evaluate the experimental data. The statistical significance was
considered as p<0.05.

Fig. 2. LPO levels of bleached and non-bleached anemones. NBT, BT, NBC
and BC identify the non-bleached tentacles, bleached tentacles, non-bleached
columns and bleached columns, respectively. The results are the means of
three different experiments and the error bars show ±S.E.M
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Fig. 1. Antioxidant enzyme activities of bleached and non-bleached anemones.
NBT, BT, NBC and BC identify the non-bleached tentacles, bleached
tentacles, non-bleached columns and bleached columns, respectively. * shows
the statistical differences between the enzyme activities observed in the nonbleached and bleached tentacles. Letter (a) shows the statistical differences
between the enzyme activities observed in the non-bleached and bleached
columns. The results are the means of three different experiments and the error
bars show ±S.E.M
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Abstract
Les prospections dans le milieu naturel ont montré que le cycle de Proctoeces maculatus s’effectue entièrement dans la lagune de
Bizerte. Il comporte comme premier hôte intermédiaire, le mollusque lamellibranche, Mytilus galloprovincialis et comme second
hôte, Sabella pavonina et Clamys varia. Ce dernier hôte présente un taux maximal de parasitisme. S. pavonina montre une valeur
maximale de l’intensité moyenne. L’hôte définitif est représenté par 3 espèces de Sparidés (Diplodus vulgaris, Lithognathus
mormyrus, Sparus aurata). S. aurata semble être l’hôte préférentiel de ce parasite
Keywords: Lagoons, Larvae, Life Cycles, Parasitism
Introduction
Les travaux de recherche concernant les digènes parasites des organismes
aquatiques provenant des côtes tunisiennes ont concerné, en particulier, la
diversité, la morpho-anatomie et la dynamique évolutive des communautés
parasitaires infestant les Poissons et les Mollusques [1], [2]. Mis à part les
travaux effectués sur le cycle évolutif de Bucephalus anguillae parasite de
l’anguille et celui de B. labracis parasite du loup [3], [4], aucune autre étude se
rapportant à cette thématique n’a été entreprise sur les côtes tunisiennes.
Proctoeces maculatus semble présenter, à l’état larvaire, un danger potentiel
élevé pour la mytiliculture (baisse de la vitesse de croissance des moules (1.5 à
2 fois) et mortalité massive de ces mollusques dans le cas d’une
hyperinfestation [5], [6]). Dans ce travail, nous nous sommes intéressés, à la
détermination du cycle biologique de ce parasite dans la lagune de Bizerte,
biotope privilégié de la culture des moules.

une annélide polychète, sédentaire, Sabella pavonina et chez un mollusque
bivalve, Clamys varia, avec respectivement une prévalence de15.25% et
28.20% et une intensité moyenne de 4.88 et 1.36. Ces larves se déplacent
librement dans le cœlome des premiers segments des sabelles parasitées. Les
métacercaires récoltées chez C. varia se trouvent, par contre, enkystées au
niveau de la masse viscérale. La métacercaire de P. maculatus, récoltée chez
des hôtes appartenant à des familles distinctes, présente une large spécificité.
Des résultats semblables ont été mentionnés par d’autres auteurs [9], [10] qui
ont signalé la présence de ces métacercaires chez des Annélides Polychètes,
des Bivalves et des Gastéropodes. L’examen du tube digestif des sparidés
nous a permis de détecter le stade adulte de Proctoeces chez 3
espèces (Diplodus vulgaris, Sparus aurata, Lithognathus mormyrus), parmi
lesquelles, S. aurata semble être l’hôte préférentiel (prévalence globale :
15.73%, Intensité moyenne : 2.78). La fréquence de ce parasite est
relativement faible chez les deux autres hôtes ; les valeurs de la prévalence et
de l’intensité moyenne sont respectivement 6.25% et 1 chez L. mormyrus et
4.76% et 1.66 chez D. vulgarus. La distribution de P. maculatus, au sein du
tube digestif, varie selon les espèces ; ce parasite occupant l’intestin antérieur
et postérieur chez S. aurata, colonise l’œsophage et la partie antérieure de
l’intestin chez L. mormyrus; chez D. vulgaris, ce parasite se limite à l’intestin
postérieur.

Matériel et méthodes
Les moules examinées proviennent de Menzel Jemil (1402 individus) et de
Menzel Bourguiba (650 spécimens), stations conchylicoles situées dans la
lagune de Bizerte (Nord-est de la Tunisie). La faune associée à ces mollusques
est triée, déterminée et maintenue vivante pour la recherche des métacercaires.
Cette faune regroupe des Polychètes errants (60 Nereidae, 5 Aphroditidae, 20
Eunicidae, 4 Cirratulidae, 5 Syllidae, 5 Phyllodocidae), des Polychètes
sédentaires (59 Sabellidae, 5 Terebellidae, 120 Serpulidae), des Bivalves (39
Pectinidae, 114 Limidae) et des Gastéropodes (170 Muricidae). La dissection
de ces animaux est effectuée sous la loupe binoculaire. Les différents organes
de chaque animal sont examinés pour détecter la présence éventuelle de
parasites. La place, le nombre et l’état de développement de chaque larve sont
notés. Les parasites récoltés sont observés au microscope pour être
déterminés. Pour la recherche du parasite adulte nous avons examiné 480
sparidés, regroupant 13 espèces (Boops boops, Diplodus annularis, D.
puntazzo, D. sargus, D. vulgaris, Lithognathus mormyrus, Pagellus acarne,
P. erythrinus, Pagrus auriga, P. pagrus, Sarpa salpa, Sparus aurata,
Spondyliosoma cantharus) évoluant dans la lagune de Bizerte. Après la
dissection de ces poissons, les trématodes sont recherchés dans les différentes
parties du tube digestif. Les observations des parasites ont été effectuées in
vivo et à partir d’individus fixés dans le bouin Hollande, colorés avec le
Carmin Boracique, déshydratés puis éclaircis dans l’essence de Girofle et
montés entre lame et lamelle dans une goutte de Baume de Canada. La
nomenclature appliquée pour la détermination des valeurs épidémiologiques
est celle utilisée habituellement [7], [8].
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Résultats et discussion
Jusqu’à présent seules les moules provenant de Menzel Jemil ont montré la
présence des larves de digènes. Il s’agit de sporocystes et de cercaires de
Proctoeces maculatus. La fréquence globale de cette infestation ne dépasse pas
0.35%. Les sporocystes infestant la moule colonisent, au début de
l’infestation, l’hépatopancréas. A la fin de l’infestation la totalité du manteau
se trouve colonisé par les sporocystes ; cet organe présente, alors, l’aspect
d’une fine membrane transparente vidée de ses substances de réserves et de
ses cellules germinales actives. Une constatation semblable a été faite par
d’autres auteurs [6] sur la côte ouest du Cotentin. Les sporocystes récoltés
contiennent, selon l’état de maturation, des cellules germinales, des
sporocystes fils et des cercaires ou seulement des cercaires. Les cercaires
émises de ces sporocystes, peu actives et ne présentant pas de queue, vont, se
fixer sur des animaux vivant en association avec les moules. En effet, l’examen
de la faune associée a permis de récolter la métacercaire de P. maculatus chez
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Abstract
Dans ce travail, nous avons procédé à l’analyse des composés biochimiques des muscles adducteurs et de l’ensemble glande
digestive-gonade d’un mollusque bivalve marin Mactra corallina. Nous avons relevé une quantité relativement importante d’acide
palmitique (C16 :0), d’acide eicosapentaénoîque (EPA, C20 :5n-3) et d’acide docosahexaénoîque (DHA C22 :6 n-3) dans les deux
organes étudiés. La teneur en glycogène est plus importante au niveau des muscles adducteurs qu’au niveau de la glande digestivegonade.
Keywords: Bivalves, Physiology
Introduction
Mactra corallina (Linné, 1758) est un mollusque bivalve qui colonise les
sables fins de l’étage infralittoral à faible profondeur allant de 3 à 100 m. Pour
la plupart des bivalves, les muscles adducteurs, les glandes digestives et les
gonades constituent des organes de stockage de glycogène et de lipides [1].
Dans cette étude, nous avons analysé la composition biochimique des muscles
adducteurs et de l’ensemble glande digestive-gonade (acides gras totaux et
glycogène).
Matériel et méthode
Les analyses ont été effectuées sur des échantillons de Mactra corallina de
taille comprise entre 30 et 40 mm dont le poids total est compris entre 19 et
26 g. Ils ont été prélevés durant le mois de mars. Les lipides totaux sont
extraits par un mélange de solvants chloroforme méthanol (2/1) selon la
méthode de Folch et al. [2] et analysés par chromatographie en phase gazeuse
(HP 6890). Nous avons utilisé pour nos analyses statistiques un logiciel
Statistica 5.0 (ANOVA- MANOVA). Le glycogène total a été analysé par la
méthode enzymatique Dubois et al. [3].
Résultats et discussion
Cette étude nous a permis d’identifier les acides gras saturés : C14 :0, C16 :0,
C18 :0 et C20 :0; les acides gras monoinsaturés C16 :1, C18 :1n-7 et le
C20 :1n-7 et les acides gras polyinsaturés C18 :2n-6, C18 :3n-3, C18 :4n-3,
C20 :3n-6, C20 :4n-6, C 20 :5n-3 et C22 :6n-3. L’ensemble glande digestivegonade se caractérise par une teneur élevée en lipides totaux (51,63%) par
rapport au muscle adducteur (18,48%). Ces deux organes présentent des
pourcentages rapprochés en acide palmitique (C16 :0). L’acide
eicosapentaénoîque (EPA, C20 :5n-3) présente un pourcentage élevé au niveau
de l’ensemble glande digestive–gonade égal à 27,05%, alors que l’acide
docosahexaénoîque (DHA, C22 :6n-3) dépasse les 12% au niveau des muscles
adducteurs. Le muscle adducteur est l’organe qui permet l’ouverture et la
fermeture des valves, ce qui explique la quantité importante de glycogène
(3,44mg/1g) qui constitue chez les bivalves la première source d’énergie
utilisée [4] et le seul glucide utilisé pendant la contraction musculaire [5].
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EVALUATION OF MARINE VERTEBRATE BIODIVERSITY OF NORTH CYPRUS COASTAL ZONE
ACCORDING TO NATURA 2000 HABITAT TYPES
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Abstract
In this study, species belong to marine vertebrate biodiversity of Akdeniz, Alagadi, Tatlisu, North Karpaz and South Karpaz Special
Environment Protected Areas (SEPA) are listed according to "Natura 2000 Network" habitat types with applying underwater visual
census (UVC) method. When compared with previous studies done at the area, it is determined that although covering many of the
species, Natura 2000 marine habitat types need to be reevaluated to cover other habitat types and biodiversity in the Mediterranean.
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Introduction
Over the last 25 years, European Union built up a vast network of over
26,000 protected areas covering all the Member States and a total area of
around 850.000 km2, representing more than 20% of total EU territory. It is
known as the Natura 2000 network - the largest coherent network of
protected areas in the world. The legal basis for the Natura 2000 network
comes from the Birds Directive which dates back to 1979 and the Habitats
Directive from 1991. Together these Directives constitute the backbone of the
EU's internal policy on biodiversity protection [1]. This study is done under
EU project “Technical assistance for management and protection of potential
Natura 2000 sites in the northern part of Cyprus (Ref No.
EuropeAid/125695/C/SER/CY/7)” which is funded by the European Union
under the Aid Regulation for the economic development of the Turkish
Cypriot community (Council Regulation (EC) No 389/2006 ) in order to
determine marine habitat types and biodiversity in relevant sites located at the
coastal zone.

types because of the extreme conditions. Habitat types 1110 (n:8), 1140 (n:2)
and 1150 (n:10) covers mainly soft substratum related benthic species except
transitory visitors. According to species abundance, cluster analysis showed
that habitat type 1140 is dissimilar with all other types. It is observed that,
habitat type 1110 which covers bare substratum with sandy bottom is
dissimilar with the group of habitats covering high relief rocky and/or
macrophyte covered substratum types like 1120, 1170 and 1160 where 1150
and 8330 placed between these two main substratum types. Bray-Curtis
Dendogram given in Figure 1.

Materials and Methods
This study has been conducted in the marine area of Akdeniz, Alagadi,
Tatlisu, North Karpaz and South Karpaz SEPA’s of North Cyprus. Cyprus
Island is located in the northeastern part of the Mediterranean at 32-34
meridian and 34-35 north latitudes. The island is the only land in the
Levantine Basin, which is also the third biggest island in the Mediterranean
after Sicily and Sardinia. In order to identify the quantity and the quality of
the species, underwater visual census (UVC) method has been utilized for this
study. UVC, in simple terms, means that the diver collects quality and
quantity based data using equipment, which would assist the researcher to
breathe. Using the same method, there have been researches conducted at
different locations and different habitats [2, 3, 4, 5]. Transects with different
habitat (biotope) structures have been identified at every station. The length
of these transects were limited with habitat boundaries. The dives on the
transects were conducted to and back directions. On the “going” direction, fast
swimming vertebrates were recorded through visual documentation. On the
same direction, pelagic, benthic and forms in between the two have been
counted. On the “back” direction, especially cryptic and small individuals
were recorded. On this direction, sampling work has been conducted as well.
During the dive, the researcher carried water-proof PVC notebook and a guide
book for identification of the species – especially the ones, which can swim
fast. After the dive, the notes taken at the PVC notebook would be transferred
to the “area registration form”. As much as the technical and environmental
conditions permit, the species were recorded visually. Canon S-80 digital
camera was used for recording the underwater visuals. In April – May 2009,
UVC diving were conducted for 23 transects. During the field works species
were recorded according to Natura 2000 habitat types as: “1110 Sandbanks
which are slightly covered by sea water all the time”, “1120 Posidonia beds”,
“1140 Mudflats and sandflats not covered by seawater at low tide”, “1150
Coastal lagoons”, “1160 Large shallow inlets and bays”, “1170 Reefs” and
“8330 Submerged or partially submerged sea caves” In order to better
evaluate the habitat diversity cluster analysis was conducted. The cluster
analysis for this research was conducted using the PAST package program.
Bray-Curtis similarity analysis was used to identify the similarity levels and
the results were drawn using the “Bray-Curtis Dendogram” [6].

Fig. 1. Bray-Curtis Dendogram.

Conclusion
In this study, vertebrate biodiversity of 7 different Natura 2000 marine habitat
types under protection are determined, however in a previous study which
was done at similar locations, 83 vertebrate species at 37 different habitat
types had been reported [7]. In addition, it is observed that, some habitat
definitions appear to be too general, which create difficulties to distinguish and
to determine boundaries and organize them in a classification system. It is
suggested that, marine habitat classification system of Natura 2000 Network
needs to be re-evaluated and the context should be extended in order to cover
more habitat types and biodiversity in the Mediterranean.
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Results
A total of 50 vertebrate species were recorded during the field works. Types
1120 (n:30), 1160 (n:28) and 1170 (n:39) are found to be biodiversity-rich
habitats which cover rocky and/or macrophyte dominated substratum related
species. Habitat type 8330 (n:6) includes similar but less number of species in
comparison with rocky and/or macrophyte dominated substratum habitat
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ASSESSMENT OF SEA TURTLES MONITORING AND RESEARCH STUDIES AT KARPAZ PENINSULA,
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Abstract
Sea turtle conservation and monitoring studies in North Cyprus started in 1992 in Alagadi Special Environment Protected Area
(SEPA) and the scope had been increased to other sites especially the coasts of Karpaz Peninsula which also cover Karpaz SEPA
and South Karpaz SEPA. At the field works in 2007, in Karpaz Peninsula, totally 123 sea turtle nests, 73 of them belonging to
Chelonia mydas and 42 to Caretta caretta with 8 unidentified were determined at 13 nesting beaches, with average nest success
percentages of 66.1% and %53.9 in order. In this study, consequences of efforts given to protection and monitoring of sea turtles in
the area evaluated in general. Additional protection measures that must be taken at nesting habitats and conservation activities are
discussed.
Keywords: Conservation, Monitoring, Turtles, Eastern Mediterranean, Biodiversity
Introduction
All sea turtle species (Chelonioidea) considered as threatened species, where
the Mediterranean population of Chelonia mydas have been determined as
critically endangered [1, 2]. Environment Protection Department (EPD) is in
charge of any activities related to the protection and monitoring of the sea
turtles at the Karpaz Peninsula in North Cyprus.

found in 2007 is within the regular fluctuation ratio. In terms of successful
hatchling, the ratio of the total number of eggs laid and the success rate of
these eggs are provided in order of year for 1999 to 2006: %58, %65, %66, %
68, %62, %71, %62, and %72 [3]. In this research, C. mydas and C. caretta
species have been evaluated separately. The current situation and the ratio is
believed to be as a result of the C. mydas, which is more critically endangered
and which lays eggs on Ronnas and Ayfilon more often, conservation efforts
such as protection-caging and cover against predation, to be more rigorous and
more effectively managed. The conservation measures cannot be implemented
as effectively as in the northern beaches, which has an effect on the C. caretta
species because these species frequent those beaches. There is a direct ratio
between the less controlled beaches and a higher percentage of predation or
hidden nest cases. In this research, the control openings (in order to take the
stuck hatchlings, dead ones and removing the eggs) were conducted a day or
two after the first emerging time. The live juveniles, in control openings, were
put in the sea. Another method for control openings would be that after the
natural emerging time, the nest would be controlled for juveniles stuck on the
tip of the nest but left without any interference. The control opening should
be conducted one week after the last observed hatchling. Even the juveniles are
free from the egg shells, their developmental process continues [6]. As this
research observed, the two hatchlings, which were found after a control
opening, did not swim properly and the others surfaced more frequently for
breathing. Even though there could be other reasons for these observations,
but it is being thought that the reason for the juveniles’ behavior is based on
the control openings and the fact that the juveniles were left in the sea before
they could complete their physical development. Hatchery operations have
been carried out in the Karpaz coasts – especially in Ronnas for a long time to
avoid the nests getting flooded [3, 4]. Moreover, this work is carried out by
carrying the eggs from different locations of the beach to one spot. However,
it is known that, the different temperatures at different points of the beach
have an effect on determination of the sea turtle sex ratio [5]. There is a high
probability of effecting the male-female ratio if the eggs that have been carried
from several nests to one point. Furthermore, it would be safer in view of
other risks not to carry all the eggs to one point only. In this respect, the
recommended method would be to carry the eggs to higher ground, which is
above the water-flood levels and parallel to the original nests.

Materials and Methods
Nesting habitats in the Karpaz Peninsula are given in Figure 1. The data
collection has been conducted in three phases. During the nesting period, nest
parameters has been recorded with locations and conservative measures has
been taken. In the second phase, an “indirect counting method”, this is based
on counting the remaining egg-shells and traces of the hatchlings after they
emerge; predated eggs during the incubation and emerging periods; and the
remaining under-developed eggs at the control opening of the nests, has been
employed. The eggs, which have been carried to new locations (hatchery)
against flood have been controlled, and checked and their success rates have
been recorded with same method. During the last phase of the study, the
hatchlings are monitored in the sea. The hatchlings were monitored for three
hours in the marine environment to obtain information through measuring the
breathing frequency in seconds, identifying directions in the sea and observing
predation situation as well as behavioral patterns.

Fig. 1. Study sites in Karpaz Peninsula

Results
In this study, 42 C. caretta and 73 C. mydas nests have been identified.
Additional to the identified species in nests, there are also 8 other nests
(unidentified species), which have been located after hatchlings emerge or
predation signs have been observed. After the field works conducted, the
average success rate of the nests in the Karpaz Peninsula for C. caretta has
been calculated as 53.9% and 66.1% for C. mydas. The data on the behaviors
of the hatchlings in the marine environment have been obtained from 7 C.
caretta and 24 C. mydas individuals. The average breathing frequency for the
hatchlings of C. caretta has been measured at 13.4 seconds per breath, and
diving depth at 0.5m. During the observation, apart from one individual, all the
others swam towards the open seas. All the monitored C. caretta followed a
natural process (incubation, emerging and entering the sea) and have managed
to reach the sea; however 7 of the C. mydas were found in control openings
and brought to the sea by researchers. C. mydas hatchlings were observed
having an average frequency of 14.8 seconds per breath and diving to 0.4m. It
was also observed that the two of the seven juveniles monitored did not
behave in the normal pattern, furthermore these two hatchlings, in attempt to
move forward were doing somersaults. It is suggested that, based on the
under-developed nervous systems for balance and directions, their behaviors
were distorted.
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Conclusions
It was reported [3, 4] that the number of nests fluctuate throughout the
years. Based on these data, it is possible to state that the number of nests
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Abstract
In the Mediterranean Sea, the richest coastal marine ecosystems are the Posidonia oceanica beds (endemic Mediterranean
species). This species is a key ecosystem in the Mediterranean sea and strictly protected (classified list "species strictly protected" in
the Bern International Convention). The aim of this study is to better know the distribution of P. oceanica in the northeastern
boundary (Dardanelle straits and the Sea of Marmara). The lower and upper limits of Posidonia oceanica at the Dardanelle Strait
was between 0-17 m deep and covered approximately 30 km long at both sides of the Dardanelle Strait. Posidonia oceanica is
covered the coastline of 3,13 km at Pasalimani Island and 8 km at Kapidag Peninsula.
Keywords: Posidonia, Mapping, Dardanelles, Marmara Sea
Introduction
Posidonia oceanica (L.) Delileis an endemic and the most abundant species in
the Mediterranean Sea. It is a protected species (classified list "species strictly
protected" in the Bern International Convention). This endemic species forms
very dense beds between 0 and 40 m deep. P. oceanica growthis very slow (3
cm.y-1) and its reproduction by seeds is very rare. Posidonia oceanica beds
are very sensitive to disturbances caused by human activity (e.g. coastal
development, pollution, turbidity, anchoring...) and their loss has been
observed in a number of regions. Due to its ecological role and to growing
concern about its decline, P. oceanica is now a protected species in Turkey by
the laws. [1; 2; 3; 4,5]. Since the years 1970, repetitive surveys of the seagrass
beds became an important way to check on a long term basis the general health
of littoral water. They led to stress the relative importance of different causes
of the major negative impacts. More recently the effects of the global change
on the hydrologic conditions of the Mediterranean Bassin (temperature,
salinity, currents, introduced species) can affect the deepest and geographical
boundaries of the P. oceanica beds and need a particular survey. About the
Northeastern Mediterranean Bassin boudaries of the Posidonia beds
contradictory informations are available in the general descriptions of the
repartition of this seagrass. It is mostly checked absent in the Dardanelle
straits and in the Marmara sea [6, 7, 8]. In 2005 an isolated bed of P. oceanica
has been checked in the middle and southern part of the Sea of Marmara [5].
This region is under extreme hydrologic conditions in comparison for most of
the ecological condition of P. oceanica development in the Mediterranean
Bassin with low salinity and low temperatures dues to the flow of brakish
waters coming from the Black Sea [5]. The aim of this study is to better know
the distribution and mapping of P. oceanica in the northeastern boundary
(Dardanelle straits and the Sea of Marmara). Also there are two monitoring
stations established at Dardanos (Dardanelle Strait) and Pasalimani Island to
monitor the changes about the meadows.

is patchy. The total length of the coastline which is covered with Posidonia
oceanica is 3,13 km at Pasalimani Island and 8 km at Kapidag Peninsula. All
P. oceanica rhizomes at the lower limit are plagiotrophic at the monitoring
stations. Monitoring of the meadows are still continuing at two station
(Dardanos and Pasalimani Island).
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Material and Methods
In 2004 all bibliographical informations on the distribution of Posidonia
oceanica meadows in the strait of Dardanelles and the Marmara Sea was
collected. After that an investigation has done with the professional fishermen
and diving clubs around Dardanelle and Marmara Sea with personal
communications and questionnaries. The surveys were continued with
beamtrawls and dredges. Afterwards field work has done by scuba and skin
diving for determinig the upper and lower limits of the P. oceanica beds with
the help of an GPS. All these data prosesed and put in the digital maps.
Results and Discussion
The distribution of Posidonia oceanica beds in Dardanelle and Marmara
Sea were; at the Europe side of Dardanelle strait (Seddulbahir, Morto
bay,Havuzlar, Kilya bay); at the Anatolian side (Odunluk port, Youth Camp,
Dardanos, Kepez, Çanakkale Underwater sports club, at Marmara Sea;
Pasalimani Island and Erdek Gulf, Kapidag Peninsula. The lower and upper
limits of Posidonia oceanica in these stations were between 0-17 m deep.
Posidonia oceanica covered approximately 31 km long with low density at the
Europe side of the Dardanelle Strait and 35 km long at the Anatolian side of
the strait. The density of the P. oceanica at the Europe side was weaker than
the Anatolian side because of the surface currents. Posidonia oceanica has
seen only at Pasalimani Island and the coastline between Ocaklar and Narli at
Kapidag Peninsula at the depth of 2-7 m. In these areas the meadow structure

478
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

BIODIVERSITY OF THE MEDITERRANEAN SEA: ESTIMATES, PATTERNS & THREATS
Marta Coll & Co-Authors (*) 1*
1 Institut de Ciències del Mar (ICM, CSIC). Barcelona. Spain & Dalhousie University, Biology Department. Halifax, Canada mcoll@icm.csic.es
Abstract
We reviewed available estimates of marine diversity in the Mediterranean Sea, we depicted main spatial and temporal
patterns and we summarized main drivers of change and threats
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results from Lotze et al. (6) who used a multi-disciplinary approach to assess
the ecological changes and overall shift in diversity over historical time scales.
We finally identified main current threats to diversity by large taxonomic
groups, while special attention was given to climate change scenarios.
Results and Discussion Our analysis identified >17,000 species occurring in
the Mediterranean Sea and updated previous estimates that were in the order
of 8,000-12,000 species. However, our estimate is still incomplete as more
species are likely to be described, especially of smaller and less conspicuous
biota. Deep sea areas and portions of the southern region are also still poorly
known for several taxonomic groups. In addition, the invasion of new species,
especially through the Suez Canal, is a crucial factor that will continue to
condition several aspects of Mediterranean marine biodiversity.
Spatial patterns confirmed a general decreasing trend in biodiversity from west
to east and north to south, with exceptions. Biodiversity is higher in coastal
areas and continental shelves, and decreases with depth. We provide a
comprehensive set of species richness maps that represent a baseline for
future analysis of biodiversity changes and trends, an important task within
the context of global change and associated species’ range shifts. The first
attempt to depict hotspot areas for vertebrate species in the Mediterranean
Sea may be useful for conservation planning (8).
Temporal trends indicate that exploitation and habitat loss where the main
drivers of historical changes in biodiversity. More recently, habitat loss and
degradation, pollution, climate change, over-exploitation and invasions are the
most conspicuous threats that also impact the greatest number of taxa.
An important remaining task is the free distribution of publicly available data
from national and regional research initiatives to facilitate updates and enable
scientific discussion. We envision the need to continue the collaborative
research effort that this work illustrates to further update marine biodiversity
registries and narrow down the unknowns.

Introduction The aims of our study were (i) to review available estimates of
Mediterranean marine biodiversity, and update previous checklists, (ii) to
depict the main spatial and temporal patterns of biodiversity, including
innovative ways of describing marine diversity, and (iii) to summarize the
main drivers of change and threats to marine biodiversity.
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Material and Methods We used an extensive bibliographic search combined
with the participation of several experts on Mediterranean biota to update
publicly available estimates of major taxa, from microscopic organisms to
vertebrates. This effort included new estimates of less conspicuous organisms.
The new estimate was then compared with previous efforts within the region
(1-4), and with online databases, and the state of knowledge by groups was
assessed.
We used information available by region or sub-regions and by taxonomic
group to depict spatial patterns of marine biodiversity. Patterns of primary
producers and most invertebrate species could only be explored at the scale of
large regions or basins. Detailed spatial patterns of vertebrate diversity (fish,
marine mammals, marine turtles, and seabirds) were analyzed using
Geographical Information System software (ArcView by ESRI) covering the
Mediterranean basin after available data were digitized (e.g. 5). For each 0.1
degree grid cell, species richness was estimated as the sum of the species cooccurring. We also used the global species distribution model Aquamaps
(www.aquamaps.org) to generate standardized range maps of occurrence for
marine species. We then compared results with local distribution maps.
To describe temporal changes of diversity over time, we summarized
information from several studies (e.g. 6-7) that dealt with the challenge of
analysing and integrating diverse data. For the North Adriatic Sea, we included
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INTERANNUAL VARIATION (2003-2008) OF CALYCOPHORAN SIPHONOPHORES IN THE BAY OF CALVI
(CORSICA)
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Abstract
The interannual variation of the calycophoran siphonophores was investigated in the Bay of Calvi (Corsica) from 2003 to 2008. The
dominant species, Chelophyes appendiculata was present throughout the year, with a maximum of reproduction during the summer.
Large variations of abundance occur from year to year.
The study of the developmental stages along the year allows us to establish its life cycle, which seems to be correlated with the
temperature and mesozooplancton abundance. The cycle takes place each year with a similar seasonal pattern throughout all the
study. Other species as Abylopsis tetragona, Lensia sp., were also present in lower abundance.
Keywords: Zooplankton , Medusae, Western Mediterranean
Calycophoran siphonophores are widely distributed in the seas all over the
world and are planktonic carnivorous predators which could have a major
impact on the structure and dynamics of the zooplankton. They may represent
up to 20 % of the zooplankton biomass. Copepods are their principal types of
prey [1]. Chelophyes appendiculata represents the most common species of
calycophoran living in the upper layers and is very dominant throughout the
northwestern Mediterranean, especially in the area of Ligurian divergence [2]
[3]. That species seems to be less abundant or absent in Gibraltar Straight,
Alboran sea, in the South Western Mediterranean [1], in the Thyrenean Sea [4]
and in the Gulf of Tigulio [5] [6] and finally in the Adriatic where Muggieae sp.
or Lensia sp. are dominant.
A weekly time series of wp2 zooplankton horizontal sampling were carried out
at 5 m depth in the Bay of Calvi from 2003 to 2008. The calycophoran
siphonophores species have been counted and identified up to the
developmental stage according to taxonomic criteria from Bouillon et al. [7] and
Patriti [8].
In Calvi, the dominant species, Chelophyes appendiculata (Eschscholtz, 1829)
was present throughout the year, with a maximum of reproduction during the
summer. The different developmental stages (nectophores - asexual stage and
the eudoxids - sexual stage) appear and follow each other during all the year.
Nectophores are present all the year with a mean density of 12.2 ind/100m³ but
are less abundant in winter. Two peaks of abundance were observed one in
spring and a larger in autumn. They were dominant in 2006 with a maximal value
starting in July (647 ind/100m³).

C. appendiculata in Villefranche sur Mer [3]. The breading reproduction occurs
in summer. The main difference between these studies is that C. appendiculata,
in Calvi, occurs in larger abundance throughout the year.
This species is a species characteristic of the central waters of the Ligurian
divergence [1] and its dominance in Calvi could be explained by the strong
influence of offshore waters input Corsican occidental coast [9].
The comparison of the abundance of nectophores of Chelophyes appendiculata
with the mesozooplankton biomass (fresh weight /m³) shows a good correlation
(Fig.1). We have noted that the maximum values of abundances in 2006 and
2008 correspond to years when invasions of Pelagia noctiluca were important.
Abylopsis tetragona, was less abundant than Cheophyes appendiculata and only
the nectophores were counted. This species occurred throughout the year
(mean: 1.87 ind/100m³) but was less abundant during winter. The maximum of
abundance was observed in May 2004 (27 ind/100m³).
More than other plankton species, siphonophores present variability in
composition in different regions of the Mediterranean probably due to local
hydroclimatic conditions. Actual data aren’t enough to explain these variations.
A integrate study of the calycophoran diversity and its variability should be
carry out between the different laboratories.
Acknowledgment: The study was done in the program MEDUSE granted by
the Agence Française de l'Eau. We thank Sylvain Plazza and the STARESO staff
for sampling operations. JH Hecq is Senior research associate to the FRSFNRS.
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Fig. 1. Interannual variation of zooplancton fresh weight (A) and
C.appendiculata necotophores (B) in the Bay of Calvi from 2003 to 2008

Eudoxids were less abundant during the winter and maxima occurred from the
beginning of spring to the end of summer. The mean density was
0.74 ind/100m³. The highest abundance was noted in the beginning of June
(64 ind/100m³).
The early larval stages coming from the sexual reproduction appeared only in a
short time during summer.
These results agree with previous investigations made in the northwestern
Mediterranean basin concerning the presence and temporal variation of
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AN INTER-REGIONAL COMPARISON OF THE DIET OF EUROPEAN ANCHOVY JUVENILES IN THE
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Abstract
This work was carried out in the framework of SARDONE project to assess and compare the ecology of juveniles of Engraulis
encrasicolus (L.) in two important fishing areas of the Mediterranean Sea. Although in the Adriatic Sea the mean zooplankton
biomass was much higher than in the Gulf of Lions during autumn 2007, the diet of the anchovy juveniles was based mainly on small
copepods in both areas. Anchovy prey selectivity seems to point out the preference for few genera: Temora, Oncaea, Euterpina in
the Adriatic and Temora, Microsetella and Corycaeus in the Gulf of Lions.
Keywords: Diet, Pelagic, Gulf Of Lions, Adriatic Sea, Zooplankton
Introduction
Small pelagic fish are essential mid trophic levels of the food web and play a
major role in the ecosystems in terms of trophic flows and biomasses in the
Mediterranean Sea [1, 2]. European anchovy, Engraulis encrasicolus (L.), can
be found throughout the Mediterranean Sea, being the most important fishery of
small pelagic fish in two of the major stocks (North-western Mediterranean and
Adriatic Sea). Since the fishing pressure exercised over E. encrasicolus is
exceptionally high in these areas [1], different studies have been carried out in
order to improve the knowledge on the trophic ecology of this species [3, 4].
However, differences in the diet of anchovy juveniles between the Adriatic and
the Gulf of Lions have never been studied. Here we present the first work that
compares the trophic behaviour of anchovy in these two regions.
Materials and Methods
Two cruises were carried out in the Gulf of Lions (Northwestern
Mediterranean) and in the Po river Delta (Northwestern Adriatic Sea) in
December and November 2007, respectively. Plankton samples were collected
by vertical tows with a standard WP2 net (mesh size of 200 μm) for
mesozooplankton, and by means of a modified Calvet net (mesh size of 53 μm),
for microplankton. Juveniles of Engraulis encrasicolus were captured with a
small pelagic trawling net. The total length and the weight of the individuals
were measured. The feeding preferences were assessed using the Ivlev´s dietary
selectivity index [5].
Results and Discussion
In the Adriatic Sea mean microplankton biomass was 67.04 mg*m-3 and
mesozooplankton biomass was 29.04 mg*m-3 while in the Gulf of Lions mean
biomass was 11.38 mg*m-3 and 7.04 mg*m -3 of microplankton and
mesozooplankton respectively. Anchovies total length ranged between 45 and
86 mm in the Adriatic Sea, and between 48 and 110 mm in the Gulf of Lions.
The composition of the stomach contents in the Adriatic and in the Gulf of
Lions was basically made-up of small copepod (adults and copepodites). Ivlev´s
selectivity index (Fig. 1) pointed out a preference for Temora spp, Oncaea
spp. and Euterpina acutifrons in the Adriatic,. In the Gulf of Lions, the most
highly selected preys were mainly Microsetella rosea, Temora spp.and
Corycaeus/Farranula, but decapod larvae and other crustaceans were also
positively selected. Temora spp. was preferred in the same proportion in both
the areas, but , in the Gulf of Lions the feeding selectivity covered a wider range
of prey.

Fig. 1. Ivlev´s diet selectivity index of juvenile anchovies
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Abstract
The natural objects of the Dubrovnik Natural History Museum, such as the head and the caudal fin of tuna Thunnus thynnus
(Linnaeus, 1758.), which as species is listed on the Red list of threatened plants and animals of Croatia, are a valuable source of data
of this threatened species in the Adriatic Sea. These Museum objects, as well as the relevant existing written historical documents and
existing scientific knowledge regarding tuna were used to assess the morphometric characteristics. The parameters will be used in
construction of a credible complete model of tuna that will form part of the Museum permanent collection, with emphases on its
educational aspects.
Keywords: Adriatic Sea, Pelagic, Fishes
Introduction
The dermoplastic preparations of the head (Figure 1) and the caudal fin of tuna
Thunnus thynnus (Linnaeus, 1758) belong to the particularly valuable natural
objects of the Dubrovnik Natural History Museum. According to the written
data it was caught near the small town Ston in 1897 and it weighed around 275
kg [1].

Tab. 1. Morphometric and meristic characteristics of tuna Thunnus thynnus

Construction of the complete Museum object and accompanying, organised
educational programmes, will contribute to indication of the status of these
threatened species: the need for preservation and the necessity for enforcement
of measures of the protection and the economy.

Fig. 1. The dermoplastic preparation of the head of tuna T. thynnus, Dubrovnik
Natural History Museum
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Tuna is a large and high migratory species. Usually they school by size. This
fast swimming bony fish occurred in almost whole Adriatic Sea: along the coast,
in channels and especially in open sea, rare along the Istria coast [2]. Tuna
fishing have a long tradition in Croatia.
Due to its economic value the population of tuna in the Adriatic Sea has been
significantly reduced. According to the IUCN categorisation, these species have
been included in the Red book of sea fishes of Croatia [2]. In line with the
legislation of the Republic of Croatia, tuna is a protected species [3], and fishing
is regulated by the catch quotas in accordance with recommendations of the
International Commission for the Conservation of Atlantic Tunas [4].
Material and Methods
On the basis of morphometric characteristics of the Museum exhibits: diameter
of the eye, length of the head and the preorbital length, as well as on the
information supplied on the weight of the caught tuna and the scientific
knowledge of tuna, mathematical methods were used to calculate its overall
morphometric values and to define its meristic properties (Table 1) [2, 5, 6].
The same data will be used for construction of the model of life size tuna that
will, as a Museum exhibit, form part of the Museum permanent collection.
Results and Discussion
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FIRST RECORD OF THE INTRODUCED FOULING TUBEWORM FICOPOMATUS ENIGMATICUS (FAUVEL,
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Abstract
Alien species Ficopomatus enigmaticus was recorded on two locations along the eastern Adriatic coast, Krka River Estuary and
Neretva River Delta. It is probably introduced as ship fouling.
Keywords: Adriatic Sea, Brackish Water, Species Introduction, Polychaeta
Introduction
Ficopomatus enigmaticus (Fauvel, 1923), previously know as Mercierella
enigmatica, is sedentary suspension-feeding polychaete belonging to family
Serpulidae. These polychaete worms build and live in upright white calcareous
tubes that have distinctive collar like rings at irregular intervals. It is reproducing
successfully on temperatures around 18°C [1, 2]. It is cryptic species probably
invaded the Mediterranean Sea as ship fouling during the First World War [3].
The first record in Europe was in the Channel de Caen in the northern France in
1921. In the Adriatic Sea, F. enigmaticus was recorded for the first time in the
Venice Lagoon, the Northern Adriatic [4]. Today, it builds huge aggregate
“reefs” in the Po River Delta [2].
F. enigmaticus was recently recorded at two new locations along the eastern
coast of the Adriatic Sea, Krka River Estuary and Neretva River Delta (Fig. 1).
The investigations of both records were performed by scuba divers. The first
location, Krka River, is situated in the karst region and its estuary, with total
length of 22 km, was formed during the Holocene transgression. In the lower
part of estuary, the Port of Šibenik is located. It is a typical example of a
stratified estuary which bottom gradually deepens from 2 m to 42 m.

salinity and flow intensity.

Fig. 2. Photo of F. enigmaticus from the Krka River Estuary (July, 2009.)

The second location, Neretva River Delta, covers about 20 000 ha of which 12
000 ha are in Croatia. It is constituted of numerous channels. The Port of Ploce
is situated near the river mouth, and it is one of the main Croatian ports. In this
area, F. enigmaticus occurs in two delta’s channels as single specimens or in
small aggregates regularly in communities with Balanus sp. It mostly occurs at
depths of 0.7 m. The fishes from genus Syngnathuswere observed as main
predators on fouling tubeworm in this area.
Conclusion
The fact that populations of F. enigmaticus appear near the ports suggests that
the probable mechanism of introduction was ship fouling. Also, appropriate
environmental factors on these locations enable growth of the species.
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Fig. 1. Locations of the F. enigmaticus appearance

Around the shores of the lower part of the Krka River Estuary F. enigmaticus
occurs as single tubes or as large dense fouling aggregations mostly on artificial
substrates like cement (seawalls) and iron construction (Fig. 2). It exists at
depths up to 3 m, but the largest settlements are up to 0.5 m. Hull encrustations
are up to 25 cm thick reaching the water surface during the low tide. We have
found larger fouling aggregations only at three sites. Also, it makes fouling in
community with Mytilus galloprovincialis. The intertwined tubes are often
coated with bryozoans. Additionally, along the coast we have observed dead
fragments of fouling aggregations with domination of F. enigmaticus tubes.
Probably, that fouling aggregates collapses due to excess weight or mortality
during the winter due the exposure to low temperatures for long period, low
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MARINE MOLLUSC FAUNA OF KASTAMONU AND SINOP COASTS (THE SOUTHERN BLACK SEA,
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Abstract
The study was carried out to determine Mollusca fauna of Kastamonu and Sinop coasts. A seasonal sampling procedure was
performed in the area from a variety of biotops in 0-0.5 and 5m depths at 4 stations between July 2007 and May 2008. A total of 11
species and 16823 specimens belonging to Bivalvia; 15 species and 5482 specimens belonging to Gastropoda and 1 species and 1
specimens belonging to Polyplacophora classes were encountered during the study. Also, the seasonal distribution of the
physicochemical parameters measured on site as in-situ. In addition to, analytical procedure and minimum and maximum ranges with
(Mean±SD) are shown.
Keywords: Mollusca, Black Sea, Biodiversity
Introduction The biodiversity of the Black Sea ecosystem includes some
2,050 species of animals including Arthropoda, Molluscs (206),
Echinodermata, Fish and Mammals (1). As far as Turkey is concerned, the
investigations on mollusk biodiversity of the Black Sea are quite scanty and
limited to information depth of finding and other details, except for Russian,
Ukraine and Romania, some another countries coasts of the Black Sea. There
have been some studies on Mollusca in Turkish coasts of the Black Sea. These
studies have begun since years of 1960’. 11 by Caspers (1968); 49 by Bacescu
et al. (1971), 37 by Fisher et al. (1987), 37 by Mutlu et al. (1993), 49 by
Kocatas et al. (2000), 108 by Ozturk (1998), 50 by Ozturk and Cevik (2000),
16 by Culha et al. (2000), 99 by Demir (2003), 23 by Demirci and Katagan
(2004), 28 by Culha (2004), 8 species by Luth (2004), 26 by Ozturk et al.
(2004), 33 by Demirci (2005), 14 by Culha et al. (2007), 15 species by Culha
et al. (2007) were reported. As a result of the studies in Turkish coasts of the
Black Sea carried out up to now, 183 Mollusca species have been identified.
Material and Methods Mollusk specimens were obtained by sampling
during July 2007 and May 2008 at 4 stations (2 stations from Sinop
[Ayancik, Türkeli] and 2 stations from Kastamonu [Abana, Çatalzeytin]
chosen at the Middle Black Sea, Abana: 41o58’51”N, 34o00’01”E;
Çatalzeytin: 41o57’20”N, 34o11’58”E; Türkeli: 41o56’59”N, 34o20’37”E;
Ayancik: 41o56’46”N, 34o34’41”E (Figure). A total of 32 (16 x 2 replicate)
samplings were performed with 4 samplings for seasonaly. Sampling at the 4
stations was conducted seasonally at various biotopes at depths of 0.5m –
5m. A spatula or shovel was used to collect specimens from a 20X20 cm area
using a quadrate sampling methodology. Sampling was carried out by free or
scuba diving. Additionally, the physico-chemical parameters of the sampling
stations were measured seasonally from the surface to ~1-2m depth using a
WTW 340i multi Set water quality meter (Table). The collected material was
fixed in 4% formalin solution to be examined in the laboratory. Species
identification was performed according to shell characteristics and several
reference sources, including Nordsieck (1968), Cachia et al. (1996, 2001),
Graham (1971), Barash and Danin (1992), Butakov et al. (1997), Culha
(2004), Dogan (2005). Sabelli et al. (1990, 1992) and Clemam (2008) were
followed for the systematic index of the species.

Hemilepton nitidum (Turton, 1822) is one of the new species reported for
Molluscan fauna from Turkey (3). Previous studies carried out in Sinop
peninsula and neighbouring areas analyzed in different biotopes. Demirci and
Katagan (2004), collected the samples from rocky substrates and reported 23
species in Ulva facies. Çulha et al. (2000) carried out several studies in sandy
bottoms of the same area, but the same authors found 8 species that were not
reported by Demirci (2005). Similarly, Çulha (2004) reported 28 Gastropoda.
Among these, 13 species were not reported during the study performed by
Demirci (2005). In study of Öztürk et al. (2004) from sandy and hard
substratum, 26 Bivalvia species were detected. In a deep water study carried
out in Inebolu district (Central Black Sea), Luth (2004) found 3 Gastropod
and 5 Bivalvia species. Consequently, different results were obtained in
previous studies carried out at various periods and localities of the central
Black Sea region. This is due to different biotopes, different zones
(Supralittoral, infralittoral, mediolittoral etc.), different sampling methods such
as grab, dredge, quatrate and different depths. In addition, the utilization of
updated publications (e.g. 3Öztürk and Çevik, 2000; 4Clemam, 2008; 5Sabelli
et al., 1990, 1992) by researchers who study in this area will reduce potential
errors that may arise.
Tab. 1. Minimum and maximum range and Mean ± SD from selected stations,
of physicochemical parameters of sea water of Sinop and Kastamonu coasts
and analytical procedure during the period July 2007 and May 2008

References
1 - Zaitsev Yu. P., 2006. Severo-zapadnaya chast' Chernogo morya: biologiya
i ekologiya/ Red. i dr. K.: Naukova dumka press, 701 p.
2 - Culha, M., 2004.Taxonomical and Ecological Characteristics of
Prosobranchia (Mollusca-Gastropoda) Species Distributed around Sinop, PhD
thesis, Aegean University, Izmir, 150 p.
3 - Ozturk, B., Culha M. and Urkmez, D., 2004. Bivalvia Fauna of the Sinop
Peninsula and its vicinity, 1st National Malacology Congress (with
International Partipication), 1-3 September 2004, Izmir, Turkey, 71-80 pp.
4 - Clemam., 2008. Unitas Malacologica Check List of European Marine
Mollusca, Internet site (current URL:http://www.mnhn.fr/base/malaco.html),
Réalisé par J. Le Renard, B.I.M.M., M.N.H.N, Paris.
5 - Sabelli, B., Giannuzi-Savelli R. and Bedulli, D., 1990. Catalogo Annotato
dei Molluschi Marini del Mediterraneo, Libreria Naturalistica Bolognese, 1,
1-348 pp.

Fig. 1. The position of four selected stations at Kastamonu and Sinop coasts
St. 1) Ayancik, (St. 2) Türkeli, (St. 3) Çatalzeytin and (St. 4) Abana

Results and Discussion The aim of the present study is to determine the
marine mollusk species on Kastamonu (Abana, Çatalzeytin) and Sinop
(Ayancik, Türkeli) coasts. A total of 27 species was detected: 1 of these
species belonged to the class Polyplacophora, 15 belonged to the class
Gastropoda and 11 belonging to the class Bivalvia. In previous studies,
Pusillina radiata and Heleobia stagnarum (Demirci, 2005); Gibbula adriatica,
Hydrobia acuta and Mangelia costata (2), and Abra segmentum were reported
as new records for the Black Sea coasts of Turkey. On the other hand,
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DEMERSAL ICHTHYOFAUNA OF THE CENTRAL AEGEAN SEA: DECLINING TRENDS IN SPECIES
RICHNESS
Dimitrios Damalas 1 and Vassiliki Vassilopoulou 1*
1 Hellenic Centre for Marine Research - celia@ath.hcmr.gr
Abstract
Data collected from 462 commercial bottom trawl hauls in the central Aegean Sea, during 1995-2006, indicated that species richness
of the local ichthyofauna has significantly decreased. It is most likely that while the fishery was driven by the most resilient target
species, at the same time it had a dramatic effect on numerous other less robust species. Our findings identified certain warning signs
reflecting ecosystem degradation and further study through longer monitoring will contribute to the clarification of trends.
Keywords: Aegean Sea, Biodiversity, Fisheries
Introduction
The bottom trawl fishery represents some 20% of the total marine production
in Greece with almost 45% of the catch being usually discarded at sea [1]. In
order to estimate the long-term impact of commercial fishing on the
ichthyofauna diversity of the central Aegean Sea, 462 records of bottom trawl
hauls were collected on board commercial vessels between 1995 and 2006
(2001-2002 excluded).

encountered with year [Fig. 1], and suggesting that species richness was
reducing by an average of 1.83 species per year, during the studied period.
Analogous declining trends were also observed for certain phylogenetic indices
in the Greek seas [3], and can be accredited to a series of reasons associated to
fishing impact on particular vulnerable species and habitats [4], as well as
environmental impact and specifically climate change causing the
‘tropicalization’ of Eastern Mediterranean [5] which exacerbate biodiversity
loss. In fact, specific marine species may be more vulnerable to exploitation
and/or changing conditions owed to a number of factors such as older age at
maturity, lower reproductive rate, poor adaptation capabilities [6].

Material and Methods
Fish species identification was done on board by trained scientific personnel,
who did not interfere with the normal fishing practices of the crew. An annual
biodiversity index was constructed by calculating the number of species by
year, in 1000 repetitions of randomly selected predefined number of hauls, so
that to exclude spatial and effort effect in the biodiversity trend [2]. The
annual trend was then expressed by the slope of a linear regression when
regressing number of species upon year.
Results and Discussion
Overall, a total of 171 species were recorded (138 bony and 33 cartilaginous
fish), belonging to 79 families and 28 orders [Table 1]. More than three
quarters of the bony-fish species encountered were perch-likes (Perciformes),
flatfish (Pleuronectiformes), cods (Gadiformes) and scorpionfishes
(Scorpaeniformes). These were also the groups of fishes exhibiting some of the
higher abundances (Catch Per Unit of Effort > 300 individuals per hour of
trawling). Skates and rays (Rajiformes) accounted for almost half of the
chondrichthyans. Our results revealed that certain species were absent from
the catches during the last 4 years of the study; these were the bony-fishes:
Acantholabrus palloni, Anthias anthias, Arnoglossus imperialis, Arnoglossus
rueppelli, Argyropelecus hemigymnus, Callionymus risso, Centrolophus niger,
Deltentosteus quadrimaculatus, Echelus myrus, Epigonus telescopus,
Hymenocephalus italicus, Stomias boa, Spondyliosoma cantharus, Symphurus
nigrescens, and the chondrichthyans: Centrophorus granulosus, Chimaera
monstrosa, Dalatias licha, Myliobatis aquila, Raja circularis, Squatina
aculeata, Squatina oculata.

Fig. 1. Annual trend of fish species richness as inferred by a linear regression
of Average number of species upon Year

Hence, although our findings identified certain warning signs reflecting
ecosystem degradation, further study through longer monitoring will
contribute to the clarification of trends.

References
Tab. 1. Number of species encountered and fishery dependent abundance
(CPUE) by family and order taxon

1 - Machias, A., Vassilopoulou, V., Vatsos, D., Bekas, P., Kallianiotis, A.,
Papaconstantinou, C. and Tsimenides, N., 2001. Bottom trawl discards in the
northeastern Mediterranean Sea. Fisheries Research, 53: 181-195.
2 - Daan, N., Heessen, H. and ter Hofstede, Remment., 2005. North Sea
Elasmobranchs: distribution, abundance and biodiversity. ICES-CM
2005/N:06. Theme Session on Elasmobranch Fisheries Science. 15 pp.
3 - Vassilopoulou, V., Machias, A., Tsagarakis, K., 2007. By-catch and
discards in multi-species fisheries and their impact in the Hellenic waters. In:
SoHelFI, 2007. State of Hellenic Fisheries. C. Papaconstantinou, A. Zenetos,
V. Vassilopoulou & G. Tserpes (Eds), HCMR Publ., 466 pp.
4 - Sacchi, J., 2008. The use of trawling nets in the Mediterranean. Problems
and selectivity options. Options Mediterraneennes B (62): 87-96.
5 - Lefkaditou, E., Peristeraki, P., Zenetos, A. and Politou, C.Y., 2008.
Climatic effects on marine environment and species expansion in the eastern
Mediterranean Sea. Effects of climate change on the World’s Oceans.
International Symposium May 19-23, 2008, Gijon, Spain, Poster ID:
W2&W3- 4987.
6 - Myers, R.A., Ottensmeyer, C.A., 2005. Extinction Risk in Marine
Species. In: Norse, E.A. and L.B. Crowder, eds. Marine Conservation
Biology: The Science of Maintaining the Sea's Biodiversity. Island Press,
Washington DC (USA).

The observed decline in the number of species caught in the central Aegean in
recent years is further illustrated by the negative and highly significant (P<
0.001) slope of the linear regression, relating number of fish species
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BIOLOGY OF CALLISTA CHIONE (L., 1758) IN THERMAIKOS GULF (N AEGEAN SEA)
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Abstract
The biology of smooth callista [Callista chione (Linnaeus, 1758)] was explored from two sites in Thermaikos Gulf, N Aegean Sea. L
infinity, K and total mortality were found to be higher in Platamonas (81.38, 1.4, and 2.6474, respectively) compared to those from
Sani (76.13, 0.66, and 1.174, respectively). No significant differences were found in the condition index (range: 43.95 -51.67), both
between stations and seasons.
Keywords: Bivalves, Growth, Mortality, Biometrics, Aegean Sea
Introduction
Smooth callista [Callista chione (Linnaeus, 1758)] is commercially exploited
throughout the range of its distribution in the Mediterranean. In Greece,
despite its great importance, the information regarding its biology is limited
(Evvoikos Gulf: [1], Thasos Island: [2]). In the present study, the biology of
smooth callista was examined in Thermaikos Gulf. This research was
conducted in the framework of a research project (Operational Programme for
Fisheries Sector 2000-2006).

to the reproduction cycle of the species. In general, spawning is prolonged
from spring till the beginning of winter [1]. Given that our samples were
collected during spawning season, no differences were anticipated.

Materials and methods
Seasonal samples (spring 2007-winter 2008) were collected from professional
fishers (divers with constant air supply), from two different sites in
Thermaikos Gulf, Sani (N40° 07,509' E23° 18,149') and Platamonas (N39°
56,741' E22° 42,888'). Shell length (L, in mm) and total weight (W, in 0.1 g)
were measured and related using the allometric model W=aLb [3]. The slopes
of the seasonal regressions were compared using analysis of covariance
(ANCOVA, [4]). For the estimation of growth parameters Linf (length
infinity) and K, and total mortality, FISAT II software [5] was used.
Condition index (CI) was estimated as follows [6]:
CI=[MW/(W-SW)]*100
where MW= net body weight and SW= shell weight. CI values were compared
using two-way ANOVA and Fisher’s least significant difference (LSD) test
[4].
Tab. 1. Parameters of the von Bertalanffy equation (Linf= length infinity, in
mm; K=parameter of the von Bertalanffy growth function (also known as
growth coefficient; in yr-1), total mortality (Z) and seasonal values of
condition index (mean value±standard deviation) for Callista chione,
Thermaikos Gulf, Greece.

Fig. 1. Seasonal length-weight relationships for Calliste chione, in Platamonas
(left) and Sani (right), Thermaikos Gulf, Greece
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Results and Discussion
Overall, 319 individuals (140 from Platamonas and 179 from Sani) were
examined. Shell length range was 47.31-75.28 mm in Platamonas, and 29.5373.02 mm in Sani (Table 1). Seasonal length-weight relationships were all
significant (p<0.01, R2>0.71; Fig. 1). The values of b of the relationships
ranged from 2.7431 to 3.5548 (3.0063±0.28), whereas no significant
differences in their values with season and between the two sites (ANCOVA:
all cases p>0.05) were found. The von Bertalanffy growth parameters (Linf
and K), as well as total mortality (Table 1) were highest in Platamonas than in
Sani. Linf values in the study area are similar to those from Evvoikos Gulf (Linf
= 93mm, [1]) and higher than that from Thasos (Linf = 57.8 and 62.7 mm, [2]).
Additionally, K values were found to be higher than any previously reported
ones from Greek waters ([1]: Evvoikos Gulf. 0.24, [2]: Thassos island, 0.24 &
0.26), indicating that the species in the study area shows very high growth
rate. This could be attributed mainly to the environmental conditions
prevailing in Thermaikos Gulf [7]. This species is known to have a fast
growing rate in its first years of life, a rate that is progressively reduced [8]. CI
ranged from 43.95 to 51.67 (Table 1). Two-way ANOVA revealed that CI
values were not affected by sampling site (F-value= 0.02, p=0.8992) and
season (F-value= 1.51, p=0.2221). In addition,Fisher’sLSD showed no
differences between the two sites and seasons. The fact that no
spatiotemporal differences in CI values were found could be mainly attributed

486
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)
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Abstract
The spatial distribution of fish larvae was studied in Thermaikos and Chalkidiki gulfs during June 2004. Samples coming from the 500mesh size Bongo net were analyzed and 42 taxa belonging in 29 families were identified. Spatial heterogeneity depended on the
combined effects of topography and hydrographic features of the region. Classification of stations into groups established three distinct
groups of stations, which basically corresponded to the bathymetry of the study area.
Keywords: Aegean Sea, Ichthyoplankton
Introduction
Marine fish larvae play an important role in understanding the ecology and
evolution of fishes and their populations [1]. The interpretation of spatial
patterns in the ichthyoplankton involves consideration of many factors
pertaining to the biology and early life history of fish species and the
environment in which they live and reproduce. A complex suite of
environmental factors interacts with the biology of fish populations at different
temporal and spatial scales to influence the occurrence, distribution, and
abundance of the larvae.

annularis, Coris julis, Chromis chromis and Symphodus sp.exhibit an inshore
distribution in the coastal band of Thermaikos gulf. Finally, the last group
contains taxa characterized by wide dispersal patterns like the pelagic Engraulis
encrasicolus, Sardinella aurita, Trachurus mediterraneus, the demersal
Serranus hepatus, Gobiidae Cepola macrophalma and mesopelagic
Ceratoscopelus maderensis and Hygophum hygomi whereas their larvae caught
in extremely high densities and distributed over the majority of the sampling
stations. The presence of mesopelagic fish larvae over the shelf, occasionally in
quite shallow water, therefore, may be the result of some passive mechanism or
of shore wards migration by the larvae themselves [3].

Materials and methods
A grid of 13 stations (Fig. 1) was sampled in 15-20 June 2004, with a 60 cm
bongo-net (0.250 and 0.500 mm meshed nets) towed obliquely from just
above the sea bottom to the surface (maximum to 200 m). Hydrographic profiles
were collected on a denser grid of 42 stations. The early life stages of
fishes were sorted
and identified into families
and species. To
define
ichthyoplankton assemblages, a hierarchical cluster analysis of a Bray-Curtis
similarity matrix calculated between species by ranked larval abundance was
performed [2], considering only those species or groups that represented 1% of
the total catch.

Fig. 2. Dendrogram of similarities (cluster analysis, group-average linkage, fourth
root transformation) of the taxa sampled in June 2004
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Fig. 1. Map of the study area showing the location of sampling stations

Results and discussion
A total of 3,617 fish larvae were sorted from the 0,500 mm cod-end of the net
that were categorized under taxonomy levels of 38 species, 7 genera, and 1
family. European anchovy (28%) composed the highest level in larval
distribution and Sardinella aurita (14 %) was in the second place. The
myctophiids Ceratoscopelus maderensis (14%) and Hygophum hygommii(10%)
were the most abundant mesopelagic taxa. Other taxa caught at high percentages
were Gobiidae (5%), Trachurus mediterraneus (4%), Serranus. hepatus (3%),
cepola macrophalma (3%) and Arnoglossus sp. (2%). Using cluster analysis
three different groups of taxa were classified (Fig. 2). The first group contains
bathypelagic
specie/families
like Mychtophidae, Sternoptychidae and
Paralepididae whereas their larvae caught mainly at the offshore stations of
Chalkidiki gulfs. The second group contains neritic species like Diplodus
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Abstract
Macroinfaunal communities subjected to different gradients of trawling disturbance were analysed to investigate responses related
with trawling effort. Results showed a decrease of abundance and richness with increasing effort, highlighting the benefits of effort
restriction to protect marine communities.
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Introduction
Fishing activities impacts marine communities and habitats [1], being necessary
the incorporation of ecosystem protection in management [2]. We need to gain
knowledge on the extent of commercial trawling impact in order to develop
actions to reduce disturbance [3]; however pristine areas within trawling
grounds are rare, and we have little knowledge about unexploited situations [4].
Aiming to understand the effects trawling intensity on communities we
compared the macroinfaunal community at 4 soft bottoms subjected to different
regimens of trawling disturbance.
Material and Methods
The 4 sites are located within soft bottoms around 50m depth from the NW
Mediterranean. The first study area (A) is located in a fishing ground. This
fishing ground includes a portion of undisturbed seabed due to the remains of an
abandoned oil platform (area B). The area C is located adjacent to Medes Islands
MPA, north from the previous two areas, where occasional trawling takes place.
The area D is located inside the MPA where trawling is prohibited. Each area
was sampled with a 0.1 m2 van Veen grab at 5 stations, with 5 grabs randomly
collected at each station to obtain the minimum sampling size. Samples were
sieved over 1 mm, and organisms were identified to the lowest taxonomical level
recording number of individuals. A one-way ANOVA and a Tukey post-hoc
test were performed to identify differences between areas.
Fig. 2. Percentage of taxonomic groups at the four study areas

Results
Abundance is significantly different at all sites (p>0.01); being higher at B and D
sites (Fig. 1a). Species richness is significantly higher at D (p>0.001), whereas it
is similar at the other three areas (A, B, C) (Fig. 1b).

Discussion
Trawling reduces the faunal abundance by eliminating the most vulnerable
organisms [4]. This pattern is observed in the results with higher abundance at
both the MPA and the undisturbed area within the fishing ground. Moreover,
trawling might reduce the species richness by increasing dominance of
opportunists and species with low vulnerability to trawling [1]. Our results
agree with this as the MPA holds higher richness. The four communities are
dominated by polychaetes, however the MPA presents lower dominance with
higher abundance of other groups. The less disturbed areas maintain more
structured communities, suggesting that trawling intensity must be reduced to
protect marine habitats from degradation [3, 4].
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Fig. 1. Abundance and richness (number of species) at the four study areas
70 taxa were collected at area A, 84 at B, 63 at C and 105 at D. Polychaetes is
the most abundant group at either area: A, 74%; B, 73%; C 68%; and D 39%
(Fig. 2). The second most abundant group at A and B is crustaceans (16%). C
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sipunculida and cnidaria; and D: 26% of sipunculida, 13% bivalvia, 8%
crustacean and 6% ophiurids.

1 - Kaiser M., Ramsay K., Richardson C., Spence F., Brand A., 2000. Chronic
fishing disturbance has changed shelf sea benthic community structure. J. An.
Ecol. 69:494-503.
2 - Frid C., Paramor O., Scott C., 2005. Ecosystem-based fisheries management:
progress in NE Atlantic. Mar. Pol. 29:461-469.
3 - Turner S., Thrush S., Hewitt J., Cummings V., Funnell G., 1999. Fishing
impacts and the degradation or loss of habitat structure. Fish. Man. Ecol.6:401420.
4 - Thrush S., Dayton P., 2002. Disturbance to marine benthic habitats by
trawling and dredging: Implications for Marine Biodiversity. Ann. Rev. Ecol.
Syst. 33:449-473.

488
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

EVALUATION OF THE LEVEL OF TRAWLING PERTURBATION ON SOFT BOTTOMS USING ACOUSTIC
REMOTE SENSING AS A PROMISING APPROACH FOR FISHING EFFORT ESTIMATION
M. Demestre 1*, J. Martin 2, C. Mytilineou 3, P. Sartor 4, J. Mas 5, P. Sanchez 1, S. De juan 1, M. Maso 1, P. Martin 1 and C. Lo
Iacono 1
1 Institut de Ciencies del Mar - CSIC - montse@icm.csic.es
2 Helenic Center for Marine Research. Athens. Greece.
3 Centro Interuniversitario di Biologia Marina. Livorno Italy
4 Instituto Español de Oceanografia. Murcia. Spain
5 Mediterraneo Servicios Marinos, Alicante Spain
Abstract
Fishing pressure was evaluated using side scan sonar at 5 Mediterranean coasts subjected to different levels of trawling disturbance.
The work evidences that trawling effort can be accuratedly estimated using an indirect method. These results have been compared
with fishing effort data from commercial fishery and discussed in the context of its implications for management
Keywords: Fisheries, Acoustics, Zoobenthos, Biodiversity
Introduction
Bottom trawling is one of the major sources of damage to the benthos and
habitats. Thus, there is an urgent need for developing tools focussed on
achieving efficient management of fishing effort and to reduce its impacts [1, 2].
It is difficult to estimate the fishing effort of the trawl fleet both at a small scale
and consistent with commertial fishing activities around the wold [3].
Furthermore, this information is essential to analyse both the response of
benthic communities and the levels of bottom disturbance in relation with
gradients of fishing effort [4]. This study has been developed in the framework
of the project COMSOM (CTM2008-04617).
Methods
Five coastal areas located over Mediterranean continental shelves were selected:
two in Spain, Cataluña and Murcia coasts, one in Italia, Tyrrhenian coast, and
one in Greece, Ionian coast. Each area, that is located between 40 and 70 m
depth, subjected to the trawling activity of commercial fishing fleets, and under
variable level of fishing effort, were sampled with side scan sonar (SSS) [2]. The
images obtained by SSS were analysed by a computer-aided planimetric analysis
to determine the density of trawl marks. In a parallel way, information on
commercial fishing activity was obtained from data gathered by the fishermen’s’
association of each selected fishing port.
Results & Discussion
Information on fishing activity and in situ evaluation of the daily activity of the
trawl fleet in each coastal area permited the identification of three levels of
fishing presure at each area: high, medium and low activity. On the other hand,
the densities of trawl marks were estimated by 75 m range sonographs and
between 5-7 m above the bottom Both results offer a reliably estimation of the
fishing effort at a small scale. The results are presented only in the case of the
Ionian coast, as an example. The number of trawlers and GT *hours devoted to
fishing activity during the period Oct2008-May2009 suggest 3 sites with
different level of fishing activity (Tab1)

Fig. 1. Trawl marks at the three sites off the Greek Ionian Coats. From right to
left: medium, high, and low fishing effort counted along 150m range

From these results we can generalise patterns of trawling disturbance over
different habitat types and regions which effort restriction patterns must be
applied to reduce benthic ecosystem disturbance [2,4]. The use of indirect
methods to adequatedly determine the trawling effort would provide with the
potential to develop tools for properly managing fishing activity. In this
context, a methodology for determining the level of ecosystem disturbance that
can be standardised over different community types would be very useful to
allow a comparison of the state of soft-bottom communities from continental
shelves.
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Tab. 1. Distribution of fishing effort in three sites of Ionian coast

The images of SSS follow the same pattern: in a line of 150 m range the number
of trawl tracks showed higher number of trawl tracks in site B, less number in
site A, and few in site C (Tab.1;Fig 1).
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MARINE SPONGES FROM DATÇA-BOZBURUN PENINSULA - A SPECIALLY PROTECTED AREA IN THE
SOUTH EASTERN AEGEAN SEA (TURKEY)
Volkan Demir 1* and Erdogan Okus 1
1 Istanbul University Institute of Marine Sciences and Management - volkandmir@yahoo.com
Abstract
The Sponges were studied at the largest Specially Protected Area (SPA) of Mediterranean basin, Datca Bozburun SPA, in 2002-2004
periods. The samples were collected from all area at depth of 0 to 55 metres both diving by Scuba, freestyle and coastal researchings.
As a result, 20 species, belonging to 17 families were found from the Datça Bozburun SPA. One of these taxon is a new record for
the Turkish Sponge Fauna (Ciocalypta carballoi).
Keywords: Porifera, Eastern Mediterranean
Introduction
Sponges are ecologically and economically important group of marine
invertebrates [1]. Each species are an integral part of marine benthic
communities with a high-impact role in benthic-pelagic coupling processes [2].
Also Sponges have some of the characteristics of good bioindicators and are
convenient tools for characterizing the state of a marine ecosystem [3].

In study area, rich variety of species have been identified [Fig. 2]. S. foeditus and
P. ficiformis showed the most extensive distribution and all species diversity has
a maximum range in Karabük region.

Material and Methods
This study is based on the project "Coastal and Marine Biological Diversity
Assessment of Datça-Bozburun Specially Protected Area" [4]. 831 SCUBA and
382 skin dives have been performed in 148 days in 7 cruises to determine the
marine biodiversity at the Datça-Bozburun SPA [Fig.1].

Fig. 2. General distribution of the sponge diversity

This is the first systematical study on sponge fauna in the Datca-Bozburun
SPA area. For some areas of the Mediterranean Sea, like those of the Aegean
sea, our knowledge on the composition, diversity and abundance of the sponge
fauna is limited [6].
Acknowledgements : Authors would like to thank other members of the
Oceanos scientific diving team Ahsen Yuksek, Noyan Yilmaz, Asli Aslan
Yilmaz, Unsal Karhan, Nazli Demirel, Idil Oz, Umut Tural, Sibel Zeki, Evrim
Kalkan for collecting the samples.

Fig. 1. Location map of the sampling stations

References

The samples were collected from all area at depth of 0 to 55 metres both diving
by Scuba, freestyle and coastal researchings. All sampling stations were situated
in the upper infralittoral zone. Samples were fixed by ethanol solution (80%).
Following fixation, spicules were isolated by Rützler’s standart method and
identified to species level.
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Results and Discussion
A result of this study, totally 20 species belonging to 17 families were
determined from Datça Bozburun Specially Protected Area. These species were
as follows: Sycon raphanus Schmidt, 1862, Cliona celata Grant, 1826,
Spirastrella cunctatrix Schmidt, 1868, Suberites domuncula (Olivi, 1792),
Tethya aurantium (Pallas, 1766), Chondrilla nucula Schmidt, 1862, Chondrosia
reniformis Nardo, 1847, Crambe crambe (Schmidt, 1862), Axinella cannabina
(Esper, 1794), Axinella damicornis (Esper, 1794), Axinella polypoides Schmidt,
1862,Acanthella acuta Schmidt, 1862, Ciocalypta carballoi Vacelet, Bitar,
Carteron, Zibrowius & Perez, 2007, Agelas oroides (Schmit, 1864), Haliclona
(Reinera) mediterranea Griessinger, 1971, Petrosia (Petrosia) ficiformis (Poiret,
1798), Calyx nicaeensis (Risso, 1826), Sarcotragus foetidus Schmidt, 1862,
Dysidea avara (Schmidt, 1862), Aplysina aerophoba Nardo, 1843. One of these
taxon is a new record for the Turkish Sponge Fauna; descriptive characters of
these species is as follows.
Halichondriidae- Ciocalypta carballoi Vacelet, Bitar, Carteron, Zibrowius &
Perez 2007
The samples were 0,5-8,5 cm high for 3-10 mm basal in diameter. Colour is deep
yellow to orange yellow alive, basal incrustation between the papillae, when
visible, yellow to yellow green. The spicules are 300-750 × 2,5-15 µm oxeas,
most often curved along the whole length. Styles of same size, rare or absent,
with intermediates with true oxeas [5].
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PRELIMINARY RESULTS ON REPRODUCTIVE BIOLOGY OF TRACHURUS MEDITERRANEUS
(STEINDACHNER, 1868), IN THE NORTHEASTERN SEA OF MARMARA
Nazli Demirel 1* and Ahsen Yüksek 1
1 Institute of Marine Sciences and Management, Istanbul University - ndemirel@istanbul.edu.tr
Abstract
Mediterranean horse mackerel, Trachurus mediterraneus, is one of the most important commercial species in Turkish territorial
waters. Results from March to October 2009 show that spawning season of Mediterranean horse mackerel starts at early May and
ends at early September in NE part of the Sea of Marmara. Mean GSI values and b parameters show similar variations with
synchronized opposition of CF values in monthly results.
Keywords: Reproduction, Fishes, Marmara Sea
Introduction
Trachurus mediterraneus is distributed throughout the Mediterranean, the
Black Sea, and the Northeastern Atlantic [1; 2]. Mediterranean horse mackerel is
the most abundant commercial fish species after anchovy in the Sea of Marmara
[3]. The aim of the present study is to determine the reproductive cycle of the
species in the Sea of Marmara. The Sea of Marmara is an enclosed basin where
Atlantic-Mediterranean originated commercial pelagic fishes spawn while
migrating from the Mediterranean and the Aegean Sea to the Black Sea [4].
Materials and Methods
Samples were obtained randomly from catches of commercial fishing vessels
from March to October 2009, caught from 60 to 100 m depths. A total of 523
specimens (232 males, 230 females) were measured. Body weight (W) and total
length (TL) were measured (W to the nearest 0.1 g and TL to the nearest mm),
to analyse the length–weight relationship. Sex was determined macroscopic
aspect of gonads. Gonads of all specimens were dissected and weighed to the
nearest 0.001 g in order to calculate the gonosomatic index (GSI).
In addition for further analysis: 1-) Gonads were fixed in 10% buffered
formaldehyde solution for determining batch and annual fecundity estimation
and histologic studies [5], 2-) Otoliths were sampled for age determination, 3-)
Water salinity and temperature profiles were recorded by a CTD system prior
to the water quality monitoring project in the northeast part of the Sea of
Marmara.
Results
Total length ranged from 11,3-22,5 cm (Fig. 1). The mean GSI reached its
maximum values in June and July. Studies on macroscopic aspects of gonads
indicated that mature specimens (stage IV in VI maturity classes) were over 11.3
cm for males and 11.7 cm for females (TL).

Fig. 2. Monthly variations of mean GSI, CF and b parameters value

Discussion
The total length of specimens sampled in northeastern Marmara (11,3 –22,5 cm)
does not correspond with the maximum length size up to 50 cm [6; 7]. The lack
of bigger specimens could be a characteristic of the local population, overfishing
and temperature ranges.
The maximum values of mean GSI were found 5,4% in females in August and
5,2% in males in July. Limited data results are compatible with recent researches
on reproductive biology of T. mediterraneus in Mediterranean basin [8; 9]
although it was reported that values of 10% for mean GSI was common during
the reproductive period [8].
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Fig. 1. Frequency of length classes

According to mean GSI values (Fig. 2) and macroscopic aspects of gonads
reproductive period appeared to last from early May to late September.
Seasonal variations of the parameter b for determining the isometric-allometric
growth, shows similarities to GSI variations. From April to August positive
allometry was determined while negative allometry was observed in March,
September and October.
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MATURITY AND REPRODUCTIVE CYCLE OF THE COMMON GUITARFISH, RHINOBATOS RHINOBATOS
(LINNAEUS, 1758), IN ISKENDERUN BAY (NORTHEASTERN MEDITERRANEAN)
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Abstract
In this study, maturity and reproductive cycle of R. rhinobatos was investigated in the Iskenderun Bay. Lengths at 50% maturity
were 70.0 cm for males, and 86.0 cm for females. In the 2005 breeding season, there was one major period of spawning which lasted
approximately 3 months, from April to July. In November and December, gonads of females were almost empty. The peak GSI was
recorded in May (4.29 ±1.19 g) for females and in November (1.97 ±0.148 g) for males. Hepatosomatic index (HSI) was found to
fluctuate widely in males and females. The annual HSI cycle in female R. rhinobatos begins with an increase in liver weight in
January and February just prior to maximum GSI levels in May, followed by a decrease in September, October and November at the
onset of mating.
Keywords: Fisheries, Fishes, Reproduction, Eastern Mediterranean
Introduction
Elasmobranches are generally long-lived with long gestation period, low
fecundity and late maturity that make them susceptible to over fishing [1;2].
R. rhinobatos is an ovoviviparous fish having a gestation period of about nine
months and a mean reproductive rate of 8 to 14 progeny per pregnancy [3]. If
shark, skate and ray fishing is to be sustainable, management must be driven by
the biological capacity of the sharks themselves. This will require better
knowledge of the biology, ecology and the life history of the populations being
exploited, and of rarer species that may be taken as bycatch [4]. The aim of
this study was to investigate and gain additional information on the maturity
and reproductive cycle of R. rhinobatos in Iskenderun Bay.
Material and Methods
A total of 114 common guitarfish were caught and examined. Fish ranged in size
from 41 to 146 cm (TL). The sizes at 50% maturity for male and female R.
rhinobatos were 70 cm and 86 cm in TL respectively (Figure 1). The GSI and
the HSI were estimated from 114 specimens, measuring between 41 and 147 cm
in total body length, sampled during the study period.

content of the liver, which has been correlated with reproductive condition in
female lesser sand shark R. annulatus [8]. The pattern of HSI was not consistent
in female and male R. rhinobatos over the reproductive cycle may indicated that
liver reserves (such as lipids and proteins used for oocytes growth) were stored
and metabolised during different times of the reproductive cycle. This is in
agreement to other ovoviviparous species such as D. sabina [5] and spiny
dogfish, Squalus acanthias [7]. In elasmobranches, males and females are not
sexually mature at the same size [8;9]. This knowledge is supported by the
observation that, females matured lager sizes than males in this study. In
addition the length at first maturity of R. rhinobatos in the recent study were
similar for both males and females in some previous studies. The present result
showed that, total body length ranged from 72 to 89 cm in 10 specimens, in
which clasper lengths (mean 6.0 cm, ±1.13) were smaller than expected clasper
length (mean 10.3 cm, ±0.67) in 5 specimens (total body length ranged from 71
to 89 cm) in the same length groups. It has suggested that, smaller clasper length
in large specimens was not a sign of hermaphroditism, but was a sign of late
maturity [10].
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Fig. 1. Proportion of maturity against total length (cm) for males ([]) and
females (O)

Results and Discussion
Results of the GSI and HSI calculations for females and males, from January
2005 to December 2005 are represented in Figure 2a, b. The peak GSI was
recorded in May (4.29 ±1.19 g) for females and in November (1.97 ±0.148 g) for
males. An increase in the average value of this index is interpreted as beginning
of sexual maturation, while a sudden drop in this index is indicative of a
spawning event. Changes in GSI in females and males did not follow a similar
pattern during gametogenesis in R. rhinobatos. This founding is similar to that
reported for other elasmobranches species, e.g. [5]. R. rhinobatos seems to
spawn during the spring season as the GSI of females was the highest in May.
As vitellogenessis proceeds in female R. rhinobatos GSI increases to a peak in
May while HSI declines. This decline in HSI, continue throughout gestation
(March, April, May, June) recovering to pre-ovulatory levels after parturition.
This means that, R. rhinobatos devotes the resources to gonadal development.
Hepatosomatic index was found to fluctuate widely in males and females.
Similar fluctuations in female HSI are reported for the lesser sand shark,
Rhinobatos annulatus [6] and spiny dogfish, Squalus acanthias [7]. Seasonal
variation in HSI of the R. rhinobatos has been attributed to fluctuations in lipid
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REPRODUCTION DU SAR TAMBOUR DIPLODUS CERVINUS CERVINUS (SPARIDAE) DES COTES DE
L'EST ALGERIEN
Farid Derbal 1* and Mohamed Hichem Kara 1
1 Laboratoire bioressources marines, Université Badji-Mokhtar, Annaba, Algérie - mfderbal@yahoo.fr
Abstract
Divers aspects de la reproduction du sar tambour Diplodus cervinus cervinus (Lowe, 1838) sur les côtes de l’Est de l’Algérie sont
abordés. La valeur moyenne annuelle du sex-ratio (29,12%) est en faveur des femelles. La fraction hermaphrodite reste insignifiante
et ne représente que 2% de la population échantillonnée. Cette espèce se reproduit entre mars et août, à partir d’une longueur totale
de 25 cm.
Keywords: Algerian Basin, Fishes, Reproduction, Teleostei
Introduction
Malgré l’étendue de son aire de répartition dans les eaux atlantique et
méditerranéenne, le sar tambour Diplodus cervinus cervinus (Lowe, 1838) est
rarement signalé ou est absent des inventaires ichtyologiques. Les informations
sur sa biologie et son écologie sont éparses [1], [2]. En Afrique du Nord, seuls
Derbal et Kara [3] se sont intéressés à son régime alimentaire. Nous
fournissions ici des données nouvelles sur sa reproduction sur les côtes de
l’Est de l’Algérie.
Matériel et méthodes
Ce travail a été réalisé sur 230 individus de longueurs totales comprises entre
9,8 et 52,7 cm. Les poissons ont été pêchés mensuellement entre janvier et
décembre 2001. Le sex-ratio a été exprimé par la relation suivante: SR =
(nombre de mâles / nombre total) x 100. L’écart des valeurs observées du sexratio par rapport à la proportion théorique 50 % a été déterminé par un test de
khi-deux [4]. Le sex-ratio a été d’abord établi pour la population globale, puis
en fonction du développement ontogénétique et des saisons de capture. La
période de reproduction a été déterminée d’après les variations mensuelles du
rapport gonado-somatique (RGS). La taille à la première maturité sexuelle
correspond à la taille à laquelle 50% des individus sont matures et présentent
des gonades développées (stade III de l’échelle de Buxton) [5].

Fig. 1. Evolution mensuelle du RGS et période de reproduction de
Diplodus cervinus cervinus des côtes de l’Est algérien

Discussion
Dans l’Est algérien, D. cervinus cervinus se reproduit entre le printemps et
l’été, à partir d’une longueur totale de 25 cm, comme dans l’archipel des
Canaries où cette espèce se reproduit à partir de 26 cm pour les mâles et de 22
cm pour les femelles [2]. Chez D. cervinus hottentotus des côtes de l’Afrique
du Sud, cette taille de première maturité sexuelle est de 28 cm [6]. La
population que nous avons échantillonnée est dominée nettement par des
femelles avec une fraction hermaphrodite négligeable. L’insuffisance des
effectifs dans les classes de taille limites (petits et grands) ne permettent pas
de préciser la stratégie reproductive empruntée par le sar tambour sur les côtes
Est de l’Algérie. Dans l’archipel des Canaries, D. cervinus cervinus est
hermaphrodite protogyne et son sex-ratio est aussi en faveur des femelles (1 :
2,16) [2], alors que sur la côte Sud-est du Cap (Afrique du Sud), la proportion
relative des deux sexes chez la population de D. cervinus hottentotus ne
présente pas de différence significative par rapport à 1 (χ ²= 1,15; P > 0,05)
[6].

Résultats
La population échantillonnée de D. cervinus cervinus est structurée de la
manière suivante: juvéniles (26,38%), mâles (20,83%), femelles (50,69%) et
hermaphrodites (2%). Avec une valeur annuelle moyenne de 29,12%, le sexratio n’est pas différent de la proportion théorique 50% (χ ²= 2,22; P ≤
0,05). Le tableau 1 indique les variations saisonnières du sex-ratio. D'une
manière générale, les femelles dominent numériquement dans les prises au
cours des quatre saisons (22,72 ≤ SR ≤ 33,33% ; P ≤ 0,05). L’évolution
ontogénétique du sex-ratio montre que la proportion des femelles domine
nettement dans les catégories de taille comprises entre 20 et 50 cm (52,63 100%). En revanche, les mâles sont plus nombreux au-delà d’une longueur
totale de 50 cm (83,3%). Le suivi mensuel du rapport gonado-somatique (Fig.
1) permet de situer la période de reproduction entre mars et août. La longueur
totale des poissons à leur première maturité sexuelle est de 25 cm. L’intervalle
de maturité sexuelle (Im) relatif à cette taille est compris entre 21,5 et 27 cm.
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Tab. 1. Variations saisonnières du sex-ratio chez Diplodus cervinus cervinus
des côtes de l’Est algérien. - : test statistique non applicable (effectif inférieur
à 5) ; * : significatif au risque d’erreur 5% ; n.s : non significatif
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PRELIMINARY DATA ON A NEW STRAIN OF ARTEMIA (CRUSTACEA, BRANCHIOPODA) FROM ELBAHIRA LAKE (NORTHEAST ALGERIA)
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Abstract
Artemia from El-Bahira lake (northeast of Algeria) has been studied in point of view of its biometrics, its dynamics and its cyst
hatching quality. Adults are only represented by females. Those measure between 9.04 and 12.15 mm length and produce between
3.75 and 18.43 offspring/brood, according to the sampling period. Cyst diameter is 277.26 µm and freshly hatched nauplii are 549.12
µm length. Population density varied during the wet period of 2009 between 12.38 and 107.7 ind.L -1. Hatching percentage of cysts is
63.45 %.
Keywords: Aquaculture, Biometrics, Crustacea, Reproduction, Zooplankton
Introduction
In Algeria, Artemia (L., 1819) (Crustacea, Branchiopoda) made the object of
some ecological and biological works. The aim of these investigations is to
understand the dynamics of the different populations and to check their quality
for aquaculture purposes. Three bisexual strains are well known, that of Sebkha
Arzew [1], that of Chott Marouane [2, 3, 4] and that of Sebkha Ez-Zemoul [4].
We describe here for the first time an Algerian parthenogenetic population, in
point of view of its biometrics, some aspects of its dynamics and its cyst
hatching quality.
Materials and Methods
El-Bahira is a seasonal saline lake of 10 ha, situated in the semi-arid high table
land of Constantine in the northeast of Algeria (35°50'19''N 05°15'04''E, 1000 m
altitude). The salinity varied during the study period between 80 and 120 g.L-1.
Samples of Artemia have been taken between February and June 2009, using a
plankton net of 125 µm mesh vacuum, and fixed in 3 % formalin. Diameter of
hydrated cysts has been determined. Adults and freshly hatched nauplii have
been measured from the naupliar eye to the anus. Individuals have been counted
under a binocular, using Dollfus cells, and gathered, according to their developing
stage, into nauplii and metanauplii, juveniles and adults [5]. Cysts have been
incubated in standard conditions recognized by [5], after hydrogen peroxide
treatment used for diapause's deactivation. Cyst hatching percentage has been
determined.
Results and Discussion
Artemia population from El-Bahira lake is represented only by females and
should be parthenogenetic. The latter are big in size (Tab. 1) in comparison with
bisexual Mediterranean populations [3, 6, 7, 8] and are little fertile (3.75 ± 1.06
and 18.43 ± 9.67 offspring/brood). The oviparity is the dominant mode of
reproduction as it is the case for the other Algerian populations (4). That mode
occurs when conditions are harsh. Thus, it is a way to unsure the perennial
continuity of the species [9]. Hydrated cysts and nauplii are relatively big in
size (Tab. 1) [2] and are close to those of parthenogenetic origin [5].

Tab. 1. Biometrics of adults, cysts and nauplii of Artemia sp from El-Bahira
lake, Algeria (values between parentheses represent the number of observations)

In February 2009 (the beginning of the wet period), nauplii and metanauplii
dominated while adults were present at a low percentage (Fig. 1). The same
demographical structure was observed in April. In June, adults dominated while
nauplii and metanauplii presented less than 10 % of the population. Total
density was 63.8 ± 3.22 ind.L-1 in February, attained a maximum of 107.7 ±
7.78 ind.L-1 in April and decreased to 12.38 ± 1.6 in June. According to [10], a
natural density of 100 ind.L-1 is considered as very high. Hatching percentage of
cysts is 63.45 ± 21.18 %, which should be acceptable of their use in
aquaculture.

Fig. 1. Frequency of the developing stages of Artemia sp from El-Bahira lake,
Algeria
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PARASITES OF RED-MED IMMIGRANT AND NATIVE MEDITERRANEAN COASTAL FISH SPECIES: NEW
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Abstract
The metazoan parasites of 20 species of invasive and native fish species along the Israeli and Turkish Mediterranean coasts were
studied. A total of 648 fish were examined for branchial and alimentary tract parasites. The parasite groups found were Nematoda
(25.5% of examined fish), Cestoda (18.7%), Monogenea (15.3%), Digenea (11.9%), Copepoda (7.3%), Isopoda (4.5%) and
Acanthocephala (0.5%). The combined prevalence of all taxa was very similar amongst native and invasive species. Although
information on the invasive parasite species in their native Red Sea are not as well studied as in their new Mediterranean target area,
analysis of our data suggested that the success of invading host populations was not unequivocally linked with reduced parasite loads.
Keywords: Parasitism, Fishes, Eastern Mediterranean, Red Sea, Suez Canal
Introduction
One of the most significant factors to impact the eastern Mediterranean over
the last few decades is the massive invasion of tropical Red Sea faunal
elements via the Suez Canal.Despite numerous research efforts of this
extraordinary phenomenon, we still have relatively little knowledge on the role
parasites have in this arena. Several authors have attempted to explain the
extraordinary success of some invader species that have created large
populations and spread over large areas, while others appear to be limited and
only marginally successful. The “Enemy Release Hypothesis” has been
suggested as a possible explanation.

attributes may have facilitated the relatively wide distribution and abundance
amongst the invading fish species.
Discussion
Although in recent years we are steadily accumulating knowledge on parasitic
infections of the Red-Med species in their new environment, we still lack
fundamental data on parasite infections of the invasive species in their native
Red Sea. The available information suggests that while parasite richness is
reduced upon invasion, abundance levels of some host species fluctuate and
the success of invading host populations may not be unequivocally linked
with reduced parasite loads.

Materials and methods
In the present study, we studied the metazoan parasites of 20 species of
invasive and native fish species along the Israeli and Turkish Mediterranean
coasts. All together, a total of 648 fish were examined for branchial and
alimentary tract parasites.
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Results
The most prevalent parasite groups were Nematoda (25.5% of examined fish)
and Cestoda (18.7%); Monogenea (15.3%) and Digenea (11.9%) were less
common, and least abundant were Copepoda, Isopoda and Acanthocephala
(7.3%, 4.5% and 0.5%, respectively). The prevalence of all taxa combined was
very similar amongst native and invasive species (65.6% and 61.3%,
respectively; χ 2 p=0.348). Digenea are a distinctive heteroxenous group of
parasites, which possess complex, multiple-host life cycles. Somewhat
unexpectedly, no statistically significant difference (p=0.093) was found
between their prevalence in invasive (13.1%) and native (8.1%) fish host
species.
Overall infection prevalence values were higher in samples taken from the
Israeli coast as compared to those taken in Turkey (67.4% vs. 52.7%
respectively, p<0.001). This difference may reflect warmer waters prevailing
on the Israeli coast that would accelerate parasite development rates and
possibly enhance survival of larval stages.
The most abundant invasive fish species in our samples was Saurida
undosquamis (Synodontidae), which occurred in >80% of the trawl nets. This
long established species was heavily infected with larval cestodes (mostly
Tetraphyllidae and Trypanorhynchae). It also hosted the digenean
Lecitochirium cf. manicaudatus (Hemiuridae), larval nematodes, Monogenea
(Capsalidae) and Gnathia sp. (Isopoda). A recent invading species, Apogon
smithi, which occurred in 35.5% of the trawls, supported a high prevalence
(52.1%) of cestodes (mainly Pseudophyllidea and Diphyllidea), as well as an
unidentified digenean probably belonging to the Lecithasteridae.
The bluespotted cornetfish, Fistularia commersonii, another recent invader
species, supported high prevalence infections with larval cestodes and two
digeneans, Allolepidapedon sp. and Neoallolepidapedon sp. (Lepocreadidae).
Allolepidapedon has recently been reported from bluespotted cornetfish on the
Italy coast (Pais et al., 2007). Both lepocreadids are known from cornetfish in
the Pacific Ocean and are therefore presumed to be invasive Indo-Pacific
species.
The Hemiuroidea were by far the most prominent and speciose digenean suborder in our samples. These parasites typically have low host specificity and
most occupy the stomach, a relatively harsh environment. These group
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MIGRATION OF COMMON SOLE JUVENILES IN COASTAL LAGOONS ASSESSED BY OTOLITH AND
STABLE ISOTOPE FINGERPRINTS (NW MEDITERRANEAN)
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Abstract
Stable isotope ratios in muscle (C, N) and otolith (C, O), and otolith microchemistry were analysed in common soles when they
entered a coastal lagoon in spring and when they returned to the sea in autumn. Fingerprints of lagoonal life were observed both in
muscle and otolith, but were fixed for the whole life of fish in otoliths only.
Keywords: Coastal Systems, Fishes, Migration, Chemical Analysis, Gulf Of Lions
Introduction
In the Gulf of Lions (NW Mediterranean), population dynamics of the
common sole, Solea solea (L., 1758), are positively correlated to the Rhone
River inputs [1]. Juveniles recruit in shallow waters in spring. Part of this
population then enters coastal lagoons shortly after recruitment and migrates
back to the sea only in autumn [2]. This raises the question how time spent in
coastal lagoon nurseries early in the lifespan influences common sole
population dynamics. To address this question, we analysed changes in
potential fingerprints of lagoonal life (in particular, C, N, and O stable isotope
ratios and otolith microchemistry) in sole populations entering and leaving the
same coastal lagoon.
Material and Methods
Soles were sampled in Mauguio lagoon in April and May 2004 (n = 47) when
they entered the lagoon and in September and November 2004 (n = 42) when
they returned to the sea. C and N (dorsal white muscle) and C and O (otoliths)
stable isotope ratios were analysed by isotopic mass spectrometry [3] and the
microchemistry of their whole otoliths was determined by LA-ICPMS [4].

Fig. 2. Otolith chemical fingerprints in soles entering and leaving Mauguio

A likely explanation lies in the particular environmental conditions in lagoons
(e.g., salinity, temperature, energy sources, contaminants). In particular, the
high values in the ratio 15N/14N observed in leaving soles may be related to
strong eutophication of the lagoon of Mauguio. In addition, comparison of
muscle signatures with those of primary producers in the Mauguio system
(own unpublished data, not shown) indicates that seagrasses
(Ruppia,.Potamogeton), which were formerly common in Mauguio Lagoon but
have declined precipitously [5], do not play a role as base of the common sole
foodweb in the lagoon. Finally, the increase in otolith 18O/16O and Sr/Ca
ratios suggests that salinity and temperature were higher in the lagoonal
habitat than in the coastal habitat inhabited prior to migration. It is interesting
to note that istotopic ratios in fish muscle change in a few months, which
means that lagoonal signatures will disappear soon after moving back to the
sea. In contrast, isotopic and chemical signals recorded in the otoliths would
persist during the whole fish life, and are therefore best suited to analysing
fish migrations between different environments.

Results and Discussion
Entering soles measured 10.6 ± 1.2 cm TL. They had doubled their size (20.9
± 1.0 cm TL) when they left the lagoon in autumn. Muscle C and N stable
isotope ratios increased during lagoonal life. The same trend was observed in
otolith C and O stable isotope ratios (Fig. 1). Concerning otolith
microchemistry, significant changes were oberved for the Sr/Ca, Mg/Ca and
Fe/Ca ratios. Sr/Ca was higher in leaving than in entering soles, whereas the
reverse was observed for Mg/Ca and Fe/Ca (Fig. 2).
In summary, isotopic and chemical signatures significantly differed in soles
leaving Mauguio lagoon in autumn compared to individuals entering in spring.
This indicates that the time spent in coastal lagoons left distinct fingerprints in
different sole components.
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Fig. 1. Stable isotopic signatures in common soles entering (open symbols)
and leaving (black symbols) Mauguio lagoon
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Abstract
Due to insufficient data on physiology, haemathology and immunology of Muraena Helena, L. 1758 a field study was conducted to
measure the blood parameters of wild caught specimens from eastern Adriatic Sea, Elaphite islands, near Dubrovnik, Croatia.
Keywords: Adriatic Sea, Fishes, Physiology, Cell
Introduction
Blood cell analysis is an indicator of physiological condition and health status
of fish engaged in aquaculture or ecotoxicological studies. Spotted moray eel,
Muraena helena L.1758 is biologically and commercially interesting species.
To our knowledge data on physiology, haemathology or immunology of this
species are insufficient [1, 3]. In august 2009 a field study was conducted to
establish the blood parameter values of wild caught Morays from eastern
Adriatic Sea, Elaphite islands, near Dubrovnik, Croatia.
Materials and Methods
Morays (n=9) were caught with 300 m long line hooks on a depth of 20-30
meter. The hooks were set at 03:00 at night with squid chunks as bait, and
collected two hours later. The average length was 72.37 ± 13.41 body weights
were 1296.33 ± 804.45. All fish were collected alive and proceeded to blood
collection immediately on spot. Each fish was sedated for 15 minutes with
MS222 in a 100 L plastic barrel in oxygenated sea water (dose of MS222= 250
mg/L). After sedation blood was collected from the heart with a 10 ml syringe
washed with anticoagulant heparin. Blood was immediately diluted 1:200 with
Nett-Harricks dye. Cell parameters were evaluated in blood by standard nonautomated haemathology assays using Bürker-Turk haemocytometer.

Fig. 1. Blood cells of Spotted Moray from eastern Adriatic Sea, Elaphite
isalnds, near Dubrovnik, Croatia

Similarly, all leukocyte types typical found among variety of fish species were
also recorded in Moray` s blood, as same as trombocytes of round, spindle and
oval shapes [1].

Results
Average red blood cell (RBC) count and platelet count was 3.513 ± 1.471 x
1011 / L. Average white blood cell (WBC) count was 9.33 ± 4.72 x 1010/ L.
Mean hematocrit values were 23.22 ± 8.13.
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Tab. 1. Average biometric and selected hematology parameters of wild caught
Spotted Moray eels

Discussion
Shape, size and structure (Fig.1) of erythrocytes were similar as in majority of
other fish species [2].
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MONOFILAMENT GILLNET SELECTIVITY FOR THE RED MULLET (MULLUS BARBATUS) IN THE
EASTERN BLACK SEA COAST OF TURKEY, TRABZON
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Abstract
The mesh size selectivity of monofilament gillnets for red mullet (Mullus barbatus) was investigated using four different stretched
mesh sizes (32, 36, 40 and 44 mm). Experimental fishing operations were carried out in Trabzon (Turkey) coasts of the Black Sea in
springtime of 2002 and 2003. Fifteen trials were conducted giving a total catch of 303 red mullet. Selectivity on M. barbatus was
assessed using the Holt’s method. The optimum lengths (100% retention probability) were 13.16cm, 14.8cm, 16.44cm, and 18.09cm
for the nets of 32, 36, 40 and 44 mm mesh respectively with a common selection factor of 4.11. Considering the minimum allowable
landing size (13 cm) in force, 36 mm mesh is advised to be the best as it result more conservative approach in terms of size selectivity.
Keywords: Fisheries, Black Sea
Introduction
M. barbatus is an important fish species of the Black Sea and its catch has
recently been recorded to diminish [1]. There are some evidences that
overfishing and illegal fishing are mainly responsible for this decrease [2].
Gillnets are the main fishing gear to catch red mullet in Turkish Black Sea
coasts. Gillnets are very size selective and therefore the mesh size may be
considered to be the most important characteristic of a gillnet [3]. Gillnets are
made of monofilament, multifilament or multifilament nylon. Despite the
importance of this fishing gear little is known about its selectivity especially
in the eastern coasts of the Black Sea in Turkey. Thus, this study aims to
investigate the selectivity features of this gillnets to enable the necessary data
for Turkish fisheries management.
Materials and Methods
The study was performed in May to June 2002 and in April to June 2003 in
the Black Sea, Trabzon coasts with monofilament gillnets of 32 mm, 36, 40
and 44 mm mesh sizes. Fifteen valid hauls were obtained during the study
period. The net configuration was in four sheets attached together, each
having 50 m length and 2 m depth with a constant hanging ratio of 0.50.
Experimental trials were carried out on boards of a commercial fishing boat of
9 m long and 28 hp, at depths ranging from 10 to 20 m. Sample sizes were
measured to the nearest cm in terms of total length. The selectivity analysis
was done by Holt’s method [4], which is based on standard linear regression.
The calculations were carried out in Excell package.

Fig. 1. Selectivity curves for the red mullet caught by monofilament gillnets of
four different mesh sizes

The optimum lengths for M. barbatus for all meshes were over minimum
landing size of 13 cm [5]. These values are also well over length at first
maturity, which was reported in a previous study [6]. The ratio of undersized
fish caught by each mesh were17.9%, 10.4%,1.8% and1.5% for 32 mm, 36
mm, 40 mm and 44 mm meshes, respectively. Among these four mesh sizes
the 36 mm mesh had the highest catch efficiency (35%). The selectivity
results show that the most recommended mesh size would be 36 mm, in behalf
of being more conservative with regards to fishing management policies.

Results and Discussion
The total number of fish caught during the experimental fishing operations was
303, of which 26% from 32 mm, 35% from 36 mm, 18% from 40 mm and
21% from 44 mm mesh sizes. The mean lengths caught by each mesh sizes
were 13.72 cm, 14.54 cm, 15.92 cm and 16.85 cm. Regression and selectivity
calculations are shown in Table 1. The common selection factor (SF) is found
to be 4.11 and corresponding optimum lengths (Lopt=SF x mesh size) are
calculated as 13.16 cm, 14.80 cm, 16.44 cm and 18.09 cm for 32 mm, 36 mm,
40 mm and 44 mm meshes. The selectivity curves for the four mesh sizes are
presented in Figure 1.

References
1 - FAO, 2004. FishStat Plus, Universal software for fishery statistical time
series, http://www.fao.org/fi/website/ (April 20, 2007).
2 - Özbilgin H.; Tosunoglu Z.; Bilecenoglu M. and Tokaç A. 2004. Population
parameters of Mullus Barbatus in Izmir Bay (Aegean Sea), using length
frequency analysis. J. Appl. Ichthyol. 20: 231-233.
3 - Hovgard H. and Lassen H., 2000. Manual on estimation of selectivity for
gillnet and longline gears in abundance surveys. FAO Fisheries Technical
Report 397, FAO, Rome.
4 - Holt S. J., 1963. A method for determining gear selectivity and its
application, ICNAF Special Publication, 5: 106-115.
5 - Anonymous., 2004. Fisheries regulation for marine and fresh waters for
commercial fishery, 2004-2006 fishing period No.:36\1, Ministry of
Agriculture and Rural Affair of Turkey, Protect and Control General Office,
Ankara, 71 pp. (In Turkish).
6 - Genc Y., 2000. Dogu Karadeniz kiyilarindaki barbunya (Mullus barbatus
ponticus Ess. 1927) baliginin biyoekolojik özellikleri ve populasyon
parametreleri, Doktora tezi, Karadeniz Teknik Üniversitesi, Fen Bilimleri
Enstitüsü, Trabzon (In Turkish).

Tab. 1. Regression and selectivity paramaeters for the red mullet obtained by
Holt's method for monofilament gillnets of four different mesh sizes
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Abstract
Along the cost of Iskenderun Bay, there are agricultural lands and industrial plants (iron–steel plants, LPG, plants, oil transfer docks
and cargo ship’s ballasts water). Due to heavy industrial and agricultural activities in the region, the Bay is under stress of the many
polutants. In this investigation, muscle was generally, accumulated the lowest levels of metals for two species. The results showed
that metal accumulation in Mullus surmuletus was higher than Mullus barbatus tissues.
Keywords: Metals, Fishes, Monitoring
Introduction
The pollution of aquatic ecosystems by heavy metals is an important
environmental problem as heavy metals constitute some of the most
hazardous substances that can bioaccumulate [1] . Fish species are often the
top consumers in aquatic ecosystems and thus metal concentrations in fish can
act as an environmental indicator of the state of the environment [2].
Iskenderun Bay, in which there are large quantities of untreated industrial and
domestic sewage, has one of the polluted coastal waters of Turkey and also
has high economic importance for fishery. The aim of this work was to
evaluate selected metal (Fe, Zn, Al, Cu, Pb, Mn, Ni, Cr, Cd) concentrations in
different tissues of fish from two demersal species collected from Iskenderun
Bay, which is situated on the eastern Mediterranean coast of Turkey.

Tab. 2. The mean concentrations and Standard deviation of metals in the
different tissues of M.surmuletus

Material and Methods
Red mullet (Mullus barbatus) and striped red mullet (Mullus surmuletus)
samples were caught by fishermen’s nets in 2009 from Iskenderun Bay. Total
size and weight of fishes were for M.barbatus 36.05±2.45 g,14.08±0.27cm;
for M. surmuletus 60.76±2,30g, 16.32±0.23 cm, respectively. The sample
preparation and analysis were carried out according to the procedure described
by UNEP reference methods [3]. The tissues digested with concentrated nitric
acid and percholoric acid (2:1, v/v) at 60°C for 3 days. All samples assayed
using ICP-AES. The accuracy of analytical procedure was checked by
analyzing the Standard reference materials (National Research Council of
Canada; dogfish muscle and liver) DORM2 in three replicates for each batch
of fish samples digested. Recovery rates ranged from 93% to 100% for all
investigated elements.

Generally the levels of metals found in tissues of the M. surmuletus were
generally higher than those found in M. barbatus. Our results show that
generally metal accumulation is highest in liver and skin, while it is low in
muscle in two species. This is probably due to their physiological roles in fish
metobolism. It is well known that large amount of metallothionein induction
occurs in the liver tissue of fishes, therefore the liver tissue is highly active in
the uptake and storage of heavy metals [4, 5, 6, 7]. Turkish legislation
establishes maximum levels for four of the metals studied, above which human
consumption is not permitted as; 0.1 mg/kg for Cd, 1.0 mg/kg for Pb, 20.0
mg/kg for Cu, 50 mg/kg for Zn [19]. Food and Agricultural Organization limits
for Cd and Pb 0.5 mg/kg, for Cu and Zn 30 mg/kg [20].
In conclution, the concentrations of these metals measured in the muscle of the
three species studied were generally lower than the levels issued by FAO and
Turkish legistation. Yet, Pb concentrations in the muscle tissues were higher
than the maximum levels set by law.

Result and Discussion
For skin; the highest Al (17.21 µg/g dw), Fe (20.28 µg/g dw), Cr (10.47 µg/g
dw) concentration were detected in M. barbatus; the highest Pb (11.87 µg/g
dw), Zn (5.58 µg/g dw), Ni (1.99 µg/g dw) concentration was detected in
M.surmuletus from Iskenderun Bay . For muscle tissue; the highest Al (7.52
µg/g dw), Pb (8.10 µg/g dw), Fe (4.51 µg/g dw), Zn (0.77 µg/g dw), Ni (1.51
µg/g dw) concentration were detected in M. surmuletus; the highest Cr (6.56
µg/g dw), concentration was detected in M.barbatus from Iskenderun Bay. For
liver tissue the highest Al (13.94 µg/g dw), Pb (15.18 µg/g dw), Fe (161.41
µg/g dw) was detected in M.surmuletus from Iskenderun Bay (Tab. 1, 2).
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Tab. 1. The mean concentrations and Standard deviation of metals in the
different tissues of M.barbatus
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ECOLOGIC AND TAPHONOMIC TRENDS IN MOLLUSCAN DEATH ASSEMBLAGES OF HUMANIMPACTED AREAS: ISRAELI EASTERN MEDITERRANEAN
Yael Edelman-Furstenberg 1*
1 Geological Survey of Israel - yael@gsi.gov.il
Abstract
Man-induced changes in the Israeli Mediterranean shore had a strong ecological imprint on the biota. Molluscan death-assemblage
results from near a sewage outlet show that species richness and number of specimens/gram sediment are considerably lower than
those from peripheral stations. Unexpectedly, there is a considerable difference in species richness and total abundance/gram
sediment between summer and winter in death assemblages from the treated sewage outlet station. This may point to extremely high
sedimentation rates for this station and/or extremely strong impact of the sewage on the fauna.
Keywords: Sediments, Sewage Pollution, Mollusca, Eastern Mediterranean
Introduction
During the past decades man-induced nutrients were introduced to the eastern
Mediterranean. These man-induced changes in the Israeli Mediterranean shore
had a strong ecological imprint on the biota.This is especially true for the area of
Palmahim, in the vicinity of the treated sewage sludge outlet. Recent
foraminifera and polychaete studies [1] show great variations along the eastern
Mediterranean shore tracking eutrophication trajectories. Macrobenthic
invertebrates such as shelled molluscs are known to be sensitive indicators of
seafloor oxygen levels, water energy and sediment mass properties. After death,
skeletal macrobenthic material is buried and preserved in the sediment record.
Investigating the death assemblage record of these organisms should capture the
composition and community structure of the living community better than a
short-term or single biological census due to the summing of seasonal and annual
variations. In this way, ecological characterizations based on macrobenthic death
assemblages can be considered as a more complete "modern" picture than
information based on live censuses alone.

impact on the community structure of the molluscs.

Material and Methods
A sub-sampling of box core sediment samples were examined from an alongshore transect that crosses the treated sewage sludge area but also includes areas
peripheral to the main impact area, parallel to Hyams [2] study area. Molluscan
death assemblages from summer (07.03) and winter (01.04) from three stations
were analyzed and species richness, evenness, relative and total abundance were
calculated. Also, taphonomic characteristics (shell state preservation) of the
dominant bivalve shells from the different stations were scored.
Results ans Discussion
Thirty five gastropod species were identified and 45 bivalves. Assuming that
the molluscan death assemblages average out the seasonal and annual variations,
each sampling site should have yielded similar data for samples taken during
summer and winter. Yet, molluscan results from the area of the sewage outlet
(station PL3-summer) show that species richness and number of specimens per
gram sediment are considerably lower than those from the same location during
winter as well as from the peripheral stations PL29 and AS1. Twenty two
species (Margalef’s richness index of 8.9) and 0.4 mollusc abundance/gram
sediment were recorded for the summer station at PL-3 as opposed to 39
species (Margalef’s index of 13.1) and 4.3 molluscs abundance/gram sediment
recorded for the winter sampling of the same station. The expectation was that
the sewage sludge, which enters the water year-round, would affect the faunal
assemblage of both sampling periods in the same way, by suppressing the
fauna. However, the removal of the sludge during the winter (strong water
currents, biological churning of the sediment, [1]) inhibits a long-term effect on
the faunal composition and assemblage community structure, which is only seen
as a local and direct result during the summer sampling, when the sludge
covering accumulates.
This unexpected difference in species richness and total abundance between
summer and winter in death assemblages from the treated sewage outlet station
(PL3) is similar to that seen in the live benthic foraminifera data (Fig. 1). The
number of foraminifera specimens per cc in station PL3 was low during summer
sampling and high during winter sampling [1]. In the figure both the foraminifera
and molluscan measurements are shown against the sludge accumulation
thickness, which is thick during the summer, ~10 cm, and non-existent during
the winter. This may point to extremely high sedimentation rates for this station
on the one hand and extremely strong impact of the sewage on the fauna on the
other hand. It seems that under extremely stressful environmental conditions,
such as anthropogenic impacts on marine environments, the time-averaged death
assemblage is skewed, and acts more like a “snapshot” assemblage [3]. Thus,
even a time-averaged death assemblage carries effects of the anthropogenic

Fig. 1. Molluscan differences between summer and winter in the sewage area
(this study) are similar to those seen in the live benthic foraminifera [2]. Bar
graphs: total standing stock of living (stained) individuals/10 cc from PL29,
summed over the top 0-10 cm of the sediment; PL3, summed over the 0-5 cm;
and AS1, summed over the top 0-5 cm. Sludge accumulation thickness is shown
for PL3. Circles: total molluscan abundance
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ON BOARD TRAWL SAMPLING IN THE THERMAIKOS GULF. SEASONAL QUANTITATIVE AND
QUALITATIVE COMPOSITION OF THE CATCH
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Abstract
The purpose of this work is to describe the qualitative and quantitative composition of the catch in Thermaikos Gulf, using a special
bottom trawl. It is also tested if there is a statistically important differentiation in the abundance between the inner gulf, where the
fishing with trawlers is not allowed and the outer gulf, where the fishing with trawlers is allowed.
Keywords: Aegean Sea, Trawl Surveys, Fisheries
Introduction
Thermaikos Gulf is the biggest gulf of the Aegean Sea. The Rivers Axios,
Aliakmonas, Loudias and Galikos, and several smaller, are flowing into
Thermaikos, contributing to its strong productivity. The existence of 23 ports
on the shores of the four counties that surround Thermaikos, with a total of
1453 vessels (30 purse seiners, 68 trawlers, 12 boat seiners and 1343 coastal) of
coastal and open sea fisheries, reveals the intensive fishing activity within the
limits of the bay.
Materials and Methods
The experimental sampling was conducted with professional trawler. Twenty
hauls took place, each lasting 30 minutes in each sampling period, in default
stations, on May, on July, on September and on December of 2008. The depth
of the stations ranged between 16 and 90 meters. . The abundance index was
calculated for each season. By using ANOSIM, the statistical differentiation of
two different areas of Thermaikos was estimated, according to the access or not
of trawlers in these areas. Specifically, the access of trawlers is not allowed to
the inner part of the gulf. The remaining part of the gulf where the access of
trawlers is allowed, is referred as outer Thermaikos. The SIMPER analysis
revealed which species mainly contributed to the differentiation between the
two areas of Thermaikos. All the above mentioned analyses were conducted
using the PRIMER software [1].

individuals/km2), 5) Arnoglossus laterna (4689,0 individuals/km2), 6) Pagellus
acarne (4345,8 individuals/km2),
7) Diplodus annularis (3056,2
individuals/km2). ANOSIM was used in order to test if there is a statistically
important differentiation in the abundance between the inner gulf and the outer
gulf. The resulting value R=0,659, shows that the stations of inner Thermaikos
are statistically different from the stations of the outer Thermaikos on May.
This is also the case for the other sampling months, where the values of R are
R=0,636, R=0,658 and R=0,53, for July, September and December,
respectively. The SIMPER analysis showed that the species which mainly
contribute to the statistically important differences are the following: A. laterna,
L. vulgaris, G. niger, L. depurator, T. minutus, D. annularisκαιP. longirostris.
This result is attributed to the fact that in inner Thermaikos the trawlers are not
allowed and the concentration of nutrients is higher due to the outfall in
Thermaikos of the rivers. However, there is only little knowledge of the effects
of fisheries with trawlers on marine organisms in the Mediterranean [2].
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Fig. 1. Map of stations sampled.

Results and Discussion
In all four samplings 122 species were recorded, of which 94 (77%) were fishes,
12 (10%) were cephalopods and 16 (13%) were crustaceans. Specifically, on
May, 88 species were recorded, of which 65 (74%) were fishes, 8 (9%) were
cephalopods and 15 (17%) were crustaceans. On July, 94 species were
recorded, of which 71 (76%) were fishes, 10 (11%) were cephalopods and 13
(13%) were crustaceans. On September, 91 species were recorded, of which 70
(77%) were fishes, 10 (11%) were cephalopods and 11 (12%) were crustaceans.
Finally, on December, 87 species were recorded, of which 68 (78%) were fishes,
9 (10%) were cephalopods and 10 (12%) were crustaceans. The species that
occurred in all four sampling seasons were 64 (52%), while the species that
occurred only in one sampling season were 25 (20%). The most abundant
species in all four sampling seasons are the following: 1) Liocarcinus depurator
(12007,9 individuals/km2), 2) Serranus hepatus (8836,0 individuals/km2), 3)
Trachurus mediterraneus (5949,1 individuals/km2), 4) Mullus barbatus (5226,7
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FROM THE TETHYS OCEAN TO THE MEDITERRANEAN SEA, HOW TECTONICS SHAPED
ECHINOCARDIUM CORDATUM EVOLUTION.
Emilie Egea 1*, Gwilherm Penant 1, Jean-pierre Féral 1 and Anne Chenuil 1
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Abstract
Irregular echinoids constitute one of the most important groups of the Mediterranean benthic fauna. The genus Echinocardium is well
represented but its diversity seems to have been underestimated. Genetic analyses of E. cordatum highlighted a complex of at least
five cryptic specieswhich appearance seems to have been greatly driven by the paleontological history of the Mediterranean Sea.
Keywords: Biodiversity, Biogeography, Echinodermata, Ocean History
Introduction
Echinocardium [Loveniidae, Spatangoida] is a widespread genus of irregular
sea urchins, presently composed of six nominal species. Three of them can be
observed in sympatry in the Mediterranean Sea: E. cordatum (Pennant, 1777),
E. mediterraneum (Forbes, 1844) and E. capense (Mortensen, 1907). Genetic
studies [1] revealed that E. cordatum is a complex of at least five different
cryptic species encountered in the Atlantic (A, B1), Pacific (NP, SP) and
Mediterranean (B1, B2) basins (Fig 1). Its antitropical distribution raises the
question of the formation of these cryptic species complex with respect to
paleogeography.

others species, B1 and B2, around 5 MYR ago. Despite the fact that these
species are now found in sympatry, they might have been formed by
allopatric speciation, as their divergence time concords with the Messinian
crisis (6MYR ago) during which the Mediterranean Sea experimented
extensive desiccation and sea level changes[8]. The salinity increase that
results from the Messinian crisis might have caused the extinction of lineage A
into the modern Mediterranean Sea. This hypothesis could be tested via
salinity tolerance experiments on lineages A and B.

Fig. 1. Distribution of the cryptic species in E. cordatum
Fig. 2. ML tree obtain from 16S and CO1 concatenated genes using Bayesian
inferences with datation of nodes and 95% confidence interval for
Echinocardium cordatum . * Nodes with fossil records. Cryptic species NP
not shown

Material and Methods
A 430 bp portion of the 16S ribosomal gene and a 560 portion of the
cytochrome oxidase subunit I (CO1) of the mitochondrial genome were
amplified for several Spatangoida species (Species in bold Fig1). Sequences of
16S and CO1 for 12 additional Spatangoid species and one Echinolampadidae
were retrieved from genebank (Fig 1). The phylogenetic tree was constructed
using Bayesian inferences as performed in MrBAYES software [2], under the
GTR+I+G evolutionary model as determined by MODELTEST [3] Topology
within E. cordatum was confirmed by the intronic region of the Elongation
Factor α (EF1) of the nuclear genome. Molecular estimates of divergence times
were calculated using the Bayesian method of Thorne et al. (1998) [4] as
implemented in the Multidivtime package of PAML [5]. Paleontological data
from the litterature were used to calibrate the topology. Hence, the divergence
of E. cordatum and the other species of the genus of the tree are estimated to
be 12 to 40 MYR old [6], and the appearance of the Schizasteridae family,
95MYR old [7]. Conolampas sigsbei (Cassiduloida, Echinolampadidae) was
used as outgroup for the study establishing the root age at about 200MYR [7].

Long thought to be a single cosmopolitan species, E. cordatum revealed to be a
complex of cryptic species which evolution has been extensively intertwined
with the evolution and history of the Mediterranean Sea.
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Results
Bayesian inferences allowed generating a satisfying phylogeny of the studied
species, and in particular, of E. cordatum nominal species as well as aging its
cryptic lineages. The split between cryptic specie A and the remaining
lineages is estimated to have occurred some 13MYR ago, and the split
between B1 and B2 is dated to 5 MYR.
Discussion
These data are consistent with geological information about the evolution of
the Tethys Ocean and Mediterranean Sea under the following scenario.
Geographic isolation in the two basins resulting from the closure of the
Tethys around 10 MYR ago leaded to allopatric differentiation of the species
A in the Atlantic-Mediterranean basin and the common ancestor of lineages P
(NP & SP) and B (B1 & B2) in the Pacific basin. Between 13 and 5 MYR ago,
this common ancestor evolved to create two modern species in the Pacific
Ocean, NP and SP and migrated back to the Mediterranean Sea [ via South
Africa (where the nominal species E. cordatum is found)] to diverge in two
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REPARTITION DES CRUSTACES DECAPODES DANS LE GOLFE DE GABES
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Abstract
La répartition des crustacés semble occuper l’ensemble du golfe de Gabés (côtes sud-est de la Tunisie). La présente étude a ciblé les
crustacés décapodes du golfe de Gabès. Elle a permis d’inventorier 35 espèces et permis aussi de comparer la richesse spécifique de
ces crustacés dans les différentes aires de distribution. Le traitement statistique des données a permis de dresser la répartition spatiale
de ces derniers.
Keywords: Gulf Of Gabes, Crustacea
Introduction
Le golfe de Gabès, large échancrure situé sur le littoral sud de la Tunisie,
constitue le golfe le plus important du littoral tunisien ([1], [3]). L’étude de la
répartition des crustacés sur les fonds du golfe de Gabès s’inscrit dans le cadre
d’une étude bionomique du plateau continental. Ce dernier a fait l’objet de très
peu de travaux de recherches.

Tab. 1. Liste d’espèces des Crustacés Décapodes rencontrés dans le golfe de
Gabès

Matériel et méthodes
Durant le printemps 2009, une campagne de pêche expérimentale a été effectuée
à bord du navire océanographique et de recherche le « N/o Hannibal » au niveau
de la région du golfe de Gabès. Quarante stations ont été échantillonnées,
couvrant une grande partie du golfe. Les traits sont répartis entre 20 et 260 m de
profondeur. Deux types d’engin ont été utilisé :
- un chalut de fond du type « crevettier » pour les faibles profondeurs (< à 50
m)
- un chalut à grande ouverture verticale (GOV) pour les grandes profondeurs (de
60 à 260 m).
Pour étudier la répartition des crustacés décapodes, nous avons calculé la
richesse spécifique de chaque station, qui est définie par le nombre d’espèces
recensées à une échelle d’espace bien déterminée. La cartographie des crustacés
décapodes a été réalisée à l’aide d’un système d’informations géographiques
(SIG). Le SIG permet de croiser les données cartographiques avec d’autres
données spécialisées par le biais de requêtes et d’outils de traitements [2].
Résultats et discussion
La détermination des espèces prises par chalutage nous a permis d’identifier 35
espèces de crustacés décapodes (Tab 1) dont les plus importantes sont :
Penaeus keratherus, Metapenaeus monoceros, Medorippe lanata, Inachus sp et
Pagurites ermita. Ces espèces sont inégalement reparties sur toute l’aire
investiguée par les chaluts. Les espèces appartenant à la famille des Penaeidae
sont dominantes. La courbe de la richesse spécifique en fonction de la position
montre une répartition irrégulière des crustacés décapodes. Les stations G8,
G10 et G14 se caractérise par une richesse élevée (12 ou 13 espèces). Par contre,
les stations G9, G38 et G39 présentant une richesse nulle (Fig. 1). La différence
de la richesse spécifique pourrait être due aux conditions environnementales ;
paramètres physico-chimiques (température, PH, salinité) et également à la
nature du fond (vaseux, sableux, sablo-vaseux, vaso-sableux).
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Fig. 1. Variation de la richesse spécifique en fonction de la position (G)
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INTRODUCED SPECIES AND THEIR IMPACTS IN THE BLACK SEA
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Abstract
In the last half of the 20th century, many forms of marine organisms, belonging to various levels of food chain, native to Indian Ocean
and the Mediterranean Sea have been unintentionally introduced into the Black Sea mainly by the means of shipping vessels or water
exchange through Sea of Marmara. Along with the changes in the climate due to the global warming, a process namely
“Mediterreneanisation” has been taken place in the Black Sea, leading to collapse of fisheries i.e impact of Comb jellyfish on anchovy
stocks, and Rapa whelk Rapana venosa on mussel banks.
Keywords: Black Sea, Bivalves, Gastropods
Introduction
Hundreds of species from various flora and fauna have been introduced to the
Turkish seas since the beginning of 20th century. For instance, more than 85
species of macrophytes including “killer algae” introduced to the Mediterranean,
nine of them are considered as invasive, i.e., playing a conspicuous role in the
recipient ecosystems. The Black Sea biodiversity has become extremely more
sensitive to immigrants' expansion than those in other seas. Rich diversity of
biotopes and the poor local species diversity provide favorable conditions for
some exotic invaders finding naïve ecological niches with no competitors or
predators (Gomoiu, 2001). Unfortunately, the data generated from controlled
experiments are very limited; therefore, observations will be presented here.
Invasive Species The number of invasive species penetrations into the Black
Sea peaked during 2000s (Fig. 1) (Gomoiu 2001). The main invaders establishing
and having the most dramatic impacts on species diversity are Rapa whelk
Rapana venosa, Scapharca cornea, Comb jelly fish Mnemiopsis leidyi, Pacific
Mullet Mugil soiuy. Rapana venosa, introduced during 1940s, spread all over
the Black Sea due to lack of predators ie sea stars (Duzgunes and Feyzioglu,
1994; Saglam et al, 2009).

Tab. 1. Impact of major introduced species in the Black Sea

Pacific mullet, introduced into Azov Sea in 1985, was first observed in the Black
Sea in 1989 (Ünsal,1992; Okumus and Bascinar, 1997). It successfully
competes with such native mullet species as Mugil cephalus, M. auratus for
food. As a result of this competition, catch quantity of native mullet species
declined from 14189 tones to 1518 tones during the period 2000-2008. At
present commercial catch shifted from native to the pacific
mullet. Establishment of both Rapana venosa and Mugil soiuy was so efficient,
as a result the species were able to increase their numbers significantly allowing
an economically feasible fishery towards their harvest.
Conclusions
Species abundance and diversities changed significantly as a result of introduced
species.
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Fig. 1. Number of new species accumulated for years (redrawn, Gomoiu, 2001)

It has devastatedmajority of mussel banks Mytilus galloprovincialis and baby
clam Chamelina gallina stocks (Table 1). At present, mussels only survived at
habitats having steep slopes and high currents. Mussels are essential organisms
to slow down or prevent eutrification by filter feeding in the Black Sea. Another
introduced species Scapharca cornea, a filter feeder bivalve, become established
and spread due to the fact that they are less exposed to predation owing to
thicker shell (Duzgunes, 1995). Comb jelly fish Mnemiopsis leidyi, feeding on
eggs and larvae of small pelagics e.g. anchovy, caused to collapse of fisheries in
the Black Sea during the late 1980s. Total anchovy catch in the Black Sea
dropped sharply from 526000 metric tonnes to 85000 from 1988 to 1991
(Dumont et all, 2002).
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THE PRESENCE OF INDO-PACIFIC PUFFER FISH TORQUIGENER FILAVIMACULOSUS HARDDY &
RANDALL,1983 IN THE ISKENDERUN BAY, THE EASTERN MEDITERRANEAN COAST OF TURKEY
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Abstract
The first record of the lessepsian pufferfish (Torquigener filavimaculosus Hardy & Randall, 1983) in coast of Iskenderun Bay,
Eastern Mediterranean Sea, is given in the present paper . A single young specimen was sampled with the research trawler “Mustafa
Kemal I” in June, 2008, and morphological characteristic and fin formulas are described with detail.
Keywords: Fishes, Species Introduction, Teleostei, Eastern Mediterranean
Introduction
The family Tetraodontidae is represented in the Mediterranean Sea by four
genera and nine species [1,2]. Torquigener filavimaculosusis distributed in
shallow waters and found on sand-muddy bottoms at depths of 3 to 57 m. It is
carnivorous feeding on small benthic invertebrates. T. filavimaculosus has a
distribution throughout Indian Ocean Red Sea, Persian Gulf and eastern Africa
to Seychelles [1,3]. The puffer fish T. filavimaculosus was recorded for the first
time in the Mediterranean Sea from Haifa Bay, Israel [4]. Following, Bilecenoglu
[5,6] based on two specimens observed from the south western Mediterranean
coast of Turkey (off Fethiye shore), expanded the westward distribution range
of the species. Lately this species is recorded by Corsini-Foka [7] from Rhodes
island.

each ray andthe dorsal fin arises above the vent. Both species differ from
Torquigener hypselogeneion in the relative eye diameter, caudal pedunclelength
(smaller dimensions in T. hypselogeneion), and in having more dense ventral
spination [9]. The present record is caught the first of the species from the coast
of Iskenderun Bay, Eastern Mediterranean Sea. While a single specimen does
not necessarily indicate an established population. This species may be capable
of colonization in the Mediterranean in the future, like other this species.
Tab. 1. Some morphometric measurements and meristic counts of puffer fish

Material and Methods
On 26 June 2008 a 52.0 mm total length (Lt), 48.2 mm fork length (LF) and 42.6
mm standart length (Ls), specimens of puffer fish T. filavimaculosus Harddy &
Randall, 1983 was caught by the research trawler “Mustafa Kemal I” from
Iskenderun Bay (360 33’ N- 360 03’ E) at a depth of 24 m (Fig. 1). The single
specimen has been deposited at the ichthyological collection Museum of
Faculty of Fisheries, Mustafa Kemal University. Some morphometric and
meristic characteristics of the specimen are given in Table 1.
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Fig. 1. Torquigener filavimaculosus caught off Iskenderun Bay, Eastern
Mediterranean Sea, Turkey (52.0 mm Lt)

Results and Discussion
Body elongate, somewhat compressed laterally and inflatable. The chin distinct,
mouth small and terminal with conspicuous lips, covered with short papilllae.
Eyes elongated. Origin of dorsal fin slightly in front of anal fin origin. Dorsal and
anal fins were elongated and pointed. Caudal fin truncated. Pectoral fin rounded
with wide base. Pelvic fins absent. The skin had numerous londitudinal pleats.
Colour: The body is lightbrownish with regularly distributed grey dots dorsally
and white ventrally. A mid lateral line with longitudinal series of yellow to
olive-green spots. Caudal fin with brown spots, dorsal fin spotted, anal and
pectorals fin transparent. Measurements, counts and body coloration of puffer
fish T. filavimaculosus agree with descriptions of Hardy & Randall [8], Golani
[4] and Golani et al [1]. T. filavimaculosus, is very similar to Torquigener
brevipinnis (Regan, 1902) previously described from the Red Sea and adjacent
waters by Hardy & Randall [8]. T. filavimaculosus further differ from
T.brevipinnis inhaving caudal fin markings less regular andmore numerous on

1 - Golani D., Orsi-Relini L., Massuti E. and Quignard J.P., 2009. Ciesm Atlas
of
exotic
fishes
in
the
Mediterranean. http://www.ciesm.org/atlas/appendix1.html visited 10/2009
2 - Tortonese E., 1986.Balistidae, Monacanthidae, Ostraciontidae,
Tetraodontidae, Diodontidae, Molidae. In: Fishes of the north-Eastern Atlantic
and the Mediterranean. Whitehead, P.J.P., M.-L Bauchot., J.-C. Hureau, J.
Nielsen, & E. Tortonese, (eds.), Paris, UNESCO pp 1335 - 1350.
3 - Froese R. and Pauly D., (eds.) 2009. Fishbase. World Wide Web electronic
publication. www. Fishbase.org, version (09/2009)
4 - Golani D., 1987. The Red Sea pufferfish, Torquigener flavimaculosus Hardy
and Randall 1983, a new Suez Canal migrant to the eastern Mediterranean.
(Pisces: Tetraodontidae). Senckenbergiana Marit., 19(5/6): 339-343.
5 - Bilecenoglu M.,2003. Kizildeniz göçmeni balon baligi (Torquigener
flavimaculosus Hardy & Randall, 1983), Türkiye kiyilarindan ilk gözlemler.
Sualti Dunyasi Dergisi 74: 38-39. [In Turkish].
6 - Bilecenoglu M., 2005. Observations on the burrowing behaviour of Dwarf
Blaasop, Torquigener flavimaculosus Hardy & Randall, 1983 (Osteichthyes:
Tetradontidae) along Fethiye Coasts, Turkey. Zool. Mid. East, 35: 29-34.
7 - Corsini-Foka M., Margies P. Kondilatos G. and Economidis P.S., 2006.
Torquigener flavimaculosus Hardy and Randall, 1983 (Pisces: Tetraodontidae)
off Rhodes island marine areas: a new alien fish in the Hellenic waters
Mediterranean Mar. Sci., 7: 73-76.
8 - Hardy G.S. and Randall J.E., 1983. Description of a new species of
pufferfish (Tetraodontiformes: Tetraodontidae) from Red Sea and adjacent
waters. Israel J. Zool., 32: 13-20.
9 - Hardy G.S., 1984. Redescription of the pufferfish Torquigener brevipinnis
(Regan) (Tetraodontiformes: Tetraodontidae), with description of a new species
of Torquigener from Indonesia. Pac. Sci., 38: 127-133.
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ETUDE DU PLANCTON DE LA ZONE FNIDEQ-OUED LAOU (MEDITERRANEE OUEST MAROCAINE)
O. Ettahiri 1, A. Berraho 1*, A. Orbi 1, K. Hilmi 1, L. Somoue 1, S. Zizah 1 and S. Charib 1
1 Institut National de Recherche Halieutique, 02, Rue Tiznit Casablanca 20 000 Maroc - amina_berraho@yahoo.fr
Abstract
L’analyse du plancton (phytoplancton et chlorophylle ‘a’, mésozooplancton et ichtyoplancton) dans la zone d’étude a révélé la
présence d’une grande richesse planctonique dans la partie Nord comprise entre Fnideq et Cabo Nigro avec une variabilité spatiale
des foyers de forte concentration en relation avec la circulation générale dans la zone.
Keywords: Phytoplankton, Zooplankton , Ichthyoplankton, Western Mediterranean
Introduction
Le phytoplancton et le zooplancton jouent un rôle primordial dans le transfert
d’énergie vers les niveaux trophiques supérieurs. Certains groupes sont
considérés comme indicateurs biologiques des masses d’eaux [1], des
changements climatiques [2] ou encore du degré de salubrité des milieux marins
[3]. La répartition spatiale de ces deux composantes est généralement
synchrone et constitue un milieu favorable pour le développement de
l’ichtyoplancton, surtout les larves de poisson. Cette répartition est liée aux
conditions hydrodynamiques du milieu, gouvernées par la présence du
tourbillon anticyclonique dans la partie occidentale Sud de la Méditerranée
[4].

situation se reflète également dans l’étude de la densité du phytoplancton de
surface dont le maximum de cellules se situe à moins de 75m dans la partie
nord de la zone d’étude (Fnideq - oued Smir). De plus, l’accumulation des eaux
superficielles au niveau du tourbillon, implique une large épaisseur des eaux
pauvres en nutriments (oligotrophes) et une grande pénétration de la lumière.
Par conséquent la profondeur à laquelle s’établit le maximum superficiel de
chlorophylle (DMC : Depth Maximum Chlorophyl) est importante
impliquant une faible productivité biologique [5].
Généralement, la distribution du zooplancton est en relation avec celle du
phytoplancton. Toutefois, on observe un certain décalage entre les foyers à
fortes concentrations de phytoplancton et ceux à fortes biomasses
zooplanctoniques, surtout au nord de la zone d’étude. Etant donné que la
composante zooplanctonique est échantillonnée sur toute la colonne d’eau,
cette situation est plus justifiée, tenant compte des distributions de la
chlorophylle ‘a’ aussi bien au nord qu’au sud de la zone. La zone d’étude peut
être également qualifiée de zone de ponte pour un certain nombre d’espèces,
dont la sardine qui représente à elle seule plus de 60% du nombre total des
œufs et larves recensés dans la région (Tableau 1). La sardine est une espèce
dont la ponte principale se déroule en hiver, ce qui explique la forte abondance
des œufs et larves dans la zone (échantillonnage fin janvier). Ainsi, la
proximité de la zone d’étude du détroit de Gibraltar, confère surtout à sa partie
nord des caractéristiques hydrologiques optimales pour une forte productivité
et la ponte des espèces halieutiques. En effet, l’effet fertiliseur du flux d'eau
d'origine atlantique est en faveur d’une grande diversité du phytoplancton et
aussi du mésozooplancton qui se compose à la fois d'espèces néritiques,
pélagiques et celles d'origine atlantique [6]. Toutes ces conditions sont en
faveur d’une ponte et de développement larvaires d’espèces halieutiques assez
diversifiées.

Matériel et Méthodes
Des échantillons d’eau ont été prélevés (du 27 janvier au 07 février 2009) pour
le dosage de la chlorophylle ‘a’, selon un dispositif CTD. Trois niveaux ont
été échantillonnés : la surface, à 10 m et le fond. D’autres échantillons d’eau
d’un volume de 100 ml ont été prélevés à la surface pour l’étude du
phytoplancton. Le zooplancton et l’ichtyoplancton ont été collectés sur toute
la colonne d’eau à l’aide d’un filet Bongo de 145µm de diamètre de maille.

Tab. 1. Valeurs des différents paramètres biologiques étudiés
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Fig. 1. Distribution de la chlorophylle ‘a’ à différents niveaux

Résultats et Discussion
L’étude biologique durant cette campagne de mesures a montré que la
productivité du milieu, illustrée par la concentration de la chlorophylle ‘a’,
présente une richesse relativement importante, à la fois en surface et au fond
de la zone côtière (<50m), comprise entre Fnideq et l’oued Negro, dominée
généralement par les eaux atlantiques. Au-delà de l’isobathe 75 m, les
concentrations chlorophylliennes diminuent et le sont davantage dans les
couches profondes, du fait de l’existence à ce niveau de deux masses d’eaux :
l’une en surface d’origine atlantique et riche en chlorophylle ‘a’ et l’autre
méditerranéenne, plus profonde et pauvre en chlorophylle ‘a’ (Figure 1). Cette

506
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

REDISCOVERY OF LIVE GIBBULA NIVOSA (GASTROPODA: TROCHIDAE)
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Abstract
Live animals of the trochid gastropod Gibbula nivosa, which is endemic to the Maltese Islands, have not been recorded for over 25
years despite recent intensive searches in localities where good populations used to be found. Sampling carried out at Marsamxett
Harbour and Comino has yielded live individuals from accumulations of cobbles and pebbles, showing that this is an important habitat
for G. nivosa and confirming that this species is not extinct, although it should still be regarded as ‘critically endangered’.
Keywords: Biodiversity, Conservation, Endemism, Gastropods, Mollusca
Introduction
The Maltese Topshell Gibbula nivosa is a critically endangered [1] trochid
gastropod endemic to the Maltese Islands [2,3]. Although this species has been
reported many times from Malta, it is rare and the last record of live individuals
dates back to 1981 [4] despite recent intensive searches for the species in many
localities [1]. Given its restricted geographical distribution and rarity, G. nivosa
is protected under both local and international legislation. Proper conservation
and management of this species is necessary to safeguard it but very limited
information on its current status exists, a situation that can only be addressed
by intensive sampling of the coastline where reported habitats of G. nivosa
occur. The main habitat for the species is regarded to be leaves of the seagrass
Posidonia oceanica at depths down to 10m [5], but the gastropod has also been
reported from under stones in shallow water [4,6] and fresh empty shells were
recently (2006) collected from such a habitat in Marsamxett Harbour, suggesting
that live individuals may have been present.

(assuming this habitat was interspersed with seagrass beds) when not feeding.
However, during this study, no G. nivosa were found in either accumulations of
cobbles and pebbles interspersed with seagrass beds, or on the Posidonia leaves,
so more work is required to test this hypothesis. Searches in cobble habitats are
necessary for a better knowledge of the current status of G. nivosa, which is
still regarded as ‘critically endangered’ under the 2001 IUCN Red List criteria
[7].
Acknowledgements: This research work was partly funded through a Malta
Government Scholarship Scheme grant (ME 367/07/35) awarded to JE.

Material and Methods
Surveys of the infralittoral cobble beds in Marsamxett Harbour (Fig. 1) were
made in September 2006 and December 2007. Stations were established along
the long axis of the cobble beds and three replicate samples were randomly
collected from each station at depths of 5-12m, using a 0.1m2 circular quadrat.
The cobbles and pebbles within the quadrat were carefully handpicked and
transferred to a 0.5mm mesh-bag, whilst a small hand net was used to scoop the
basal layer of finer granules into a separate mesh-bag. In the laboratory, the
sediment was sorted by hand, and the collected molluscs were identified and
counted. Any G. nivosa found were kept alive and returned to their original site
of collection. Searches for this species were subsequently carried out at sites in
Comino, Qawra Point and St. Thomas Bay, where similar infralittoral cobble
and pebble beds occur.
Results and Discussion
Live individuals of G. nivosa were collected during both surveys at Marsamxett,
with mean abundances of 37.3±78.6SD and 17.6±25.0SD individuals/m2
recorded in September 2006 and December 2007, respectively. The large
variation in abundance, reflected by the high standard deviation, was probably
due to the patchy distribution of the species within its habitat, which had a low
cover (ca 0.005km2 only) within the area. The relatively restricted habitat area
would support a small total population of G. nivosa. The habitat at Marsamxett
was characterised by a gently sloping bottom of gravelly sand and silt with
overlying accumulations of cobbles and pebbles (modal size: 16-64mm diameter;
maximum thickness of pebble layer: 10cm) (Fig.1). This vertical stratification
enabled the two layers to be sampled separately, and significantly higher
densities of G. nivosa were recorded from the upper pebble stratum than from
the gravelly sand below (Mann-Whitney U-test, p = 0.018). Two live
individuals were collected whilst searching at Comino on a similar bottom type,
albeit with a much sparser cover of cobbles and pebbles, at a depth of 18-20m.
However, no live animals were found at the other two sites, where the cobbles
and pebbles occurred interspersed with P. oceanica beds. It is interesting to note
that one of these sites, St Thomas Bay, has been regarded as the main locality
for G. nivosa [4,6].
The present record is the first of live individuals of G. nivosa in over 25 years,
showing that this species is not extinct and suggesting that other as yet
undiscovered populations may exist in some places. Although the main habitat
of G. nivosa is considered to be P. oceanica leaves, in this study live animals
have been recorded from infralittoral cobbles and pebbles within Marsamxett
Harbour, where the seagrass is not present, indicating that cobble beds may be a
more important habitat for G. nivosa than previously thought. It is possible
that individuals collected from seagrass leaves in the past were only foraging
there and actually retreated to the accumulations of cobbles and pebbles

Fig. 1. Infralittoral cobbles and pebbles at depths of 5-12m in Marsamxett
Harbour, Malta, where Gibbula nivosa was found (photo: M. Sciberras)
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MITOCHONDRIAL DNA SEQUENCE VARIATION IN TUNISIA SARDINE (SARDINA PILCHARDUS)
STOCKS
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Abstract
The genetic diversity and population genetic structure of the Tunisian sardines Sardina pilchardus were investigated. A total 92
individuals were sampled from 3 localities of the coastal zones of Tunisia. Genetic variation in DNA sequences were examined from
the cytochrome b (cytb) gene of the mitochondrial DNA. High levels of haplotype diversity were detected, indicating a high level of
genetic diversity. Phylogenetic trees demonstrated a divergence between the populations examined in the present study. The
knowledge on genetic diversity and genetic structure will be crucial to establish appropriate fishery management stocks for the
species.
Keywords: Genetics, Fishes
Introduction
The sardine, Sardina pilchardus (Walbaum, 1792), is an important fish
species of great economic importance to Tunisia, as well as to many other
countries [1] [2]. For the management and sustainability of fish populations,
studying genetic diversity is critical. Nevertheless, studies on the geographic
distribution and genetic population structure of many commercial fish
species stocks have not been completed [3]. Data concerning sardine
populations inhabiting Tunisia coastal waters are currently very limited [4].
To the best of our knowledge the genetic diversity of Tunisia’s sardine
populations has yet to be investigated using modern DNA technology which
is provides suitable markers to examine genetic structure such as
mitochondrial DNA.
Mitochondrial (mt) DNA has many attributes that make it particularly
suitable for population genetic studies, including its rapid rate of evolution,
lack of recombination, and maternal inheritance.
The aim of the present study was to determine whether there is genetic
diversity among the sardine populations inhabiting the coastal zones
surrounding Tunisia.
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300: 2032.
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Materials and methods
A total of 3 samples of Sardina pilchardus were collected from
representative regions along the coastal zones of Tunisia (Gulf of Tunis,
Sahel and Gulf of Gabes). For each sample, a fragment of cytochrome b
(cytb) gene was amplified by PCR analysis and subsequently sequenced.
Sequences of the 307-bp cytb region were aligned using the BioEdit v.7.0.7
program. Haplotype frequencies, gene diversity (h) and pairwise genetic
distances (Fst) were calculated with ARLEQUIN vers. 3.01 [5].
Pairwise FSTs genetic distance was used to construct the population
phenogram using the neighbor-joining algorithm [6] implemented in Phylip
v3.6.1 [7].
Results and discussion
This work provides the first molecular data for the species Sardina
Pilchardus along the coast of Tunisia.
Among the 92 specimens studied, 24 different haplotypes were defined by
45 polymorphic sites. Significant heterogeneity in the distribution of
haplotypes was revealed between the three populations analysed.
Of the 24 haplotypes, 5 were singletons and of the remaining 19 haplotypes,
one was shared among populations.
Haplotype diversity (h) within populations ranged from 0.827 at Gulf of
Tunis to 0.910 at Gulf of Gabes. This result demonstrates that Gulf of
Gabes is the most diversified.
FST values calculated between populations indicated significant difference
(p < 0.05) in each pairwise combination of these 3 sampled areas.
The phylogenetic tree constructed using neighborjoining and maximum
likelihood methods indicated that population from Gulf of Tunis was
closely related to the Adriatic and lonian sardine samples [8], whereas the
two other populations were most divergent. The result suggested that the
sardine stocks investigated in the present study were from different
populations.
Besides the possible contribution of the history and hydrographic barriers,
evolutionary processes such as genetic drift and founder effect, and or
selection, may have produced the observed genetic differentiation between
the populations analysed.
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FOOD WEB STRUCTURE OF DEEP-SEA COMMUNITIES IN THE BALEARIC BASIN: EVIDENCE FROM
D13 C AND D15 N ANALYSIS
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Abstract
Food web structure of deep-sea communities off the Catalan Sea (NW Mediterranean) was investigated using carbon and nitrogen
stable isotope tracers on a total of 124 taxa. Samples were collected close to Barcelona, between 650 and 1600 m depths, from
January 2007 to February 2008. The higher trophic levels were occupied by benthic fish ( Nezumia aequalis and Bathypterois
mediterraneus, d15N=11.30‰ and 11.36‰, respectively) and infaunal species (carnivores polychaetes such as Nephthys spp. and
the deposit feeder Molpadia musculus). At the lower trophic levels we found Salpa maxima, and the pteropod Cymbulia peroni
(TL=2). The overall range of d13C values was indicative of more than one source of carbon sustaining deep-sea communities: from
different kinds of sinking particles to sedimented and frequently recycled POM.
Keywords: Deep Sea Ecology, Food Webs, Western Mediterranean
Introduction
The use of stable nitrogen and carbon isotopes for the study of trophic
interactions is now common in aquatic ecosystems. However studies of the
trophic web structure of deep-sea organisms are very limited [1,2] and only few
were appied to lower trophic levels (benthos, suprabenthos, zooplankton) [3,4].
As part of the Spanish funded BIOMARE project, this study is aimed to
identify the trophic levels of bathyal communities’ dominant species, with
particular respect to benthic and zooplanktonic organisms as resources for
megafaunal species and to determine the origin of the primary food source and
the different sources of food of bathyal ecosystems.
Materials and methods
Samples were collected from cruises sampling megafauna, benthos, zooplankton
and suprabenthos off the Catalan Sea slope (Balearic Basin, NW Mediterranean)
at depths ranging from 651 to 1600 m. Samples of megafauna and megabenthic,
invertebrate epifauna were obtained by trawling the sea floor with a semiballoon otter trawl (OTSB-14). Macrobenthos (infauna) was collected with box
corers, suprabenthos by a MACER-Giroq sledge, while macroplankton,
micronekton fauna was obtained by a WP2 net with a system of closure. Once
collected samples were frozen at -20°C on board, then sorted in the laboratory,
identified to species level and prepared for stable isotope analysis (see [4] and
[5] for details on the methodology). A hierarchical cluster analysis was carried
out on δ13C and δ15N mean values per species and per survey. An ANOSIM
test was performed on the same matrix to compare groups identified based on
knowledge of gut contents, and then a pair-wise comparison was done on the
average δ13C and δ15N values of these groups.

among surface deposit feeders (ranging from -21.0‰ to -16.4‰), suggesting
exploitation of POM of both terrigenous and oceanic origins.
The same organization was found among macroplankton/micronekton: the
lowest values were found for filter feeders which feed on particulate organic
matter. Only two trophic levels were found in the zooplanktonic community off
Cabrera (Algerian Basin, [4]). d 13C ranges were particularly wide among
carnivores (from -20.7‰ to -16.6‰), suggesting predation on a variety of prey
from gelatinous zooplankton to small fishes and decapods. Three trophic levels
were also found among suprabenthos according to [3] and [4], while megafauna
occupied TL 3 and 4 with few fish species located at TL=5 (Bathypterois
mediterraneus, Phycis blennoides, Mora moro, Nezumia aequalis,
Coryphaenoides guentheri, Lepidion lepidion). Generally decapods occupied a
lower trophic level than fish, according to [8] and [9], though 2 levels have also
been identified.
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Results and discussion
Overall the nMDS analysis separated samples as a function of the trophic level:
on the right mainly species belonging to epi/infauna and to megafauna were
found, while on the left suprabenthic and macroplankton/micronekton species
occurred (Figure 1).

Fig. 1. NMDS plot of the mean d15N and d13C values of 124 taxa

A high complexity were found among each compartment. Epibenthic,
invertebrate fauna was organized in three trophic levels based on a 15Nenrichment factor of 2.54‰ per level [6]. d13C ranges were particularly wide
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Abstract
Suite à une mortalité massive de moules et d’huîtres au niveau des parcs conchylicoles de la lagune de Bizerte au nord de la Tunisie,
un échantillonnage des paramètres physico-chimiques pendant 48 heures, a révélé une élévation inhabituelle de la température de
l’eau (29,8°C) et une baisse drastique de l’oxygène dissous (0,64 mg/l). Des expériences en laboratoire ont montré que le facteur
déterminant dans cette mortalité est la température.
Keywords: Global Change, Lagoons, Bivalves
Introduction
La lagune de Bizerte, couvrant une superficie de 150 km2 et située au nord de
la Tunisie, constitue un plan d’eau très important du point de vue écologique
et économique. Elle est particulièrement propice à la conchyliculture qui ne
cesse de se développer, en parallèle avec l’activité de pêche. Les conséquences
du changement climatique, qui a touché beaucoup d’écosystèmes sur le
globe, ont commencé à se faire ressentir au cours de ces dernières années dans
cette lagune. C’est ainsi que des épisodes de mortalité massive de moules et
d’huîtres sont devenus assez fréquents notamment pendant la saison estivale.
Différents agents, tels que les prédateurs, les parasites, les maladies ou même
les conditions environnementales, pourraient également intervenir dans cette
mortalité. Cette étude a porté sur l'identification du facteur déterminant dans la
mortalité de Mytilus galloprovincialis, espèce autochtone de cet écosystème.

2 - BEN MAHMOUD I., 2003. Influence d’une contamination bactérienne
sur le cycle biologique de Mytilus galloprovinvialis (Lmk) dans la lagune de
Bizerte. Diplôme d’Etudes Approfondies, Institut National Agronomique de
Tunis, 118 p.
3 - CHARMASSON S., E BARKER, A. PRUCHON et H. THÉBAULT.,
1999. Long-term variations of man-made radionuclide concentrations in a bioindicator Mytilus galloprovinvialis from the French Mediterranean coast.
Science Total Environ., 237, 93-103.
4 - CUSSON M., R. TREMBLAY, G. DAIGLE et M. ROUSSY., 2005.
Modeling the depuration potential of blue mussels (Mytilus spp) in response
to thermal shock. Aquacult., 250, 183-193.

Matériels et méthodes 5 stations ont été prospectées toutes les 5h dont 3
(S1, S2 et S3) au niveau de la Société Tunisie Lagune (STL), située au nord-est
de la lagune de Bizerte et 2 stations (S5 et S6) au niveau de CUTIMER du
côté du canal au nord-ouest de la lagune de Bizerte (37°12´14´´N ; 9°
55´79´´E). Le monitoring des paramètres physico-chimiques de l’eau a été
réalisé toutes les 5 heures durant 48 heures, à l’aide d’un multi-paramètres
type VWT.
Résultats et discussion: La température moyenne de surface au niveau de la
STL est de l’ordre de 27,7 °C, alors que celle du fond est de 26,9 °C. Tandis
que les maxima atteints durant la campagne prospective sont respectivement
de 29,8°C en surface et de 28 °C au fond. Au niveau de CULTIMER, on a
constaté un gradient nettement important entre surface et fond, en effet, la
moyenne en surface est de 29 °C, celle du fond est de 24,9 °C. Les teneurs
halines sont inférieures à celles citées dans la littérature pour les années
précédentes, avec une valeur moyenne de 33 psu au niveau des deux sites
d’échantillonnage en surface. Au fond, la salinité est de 33,3 psu. Les valeurs
du pH sont homogènes en surface ainsi qu’au fond avec une valeur de l’ordre
de 8,3 témoignant d’une influence marine. Toutefois, les concentrations en
oxygène au fond sont très fluctuantes et ont atteint une valeur de 0,64 mg/l.
Quant aux concentrations en oxygène en surface, elles ont une valeur moyenne
de 4.2 mg/l. La teneur moyenne en ammonium est de 0,3 µM et celle en
phosphate est 0,6 µM au niveau de la STL. Ces teneurs sont respectivement
de 0,2 et 1 µM au niveau de CULTUMER. Des expériences ont été menées au
laboratoire, afin d’identifier le facteur déterminant dans la mortalité des moules
et des huîtres, Des lots de 100 moules chacun ont été placés dans des
aquariums identiques avec une première phase d’acclimatation, un
renouvellement total de l’eau toutes les 24 heures, une aération comprise entre
5 et 6 mg/l d'oxygène dissous et des températures croissantes à partir de 25 °
C. La mortalité est apparue au bout de 60 H pour des températures de 27 °C
(±0,5 °C). La mortalité totale est survenue après 10 H.
Conclusion : La température élevée et prolongée constitue un stress qui a
affecté la capacité de tolérance des moules ce qui a conduit à un affaiblissement
physiologique. À cela s’ajoute la forte densité de naissains, les premières
mortalités qui accentuent le confinement et favorisent l’activité bactérienne.
Ainsi, le concours de tous ces facteurs a abouti à la mortalité des moules. La
gestion environnementale des projets aquacoles, de la conception jusqu’à la
désaffectation, est une responsabilité partagée par l’industrie, le gouvernement
et la recherche.
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BENTHIC ASSEMBLAGES ON CONCRETE ARTIFICIAL REEFS IN THE NORTHERN ADRIATIC SEA:
COMPARISON BETWEEN TECNOREEF® PYRAMIDS AND CUBIC BUNDLES OF TUBES
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Abstract
Benthic assemblages colonising two typologies of concrete artificial reefs (Tecnoreef® pyramids and cubic bundles of tubes),
characterised by different shape and material, were investigated three years after their deployment offshore to Po River Delta
(northern Adriatic Sea). On both reef types large areas were covered by fine sediments, assemblages where characterised by reef
building polychaetes and zoantharian. Assemblages differed among reefs but not between reef typologies, both in term of species
abundance and cover percentage.
Keywords: Adriatic Sea, Artificial Reefs, Fouling, Po Delta, Zoobenthos
Introduction
Artificial reefs are manmade structures deployed on sea bottoms with the
main aims: protecting and increasing biotic resources by preventing trawling,
supporting sessile filter feeders, which can colonise the hard substrata and
exploit water column resources, providing nourishment and refuges for motile
species, attracting bentho-nectonic fishes ([1], [2]). Sessile and motile species
colonise artificial reefs according to complex ecological processes affected by
seasonal larval supply, water circulation, turbidity and nutrients, depths,
orientation and material of the substrata ([3], [4], [5], [6], [7], [8]). The
macrobenthic assemblages colonising two types of concrete artificial reefs
modules, Tecnoreef® pyramids and cubic bundles of tubes differing in shape
and concrete type, were investigated 3 years after their deployment in the
northern Adriatic Sea.

under high sedimentation rate and reduced lighting conditions, Sabellaria
spinulosa, with its sand-muddy agglomerates seem to play a relevant bioconstruction and strengthening role.
Acknowledgments Research funded by the “Consorzio di bonifica Delta Po
Adige” (www.deltapoadige.it).
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Material and methods
The investigated artificial reefs were deployed in autumn 2006 on muddy
bottom 2 nautical miles offshore of Scardovari (Po River Delta, northern
Adriatic Sea, 44° 54’ N 12° 33’ E) at 13-14 m in depth, close to a long-line
mussel farm. Reefs included a few dozen of Tecnoreef® pyramids (2 and 3
floors, 1.8 and 2.4 m height), made by ‘sea-friendly’ certified reinforced
concrete manufactured using only natural components without synthetic
additives, and cubic bundles of tubes, made by common building reinforced
concrete tubes laid on a concrete slab (1.8 m height). The macrobenthic
assemblages were investigated during the summer 2009 by means of
destructive (scraping off 20x20 cm by hammer and chisel) and digital
photographic (17x23 cm) sampling. Four reefs per typology were randomly
chosen. For each reefs, 4 destructive and 8 photographic samples were
collected. Species were identified to the lowest possible taxonomic level and
their abundance was estimated as number of individuals per sample and/or
covers percentage estimation, excluding from the pictures dark and blurred
zones or portions covered by motile organisms. On pictures percentage cover
of sediment was also estimated. Differences between reefs and reef typologies
were assessed by uni- and multivariate permutational analysis of variance
(PERMANOVA, [9]).
Results
The vertical surfaces of all the reefs were mainly covered by muddy sediments
(mean percent cover 57%). Overall, 58 invertebrate taxa were identified in the
destructive samples. The most abundant sessile taxa were the reef builder
polychaetes (Sabellaria spinulosa, Pomatoceros triqueter and Serpula
vermicularis), the zoantharians Epizoanthus sp. and the bivalve Anomia
ephippium. In particular, Sabellaria spinulosa colonies, with up to 51 ind. dm2 (means 16.1±5.3 ind. dm-2 ± e.s.), built thin crusts of fused tubes from mud,
send or shell fragments. Motile fauna was dominated by the muddy tube
building amphipod Corophium acherusicum and the fossorial polychaetes
Polydora ciliata. Assemblage structures significantly differed between single
structures but not between reef typology (i.e. shape and concrete types), both
in term of species abundance and cover percentage. Similar patterns were
observed in the distribution of the most abundant species.
Discussion
Both destructive and photographic samplings were able to assess the
dissimilarity among single reefs and between reef typologies. No differences in
density and/or diversity of the assemblages were detected between
Tecnoreef® pyramids support and cubic bundles of tubes. Bio-construction
processes on artificial reefs, mainly supported by calcareous algae, is generally
favoured under good light conditions and low sedimentation rate ([7]). Here,
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UTILISATION DES PARASITES COMME MARQUEURS BIOLOGIQUES POUR LA DISCRIMINATION DES
STOCKS DE SARDINELLA AURITA DES CÔTES EST DE LA TUNISIE
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Abstract
Une étude a été menée afin de déterminer l’utilité des parasites comme marqueurs biologiques pour la discrimination des stocks de
l’allache Sardinella aurita des côtes Est de la Tunisie. Un échantillonnage de 329 poissons de taille comprise entre 170 et 210 mm a
été effectué au niveau de trois stations : Mahdia, Gabès et Zarzis. Des analyses discriminantes, non paramétriques, utilisant quatre
taxons parasites, Parahemiurus merus, Aphanurus stossichi, Lechithocurium sp. (Digenea) et les larves de Tetraphyllidea
(Eucestoda) ont permis de séparer les allaches du golfe de Gabès (Gabès et Zarzis) de celles du golfe de Hammamet (Mahdia).
Keywords: Stock Assessment, Parasitism
Introduction
Sardinella aurita est une espèce migratrice dont la distribution varie selon les
saisons et les stations [1]. C’est une espèce d'une grande importance
économique et commerciale en Tunisie. Elle représentait 25% de la production
totale des petits pélagiques en 2006 [2]. Pour une gestion durable de cette
ressource, l’identification des stocks est indispensable. Au cours de ce travail,
les parasites ont été utilisés comme marqueurs biologiques. Ils ont montré leur
efficacité pour l’étude des petites et délicates espèces de poissons comme les
Clupeidae [3].

tags for marine fish. In Diseases in Asian aquaculture III (T. W. Flegel and I.
H. MacRae, eds.) Fish Health Section, Asian Fisheries Society, Manila,
Philippines. p. 141-154.
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meets ecology on its own terms: Margolis et al. revisited. J. Parasitol. 83,
575–583.
5 - Lester, R.J.G., MacKenzie, K., 2008. The use and abuse of parasites as
stock markers for fish. Fisheries Research. pp 1-2.

Matériel et méthodes
Durant 3 saisons, automne, hiver et printemps, 329 individus de S. aurita ont
été échantillonnés aux points de débarquements à Mahdia, Gabès et Zarzis.
Les coordonnées de pêches ont été soigneusement prélevées avec la
collaboration des pêcheurs. Chaque poisson a été examiné afin de rechercher
les ectoparasites et les endoparasites. Pour chaque espèce parasite, la
prévalence et l’abondance moyenne ont été calculées [4]. Les variations
saisonnières et géographiques de ces deux paramètres ont été aussi testées par
une analyse discriminante non paramétrique.
Résultats et discussion
Des larves de Tetraphyllidea, au niveau des ceaca pyloriques, trois espèces de
Digenea, Parahemiurus merus, Aphanurus stosssichi, au niveau de l’estomac,
et Lechitochiurim sp. dans la vessie gazeuse ont été récoltées. L’étude des
variations saisonnières de la prévalence et de l’abondance a montré des
différences significatives. Les larves de Tetraphyllidea sont plus prévalentes
(97,61%, (X2=29,5 ; ddl=2; p<0,05)) et abondantes (110,45, (X2=28,03 ;
ddl=2; p<0,05)) en automne pour S. aurita en provenance de Gabès. P. merus
présente une prévalence importante pendant l’automne (62,5%) et le
printemps (65,85%) au niveau de Mahdia (X2=26,4 ; ddl=2 ; p<0,05). Ce
Digenea est complètement absent en automne à Gabès. A. stossichi est plus
prévalent au printemps chez les individus en provenance de Gabès (57,14%
(X2=7,03 ; ddl=2 ; p<0,05)) et de Mahdia (60,97% (X2=63,3 ; ddl=2 ;
p<0,05)). En hiver, il est plus prévalent à Zarzis (66,66% (X2=6,8; ddl=2;
p<0,05)). Ces variations de la prévalence et de l’abondance moyenne
pourraient être dues à la migration et au changement du régime alimentaire de
S.aurita. Cette espèce peut effectuer des migrations saisonnières pouvant
atteindre des centaines de Km. Ces poissons qui vont se déplacer ont plus de
chance d’être en contact avec des parasites [5]. Lechitochiurim sp. est
complètement absent chez S. aurita en provenance de Gabès et Zarzis. On le
trouve chez les spécimens en provenance de Mahdia pendant l’hiver et le
printemps. Des variations géographiques de la prévalence, sont aussi
enregistrées. En effet, P. merus est plus prévalent (90%) chez les individus de
Zarzis (X2=111,05; ddl=2; p<0;05). A. stossichi est plus prévalent dans le
golfe de Gabès (Gabès :52,74% et Zarzis : 58,77%) qu’à Mahdia (20,16%)
(X2=41,56; ddl=2; p<0,05). Lechitochiurim sp. n’est présent que chez S.
aurita en provenance de Mahdia. Les variations géographiques de la
prévalence de ces trois Digenea pourraient être expliquées par l’existence de
plus d’une population entre le golfe de Gabès et le golfe de Hammamet.
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Abstract
Our recent observations made on gut contents of Diplodus sargus, have highlighted that the algal pest Caulerpa racemosa
represents an important component of the fish diet along the coast of the Salento Peninsula (SE Italy). Here, we demonstrated that
one of C. racemosa secondary metabolites, caulerpin, enters in trophic chains and accumulates in fish tissues. Providing a new
perspective in the understanding of the effects of biological invasions, the present study represents the starting point for future
investigations aimed at evaluating both the potential hazard for long-term effects on the fish, and risks for human health deriving from
D. sargus consumption.
Keywords: Alien species, Bio-Accumulation, Fishes, Food Webs
Introduction
Secondary metabolites of Caulerpa species have been previously investigated
to evaluate their ecological role both in chemical defence against herbivores [1]
and as allelochemicals in interspecific competition [2]. Our recent observations
made on gut contents of Diplodus sargus, have highlighted C. racemosa as a
very important component of the fish diet along the coast of the Salento
Peninsula (SE Italy). This study aimed at measuring whether and to what
extent the presence of an invasive species in the diet of an endemic fish
species can determine accumulation of the algal secondary metabolites in the
fish tissues.
Material and Methods
This study is based on a collection of 18 specimens speared in JuneSeptember 2008, a period of the year when the abundance of C. racemosa
reaches its maximum. Each individual was dissected and white and red muscle,
liver, skin and the gastrointestinal tract separated. Stomach contents were
observed under magnification to assess the abundance of C. racemosa. Animal
tissues were lyophilized and then exhaustively extracted first with acetone
then with ethyl acetate. RP-HPLC-MS analyses were carried out on organic
extracts to quantify the accumulation of algal metabolites in fish tissues.
Results and Discussion
The only algal metabolite we were able to detect in D. sargus tissues was
caulerpin which is the main component of the C. racemosa lipophilic extract.
The concentrations range between: 0-5.4 µg/g (white muscle), 0-38.2 µg/g (red
muscle), 0-14.4 µg/g (skin) and 0-16.3 µg/g (liver). Even though we still do not
know if the accumulation of caulerpin is responsible of toxic effects and/or
other physiological alterations in the fish, it is reasonable to hypothesize
harmful effects on non-adapted fish populations, such as those typical of the
invaded systems. This study has represented a baseline on which we have
designed an ad-hoc experiment, which is based on an integration of chemical,
physiological and ecological approaches. Forty-five specimens of D. sargus
(15 individuals for each of the three locations considered along the Apulian
Coasts) have been speared in September-October 2009. Analysis of wide
battery of molecular and cellular biomarkers, namely Cat, GPx, TOSC assay,
Na+-K+ -ATPase, VTG, Micronucleus and Comet assay, are currently
evaluating the health status of these fishes and their reproductive potential. At
the same time, chemical investigations on fish tissues are in progress to value
algal metabolites accumulation and to correlate these data with fishes
physiological responses. Therefore, through the analyses in progress, we
should provide a better understanding of how the C. racemosa spreading in
the Mediterranean Sea can affect the population dynamics of a single species.
Also, we should provide essential information for an effective evaluation of
possible risks for human health, deriving from D. sargus consumption.

References
1 - Paul V.J., Fenical W., 1987. Natural products chemistry and chemical
defence in tropical marine algae of the phylum Chlorophyta. In: Scheuer P.J.
(ed.), Bioorganic Marine Chemistry. Springer-Verlag, Berlin, pp 1-29.
2 - Raniello R., Mollo E., Lorenti M., Gavagnin M., Buia M.C., 2007.
Phytotoxic activity of caulerpenyne from the Mediterranean invasive variety
of Caulerpa racemosa: a potential allelochemical. Biol. Invasions 9: 361-368.

513
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

ZOOPLANKTON TEMPORAL PATTERN IN THE WESTERN MEDITERRANEAN: A DECADE STUDY OF
TWO TIME SERIES: 1995-2004
Mª Luz Fernandez De Puelles 1* and MªGrazia Mazzocchi 2
1 Stazione Zoologica Anton Dohrn, Villa comunale,80121.Napoli, Italy

2 Baleares Oceanographic Center, Spanish Institute of Oceanography IEO), Muelle de Poniente s/n 07015 Mallorca, Spain -

mluz.fernandez@ba.ieo.es
Abstract
For a 10 year period two Western Mediterranean zooplankton time series (Mallorca Channel and Gulf of Naples) have been analyzed
and compared. The environmental seasonal patterns in relation to their main zooplankton groups have been described. No trends were
found for temperature, but a salinity increasing trend was observed in the Balearic Sea. Zooplankton was dominated by copepods
which, together with cladocerans and appendicularians contributed more than 84% to total. Copepods and cladocerans were more
important in Naples, while siphonophores and ostracods were only found in the Balearic Sea. Other minor groups occurred in both
areas but during different seasons. Although the period considered may be too short to investigate climate effects, the synchronies
observed in the zooplankton suggested common responses to basin-scale signals.
Keywords: Zooplankton , Copepoda, Balear Sea, Tyrrhenian Se, Western Mediterranean
Introduction
The Mediterranean plays a critical role in the global climate system and is one
of the most sensitive areas on earth in a global warming context, particularly
due to its location at the boundary of two different climate cells and regimes of
the temperate and sub-tropical zones (1). On a large scale the Mediterranean
could be considered to be a uniform basin representative of the warm
temperate region, however it is far from being biogeographically homogeneous,
due to its complex morphology with many orographic features and a complex
sea floor. The Western Mediterranean (WM), in connexion with the Atlantic
through the Straits of Gibraltar, forms a small semi-enclosed basin in which
processes are similar to those in the neighbouring ocean, where to study
climate or warming effects (2).

Opposite trends were observed for the siphonophores and the ostracods. The
most abundant copepods Clausocalanus spp., A. clausi and C. typicus
exhibited marked interannual variability at both sites with no clear trend.
Oithona spp., T. stylifera and P. parvus increased in Naples.
The differences recorded in the community composition at groups and species
level indicated an strong adaptation to local conditions, nevertheless they had
a clear oligotrophic character at the Balearic site and a marked coastal influence
at the Naples site.
Although the period considered may be is too short to investigate
zooplankton pattern in relation to climate forcing, the synchronies in the
zooplankton patterns recorded at both sites points suggested responses of
zooplankton to signals at the basin scale. Longer time-series and further
analysis have to be encouraged in the Mediterranean as a potential tool to long
term evolution of planktonic communities and their responses to climate
change.

Sampling sites and methodology
The sampling sites (St. PA, in the SW of Mallorca island and St. MC in the
inner Gulf of Naples) are located at similar latitudes (39º28’59 and 2º25’63;
40º48.5 and14º15, Baleares and Naples respectively), depths (~75m ) and
coastal proximity (2 nm). However, st. PA is exposed to more offshore
waters, located in a boundary area between northern and southern WM
waters, st. MC has more coastal character, being heavily influenced by land
run-off and a densely populated region at the border between the coastal and
offshore waters. Comparable methods were used for sampling and analytical
methods (3, 4).
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Results and Discussion
Seasonal cycle-Temperature pattern was very similar at both sites and, with
the exception of the summer period, was slightly lower in the Balearics (17.07
ºC) than in Naples (17.24 ºC). Salinity, even at the surface, was lower in the
Baleares (37.6-37.8) than in Naples (37.9-38.1), excepting the surface during
spring.
The pattern of total zooplankton showed that the main difference between the
two sites was due to copepods (59% in Baleares and 68% in Naples) but also
to cladocerans, (8 and 11%). Appendicularians followed them (17% and 11%)
as may to correspond at both different ecosystems (3,4). In lower abundances
doliolids and chaetognaths, were present during the first part of the year in
Baleares, although mainly present in autumn in Naples. Siphonophores and
ostracods were abundant only in the Balearic site as correspond to more
oceanic area (3). The most important copepods were Clausocalanus and
Oithona group, but Acartia clausi, Centropages typicus, Paracalanus parvus
and Temora stylifera were abundant with peaks in different periods of the
year. Their relative contributions of these copepods showed interesting
differences at the two sampling sites, in relation to differences in the local
environmental conditions.
Interannual variability- Temperature showed marked variability with no
significant trends. Warmer conditions were observed during 1997 and 1998 in
the Balearics and after year 2000 in Naples. Salinity increased in the Balearics
during the whole period but no in Naples. The interannual variability of total
zooplankton and copepod abundances showed an increasing trend in Naples,
that was interrupted after the year 2000. No trend was observed in Baleares.
Cladocerans showed marked interannual variability and excepting years 2000
and 2001, lower values in Baleares. Appendicularians did not show clear
differences throughout the study period at either both sites. Doliolids and
chaetognaths, decreased in Baleares and increased slightly in Naples.

514
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

SPATIAL DISTRIBUTION OF HOLOPLANKTON ON THE ANATOLIAN COAST, NERITIC ZONE OF BLACK
SEA DURING LATE AUTUMN 2005
Ali Muzaffer Feyzioglu 1* and Ilknur Yildiz 1
1 Karadeniz Technical University, Faculty of Marine Sciences - muzaffer@ktu.edu.tr
Abstract
During the late autumn 2005, holoplanktonic community have been analyzed in Southern waters of the Black Sea. During the sampling
period, totally 4 major taxa, which Copepoda, Cladocera Appendicularia and Chaetognatha, were identified. The copepods were the
dominant group. Although similarity between the stations were higher than 70 %, three different community structure which fits the
Black Sea general current regime were observed during the sampling period.
Keywords: Black Sea, Zooplankton
Introduction
Zooplankton has an important role in aquatic environment in energy transfer to
upper trophic level such as fish larvae and other planktivores organisms.
Abundance of the zooplanktonic organism is important for efficiency of marine
environments. So their abundance and distribution have been widely studied
since they first discovered [1]. Zooplankton is divided into 2 main groups as
holoplankton and meroplankton. Group spends only a part of their life as a
plankton and settling to seabed are called meroplankton. Others, such as
copepod and chaetognatha, complete their life cycle as plankton is called
holoplankton [2]. They are the permanent members of the pelagic system not
only larvae stage but also during the adult stage. In the temporal region like
Mediterranean and the Black Sea during the winter period holoplankton are the
main components of the zooplankton community. Holoplankton community
structure is important component for comparing the regions and the efficiency
of secondary production. The aim of the study is to determine the abundance
and similarity of the holoplanktonic groups along the Anatolian coast (South
Eastern Black sea) neritic zone during the late autumn of 2005.

70 %, three different regions distinguish in holoplanktonic community at the
Anatolian cost of the Black Sea during the sampling period (Figure 2.B). These
are west, middle and eastern Black Sea Regions. The distribution of
holoplanktonic communities shows similarities with general Black Sea current
regime which has two anti-cyclonic gyros located east and west part of the
Black sea. in Ordu off (BL11). Appendicularia was also observed as high as
4837 organisms m-3 in Inebolu off (BL 4). It was the highest value for
Appendicularia. However the maximum biomass of Chaetognatha was found as
1289 organisms m-3 in Unye off (BL 10). Although Cladocera were represented
by three species in the region, it was the poorest group. The maximum number
of the Cladocera was estimated as139 organisms m-3 in the sampling areas (Fig.
2.A).

Materials and Methods
Samples were collected from ten stations located along the South Eastern Black
Sea coast during the eight days cruise of R/V DENAR in November 2005 (Fig.
1). Sampling tows were performed at each site using Hensen type closing net
with 75 μm mesh size; 70 cm mount diameter, and 220 cm long net. The
plankton nets were towed vertically from 50 m depth to surface. The volumes
of the sea water filtered were calculated by digital flowmeter (Hydro-bios Kiel,
No 439115). The samples were preserved in borate-buffered 4% formaldehydesea-water solution until laboratory analysis. Zooplankton samples were
removed from the solution and counted under the stereomicroscope [3].

Fig. 2. A. Abundance of holoplanktonic organisms B. Similarity between the
stations

Fig. 1. Sampling location

Result and Discussion
During the sampling period, totally 4 major taxa (Copepoda, Cladocera
Appendicularia and Chaetognatha) were identified along the Black sea Anatolian
coast. The main and the largest taxa in holoplankton were Copepoda. The most
abundance copepod species belonging to the orders of Calanoida and
Harpacticoida were Calanus euxinus, Acartia clausii, Pseudocalanus elongatus,
Paracalanus parvus, cyclopoid copepodlardan Oithona sp. and Tigriopus sp.,
Laophonte sp. respectively. Other Crustacea was Cladocera. This taxa includes
Evadne tergestina, Evadne spinifera and Penilia avirostris in the sampling area.
In addition to above mentioned, Oikopleura dioica and Sagitta setosa were only
representative for Appendicularia and Chaetognatha respectively. After
Copepoda, the Appendicularia (Oikopleura dioica) was the second highest
biomass in the near shore region. The maximum biomass was observed as 12763
organisms m-3 Although the similarities between the stations are higher than

Although the similarities between the stations are higher than 70 %, three
different regions distinguish in holoplanktonic community at the Anatolian cost
of the Black Sea during the sampling period (Fig. 2.B). These are west, middle
and eastern Black Sea Regions. The distribution of holoplanktonic communities
shows similarities with general Black Sea current regime which has two anticyclonic gyros located east and west part of the Black sea.
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RECENT OBSERVATIONS OF DENSE LIVING COLD-WATER CORAL COMMUNITIES IN THE « LACAZEDUTHIERS » CANYON (WESTERN MEDITERRANEAN SEA)
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Abstract
44 years after the discovery of living populations of deep corals in the « Lacaze- Duthiers » canyon, dense populations of corals were
observed on its west side . These populations settled either on blocks or cliffs were associated with diverse organisms including
sponges, brachiopods, tube worms, echinoderms, oysters, cephalopods and fishes.
Keywords: Biodiversity, Deep Sea Ecology, Western Mediterranean
Altough living deep cold-water coral reefs are well documented in the world
oceans (1,2) their presence in the Mediterranean sea has been scarcely
reported (3,4). Considered as rare organisms and in decline (5) most of them
were dredged dead or in bad shape. The first observation of Mediterrranean
living corals was made in the Lacaze Duthiers canyon (1961 and 1963) using
the submersible SP350 (Commandant Cousteau) (6) and since then, no more
scientific investigations have been performed. During R/V MINIBEX
(COMEX) cruises (« MINIBEX » (OOB/DIREN) May-July 2008 ; «
MEDSEASCAN » (AMP) november 2008 and june 2009) video surveys
using the ROV « ACHILLE » and the submersible « REMORA »(COMEX),
have allowed the discovery of new sites colonized by dense living cold water
corals populations (Lophelia pertusa, Madrepora oculata, Dendrophyllia
cornigera, Desmophyllum dianthus) . Madrepora oculata was observed on
blocks or vertical cliffs from 220 to 535m depth colonizing rocks with high
densities and large colonies up to 50cm high . Lophelia pertusa with
exceptional colonies up to 1m high appeared from 250 to 535m with main
abundance between 360 to 535m. Desmophyllum dianthus was also often
associated with both species .

Fig. 2. Lacaze-Duthiers canyon (MEDSEASCAN, June 2009). Lophelia
pertusa, Madrepora oculata well opened on a cliff, 363m.

Number of wastes, not observed in the first dives (1961 and 1963) were also
observed including fishing nets and lines, boots, cans, glass bottles and plastic
bags. These observations will allow to implement this canyon with a deep
observatory dedicated to deep experiments. Habitat mapping and conservation
programs will allow the long-term monitoring of these coral populations.
Acknoledgments : are due to H. Zibrovius for confirmation of the coral
species and the « MINIBEX » , «ACHILLE » and « REMORA » crews.
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Fig. 1. Lacaze-Duthiers canyon (MINIBEX, May 2008). Living Lophelia
pertusa, Madrepora oculata and Desmophyllum dianthus on blocks, 340m.

The yellow coral Dendophyllia cornigera was present with other corals or
isolated on rocks till 346m. The coral community was composed of a rich
fauna of invertebrates including number of sponges, brachiopods,
echinoderms, oysters, ascidians and bryozoans as well as vagil cephalopods
and fishes. The populations are structured by both their nutrition with organic
particles transported by currents and the sedimentation of mud. Among the
identified species, 4 are protected by the French regulation (corals), 13 are
cited in European directives 79/109/EEC (Art 4) and 92/43/EEC (Annexe 2), 2
are cited in the OSPAR convention and 13 are of commercial interest.
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FIRST RECORD OF THE CANARY DRUM UMBRINA CANARIENSISVALENCIENNES, 1843 (PISCES,
SCIAENIDAE) IN THE SICILIAN CHANNEL (CENTRAL MEDITERRANEAN)
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1 Istituto per l'Ambiente Marino Costiero - Consiglio Nazionale delle Ricerche - V- L. Vaccara 61 - 91026 - Mazara del Vallo (TP) Italy - fabio.fiorentino@iamc.cnr.it

2 Malta Centre for Fisheries Sciences Fort San Lucian Marsaxlokk BBG 1283, Malta
3 Wilderness studi ambientali, via Cruillas 27 90146, Palermo, Italy

Abstract
A juvenile of the Canary drum Umbrina canariensis was caught in the Sicilian Channel extending the area of occurrence of the
species. The specimen was found between 140 and 171 m depth on the eastern side of the Malta Bank. This finding represents the
easternmost record of the species in the Mediterranean, confirming the role of the Sicilian Channel as the biogeographic boundary
between the western and eastern Mediterranean.
Keywords: Fishes, Biogeography, Sicilian Channel
The Canary drum Umbrina canariensis Valenciennes, 1843 occurs on the shelf
and upper slope at 50 to 300 m depth on muddy and sandy bottoms in the
eastern Atlantic Ocean and western Mediterranean Sea [1]. In the
Mediterranean it has been recorded from the Alboran Sea, the Catalan Sea and
off Maiorca [2], along the Algerian coast [3], and in north-western Tunisia [4].
Following [5], the presence of the Canary drum in Sicily was also reported [6],
but a more careful reading of the Doderlein’s paper allows us to interpret this
finding as the specimen of U. ronchus Valenciennes, 1843, found off Messina
by Giglioli [7]. Our fish was a juvenile male of 177 mm total length caught on
June 19th 2004 (MEDITS trawl survey) between 140 and 171 m depth on the
eastern side of the Malta Bank (approximate position 36 03.26 N; 15 16.63 E).
Table 1 shows the main biometrics and meristics of the collected specimen.
Tab. 1. Main biometries and meristics of the examined specimen (L=length and
D= depth)

This finding is the first documented occurrence of U. canariensis in the Sicilian
Channel and the easternmost record in the Mediterranean, confirming the role
of the Sicilian Channel as the biogeographic boundary between the western and
eastern Mediterranean [8].
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Abstract
The Enot Timsah spring system feeds an endangered wetland ecosystem at the foot of the Carmel Mountains. The site studied is
isothermal, oligohaline (3-4 psu) and highly oligotrophic. Foraminiferal diversity consists of 15 live species and 3 more in the dead
assemblage, reflecting a uniquely diverse marginal system. Richness is attributed to thermal stability, maturity dating to early
Holocene, and position beneath bird migration routes. Low numbers, mainly of agglutinants, live in the top 4 cm. The dead assemblage
is more numerous but records significant taphonomic loss of agglutinants and durability of hyalines; miliolid representation is
unaffected.
Keywords: Biodiversity, Brackish Water, Eastern Mediterranean, Foraminifera
Introduction
The Enot Timsah nature reserve is located at the foot of the Carmel
Mountains ~2.5 km from the Mediterranean. It constitutes the only significant
natural outlet of the mountain aquifer system, and is the last remnant of the
extensive Kebara wetlands, drained in the early 20th century. We here address
the living foraminiferal assemblage that inhabited this ecosystem, as well as
the dead assemblage that time-averages out patchiness and informs on
taphonomic changes that allow comparison with the geologic record.

assemblage. The main control on taphonomic change is not the pH of 7.1, as
calcareous miliolids and hyalines are more susceptible to dissolution than
organic-cemented agglutinants. Selective preservation of calcareous tests is due
mainly to the high HCO3- content and the CaCO3-rich sediments, while
decrease in agglutinants is due to extreme fragility of some tests, combined
with microbial degradation of the organic cement.

Material and Methods
The sampling station was located in an undisturbed spot in the Timsah reserve
downstream from an active spring (32°33'9N/34°55'41E). Foraminifera were
sampled monthly over one year in 2002-3. Temperature, conductivity, pH,
major ion and nutrient concentrations of the water were determined. Sediments
were taken using a 100 ml syringe to 4 cm depth. Living foraminifera were
stained with Rose Bengal and preserved in 95% ethanol. Living and dead
foraminifera >63μm were counted from 5 sets each from 8 sampling events.
Results and discussion
Enot Timsah is a unique ecosystem representing a ground/surface water
interaction zone with very stable water properties. The system is nearly
isothermal with temperature averaging 23.98±0.42 °C. It is oligohaline, with
total dissolved solids (TDS) averaging 3,213.6±118.5 mg/l. pH averaged
7.05±0.15, in equilibrium with the carbonate aquifer source. PO43- is the
limiting nutrient in concentrations indicating oligotrophy. Organic carbon
averaged 8.8±2.8 wt% with C/N ratio of ~14. Sediment is silty sand and %
CaCO3 is ~40%. Living foraminiferal abundance was 3 to 32 specimens/10 cc
in the top 4 cm, much lower than in other oligohaline environments. Low
numbers reflect the extremely low salinity, at the lower range for survival for
most foraminifera, and the extreme oligotrophy, reflected by the high N/P, that
limited phytoplankton production. 15 living and additional 3 dead species
were recovered, comprising 8 agglutinants, 6 miliolids and 4 calcareous
hyalines. This number of species is significantly higher than other
environments of low salinity (Fig. 1). Occurrence of hyaline and miliolid taxa
in oligohaline systems is atypical, and probably reflects the warm water and
the high, stable Ca2+ and HCO3- concentrations contributed by the carbonate
aquifer source. This wetland is located along the main migratory route of water
fowl between Eurasia and Africa, so repetitive avian transport of
cosmopolitan brackish foraminifera explains the high diversity. Also
contributory is the long-term stability of temperature and salinity compared
to marginal marine environments, as no significant change took place during
the Holocene. Agglutinants comprise 49-80% of the living assemblage,
hyalines 10-43%, and miliolids, 5-13%. The most common species are
Haplophragmoides manilaensis, H. wilberti and Trochammina inflata that are
low salinity indicators known from brackish environments. Others include
Birsteiniolla macrostoma and Pseudothurammina limneti. Among miliolids,
the shallow marine species Affinitrina eburnea is most common. Hyaline
forms
include Cribroelphidium
cf. C. vadescens
and Trichohyalus
aguayoi. Ammonia tepida is present in small numbers. Noteworthy is relative
abundance of Bisaccium imbricatum, a species recorded to date only from
Louisiana. Foraminifera in the dead assemblage are more numerous. Hyalines
are 2-6 times more abundant than in the living assemblage, while agglutinant
numbers are sharply reduced. Among hyalines A. tepida abundance rises
significantly. Miliolids comprise 5-13% of dead forms, similar to the living

Fig. 1. Comparison of species richness in selected oligohaline (0.5-5 psu) and
mesohaline (5-18 psu) settings. Values are high at Timsah, Black Sea, and Sea
of Azov where salinity is more stable than in salt marshes and estuarine
settings. Records were [1] for the lower Mississippi delta; [2] for the Black
and Caspian seas and Sea of Azov; [3] for New Zealand brackish
environments; [4] for UK intertidal zone; [5] for Mexican sinkholes
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IN LESS THAN 10 YEARS THE SQUAT LOBSTER MUNIDA RUTLLANTI HAS REPLACED M. INTERMEDIA
IN THE WESTERN POMO PIT (CENTRAL ADRIATIC)
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Abstract
Munida rutllanti was recorded for the first time in the central Adriatic in 2003 and today has almost completely replaced M.
intermedia, ranking second by weight in the benthic decapod crustacean assemblage of the western Pomo pit.
Keywords: Decapoda, Adriatic Sea, Global Change
The “meso-Adriatic depression” (Pomo pit) is an important trawling ground
for the Adriatic fishing fleet. Munida intermedia was, initially, the only squat
lobster recorded in benthic decapod crustacean assemblage of the area, ranking
second by weight after Nephrops norvegicus [1]. Munida iris rutllanti
Zariquiey Alvarez 1952 was first described from the Alboran Sea (off Melilla).
Since then, in the Mediterranean, it has been reported from the Alboran,
Catalan and Northern Aegean Seas only, despite its distinctive characters and
the numerous fishery surveys carried out throughout the western and central
Mediterranean since the 1970s. In 2000 it was first collected in small numbers
in the Southern Adriatic [2] and Eastern Ionian Seas [3]; and in June 2003 it
was recorded for the first time in Pomo Pit when, already, it outnumbered M.
intermedia [4]. Since 2003, the population of M. rutllanti has been
opportunistically monitored and some aspects of its biology investigated and
compared with information already available for M. intermedia [5]. Munida
intermedia was absent in most of the hauls of the May 2009 trawl survey, the
ratio M. intermedia / M. rutllanti was 1: 150 (TAB 1) whilst the overall
abundance of squat lobsters in the decapods assemblage remained substantially
unchanged. In the Pomo pit the two species reach similar maximum sizes and
the smallest ovigerous females are around 8 mm CL for both; despite this, their
reproductive strategies are different. Munida rutllanti spawns in late-spring and
summer and is a multiple spawner, as shown by the large number of females
carring embryos ready to hatch, and having mature turquoise ovaries visible
trough the cuticle. Munida intermedia, on the contrary, spawns in winter and is
a single spawner The fecundity of the single batch of a female of M. rutllanti is
higher than that of M. intermedia of the same size. Furthermore M. rutllanti is
far less subject to parasitization by Rhizocephalans compared to M. intermedia
(TAB. 1). Most Rhizocephalans are known to alter the reproductive success in
a population by inducing castration of the host. Fishing trials carried out in
2004 [6] revealed that creels selectively caught M. intermedia compared to M.
rutllanti (4:1) whilst the opposite was true for bottom trawl catches (1:4). This
is suggestive of the fact that the two species may also have different feeding
strategies.

5 - Gramitto M.E. and Froglia C., 1998. Notes on the biology and growth of
Munida intermedia (Anomura: Galatheidae) in the western Pomo pit (Adriatic
Sea). J. Nat. Hist., 32:1553-1566.
6 - Morello E.B., Antolini B., Gramitto M.E., Atkinson R.J.A. & Froglia C.,
2009. The fishery for Nephrops norvegicus (Linnaeus, 1758) in the central
Adriatic Sea (Italy): a comparison between bottom trawl and baited creels.
Fish. Res., 95:325-331.
7 - CIESM., 2008. Climate warming and related changes in Mediterranean
marine biota [F. Briand, Ed.]. CIESM Workshop Monographs, 35: 152 pp.

Tab. 1. Composition of the squat lobsters popolation in the Western Pomo pit
in the period 1997-2009 and percentage of parasitization by Rhizocephalans in
the two species of Munidia

The capacity of M. rutllanti to outcompete M. intermedia is probably related
to its life history, but climate warming and the effect of the Eastern
Mediterranean Transient on overall Mediterranean circulation [7] could be at
the origin of this recent spreading.
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CONTRIBUTION TO THE DIETARY ANALYSIS OF THE SQUID ILLEX COINDETII (CEPHALOPODA,
OMMASTREPHIDAE) AT THERMAIKOS GULF (NORTH AEGEAN-GREECE)
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Abstract
The dietary analysis of the squid Illex coindetii was carried out at Thermaikos Gulf. Samples were collected seasonally by bottom
trawl during one permitted fishing period. The species preyed mostly on crustaceans, cephalopods and fishes. The composition of its
diet differed according to the season and the animal’s sex and size. Female and large-sized individuals preferably consumed
crustaceans. Similar results have been reported from I. coindetii populations at the same geographic area, but the dietary composition
of the squid is different at other Mediterranean populations. These results reveal the increase variability of the species’ trophic habits.
Keywords: Diet, Cephalopods, Aegean Sea
Introduction
The squid Illex coindetii (Verany, 1839) is an Atlanto-Mediterranean species,
inhabiting various soft substratum types, mostly muddy bottoms, with a broad
vertical distribution, from shallow waters up to 1000 m depth [1, 2]. The
species is very common throughout the Mediterranean and in several areas of
the Aegean Sea [1]. Due to its commercial interest and also to its wide range of
distribution, there are many studies about the species’ biology, fisheries and
natural stock management [2]. In particular, the diet of the squid has been
described revealing significant differences according to the geographic area, the
sex, the season and the size of the animal [2]. Therefore, the present study
aims at describing the trophic habits of I. coindetii at Thermaikos Gulf, by
presenting preliminary data about the influence of sex, season and mantle
length to its diet.

result may be attributed to the relatively small size of the collected squids,
since cephalopods are considered as occasional prey for I. coindetii, being
consumed mostly by juveniles [1, 2]. It seems therefore, that the species can
utilize a variety of food items, according to prey availability, size, sex and
season.
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Materials and Methods
The study was carried out at Thermaikos Gulf (north Aegean Sea, Eastern
Mediterranean). Seasonal samples were collected using commercial bottom
trawl, during one permitted fishing period (October 2005 to April 2006). 21
hauls were carried out (mesh size of the net: 40 mm) at depth ranging from 32
to 96 m. All the collected squids were measured for mantle length and their
stomach content was examined. The trophic level of the squid [3] and two
trophic indices ([4], [5]) were estimated: the frequency of occurrence, F and the
percentage of prey, P, calculated as follows F=n*100/Ns and P=n1*100/Np,
where n= number of stomachs containing a certain prey, Ns= total number of
stomachs examined, n1= total number of individuals of a certain prey andNp=
total number of prey items. According to N values, prey categories were
distinguished as preferential (N>50%), secondary (10%<N<50%) and
occasional (N<10%) [3, 4]. ANOVA analysis was used to test for the effects
of sex, season and size to the stomach content of the squids.
Results and Discussions
In general, 200 specimens of I. coindetii were collected, almost exclusively in
daytime, and examined. According to the calculated indices, these squids
prayed preferably on crustaceans (F=29.5%, N=54,13%), cephalopods
(F=13%, N=23,85% ) and fishes (F=12%, N=22,02%), whereas a significant
percentage of squids presented empty stomachs (up to 50%). The percentage
of each food item is given at Table 1. The trophic level of I. coindetii was
estimated at 3.94 (S.E=0.59). ANOVA results showed that prey composition
differed among seasons, sex, and size (P<0.05). Large sized individuals and
females consumed increased amount of all three food items. With respect to the
seasonal differences, the consumption of Crustacea decreased in autumn,
whereas that of Cephalopoda and Pisces increased in spring.
Tab. 1. Ratio of stomach content of Illex coidetii by sex, season and size
(ML=mantle length of cuttlefish)

The above results conform to other studies conducted at the north Aegean Sea
[1]. In contrast, the main prey items at the western Mediterranean populations
of the squid are fishes, followed by crustaceans and to a much lesser extent,
cephalopods [2]. Also, at these areas the predominance of fishes over
crustaceans is higher in spring and autumn than in winter. At the present study
a very high percentage of cephalopods in prey composition was observed. This
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PATTERNS OF BIOINVASION IN THE MEDITERRANEAN SEA – MANAGEMENT AND
MISMANAGEMENT
Bella s. Galil 1*
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Abstract
The synthesis of data on Mediterranean alien species’ native region, human-mediated transfer mechanisms and spatial and temporal
occurrence, generate “apparent patterns” of invasion: (a) most species have been introduced through the Suez Canal; (b) most species
occur in the Levant; (c) their native region and vector differ greatly among basins; (d) more rapid and extensive geographical spread
in the past two decades; (f) apparent rate of invasion corresponds to shifts in vectors, alterations of recipient regions, and sporadicity
of research efforts. Climate change is a significant factor. The challenges for environmental management are discussed.
Keywords: Alien species, Global Change, Suez Canal
Six hundred-and-twenty metazoan species are recorded as alien in the
Mediterranean Sea [1]. All are littoral and sublittoral benthic or demersal species
(or their parasites). Their native range is most commonly the Ind- Pacific Ocean,
Indian Ocean, and the Red Sea. The majority entered through the Suez Canal
(54%), with additional 10% primarily introduced through the Canal
and then transported by vessels. The means of introduction differ greatly
among the phyla and among basins. The numbers of alien species which have
been recorded in the Mediterranean each decade over the past century have
increased in recent decades. The figure reflects political crises, economic
development and scientific interest in recording marine alien species. The
inventory of the alien species in the Mediterranean provides us with data that
allows examination of the efficacy of regulatory instruments and environmental
management options either in place or soon to be. Due to the high permeability
of aquaculture facilities, transport and transplantation of farmed alien species in
the 1970s and 1980s markedly increased the number of intentionally and
unintentionally introduced species. The impact of the voluntary guidelines, the
restriction of importation due to self-sustaining spat production and the
realization by the industry that the imported species may arrive with their
complement of parasites and pathogens, led to institution of “zoosanitary
precautions” that have already contributed to a reduction in the numbers of
mariculture-associated alien species. Still, segments of the industry resort to
illegal importations: a bilaterally ablated female banana prawn, Fenneropenaeus
merguiensis, was collected in the Bay of Iskenderun, Turkey, in late 2006 [2].
Because eyestalk ablation is commonly used in aquaculture to induce maturation
of gonads, there is no doubt that specimen escaped or was released from a
nearby aquaculture facility. However, neither the Turkish authorities nor FAO
have been aware of the importation of that species. A great number of alien
species in the Mediterranean Sea have been vessel-introduced and vesseldispersed. The International Maritime Organization (IMO) sponsored an
international instrument to regulate ballast water management which was
adopted by a Diplomatic Conference in 2004, but only 20 contracting states
have signed on (www.imo.org). Assuming that the Convention will be ratified
and implemented, the number of ballast-transported aliens maybe reduced.
However, hull fouling, long acknowledged as a dominant vector of transport of
alien biota, may soon be on the increase as a result of the implementation of
another IMO Convention: the International Convention on the Control of
Harmful Anti-Fouling Systems on Ships, which calls for a global prohibition on
the application of organotin compounds, entered into force in 2008
(www.imo.org ). Alternative ship coating recently introduced as a substitute to
TBT based antifouling paints may not be as effective, possibly resulting in more
species being transported, and the number of introductions by hull fouling may
increase significantly [3]. The increasing role of the Mediterranean as a hub of
international commercial shipping has been reflected in the growing number of
vessel-introduced aliens in the past 20 years. Unless ballast- and hull transport
are strictly controlled, shipping-mediated introductions of alien species are set
to increase. Climate change and biological invasions are key drivers affecting
biodiversity, yet their impacts are rarely considered in tandem. As Erythrean
aliens make their way northwards and westwards across the Mediterranean Sea,
the most invasive of the lot attract attention for their realized or potential
impacts on the native biota, or as health hazards. The result of the ongoing
climate change is an increasing discrepancy between the requirements of native
species and altered environmental conditions. In climate-facilitated invasions,
the occurrence of alien species depends on change in the receiving environment
that drives native species to become increasingly ill adapted to the local
environment, whereas the aliens are better adapted to the new conditions. The
Erythrean aliens are thermophilic species and it is likely that the rising sea-water
temperature favour their colonization, reproduction, growth, persistence and

spread, and provide them with a distinct advantage over native temperate
Mediterranean taxa. Their presence alters population dynamics of native biota,
the structure and composition of communities and functioning of ecosystems.
However, no implicit or explicit management strategies has yet been discussed
to curb the influx of Erythrean aliens that impact the already teetering fisheries,
mariculture, and tourism through proliferation of alien parasitic, noxious and
poisonous species, displacement of commercially- important native species.
The changes in biodiversity patterns in the Mediterranean are linked to climate
change and invasive species, as well as to the well-established drivers of habitat
change, overexploitation and pollution, and pose complex challenges for the
maintenance of biodiversity and ecosystem function. Thus far, we have failed to
assess the cost of environmental damage, and ignored the depletion of resources,
environmental degradation and health impacts caused by alien invasion. There is
a need for better Mediterranean marine governance. The EU recently introduced
the Marine Strategy Framework Directive (MSFD, EU Commission 2008),
which aims at achieving good environmental status in European Waters. The
peri-Mediterranean countries need to develop their own optimal marine
management capacity to avoid irreversible negative outcomes. While researching,
defining and agreeing on management strategies and governance by the diverse
communities of scientists, stakeholders and policymakers have barely began,
native and alien communities re-assemble and establish under a new climate
regime in the Mediterranean Sea.

Fig. 1. Alien species recorded each decade in the Mediterranean and their
vectors.
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HIGHER TAXA SURROGATES OF MARINE BIVALVIA (MOLLUSCA) AND POLYCHAETA (ANNELIDA)
DIVERSITY IN THE EASTERN MEDITERRANEAN (GREEK WATERS)
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Abstract
Higher-taxon richness as a surrogate for species was used to estimate the species richness of marine bivalvia and polychaeta in the
Greek waters of the Eastern Mediterranean. In both these classes, significant and positive relationships between generic and species
richness were found. Family richness is also strongly related to the number of species. This suggests that identification to the family
level may be sufficient in many routine surveys. At the generic or family level, this surrogate method may be a valuable tool for
locating and designing representative systems of protected areas for the well-documented zoobenthic communities that occur in Greek
waters.
Keywords: Biodiversity, Bivalves, Polychaeta
Introduction
The assessment of biodiversity usually relies on a proxy, such as species
richness or diversity [1]. However, the use of lower taxonomic resolution has
also proved promising in environmental monitoring and impact studies [2-3].
A series of studies have demonstrated good congruence between species
richness patterns and higher-taxon richness, indicating that this approach could
be a promising tool in conservation biology for the rapid estimation of species
richness [4-5]. In the present study 753 species of marine polychaeta and 308
bivalvia were considered and using regression techniques were tested for
whether higher taxons are a good surrogate for species diversity.

Tab. 2. Cross taxon correlations (Pearson and Spearman coefficients) for
different taxonomic levels

References

Materials and Methods
According to the comprehensive checklist of Simboura and Nicolaidou (2001)
[6], 753 benthic polychaete species have been recorded in Greek waters. Data
308 species of bivalvia [7] were used. The data were aggregated to higher
taxonomic levels and correlations were made between species richness, genus
and family richness. Four models (linear, polynomial of power 2, polynomial
of power 3 and exponential) were fitted so as to be able to investigate the
predictive power of higher order diversity on species richness. The best-fitting
model was chosen on the basis of the highest correlation coefficient values.
The univariate method applied was that of linear regression (Pearson and
Spearman correlation coefficients). Correlations were used to relate the number
of species to the number of genera and families in the two datasets.
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Results and Discussion
All relationships between species, genus and family were significant for both
taxa studied (P < 0.001) (Tab1).
These correlations show that it is possible to use higher taxa as a surrogate for
species in surveys of richness. Cross taxon correlations of the richness at the
different taxonomic levels were positive and strong (Tab 2). The analyses
performed in the present study showed that generic and family levels could be
used as a reasonable surrogate for species richness in eastern marine bivalvia
and polychaeta. Surrogacy can be seen both as a preliminary approach, in
cases when it is not possible to quickly identify all for conservation purposes,
or as an end in itself, in regions where most species are unknown, or when
insufficient resources are available to further pursue the identification process
[8].

Tab. 1. Correlation coefficients for the regression between species, family and
genera richness for the bivalvia and polychaeta fauna
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DIFFERENTIATING DAILY GROWTH STRATEGIES WITH STABLE ISOTOPE ANALYSIS FOR TROPHISM
OF ALBORÁN SEA SARDINE LARVAE
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Abstract
A combined study of Alboran Sea sardine larval growth which differentiated two different growth strategies with stable isotope
analysis for trophism yielded no trophic differences between both the two populations. The faster growing larvae showed higher C:N
relationship in relation to the slower growing larvae.
Keywords: Larvae, Alboran Sea, Growth, Trophic Relations
Introduction
Sardine is a key species of the neritic ecosystem off the Alboran Sea coasts,
constituting its major small pelagic resource. Its economic and ecological interest
has been manifest through studies focusing on early life daily growth [1] and
larval condition [2]. This study intends to provide new insights in larval growth
variability with stable isotope analysis.
Material and Methods
A single catch of schooling post-flexion sardine larvae was sampled to study
trophic influence on daily growth variability. The larval school was sampled at
night time by means of a surface Bongo 90 tow off the nearshore coasts of
M álaga. Larvae were sorted on board and stored in liquid nitrogen. Sampling and
laboratory procedures are described in [3]. In the laboratory, larvae were
thawed, measured for standard length (SL) and dry weighed (DW) after dry
freezing during 24 hours. Otolith microstructure analysis allowed estimating the
daily growth of larvae as described in [3] while natural abundance of 15N (δ15N,
%) and 13C (δ13C, %) were measured using an isotope-ratio spectrometer
(Thermo-Finnigan Delta-plus) coupled to an elemental analyser (FlashEA1112
Thermo-Finnigan). The determinations were calibrated against atmospheric
nitrogen and PeeDee Belemite, respectively. using acetanilide as standard.

The isotopic enrichment of the N from the particle pool <200 mm to sardine
larvae was about 3.8‰. The relatively low nitrogen enrichment indicates that
this plankton fraction constitutes the main diet of the sardine larvae.
Nevertheless, the N and S populations did not show significant differences
(ANOVA, p>0.05) in respect to δ15N and δ13C, and therefore, no dietary
difference. A greater gain in somatic mass with age in the S population is
corroborated with a significantly greater Nitrogen percentage (N%) (ANCOVA
F1, 135=9.7, p<0.01), while the greater growth potential of the N population is
in agreement with its significantly greater Carbon percentage (C%). The Fulton
index, indicative of energy storage in individuals showed significant linear
increase with age in both populations (r2=0,72 and 0.92, respectively), whereby
the S larvae showed significantly higher values than the N larvae (ANCOVA F1,
176=461.1, p<0.001). Lastly, the C:N relationship showed a significant decrease
with age/size of both populations (Fig. 2) similar to the growth rate decline with
age/size. N larvae presented a greater C:N ratio than the S larvae (ANCOVA F1,
135=63.6, p<0.001) demonstrating a greater investment of the N larvae in the
structural development of larvae with time rather than energy reserve
components.

Results and Discussion
The sardine larval school comprised exclusively post-flexion larvae ranging from
12.2-19.0 mm standard length (SL). The SL vs DW relationship of the larval
cohort differentiated two relative growth relationships originating from different
growth strategies, that is, a normal growing population (N) in contrast with a
slower growing larval population (S) investing growth energy in gaining somatic
weight rather than length (Fig. 1). Their respective LnAGE vs LnSL and
LnDW relationship is significantly different. LnSL and LnDW of the N growing
population is greater than the S larvae (ANCOVA F1, 176=142.8, p<0.001).
δ15N averaged 7.07‰ (± 0.50), indicating trophism within the phytoplankton
size fraction around the 200mm threshold, while δ13C averaged -17,9‰ (±
0.63). A previous study indicates that the values of δ15N and δ13C for the
particulate organic matter fraction <200 mm, which is mainly phytoplankton in
the study area during spring- is 3.71‰ (± 1.07) and 21.93‰ (± 0.58),
respectively.

Fig. 2. C:N vs SL
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Fig. 1. Dry weight vs SL
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INFLUENCE OF ABIOTIC FACTORS IN THE BIOMASS OF DEEP WATER SHRIMPS, P. LONGIROSTRIS
AND A. ANTENNATUS, OFF CATALANO-LEVANTINE MEDITERRANEAN COAST OF SPAIN
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Abstract
Deep-water shrimps show large inter-annual fluctuations in biomass. We analysed the influence of some abiotic factors in these
fluctuations using survey data (2006-2009). While Parapenaeus longirostris biomass was feebly affected by the T-S of the water
masses, these factors, particulary salinity, seemed to have a significant effect on Aristeus antennatus, a species considered to be
stenothermal and stenohaline, whose biomass distribution showed a direct relationship with the Levantine Intermediate Water.
Keywords: Biomass, Decapoda, Western Mediterranean
Introduction
The deep-water rose shrimp (Parapenaeus longirostris) and the red shrimp
(Aristeus antennatus) are demersal species found on sandy and muddy
bottoms in the Mediterranean Sea and South Atlantic Ocean of the Iberian
Peninsula. Both species are among the most valuable resources for the trawl
fishery. They show high inter-annual fluctuations in landings, despite the
fishing effort applied remains almost constant, which suggests that these
fluctuations do not completely dependent on fishing activities. Here we
present an exploratory study of the influence of some abiotic factors in the
biomass fluctuations of these two species.
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Materials and Methods
Data are from the MEDITS_ES International spring trawl survey (20062009), performed according to a standard methodology [1]. Depth,
temperature and salinity were recorded by means of a CTD SBE-37 probe
located in the mouth of the gear. For each of these factors, the average of the
data recorded during the effective trawl (when the gear is in contact with the
bottom) was estimated for each haul and included in the analyses. Time period
(2006-2009) and latitude were also considered as factors. Species biomass per
haul was calculated as the catch in weight by sweep area and expressed in
kg/km2. G.I.S. was used to represent yearly distribution maps by kriging.
Data were normalised by transforming to Ln (n+1), and the relationship
between the different factors and species biomass was analysed by means of
linear and multiple regressions (GLM), applying a simple model without
interactions.
Results and Discussion
Analyses comprised data from 293 hauls (33-816 m depth) collected over a
period of four years (2006-2009). Both salinity and temperature were highly
correlated with depth, showing a gradient on both the continental shelf and the
upper slope, with colder and saltier waters in depth, corresponding to the
Modified Atlantic Water (MAW) and Levantine Intermediate Water (LIW) in
the shelf and the slope, and to the Western Mediterranean Deep Water
(WMDW) in depth, especially in the Ibiza channel. Average biomass of both
species seemed to increase over the four years. Overall, P. longirostris was
more abundant in Southern latitudes while A. antennatus’ presence increased
towards the North. P. longirostris appeared in 52 hauls comprising a depth
range 370 m wide, with maximum biomass values in the 200-500 m depth
interval. A. antennatus appeared in only 25 samples, showing a depth range
698 m wide, with maximum values in the 500-800 m interval. Despite both
species biomass decreased with temperature and increased with salinity, we
found remarkable differences between them in this sense. Thus, P. longirostris
biomass appeared distributed in ranges of temperature and salinity 1.2442 Cº
and 0.5378 psu wide, respectively, with averages of 13.2010 Cº (±0.2383
S.D.) for temperature and 38.5191 psu (±0.1505 S.D.) for salinity. On the
other hand, despite its depth range was almost two-fold wider, A. antennatus
showed a narrower range for temperature (0.3135 Cº)and salinity (0.0859
psu), with 13.1569 Cº (±0.099 S.D.) and 38.5054 psu (±0.0242 S.D.) as
averages respectively. According to these observations, full model (all factors
included) explained only 21% of the variance in P. longirostris biomass, none
of the factors being significant for α= 0.05. In the case of A. antennatus, full
model explained 44% of the variance, with depth and salinity being significant
factors. These results suggest that P. longirostris fluctuations may be due to
factors different from T-S, such as recruitment strength, food availability or
others. In contrast, A. antennatus biomass seems to be significantly affected
by T-S of the water masses, specially salinity, which reinforces its
stenothermal and stenohaline character [2] as well as its direct relationship
with the LIW [2] [3].
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MEDUSIVOROUS FISHES OF THE LIGURIAN SEA 2. THE SPECIALIST, SCHEDOPHILUS
MEDUSOPHAGUS COCCO, 1839
Fulvio Garibaldi 1*, Lidia Orsi Relini 1 and Giulio Relini 1
1 Università di Genova, DIP.TE.RIS., Centro di Biologia Marina del Mar Ligure - garibaldi.f@libero.it
Abstract
From 2004 onwards, several adult specimens of the cornish blackfish Schedophilus medusophagus were sampled in the Ligurian
Sea: these fish represent first adult captures in the whole Mediterranean. The presence of the mauve stinger Pelagia noctiluca in the
stomach contents of one specimen is described. The fish was eating a large number of entire jellyfish and showed in the caudal
portion of the stomach a coloured concentrate of this food.
Keywords: Medusae, Fishes, Pelagic, Ligurian Sea
Schedophilus medusophagus was described by Cocco [1] in Sicily. The specific
name was questioned by Günther [2] because “the fish could draw but little
nourishment from jellyfish”. Only one century later, the value of pelagic
cnidarians as food for vertebrates was fully understood. Ates [3] was able to list
75 species of medusivorous fishes; 15 of them were reported to have their
stomach filled solely, or for a considerable part, with jellyfish remains. Fish
belonging to the family Centrolophidae are recognized as specialists in the
association with jellyfish during their juvenile and young adult phases, so that
the term "medusafish" was coined for them [4].
Four species are present in the Mediterranean: Centrolophus niger (Gmelin,
1789), Hyperoglyphe perciformis (Mitchill, 1818), S. ovalis (Cuvier, 1833) and
S. medusophagus Cocco, 1839. The latter was recorded in Western
Mediterranean [5] and Adriatic Sea [6; 7; 8], but it is still a poorly known
species because most specimens collected to date are juveniles [4] and
sometimes larvae. Past Mediterranean literature and iconography [9; 10], always
relate to juveniles as well as the records, until the beginning of the millennium. In
recent times, and especially from 2004 onwards, an important sampling of S.
medusophagus was carried out in the Ligurian Sea. This abundance could be
related to jellyfish (Pelagia noctiluca) blooms that occurred in the last few years
in the Western Mediterranean. At the best of authors knowledge, a collection of
many adult fish is unprecedented both in Mediterranean and in the adjacent
Atlantic.

Fig. 2. Stomach content of the adult S. medusophagus from the Ligurian Sea,
showing entire undigested P. noctiluca specimens and product of digestion
(black spot at the bottom of the picture)
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purposes. The living marine resources of the Western Central Atlantic. Vol. 3:
Bony fishes part 2 (Opistognathidae to Molidae), sea turtles and marine
mammals.
5 - Haedrich R.L., 1986. Family: Centrolophidae and Nomeidae. In: Whitehead
P.J.P., Bauchot M.L., Hureau J.C., Nielsen J., Tortonese E.(eds.), 1984-86.
Fishes of the north-eastern Atlantic and Mediterranean. UNESCO, Paris.
6 - Ninni E., 1912. Catalogo dei pesci del Mare Adriatico. Venezia.
7 - Onofri, L. 1986. The rare saw-cheeked fish (Schedophilus medusophagus
Cocco, 1839) (Pisces: Centrolophidae in the central Adriatic. Zbornik Matice
Srpske za prirodne Nauke/ Proc. Nat. Sci., Matica Srpska, 70: 135-141.
8 - Dulcic, J., 1998. First record of the cornish blackfish Schedophilus
medusophagus (Pisces: Centrolophidae) larvae from the Adriatic Sea. J. mar.
biol. Ass. U.K., 78: 1035-1038.
9 - Bini G., 1968. Atlante dei pesci delle coste italiane. Mondo Sommerso ed.
Print offset, Roma, vol. 6: 177 pp.
10 - Tortonese E., 1975. Fauna d’Italia. Osteichthyes (Pesci Ossei), Calderini,
Bologna, Vol. 11: 636 pp.

Fig. 1. The adult female Schedophilus medusophagus caught off Sanremo on
28th June 2006

One of these specimens, a female, 64 cm TL, caught off Sanremo on 28th June
2006 (Fig. 1), gave the opportunity to observe the stomach content consisting
solely of P. noctiluca, for a total volume of 400cc (Fig. 2).
The cephalic portion of the stomach showed several complete individuals of P.
noctiluca (umbrellas plus manubrium with oral arms). An ink-like liquid
completely filled the caudal part of the stomach, showing evidences that, during
the digestion, the pigments of P. noctiluca are transformed into a violet fluid that
colours the entire gut.
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ON THE REPRODUCTION OF ACANTHEPHYRA EXIMIA S. I. SMITH, 1884 IN THE CENTRAL WESTERN
MEDITERRANEAN
Alice Gastoni 1*, Ivan Locci 1, Antonello Mulas 1 and Maria cristina Follesa 1
1 Department of Animal Biology and Ecology – University of Cagliari - gastoni@unica.it
Abstract
Macroscopic and histological analysis were performed on the female gonads of Acanthephyra eximia. The macroscopic observation
regarding the changes of the ovaries leads us to identify six stages of development, validated by histological analysis.
Keywords: Decapoda, Western Mediterranean, Reproduction
Introduction
Acanthephyra eximia S. I. Smith, 1884 is a cosmopolitan nektobenthic species,
common in waters below 1000 m [1, 2], where it represents the most abundant
decapod of the lower-slope communities [3]. Nevertheless, the current
knowledge on its biology, especially on the reproductive cycle, is scanty. Aim
of this work is to provide some information concerning the reproductive pattern
of this species.
Materials and Methods
Samples of A. eximia were collected from experimental trawl surveys carried out
between 580 and 1598 m in the Sardinian waters from 2003 to 2009. Carapace
length (CL, in mm), total and ovarian weight (TW, OW in grams) for each
specimen were registered. The determination of stage’s development maturity
was performed using macroscopic descriptions validated by histological
examinations. Preparation of ovarian tissues for microscopic analysis,
performed following Dominici's method [4], included fixation, sectioning, oven
drying and staining.
Results and Discussion
We analysed 478 females of A. eximia, the carapace length ranged from 8.2 to
38.0 mm CL, with a mean ± SD of about 27.0 ± 4.6. The range size of females
carrying eggs was 22.1 - 35.4 mm CL. The smallest and the biggest
spermatophores-bearing specimens measured 25.8 and 35.4 mm CL
respectively. During the analysis, six developmental stages changing shape,
dimension and colour, were identified (Tab.1).
Tab. 1. Developmental stages scale proposed for Acanthephyra eximia caught in
the Sardinian sea

Fig. 1. Annual trend in percentage occurrence of different maturity stages of
females of Acanthephyra eximia caught in the Sardinian sea

Eggs are carried in a big clutch among the pleopods, their colour matches with
the pleon, likely a sort of camouflage, as observed for other middle-slope
decapod crustaceans [5].
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In the present study, a complete macroscopic and histological description of the
various maturity stages has been performed. During monthly samplings, carried
out throughout the year (except in April, October and December), we observed
a regular occurrence of females with different developmental ovarian stages. In
particular mature females (stage IV) were found in March and September (28
out of 290 and 1 out of 65, respectively) (Fig. 1).
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ETUDE DE LA COMPOSITION BIOCHIMIQUE DES ORGANES OSMOREGULATEURS DE L’ANGUILLE
EUROPEENNE ANGUILLA ANGUILLA ACCLIMATEE EN EAU DOUCE ET EN EAU DE MER
N. Ghazali 1*, D. Boussoufa 1, I. Rabeh 1, K. Telahigue 1, I. Chetoui 1, J. C. Navarro 2 and M. El Cafsi 1
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Abstract
Le suivi des réserves énergétiques de l’anguille européenne, acclimatée en eau douce et en eau de mer pendant un mois, au niveau
des organes osmorégulateurs (branchies, œsophage, intestin et rein) montre que ce poisson utilise, probablement, le glycogène comme
principale source énergétique.
Keywords: Fishes, Physiology, Salinity
Introduction
L’anguille européenne est une espèce très euryhaline. Comme tout poisson qui
s’adapte aux différentes salinités du milieu, son osmorégulation suggère une
variation dans sa demande énergétique. L'objectif de ce travail est d’étudier les
réserves énergétiques (glycogène, lipides et protéines) au niveau des organes
osmorégulateurs (branchies, œsophage, intestin et rein) chez l’anguille jaune
Anguilla anguilla acclimatée en eau douce et en eau de mer.

Tab. 1. Variation de la teneur en protéines (mg/g M.F), en glycogène (mg/g
M.F), en lipides totaux (mg/100mg M.F) au niveau des organes
osmorégulateurs de l’anguille acclimatée en eau douce et en eau de mer. Les
résultats sont exprimés en moyennes ± Ecartype M.F : matière fraîche

Matériel et méthodes
L’anguille européenne est pêchée dans le lac de Tunis dont la salinité est de 21
‰. Deux lots d’anguilles jaunes (c.à.d immatures) ont été acclimatés à deux
salinités différentes : 0,5 ‰ et 35 ‰. Au bout de quatre semaines, une série de
8 individus sont sacrifiés de chaque lot et pour chaque analyse biochimique.
Après anesthésie, les poissons sont disséqués et les organes osmorégulateurs :
branchies, œsophage, intestin et rein sont conservés à -30°C pour être
analysés. Les protéines sont dosées selon la méthode de Lowry [1]. Le
glycogène est isolé, hydrolysé puis dosé sous forme de glucose par une
méthode enzymatique en présence de glucose oxydase. Les lipides totaux sont
quantifiés après extraction [2].
Les résultats sont analysés statistiquement par ANOVA en appliquant le test
de Tukey. La différence statistique est considérée significative à p<0,05 (*) et
hautement significative à p < 0,01(**).
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Résultats et discussion
Le tableau 1 montre la variation de la teneur en protéines, en glycogène et en
lipides totaux au niveau des organes osmorégulateurs de l’anguille acclimatée en
eau douce et en eau de mer. Les branchies sont probablement le principal
organe osmorégulateur puisqu’elles sont en contact direct avec le milieu
extérieur. La comparaison de la composition biochimique de cet organe en eau
douce et en eau de mer montre qu’il y a une différence significative (p=0,0002)
de la teneur en glycogène qui est plus importante en eau de mer. Il n’y a pas de
différence significative de la teneur en protéines ni en lipides dans cette
comparaison.
Le suivi des réserves énergétiques au niveau de l’œsophage de l’anguille jaune
montre que le taux de glycogène est significativement plus élevé (p=0,0002)
chez les poissons d’eau douce par rapport à ceux acclimatés en eau de mer. On
peut déduire qu’il y a eu probablement consommation de cette réserve dans le
milieu hyperhalin.
Pour l’intestin et en eau douce, nous remarquons une diminution significative
de la teneur en protéines et de la teneur en glycogène.
Au niveau du rein, nos résultats ne montrent aucune différence significative
pour les réserves énergétiques de l’anguille jaune acclimatée en eau douce et en
eau de mer.
En conclusion nous pouvons déduire que, probablement, au niveau de ces
organes osmorégulateurs, l’anguille, poisson particulier, utilise principalement
le glycogène comme source énergétique, bien que chez d’autres poissons, en
l’absence de glucides alimentaires, ce sont les protéines et les lipides qui sont
rapidement et efficacement métabolisés afin de fournir l’énergie nécessaire à la
couverture des besoins de l’organisme [3].
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ALIEN MOLLUSCS AND CRUSTACEAN DECAPODS IN THE STRAITS OF MESSINA (CENTRAL
MEDITERRANEAN SEA)
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1 Università degli Studi di Messina, Dip.to di Biologia Animale ed Ecologia Marina
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Abstract
Alien benthic species in the Straits of Messina have been monitored since 2001 and consequently reviewed. Established molluscs and
crustacean decapods accounted for nine and two species respectively, all of Indo-Pacific origin, except for one decapod that has
spread from the Atlantic region. The records of five mollusc and two decapod species were considered as “casual”.
Keywords: Biodiversity, Biogeography, Species Introduction, Strait Of Messina
Introduction
The effects of global warming and/or anthropogenic pressure on bioinvasion
processes are emphasized in the Mediterranean, as a regional, highly
anthropized sea which joins the Atlantic and Indo-Pacific regions [1]. Within
the Mediterranean Sea, the Straits of Messina connects the western and
eastern basins, thus representing a crossing node of migratory routes and
human activities, favouring the spread of introduced species. In this paper
original data on the occurrence of benthic alien species in the Strait is reported
and examined in relation to their establishment.

Furnari G., Anadaloro F., Bellou N., Streftaris N. and Zibrowius H., 2005.
Annotated list of marine alien species in the Mediterranean with records of the
worst invasive species. Medit. Mar. Sci., 6/2: 63–118.
4 - Berdar A., Guglielmo L., Giacobbe S., 1975. Malacofauna bentonica e
pelagica spiaggiata nello Stretto di Messina. Boll. Pesca Piscic. Idrobiol., 30
(2):323-337.
5 - Di Natale A., 1982. Extra-Mediterranean species of Mollusca along the
southern Italian coasts. Malacologia, 22 (1-2): 571-580.

Materials and methods
In order to detect the presence of alien species, quantitative samplings and
specimen collections have been carried out in coastal (0-50m) and transitional
waters (Capo Peloro lakes, Saline Ioniche harbour and salts) since April 2001
[2].
Result and Discussion
According to Zenetos et al.‘s [3] criteria, 9 mollusc and 2 decapod established
species have been identified: the lessepsian Brachidontes pharaonis (Fisher P.,
1870), known in this area since 1974 [4]; Bursatella leachi De Blainvile, 1817
and Melibe fimbriata Alder & Hancock, 1864, both common locally since
2000; Pinctada radiata (Leach, 1814), sporadically recorded during 2000-2001
and regularly found since 2007; Aplysia dactylomela Rang, 1828, since 2008;
Cerithium scabridum Philippi, 1848, since 2007, in all transitional waters; the
Indo-Pacific Crassostrea gigas (Thunberg, 1793) and Ruditapes philippinarum
(Adams & Reeve, 1850), that have been imported from the northern Adriatic
to aquaculture farming since 1970 and 1980 respectively, together with
Anadara demiri (Piani1981) (first recorded in 2007); Marsupenaeus japonicus
(Bate, 1888), that arrived by natural dispersal; the Atlantic Percnon gibbesi
(H. Milne Edwards, 1853), the only species which showed an invasive
behaviour in the Strait, found since 2006. The arrival of other 5 “casual”
species was related to the mussel and oyster trade. One specimen of the IndoPacific Rapana venosa (Valenciennes, 1846) was recorded in the Peloro
coastal lakes in September 2008; the other species, although reported since
1982 [5], has never colonized this area, despite their regular introduction
together with stalling shellfish; these species are the Indo-Pacific Anadara
inaequivalvis (Bruguière, 1789),and the Atlantic Littorina littorea (L., 1758),
Crepidula fornicata, (L., 1758) and Nucella lapillus (L., 1758). Finally, the
occasional occurrence of the lessepsian Portunus pelagicus (L., 1758) and of
the Atlantic P. hastatus (L., 1767)in coastal waters has been noted.
Conclusion
A prevalent Indo-Pacific origin, compared to the warm-temperate Atlantic
one, connotes the established alien species in the Straits of Messina, whilst no
western European species has thrived to date. Mollusc farming determined a
remarkable colonization of transitional waters, whilst the coastal environment
was colonised by introduced species which spread their Mediterranean areal
northwards.
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Abstract
Best practice dictates that the design of networks of marine reserves follows the principles of systematic conservation planning which
includes information about cost of making a reserve. Our study, which has taken place in the Cyclades archipelago (Greece), aims at
detecting the sensitivity of reserve network configuration with respect to different ways of calculating cost. We discovered that the
choice of priority areas for protection is greatly influenced by the cost definition and components.
Keywords: Cyclades Islands, Eastern Mediterranean, Marine Parks, Coastal Waters
Worldwide, marine reserves have been increasingly used as management and
conservation tools for the protection of marine ecosystems from rapid and
radical degradation. Marine reserves cover only the 0.01% of the total surface of
the Mediterranean Sea [1]. At the same time, most marine protected areas in the
region have been established in an ad hoc way with little or no scientific
information [2]. Systematic conservation planning provides an efficient and
transparent approach, guiding the location, configuration and management of
conservation areas [3]. A crucial element of this procedure is the integration of
socioeconomic costs [4].
Our study area covers the coastal area of 26 Kyklades islands in the Central
Aegean Sea, North – Eastern Mediterranean Sea. Our conservation objectives are
to protect: a) enough critical habitats for endangered and vulnerable species b)
places with higher fish biomass to replenish adjacent areas. To identify priority
areas for conservation we used the latest version of Marxan [5]. This software
aims at achieving explicitly a set of conservation targets while minimizing the
cost and the boundary length of the reserve system. Our aim was to create a
reserve system from amongst 223 planning units. Each contains a stretch of the
coastline and extents 1 km into the sea. We set high targets (50%) for priority
habitats and species (Posidonia oceanica, Cystoseira spp., breeding caves for
the Mediterranean monk seal Monachus monachus) and lower targets for other
conservation features (abundance of 60 fish species and other habitat
types). We produced 3 different scenarios considering different cost aspects: 1.
fishing pressure, 2. fishing pressure and exposure to prevailing winds, 3. fishing
pressure and exposure to winds reduced by expected benefits from tourism.
As we expected, the priority areas, which should be included in a network of
marine reserves, vary according to different ways of including cost in the
analysis (fig.1 & 2). In this study, we incorporate, for the first time in the
relevant literature, the level of physical exposure to the cost of our planning
units. We consider that planning units with high levels of wind and wave
exposure have less opportunity cost regarding competitive uses of the coastal
area (coastal fisheries, tourism).The results of our study are consistent with the
current literature; all available information that affects the distribution of
economic activities in a region should be included in marine conservation
planning.
Fig. 2. Priority areas for cost scenario 2: fishing pressure and wind exposure and
scenario 3: same as second scenario but reduced by tourism benefits
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Fig. 1. Priority areas (darker colours) under cost scenario 1: fishing pressure
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Abstract
The occurrence of two females of Ocythoe tuberculata Rafinesque, 1814, during June 2006 and April 2009, in the Strait of Messina
(Central Mediterranean) is reported. O. tuberculata is a pelagic octopod species rarely reported in the Mediterranean Sea.
Keywords: Cephalopods, Strait Of Messina
O. tuberculata is known to be cosmopolitan in tropical and temperate seas
([1], [2]).It was reported along the Mediterranean ([3],[4]), in the Greek
waters [5], in the Catalanas coasts [6], and in the Sicilian Channel [7]. It has
been reported off the Azores and Canary archipelagos and in Peruvian waters
[8], in the west of Portugal and north-west of Spain [9]. Few informations are
available about the biology and behaviour of this species. It shows a strong
sexual dimorphism with males that are usually smaller than 3 cm in mantle
length while females are larger with a maximum mantle length reported of 3,5
cm [10]. Females of Ocythoe are one of the few known cephalopods with a
true swimbladder and the only known cephalopods that are ovoviviparous.
An interesting feature of the species is the mode of locomotion that occurs
through the enormous funnel, considered one of the greatest of cephalopods,
and the powerful cloak which provide great strength in the expulsion of water
from the palleale cavity. The two specimens were caught at few metres by
the falcate zone of S. Raineri (Strait of Messina): one of the two specimens
was caught inside a group of Salps. The main morphological data of the two
specimens are recorded and reported. The female caught in June 2006 was
sexually mature, with a total length of 410 mm, total weight of 320 g, mantle
length of 225 mm, mantle perimeter of 240 mm, mantle wide of 100 mm, eye
diameter of 18 mm and funnel length of 44 mm. The female caught in April
2009 were a juvenile with a weight of 82,4 g, total length of 231 mm, mantle
length of 84 mm, mantle perimeter of 148 mm, mantle wide of 55 mm, eye
diameter of 17mm and funnel length of 35 mm. The presence of O. tubercolata
in the Straits of Messina is probably in relation to the hydrodynamics
phenomena of the Straits. The main characteristics of the Messina Straits are
the strongest tidal currents reaching 300 cm/s or more, with the addition of
other effects (wind for example). Strong turbulence is present mainly nearby
the northern mouth, but in the whole Straits the currents are turbulent, with
large internal waves. In fact other pelagic cephalopods as Thysanoteuthys
rhombus were caught in the same area.

Tab. 1. Morphological data of two females of O. tuberculata
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Fig. 1. Female of O. tuberculata caught in April 2009
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Abstract
Caulerpa scalpelliformis is an alien species for Turkish coastline. Its first record was reported in 1995 from the Gulf of Antalya. At
that time it was not considered as a serious thread for Antalya coastlines due to its disappearance from observed areas. However, it’s
more distribution and re-appearance in the same area was observed in summer 2009. The present study provides new and more data
related to Caulerpa scalpelliformis invasion in the Gulf of Antalya-Turkey in 2009.
Keywords: Alien species, Eastern Mediterranean, Phytobenthos
Introduction
The first record of Caulerpa scalpelliformis (Brown ex Turner) C. Agardh
1817 from Turkey coastline was reported from Antalya Marina in summer
1995 [1]. Subsequently, presence of this species at the same area was
investigated by Aysel et.al. (2002). In that study, it was also found locally out
of the Marina [2]. C. scalpelliformis is orginated from tropical waters of Syria,
Israel, Lebanon, Palestine and Egypt in the Mediterranean [3]. Its indo-Pacific
distribution [4][5] in the Indian Ocean are reported in Aldabra Islands,
Australia, India, Kenya, Madagascar, Mauritius, Mozambique, Oman,
Pakistan, South-Africa, Sri Lanka, Tanzania and Yemen [2]. Local
announcement of C. scalpelliformis from out of the Antalya Marina supports
the belief that this species is transported by means of the ships or their hoes.
This green algae species has only been reported from the coasts of Turkey,
however there is no study except two papers. Therefore, event of C.
scalpelliformis is not known until yet. The purposes of this study is to
detemine distribution of C. scalpelliformis and its ecological parameters.

al. (2002). Disappearance of C. scalpelliformis has been associated with water
pollution by these researchers [2]. Notification for record of this species from
entrance of a harbour for the coasts of Turkey supports the possibility of
transportation by bottom and anchors of vessels. In the present study this
species was detected on rockless substrate at 15 m. It demonstrates that the
species is still available in this area. The species was found not only in
entrance of the marina but also distributed around the Great Harbour.
Therefore it can be marked that it is a spreading species. In the present study
it was determined that the species died in July at 26.5-27°C. It is estimated
that the reason of detection of this species in February and March in
Konyaalti Beaches is due to increasing of water temperature. Caulerpa
scalpelliformis was not detected in more than 15 m depth along the coast of 7
km between Marina and Great Harbour. Presence of this species in shallow
waters may be arisen from increase of water temperature (30-31°C) in the
coast and movement of coast sediment by waves. The reasons of aggregation
and poor growing in the region until Great Harbour are sandy bottom structure
of the Gulf, movements in benthic by wave and difficulty in cling of organism
onto the sediment. It is occured that the species spreads towards the west
from first recorded area because of the currents. It indicates that the species
may spread from Antalya to Kemer after this time. Although C.
scalpelliformis has unfairable properties like coverable and cytotoxicity, it
possesses the good developed rhizomes to avoid the underwater erosion.
Monitoring of this species will provide the elaborate data about C.
scalpelliformis.

Materials and Methods
Distribution of Caulerpa scalpelliformis in the Gulf of Antalya was
investigated by SCUBA dives. Two SCUBA equipments were used for dives.
Depth and temperature of the water were measured using the underwater
computer (Suunto Stinger). Skimmer net with 5 mm mesh size was used to
collect the samples; SONY Cyber-Shot 40 m/132 ft marine pack housing and
SONY DSC-T9 6.0 mega pixels camera were used to record the underwater
movies and pictures. Many dives were conducted between the depths 0-40 m
from Side (36o46’22.”N,31o23’21.”E) to Çirali (31o24’56.”N,30o29’08.”E) in
the Gulf of Antalya.
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Results
Caulerpa scalpelliformis was found exclusively in the areas between Antalya
Marina (36°53’01”N, 30°42’02”E) and Antalya Great Harbour (36°50’16”N,
30°37’05”E). Species has covering and spreadable characteristics. The lowest
water depth recorded for the species was 15 m outside the Yacht Harbour.
Distribution of the species in the other area (Konyaalti beachs) ranged from
15 to 30 m depth. Species was not found on rocky bottoms. It was
determined that C. scalpelliformis was available on the gravelly, sandy, slimy
and gravelly-sludgy bottoms. However it was abundant on gravelly-sludgy
and silty compact bottoms and frequently found at 2-10 m intervals. It has
been also determined that stolons were aggregated in the area of 1-10 m2, but
the encounter frequency of C. scalpelliformis was decreased to 20-50 m on the
sandy bottoms (Antalya Great Harbour). Aggregation on the sandy bottoms
occurs with accumulation of a few stolons in 1-2 m2. Species on sandy
bottoms has poor vegetation and underdeveloped fronds. The peak vegetation
was observed in the period of May-June. Deaths of the stolones of C.
scalpelliformis were observed in July with increase in water temperature
(26.5-27oC). In August at 28-30°C, the species completely died in certain
areas while disappearance of 50% of stolons was observed at some areas.
Distribution of the species was maximum at a depth of 20-22 m. Abundance
of Udotea petiolata at the same depth is remarkable.
Discussion
The first record for Caulerpa scalpelliformis from the coasts of Turkey has
been reported by Ertan et al. (1998). In that study this species has been found
in the entrance of Antalya Marina. Ertan et al. (1998) collected the samples
from though substrate at 0.5-2m between August and September at the same
area in the period which water temperature declined and reported
disappearance of the species. Reduction of water temperature has been shown
as a possible reason of this situation and it was considered that the species
was temporarily detected [1]. Similar results have been reported by Aysel et
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Abstract
Preliminary results of distribution and abundance of anchovy (Engraulis encrasicolus) and sardine (Sardina pilchardus) eggs and
larvae in the northern Aegean Sea was studied during the period of August 23-29, 2008. The spawning areas for anchovy are located
in the northern coast of Foca (Izmir), Edremit Bay, and the area between the Saroz Bay and the north of Gökceada Island. Anchovy
eggs and larvae were mainly distributed over the continental shelf. Few sardine eggs and larvae were collected.
Keywords: Ichthyoplankton, Larvae, Pelagic, Aegean Sea, Fishes
Introduction
Due to the rich nutrient content of the northern Aegean Sea which is becoming
seawater rich with nutrients from the Black Sea and the Sea of Marmara, many
rivers bringing 1000 m3/s of fresh water flow into this part of the Aegean Sea
[1]. This area is an important fishing ground for sardines, anchovy, chub and
Atlantic mackerel. 62.5% of the sardines (13 088 t) and 2.2% of the anchovy
(8390 t) catch in Turkish waters comes from the Aegean Sea [2].
Ichthyoplankton-based methods are increasingly being used around the world to
estimate the biomass of fish stocks and monitor trends in fish abundance [3].
Ichthyoplankton researches conducted in the Turkish waters of the Aegean Sea
are concentrated in Izmir Bay (central Aegean Sea). The aim of this paper is to
give the results of ichthyoplankton research on the distribution and abundance
of the anchovy and sardine eggs and larvae in the northern Aegean Sea.
Material and Methods
The samples were collected during an ichthyoplankton cruise onboard the R/V
Yunus S in August 2008 in the northern Aegean Sea. A total of 13 sub-surface
plankton horizontal tows with a Bongo net of 60 cm inlet diameter equipped
with 250 µm mesh for oblique tows. The net was geared with general oceanic
flowmeter for filtered volume estimates. All tows were fixed at 10 minutes
duration. In each of the stations covered, a CTD (Seabird19+) was cast. All
samples were preserved in 5% formaldehyde solution buffered with sodium
borate.
In the laboratory all egg and larvae were removed, identified to the lowest
possible taxon, counted and measured (diameter for eggs and standard length for
larvae). The absolute number of eggs and larvae per haul was recorded and the
relative number per 100 m3 filtered water was calculated.
Results and Discussion
Survey area surface seawater ranged from 20.0 to 26.0°C, salinity from 34.7 to
39.4 psu, oxygen from 3.59 to 6.88 mg/l, and bathymetry from 40 to 330 m.
Anchovy eggs were found in three areas; namely in the northern coast of Foca
(Izmir), Edremit Bay, and the area between the Saroz Bay and the north of
Gökceada Island (Fig.1). Throughout the entire study area they were mainly
located at the shelf (≤100 m). Maximum egg abundance of 324 eggs/100 m3 was
recorded. The longitudinal diameter of the eggs varied between 0.91 and 1.32
mm, and the transverse diameter between 0.48 and 0.57 mm. Peak larval
abundance was 125 larvae/100 m3 and the size ranged from 2.50 to 9.02 mm SL.
Eggs were more abundant than larvae. This is in agreement with existing
knowledge of the reproductive period of this species which occurs from April to
September with peaks usually in the warmest months [4].
Few sardine eggs and larvae were collected on this cruise (Fig.2). Maximum egg
abundance of 14 eggs/100 m3 was recorded. The diameter of the eggs varied
between 0.67 and 1.13 mm. The length of the sardine larvae was 4.88 – 7.10 mm
SL.
In a research conducted in the northern Aegean Sea (Greek waters), anchovy
larvae were highly abundant in June 1996 [5]. According to our results, in the
northern Aegean Sea (Turkish waters), anchovy egg and larvae were highly
abundant in August 2008. The restriction of the Turkish Ministry of
Agriculture and Rural Affairs of fish catch by purse seiners in the summer
period (between 15 April and 1 September) is an appropriate regulation for the
protection of the anchovy population. In the Mediterranean Sea, the anchovy is
caught also by other nations. Therefore, a common fishing legislation should
jointly be regulated with other fishing partners.

Fig. 1. Distribution and abundance of anchovy eggs (A) and larvae (B)

Fig. 2. Distribution and abundance of sardine eggs (A) and larvae (B)
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Abstract
In 2002 CIESM published the first in its series of Atlases of Exotic Species in the Mediterranean, first on Fishes and on Decapods,
then two years later on Molluscs. The Atlases provide user-friendly access to detailed and authoritative information on Mediterranean
biodiversity to both amateurs and experts and raise the level of awareness of these important issues. A survey of electronic
databases has revealed that the CIESM Atlas of Exotic Species: Fishes has been cited by close to 200 scientific articles.
Keywords: Alien species, Fishes, Eastern Mediterranean, Western Mediterranean
In 2002 CIESM published the first in its series of Atlases of Exotic Species in
the Mediterranean, first on Fishes and on Decapods, then two years later on
Molluscs.
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Whereas the original and main goal was to document the existing situation
concerning the dynamics of biodiversity in the Mediterranean, in light of
ongoing changes, the very fact of the publication of the Atlases, and of the
online Atlases via the CIESM website in the Internet, raised the level of
awareness of these issues to the public. The Atlas provides user-friendly
access to detailed information on Mediterranean biodiversity to both amateurs
and experts.
Since the publication of the CIESM Atlases, there has been a notable increase
in the number of exotic species in the Mediterranean, in all three taxa, but
especially in molluscs. This dramatic increase may be attributed to the
significant augmentation of collection activity, both by scientists and by
amateur naturalists. In addition, most molluscs have hard shells which remain
after their death, thus allowing detection of abortive colonization attempts;
this is not possible concerning other taxa.
However, concerning fishes, there are other means of detecting the presence of
exotic fish species in the Mediterranean. The fishery industries and
fishermen, both commercial and amateurs, assist in the recognition of the
arrival of species previously unknown in their new distribution areas.
Furthermore, the quantitative biology and ecology of many fish species are
well known, which is conducive to monitoring of the number and distribution
of exotic fish species.
The Atlas of Exotic Species: Fishes [1] has become a known and leading
authoritative baseline for researchers and others searching for accurate and
updated information on the dispersal and distribution of exotic fish species in
the Mediterranean Sea. A survey of electronic databases has revealed that the
Atlas of Fishes has been cited by no less than 197 scientific articles. We the
authors and members of the CIESM Fish Group estimate that the actual
number of citations is much higher, since many important journals of regional
or local interest and distribution may not necessarily be indexed by the
standard databases and most popular online search engines.
The number of known citations of the Atlas has risen from 3 in the first year
of its publication, 2002, to at least 45 in 2009. The citing publications have
first authors from many nationalities, from no less than 23 different countries;
the country with the most citations of the Atlas is Italy (with 38), then
Greece (31), Israel (28), Tunisia (20) and Turkey (17).
In the future, the CIESM Atlas of Exotic Species, in its online format on the
CIESM website, can continue to inform the scientific and general community
of the presence of new exotic species that may constitute a threat to the health
and safety of the public. For example, there are exotic fish species that are
poisonous, such as Lagocephalus sceleratus, the Elongated Pufferfish [2, 3] or
venomous, such as Plotosus lineatus, the Eel Catfish [4]. It is hereby
suggested that the CIESM website add a page of recent scientific publications,
including grey literature, on invasive species in the Mediterranean.
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Abstract
The aim of this study is to provide information on the distribution of Aristeomorpha foliacea in the Aegean Sea and Mediterranean
coast of Turkey. Samples were collected during surveys at various stations in South Aegean and North-East Mediterranean Sea from
2005 - 2008.
Keywords: Decapoda, Deep Waters, Aegean Sea, Eastern Mediterranean
The giant red shrimp is a commercially important, valuable species for deep
water fisheries in Turkish coasts. It is heavily exploited in Western
Mediterranean, and is currently fished in the Central Mediterranean; its stocks
are pristine in the Eastern Mediterranean [1]. A. foliacea is more common than
A. antennatus in the Eastern Mediterranean [2]. The species was rarely recorded
in the Eastern Mediterranean while in The Aegean Sea, it appears in a few
reports. Biological surveys were carried out in Marmaris 650 m (one male;
2005), Mersin Bay (20 male; 15 female; 2008) and Iskenderun Bay (103 male;
125 female; 2005); the species was also collected from the north of Ikaria Island
(29 male, 43 female, 480 m, 2007), (Fig. 1).

population at commercial fishing depths (usually from 400 to 600 m) in
Iskenderun Bay (Eastern Mediterranean), the total CPUE ranged from 0.94
kg/hr to 8 kg/hr, and the mean CPUE (± SD) and its variation coefficient were
calculated as 4.76 ± 2.41 and 50.73% respectively; the ratios of giant red shrimp
in the total catch and in the total shrimp catch were calculated as 22.45% and
64.61% respectively [5]. According to these data, it can actually be concluded
that variability, both in the yields and in the sizes, appears particulary high for
the species. These facts need to be more studied in order to clarify the causes
that induce these differences.
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Fig. 1. Sampling areas along the Turkish coast

In some areas of the Aegean Sea their exploitation has recently started. The
mean biomass indices recorded at the Mediterranean basin showed that A.
foliacea was least abundant in the Aegean Sea [3]. A total of 336 specimens of
A. foliacea were measured and sexed throughout the sampling area (Table 1). A
prevalence of females can be generally observed, representing 55% of the
sampled total, except for the Mersin Bay, where only 42% out of all individuals
were females.

1 - Bianchini M.L. and Ragonese S., 1994. Life cycles and fisheries of the deepwater red shrimps Aristaeomorpha foliacea and Aristeus antennatus.
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(Crustacea: Decapoda: Aristeidae). Scientia Marina, 66 (Suppl. 2):103 - 124
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Crustaceana, 78 (8):941-946.

Tab. 1. Minumum, maximum and mean Carapace length (mm) and weight (g) for
male and female in The sampling areas

Anova tests and Tukey test were used to compare the differences in the average
carapace length for each geographic area; the median value of carapace length for
A. foliacea differs significantly between North of Ikaria island (Aegean Sea) and
Iskenderun Bay (Eastern Mediterranean) (Table 1). The differences in size may
be attributed to one or more factors: the effects of different areas such as abiotic
factors, fishing depth and fishing pressure. Sizes of giant red shrimp in deeper
areas was relatively larger compared to the shallow depth zone [4]. For its
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Abstract
A study of the near-shore fauna (to 40 m depth) in the eastern Mediterranean has revealed the domination of the fish fauna by
Erythrean aliens in the south-east Levantine Sea. The number of alien species and their relative abundance decline with increasing
distance from the Suez Canal. Some of the recently arrived species have established large populations and comprise a significant
component of the Levantine marine biota.
Keywords: Levantine Basin, Fishes, Biodiversity, Alien species
The continuous invasion of biota into the Mediterranean through the Suez Canal
(Erythrean invasion; Galil, 2008) and the recent rise in sea water temperature
(European Environment Agency, 2007), have accelerated the expansion of IndoPacific fishes in the eastern Mediterranean. A study of the soft-bottom,
shallow-water fish fauna (to 40 m depth) conducted in the south-eastern
Levantine Sea (Ashdod, Israel) and along the northern Levantine Sea (Iskenderun
Bay, Antalya, Turkey) compares the Erythrean alien fish fauna at the three
sites. The preliminary results, based on examination of more than 250,000
specimens, have shown a domination of the fish fauna by Erythrean aliens along
the south-east Levantine Sea, and a decline in their numbers with their increasing
distance from the mouth of Suez Canal (Fig. 1). The proportions of alien
species, (individuals and biomass) decrease between Israel, Iskenderun, and
Antalya, whereas the average fish size increase: the smallest specimens were
found in Ashdod and the largest in Antalya. A comparison of the fish
communities at depths of 9-20, 20 and 40 m at Ashdod, revealed a depth
gradient in the dominance of the alien species. In the shallower water the alien
species comprise ca. 80% of the biomass and ca. 90% of individuals; at a depth
of 20 m ca. 60% of the biomass and ca. 70% of individuals; and at 40 m the alien
species comprise ca. 40% of the biomass and ca. 25% of individuals. The most
abundant alien species (comprising over 5% of the total catch: biomass or/and
individuals) are Decapterus russelli (Rüppell, 1830), Nemipterus randalli
Russell, 1986, Plotosus lineatus (Thunberg, 1787), Apogon smithi (Kotthaus,
1970), Lagocephalus suezensis Clark & Gohar, 1953, Saurida undosquamis
macrolepis (Richardson, 1848), and Callionymus filamentosus Valenciennes,
1837. The first four species have been recorded in the Mediterranean only in the
past decade. Seasonal changes in abundance of the alien species were detected
during the 18 months of the study. Their abundance were low during spring and
early summer, and peaked during November and December. However, a
comparison between the early stages of the study (spring and summer 2008)
and the same months in the second year of the study reveals an increase in the
proportion of aliens and significant changes in the proportions of the various
species.
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Fig. 1. A comparison of the number of Erythrean alien species, individuals and
biomass at three sites in the Eastern Mediterranean.
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Abstract
Zooplankton is a key link between primary producers and larger predators and most zooplankton population changes can be attributed
to environmental causes. Multi-year zooplankton time series provide an important tool for examining climate-ecosystem interactions.
The CIESM Zooplankton Indicators program developed comparative studies of bio-geographical variations across the sea basins
through international co-operation and through the constitution of networks of institutes and experts.
Keywords: Zooplankton , Biogeography, Time Series, Sampling Methods, Global Change
Mediterranean Sea is oligotrophic with low fisheries production, similar to the
subtropical part of the North Atlantic; nevertheless the extraordinarily rich
variety of singularities driving ocean life and biogeochemical dynamics of this
enclosed sea makes more critical its sustainable use by the surrounding human
populations. The North Atlantic encompasses several highly productive sea
areas around its continental shelf margins that provide work and living to local
communities. While there are important differences between these two
ecosystems, they also share several common features and belong to the same
ecosystem type or biome as defined by Longhurst (1998, The Ecological
geography of the Sea), given that the greatest number of species in the
Mediterranean Sea are of Atlantic origin.

b ) review and consider overview of on-going time-series programmes;
c ) review and consider harmonization of methods, overview of experimental
work;
The web page (http://www.wkzem.net/), hosted at the NOAA-NMFS, Science
and Technology gives detailed information on the activity undertaken in a form
of a workshop organized in Heraklion, Crete, in October 2008. The zooplankton
time series results are expressed in a consistent form (see fig. 2 and the site
address in the legend of fig 1).

Fig. 1. World map long-term series of zooplankton from COPEPOD's analytical
and data processing www.st.nmfs.noaa.gov/plankton. In green, the
Mediterranean series, structured through the CIESM Zooplankton Indicators
Program.

Fig. 2. Standard analysis plots (distrograms, histograms, means and anomalies)
of the Villefranche Point B dataset consists of more than 30 years of samples
collected off Villefranche at 43°41 N 07°19 E. Samples were collected by a
vertical tow from bottom to surface (75-0 m), using a Juday-Bogorov net (330
µm mesh). Copepod abundance was counted from ongoing and historical
samples using the wet-bed image scanning technique of ZooScan (Gorsky et al.,
in press). Copepod abundance was highest during the well-mixed winter period,
followed by a general decline, with rising water temperatures and increasing
stratification.

Both areas have a strong history of plankton research. In the Mediterranean and
the Black Sea, the Mediterranean Science Commission’s (CIESM) Zooplankton
Indicators Program supports a network of marine researchers from 23 member
states, applying the latest scientific tools to better understand, monitor and
protect their fast changing and highly impacted sea areas. In the North Atlantic,
The ICES Working Group on Zooplankton Ecology (WGZE), reviews sampling
and analysis technologies, and monitors zooplankton sampling activities. In the
framework of their activities both groups developed interactions with the aim to
mutually enrich the marine zooplankton research activities (fig. 1).

The different activities undertaken in the framework of the CIESM program on
Zooplankton Indicators and the main achievements will be presented.

The terms of reference of this collaboration were:
a ) review and consider comparison of zooplankton ecology of the
Mediterranean and the North Atlantic, with emphasis on common species and
size structure using common numerical methods;
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NUMERICAL SIMULATIONS OF SMALL PELAGIC FISHES EGGS AND LARVAE IN THE ADRIATIC SEA
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Abstract
An Individual Based Model (ICHTYOP) was applied in the Adriatic Sea with the aim of studying the mechanisms regulating
spawning and recruitment success of small pelagic fishes. ICHTYOP numerical simulations have been driven by realistic current
fields derived by an hydrodynamic model, and outputs were analyzed in a GIS environment. Preliminary results indicate that most
recruits are along the western Adriatic coast and that the total interannual variability could be low compared to monthly variability.
Specific simulations driven by position and ages of larvae caught in the Gulf of Manfredonia provide interesting insights for this
important nursery area.
Keywords: Adriatic Sea, Spawning, Recruitment, Larvae, Models
Introduction.
The fishery for small pelagic, particularly for anchovy (Engraulis encrasicolus)
and sardine (Sardina pilchardus), is important in the Adriatic Sea, being the
largest of the Mediterranean Sea. Anchovy and sardine are species with a short
life cycle, so a key factor regulating their abundance is recruitment success
which in turn is considerably influenced by the passive transport from
spawning areas to recruitment areas.
Materials and Methods.
Transport of small pelagic fishes eggs and larvae has being studied within the
framework of the EU project “SARDONE” by using an Individual Based Model
(IBM), ICHTYOP [1], already used in similar studies conducted in other areas
with relevant small pelagic fisheries like the Benguela Current and the Peru
upwelling systems. Realistic environmental conditions (in particolar 3-D
currents and temperature over the whole Adriatic Sea) were provided to
ICHTYOP as daily averages of the Regional Ocean Modelling System (ROMS;
[2]) outputs. The Adriatic ROMS implementation is adequate to resolve
mesoscale features (two numerical grids are being using, one with a resolution
variable between 3 and 12 km and the other with constant spacing of 2 km; both
having 20 s-levels in vertical). ROMS deduces fluxes of momentum, heat and
water through the air-sea interface from outputs of a high resolution operational
atmospheric model, COSMO-I7, managed by the Hydro-Meteo-Clima Service
of ARPA Emilia-Romagna (Bologna, Italy), in agreement with the
Meteorological Office of the Italian Air Force and Piemonte Region.
The whole Adriatic basin was arbitrarily divided into 36 regions according to
morphology, bathymetry and general circulation. For a preliminary trial aiming
to investigate the general behavior of the basin, eggs were released in ICHTYOP
from each of the 36 regions (in a number proportional to the respective areal
surface) and their trajectories followed for 60 days, representing the maximum
duration of the passive larval transport. Eggs were released every 10 days during
two years characterized by contrasting environmental characteristics (in terms
of Po River runoff and wind stress). After 3 days, larvae hatch from eggs, and
larval diel vertical migration was considered in the ICHTYOP run. The numeric
outputs have been collected in a database for subsequent analysis in GIS,
allowing for rapid and extensive result summaries and for more detailed studies.
Results and Discussion.
The GIS analysis of the ICHTYOP simulations provided the following main
results: sea currents transport larvae ready to recruit in high concentration along
the western Adriatic coast, especially in the central area, whilst very low
concentrations are present on the eastern part of the basin (fig. 1); monthly
variability is relevant; overall there are almost no differences between the two
contrasting years, but there are differences in the monthly distributions.
ICHTYOP was applied also in “backward” mode to carry out a data-driven
study. During two surveys conducted in the Gulf of Manfredonia (southern
Adriatic Sea, Fig. 1), anchovies and sardine larvae were caught and their ages
estimated by otholith microincrement counts. The Gulf of Manfredonia is
known as an important recruitment area, hosting a valuable larval fishery, but it
is not considered a spawning area. ICHTYOP integrations starting from date and
position of anchovy and sardine larvae catches going backward up to their
spawning date demonstrate a full consistency with known spawning areas.

Fig. 1. Percentage of total recruits in the 36 regions chosen for the Adriatic Sea
as resulting from two years of ICHTYOP exploratory simulations
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FEEDING HABITS OF THE SMALL-SPOTTED CATSHARK SCYLIORHINUS CANICULA (L., 1758) IN THE
CENTRAL MEDITERRANEAN
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Abstract
Scyliorhinus canicula collected from 45 stations during the MEDITS annual bottom trawl survey had a Total Length range of 14-52
cm; males were more abundant than females. Of 532 stomachs sampled, 74.4% had identifiable prey material that indicated
opportunistic feeding on a wide range of macrobenthic fauna. Teleosts and crustaceans were the most important prey groups (58.7
%/w and 19.3 %/w respectively). Cannibalism was also observed. There were significant differences in diet composition between the
sexes and between different size classes for males and females combined.
Keywords: Elasmobranchii, Fisheries, Food Webs, Sicilian Channel
Introduction
The catshark Scyliorhinus canicula is a common demersal elasmobranch in the
Mediterranean. It has a wide geographical distribution and a bathymetric
distribution ranging from shallow water to 550 metres depth, and is found
primarily over sandy, muddy or gravelly bottoms [1]. Studies on the feeding
habits of Scyliorhinus canicula have been made in various regions but not to date
in the Central Mediterranean; the present study addresses this gap by
presenting information on the diet of the species for this region, for the first
time.

composition of the diet varied significantly with size as the larger and more
mature individuals showed an increasing preference for fish and cephalopods,
while smaller individuals showed a preference for crustaceans, probably because
large individuals are able to ingest larger food items such as fish. The preference
for fish was more pronounced in mature males than in mature females, which
may be related to sexual dimorphism in the shape of mouth and teeth at
maturity [4].

Material and Methods
The study was conducted in the General Fisheries Commission for the
Mediterranean’s Geographical Sub-Area (GSA) 15. Samples were collected in
June 2006 from 45 stations as part of the ongoing MEDITS (Mediterranean
International Trawl Survey) annual bottom trawl survey (Fig.1). For each
specimen, total length, weight, sex and maturity stage were recorded. For males,
the maturity stage determination was based on the length and degree of
calcification of the pterygopods, while for females, determination was based on
the degree of development of the distal part of oviducts and of the shell gland,
on the presence of embryos, and on the dimensions of the eggs in the ovary [2].
In all, 532 stomachs were extracted; these were weighed, dissected and rinsed
with 70% ethanol to ensure that all contents were removed, and the emptied
stomachs were re-weighed to estimate the fullness of the stomach. The prey
items were identified to the lowest possible taxon then weighted separately to
the nearest 0.001 grams. Individual catsharks were checked for any signs of
regurgitation. Stomach contents were analyzed using numerical percentage (N%)
and percentage by weight (W%). Statistical differences in feeding habits in
relation to size and sex were assessed using the Kruskall-Wallis and MannWhitney tests.
Results
A total of 652 catsharks were caught from 25 of the 45 stations sampled. The
fish ranged from 14 cm to 52 cm total length and from 6 g to 437 g in weight.
Males were more abundant than females (sex ratio 1:0.75). Of the 532 stomachs
examined, 33 (6.2%) showed signs of regurgitation, 103 (19.4%) were empty,
and 396 (74.4%) contained prey. In all, 26 prey taxa were identified. The main
prey items by weight were teleost fish (58.67%, dominated by Trachurus
trachurus and Macroramphosus scolopax ), crustaceans (19.25%, dominated by
Alpheus glaber and Chlorotocus crassicornis), unidentified octopuses and
cuttlefish (16.36%), polychaetes of the family Aphroditidae (3.89%) and a
small percentage of Posidonia oceanica leaves (0.06%) and abiotic material
(0.77%). One specimen had a juvenile S. canicula in a primary state of digestion
in its stomach, which suggested cannibalism (1%/w). The abundance of food
items by mass varied significantly between the different categories (One-way
ANOVA, P < 0.001), and this was accounted for by the ‘fish’ category (Tukey
post-hoc test, P < 0.05). Significant differences in the weight of the different
stomach content items were observed between mature males and females
(Mann-Whitney U-test, P < 0.05). Mature males consumed significantly more
fish than did females, which consumed more crustaceans. Diet also differed
between the different size classes (Kruskall-Wallis test, P < 0.05).
Discussion
Central Mediterranean Scyliorhinus canicula were found to have a high dietary
diversity and to feed opportunistically on a wide range of macrozoobenthos and
also on abiotic material, showing both predatory and a facultative scavenging, as
reported by [3] for Isle of Man waters. The presence of small catsharks in the
stomach contents showed that there is also some degree of cannibalism. The

Fig. 1. Map showing the position of General Fisheries Commission for the
Mediterranean's GSA 15 (the square) and the 45 stations sampled (the dots).
The 25 nautical mile Fisheries Management Zone around Malta is also shown.
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FEEDING HABITS OF INDO-PACIFIC SPECIES NEMIPTERUS RANDALLI RUSSEL, 1986 (NEMIPTERIDAE)
IN ISKENDERUN BAY, EASTERN MEDITERRANEAN SEA
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Abstract
Diet of threadfin bream Nemipterus randalli was determined from the specimens collected in Iskenderun Bay, Eastern
Mediterranean Sea. A total of stomach contents of 117 threadfin bream specimens with total lengths ranging from 7.0 cm to 26.6 cm
were examined. Stomach content analysis revealed that this species is carnivorous, feeding on benthic crustaceans constituting the
main food in the overall diet composition. Main food items found in the stomach were crustaceans (IRI%= 82.29). Other main prey
items found were pisces (IRI%= 12.83) polychaeta (IRI%= 1.18) and mollusca (IRI%= 0.03). Therefore rapidly expanding population
of N. randalli may damage crustacean biodiversity and fish stocks feeding on crustaceans.
Keywords: Diet, Teleostei, Eastern Mediterranean
Introduction
The threadfin bream Nemipterus randalli is the first representative of the
family Nemipteridae in the Mediterranean Sea, and recorded for the first time
for the Mediterranean Sea by Bilecenoglu & Russel [1] based on a few
specimen collected from the eastern coast of Iskenderun Bay, Turkey. This
species has rapidly extended and now succesfully established in Eastern the
Mediterranean Sea [2,3,4]. N. randalli is very abundant in coastal waters,
found on mud or sand bottoms in 5 to 80 m, usually in schools [5]. N. randalli
has a widespread distribution found in the Indian Ocean and West Pacific. It is
considered commercially important throughout its distribution, and one of the
major species in the southern Red Sea and in the Gulf of Suez [6,7]. In the
near future N. randalli may be a valuable commercial species in the
Mediterranean Sea. Despite its abundance and new establishment along
Turkish coast, no studies concerning the feeding regimes to the Mediterranean
habit of N. randalli exists. In this study, the first time was to examine the
feeding habits of threadfin bream caught in Iskenderun Bay, Eastern
Mediterranean Sea.

as for the efficient utilization of this species.
Tab. 1. Diet composition of Nemipterus randalli (N%: numerical composition,
F%: frequency of occurence, W% gravimetric composition, IRI%: percentage
index of relative importance)

Material and Methods
A total of 117 threadfin breams were collected during between 2009 from
Iskenderun Bay (Eastern Mediterranean Sea). Specimens were caught by a
R/V Mustafa Kemal I and commercial trawlers at a water depths ranging from
13 to 60 m under the project (TAGEM-09/AR-GE/11). After catching the
fishes, stomachs were removed onboard, preserved in formalin and taken to
the laboratory for analysis of the contents. In the laboratory, a total of 117
stomachs were dissected and then contents were identified to the lowest
practical taxon (Table1). Prey were counted under a stereomicroscope and
weighed to the nearest 0.01 g. Stomach contest was analyzed using the
percentage frequency of occurrence (F%), percentage numerical abundance
(N%), percentage gravimetric composition (W%) and index of relative
importance; [IRI = (N%+W%) x F%] were determined [8]. IRI was expressed
as a percentage; [IRI% = (IRI x 100) / ΣIRI].
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Results and Discussion
Stomach contents of N. randalli specimens with total lengths ranging from 7.0
cm to 26.60 cm were examined (average total length= 13.12 cm). Of the
stomach examined, 105 (90%) were full and 12 (10%) empty. A total of 305
prey items belonging to four taxa were determined. Crustacea were the most
important group in the diet of N. randalli with IRI% 82.29, followed by
pisces were second in importance, IRI% 12.83. Other main prey items found
in the stomach were polychaeta (IRI%= 1.18) and mollusca (IRI%= 0.03)
(Table 1). Diet composition of N. randalli from Iskenderun Bay revealed that
this species carnivorous, expecially consuming benthic decapod crustaceans as
primary food. The results demonstrated that N. randalli feed primarily on
crustaceans, particularly Processa sp. N. randalli stomachs contained
crustaceans (W=70%) and small fishes (W=18%). Similar result were obtained
for the other Nemipterus species (Nemipterus marginatus)in the South China
Sea, where mainly consumed crustaceans (70%) in particular Penaeus sp.
constitued the major proportion of the diet composition (59.1%) [9]. The
results demonstrated that N. randalli prefers crustaceans (Copepoda,
Decapoda, Natantia, Brachyura, and Stomatopoda) as the main food, followed
by teleost prey and polychaeta. The results suggested that the rapid extension
of this fish species could be high the availability and distribution of food
crustaceans. Therefore rapidly expanding population of N. randalli may
damage crutacean biodiversity and fish stocks feeding with crustaceans. This
information is very important in the management of fishery resources as well
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CARACTÉRISATION MORPHOLOGIQUE ET GÉNÉTIQUE DES POPULATIONS LAGUNAIRES DE
LITHOGNATHUS MORMYRUS DES CÔTES TUNISIENNES
Ibtissem Hammami 1*, Lilia Bahri-sfar 1 and Oum kalthoum Ben hassine 1
1 Unité de Recherche de Biologie, Ecologie et Parasitologie des Organismes Aquatiques, Faculté des Sciences de Tunis, Campus
Universitaire 2092, Tunis, Tunisie - hammamibtissem@gmail.com
Abstract
L’étude de la variabilité morphologique de trois échantillons lagunaires de Lithognathus mormyrus (Linnaeus, 1758) nous a permis
de mettre en évidence une nette hétérogénéité morphologique entre ces échantillons. Cette hétérogénéité est liée principalement à la
forme de la tête qui semble être en relation avec le régime alimentaire ainsi que la disponibilité, la taille et le type de proies. L’analyse
de la variabilité allozymique de ces mêmes échantillons n’a montré de différences qu’entre les deux échantillons des lagunes d’El
Biban et de Bizerte.
Keywords: Fishes, Lagoons, Western Mediterranean
Lithognathus mormyrus est l’une des espèces les plus importantes de la
famille des Sparidés. Il s’agit d’une espèce essentiellement marine, mais elle est
fréquemment rencontrée dans les lagunes et les estuaires, considérés comme
des nurseries pour les juvéniles.

principalement généré par le locus IDH-2. Le calcul de l’estimateur du FST de
Wright montre une hétérogénéité entre les échantillons des lagunes de Bizerte
et d’El Biban (θ = 0.0445 p <0.01) qui s’explique par des différences de
fréquences alléliques au niveau des loci GOT-2 et EST-2. Ainsi, les différences
morphologiques observées entre les échantillons des lagunes de Bizerte et d’El
Biban reflèteraient à la fois les différences génétiques et la variabilité des
facteurs environnementaux.

Dans cette étude, nous nous proposons d’analyser la variabilité aussi bien
morphologique que génétique de trois populations lagunaires des côtes
tunisiennes de Lithognathus mormyrus. Deux lagunes sont situées dans le
secteur Nord-est (lagunes de Bizerte et de Ghar El Melh) et la troisième est
située dans le secteur Sud-est (lagune d’El Biban). L’étude morphométrique
est basée sur l’approche de « Truss » [1]. L’identification de 18 points repères
(landmarks), nous a permis d’établir un réseau de 41 mesures. L’étude
génétique a concerné le polymorphisme de sept loci enzymatiques (EST-1,
EST-2, GOT-2, IDH-2, MDH-3, PGM et SOD).
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L’analyse de la variance des données morphométriques, après transformation
allométrique [2], a montré des différences hautement significatives entre les
trois échantillons lagunaires étudiés et ce, pour 29 variables parmi les 41
choisies. L’analyse factorielle discriminante a permis de mettre en évidence
une nette discrimination des trois échantillons analysés selon l’axe 1 qui
explique 56% de la variabilité totale. Les plus fortes contributions ont été
apportées par des mesures liées principalement à la longueur de la partie
antérieure (la Tête). Cette différenciation s’expliquerait par l’hétérogénéité
environnementale de ces lagunes. L'alimentation constituerait un important
facteur pouvant influencer la morphologie de la tête [3], [4].

Fig. 1. AFD des variables morphométriques selon le plan formé par DF1 et
DF2. LGM : lagune de Ghar El Melh ; LBIZ : lagune de Bizerte ; LBIB :
lagune d’El Biban.

L’estimation de la diversité génique de Nei (Hnb) montre que l’échantillon de
la lagune d’El Biban présente la valeur la plus faible. La valeur du FIS global
montre un déficit significatif en hétérozygotes (ƒ = 0.3522 ; p < 0.001)
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REPARTITION DE SYNGNATHUS ABASTER ET SYNGNATHUS TYPHLE RONDELETI (SYNGNATHIDAE)
DANS LA LAGUNE NORD DE TUNIS
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Abstract
Une campagne cartographique réalisée au printemps 2009 dans la lagune Nord de Tunis nous a permis de d écrire la répartition
spatiale de deux espèces de la famille des syngnathidés, le syngnathe de lagune Syngnathus abaster Risso, 1827 et le siphonostome
de Méditerranée Syngnathus typhle rondeleti De la Roche, 1809. Cette répartition est étroitement liée à la nature des herbiers ainsi
qu’à la profondeur de l’eau.
Keywords: Fishes, Lagoons, Mapping
Introduction
La lagune Nord de Tunis, peu profonde, est située au fond du golfe de Tunis
entre les parallèles 36° 45’ et 36° 52’ de latitude nord 10° et 10° 20’ de
longitude est. Après les travaux de restauration, menés en 1985, cet écosystème
lagunaire a montré une diversification biologique appréciable [1], [2], notamment
pour les syngnathidés ; différentes espèces y ont été décrites telles que :
Syngnathus abaster Risso, 1827, Syngnathus typhle rondeleti De la Roche, 1809,
Syngnathus acus Linnaeus, 1758 et Nerophis ophidion Linnaeus, 1758 [3]. Ce
travail porte sur la répartition de Syngnathus abaster et Syngnathus typhle
rondeleti dans la lagune Nord de Tunis.
Matériel et méthodes
La campagne de cartographie réalisée au printemps 2009 avait pour objectif de
décrire la répartition spatiale des deux syngnathidés Syngnatus abaster et
Syngnatus typhle rondeleti. Leurs distributions ont été étudiées en rapport avec
les macrophytes benthiques, notamment les deux espèces dominantes dans le
milieu d’étude : la Magnoliophyte Ruppia cirrhosa (Petagna) Grande et la
Chlorobionte Chaetomorpha linum (O.F. Müller) Kützing. Cette répartition a
été étudiée suivant 19 transects distants de 500 m répartis sur l’ensemble du
milieu lagunaire, moyennant un petit chalut benthique ayant un maillage de 1
mm.
Résultats et discussion
La répartition spatiale de Syngnathus abaster montre une présence importante
dans la lagune Nord de Tunis et surtout dans la partie Sud de la lagune (fig. 1).
Cette espèce
est également rencontrée à l’est de la lagune et plus
particulièrement au nord-est, zone fortement influencée par les échanges avec la
mer. Ayant une taille ne dépassant pas les 12 cm, Syngnathus abaster est
l’espèce la plus fréquente dans la lagune. Toutefois la répartition de Syngnathus
typhle rondeleti, fragmentaire, est limitée à l’est de la lagune. Cette espèce, peu
fréquente, est plus présente au sud-est de la lagune. Cette distribution est
étroitement corrélée à celle des macrophytes benthiques et à la profondeur de
l’eau. Les deux espèces de Syngnathidés ont été observées dans les herbiers à
dominance Chaetomorpha linum et au niveau des zones à faibles profondeurs
(inférieures a 0,8 m). La diversité et la fréquence des syngnathidés n’ont cessé
d’augmenter dans la lagune Nord de Tunis après son assainissement. Ces
espèces ont trouvé dans les herbiers à Magnoliophytes marines et dans les
touffes à Chaetomorpha linum un refuge et un lieu de ponte. D’autres
campagnes doivent être réalisées pour étudier l’évolution saisonnière de cette
répartition. Par ailleurs, il est important, également, de comparer les variations
saisonnières de la répartition des syngnathes à celles des macrophytes
benthiques, particulièrement Ruppia cirrhosa et Chaetomorpha linum qui
dominent dans la lagune Nord de Tunis.

Fig. 1. Répartition spatiale de Syngnathus abaster et Syngnathus typhle rondeleti
dans la lagune Nord de Tunis au printemps 2009.
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PROBLEMATIC OF THE PELAGIA NOCTILUCA OUTBREAKS IN THE BAY OF CALVI (CORSICA)
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Abstract
The interannual variations of the Schyphozoan jellyfish Pelagia noctiluca is estimated by weekly measurements in the Bay of Calvi
(Corsica) from 2003. The mean annual abundance reaches a dramatic maximum in 2006. The medusae appear by migration of active
swarms on the shelf and at the external limit of the Bay. Degraded individuals drift as passive swarms, throughout inner side of the
Bay and embayments.
Keywords: Ligurian Sea, Zooplankton , Medusae, Coastal Systems, Time Series
The cyclic outbreaks of the holoplanktonic jellyfish Pelagia noctiluca have been
extensively described in the Western Mediterranean, where the seasonal
progression of the P. noctiluca blooms commences in late autumn- winter. High
densities are maintained throughout the winter and the blooms end in the
summer after a maximum of reproduction [1]. In the Ligurian Sea, P. noctiluca
characterizes generally the offshore waters and develops actively at the level of
the Liguro-Provençal Front [2].P. noctiluca develops in swarms, mostly
observed at the level of the pycnocline and which can migrate to the surface [3].
The swarms occasionally drift to the shelf and seem to be regulated by
macroscale hydrography and the hydroclimatic environment [4], local upwelling
[5] or oscillations of Liguro-Provençal [6].
Actually, many processes related to the causality and dynamics of outbreaks
remain unknown, especially those concerning swarm formation, migration and
drift, at the scale of coastal embayment. In order to enhance our understanding
of the factors controlling the dynamics of P. noctiluca, its abundance has been
estimated weekly during 7 years (2003 - 2008) in the Bay of Calvi (Corsica) by
visual observations, scuba diving and WP2 zooplankton sampling.

The mean annual P. noctiluca abundance shows a progressive increase from
2004 to 2005 and reaches a dramatic maximum in 2006, followed by a
progressive decrease during the summers 2007 and 2008. The P. noctiluca
outbreaks start generally in late autumn-winter, maintain throughout the winter
and disappear in spring. However, some years (e.g. 2005 to 2007), the seasonal
progression continues during the late spring and large populations maintain
during the summer. The outbreaks of P.noctiluca in 2006 could be correlated to
the very intense mesozooplankton bloom in 2005
The distribution of swarms in the Bay of Calvi has been studied by scuba visual
observations. Active swarms of 200 m of length and 50 m of wide appear on the
shelf and at the external limit of the Bay by vertical migration, following some
days of North-East (Fig.1). The swarms maintain in the same area for a few
days. In these active swarms, 5 to 10 P. noctiluca per m³ were observed
between 10 to 60 meters depth. The individuals were equidistant, swimming
actively with the extended tentacles and capturing the food. In certain cases,
individuals partially destroyed, dying or at the end of their biological cycle,
escape from active swarms and derive passively in the first meters of the water
column towards the coastal zones and embayments under the effect of the wind
and the movements of the water. The degraded individuals which have lost
tentacles or manubrium, move slowly and accumulate in large number
(sometimes more than 200 m-2), edge to edge, in passive patches limited to the
first three meters of water column. These swarms undergo an active predation
by numerous sparid fishes. They disappear in a few hours, reduced by this
predation or by massive sedimentation of the dead animals.
Acknowledgments: The study was done in the programme MEDUSE granted
by the Agence Française de l’Eau (Rhone- M éditerranée- Corse). We thank
Sylvain Plazza and the STARESO staff for sampling operations. JH Hecq is
Senior research associate to the FRS-FNRS (Belgium).
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Fig. 1. Variation of a jellyfish Pelagia noctiluca swarm in the Bay of Calvi
from 8 till 10 November 2006. Points represent the positions of counting by an
onsurface diver. The concentrations express themselves in number of individuals
counted on a radius of 10 m. Scale varies from 0 to 300 ind
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ASSESSING THE IMPACT OF FISHING AND PROTECTION ON THE DYNAMICS OF THE SEA BREAM
POPULATION IN THE NORTH-WESTERN MEDITERRANEAN SEA USING A SIMULATION MODEL
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Abstract
We used ISIS-fish model to evaluate the impact of spatial and seasonal management measures on the dynamics of the sea bream
population Diplodus sargus sargus (L., 1758) of the French Catalan fishery (North-Western Mediterranean). First, in order to
identify the most significant parameters of model, a sensitivity analysis were carried out according to a fractional factorial
experimental design. The method used consists in modifying some input parameters of the model by ± 20% around its initial value.
Second, we attempted to disentangle the effects of several measures jointly implemented; as marine protected areas MPAs, changes
in gillnet mesh size and fishing effort reduction.
Keywords: Biodiversity, Coastal Management
Introduction
Over-exploitation of marine fisheries resources remains a serious problem
worldwide. The traditional management measures (quotas, limiting fishing
effort, size minimum capture) does not ensure the sustainability of fisheries
[1], marine protected areas MPAs have been strongly advocated as an ideal
tool and a central element of many marine resource management plans. In the
study area, the legislative framework focused on marine protected areas
(Cèrbère-Banyuls reserve) and on the minimum landing size. In the present
paper, our interest is twofold. First, study the influence of uncertainty model
on a sensitivity analysis, which is to identify, quantify and analyze how to
react exits from one model to disturbances on the variable entry. Second, we
present the results of the simulation numeric to assess quantitatively the
impact of various management measures of fishing and protection on the sea
bream population.

clearly demonstrated the potentials for ISIS-Fish. This enabled us to carry out
preliminary explorations the impacts of these measures and to make a general
diagnosis about the significance of the impact and finally to group them with
respect to the consequences on both biomasses and catches of sea
bream population.Results of the analysis in two different areas of the no-take
zone indicate that the seasonal closure (Jan.-Jun.) of the nursery zones is
beneficial for fish stock recovery, thereby increasing the biomass of fishes , it
will result in an about 50% increase of the total catch and an about 76%
reduction of juvenile catches (about 25 t.). A change in the minimum mesh size
to 80mm would cause an increase of 33% in the total catch (kg) and 51% in
the gillnet catch in the long term, providing that the minimum landing size of
sea bream was simultaneously raised from 23 cm to 23.65 cm. Limiting the
fishing effort current levels resulted in higher levels of biomass and catches for
the fishery where the stock size responses are likely to occur on two distinct
time scales associated with growth of existing fish and future recruitment. In
conclusion, in the present situation of existing management policy and with
the knowledge currently available, we recommended a potential framework of
a project aimed at evaluating the potential of a novel co-management approach
adopted at the actual situation along the French Catalane coastline.

Materials and methods
In this paper, we used ISIS- fish model to evaluate the impact of spatial and
seasonal management measures on the dynamics of the sea bream population
Diplodus. Sargus Sargus, of the French Catalan fishery . In our model,
numerous parameters are fixed as they present a range of variation. This is the
case of the fecundity rate [2], recruitment [3], growth [2], [4], catchability [5],
mortality [6]. Then, uncertain parameters were identified and grouped into 9
groups: length range, fecundity coefficients, migration coefficients, natural
mortality, catchability coefficients, gears standardisation factors, target factors
and the number of inactivity days for each strategy. Analysing the effect of
several parameters simultaneously makes it possible both to show their
possible interactions and to rank them according to their importance of the
model. The method used consists in modifying each input parameter of the
model by ± 20% around its initial value. The effect of each operated
modification is analysed on 5 outputs of the model (biomass at the last time
step. last year catches, five last year’s cumulative catches, last year nominal
effort and five last year’s cumulative nominal effort).
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Results
The outputs considered showed particularly sensitive to some parameters
such as natural mortality, length stage, gears standardisation factors, fecundity
and catchability coefficients. Various management measures of commercial and
recreational fisheries were simulated during 10 years in order to evaluate
potential impact of fishing and to reduce over exploitation of the fishery,
including for example, the imposition of AMPs in the nursery areas and in the
spawning areas. An increase in gillnet minimum mesh size, from 60 to 80 mm
were adopted to improve gear selectivity in the groundfish fishery. Finally, we
attempts to reduce effort by 50% during the 5 first years and during the
simulation duration. According to our model assumptions, the fishery has
been overfished. In the model simulations carried out to explore the impact of
possible management intervention:(a) MPAs nursery zones which would be
an alternative management tool for conserving marine resources and
ecosystems, (b) a change in the minimum mesh size to 80mm would cause an
increase of 33% in the total catch (kg) and 51% in the gillnet catch in the long
term, and (c) Limiting the fishing effort current levels resulted in higher levels
of biomass and catches for the fishery (from the current 779t. up to an average
1766t in the 10 year horizon: a 226.65% increase.
Discussion
Our study has evaluated a broad range of assumptions concerning the status of
the area being protected (spawning ground and (or) nursery ground), and
fishing selectivity. The experiments and analyses presented in this paper have
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SIGNATUS JAVUS, A NEW RECORD FROM THE SYRIAN WATERS, WITH A REFERENCE TO GROWTH &
FEEDING OF TWO LESSEPSIAN FISH
A. Ibrahim 1*, M. Lahlah 1, M. Y. Kassab 1, W. Ghanem 1 and S. Ogaily 1
1 High Institute of Marine Research, Tishreen University, Syria - a.ibrahim@aloola.sy
Abstract
One specimen of Siganus javus was caught during Oct. 2009 from the Syrian marine water. It is the first record in the
Mediterranean Sea and may be a potential invader to the area. The study of feeding habits of two other lessepsian species from the
Syrian waters revealed growth rates comparative to other local fish species and strong signs of starvation & food completions.
Keywords: Lessepsian migration, Competition, Growth
Introduction
Colonization of the eastern Mediterranean by Red Sea and indo-pacific species
has started after Suez Canal opening in 1869 [1]. So far, fish species entered the
Syrian water are mostly Lessepsian (42 species) and, to a lesser extent, western
Med. migrants (14 species) [2], [3], [4], [5]. The family Siganidae in the eastern
Med. is represented by two species, S. luridus & S. rivulatus, migrated through
Suez Canal (CIESM 2002). Exotic fish are likely to influence the local fish
community in many ways such as competition for food and space and the
consequence effect on growth. Identifying the level & extent of such effects are
important for the proper management measures. This paper presents the
characteristics of a new lessepsian Siganids record and estimations of growth
rates (for the age groups 1+ - 5+) and feeding habits (food composition, stomach
fullness…) of two already established lessepsian fish species in the Syrian
waters; Lizardfish, Saurida undosquamis and Squirrelfish, Sargocentron
rubrum.
Results and Discussion
An Indo-Pacific originated fish species, Streaked spinefoot Siganus javus (L.,
1766), was recorded for the first time in the Syrian waters and in the
Mediterranean sea. It was captured on 10 Oct. 2009 by a trammel-net at night
in a water depth of ≈20m above a rocky & muddy bottom facing to Lattakia
port (N35 31 425 E35 44 893). Water properties (at 1m depth) were:
Temperature (26.4°C), Oxygen conc. (5.14mg/l), Salinity (39.34), Turbidity
(0.056) and Chlorophyll conc. (0.52µg/l).
The fish (Fig. 1) was identified and kept as a reference at the High Institute of
Marine Research. The body is oval & compressed with 13 dorsal fin spines
(preceded by a forward projecting 2.6mm spine); 10 dorsal soft rays; 7 anal
spines, 9 anal soft rays; ventral (2 spines separated by 3 soft rays) and 16
pectoral soft rays. Its measurements (cm) are: total length 18.4, standard length
15.5, fork length 17.9, body depth 7.5, head length 3.9 and eye diameter 1.1.

Crustacea (maily Amphipoda, Isopoda and Decapoda). Both fish species had a
clear food competition with many coexisting fishes. Stomach fullness rarely
exceeded 50%; indicating that both fish species do not feed well in the study
area.
Acknowledgement: The authors would like to thank Prof. Frederic Briand for
his valuable help in the identification verification and tracking any previous
records. Thanks also go to Mr. M. Shammat, whose fishing gears facilitated this
work.
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Fig. 1. Siganus javus from the Syrian waters

This species can be found in the Gulf of Oman, Pakistan, Thailand, southern
China and down to Australia [6]. By recording this species, Siganidae would be
represented by 3 species in the Syrian marine waters. However, this species is
so far represented by a single specimen and its establishment has still to be
proven and the introduction pathway has to be confirmed. To confirm the
active migration, some future records in Suez Canal and in the south-eastern
Med. sea are needed. Anyway, the survival in the Syrian waters and the recent
sea warming make s. javus a potential eastern Med. invader.
Growth rate of the studied fish species was higher during the earlier life stages
of life. Growth rate by length (cm) of Sargocentron rubrum for example was
5.5, 4.6, 2.2, 2.1 and 1.9 cm/y for the 5 age groups respectively. These
estimations are comparative with other existing species such as Pagrus
coeruleostictus and Sardinella aurita. The food of the Lizardfish consisted
mostly of fish (mainly S. aurata & B. boops (and that of the Squirrelfish was of
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INVASIVE HOST, CHARYBDIS LONGICOLLIS (DECAPODA: BRACHYURA: PORTUNIDAE), AND
INVASIVE PARASITE, HETEROSACCUS DOLLFUSI (CIRRIPEDIA: RHIZOCEPHALA: SACCULINIDAE)
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Abstract
The Levantine populations of Erythrean invasive swimming crab Charybdis longicollis have been parasitized by the rhizocephalan
Heterosaccus dollfusi, itself an Erythrean alien, since 1992. The parasite affects the host morphology, moulting, behaviour, causes its
sterilization, and induces mortality. The high prevalence of H. dollfusi can be ascribed to the dense population of the host, the yearround reproduction of the parasite that promotes recurrent re-infection. Despite the high prevalence of the parasite and its injurious
impact on the host reproduction, the invasive host-parasite pair has reached an apparent modus vivendi.
Keywords: Levantine Basin, Decapoda, Parasitism
Instances of rhizocephalans accompanying their invasive hosts are few. Yet
among the hundreds of alien species that have entered the Mediterranean
through the Suez Canal such an invasive host-parasite pair was identified: the
portunid crab Charybdis longicollis (Fig. 1) with its parasitic barnacle
Heterosaccus dollfusi (Fig.2).

parasitized morphologically-modified crabs. The incidence of parasitization has
been high and fairly stable over the past 15 years. The number of specimens and
the incidence of parasitizationwere higher in the spring (May-June) than in the
fall samples (August-October). The abdomen of both sexes of infected C.
longicollis is modified to such an extent that the sexual apertures remain the
only reliable character. Infection of the females causes the loss of the
swimmerets, whereas in males the copulatory appendages are lost or reduced,
and the abdomen broadens to such a degree that it closely resembles that of an
uninfected female. In post-parasitization host populations the average and
maximal size of non-parasitized males is larger than parasitized males whereas
average and maximal size of non-parasitized female crabs are smaller than those
bearing externa. It is proposed that H. dollfusi mayregulate the female host size
to best endure the significant metabolic costs of the reproductive externa.
Modifications of grooming, burying, courtship and mating, and agonistic
behaviour have been observed in parasitized C. longicollis. The feminized
agonistic behavior of male crabs parallels the feminization of the secondary sex
characters and size range of H. dollfusi-parasitizedC. longicollis (see above). It is
also suggested that the presence of the parasite reduces belligerence in male
crabs, enhancing injury avoidance [4]. Multiple parasitization has been common:
nearly 40% of the externae-bearing hosts sampled between 1994 and 2009
harboured more than one externa, and over 17% bore three externae or more. The
percentage of specimens bearing three or more externae is five times as high in
spring as in fall samples. The pattern that emerges from the examination of the
percentage of externae-bearing hosts bearing more than a single externa is that it
increases when the incidence of parasitization rises above 50%.Almost without
exception multiple externae occur among smaller crabs, presumably because
they survive more poorly than single parasites. By placing an unacceptably high
nutritional demand on the host, multiple externae weaken it and in many cases
cause its untimely death.

Fig. 1. A male specimen of Charybdis longicollis Leene, 1938.
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Fig. 2. Charybdis longicollis parasitized by 6 externa of Heterosaccus dollfusi
Boschma, 1960.

A significant percentage of the host population along the Levant coast has been
parasitized [1]. The parasite causes sterilization, morphological and behavioral
feminization, cessation of molting and by placing high energetic demands on the
host, induces mortality [2], [3]. Aspects of the biology, ethology and
population dynamics of the invasive host-parasite pair along the Mediterranean
coast of Israel have been studied since 1992. Nearly 19,000 crabs were
examined, among these, over 10,000 were either externae-bearing, or internally-
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Abstract
The Erythrean crab Charybdis longicollis had established populations in the Levantine basin of the Mediterranean Sea in the mid
20th century, that were parasitized, in the last decade of that century, by the rhizocephalan Heterosaccus dollfusi, itself an Erythrean
alien. In May 2008 the host populations were sampled at the southern (Israel) and northern (Turkey) limits of its introduced range.
The prevalence of infection and multiple externae-bearing hosts were higher in Israel than in Turkey. It seems that off the Israeli
coast the water temperature permits the synchronous ontogenetic development of both host and parasite ensuring availability of
plentiful young, recently-molted prospective hosts for infection by the short-lived parasite cypris.
Keywords: Crustacea, Temperature, Parasitism
Absence of natural enemies, be it competitors, predators, or parasites, is one of
the explanations given for the success of alien biota. Yet, though parasite species
richness may be lower in alien hosts in their new range, the prevalence of
infection may be many times higher. The Levantine populations of the
Erythrean invasive swimming crab Charybdis longicollis have been parasitized
by the sacculinid rhizocephalan Heterosaccus dollfusi, itself an Erythrean alien
[1]. An earlier study that examined the temporal variability of H. dollfusi
prevalence at Palmahim, Israel, a site at the southern end of its introduced range,
found that despite the high prevalence of the parasite and its injurious impact on
the host, there was “no noticeable reduction in the host population”[2]. We
sought to examine the spatial variability of the parasite’s prevalence along a
latitudinal gradient within its introduced range. To that end we sampled the host
populations off Ashdod (Israel) and
Antalya (Turkey) in May 2008 and July 2009.

indeed a fraction of that in Ashdod and not a fortuity of the sampling.

Fig. 2. Incidence of parasitization and carapace width (mm) in Charybdis
longicollis respectively collected off Antalya, Turkey, and Ashdod, Israel, in
May 2008 and July 2009. M, F: unparasitized males and females, MI, FI:
internally parasitized males and females, ME, FE: externa-bearing males and
females.

What then could constrain the parasitization of C. longicollis in the northern
part of its introduced range? Could it be a biological response of a thermophilic
alien to a latitudinal gradient of temperature? Data from the population off the
Israeli coast suggest that this critical stage takes place in spring. Off the Israeli
coast the water temperature permits the synchronous ontogenetic development
of both host and parasite ensuring availability of plentiful young, recentlymolted prospective hosts to the short-lived parasite cypris. The lower water
temperature off Antalya may affect the timing of ontogenetic stages of one or
the other, or increase the mortality of infected hosts, resulting in a sharply
reduced infection success.
Fig. 1. Map of the investigated area: *=Antalya, **=Ashdod.
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The prevalence of infection in Ashdod was more than three times higher than in
Antalya. Multiple parasitization was common in the Ashdod population of C.
longicollis: over half of the externae-bearing hosts harboured more than one
externa. In contrast, most of the externae-bearing hosts (84.2%) collected off
Antalya bore a single externa, and only few more than three. Multiple externae
are related to prevalence of infestation, as the parasite avoids settling on an
already infected host, and does so only when the chances of encountering an
uninfected host are diminished. The small number of externae-bearing hosts
bearing more than a single externa off Antalya (15.8%), though the density of
the host population is high, is further proof that the infection rate off Antalya is
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Abstract
During 2005 -2008 species composition and abundance of mesozooplankton collected in the Bosphorus regions of the Black and
Marmara Seas were studied taking into account the number of live and dead individuals. In the direction of the Marmara Sea from the
Black Sea through the Bosphorus, the abundance of the Black Sea originated species reduced and the proportion of carcasses
increased. On the contrary, the abundance of the Mediterranean species diminished toward the Black Sea. High number of their
carcasses was found in the Black Sea near the Bosphorus.
Keywords: Zooplankton , Mortality, Black Sea, Marmara Sea
The Black and Marmara Seas are connected with the narrow Bosphorus Strait
(31 km). Due to positive water balance in the Black Sea, its water masses are
transferred into the Marmara Sea through the Bosphorus forming a brackish
surface layer (15-20 m) with a salinity of 18-24 ‰ and temperature ranging
from 20-24 0C in summer to 8-9 0C in winter. Below this brackish layer lies
more densely saline (about 39 ‰) Mediterranean Sea water with a constant
temperature of about 15 0C throughout the year. These dense and warm water
masses enter from the Bosphorus with deep countercurrent and mix with
overlying cold (6-80C) intermediate layer of the Black Sea. The aim of the
study was to analyze spatial and vertical distribution of alive and dead
components of mesozooplankton community in view of spatial and vertical
structure of the water masses in the adjacent regions of the Black and
Marmara Seas.
Zooplankton samples were collected with a closing Nansen net seasonally
during 2005 – 2008 at the permanent stations in the Marmara Sea near the
Prince Islands and Bosphorus, in the northernmost part of the Bosphorus
Strait and in the Black Sea near the Bosphorus. The samples were preserved
with 4% borax-buffered formaldehyde. In the laboratory species composition
and numbers of individuals being alive before sampling and their carcasses
with destructive changes in muscles and internal organs were determined under
a dissecting microscope.
During all periods of the study the tendency to diminish from the Black Sea
toward the Marmara Sea for abundance and biomass of the Black Sea
originated zooplankton species was found. This trend was due to decrease in
total abundance and biomass of mass Black Sea copepod. The mean annual
biomass of the Black Sea copepods decreased from 3696.9±2008 mg.m-2 in
the Black Sea to 832.8±453.9 mg.m-2 in the northern Bosphorus area and
329.8±265.7 mg.m-2 near the Prince Islands in the Marmara Sea. The
abundance of dead organisms of the Black Sea origin increased toward the
Marmara Sea. Maximum mortality of the Black Sea copepods was observed in
the Bosphorus region of the Marmara Sea. In this area mean values of nonconsumption mortality for the Black Sea copepods varied in limits of 8 – 60%
increasing dramatically up to 80% in Acartia clausi. On the contrary, the
mortality of Cladocera was low near the Bosphorus and reached 35% near the
Prince Islands. In the Marmara Sea, the Black Sea species aggregate mainly in
upper brackish or mixed layers whilst the Mediterranean organisms inhabit
deep strata with high salinity. Usually the mortality in the Black Sea species
increases with depth. In the northernmost part of the Bosphorus only 6
species of the Mediterranean origin were found. The main part of population
of dominative O. minuta was attributed to the lower-layer flow where the
mortality did not exceed 8 %, whereas in the upper layers the mortality of this
species reached 42 %.
According to [1] and [2], mass mortality of copepods penetrating into the
Marmara Sea from the Black Sea is connected with low tolerance to sharp
salinity increase in the intermediate layer of the Marmara Sea. High mortality
of warm-water Mediterranean species transferred to the Black Sea with the
Bosphorus deep countercurrent may be due to both low salinity and
temperature of their new environment.

species due to the salinity gradient. J. Black Sea / Mediterranean
Environment, 12: 213-231.
2 - Hubareva E.S., Svetlichny L., Kideys, A.E. and Isinibilir M., 2008. Fate of
the Black Sea Acartia clausi and Acartia tonsa (Copepoda) penetrating into
the Marmara Sea through the Bosphorus. Estuarine, Coastal and Shelf
Science, 76: 131-140.
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NON-DESTRUCTIVE DISTANCE SAMPLING SURVEYS FOR POPULATION DENSITY AND ABUNDANCE
ESTIMATIONS OF BENTHIC FAUNA
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Abstract
Conventional Underwater Visual Census (UVC) methods assume total detection of all individuals in the surveyed areas. However,
when counting small taxa or cryptic species, this assumption is not usually met, leading to the underestimation of species abundance.
Distance Sampling methods that account for the detectability of the animals surveyed have been applied successfully and are hereby
proposed as efficient and unbiased tools for estimating the abundance of benthic species.
Keywords: Conservation, Monitoring, Sampling Methods
For estimations of population density and/or abundance of protected benthic
species or surveys in protected habitats (e.g. seagrass beds, coral reefs), nondestructive methods are preferred than fisheries surveys. The most commonly
used method in shallow waters is strip transect sampling with SCUBA diving.
In strip transects, the observer travels along long narrow strips and records all
animals of interest within the strip. The survey design comprises k randomly
positioned strips or a grid of k systematically spaced strips randomly
superimposed on the study area. Abundance in the study area A is estimated by
where n is the number of detected individuals, Ac is ,the surface area covered by
the survey, and Pc is the fraction of the study area that was covered by the
survey (coverage probability).

cryptic species, this assumption may be violated. In these cases, the imperfect
detectability near the center line has to be properly accounted for. To achieve
that, a mark-recapture distance sampling methodology has been developed [3].

In strip transect sampling, the critical assumption is that all individuals present
in the surveyed areas are detected. However, this assumption cannot be tested
using the survey data, and to ensure that it holds to a good approximation in all
habitats and environmental conditions, it may be necessary to use narrow strips,
which is problematic for scarce species and increases the variance of density
estimators [1]. When designing a strip transect survey, there is no way to
estimate the maximum strip width for certain detection of the target species. If
the assumption that all individuals present in the surveyed areas are detected is
not met, there is underestimation of abundance, which is not uncommon in
underwater surveys especially when counting small taxa or cryptic species [2].
One of the most active areas of biometric and wildlife research is the
development of methods and models to properly account for detection
probability. One such widely used method that properly accounts for detection
probability is distance sampling with line transects [1]. Distance sampling has
been used extensively in terrestrial ecology and for marine mammals, as the
standard method for abundance estimations of many species, but it has only
rarely been used for underwater surveys of benthic fauna. In line transect
sampling, a standardized survey is conducted along a series of lines searching for
the animals of interest. For each animal detected, the distance from the line is
recorded. The probability that any particular individual that is in the covered
region is detected, i.e., the ‘detection probability’, is denoted by Pa. If n animals
were detected in a distance sampling survey, then an estimation of the mean
density and the total number of animals in the study area is given by
and

Fig. 1. Variability of the detection functions of four benthic species as estimated
by surveys conducted with line transects

Under the mark-recapture distance sampling (MRDS) methodology, two
independent observers undertake the counting of animals and the common
detections are treated as recaptures. With this approach, g(0)<1 is estimated
and accounted for in the estimation of Pa. MRDS was applied to estimate
abundance of a seahorse (Hippocampus guttulatus) population in a 34.5
hectares site of northeastern Korinthiakos Gulf, Greece. Twenty-eight line
transects were surveyed under a stratified sampling scheme by two independent
observers. The estimate of average seahorse detection probability, in transects
of 4 m half-width, was 0.41 (Fig.2). Average population density (in individuals
per hectare) was 42.9 (95% CI: 25.8– 71.3) and the estimated abundance in the
study area was 1478 individuals (95% CI: 890–2455).

respectively.

The main task of the analysis of distance sampling data is to estimate the
detection probability Pa by the set of collected distances. This is done by
modeling the detection function g(y), i.e., the probability of detecting an
individual that is at distance y from the line or point. Having estimated g(y), the
detection probability is given by
Fig. 2. Detection function of Hippocampus guttulatus using single and double
observer data

The function g(y) is estimated from the distance data with a semi-parametric
approach, as described in detail by Buckland et al. [1]. Detectability and the
shape of the detection function in an underwater benthic survey may depend on
various factors such as habitat type, water turbidity, weather conditions, sun
position, the ability of the surveyor, the target species and its contrast, sex, or
size. To illustrate how detectability may differ by species, four different species
(the fan mussel Pinna nobilis, the Mediterranean scallop Pecten jacobaeus, the
purple sea urchin Sphaerechinus granularis, and a sea cucumber Holothuria sp.)
were surveyed with line transects in the same site (Lake Vouliagmeni, Greece) in
the summer of 2004. Habitat, water conditions, and the observer were the same
and thus the differences in the detection function may be mainly attributed to
the species characteristics (Fig.1). We should note the key assumption in line
transect sampling which is that all animals that are located on the line are
detected with certainty, i.e., g(0) = 1. In practice, detection on or near the line
should be nearly certain and survey design must consider ways to assure that
this assumption is met [1]. However, when studying the populations of highly
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IDENTIFYING DRIVERS OF ACCELERATING SEAGRASS LOSS IN THE MEDITERRANEAN: CAUSAL
CHAIN AND SCENARIO ANALYSES
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Abstract
The primary causes of loss and degradation of Mediterranean seagrass beds were examined within a Driver Pressure State-Change
Impact Response (DPSIR) framework as part of a larger EU project on European Lifestyles and Marine Ecosystems (ELME). Total
losses were estimated at over 45 000 ha of seagrass over the last 100 years, with rates of change in the Mediterranean higher than
recent global trajectories. Evidence gathered on the causes of loss (of seagrass habitat was used to produce Bayesian belief network
(BBN) models to explore impacts of future changes in socio- economic drivers and policy.
Keywords: Posidonia, Coastal Management, Models
Introduction
Mediterranean seagrass meadows (primarily Posidonia oceanica) play a
crucial role in stabilising sediments, maintaining water quality, protecting
sedimentary shores from erosion and represent important fish production
areas [1]. However, they are often disregarded during economic and social
development, despite a wealth of studies illustrating declines due to
anthropogenic pressures [2], and this trend is accelerating [3]. Including marine
ecosystems components in policies for sustainable development requires a
better understanding on the causal connections between human pressures (and
their socio-economic drivers) and the changing state of the systems. This is
particularly important at a time when the European Community is expanding,
re-examining its agricultural and chemical policies, reforming its fisheries
policy and exploring new ways to protect marine systems using an
ecosystem-based approach (Marine Strategy Framework Directive). Here we
assesses the causes of historical seagrass habitat loss in the Mediterranean and
the evidence gathered is used to produce Bayesian belief network (BBN)
models to explore the impact of plausible alternative human development
scenarios on seagrass habitats.

examine levels of seagrass loss and degradation under different combinations of
pressures observed under different scenarios. Alarmingly under the baseline
scenario (and assuming that there is full compliance to policy) the decline of
Posidonia continues, despite improvements in urban wastewater treatment
and a decline in the trawling and dredge fleet, mainly due to increases in finfish
aquaculture and coastal urbanisation (affecting turbidity and organic matter
enrichment). Continuing upward trends in livestock production and fertiliser
carry on loading coastal systems with nutrients indirectly affecting the light
received by Posidonia. Of the alternative scenarios only local responsibility
leads to an improvement in Posidonia state, due to a steep decline in
destructive fishing practices and a decrease in the drivers of nutrient
enrichment and turbidity. National enterprise has devastating effects on the
Posidonia with all of the major causes of seagrass loss and degradation
showing an increasing trend or stabilising at current levels but not declining.
The outputs of this study, in terms of transdisciplinary scenario models, are
intended to provide scientific support for the implementation of the
ecosystem approach in Europe.

Methods
The study presented here summarises the information on loss (dates, amount
and causes) of seagrass habitat in the Mediterranean over the last 100 years.
Data gathering was carried out via three main methods; searching published
material, an online questionnaire and via direct contact with key organisations
and experts. Results of metadata analyses were used to construct a BBN
model of the Driver, Pressure and State-change pathways (using probability
density functions derived from data to describe causal relationships between
variables). The model was trialled under different scenario outcomes based on
plausible future development patterns, policy options and likely social
changes at European Community level. The scenarios employed in this study
were designed to provide a general overview of alternative states of the world
to highlight the differences that result from divergent pathways of socioeconomic development [4]. A baseline scenario projecting future trends based
on the current situation was contrasted with four Alternative Scenarios,
defined at the extremes of two dimensions: governance and values. Each
scenario comprises a description of the underlying values and policies that
define it, and their broad socio-economic implications [5]. From these
characterisations, narrative description of changes in basic socio-economic
variables and activity in Driver sectors were developed for each scenario and
translated into a simple categorical representation to indicate the direction of
change in each of the Driver sectors, which were used to condition the BBN
(full description see [6]).

Fig. 1. Fully parameterised Bayesian Belief Network Model for Posidonia
oceanica loss and degradation in the Mediterranean
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Results and Discussion
We estimated total losses of over 45 000 ha of seagrass over the last 100
years, and identified rates seagrass loss for the Mediterranean which accede
recent global trajectories. The causes of loss of seagrass habitat and the
activities driving these pressures show patterns over time. The most
numerically dominant activity causing past losses throughout the
Mediterranean was input of urban sewage. However, there are indications that
this activity pressure has been decreasing in frequency since the 1970s,
perhaps due to improved wastewater treatment. The second most frequently
observed pressure is from the fishing sector. There has been a gradually
increasing trend in the loss of seagrass due to trawling, despite bans in the
vicinity of seagrass beds in many parts of the Mediterranean. Other activities
that are of growing concern are aquaculture (fish cages), tourism and shipping
(anchoring, port construction). The BBN model (see Figure 1) was used to
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INTERACTION DES TORTUES MARINES AVEC LES ENGINS DE PÊCHE DANS LE GOLFE DE GABÈS
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Abstract
Le chalutage benthique, les palangriers (de fond et de surface) et les filets maillants engendrent des captures accidentelles de la tortue
marine Caretta caretta dans le golfe de Gabès. Les taux de captures sont relativement importants induisant une mortalité souvent
élevée. La mortalité induite par les filets maillants ciblant les requins est de loin la plus élevée.
Keywords: Mortality, Gulf Of Gabes, Turtles
Introduction
Les populations de tortues marines sont menacées d’extinction dans les
différentes régions du monde. L’activité de pêche est considérée parmi les
problèmes les plus menaçants et les plus urgents à résoudre pour assurer leur
survie. Dans le golfe de Gabès, les tortues marines entrent en interaction avec la
plupart des engins de pêche. Cette région, zone de pêche numéro 1 en Tunisie,
est considérée par ailleurs comme une aire d’alimentation et d’hivernage des
tortues marines en Méditerranée [1]. Ayant pour objectif la conservation, nous
estimons dans ce travail les taux de capture et de mortalité des tortues marine
par le chalut benthique, les palangriers de surface et de fond et les filets maillants
côtiers opérant dans cette région.

l’essai d’hameçons circulaires, la manipulation adéquate à bord des tortues et la
pêche plus au large, contribueraient à résoudre, en partie, le problème de ces
interactions.
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Matériel et méthodes
Dans cette étude du golfe de Gabès, qui abrite environ 50% de la flottille de
pêche du pays, nous avons réalisé 198 sorties en mer (73 avec des chalutiers, 80
avec des palangriers et 45 avec des embarcations côtières). Des observateurs à
bord ont relevé les données suivantes : caractéristiques des engins de pêche,
dates et heures, position géographique des opérations de pêche et des
observations de tortues, espèce, Longueur Carapace Courbe (LCC), état
physique de la tortue (vivante, morte, en coma). Les données sur les efforts de
pêche déployés dans la région, fournies par l’administration des pêches, ont
permis l’extrapolation des estimations des taux de capture et de mortalité des
tortues à toute la flottille.
Résultats et discussion
Toutes les tortues marines, capturées accidentellement au cours de ce travail,
étaient des caouannes Caretta caretta. Il s’agit, en effet, de l’espèce la plus
abondante et qui nidifie sur certaines plages du pays. Les captures sont plus
importantes dans les faibles profondeurs (en deçà de 50 m). Les tortues
capturées sont essentiellement des juvéniles (LCC<70 cm). Les tailles moyennes
des tortues capturées à la palangre de surface et au chalut benthique sont plus
importantes que celles des tortues capturées à la palangre de fond (58,5 cm et
57,46 cm contre 48,7 cm). Le tableau 1 illustre les estimations des taux de
captures et des mortalités directes (tortues trouvées mortes durant les
opérations de pêche) pour les différents engins étudiés.

Fig. 1. Taux de capture et de mortalité des tortues marines par les différents
engins de pêche étudiés

Les taux de captures enregistrés sont relativement élevés et parmi les plus
importants enregistrés en Méditerranée [2]. La mortalité est faible avec les
chalutiers et les palangriers mais très élevée pour les filets maillants.
Conclusion
Les interactions de la caouanne avec l’activité de pêche dans le golfe de Gabès
sont importantes. Cette espèce y est en effet relativement abondante et l’activité
pêche y est également intense. L’atténuation du ''by-catch'' s’avère donc urgent
dans cette région. La sensibilisation des pêcheurs, l’utilisation des ''dehookers,''

550
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

RÉGIME ALIMENTAIRE DU POCHETEAU NOIR, DIPTURUS OXYRINCHUS, DANS LE GOLFE DE GABES
(TUNISIE)
H. Kadri 1*, S. Marouani 1, B. Saidi 1, A. Bouain 2 and M. N. Bradai 1
1 Institut National des Sciences et Technologies de la Mer, 802 – 3018 Sfax, Tunisie - hasnakadri@yahoo.fr
2 Faculté des Sciences de Sfax. 802-3018, Tunisie
Abstract
Le régime alimentaire de Dipturus oxyrinchus a été étudié à partir des contenus stomacaux de 520 individus capturés dans le golfe
de Gabès. Cette espèce se nourrit principalement de poissons téléostéens et de crustacés. D’autres invertébrés constituent toutefois
des proies accessoires. Des variations dans le régime alimentaire ont été observées et sont liées à la taille et au sexe des individus.
Keywords: Food Webs, Elasmobranchii, Gulf Of Gabes
Introduction
Dipturus oxyrinchus est une espèce atlanto-méditerranéenne quasi-menacée en
M éditerranée [1]. Aucune étude sur la biologie de cette raie n’a été fournie dans
cette zone. Dans ce travail, nous contribuons à la connaissance du régime
alimentaire de D. oxyrinchus dans le golfe de Gabès, selon des aspects
quantitatif et qualitatif par l’analyse du coefficient de vacuité et de certains
indices alimentaires.

Tab. 1. Valeurs des différents indices alimentaires chez Dipturus oxyrinchus
dans le golfe de Gabès

Matériel et méthodes
Les contenus stomacaux de 520 individus (LT: 25 - 105 cm), capturés dans le
golfe de Gabès entre septembre 2006 et juin 2008 ont été examinés. Pour chaque
individu le sexe, la LT (cm) et l’état de réplétion (estomac vide ou plein) sont
notés et les proies des estomacs pleins sont identifiées, dénombrées et pesées au
0.1 g prés. Le coefficient de vacuité (Cv%) a été analysé en fonction de la taille
et des mois. L’aspect quantitatif du régime alimentaire a été décrit, l’indice de
l’importance relative (IRI%) combinant les pourcentages d’occurrence (F%),
numérique (N%) et pondérale (M%) a été déterminé pour évaluer l’importance
relative des différents items alimentaires identifiés [2].
Résultats et Discussions
520 estomacs de D. Oxyrinchus ont été examinés. 87 estomacs étaient vides,
soit un coefficient de vacuité de 16.7% indiquant la voracité de l’espèce. La
période préférentielle d’alimentation se situe en automne et en hiver (Fig. 1). Ce
coefficient ne varie pas significativement avec le sexe (P: 0.05), par contre il a
une variation significative avec les tailles des individus (P: 0.05) ; ceci est
probablement lié aux changements des besoins énergétiques et à la mise en place
d’une stratégie de prédation plus élaborée chez les individus de grande taille. Le
bol alimentaire (Tab. 1) montre que D. oxyrinchus a un large spectre alimentaire
et un comportement de prédation aussi bien pélagique que benthique.
L’importance pondérale ainsi que la fréquence des proies sont en faveur des
Téléostéens. Numériquement, les crevettes sont les plus nombreuses alors que
les taxons restant sont faiblement représentés. Les variations numériques et
pondérales observées indiquent le caractère opportuniste du prédateur. Nos
résultats corroborent avec ceux d’autres auteurs [3] qui soulignent que le régime
alimentaire de D. oxyrinchus est surtout constitué de crustacés, téléostéens et
des céphalopodes.
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Fig. 1. Periode d'alimentation de la raie.
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Abstract
Temporal and spatial variation in density, biomass and size of littoral fish associated with Posidonia oceanica meadows were studied
throughout an annual cycle. Approximately 109350 littoral fish were collected, belonging to 34 families and 88 species. Highest values
of density were observed during August due to high densities of juveniles. Four functional guilds were created in order to describe the
habitat use for each species encountered including juvenile migrants, seagrass residents, seasonal migrants and occasional visitors.
Among the species encountered, eleven were found to be non-indigenous.
Keywords: Fishes, Posidonia, Aegean Sea, Levantine Basin, Biodiversity
Introduction
The ecological importance of Posidonia oceanica meadows, for the littoral
zone of the Mediterranean, is from various aspects well sustained. P. oceanica
meadows are highly productive and diverse communities and considered the
high spot of soft bottom substrata [1]. They promote sediment stability [1],
and their high complexity provides a habitat for food, shelter and nursery for
several fish populations [4, 6]. This is the first study with the aim to
quantitatively assess the fish assemblage associated with Posidonia oceanica
meadows in eastern Mediterranean. We investigated the temporal and spatial
dynamic, assemblage structure and functional guilds of the fish fauna. In
addition, the role of newly and former non-indigenous species of Indo-Pacific
origin was studied in this habitat.

Tab. 1. Ranking of the 10 dominant species in terms of total biomass and
density on P. oceanica meadows. Family, origin and ecological guild are
indicated. * denotes species of commercial value

Materials and Methods
In order to study temporal and spatial variations in fish assemblages, day
samples were taken at five shallow (5-35 m) locations around the coasts of
Rhodes Island with boat seining on four occasions over the year 2008:
February (winter), May (spring), August (summer) and December
(autumn). Fish species density, biomass and average size was seasonally
recorded during an annual cycle and used to create functional groups. The
functional guilds defined in this study consisted of similar to those described
by Elliot and Dewailly [3], although modified depending on own data and
observations. The definitions we use here are: SR – Truly seagrass residents,
species which are stationary on Posidonia oceanica meadows and are highly
dependent on them; JM – juvenile migrants, species which use seagrasses
primarily as a nursery ground, but often returns as adults for spawning or
feeding; SM – seasonal migrants, species which have seasonal visits
to seagrasses, usually as adults for spawning or feeding and OV – occasional
visitors, species that appear irregularly on seagrasses but have no apparent
seagrass requirements.

Discussion
Seagrass resident species were widely represented within the dominant
families of the fish assemblage (e.g. Centracanthidae, Labridae, Mullidae,
Sphyraenidae and Syngnathidae). All juvenile migrants were found to use
seagrass meadows during samplings in August and usually occurred in high
densities. Spring was found to be the main season in seagrass for Chromis
chromis and Thalassoma pavo, and due to their occurrence only as
reproductive adults, they were classified as seasonal migrants.

Results
Our study showed that Posidonia oceanica meadows from eastern
Mediterranean sustain a diverse fish community including 88 species within
34 families a number that accounts for 19% of the total number of species
inhabiting eastern Mediterranean [7, 5). Density showed significant seasonal
seasonal differences (p<0.01) which was as revealed from Tukey's HSD
attributed to significant higher values during summer compared to all other
seasons (p<0.01). Mean fish density showed approximately three times
higher values in summer compared to any other season, while species richness
showed slightly higher average values in spring and summer. Native
planktivorous school forming species (e.g. B. boops, S. smaris, S. maena, C.
chromis), were dominant in terms of abundance. Labridae and Sparidae
families were found to be the two most diverse fish families, which is in
accordance to previous studies from western Mediterranean [1, 2, 4]. The fish
assemblage consisted of 24 seagrass resident, 17 juvenile migrants, two
seasonal migrants and 45 occasional visitor species.Several species within
seagrass resident guild were of commercial value (e.g. Spicara smaris, Spicara
maena) and showed high contribution to total abundance (Table 1). Several
species in the juvenile migrant guild were of commercial importance (Table 1).
Most of the species within the diverse and dominating family Sparidae, were
classified as juvenile migrants, indicating a habitat use mainly during their early
life stages.
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FOOD AND FEEDING HABITS OF NINE ELASMOBRANCH SPECIES IN THE N AEGEAN SEA
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Abstract
We present diet composition for nine elasmobranch species the N Aegean Sea. These species fed mainly on Crustacea, Cephalopoda
and fishes, and to a lesser extent on Polychaeta. Based on their feeding habits, they form two distinct groups: one including species
with streamline body shape and Raja miraletus and the other one all the remaining dorso-ventral flattened species.
Keywords: Elasmobranchii, Diet, Aegean Sea
Introduction
In this study we present the feeding habits of nine elasmobranch species from
the N Aegean Sea. Out of those nine species information from the Aegean Sea
exist only for four species (i.e. Dasyatis pastinaca [1]; Raja clavata [2]; Raja
radula [3]; and Scyliorhinus canicula [2]). These data are useful for studying the
Mediterranean marine food webs and developing local ecosystem models.

organisms with low swimming ability. The fact that R. miraletus was included in
the first group could be attributed to the large proportions of Cephalopoda in its
diet, combined with the small number of individuals examined.

Materials and Methods
Seasonal samples (spring 2001-winter 2006) were collected, using commercial
fishing vessels (for a detailed account on samplings see [4]). Diet data were
analysed with multivariate analyses ([5]) in order to identify groups of species
with similar diets. Additionally, SIMPER analysis [5] was employed to identify
food items responsible for group formation.
Results and Discussion
Overall, the stomach content of 172 individuals, belonging to 9 different
elasmobranch species were examined (Table 1). The small number of individuals
is attributed to the fact that many of these species are rare in the study area, or
were caught in low abundances with the fishing gears used. Dalatias licha,
Galeus melastomus and Scyliorhinus canicula fed mainly on Cephalopoda (97.3,
93.6 and 50.2%, respectively), T. marmorata on fish (99.3%), whereas all the
remaining species preyed mainly on Crustacea (Dasyatis pastinaca: 74.6;
Dipturus oxyrhinchus: 100.0; Raja clavata: 63.7; Raja miraletus: 68.7; and Raja
radula: 53.3%) (Table 1). The diets of the species in the present study were
similar to those reported from other areas ([1], [2], [3], [6]), except for D.
oxyrinchus. The latter preys mainly upon fish [6], whereas in the present study
we only caught one individual which fed on Natantia (Table 1).
Tab. 1. Food items and their contribution (expressed as % wet weight) for nine
elasmobranchs in the N-NW Aegean Sea, Greece, spring 2001- winter 2006.
N=number of individuals; TL=total body length; VC=vacuity coefficient

Fig. 1. Cluster analysis for seven flatfishes, based on their feeding habits, from
the ΝW Aegean Sea, Greece, spring 2001- winter 2006. Fish drawings from
FishBase (www.fishbase.org; [6])

The trophic level estimates of these species, based on the feeding habits
presented here, are given elsewhere [4]. They ranged from 3.46±0.53, for D.
pastinaca, to 4.50±0.41, for G. melastomus. Seven of these species had trophic
levels >3.7, a fact that classifies them as carnivores [7], thus playing an
important role in the trophic structure of marine ecosystems (see also e.g. [8],
[9]).
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Multivariate analysis showed the formation of two distinct groups (cluster
analysis: 11.56% similarity; multi-dimensional scaling: stress <0.01, figure not
shown) (Fig. 1): one included Charcharhiniformes, Squaliformes and R. miraletus
(average similarity=50.55%) and the other one the Torpediniformes and all the
remaining Rajiformes (average similarity=34.23%). According to SIMPER, the
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first group was Cephalopoda (average contribution=94.95%). Cephalopoda
were almost absent from the diet of the second group, in which the main prey
items were Natantia (average contribution=59.44%) and not identified fish
(average contribution=33.19%). Presumably, the consumption of such food
items, with different morphological and ecological characteristics, requires
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large gape) that differ among the species of the two groups. Indeed, the
streamlined body shape of the majority of species included in the first group
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undulation [6] allowing them to lay on the sandy bottoms and prey upon
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AGE ESTIMATION OF ALBACORE (THUNNUS ALALUNGA) CAUGHT BY PURSE SEINE IN TURKISH
WATERS BASED ON DORSAL SPINE READING
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Abstract
Lengths of 151 albacore (Thunnus alalunga) were measured from 1999 to 2004 in the northern Levantine and Aegean Sea. Fork
lengths ranged between 65.0 and 91.5 cm. Age and growth were estimated from seasonally formed bands on the first dorsal spines of
95 specimens. The parameter estimates for the combined sexes were L∞=100.74 cm, k=0.167 years-1 and to =-4.878 years. Growth
performance index Φ' was 7.435 of all individuals studied. The maximum age was 8 years.
Keywords: Fishes, Pelagic, Growth, Eastern Mediterranean
Introduction
Albacore (Thunnus alalunga) is a highly migratory species, found in both
subtropical and temperate waters of the three oceans, including the
Mediterranean Sea. This species, which has been caught as a by-catch species
from bluefin tuna fishery in the Turkish waters, has increasingly been caught
by gillnets as the target species in recent years [1]. The catch quantity of
albacore has increased remarkably from 73 t in 2006 to 852 t in 2007 [2]. The
objective of our study was to estimate albacore age and growth in Turkish
waters from growth rings on sections of the first dorsal spine.

cm).
Tab. 1. A) Observed minimum, maximum and mean length at age for albacore
collected in Turkish waters. B) Von Bertalanffy growth parameters and
growth performance indexes (Φ') for albacore from different regions

Material and Methods
A total of 151 samples were collected during the 1999-2004 from catches by
Turkish fishing fleets operating in the northern Levantine and Aegean Seas in
bluefin tuna purse seine fisheries. Fishing area depth was 200-2400 m. The
first spine of the first dorsal fin was removed from each specimen and fork
length (FL), date and area of capture were recorded.
Mean length at age data were used to estimate the growth parameters of the
von Bertalanffy growth function Lt = L∞ [1-e-K(t-to)], where Lt is the total
length of fish at time t; K is a growth constant; L∞ is the asymptotic length;
and to the theoretical age at length 0. Growth performance indexes (Φ'=lnk + 2
ln L∞ ) were calculated to compare results obtained in this study with results
published elsewhere [3].
The absence of 0- and 1-years-old individuals in the purse seine fisheries of
the Turkish waters may be associated with the habitat and behaviour of these
young fish. 5- and 6-year-old fish were the most abundant in the purse seine
fisheries. However, 2 and 3 years old individuals are more dominant for the
long-line fisheries in the Aegean Sea [6]. This situation may be attributed to
the selectivity of the fishing gear.

Results and Discussion
Fork length of all individuals collected ranged from 65.0 to 91.5 cm FL
(average value 80.23 ± 0.53 cm). Dominant length class in the total sample
was 80-84 cm (Fig.1).
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Fig. 1. The fork length distribution of albacore caught in Turkish waters

Age determination and back-calculation analysis was determined from 95 fish
of 65.0 to 91.5 cm FL. The age range was between 2 and 8 years. 5- and 6year-old fish were the most abundant in the samples from the albacore
population studied (Tab.1A). The estimated von Bertalanffy growth
parameters for sexes combined were L∞=100.74 cm, k=0.167 years-1 and to=4.878 years.
Growth performance index Φ' was 7.435 for all individuals. The comparison of
growth parameters and growth performance indexes estimated in the present
study and those obtained in previous studies are shown in Tab.1B. The mean
growth performance index was significantly lower (P<0.05) for the
Mediterranean than for Atlantic populations. Compared to Mediterranean
sample, north Atlantic populations showed a higher fitted L∞ (134.4 -140.1
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Abstract
A small collection containing ten species of opisthobranch gastropods reported here from the Levantine coast of Turkey. Of these
species Facelina annulicornis and Pruvotfolia pselliotes are new records for the Levantine Sea.
Keywords: Gastropods, Mollusca, Levantine Basin
The knowledge of opisthobranch fauna of the Levantine Sea is very
incomplete and needs to be improved when compared to the other parts of the
Mediterranean. Although, some contemporary studies from Turkish coast
[e.g. 1,2] have provided important insights into the Opisthobranch fauna of
the region, most of the current knowledge is based upon some old studies from
Turkish and Israeli coasts [e.g. 3,4].
The specimens reported here were obtained during a faunistic survey
conducted on the coasts of Samandag and Yayladagi (Levantine coast of
Turkey, close to the Turkish-Syrian border) between October 2008 and May
2009. Collection of the specimens was carried out by SCUBA diving. All
specimens were photographed alive, were preserved in 70% ethanol and are
stored in the Istanbul University Science Faculty Hydrobiology Museum,
Turkey. Of the ten opisthobranch species identified Facelina annulicornis and
Pruvotfolia pselliotes are new records for the Levantine Sea.
Collection
Aplysia parvula Guilding in Morch, 1863
Material examined: Yayladagi, 35°57'05"N, 35°55'10"E, under stone, depth 9
m, 02.V.2009, 1 specimen
Previous records from Levantine Sea: Turkey, Gulf of Fethiye [1], Gulf of
Antalya [2]; Israel [4]
Aplysia depilans Gmelin, 1791
Material examined: Yayladagi, 35°57'05"N, 35°55'10"E, under stone, depth 4
m, 02.V.2009, 1 specimen; 35°58'59"N, 35°57'22"E, under stone, depth 6 m,
03.V.2009, 1 specimen
Previous records from Levantine Sea: Turkey, Mersin [3], Tasucu [5], Kas
and Gulf of Antalya [2]
Pleurobranchus testudinarius Cantraine, 1835
Material examined: Yayladagi, 35°58'59"N, 35°57'22"E, on sand, under stone,
depth 6 m, 03.V.2009, 1 specimen
Previous records from Levantine Sea: Turkey, Kas [2], Gulf of Antalya [1,2];
Israel [4]
Hypselodoris picta (Schultz, 1836)
Material examined: Yayladagi, 35°57'05"N, 35°55'10"E, rocky, depth 7 m,
02.V.2009, 1 specimen
Previous records from Levantine Sea: Turkey, Kas [1], Gulf of Antalya [1,2];
Israel [4]
Hypselodoris infucata (Ruppell & Leuckart, 1830)
Material examined: Yayladagi, 35°57'05"N, 35°55'10"E, under stone, depth 35 m, 02.V.2009, 3 specimens
Previous records from Levantine Sea: Turkey, Gulf of Iskenderun [6], Gulf of
Fethiye [7]; Israel [8]
Flabellina rubrolineata (O'Donoghue, 1929)
Material examined: Samandag, 36°10'23"N, 35°52'43"E, rocky, depth 12 m,
25.X.2008, 1 specimen
Previous records from Levantine Sea: Turkey, Kas [2,7], Gulf of Antalya
[2,7,9]; Israel [10]
Dondice banyulensis Portmann & Sandmeier, 1960
Material examined: Yayladagi, 35°58'59"N, 35°57'22"E, rocky, depth 16 m,
03.V.2009, 1 specimen
Previous records from Levantine Sea: Turkey, Mediterranean coast [9], Kas
and Gulf of Antalya [1,2]
Spurilla neapolitana (Delle Chiaje, 1823)
Material examined: Yayladagi, 36°00’34’’N, 35°58’48’’E, rocky, depth 3 m,
03.V.2009, 1 specimen
Previous records from Levantine Sea: Turkey, Kas [2], Gulf of Antalya [3]
Facelina annulicornis (Chamisso & Eysenhardt, 1821)
Material examined: Yayladagi, 36°00’34’’N, 35°58’48’’E, rocky, depth 3 m,
03.V.2009, 1 specimen
Remarks: This species recorded for the first time from the Levantine Sea. The

closest records are from Bodrum (Turkish Aegean coast) and Istanbul (Sea of
Marmara) [2].
Pruvotfolia pselliotes (Labbe, 1923)
Material examined: Yayladagi, 35°58'59"N, 35°57'22"E, under stone, depth 6
m, 03.V.2009, 1 specimen
Remarks: This species recorded for the first time from the Levantine Sea. The
closest record is from Istanbul (Sea of Marmara) [2].
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1846) AT MONTENEGRIN SHELF (SOUTH ADRIATIC)
Olivera Kasalica 1* and Slobodan Regner 2
1 Institute of Marine Biology, P.O.Box 69, 85 330 Kotor, Montenegro - okasalica@yahoo.com
2 Institute for Marine Biology, Kneza Viseslava 1, 11 030 Belgrade, Serbia
Abstract
The deep-weater pink shrimp Parapenaeus longirostris (Lucas, 1846) presents an economically significant species in Montenegrin
trawling fishery. The objectives of this work were to investigate population dynamics. Population of this species on the shelf of
Montenegrin coast is not threatened by high rate of trawler fishing.
Keywords: Adriatic Sea, Continental Shelf, Decapoda, Population Dynamics
Introduction
Parapenaeus longirostris (Lucas, 1846) is a decapod species that is widely
distributed on the Montenegrin shelf, and since late 1990-ties it is an object of
especially big commercial importance. As for the Montenegrin coast there
were no data that could be used to follow up the population dynamics of this
species’, the task was to study the population structure in this area for the
first time, to determine the main population parameters (length-weight
relationships, growth parameters, mortality rates), estimate of biomass
(relative and absolute) as well as maximal biological sustainable yield (MSY).

5 - Beverton, R.J.H. and S.J. Holt., 1966. Manual of methods for fish stock
assessment. Part 2. Tables of yield functions. FAO Fish. Tech. Rap., 38
(Rev.1): 67p.
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Materials and Methods
The material was collected by commercial trawlers in period March 2003 June 2004, at depths of 20 - 120 m, including one quarter of the total area of
shelf. Data include catch from 13 trawling hauls, duration of which was from
1.17 to 4 hours. The weight of the total catch and the weight of deep-water
pink shrimp catch was measured on the ships, while statistical analysis was
performed in Institute of Marine biology in Kotor. The parameters of the
length - weight relationship were determined. The growth parameters were
obtained using the Von Bertalanffy growth equation and the Bhattacharya
method [1] using FISAT computer program [2]. Two methods were used for
the estimation of total mortality (Z): length converted catch curve method [3]
and method which is based on the relationship between Z and the mean total
length [4]. Natural mortality M was estimated using Pauly's formula [3].
Fishing mortality F was calculated as: F = Z - M and exploitation rate E as: E
= F / Z. Yield per recruit was estimated using the Beverton-Holt model [5].
For estimating MSY we used Cadima's formula (MSY = 0.5 * Z * B) [6].
Beddington and Cooke [7] concluded that formula generally overestimates
MSY 2 to 3 times, so we used 0.2 instead 0.5. to get better estimate of MSY.
Results and Discussion
Values of powers of length-weight relationships is b = 2.37 for the total
sample, b = 2.41 for males and b = 2.33 for females; while values for total
length (TL) are b = 2.9 for total sample, b = 2.84 for males and b = 2.89 for
females. The estimated growth parameters are L∞ = 47 mm and K = 0.7 for
carapace length (CL), while for total length (TL) L∞ = 146 mm and K = 0.9.
The calculated mean value of rate of total immediate mortality (Z) is 3.48,
while mean value of rate of natural mortality (M) is 1.5. Value of the fishing
mortality is 1.98. The estimated mean value of relative biomass (Br) is 69.3
kg/km2, while the total relative biomass of whole studied area is 67.6 tons.
The calculated total relative biomass and coefficient of vulnerability q =
0.6455 were used to estimate the absolute biomass, which yields (Ba) 112.63
tons, while MSY of the studied area is 78.39 tons per year. As the value of
maximal allowed exploitation rate is Emax = 0.564, and the real exploitation
rate is E = 0.3, we may conclude that the population of Parapenaeus
longirostris on the Montenegrin shelf is not yet threatened by the present
fishing effort of the trawl fishery.
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IMPACT OF MARINE LITTER ON SEA LIFE: A REVIEW
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Abstract
Marine litter (i.e., any manufactured or processed solid material that enters the marine environment) is a greatly underestimated
component of marine pollution. Herein the impact of marine litter on sea life is reviewed. The entanglement of marine species,
especially marine mammals, seabirds, turtles, fish, and crustaceans has been frequently described as a serious mortality factor. Marine
species may ingest litter items, which has many harmful effects on their physical condition and survival. Other impacts include toxic
contaminants entering food webs, assistance of the invasion of alien species, altering the structure of benthic biocommunities, and
damage to coral reefs and coral facies.
Keywords: Plastics, Pollution, Mortality
Marine litter (or marine debris) is any persistent, manufactured or processed
solid material discarded, disposed of or abandoned in the marine and coastal
environment from any source [1]. Although there are various types of litter,
plastics (synthetic organic polymers) make up most of the marine debris
worldwide. Most marine litter originates from land-based activities, and the
main sources include storm water discharges, municipal landfills located near
the coast, riverine transport of waste from landfills and other sources,
discharges of untreated municipal sewage, unregulated disposal of litter due to
absence of waste services or landfills, tourism, all types of vessels, offshore oil
and gas platforms, and aquaculture installations. Litter densities that reach
many thousands or even millions of items per hectare have been reported on
the seafloor or along beaches [2]. Mediterranean is among the areas with the
highest reported marine litter densities [2].
A direct threat to marine life is entanglement in loops or openings of floating
or sunk marine litter. The most problematic marine litter for entanglement
appears to be lost or discarded fishing gear, six-pack plastic rings, and packing
strapping bands. Entangled animals may get killed by drowning, suffocation, or
strangulation. Even if they manage to survive, entangled animals may suffer
restricted efficiency of movement and swimming, and thus an impaired ability
to catch food and avoid predators, whilst their demand for food may increase
significantly due to elevated energetic costs [3]. Entanglement could cause
lacerations and infections from the abrasive or cutting action of attached litter.
In addition, entangled animals may exhibit altered behavior patterns that place
them at a survival disadvantage [4].
The entanglement of marine species in marine litter, especially marine
mammals, seabirds, turtles, fish, and crustaceans, has been frequently described
as a serious mortality factor. Derelict or discarded fishing gear may continue to
fish for years, a process that has been termed ‘ghost’ fishing. Many marine
species interact with marine litter as a result of their normal behavior patterns
and suffer by high rates of entanglement. Entanglement in marine litter has been
reported for at least 20 pinniped species, i.e. 61% of existing species
worldwide, at least 14 cetaceans: six species of baleen whales and eight species
of toothed whales, and all seven species of marine turtles (Table 1).
The impact of entanglement in marine litter on marine populations is difficult
to quantify as unknown number of marine animals die at sea and decompose
without being recorded. Animals that become entangled and die may quickly
sink or be consumed by predators at sea, eliminating them from potential
detection. Some endangered species may be very rare and their detection quite
difficult, so that entanglement incidents to marine litter are scarce and almost
impossible to detect even with intense sampling efforts. Hence, the estimated
mortality rates and the effects on the population dynamics of many affected
species are probably underestimated [2].
Many marine species such as marine mammals, seabirds, marine turtles, and
fish have been reported to ingest marine litter, especially plastics. Ingestion of
marine litter may occur either because of misidentification of litter as natural
prey or accidentally during feeding and normal behavior. The most serious
effects of ingested litter are the blockage of the digestive tract and internal
injuries by sharp objects, which may be a cause of mortality. Other harmful
effects include blockage of gastric enzyme ingestion, diminished feeding
stimulus, nutrient dilution, reduced growth rates, lowered steroid hormone
levels, delayed ovulation and reproductive failure, and absorption of toxins [5].
At least 32 species of cetaceans (43% of existing species worldwide) and all
species of marine turtles have been reported to ingest marine litter (Table 1).
All Mediterranean marine mammals and marine turtles have been reported to
either ingest or get entangled in marine debris, i.e. the Mediterranean monk seal
(entanglement), all three marine turtles, and all 14 cetaceans that either have
permanent populations or are occasionaly observed in the Mediterranean
(entanglement: 8/14; ingestion: 13/14).

Plastics may release toxic chemicals when ingested because of the chemical
additives they contain. Several additives like nonylphenols, polybrominated
diphenyl ethers, phtalates, and bisphenol A are used as plasticizers or are
added to plastic during production to give it desirable properties. Furthermore,
plastics have the potential to absorb hydrophobic pollutants like PCBs and
DDT from seawater. There is great concern about the possible transfer of these
toxic pollutants to marine organisms due to plastic ingestion [5], [6].
Other known impacts of marine litter include altering the structure of benthic
communities [7], causing damage to coral reefs and coral facies [8], and
assisting invasions of alien species [9].
Tab. 1. Species of marine mammals and turtles with records of entanglement
(EN) or ingestion (IN) of marine litter. Species with permanent populations or
occasionally observed in the Mediterranean are marked with an asterisk
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Abstract
The aim of this study was the detection of DNA damage and repair efficiency, in hepatocytes of sea bream (Sparusaurata), under
copper (Cu++) and zinc (Zn++) experimental exposure. The results illustrated a different cellular behaviour between metals’ exposure,
implying variant response mechanisms to stress. Moreover, the contribution of repair processes in DNA fragmentation of hepatocytes
is discussed.
Keywords: Aquaculture, Ecotoxicology, Metals, Pollution, Trace Elements
Introduction
Zinc and copper are natural elements occurring in aquatic ecosystems. On
trace amounts within a narrow optimal concentration range, they are essential
to living organisms. However, metal concentrations can become toxic to
hydrobionts due to anthropogenic load on hydrosphere. Both zinc and
copper are common metal cofactors conducting an important role in a plethora
of fundamental biological processes [1] especially in the metabolic pathway.
The scope of the present work was to study sublethal metal genotoxicity in
gilthead sea bream (Sparus aurata) hepatocytes. The selected concentrations
were directly comparable to marine pollution levels.

activate detoxification mechanisms. Adversely, zinc
seems to inhibit their DNA repair activity.

Materials and Methods
Three hundred and twenty specimens of gilthead sea bream, Sparus aurata,
(70±10g) were provided from a local breeding farm in northern Evoikos Gulf.
They were acclimatized for one month at the University facilities in 500L
tanks. Different replicates of fish were exposed to 0.1 and 0.5ppm of
CuSO45H2O and 0.2 and 1.0ppm of ZnCl2 for 24 and 96 hours. Livers were
dissected from three specimens per treatment. Hepatocytes’ isolation
protocol was conducted according to [2]. Cell counting was carried out using a
Neubauer haemocytometer and their viability was determined with eosin
staining. Cell suspensions were divided into two aliquots, referring for the
direct damage assessment (first assay) and the estimation of repair efficiency
(second assay). DNA fragmentation was assessed using a slightly modified
protocol of the alkaline comet assay [3]. In order to estimate the involvement
of repair mechanisms in DNA fragmentation, 1ml of isolated hepatocytes was
placed in a 5ml culture medium and was incubated for 2h in room temperature
(metal-free treatment). Two microscope slides per specimen and 100 cells per
slide were analyzed for both assays. Comet-shape structure was examined
using a fluorescent microscope and was scored with the open-source image
analysis package CASP [4].DNA damage was evaluated by computing the tail
moment (TM) parameter [5]. Kruskal-Wallis tests were adopted for the
statistical analysis [6].

Fig. 1. Median TM values for all treatments. Significancies among bars are
noted with different letters (P<0.05)
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Results and Discussion
TM parameters are presented in Fig. 1. Significant DNA fragmentation was
detected on specimens exposed to both zinc and copper, compared with the
control ones. Incubated hepatocytes in the metal free medium showed higher
DNA fragmentation compared to those directly assayed. This significant
difference in the TM values denotes an increased repair activity leading to
substitution of the damaged DNA segments [7]. DNA fragmentation of
specimens exposed to copper for either 24 or 96h revealed a significant
increase in the higher concentration in both assays. Regarding the incubation in
the metal-free medium, specimens’ exposure to low copper concentration was
non-significant in comparison with the control ones. The fact that a time
response to copper exposure was detected only in the second assay could be
explained by a delayed activation of the detoxification mechanisms [8]. On the
other hand, specimens exposed to the high zinc concentration presented
maximum DNA fragmentation in either 24 or 96h, indicating elevated
genotoxicity. Furthermore, a significant time response to zinc exposure,
similar to copper exposure, was observed in the metal-free medium incubation.
Only this time there was a significant decrease rather than the observed
increased pattern in the TM values regarding copper exposure. A possible
explanation is that exposure to high zinc concentrations directly affects DNA
repair mechanisms. The different assayed cellular behaviour pattern between
specimens exposed to copper and zinc could be explained by variant response
mechanisms to each metal [8]. Fish exposure to copper seems to instantly
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Abstract
This paper presents the results of the bottom trawl survey carried out in the Gulf of Antalya in the summer period of 2009 in order to
determine the catch composition, abundance and biomass of the demersal fish stocks. A total of 84 fish species were identified.
Gymnura altavela (Linnaeus, 1758), Mullus barbatus Linnaeus, 1758, Dasyatis pastinaca (Linnaeus, 1758), Pagellus erythrinus
(Linnaeus, 1758) and Epinephelus aeneus (Geoffroy Saint-Hilarie, 1817) are the species that have the highest biomass index values.
Keywords: Trawl Surveys, Demersal, Fishes, Biomass, Eastern Mediterranean
Tab. 2. The frequency of occurrence (%), biomass index (kg/nm2 (±se)), and
abundance (ind./nm2 (±se)) of the species caught in the Gulf of Antalya.

Introduction
The Gulf of Antalya locates in the Norteastern Levantine Basin and is
characterized by high temperature, salinity and oligotrophy. Few studies
concerning the demersal fish community of the shallow continental shelf area of
the Northeastern Levant Sea are available [1,2,3]. This paper presents the first
detailed information on the demersal fish community of the Gulf of Antalya.
Material and Methods
This research was carried out in August 2009, in the Gulf of Antalya, between
the depths of 25-200 m, using a commercial bottom trawl net. The cod-end
mesh size was 22 mm (knot to knot). The samples were collected day time
with 2.5 n.m./h average trawling speed. The geographical coordinates of 30
trawling stations vary between N36° 52’ 48.5 - 36° 23’ 00.0’’ - E31° 32 32.2’ E30° 31’ 11.3’’. The total catch from each haul was identified to species,
counted, weighed and standardized to unit trawling hour. The stock amount is
calculated according to the swept area method; the catch weight (Cw) divided
by the swept area (a) for each species and for each haul [4]. The swept area (a)
for each hauling was estimated thus: a = D.h.X (h: length of the head-rope, D:
cover of distance, X: fraction of the headrope length which is equal to the
width of the path swept by the trawl (accepted as 0.5).
Results
A total of 30 hauls were carried out at the depths of 25, 50, 75, 100, 150, 200
m. The average catch was 83.38±15.54 kg/hour (±se), average biomass
4188.77±797.93 kg/nm2 (±se) or 1221.25±232.64 kg/km2 (±se) and average
abundance 63049±8181 ind./nm2 (±se) or 18382±2385 ind./km2 (±se) (Tab.1).
Tab. 1. The number of hauls, average catch (kg/hour (±se)), biomass (kg/nm2
(±se)), abundance (ind./nm2 (±se)), and number of species at six depth levels in
the Gulf of Antalya.

Discussion
This research was conducted in the “pre-fishing” season both in the fishingprohibited and open areas and will continue for four seasons. The aim of the
research is to determine the seasonal and spatial distribution of the demersal
species in the Gulf of Antalya. This paper presents the preliminary data of the
research but this is the first detailed information on the demersal fish
community of the Gulf of Antalya. In the Gulf of Antalya, the catch
composition of bottom trammel nets at max.10 m depth was studied by [3] and
73 fish species were reported. The 84 fish species found in this study is far
below the number of fish species (165), given by [1] for the Gulfs of
Iskenderun and Mersin. Thus long-term approaches are required for the
completion of the species list; determine the distribution and status of the
stocks, if the lack of relevant literature from this region is concerned.

Among the total of 84 fish species identified, 75 were osteichthyes, and 9
chondrichthyes. The 26 species, that have higher biomass index than 15 kg/nm2
are given in Table 2. Gymnura altavela (Linnaeus, 1758), Mullus barbatus
Linnaeus, 1758, Dasyatis pastinaca (Linnaeus, 1758), Pagellus erythrinus
(Linnaeus, 1758) and Epinephelus aeneus (Geoffroy Saint-Hilarie, 1817) are the
species that have the highest biomass index values and M. barbatus Linnaeus,
1758, P. erythrinus (Linnaeus, 1758), Bothus podas (Delaroche, 1809),
Citharus linguatula (Linnaeus, 1758), and Lepidotrigla cavillone (Lacepède,
1801) have the highest abundance.
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Abstract
Fish species richness decreases from the Aegean Sea, Sea of Marmara to Black Sea. In this study, biogeographic differences
between three areas were approved in terms of demersal fish species. Some endemic species such as Mezogobius
batrachocephalus and Neogobius melanostomus obtained only less saline and temperate water in the Black Sea.
Keywords: Fishes, Biogeography, Eastern Mediterranean
Introduction
Geologic history and hydrologic characteristics of Turkish Straits System
(Bosphorus, Sea of Marmara and Dardanelles) are main factors indicating to the
fauna and flora characteristics in the Northeastern Mediterranean from the
Aegean Sea to the Black Sea. This system is important as a biological barrier or
corridor and acclimatization zone for Mediterranean Sea and Black Sea species
[1]. This study is a preliminary emphasis on the zoogeography of demersal fish
species in the Black Sea, Sea of Marmara and North Aegean Sea.
Materials and Methods
Fish samples were collected with bottom trawl net. A total of 17 hauls was
carried out during autumn periods in 2006 and 2007 on board the R/V Yunus-S
in the North Aegean Sea (AS), Sea of Marmara (SM) and Black Sea (BS), depth
ranging from 22 m to 72 m (Fig. 1). Species presence/absence matrix was used to
classify hauls with similar species composition. Cluster based on Bray-Curtis
similarity index. SIMPER analysis was applied in order to identify the
percentage contribution of each species to the overall similarity.

species richness decreases from AS, SM to BS along the Turkish coast [2].
Similar results obtained in this study. Also, the results supported to
identification of biogeographically distinct between three areas. Species
composition in the BS was highly dissimilar to the species composition in the
AS and in the SM. Some endemic species such as M. batrachocephalus and N.
melanostomus, pontian relic species, occurred only less saline and temperate
water in the BS, Atlantic-Mediterrenean species such as C. linguatula,
S.hepatus, A. laterna, S. canicula and M. merluccius were common species in the
AS and in the SM at least during the sampling period of this study. High
similarity between the AS and SM can be explained by the water characteristics
of sampling stations in the SM, in which salinity and temperature were more
close to the Mediterranean water considering to the depth range (deeper than 40
m). These results support to the separate management plans for demersal fish
species in the three areas in terms of ecosystem [3].

Fig. 2. Dendrogram of similarities for 17 hauls (cluster analysis, group average
linkage) sampled during autumn periods in 2006 and 2007.

Fig. 1. Samplings in the Black Sea, Sea of Marmara and North Aegean Sea during
autumn periods in 2006 (dark circles) and 2007 (white circles).

Results and Discussion
A total of 67 fish species were collected during this study. Species richness
showed a decrease from the AS, and SM to BS (38, 30 and 27, respectively).
Considering to the zoogeographical origin of the species, there were 55 AtlanticMediterranean species, 8 endemic species and 4 cosmopolitan species. The
number of endemic species was higher in the BS, the Atlantic-Mediterranean
species higher in the AS and SM. Cluster analysis of 17 hauls showed a clear
separation according to area (Fig. 2). Samples in the BS separated from in the
AS and in the SM at the level of similarity around 18.55%. Samples in the AS
separated from the SM at the level of similarity around 51.66%. According to
SIMPER results, the average similarity within group AS was 70.90%; Mullus
barbatus, Serranus hepatus, Citharus linguatula, Scyliorhinus canicula,
Arnoglossus laterna, Lophius budegassa
and Serranus cabrilla were
responsible species with high contribution (9.15% each) 50% to the similarity
of this group. The average similarity within group SM was 77.07%, and within
group 50% similarity was attributed to Merlangius merlangus euxinus, S.
hepatus, Merluccius merluccius, A. laterna, Raja clavata, Chelidonihthys
lucernus, M. barbatus and Gobius niger with relatively high contributions each
(from 5.22% to 8.69%). The average similarity within group BS was 61.23%,
and Trachinus draco, Scorpaena porcus, M. barbatus, Mezogobius
batrachocephalus and Neogobius melanostomus were highly contributing
species (from 9.18% to 19.27%) 50% to the similarity of this group. Fish
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Abstract
A 200 year time series of scyphomedusae occurrence in the northern Adriatic was analysed using the wavelet technique to assess the
major periodicities. The analysis of the historical time series revealed that four scyphomedusae, A. aurita, C. hysoscella, C.
tuberculata and R. pulmo, have been present regularly in the northern Adriatic over the last 200 years, with two major periods of
jellyfish proliferations. The first period in the years around 1910 was characterised by common significant periodicity of 8 to 12 years.
In the second period, from the late 1970’s onward, two common periodicities were revealed, those shorter than 8 years and a longer
one of 20 - 30 years.
Keywords: Adriatic Sea, Blooms, Cnidaria, Medusae, Time Series
Introduction
In recent years connections between jellyfish blooms and variations in climate
have been emphasised ([1], [2]). Very few long-term time series of gelatinous
plankton blooms exist due to fragility of these organisms and sampling
difficulties. Although large scyphomedusae are generally more rigid than other
gelatinous plankton, sampling using conventional oceanographic gears is
complicated due to their size [3]. Therefore, most of the data on jellyfish
populations are descriptive rather than quantitative, and the problem of
choosing a suitable method often arises when analysing time series. Moreover,
non-linear, aperiodic and non-stationary processes are very common in nature
[4]. This constitutes a limitation when applying most of the analytical
techniques for the time series analysis used for detecting periodicity. A
powerful tool for analysing such data is wavelet transformation, a time scale
and/or time frequency decomposition of the signal useful in analysing the nonstationary, aperiodic and noisy signals that are very often found in ecological
time series [5].
Materials and Methods
A data set of the presence/absence of scyphomedusae in the northern Adriatic
during the last 200 years was constructed on the basis of 21 papers describing
plankton in the northern Adriatic, published over the time span from 1875 till
today, in addition to our own (MBS Piran) observations. The constructed time
series has been analysed using continuous wavelet analysis [5].
Results

Analysis has shown that the five scyphomedusae (Aurelia aurita (Linnaeus,
1758), Chrysaora hysoscella (Linnaeus, 1766), Cotylorhiza tuberculata (Macri,
1778), Pelagia noctiluca (Forskål, 1775), and Rhizostoma pulmo (Macri, 1778))
have been present regularly in the northern Adriatic over the last 200 years. The
most frequently reported scyphomedusae in the northern Adriatic over the
whole period of study were A. aurita and R. pulmo. In the present decade,
notably from 2004 onwards, Aurelia has been present every year in large
numbers from the beginning of February to the end of June, while Rhizostoma
was the most abundant during 2003 and 2006, after which its numbers decreased
significantly. In contrast, Chrysaora and Cotylorhiza were observed regularly
during the last decade but never in high numbers, as blooms were rarely noted.
The presence of the latter was regularly reported from the northern Adriatic,
mostly from August to September. The presence of holoplanktonic P. noctiluca
in the northern Adriatic was first recorded in 1790. Between 1976 and 1986
Pelagia formed intensive blooms. The population collapsed after spring of 1986
and only appeared again at the beginning of 2004 after an 18 year absence.
During the recent bloom, Pelagia was most abundant in 2006, more precisely
from November 2005 to March 2007.
Although the life cycle, population dynamics and the ability to adapt to
different environments differ between the species, the wavelet spectra showed a
similar pattern for four meroplanktonic scyphomedusae (A. aurita, C.
hysoscella, C. tuberculata and R. pulmo) with two major periods of jellyfish
proliferation in the northern Adriatic during the 200 years. The first period
began around 1875 and lasted until 1922, while the second has proceed from the
late 1970’s onward, following nearly 40 years of almost no jellyfish
observations. During the first period of jellyfish proliferation the common
periodicity of 8 to 12 years was detected. In contrast, the second period has
been characterised by a shorter common periodicity of < 8 years and an
additional longer term periodicity of 20-40 years. The latter is significant only in
the case of C. tuberculata and P. noctiluca wavelet spectra. The first period of
Pelagia proliferations is characterised by a significant periodicity of 8 years and
the second period with a significant periodicity between 20 to 30 years.
Conclusions
The analysis of the historical time series revealed that five scyphomedusae, A.
aurita, C. hysoscella, C. tuberculata, P. noctiluca and R. pulmo, have been
present regularly in the northern Adriatic over the last 200 years, with two
major periods of jellyfish proliferations. The first period is characterised by
common significant periodicity of 8 to 12 years and the second period with two
common periodicities, one shorter than 8 years and a longer one between 20 and
30 years.
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Fig. 1. Wavelet spectra of the four scyphomedusae time series in the northern
Adriatic.
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Abstract
A total of 491 Squalus blainvillei were sampled in the Eastern Mediterranean Sea during the period 2004-2009. The overall sex ratio
(females:males) was 1.22:1. Females ranged from 321 to 779 mm and males ranged from 272 to 799 in total length. Total length and
weight of the specimens were highly correlated (R 2= 0.92). Statistically significant differences were found between females and
males in mean GSI and HSI values. Total length at 50% maturity was estimated at 565.3 mm for females and at 457.6 mm for males.
Keywords: Eastern Mediterranean, Fishes, Reproduction
Introduction
Sharks are species particularly vulnerable to the overexploitation because of
their k-selected life-history strategy [1]. Squalus blainvillei is an ovoviviparous
demersal shark distributed in the whole Mediterranean down to about 700 m
[2]. Studies on its systematics and biology have been mostly carried out in the
Western-Central side [3, 4] while in the Eastern side the knowledge on its
population characteristics is still scanty [5]. This study provides preliminary
information on the reproductive biology of the longnose spurdog in the Eastern
Mediterranean Sea.
Materials and Methods
A total number of 491 Squalus blainvillei (269 females, 221 males, 1
hermaphrodite) was obtained from bottom trawl and bottom longline catches
from December 2004 to October 2009.
Length and weight measurements were taken and sexual maturity was
determined by macroscopic observation of the reproductive organs according to
Stehmann [6]. Regression analysis was used to determine length-weight
relationship (Y=aXb). Statistically significant differences, between females and
males, in length and weight frequency distributions were examined with the
Kolmogorov-Smirnov two-sample test. A logistic curve was fitted to the data
and the total length at which 50% of individuals are sexually mature was
calculated. Gonadosomatic (GSI) and hepatosomatic index (HSI) were
determined for each sex. Ovarian fecundity was estimated by the number of ripe
oocytes in the ovary of mature females, while uterine fecundity by the number
and size of embryos occupying the oviducts.
Results and discussion
Longnose spurdogs ranged from 272 to 799 mm in total length and from 90 to
3079 g in weight (Fig. 2). The overall sex ratio was 1.22:1 (F:M), while among
the samples one hermaphrodite was found with internal male reproductive
organs and no claspers. Females and males showed statistically significant
differences in length and weight frequency distributions (KS test, P>0.05).
Out of the specimens examined, 37% of females and 67% of males were sexually
mature. The smallest sexually mature female was 523 mm in total length, while
the smallest sexually mature male was 403 mm in total length. Mean total length
at 50% maturity was estimated at 565.3 mm for females and at 457.6 mm for
males [Figure 1].
Gonadosomatic indices reached higher values in females than in males ranging
from 0.07 to 14.66 (2.05±2.71) in females and from 0.04 to 2.51 (1.07±0.57) in
males. Hepatosomatic index reached higher values in males ranging from 4.41 to
35.78 (10.44±3.61) than in females ranging from 4.55 to 22.86 (11.81±4.06).
Three oocyte stages (ripe, maturing and immature) were identified
macroscopically according to its size and colour. Out of 269 females, 44 were
found with embryos ranging from 55 to 177 mm in total length. Embryos’ length
and yolk sac weight were negatively correlated. Both ovarian and uterine
fecundity ranged between 1 and 6.

Fig. 1. Total length at 50 % maturity for female and male Squalus blainvillei
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Abstract
Biometric differences consequent with variable growth were observed in bullet tuna larvae collected under different hydrographic
conditions delimiting water masses of Mediterranean and Atlantic origin. Larger and heavier larvae with higher growth rates were
found in the Mediterranean waters together with higher mesozooplankton abundance.
Keywords: Larvae, Growth, Balear Sea
Introduction
Bullet tuna, Auxis rochei, represents one of the most abundant small tuna
species commercially exploited in the Mediterranean Sea. The high scombroid
growth rates at early life stages have been related to high food requirements and
environmental conditions [1]. The aim of this study is to corroborate the
linkages between hydrographic conditions and food availability with biometric
features in bullet tuna larvae collected under specific hydrographic water
masses.
Material and Methods
Specimens of early stages of Auxis rochei were collected in August 2008 off
Mallorca Island (Balearic archipelago, Western Mediterranean), during daytime,
by means of oblique tows through the upper mixed layer, above the thermocline.
Hauls were performed at a speed of two knots, with Bongo 90 net fitted with
500 mm meshes. A Bongo 20 net, equipped with 100 and 200 mm meshes, was
placed 1 m above Bongo 90 frame for mesozooplancton sampling. Some tuna
larvae from both 500 mm meshes were sorted on board and stored in liquid
nitrogen, whereas the rest was preserved in 96% ethanol (replicate 1) and 2%
formaldehyde in seawater (replicate 2). Larvae preserved in ethanol were used
for daily growth analysis [2]. Once in laboratory, larvae preserved in N2 were
measured and weighed for standard length (SL) and dry weight (DW)
determination. Zooplankton biomass for the size fractions 100-250 µm and
>250 µm was determined drying the samples to a constant weight, and referred
to the volume of filtered water (mg/m3). Hydrographic data were collected at
each sampling station using a CTD profiler. A principal component analysis
(PCA) was carried out to characterize different stations in relation to
environmental features (86.6 % representation). To run this PCA, mean
temperature (T), salinity (S) and oxygen (O) in first 5 m, were selected after
linear correlations between variables were performed.
Results and Discussion
The different stations were grouped in two classes according to the PCA
analysis of the hydrographic conditions: group A, characterized by higher T and
S values, and group B with lower T and S values. Both groups represent
Mediterranean (MW) and Atlantic (AW) waters respectively [3] (Fig. 1).

larvae, mean SL 7.1 mm and mean DW 0.58 mg) with respect to the AW (7
stations, 49 larvae, mean SL 6.0 mm and mean DW 0.28 mg). These differences
are not merely attributable to differences in larval ages distribution; but to higher
growth rates (ANCOVA F1, 57=7.16, p=0.01) in the larvae inhabiting MW (Fig.
2), which is in agreement with higher Fulton’s condition factor in MW larvae
(0.137) than in AW ones (0.101) (p=0.006).

Fig. 2. Daily growth for bullet tuna larvae in both AW and MW.

These differences are partly due to higher temperatures of MW waters [4]; but
could be also a result of higher availability of larger preys, which according to
previous studies constitute the major dietary component [5], since size
fractioned zooplankton analysis revealed a 7-fold greater biomass (p<0.001) in
the fraction >250 µm in MW stations. Moreover, recent studies have shown
that the probability of finding bullet tuna larvae increases with higher
mesozooplankton biomass (>200 µm) [6].
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Fig. 1. Stations sampling distribution according to the PCA analysis in the study
area. Mediterranean-MW (white) and Atlantic-AW (black) overlapped to
salinity contours.

The SL and DW ANOVA analysis between groups shows significantly larger
(p<0.001) and fatter (p=0.002) bullet tuna larvae located in MW (7 stations, 47
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Abstract
A study on fish food and feeding regime was carried out during 2004-2008 in adjacent Syrian and Lebanese coastal water. Stomach
and intestine content analysis was conducted on one selected fish herbivorous, carnivorous and omnivorous in order to study the
nature and composition of the food as related o fish resources. Herbivorous rabbit fish( Siganus rivulatus) feed on available
chlorophytes, phaeophytes and rhodophytes algae, whereas demersal carnivorous grouper (Epinephelus marginatus) feed on small
fishes, cephalopods and crustaceans.Pelagicsardine (Sardinella aurita) and anchovy (Engraulis encrasicolus) are mostly
planktonivorous. Benthic Solea vulgaris is a carnivorous regime feeding on benthic invertebrates including meiofauna..
Keywords: Biodiversity, Fish Behaviour, Fishes, Levantine Basin
Introduction
Adjacent Lebanese and Syrian seawaters show similar oceanographic
characteristics and both of regions present oligotrophic water body inducing
low primary productivity and thus poor fish production. In spite of high
marine biodiversity and good fish resources, fishing landing remain in deficit.
Data on the major flora and fauna are available[1], but the information remain
incomplete with regard to the relation between fish resources and marine
biodiversity. Based on the knowledge and data available with regard to the
composition and abundance of marine flora and fauna of the local coastal, the
study of fish food and feeding regime would be easier and reachable. In
previous study we attempt to study the diet of some fish species [2]. In this
paper an attempt is made to study the diet and feeding regime of some species
representing herbivorous, carnivorous and planktonivorous fish and correlated
between fishery resources, feeding regime and marine biodiversity.

macrozooplankton we distinguish in the digestive tube Sagitta, Copepods,
Cladocera, Polychaeta, Pteropods, Fish larvae, etc. Benthic flat fish Solea
vulgaris live on the sandy seafloor; it swim with difficulty and move very
slowly above the bottom. The fishing yield of this species is poor may be
because of the lack of appropriate fishing gear and the limited fishing ground.
The stomach content reveals the presence of benthic invertebrates such as:
mollusks, crustaceans, varied meiofauna; we also distinguish benthic algae
namely Caulerpa, and phanerogams Zostera and Cymodocea. Fishing activity
tends to reduce natural fish stock; in which a big amount is caught according to
its abundance and the fishing effort. Other factors might also affect the fish
stock such as anthropogenic activity and overfishing which contribute to
reducing fisheries and fishing yield. Some species constitute target to
fishermen, particularly during reproduction and sexual maturity and before
spawning; this can lead, to the deterioration and collapse of the stock.

Methods and Material
Stomach and intestine content analysis was performed on freshly caught fish
specimens from different regions of Syrian and Lebanese coastal waters.
Hydrological parameters including temperature, salinity, nutrient and
chlorophyll.a were taken at the same fishing areas. Information regarding the
biodiversity of pelagic, benthic and littoral flora and fauna in the same
sampling zone, are available from previous works [3,4,5,6] The selected
species subject to food and feeding regime study are: carnivorous Epinephelus
marginatus, planktonivore Sardinella aurita, herbivorous Siganus rivulatus
and benthic Solea vulgaris.
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Results and Discussion
The adjacent Lebanese and Syrian coastal waters show similar oceanographic
characteristics and mostly the same habitats. Furthermore, certain
homogeneity in the biodiversity of flora and fauna is observed and thus a
resemblance in fishery resources between the two marine regions. Marine flora
and fauna of the Syro-Lebanese coastal waters are highly diversified; most of
the Mediterranean groups are found in the area. In addition to those, several
species of Indo-Pacific origin, including fishes, were introduced or have
migrated from the Red Sea into the Levantine Basin, where many invaders
have established permanent populations.The composition of the food in the
intestine of Epinephelus marginatus is formed with pieces of small fishes of
Scorpaena., Epinephelus, Trigla, Serranu, Mullus, Diplodus, Sparus,
Pagellus,Coris julis, Gobius, Blennius, Solea, Venus,,Conus, Cardium, Sepia
officinalis,Octopus vulgaris, Penaeus,, Scyllarus, Palaemonidae, Asterina,
Asterina, Polychaetes etc. Herbivorous rabbit fish Siganus rivulatus which is
an invading tropical species in the area; it is very abundant in the near coastal
water. It feeds all the time without discontinuity, even during the reproduction
and spawning periods in spring. The composition of the food in the stomach
and intestine of the rabbit fish is formed with pieces of macroalagae from
Rhodophytes (Porphyra, Corallina, Galaxaura, Amphiroa rigida, Ceramium,
Hypnea,
Jania
rubens),
Chlorphytesfrom
genera Ulva,
Enteromorpha,Cladophra, Codium, Phaeophytes (Padina pavonica ,
Sargassum vulgare, Dictyopteris , etc.. Planktonivore fish Sardinella aurita
feed mostly on phytoplankton and zooplankton. This pelagic fish is present
in our waters only during the spawning periods between May and July. The
digestive tube content reveals the presence of debris of diatoms from
Chaetoceros, Coscinodiscus, Bacteriastrum, Rhizosolenia, and dinoflagellates
such as: Ceratium,Dinophysis, Protoperidinium, Ornithocercus, and pieces of
microzooplankton (Codonella, Codonella, Eutintinnus,Globigerina). From
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CROISSANCE ET REPRODUCTION DU ROUGET BARBET DE ROCHE (MULLUS SURMULETUS L. 1758)
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Abstract
Les rougets provenant de la baie sont âgés de 1 à 9 ans (12 - 30 cm). Les paramètres de croissance sont LTinf = 313,4 mm ; K =
0,6 ; t0 = -0,46 ; Winf = 283 g avec des niveaux plus élevés pour les femelles. Le sex-ratio est en faveur de celles-ci (61,3%), la taille
de 1re maturité est atteinte à 167 mm pour les mâles et 178 mm pour les femelles (≈2ans). La période de reproduction se situe de
mai à juillet. Ces résultats sont plus proches de ceux des autres côtes occidentales méditerranéennes que ceux des côtes de la
Méditerranée centrale et orientale.
Keywords: Growth, Reproduction, Western Mediterranean, Fishes, Demersal
Les études relatives à la biologie du rouget barbet de roche (Mullus surmuletus
L. 1758) en Méditerranée marocaine font défaut surtout dans sa partie
occidentale. Ce travail est une contribution à l’étude de sa croissance et de sa
reproduction dans la baie de M’diq.
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Matériel et Méthodes
292 poissons analysés de février à juillet 2009 ont été échantillonnés (25
individus chaque quinzaine) à partir des prises commerciales des chalutiers
fréquentant la baie de M’diq. Après avoir procédé aux mensurations et pesées
(tailles et poids des poissons, poids des gonades et du foie), détermination du
sexe et stades de maturité, prélèvements (otolithes, fragments de gonades),
l’âge a été déterminé par otolimétrie. La clé âge longueur et les croissances,
linéaire et pondérale, ont été établies (Modèle de Von Bertalanffy et relations
taille poids). Les paramètres de croissance ont été estimés par le logiciel
Fishparm. Le sex-ratio et la taille de 1re maturité ont été déterminés. La
période de reproduction a été délimitée par examen dans le temps des rapports
gonadosomatique (RGS) et hépatosomatique (RHS) ainsi que sur les
observations macroscopiques et histologiques des gonades.
Résultats et Discussion
Seules 227 paires d’otolithes (77,74 %) ont permis une détermination des âges
compris entre 1 et 9 ans. La clé âge longueur montre que les poissons ont des
tailles comprises entre 12 et 30 cm avec une dominance de 15 à 21 cm (2 à 5
ans). La longévité des femelles peut atteindre 9 ans alors que celle des mâles 7
ans. Les équations de croissance linéaire obtenues sont :
M âles : Lt = 30,25 [1 – e-0,52(t+0,16)] ;
Femelles : Lt = 32,26 [1 – e-0,54(t+0,62)] ;
Sexes confondus : Lt =31,34 [1 – e-0,60(t+0,46)].
Les relations taille poids ont été établies afin de pouvoir déduire les équations
de croissance pondérale à partir des équations ci-dessous :
M âles : Wt = 4,75.10-3Lt3,1846 Þ Wt = 242,80 [1 – e-0,52(t+0,16)]3,1846
Femelles : Wt = 4,16.10-3Lt3,2506 Þ Wt = 317,05 [1 – e-0,54(t+0,62)]3,2506
Sexes confondus : Wt = 4,14.10-3Lt3,2504 Þ Wt = 283,00 [1- e- 0,60(t+0,46)]
3,2504

Les résultats sont très proches de ceux obtenus en Espagne [1] et en
Tunisie [2], alors qu’ils sont assez éloignés de ceux trouvés en Italie [3], ce qui
est dû à un environnement différent. Le sex-ratio est en faveur des femelles
(61,3%), les mâles montrent une abondance dans les petites tailles à l’inverse
des femelles qui abondent dans les grandes tailles, devenant exclusives à partir
de 24 cm. Ce résultat est imputable à un taux élevé de masculinité à la
naissance, une mortalité plus élevée chez les mâles, une longévité plus grande
des femelles ou encore une croissance différentielle entre les deux sexes. La
maturité sexuelle a été appréciée par les observations macroscopiques et
microscopiques des gonades permettant de distinguer les stades classiques.
Elle se produit à 178 mm pour les femelles et 167 mm pour les mâles, ce qui
correspond à un âge de 2 ans. Ces résultats sont proches de ceux obtenus en
Atlantique Nord-est [4] alors qu’ils sont assez différents de ceux de la
M éditerranée et ceux obtenus à Majorque [5]. Le suivi mensuel du RGS, du
RHS et des différents stades de maturité sexuelle ainsi que l’étude histologique
des gonades ont permis de situer la période de ponte entre mai et juillet ; c’est
le cas de la majorité des zones méditerranéennes [6] et atlantiques Nord-est
[4], [7], sauf sur les côtes tunisiennes et égyptiennes [8] où l’espèce se
reproduit entre avril et mai.
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Abstract
La pêche du rouget s’effectue au nord du port de M’diq à 45-65 m sur fonds rocheux et sableux ; elle oscille autour de 40 t/an, soit 4
à 5% des débarquements de cette espèce à l’échelle nationale. Les prises se composent de 3 à 4 cohortes, mais ce sont les juvéniles
et les tailles moyennes qui sont les plus exploités. La taille de 1re capture est de 15,2 cm. Les mortalités, totales, naturelles et par
pêche, s’élèvent respectivement à 1,25 - 0,75 - 0,5, alors que le taux d’exploitation est de l’ordre de 0,4 ; il s’agirait d’un bon état
d’exploitation.
Keywords: Western Mediterranean, Fisheries, Demersal, Stock Assessment, Fishes
Introduction
La situation des stocks du rouget barbet de roche (Mullus surmuletus L. 1758)
en Méditerranée marocaine est méconnue surtout dans sa partie occidentale.
Ce travail contribue à l’étude de sa démographie, son exploitation et l'état de
ses stocks dans la baie de M’diq.

durant laquelle les géniteurs sont en état d’épuisement.
La mortalité naturelle (0,75) est située dans la fourchette conventionnelle (0,5 1). Le taux d’exploitation laisse présager que le stock du rouget de roche serait
bon. Cependant, ces résultats restent approximatifs en l’absence de
statistiques fiables sur plusieurs années (effort de pêche, captures, …)
permettant de calculer directement les différents taux.

Matériel et Méthodes
Pour faire une étude démographique, 2 275 rougets, pêchés de février à juillet
2009, ont été échantillonnés (une à deux caisses chaque quinzaine) à partir des
prises commerciales des chalutiers fréquentant la baie de M’diq. Après avoir
établi les distributions de fréquence de tailles mensuelles, leur décomposition a
été réalisée par la méthode de Bhattacharya [1], ce qui a permis d’apprécier
l’importance des différentes cohortes composant le stock et leurs variations au
cours de la période d’étude.
L’exploitation a été appréhendée par enquête auprès des principaux patrons
de chalutiers fréquentant la baie pour déterminer les zones de pêche et par
examen des statistiques de capture entre 2003 et 2008 pour apprécier
l’importance des débarquements.
L’état des stocks a été étudié par la méthode de Beverton et Holt [2] en
passant par la détermination de la taille à la 1re capture (Lc) et en estimant les
différents taux de mortalité (totale : Z, naturelle : M et par pêche : F).
Lc a été déterminée par la méthode de Caddy [3], Z a été calculé par la
méthode de Beverton et Holt faisant intervenir Lc et Lm (taille moyenne de
l’échantillon) ainsi que K, Linf (paramètres de l’équation de Von Bertalanffy)
établis dans un autre article de ce volume [8] ; la relation pour le calcul de M
est:
Log M = - 0,0066 – 0,279 Log Linf + 0,6543 Log K + 0,4634 Log T° [4]
T° est la température moyenne annuelle de l’eau où séjourne le stock étudié
(19°9 - 21°2 C)
La mortalité par pêche est déduite des deux autres (Z – M). Le taux
d’exploitation E définit la proportion du stock prise par pêche [5]. Le stock
est équilibré lorsque la prise potentielle est optimisée avec l’égalité entre M et
F [6] avec E voisin de 0,5.
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Résultats et Discussion
Cinq zones de pêche éloignées au nord du port de M’diq de 3 à 10 miles, sont
fréquentées à des profondeurs rocheuses et sableuses de 45 à 65 m (Oued
Smir, Restinga, Oued Negro, El canto et Snasel).
Les débarquements annuels fluctuent entre 27 et 47 tonnes environ avec une
tendance à la baisse. Ils représentent 4 à 5% des prises à l’échelle nationale
(méditerranéenne et atlantique). Au cours de l’année, le maximum est
enregistré en automne et le minimum en été.
L’analyse modale des distributions de fréquences de tailles mensuelles permet
de distinguer trois à quatre cohortes chaque mois durant la période d’étude. La
1re et la 2e cohorte sont les plus représentées en raison de la fréquentation
importante des petits fonds côtiers par les chalutiers ; ce sont les juvéniles et
les tailles moyennes qui sont les plus exploités.
Le suivi mensuel des différentes cohortes montre que la 1re (14-18 cm)
apparaît chaque mois avec un pourcentage variable (49,6-8,04%), la 2e (17-22
cm) est représentée par un pourcentage relativement fixe (29-40%) durant la
période d’étude, la 3e (21-26 cm) montre une tendance à la chute d’un mois à
l’autre (33,3% en février, 11% en juin), alors que la 4e cohorte (26-28 cm)
n’apparaît qu’à partir de mars avec une faible proportion (5,6-10%).
La taille à la 1re capture correspond à 15,2 cm. Les mortalités, totale, naturelle
et par pêche, sont estimées respectivement à 1,25 - 0,75 - 0,5 alors que le taux
d’exploitation est évalué à 0,4. La mortalité totale mensuelle est relativement
stable durant février, mars et avril (0,96 - 1,03) alors qu’elle augmente durant
les mois suivants (1,38 - 1,59) coïncidant avec la période de reproduction
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GENETIC SUBDIVISIONS OF THE RED CORAL (CORALLIUM RUBRUM) IN THE MEDITERRANEAN SEA :
EVOLUTIONARY HISTORY AND MANAGEMENT IMPLICATIONS
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Abstract
The genetic structure of the red coral Corallium rubrum was analysed in the Western Mediterranean. A clustering analysis identified
six genetic groups and evidenced the particular genetic characteristics of Adriatic and North African populations. These data are
useful for the management of this harvested species.
Keywords: Genetics, Cnidaria, Western Mediterranean
Introduction:
The management and protection of biodiversity require an analysis of
populations structure and connectivity. In the marine environment direct
estimation of species dispersal abilities is difficult. Indirect estimates of
dispersal can be obtained through genetic data [1]. In the Mediterranean Sea
several genetic breaks common to different species have been identified [2]
which may define the limits of conservation units [3]. Nevertheless few
studies considered samples from Southern Mediterranean (North Africa)
whereas a North-South distinction may be observed [4]. The red coral
Corallium rubrum is an emblematic and harvested species also threatened by
climate change [5], [6]. Previous studies indicated genetic differentiation at
short distances with several genetic groupings at higher distances [7], [8); up
to now no study included North-African samples.

Material and Methods:
We applied seven microsatellites loci [8] to 24 populations representing
different regions of the Mediterranean distribution area of this species
including Adriatic Sea and North Africa (Morocco and Algeria). A bayesian
clustering analysis [9] was used for the identification of different genetic
clusters. An Analysis of Molecular Variance (AMOVA) allowed to test
genetic differentiation between the obtained clusters.
Discussion:
The clustering analysis are presented in Fig.1 for the retained solutions (K=3
and 6 groups). The clusters correspond to the main geographical subdivisions
and are genetically differentiated (p<0.001). Our results confirm the already
observed geographical structuring [8] and extend these data with the
differenciation of Adriatic samples (a single population analysed before, [7])
and North African samples. Nuclear sequence data suggest a low divergence
among these groups [10] and a lack of long term isolation. The North African
samples indicate that this area may be a important component of genetic
diversity and would deserve more collaborative studies. According to these
data the management of this species should take into account these differences
at a regional but also a local scale [8].
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Fig. 1. Clustering analysis: each vertical line corresponds to one individual
with colors indicating the assignment score (0 to 1) in each group
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EXPERIMENTAL APPROACH TO THE POTENTIAL RESPONSE OF A LONG-LIVED INVERTEBRATE
SPECIES FACING THE WARMING IN THE NW MEDITERRANEAN
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Abstract
The precious Mediterranean red coral Corallium rubrum is a colonial and aposymbiotic octocorallian characterized by low dynamics
and limited dispersal ability. Recently, shallow populations of this species were differentially affected by positive thermal anomalies
possibly related to global warming. The question of differential individuals fitness in front of this new environmental disturbance arises.
As a first step, we choose to study the relationship between these organisms and their local environment. Populations dwelling in
contrasted temperature regimes (i.e.; warm and variable vs. cold and more stable) were reciprocally transplanted. The individuals’
fitness was evaluated through the measurement of growth during 6 months including the summer period. These results are discussed
in the light of population genetic structure.
Keywords: Genetics, Global Change, Conservation, Mortality
The study of the underlying ecological and/or genetic factors involved in the
differential responses of populations to temperature anomalies is a key issue
to better understand the impact of the ongoing climate change in the rich
Mediterranean communities. This require among other things, the analysis of
the degree of adaptation of populations to their local environment (i.e. local
adaptation). The different responses observed at the population level during
recent mass mortality events (MME) could reflect different levels of
thermotolerance [1] that could be linked to different adaptation to local
thermal regimes. We conducted reciprocal transplants experiments to test for
local adaptation. The Mediterranean red coral Corallium rubrum was used as
a model species. Reciprocal transplants of colonies dwelling at 20 m (shallow
habitat) and 40m depth (deep habitat) were carried out at two regions (Riou
Archipelago (Marseille) and Scandola (Corsica). Contrasted temperature
conditions characterize shallow (warm and variable regime) and deep (cold and
stable regime) habitats. Colonies were transplanted into experimental plates
and labelled with calceine at the beginning of the experiment (spring 2006) for
about a 6 month period (Fig 1A).

Fig. 2. Mean maximum growth rates (mm) from the transplanted colonies in
different depths (20-40 m) in the two regions studied (Marseilles and Corsica)

All other populations tested did not show significant differences between
treatments. Genetic analysis based on 10 microsatellites showed significant
structure between populations. Therefore, we conclude that different
genotype*environment interactions exist in the studied populations. This
result is an important step in the characterization of the local adaptation in the
populations of C. rubrum.
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Fig. 1. A. Transplant plates used for the reciprocal transplant experiment in
2006, Riou Sud 20m. B. Stereomicroscope image showing the calceine
labelling in a transplanted red coral colony

Growth rate during the transplant period was used to estimate the relative
fitness value (Fig 1B). Only the population from Riou Sud 20 m showed
significant decrease in growth rate when transplanted to 40m (from 0.10 mm
to 0.04 mm over the 6 month period) (Fig 2).
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LESSEPSIAN FISH MIGRANTS IN THE HELLENIC SEAS: SPATIAL VARIATION OF THEIR OCCURRENCE
IN BOAT-SEINE CATCHES
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Abstract
Seven Lessepsian fish species, Etrumeusteres, Fistulariacommersoni, Lagocephalussceleratus, Pteragogus pelycus, Siganus
luridus, Siganus rivulatus and Stefanolepis diaspros, have been identified in boat-seine catches at depths 11-54 m in the Hellenic
Seas from October 2008 to March 2009. The frequency of Lessepsian fish’s occurrence in boat-seine hauls tended to decrease from
southeastern to northern and western Aegean Sea, while it was generally increasing proportionally to the number of years since each
species entry in the Hellenic waters.
Keywords: Aegean Sea, Ionian Sea, Fishes, Lessepsian migration, Coastal Waters
Introduction
Fish species of Indo-Pacific Ocean origin have been reported from the Hellenic
Seas since the early 1930’s, their findings and expansion being accelerating in
recent years [1]. The majority of the 29 up to date Lessepsian fish migrants [2,
3], are neritic species caught down to 68 m [1], usually by artisanal fishing
gears. The extensive study of the boat-seine gear and its effects to fish stocks,
carried out during the fishing period October 2008 - March 2009, in the
framework of the Operational Program of Fisheries 2000-2006 of the Hellenic
Ministry of Rural Development and Food, constituted an ideal opportunity to
study the frequency of occurrence of Lessepsian fishes in the catches of this
selective fishing gear operating in the Hellenic coastal zone.

of hauls. The present study resulted in substantial northward extension of the
previously known expansion for S. diaspros and P. pelycus [3] that is
probably favoured by the rise of sea temperature in the Aegean Sea [4]. The
new findings of most Lessepsian species, except L. sceleratus, widening their
spread in the southern Aegean Sea according to previous records in the data
base of the Ellenic Network on Aquatic Invasive Species (ELNAIS), should be
rather attributed to the lack of previous systematic study of coastal fisheries
catches composition. The exceptional multiple records of L. sceleratus during
the last 3 years is due mainly to the particular interest that was expressed by
the social and scientific institutions because ofits potential risk for human
consumption.

Materials and Methods
For the analysis of the boat-seine catches, the studied hauls were grouped in
the following fishing regions : NE. Ionian, SE Ionian, Corithiakos Gulf, NE
Aegean, South Evoikos Gulf, Saronikos Gulf, Argolikos Gulf, Cyclades
Islands, Lakonikos Gulf and SE Aegean. The frequency of occurrence of each
Lessepsian fish species was calculated as the percentage of the hauls in which
it has appeared in relation to the total number of hauls examined by fishing
region during the whole study period.
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Results and Discussion
Seven Lessepsian fish species have been identified from boat-seine catches. At
least one Lessepsian species was present in 115 hauls of the 239 hauls
examined and at 8 of the fishing regions studied (Table I).

Tab. 1. Frequency of occurrence (%) of Lessepsian fish species in the boatseine hauls carried out during the fishing period October 2008-March 2009 in
the Hellenic coastal zone, by geographic region. The year of species first
finding in the Aegean Sea is noted in parenthesis

The percentage of hauls, where Lessepsian migrants appeared, was
considerably higher (>60%) in the southernmost fishing regions of the Aegean
Sea, reaching the 100% of hauls realized around Kos island (SE Aegean). This
pattern is obviously related with the pathways generally followed by IndoPacific species when enter in the Mediterranean Sea through the Suez Canal,
first spreading northward along the Asiatic coasts favored by Asia Minor
Current and then westwards involved, as adults or more likely as pelagic early
juveniles, in the cyclonic and anticyclonic eddies prevailing at south of Rhodos
and Crete islands, as well as in the southern Aegean Sea. As it concerns the
frequency of occurrence of individual species, it seems to be increased in
proportion to the number of years that have passed since the species’ first
finding in the Hellenic waters (Table I), with the exception of S. rivulatus that
even if it is the older installed species presents relatively low frequency of
appearance , probably due to competition with the sympatric S. luridus. S.
diaspros was the most often recorded species (at 28% of hauls), followed by
S. luridus (at 17% of hauls) while the remainder were found in less than 10%
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EFFECTS OF CLIMATE-DRIVEN CHANGES ON THE NORTH-CENTRAL ADRIATIC FOOD WEB: INSIGHTS
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Abstract
A biogeochemical model and an Ecopath with Ecosim food web model of the North-Central Adriatic Sea have been integrated for a
comprehensive description of ecosystem dynamics. This End-to-End tool has been used to perform scenario analysis for evaluating
the effects on high trophic level of potential climatic changes on precipitation and nutrient patterns (changes in timing and volume) in
the region.
Keywords: Food Webs, Nutrients, Models, Adriatic Sea
Climatic changes are expected to produce variations that might substantially
modify the structure and functioning of marine food webs with important
consequences for exploited species. Important factors to be considered include
modification of river run-off and water column stratification, which in turn
cause modification in nutrient concentration within the euphotic layer with
cascading effects on the upper part of the food web. Integration of
biogeochemical processes and food web dynamics in an End-to-End approach
is a possible way to tackle this issue. In this work, we analyse the potential
cascading effects of climate-driven changes on the food web of the North
Adriatic Sea ecosystem (Italy, Slovenia and Croatia) by using a hierarchy of
linked models. Previous climatic scenario analysis for the North Adriatic
region were obtained by comparing highly resolved meteorological outputs of
a Regional Climate model (RegCM) for a reference situation (RF, 1961-1990)
and two future IPCC scenarios (2071-2100). Results showed local change in
the seasonality of precipitation pattern with increase of winter rainy events
and a decrease of spring summer precipitation [1],[2]. These changes,
observed in both market oriented (A2) and local sustainability policies (B2)
scenarios, imply a change in the seasonality of nutrient inputs to the coastal
areas whose effects on the food web are studied by using a hierarchy of
models. An Ecopath with Ecosim (EwE) model representing the food web of
the North-Central Adriatic Sea [3], [4] is forced by a biogeochemical (BGC;
[5]) model of the system which, in turn, simulates two future scenarios, one
with changes in the seasonality of nutrient inputs (equivalent to A2) and
another that also include a general reduction of inputs of nutrient from the
rivers due to the implementation of sustainability policies in the land use
management (reduction of fertilizers; B2).
The biogeochemical and food web model are integrated through a two steps
procedure [6]. In the first step the models are integrated by extending the EwE
model for including the main biogeochemical processes thus accounting for all
possible interactions among high and low trophic levels. In the second step the
nutrient inputs are adjusted in the extended model in order to adjust to the
BGC results in terms of nutrient dynamics. The adjustments are necessary for
accounting differences in parameterization of the two models, including
differences in the time and space scheme used [7]. The effects of climatedriven changes on higher trophic levels are analyzed by comparing the long
term evolution of biomass for different trophic groups simulated under the
different scenarios, with particular attention to species target of fishing
activities (e.g. small pelagic species and demersal predators).

This work was developed within the context of the SESAME project—EC
Contract No. GOCE-036949, funded by the Sixth Framework Programme.
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Fig. 1. Schematic representation of the End-to-End model for the North
Adriatic Sea used in the climatic scenario analysis. The original food web
model comprehend 40 functional groups (black boxes and arrows), that is
extended to describe the biogeochemical processes (grey circles and arrows)
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Abstract
The 1991-2006 time series of trawl survey data of five demersal species were analysed by means of Min/Max Auto-correlation
Factor Analysis (MAFA). The influence of some environmental variables and some fishing effort indices was evaluated as well. The
results highlighted the presence of two most important trends in the multiple time series data set.
Keywords: Demersal, Time Series, Trawl Surveys, Tyrrhenian Se
Introduction
A central challenge in fisheries ecology is to understand why species
abundance changes over time [1]. Fishing exploitation is considered one of the
main factors determining demersal resources dynamics, although both abiotic
and biotic variables influence population abundance. In this context, the time
series of experimental trawl survey data are useful to investigate trends and
variations of the stocks, their spatial distribution, their relative abundance, etc.
The present study aimed to investigate the temporal variations of the
populations of five demersal species in the northern Tyrrhenian Sea through
the analysis of the time series obtained from trawl surveys. Moreover, the
study is focused to investigate the effect of some potential explanatory
variables, such as fishing effort indices and environmental factors. The species
considered for the study are the horned octopus, Eledone cirrhosa, the
European hake, Merluccius merluccius, the red mullet, Mullus barbatus, the
Norway lobster, Nephrops norvegicus and the deep-water rose shrimp,
Parapenaeus longirostris; these species represent more than 50% of the
biomass landed by the trawlers exploiting the fishing grounds in the northern
Tyrrhenian Sea.

in 2002. As highlighted by the cross-correlations (Tab. 1), the first trend was
significantly related to the time series of the deep-water rose shrimp,
Parapenaeus longirostris. The Norway lobster, Nephrops norvegicus, time
series was negatively related to this trend, indicating that this species followed
an opposite pattern. The European hake, the red mullet and the horned
octopus time series were significantly related to the second MAFA trend.
Tab. 1. Cross-correlations between variables and MAFA trends. Response
variables: MM = Merluccius merluccius, MB = Mullus barbatus, EC =
Eledone cirrhosa, NN = Nephrops norvegicus, PL = Parapenaeus
longirostris. Explanatory variables: Wind = wind speed (m/s), NAO = NAO
index, SST = sea surface temperature (°C), Days at sea = number of days at
sea per month, GRT = mean gross tonnage. Significance level for correlations
± 0.35. Significant values are highlighted in bold

Materials and Methods
The study was performed in the northern Tyrrhenian Sea, where important
traditional trawl fisheries are present. During the investigated period (19912006), two experimental trawl surveys per year have been carried out in the
framework of national and international projects on the assessment of
demersal resources. The time series of mean biomass (kg/km2) were calculated.
To investigate the effect of environmental factors, time series of mean
monthly values of sea surface temperature (SST, °C), wind speed (W, m/s),
and
North
Atlantic
Oscillation
index
(NAO)
were
used
(http://podaac.jpl.nasa.gov/index.html). Indices of fishing activity and capacity
were computed from the Porto Santo Stefano trawl fleet, the main fishing
harbour in the area: the total number of days at sea performed by the fleet per
month, and the mean gross tonnage (GRT) of the fleet per month. The data
were analysed by means of the MAFA (Min/Max Autocorrelation Factor
Analysis), a statistical method to extract common trends from multiple time
series, and to analyse relatively short data sets [5]. Cross-correlations between
the variables and the trends were computed to evaluate the significance of the
relationship between the variables and the estimated trends [2].

As concerns the explanatory variables, only the fishing effort indices showed
significant correlations with the MAFA trends. The time series of the number
of fishing days per month was negatively correlated to the first trend, while
the mean GRT time series was related to the second trend. Therefore, the
available evidence suggests that fishing effort resulted more important than
environmental factors in influencing the trends. The number of fishing days
per month time series was negatively related to the first trend. In the
investigated period the trawl fleet of Porto Santo Stefano decreased of about
the 50% in terms of number of vessels, producing an almost proportional
decrease of fishing effort [3]. The reduction of fishing effort was mainly due to
the Common fishery policy for the Mediterranean, which promoted the effort
reduction through incentives to demolition. The mean size of the trawl vessels
of Porto Santo Stefano has increased until 2000s; however, in the last years, it
has followed a decreasing pattern, in response to the global crisis which
invested fisheries, and to the sharp increase of the diesel oil costs [4].

Results and discussion
The results obtained by means of Min/Max Auto-correlation Factor Analysis
(MAFA) highlighted the presence of two main trends (Fig. 1) in the multiple
time series data set.
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Fig. 1. Common trends extrapolated from the multivariate time series data set
by means of MAFA

The first trend described an increasing pattern, while the second showed a
general rather constant behaviour, even though characterized by a sharp peak
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Abstract
A chart of the Mediterranean, using Google Earth, is being developed with the objective to help fisheries scientists easily place the
different georeferenced features related to fisheries (undersea features, MPAs, jurisdictions, etc.). The map is an open tool and can
be improved by users. This tool has been developed in the framework of the activities of UNEP RAC/SPA
Keywords: Fisheries, Mapping
The UNEP Regional Activity Centre for Specially Protected Areas
(RAC/SPA) in compliance with the Mediterranean SPA/BD Protocol,
undertook an initiative to promote the establishment of a Specially Protected
Areas of Mediterranean Importance (SPAMIs) network, including
Mediterranean high seas. In that context, along with the project “Fisheries
management/conservation and step-relief areas in the Mediterranean open
seas, including deep seas” [1,2], the UNEP RAC/SPA has promoted the
development of a geographic tool related to fisheries to help scientists and
other potential users working with georeferenced information coming from
different sources. Google Earth has been chosen as a user friendly and free
software in order to develop such a tool as it will facilitate access to the
general public. The map presented has several folders containing the following
information:
- Bathymetry. Isobaths of 50, 100, 200, 1000, 2000, 3000, 4000 and 5000 m
depth are included. The information has been obtained from GEBCO [3].
- Jurisdictions. It contains information about: internal waters, historical bays,
territorial waters, archaeological contiguous area, fishing protection zones,
ecological protection zones, exclusive economic zones, high seas, and other
particular jurisdictions [4].
- MPAs. Including: UNEP RAC/SPA SPAMIS, GFCM FRAs (Fishing
Restricted Areas), MPAs for cetacean conservation, proposals for tuna
sanctuaries and any other MPA appeared in MEDPAN and MPAGLOBAL
websites. About 280 MPAs are included. In most cases associated to the
website that contains its description
- Undersea features. Includes all geomorphological features with a published
name. About 35 types of features (the most common, seamounts, canyons,
ridges, plains, etc.). The map contains about 450 georeferenced geographical
localizations.
- Boundaries, subareas and grids. Contains the different subareas defined by
FAO for statistical purposes, and GFCM. It also contains the 10 and 50 km
grids promoted by the European Union for environmental purposes.
- Sea surface temperature (SST) and surface primary productivity in terms of
chlorophyll-a concentration. Charts of summer and winter averaged
temperature and productivity from 2003 to 2008, as well as the main isolines
[5]. When possible the georeferenced element is associated to additional
information with a link. This map aspires to be an operational tool for marine
scientists working in the Mediterranean. It is posted in the public domain and
feedback from users, for comments, corrections and additions is expected.
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FISH ASSEMBLAGES AROUND FISH AGGREGATION DEVICES IN AEGEAN SEA COAST OF TURKEY
Altan Lök 1* and Aytaç Özgül 1
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Abstract
Fish assemblage associated with fish aggregating devices (FADs) in Aegean Sea was carried out between June 2008 and June 2009.
Two FADs and two control areas were established to check the aggregation efficiency of the FADs. Small-scale fisheries techniques
and underwater visual census have been conducted around of FADs and control sites monthly. A total of 17 families and 24 species
of fishes were observed beneath FADs. Pelagic fishes, largely Trachurus spp., Seriola dumerili, Coryphaena hippurus
andXiphias gladius, dominated the fauna. This study is also show that FAD is provide good opportunity to understand pelagic
ecosystem.
Keywords: Aegean Sea, Artificial Reefs, Biodiversity, Fisheries, Pelagic
Introduction
Associations of fishes with flotsam have been widely reported in the literature
[ 1, 2 ] from subtropical and temperate waters. However, few data are
available on the Mediterranean [ 3, 4 ]. Despite of the fact that FADs have
been used in the other countries for many years, using of FADs for fishing or
same aims not reported in coats of Turkey. Any records couldn’t be found on
use of FADs in pelagic fisheries in coast of the Aegean Sea and Eastern
Mediterranean. Therefore, this study has been became the first for Eastern
Mediterranean area. This paper focused on the description of composition,
abundance and seasonality of fishes associated with FADs in Eastern
Mediterranean (Aegean Sea).
Material and Methods
This study was conduct off Gümüldür village which located 40 km south of
Izmir. Two steel FADs units were moored in water at 50m and 100m depths
respectively. Two zones without FAD, separated one nautical mile from each
FADs unit and at the same depth, were taken controls to test for the
aggregation behavior of the species. The study was carried out from July 2008
to June 2009. Seasonal variability was studied by sampling each FADs and
control cities with a monthly. Samples were collected with small scale
fisheries techniques (angling, trolling, gillnet and pelagic loglines) around of
FADs and control sites. Underwater visual observations were also conducted
to obtain qualitative information on the spatial distribution of fishes.
Results
A total of 17 families and 24 species of fishes were observed beneath FADs.
Pelagic fishes, largely Trachurus spp., Seriola dumerili, Coryphaena hippurus
andXiphias gladius, dominated the fauna. The observed specimens were
mainly juveniles, with the exception of a few adults of Balistes capriscus,
Centrolopus niger, Lepidopus caudatus and Corypheana hippurus. The
recruitment of juvenile middle-sized pelagic fishes to FADs was rapid, with
shoals being presented only a few days after FADs deployment.
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Abstract
Marine protected areas (MPAs) are an instrument for improving both fisheries management and marine environmental protection. In
order to analyse possible differences in fishing yields we studied the vicinity of two no-take zones (close and further to home harbour)
within the MPA located in Cabo de Gata (Almeria, Spain). Species abundance showed a spatial distribution along the coast with two
clear separate groups. We suggest that those differences might be due to the effect of fishing pressure.
Keywords: Fisheries, Coastal Management
Introduction
The Cabo de Gata-Níjar Marine Reserve (CGMR) is situated in the Western
Mediterranean (Fig. 1), in the southeast of the Iberian Peninsula. This coastal
MPA covers 4,600 ha and represent typical Mediterranean habitats, such as
rocky reefs, sandy bottoms and Posidonia oceanica seabeds. Local fishing
activities are restricted to artisanal fisheries, which are often coastal with boats
smaller than 10 m. Within the protected areas and outside the no-take zones
(fishing is prohibited), artisanal fishing is undertaken using traditional fishing
gears (gill net and trammel net) on diverse target species depending on their
abundance and price. Many factors have a significant influence on effort
allocation by the fishing fleets, such as distance to the port, distance to the notake zone and water depth [1]. In general, most of the fishing effort is
concentrated near the no-take zones especially those closer to home harbour. In
Cabo de Gata, the prevailing winds, both east and west, produce losses of
between 30-40% of the fishing days during the year, therefore can be considered
a factor that could influence the spatial allocation of the fishing effort.

around European marine reserves: Implications for successful fisheries
management. Marine Pollution Bulletin, 56: 2018-2026.

Materials and Methods
In this study we aim to investigate catch abundance within the vicinity of two
no-take zones in the CGMR with different accessibility (one close to home
harbour (2 nm) and the other further away (8nm)). Experimental fishing
surveys in the CGMR were conducted during May 2009 with two artisanal
boats operating in the area, with the same gear type used in commercial fishing
(Common cuttlefish trammelnets).

Fig. 1. Location of Cabo de Gata-Nijar Marine Reserve (CGMR) on the
southest of the Iberian Peninsula. Dots illustrate the experimental fishing sets

Results and Discussion
A total of 48 fishing sets were sampled and sixty species were collected during
the study (45 of fish, 6 of mollusc, 5 of crustacean and 5 of equinoderms). To
establish the contribution of each species to the mean abundance Bray-Curtis
dissimilarity within a group and between groups of samples, similarity
percentage analysis (SIMPER) routine was used (PRIMER 6). The MDS
analysis revealed differences between both (near and further away) fishing sites.
We suggest that those differences might found be due to the effect of fishing on
the dominant species Sepia officinalis.
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PREMIERE DESCRIPTION DE MALFORMATION DU PIED CHEZ LE MOLLUSQUE BIVALVE RUDITAPES
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Abstract
L’examen de la partie molle de la palourde Ruditapes decussatus, prélevée pendant les saisons, estivale et automnale, de l’année
2009 nous a permis de révéler la présence d’une malformation très marquée touchant la morphologie du pied du bivalve. Le suivi
spatial de cette perturbation, dans trois stations du littoral tunisien, a montré que le taux, la position et le degré de développement de
cette anomalie varient d’une station à l’autre. Nous avons également constaté la présence d’un byssus chez 0,47% de spécimens
collecté dans une des trois stations.
Keywords: Bivalves, Pollution, Coastal Waters, Mollusca
Introduction
Ruditapes decussatus est un bivalve d’intérêt économique important. Il se
rencontre en Atlantique et en Méditerranée [1]. Cette espèce endogée s’enfouit
dans le sédiment grâce à son pied [2]. Lors d’une étude bioécologique, nous
avons mis en évidence une malformation très marquée du pied. Cette étude
décrit les malformations observées et détermine l’intensité de cette anomalie
ainsi que les variations spatiales.

est de 99,66% (spécimens examinés = 598) contre 46% à Radés (effectif
examiné = 300). Nous avons par ailleurs constaté, chez les spécimens du port
de Sfax, la présence d’un byssus assez moelleux plus ou moins long (environ 8
mm de long et 1 mm de large) se différenciant du côté postérieur du pied. Le
taux de spécimen à byssus est très faible (0.47%). Cette malformation est
semblable à celle décrite par Atkins [3] chez la moule Mytilus edulis. Cette
anomalie se manifeste par le développement, chez le bivalve, d’un pied
surnuméraire à partir du pied principal. Selon le même auteur, le pied de la
moule peut également subir soit une atrophie soit une lésion. L’origine de cette
anomalie est inconnue [3]. En ce qui concerne notre étude, plusieurs causes
peuvent intervenir dans l’apparition de telles anomalies chez Ruditapes
decussatus. En effet, les conditions environnementales, la pollution,
l’hydrodynamisme, le parasitisme sont des facteurs qui peuvent avoir un
impact direct ou indirect sur la morphologie du pied de l’animal. D’après
Bartoli [4], le parasitisme intensif chez Venerupis aurea peut modifier le
comportement du bivalve en renversant la position normale du bivalve dans le
sédiment. Des études, génétique et parasitologique, sont en cours de réalisation
en vue de rechercher les causes de cette malformation.

Matériel et Méthodes
Un effectif total de 1 325 spécimens de 19 à 39 mm a été collecté par pêche à
pied durant l’été et l’automne 2009 dans trois stations : Radés (nord de la
Tunisie), Gargour et le port de pêche de Sfax (Sud Tunisien) (fig1). Au
laboratoire, les animaux, de chaque station, ont été comptés puis examinés
macroscopiquement et sous loupe binoculaire. Les spécimens prélevés dans
chacune des trois stations ont été comptés en vue d’étudier les variations
spatiales. Les différents types et degrés de développement de la malformation
observée ont été décrits.

Fig. 2. Variation du taux de la malformation du pied du bivalve en fonction des
stations d'étude.
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Fig. 1. Carte de la Tunisie montrant les sites de prélèvement de la
Palourde Ruditapes decussatus.

Résultats et discussion
Les observations macroscopiques et microscopiques du pied de Ruditapes
decussatus ont révélé la présence d’une malformation qui se manifeste par la
différenciation d’une gouttière rectiligne dans le sens antéropostérieur. Cette
gouttière, plus ou moins profonde, peut évoluer en longueur et en profondeur
donnant deux pieds séparés uniquement du côté ventral. Certains spécimens
montrent, en plus, une séparation dorsale. L’animal se trouve donc avec deux
pieds complètement indépendants. Certaines palourdes montrent une gouttière
et une bifurcation du bout antérieur du pied. Dans ce dernier cas, le stade
ultime donne naissance à deux pieds séparés partiellement ou totalement. Le
taux de spécimens touchés par cette perturbation (fig.2) est de 100% dans la
station du port de pêche de Sfax (effectif examiné = 427). A Gargour, le taux
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PERIODISM OF CYSTOSEIRA SPINOSA SAUV. (FUCALES) FROND SIZE ON THE MONTENEGRIN COAST
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Abstract
Cystoseira spinosa periodism and size structure were studied on three locations of the Montenegrin coast (Adriatic Sea). Samples
were taken from Orahovac, Perast and cape Kocište in different seasons between autumn 2005 and spring 2007, at 5m depth. The
analysis were made on obtained data for total wet biomass, C. spinosa wet biomass, maximum length, length of the main axes and
length of ten randomly selected primary branches. For better understanding of C. spinosa periodism and monitoring further analysis of
deeper populations are needed.
Keywords: Adriatic Sea, Algae, Endemism, Phytobenthos
Introduction
According to published data Cystoseira species are very sensitive to
antropogenic impacts and there are tendences of their regresions from urban
areas. In recent years many scientific efforts has been dedicated to research of
the genus Cystoseira as bioindicator species for evaluating environmental state
and some antropogenic impacts. In these activities historical data are of great
importance, but unfortunately they are very scarse for the Montenegrin coast
([1], [2], [3]). Therefore the aim of this work was to contribute to the better
knowledge of endangered, endemic Mediterranean brown algae, Cystoseira
spinosa Sauv., its periodism and size structure and to provide better base
information for further monitoring.
Materials and Methods
The field research was done by seasonal SCUBA diving, on 3 locations:
Orahovac, Perast and cape Kocište (Fig. 1), between autumn 2005 and spring
2007 (excluding winter 2006). Sampling was done in 3 replicates scraping off all
organisms within quadrates 25cm x 25cm at 5m depth. Following parameters
were measured: total wet biomass, Cystoseira wet biomass, maximum length,
length of the main axes and length of ten randomly selected primary branches.
Measured Cystoseira spinosa specimens are conserved in 4%
formaldehyde solution.

Fig. 2. Values of length for different seasons (Lmax-maximum length; Lax-length
of axes and L1gr-length of primary branches)

Some autors ([4], [5]) acknowledge weak seasonal variation of length for main
axes and its independes of the phenological state of plants. In this study the
lengths of main axes were different significantly (F-test and Duncan test,
p<0,05) between locations. Furthermore, as for wet biomass, also for the length
of main axes, location Orahovac was with highest variability (6.35-13.2cm) and
location Perast with highest values (13.55cm). Conceptacles were apical and
present only in the spring.
With scope to improve knowledge of phytobenthos of the Montenegrin coast
two new locations for the distribution of Cystoseira spinosa are presented
(Orahovac and cape Kocište). For this part of the south-east Adriatic Sea
presented data of periodism and size structure for this algae are the first one and
more or less are similar to data from other parts of Mediterranean Sea. However,
because of great polymorphism of Cystoseira spinosa further analysis of deeper
populations are needed, as well as further monitoring of differences found in this
study.
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Fig. 1. Locations of the study

Results and Discussion
Seasonal variation of total biomass, with maximum in spring were clearly
evident, contrary to biomass of Cystoseira. Differences in wet weights of C.
spinosa between selected locations were significant (F-test and Duncan test,
p<0,05) and the highest between Perast (66.7g/m2) and Kocište (759.9g/m2).
The biggest variability of maximum length, length of main axes and primary
branches were noted in the spring (Fig. 2).
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USE OF LAPAROSCOPY FOR THE EVALUATION OF THE REPRODUCTIVE APPARATUS OF EEL
(ANGUILLA ANGUILLA)
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Abstract
In this paper we evaluate the application of laparoscopy for the assessment of the reproductive status of the European eel, Anguilla
anguilla, with the final goal of recognizing the mature stage of the gonads. Laparoscopy was carried out on 20 anesthetized eels,
using a 1.9 mm rigid cystoscope. Gonads were visualized and histological samples were collected with a forceps and showed presence
of gametes at different maturity stages. The application of laparoscopy can be powerful to evaluate sex and to establish the
reproductive status of the gonads of eel.
Keywords: Fishes, Reproduction
Introduction
Laparoscopy is a useful diagnostic and therapeutic tool in human and,
recently, in veterinary medicine. There are only few reports on laparoscopy
application in teleosts [1]. This study is aimed at evaluating in eel the use of
laparoscopy to analyze the reproductive tract and to detect the maturation
stage of the gonads.

F., 2008. Laparoscopia nei Teleostei: Risultati Preliminari. Veterinaria 6, 3340.
2 - Ortenburger, A.I., Jansen, M.E., Whyte, S.K., 1996. Nonsurgical
videolaparoscopy for determination of reproductive status of the Arctic charr.
Canadian Veterinary Journal 37, 96-100.
3 - Martin, R.W., Sower, S.A., Phillips, D.J., MCauley, C., 1983. Ultrasonic
imaging, a potential tool for sex determination of live fish. North American
Journal of Fisheries Management 3, 258-264.
4 - Crim, L.W., Glebe, B.D., 1990. Reproduction. Schreck CB, Moyle PB,
eds. Methods for Fish Biology. Bethesda: American Fisheries Society, 529553.

Material and Methods
Laparoscopy was performed on 20 eels (Anguilla anguilla) 60 cm medium
length. The study was performed with a rigid cystoscope, a pump for air
insufflation and a video device; a forceps was used to collect the bioptic
samples. The fish were anesthetized in a tank containing MS 222 0.3 mg/L,
and then placed on a grid out of the water; the anesthesia has been maintained
conveying water containing MS 222 0.4 mg/L through a small aspiration pump
in the oral cavity of the fish, using an i.v. flow regulator; the water has never
been recycled. Laparoscopy was carried out placing fish on dorsal decubitus.
A pneumocoelom was performed in order to separate the abdominal wall from
the viscera. A small paramedian surgical incision, close to the anal pore,
allowed the introduction of the Veress needle, linked to the insufflator through
an i.v. flow regulator. The laparoscopic surgery door was made with the same
procedure about 1 cm cranially from the first incision. After the examination,
the coelom was emptied of air and treated with Enrofloxacin 14 mg/Kg; the
laparoscopic entry sites were sutured with Vicryl (from 5-0 to 2-0). The fish
were then placed again in the tank and the recovery was reached few minutes
later. The bioptic samples were processed for paraffin-embedding. Slices were
stained with Ematoxylin-Eosin. The follow-up showed a quick recovery and
excluded the presence of post-surgery lesions as well as functional alterations
within 3 months.
Results
During the laparoscopy the gonads were visualized as paired organs attached
to the swimbladder. The histological examination showed presence of gametes
at different maturity stages in both sexes. Ovaries were characterized by
oocytes at different stage of maturation. Previtellogenic ones were
characterized by a reduced size, an evident nucleus and a dense and deeply
stained cytoplasm. Vitellogenic oocytes included ova with nucleus still evident
and one or more layer of vacuoles filled with lipid yolk, and large ova with
vacuoles and stained cytoplasmic material (protein yolk) covering the nucleus.
The testes were characterized by Sertoli cells and primordial germ cells.
Discussion
One of the major challenges in fish reproduction is the precise assessment of
the gonadal maturity stage before hormone conditioning, necessary for
stimulating gamete release in several farmed species [2]. Generally fish not
showing sexual dimorphism are sexed through direct observation of gonads,
sacrificing the fish, therefore this technique is not reliable for endangered
species or expensive fish such as broodstock; radio-immuno assays for
determine sex hormone concentration, even if not lethal, is difficult and
expensive, and not very sensitive in case of low levels of sex hormones e.g.
young fish or onset of reproductive activity [3, 4]. The laparoscopy showed a
big potential allowing direct visualization of the gonads and a quick
examination. The main problems of this procedure are the cost of the devices,
the high expertise and training of the staff and the small size of many teleost
fish with consequent potential injuries to coelom organs/cavity.
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Abstract
In this paper we evaluate and discuss the tissue damage due to Anisakis larvae in experimentally infected sea bass (Dicentrarchus
labrax). This is the first endoscopic and laparoscopic study, that has revealed in two fishes hemorrhages and/or nodules on the serosal
surface of the intestine. The evidence of tissue change is an unusual occurrence in Anisakis infected teleost fish.
Keywords: Parasitism, Teleostei, Pathology
Introduction
Anisakid nematodes are probably the most known fish parasites, also because
of their zoonotic potential. The life cycle of these cosmopolite parasites
involve marine mammals or fish-eating birds as definitive host and various
aquatic invertebrate species, teleosteans and cephalopod molluscans as
intermediate and/or paratenic hosts. The tissue damage evoked by these
nematode larvae on their teleost host is generally very low. They can be found
on the serosa of coelomic organs without any apparent tissue reaction.
However its importance as fish-borne zoonosis, few data demonstrate the
possibility of experimental induction of the disease from a fish to another
using L3 larvae without intermediate host [2,5]. Moreover imaging techniques
have been rarely used in teleost fish. This paper is aimed at show the
laparoscopic findings obtained during a challenge with Anisakis larvae in one
of the most common fish species in Mediterranean aquaculture, as the sea
bass, with known susceptibility [1].

(1): 32-36.
3 - Mlandineo I., 2001. Experimental infection of European sea bass
(Dicentrarchus labrax) with Anisakis simplex third-stage larvae (Nematoda:
Ascaridoidea). Rapp. Comm. Int. Mer Médit., 36: 30.
4 - Rolbiecki L., Janc A. and Rokicki J., 2001. Stickleback as a potential
paratenic host in the Anisakis simplex life cycle in the Baltic Sea: results of
experimental infection. Wiad Parazytol., 47(3): 257-262.
5 - Smith JW., 1974. Experimental transfer of Anisakis sp. larvae (Nematoda:
Ascaridida) from one fish host to another. Helminthol., 48(4): 229-234.

Material and Methods
Five fish belonging to the species Dicentrarchus labrax were reared in an
aerated tank, 650 l, for 60 days, temperature 25°C, salinity 35‰. Fish were
anaesthetized using MS-222. The challenge was performed by endoscopy,
using 10 alive Anisakis larvae inserted into the stomach of each fish. Larvae
were obtained by the simultaneous necropsy of three teleost fish belonging to
the species Lepidopus caudatus. Another challenge with the same protocol
was performed 15 days later. At this time, endoscopic exam was carried
out. After 60 days, in which fish were daily monitored, an explorative
laparoscopy, using a rigid cystoscope, was performed. Fish were carefully
examined for Anisakis larvae, after induction of pneumocoelom in a way to
show all parietal and visceral coelomic surfaces.
Results
Endoscopic exam, after two weeks, revealed the presence of some larvae at
level of gastric mucosa. The laparoscopy performed after two months
showed, in two teleosts, hemorrhages and/or nodules on the serosal surface of
the intestine. Within each of these changes a single nematode larva was
detected. In one case a biopsy was performed from a parasitic nodule. The
necropsy was performed a week later and such lesions were sampled for
histopathology which confirmed the granulomatous-hemorrhagic nature of the
tissue changes. Parasites sampled from L. caudatus and D. labrax were
isolated, fixed in 70% alcoholic solution, morphologically identified by light
microscope, after diaphanization with lactophenol, as A. pegreffii in both L.
caudatus and D. labrax.
Discussion
This paper represents the first endoscopic and laparoscopic study of an
experimentally induced parasitic disease [2,3,4,5]. The evidence of tissue
change is an unusual finding in Anisakis infected teleost fish. The change here
described could be explained because of the high susceptibility of the sea bass
towards this parasite, almost never found in wild specimens in Mediterranean,
probably in relation to the diet that normally does not include other
intermediate hosts. Nevertheless the finding of hemorrhages could also be
related to the acute stage of the infection.

References
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DISTRIBUTION OF ANCHOVY EGGS IN BOKAKOTORSKA BAY
Milica Mandic 1* and Slobodan Regner 1
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Abstract
Anchovy, Engraulis encrasicolus (L.), is a pelagic species, widely spread in Mediterranean as well as in the Adriatic Sea. In this
paper distribution of anchovy eggs in Boka Kotorska Bay (Southern Adriatic) is presented. The survey was performed at 18 stations
in summer 2006, as a part of the project of ichthyoplankton investigation in Montenegrin waters.
Keywords: Ichthyoplankton, Adriatic Sea
Introduction
Anchovy (Engraulis encrasicolus, L., 1758) is one of the most important small
pelagic fish species in Adriatic Sea. Anchovy eggs are pelagic and frequent in
plankton from April to September, with peak in June-July. Maximum numbers
of eggs occur in the open Adriatic earlier than in the coastal neritic waters [1, 2].
The aim of this paper was to present the distribution of the anchovy eggs in
Boka Kotorska Bay during the period of spawning.

(9): 40p.
2 - Regner, S., 1985. Ecology of planktonic stages of the anchovy, Engraulis
encrasicolus (Linnaeus, 1758), in the central Adriatic. Acta Adriat., 26(1), Series
Monographiae, 1:1-113p.
3 - Merker, K. and M. Vujoševic., 1972. Densitê et disposition des oeufs
d’anchois (Engraulis encrasicolus L.) dans le Golf des Bouches de Kotor. Bay.
(in Serbian). Poljoprivreda i šumarstvo, 18(2): 15-27.

Materials and methods
Ichthyoplankton samples were collected in Boka Kotorska Bay in July 2006,
by vertical tows of the PairOVET (modified CalVet) plankton net. Diameters of
net cylinders were 25 cm each, and total mouth area was 0.098 m2, while mesh
size was 0.160 mm. Net was towed vertically with the speed of 0.5 m/sec-1. 18
vertical plankton hauls were performed. Maximal depth of sampling was 55 m.
At every station data on temperature and salinity, from the surface to the
maximal depth attained, were collected by CTD probe. The samples were
preserved in 2.5% solution of buffered formaldehyde. Maximal depths of hauls
ranged from 12-50 m. Anchovy eggs were removed from the samples, staged and
aged using methodology given in [2]. Average temperature from 0 to 20 meters
was used to estimate of duration of the egg stage from spawning to hatching [2].
Thus, quantities of anchovy eggs at every station were expressed as number of
eggs produced per m2 * day-1.
Results and discussion
Diameter of anchovy eggs (longer axis) ranged from 1.15-1.4 mm. Average
production of eggs at all positive stations was 61eggs/ m2 * day-1. The
distribution of eggs in the Bay is presented in Figure 1. Maximal production of
the eggs was recorded in internal part of the Boka Kotorska Bay (Kotor Bay),
while their number gradually decreased towards the entrance of the Bay.

Fig. 1. Distribution of anchovy eggs (N/m2 * day-1 )(L.) in Boka Kotorska Bay

Temperature ranged from16.98-23°C, while salinity ranged from 35.01-39‰.
These ranges coincide very well with long-term data on temperature and salinity
ranges of anchovy spawning in the Adriatic Sea [1, 2]. High spawning intensity
in the internal part of the Bay may be explained by the influence of the fresh
waters in that shallow area, which cause high organic production. Finally, spatial
distribution of eggs found in this survey is in very good accordance with the
spatial distribution found in July 1968 [3].

References
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BENTHIC PROKARYOTIC AND MACROFAUNAL COMMUNITIES IN THE DEEP IONIAN AND AEGEAN
(MEDITERRANEAN SEA) AND IN THE GALICIA BANK (ATLANTIC OCEAN)
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Abstract
Relationship between depth and food availability vs prokaryotes and macrobenthos in deep (1200 to 5000m depth) central -east
Mediterranean and Galicia Bank (Atlantic) is explored. Prokaryotic abundance was from 0.1 to 1.1 x108 cells g-1 i.e. 0.2 and 3.1
µgCg-1. The prokaryotic C production in the Atlantic was 7,7 to 104,6 ngCg -1 h-1. Archaea (9-36% Crenarchaeota, 4-15%
Euryarchaeota) were on average 31% of total abundance. Positive correlation between prokaryotic abundance and food availability
was in the Galicia bank. Mediterranean macrofauna was from 14±16 to 284±44ind/m2 and from 0,03±0,02 to 0,25±0,05g/m2 and was
dominated by polychaetes. Its standing stock decreased with depth, prokaryotic abundance and biomass did not. Large organisms
were more affected by loss in available energy with depth.
Keywords: Deep Sea Ecology, Biodiversity
Introduction
The deep-sea is the largest ecosystem on Earth and one of the least studied,
with a variety of habitats that support one of the highest biodiversities on the
planet [1]. Only a very small fraction of the deep sea has been explored to
date and this gap in knowledge has been recognised by the Census of Marine
Life. However, in parallel with the development of new technologies,
industries such as deep-sea fisheries and oil exploitation at entering deep
waters, start affecting an ecosystem largely unexplored and highly vulnerable
because of the long life and late maturity of many deep-sea species [2].
Additionally, recent studies show that climate change also affects biodiversity
and population dynamics in deep-sea ecosystems, although these processes
remain largely unknown [3, 4, 5]. In this study we wanted to investigate the
importance of depth and food availability for the deep prokaryotic and
macrobenthic communities of the central- eastern Mediterranean sea and
Atlantic ocean. For this purpose we analysed i) the distribution of
prokaryotes’ abundance, biomass, community structure, C production,
degradation activities of extracellular enzymes; ii) the macrobenthic abundance,
biomass and diversity in different deep sea sites of the central-eastern
Mediterranean basin; iii) the quality and quantity of sediment organic matter
in influencing prokaryotic and macrofaunal communities.

processes. Species richness (average S=4) and Shannon diversity (average
H’=0.6) values were low but individuals were equally distributed among
different families (average Eveness = 0.9). Abundance and biomass of
macrobenthos decreased with depth (R2=0.91) but increased with the content
of phytodetritus into the sediments (R2=0.93 and R2=0.82); biopolymeric
compounds did not show valid statistical relationships. A clear depth-related
pattern was not found in prokaryotic abundances, and bacterial carbon
production. The detrital organic matter of the sediments had a significant
correlation with prokaryotes only in the stations in the Galicia Bank. The
other factors involved in affecting their distribution, abundances and activities
will be further explored. In conclusion, despite the low abundance of
microorganisms, the contribution of Archaea was higher than reported until
now for marine sediments [6;7]. Also macrofauna abundance and biomass
were characterized by very low values and showed a negative correlation with
depth, as previously reported [8;9]. Prokaryotic abundance and biomass show
no decline with depth and large organisms are very likely affected by the
reduction in available energy with depth more than others.
This work was funded by ESF as part of the BIOFUN (EURODEEP project).

Methods
We compared areas at similar depths with different levels of productivity in
the Ionian and Aegean seas (Mediterranean) and in the Galicia Bank (Atlantic).
In June and October 2008 a total of 27 deployments of box corer (3 replicates
per station) were performed at depths ranging from 1200 to 5000 m. For
prokaryotic counts, community structure, prokaryotic activity (extracellular
enzymatic activities and carbon production) and organic matter analysis, three
sub-core were sectioned (0-1 cm layer) and processed.
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9 - Kro¨ncke, I., Tu¨rkay M., D. Fiege D., 2003. Macrofauna Communities in
the Eastern Mediterranean Deep Sea. Marine Ecology, 24 pp193-216.
10 - Tselepides, A., Papadopoulou, K.-N., Podaras, D., Plaiti, W.,
Koutsoubas, D., 2000. Macrobenthic community structure over the
continental margin of Crete (South Aegean Sea,NE Mediterranean). Progress
in Oceanography, 46 pp401-428.

Results and Discussion
The distribution of the prokaryotic abundance in the top 1 cm among sites
ranged from 0.1 to 1.1 x 108 cells g-1 equivalent to 0.2 and 3.1 µgC g-1, which
are values lower than those found in previous studies; but the prokaryotic C
production in the Atlantic was high (from 7,7 to 104,6 ngC g-1 h-1) and
comparable to those generally found in shallower systems. The percentage of
Archaea in the prokaryotic community was on average 31% of total
prokaryotic assemblage, unusually higher than values reported for deep sea
sediments. Bacteria accounted the remaining portion (69% of total abundance).
Archaeal assemblages were dominated by Crenarchaeota (9-36% of total
Archaeal abundance) followed by Euryarchaeota (4-15%) and a small percent
of unidentified Archaea. Multiple Regression Analysis evidenced a positive
correlation between prokaryotic abundance and food availability only in the
Galicia bank; the bacterial domain from these areas was strongly related to
Biopolymeric C content. Prokaryotes in the deep Mediterranean may be
affected by other factors than simply food availability. Macrofaunal
abundances and biomass were generally low, from 14±16 to 284±44 ind/m2
and from 0,03±0,02 to 0,25±0,05 g/m2 and dominated by polychaetes in
almost all stations but one dominated by crustaceans. Cnidaria and
Crustaceans were the second dominant groups but unevenly distributed among
stations; a more structured community was in the shallowest station where
molluscs and sipunculida, were also found. Most of the polychaetes were
deposit-feeders, as often when organic matter is refractory to degradation
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AGE, GROWTH AND AGE AT SEXUAL MATURITY OF THE LONGNOSE SPURDOG, SQUALUS
BLAINVILLEI, IN THE GULF OF GABES (TUNISIA)
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Abstract
The age and growth data of Squalus blainvillei, in the Gulf of Gabès, derived from spines reading, were used to estimate the von
Bertalanffy parameters: L∞ =105.7cm, K= 0.11, t0 =−1.12 for females and: L∞ = 91.1 cm, K= 0.14, t0 =−1.42 for males. Ages at
maturity for females and males were 7.44 and 4.79 years respectively. The maximum age was 19 years.
Keywords: Growth, Elasmobranchii, Gulf Of Gabes
Introduction
Longnose spurdog Squalus blainvillei occurred throughout the Mediterranean
Sea up to 700 m depth [1]. Data on its age and growth were scarce in the
Mediterranean Sea except those of the Sicilian Channel [2]. Life history
parameters, mainly age and growth, are essential for adequate management of
shark catches. Thus the aim of this work is to estimate age and growth of S.
blainvillei using spines.
Materials and methods
115 specimens of S. blainvillei fished in the Gulf of Gabès were sampled from
May 2004 to July 2005. The second dorsal fin spines (DFS) were removed and
prepared [3]. Growth bands were counted in each spine section throughout a
specific line transept within the internal dentine layer and using a Microscope
and Olympus S2X9 stereomicroscope at x 20 magnification; a band was defined
as a pair of dark (opaque) and light (translucent) concentric rings [3]. The TL-atage data were fitted to the von Bertalanffy growth model (VBGM).
Results and discussion
The total number of bands counted increased with length for both males and
females. Estimated parameters of the von Bertalanffy equation were shown in
tab 1.

Fig. 1. Von Bertalanffy growth curve in length of S. blainvillei from the Gulf of
Gabès
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Until 8 to 10 years, males grew more quickly than females. After that, females
continued to grow faster (Fig. 1). The age at maturity was estimated
respectively for females and males at 7.44 and 4.79 years. As shown in table 1,
S.blainvillei reached a maximum age more important in the Gulf of Gabès than in
the Sicilian Channel. These differences may be related to the structure used
(spines or vertebrae), the variability between readers, the stock state and fishing
pressure and to species confusion, it seems in fact that both S. blainvillei and S.
megalops occurs in the same area.
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NEW FINDINGS OF THE RARE BLACK BRITTLESTAR OPHIOCOMINA NIGRA (ABILDGAARD, IN O.F.
MULLER, 1789) (ECHINODERMATA, OPHIACANTIDAE) IN THE SICILIAN CHANNEL
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1 Istituto per l’Ambiente Marino Costiero Consiglio Nazionale delle Ricerche V. L. Vaccara 61 – 91026 Mazara del Vallo (TP) Italy giuseppe.sinacori@iamc.cnr.it

2 Istituto per l’Ambiente Marino Costiero Consiglio Nazionale delle Ricerche Spianata San Raineri 86 - 98122 Messina Italy

Abstract
Fourteen specimens of Ophiocomina nigra were collected in a restricted area of the Sicilian Channel under the influence of Atlantic
Ionian Stream, between 64 and 97 m depth. The species was associated with the sea urchin Stilocidaris affinis (Philippi, 1845), a
species “characteristic” of the Coastal Detriticus biocenosis. The Sicilian Channel represents the eastern border of the species
occurrence in the Mediterranean.
Keywords: Echinodermata, Biogeography, Sicilian Channel
Ophiocomina nigra (Abildgaard, in O.F.Muller, 1789) is a brittle star living in
the eastern Atlantic from the Azores to northern Norway and rarely in the
western Mediterranean [1]. A first synthesis of Mediterranean distribution
was given in [2], the species occurring in waters off Sicily, Algeria, Tunisia,
Baleares, France and Catalonia. Further records were reported along the
southern Spanish coasts [3]. More recently, the species was confirmed in
Sicily (South Tyrrhenian Sea) [4] and off the Maltese Islands [5, 6]. Our
specimens were collected within the European Data Collection Framework
(Reg. CE 199/2008) during the trawl surveys (MEDITS and GRUND) and
the sampling of the commercial trawling discard (DISCARD). The main
information on the records is reported in Table 1.
Tab. 1. Main information on the new findings of O. nigra in the Strait of
Sicily

The reported findings occurred in a limited area between 64 and 96 m on the
external border of the Adventure Bank in front of Pantelleria Island (western
side of the Sicilian Channel). The species was associated with the sea urchin
Stilocidaris affinis (Philippi, 1845), a species “characteristic” of the Coastal
Detriticus biocenosis (CD). The O. nigra distribution in the Mediterranean
suggests a strong link with the Atlantic water (AW) [2], the Sicilian
Channel representing the eastern border of the species occurrence in the
Mediterranean.
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Abstract
The feeding habits of Muraena helena from Adriatic Sea were studied using frequency of occurrence, numeric and gravimetric
percentage, an index of relative importance (IRI), main food index (MFI) and coefficient of nutritiveness (Q). M. helena is a
carnivore, mainly piscivore with a trophic level of 4 and up. Diet composition including 14 different prey taxa was evidently
homogenous among M. helena size groups. Principal prey items by decreasing importance were Pisces and Decapoda. The study will
be completed by analysing dietary overlap among size groups and seasons.
Keywords: Adriatic Sea, Fishes, Diet
Species from Muraenidae family are relatively big group of fishes famous by
their lurking in holes, and writhing snakelike through crevices, under rocks or
corals and by ability to swallow very huge prey [1]. M. helena is common in
eastern Atlantic and Mediterranean. Two moray species are found in Adriatic
Sea: very rare Gymnothorax unicolor and more common M. helena, both with
minor commercial importance.
While other morays are carnivores that feed on fish, crabs and octopus with a
significant role in population dynamics of many demersal fish [2], very little is
known about the biology of M. helena and of its ecological role in Adriatic
coastal ichthyocommunities.
A total of 267 individuals of M.helena were caught in the Southern Adriatic
(42°38' 51,72" N; 18° 02' 43,57"E) by bottom long-line. Prior to alimentary
tract removal, fish were weighed and measured. The tracts were individually
stored in 4% formaldehyde. The alimentary tracts were opened and prey items
were separated using a binocular microscope (magnification 10-60x). The
number of empty tracts was recorded. Prey items were counted, weighted and
identified to the lowest possible level. The weight of items was obtained by
wet weight method. Whenever fragments were found, the number of
individuals was determined as the lowest possible number of individuals from
which fragments could have originated.
Three indices were used to describe the diet, these were: the frequency of
occurrence (%F), percent numbers (%N) and weight (%W) [3]. The index of
relative importance IRI = (% N + % W) * %F was calculated for each prey
category as proposed by [4]. For diet comparisons, the %IRI for each food
category was applied after grouping prey taxa into categories based on their
taxonomy and ecology. Main food Index (MFI) by [5] and coefficient of
nutritiveness (Q) by [3] were also computed. Three size groups were
determined: 25 - 50 cm; 50 - 75 cm; 75 -100 cm. In ecology, the trophic level is
the position that an organism occupies in a food chain - what it eats, and what
eats it. Each link in this chain of consumption is termed a trophic level.
Because only a fraction of the energy used by a level is converted to biomass,
less energy is available at higher levels. Primary producers often have trophic
level 1. There is no in-principle limit to the number of levels in a trophic
system, but as only a fraction of the energy of each level can be processed by
the next (10%), trophic systems with more than five levels of consumption are
exceptional.
The stomach contents of M. helena (total length 27.5 - 100.0 cm; total weight
116.1 - 2280.0 g), were examined of which all were full. Recognizable preys of
14 different taxa were identified and grouped in 6 classes and values of IRI,
MFI and Q for them are presented in Table 1. Diet was evidently homogenous
among M. helena size groups. The diet of M. helena consisted of a wide variety
of macrobenthos. Pisces, occurring in 2/3 of all stomachs dominated in the diet.
Crustacea and Mollusca followed this group in frequency of occurrence and
weight. Decapoda represented 21.1% of occurrence in all stomachs. The
principal prey found were Pisces (IRI=9755.8) with dominant species Phycis
phycis (IRI=714.1) that was found in 11.54% of stomachs and Crustacea
(IRI=913.0) including more important species as Pilimnus hirtellus (IRI=44.7)
and Galathea strigosa (IRI=20.2). Besides Algae, other groups were
represented with approximately 2% in total stomachs contents. It is evident
that Pisces are most frequent as prey in numbers and weight, they have highest
index of relative importance, and besides Crustacea they represented main type
of food and have the highest nutritive value, while Algae, Gastropoda, Bivalvia
and Remains were secondary or accidental food. Of total analyzed stomachs,
50% were those of which the content was not possible to identify, so we
classified it as digested fish material remains. Due such results, M. helena have
a trophic level 4.2 ± 0.61 (SE) by main prey types in nutrition, which were

fishes and crabs with trophic level 2.8 and up.
Tab. 1. Diet composition of Muraena helena, Adriatic Sea (F is frequency of
occurrence; N is numerical composition; W is gravimetric composition; IRI is
index of relative importance, MFI is main food index and Q is index of
nutritiveness)

Only [6] reported results of M. helena feeding habits (zoobentos, nekton,
benthic crabs, crustacean, squids and octopus) and its findings are in agree with
our results in all except by non presence of cephalopods. But, at this
preliminary degree, all our samples are not analyzed till this moment (only two
seasons are processed and diet may strongly vary seasonally). Moreover, high
percentage of unidentified prey was present and will be carefully examined
once again in terms of finding structures which may belong to other animal
components.
The index of relative importance (IRI) is a frequently used to estimate diet
composition, but it has disadvantages due impact to its key components.
Percent frequency of occurrence (%F) does not account number and weight of
the prey item. Numeric percentage (%N) does not account weight and
frequency of occurrence. Consequently, %N is highly influenced by very
small, but numerous preys while very rare and large prey can underline % W.
Also, the results in terms of relative importance of different prey groups
should be treated with caution. Some prey items that are small, soft and
rapidly digested may be underestimated, while large prey with durable hard
parts may be given undue importance.
Piscivorius, agressive species as M.helena are less influenced by abundances of
specific prey taxa then are for example more specialized feeders [1] [2]. The
ecological importance of this species within the mediterranean coastal
communities appears to be significant and further studies are needed to assess
it. Those findings will lead to the implementation of multispecies approaches
to the management of Mediterranean artisanal fisheries.
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STATE AND PERSPECTIVE OF SCORPAENA SCROFA AND MULLUS SURMULETUS – TWO HIGHLY
VALUED SPECIES OF EASTERN ADRIATC ARTISANAL FISHERIES
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Abstract
The state and perspective of two main target species of Croatian artisanal fisheries: largescaled scorpionfish, Scorpaena scrofa and
striped red mullet Mullus surmuletus were investigated by detailed analysis of experimental catches. Basic demographic
characteristics of those species and recommendations for sustainable use of coastal resources are presented.
Keywords: Adriatic Sea, Fisheries, Coastal Management
Introduction
Croatian artisanal fisheries takes place in a relatively small area which
corresponds to about 6% of the Croatian Adriatic total fishing grounds.
Nevertheless, it generates a substantial yield taking second place in the overall
catch statistics, indicating that coastal area is subjected to high level of
exploitation. As a biologically diverse and lush area Vis aquatorium has
historically been one of the most important eastern Adriatic fishing grounds,
especially for highly valued species such as largescaled scorpionfish, Scorpaena
scrofa and striped red mullet, Mullus surmuletus. Therefore, it was chosen as a
pilot area where we assessed in detail the status of the two aforementioned fish
species.
Material and methods
Largescaled scorpionfish, S. scrofa and striped red mullet, M. surmuletus were
caught by employing ‘poponica’ - trammel bottom sets with standard
construction characteristics.
Results
S. scrofa specimens ranged between 14 - 45.1 cm total length (average 24 cm)
and 30-1347 g weight (average 273.33). Scale reading of caught specimens gave
the age range of 3-8 years. Assessing the destructiveness of 'poponica' nets for
S. scrofa population by taking into account minimal landing size of this species
(25 cm) ordained by [3] it can be seen that the overall catch is dominated by
undersized specimens (62.5%) (Fig.1). Situation is even more concerning if
biologically justified size at first sexual maturity is applied (TL 30 cm). The
proportion of immature specimens is in that case as high as 90%. All of the
above-mentioned indicates a rather alarming status of S.scrofa populations.

Negative impacts related solely to fishing activities of those target species are as
follows: decline in total CPUE (average CPUE with unit effort being one 32 m
long trammel net is 0.66-3.31 kg/net), increase in the CPUE of Scorpaenidae
family (the incline is, however, mostly due to S. porcus and not to commercially
more valuable S. scrofa); decrease in average catch length and weight of targeted
fish and increased proportion of immature specimens.
Nevertheless, the situation is quite favourable in the project area when
compared to any other in the Adriatic. However, it is not without concern.
Namely, looking at biometry characteristics of commercially important species
S. scrofa and M. surmuletus, it is evident that large specimens are only rarely
caught. Average landing sizes are more than twice smaller than those maximally
attainable.
Changes in quantitative and qualitative catch structure of coastal fish
populations can be due to various reasons. It is generally acknowledged they are
mainly due to intensive fishing. However, different species vulnerability to
fishing activities, density dependent effects as a result of complex ecological
relationships in coastal communities, predation, growing marine pollution and
climate change all play a part [4].
Regarding the fishing gear used for catching fore mentioned target species, it can,
first of all, be said that trammel net 'poponica' is highly nonselective and its use
coincides with reproduction period of most species. Other used gillnets are
selective and generally catch adult specimens if are not misused.
Recommendation therefore, is a more responsible conduct encouraged by a more
efficient surveillance. Temporal restriction should be considered in order to
allow undisturbed reproduction of targeted species. It is necessary to increase
minimal landing size of 11 cm for M. surmuletus because in [3] this value is
given for both Mullidae species. In order to insure sustainable small-scale
coastal fisheries, all of the aforementioned issues need to be taken into
consideration. Most importantly continuous monitoring and effective
implementation of existent regulation measures should be established.
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Fig. 1. Length frequency distribution of Scorpaena scrofa catch from trammel
nets, Adriatic Sea (MLS – minimal landing size; rMLS – recommended minimal
landing size)

In wider Vis aquatorium area a high number of M. surmuletus specimens were
caught in trammel nets due to the fact that most of fishing operations have taken
place during the warm summer-autumn period when this species comes closer to
shore for feeding and is therefore more easily caught. Total length, weight and
age ranges of caught specimens are 17-30.9 cm (average 24.12 cm), 33-337 g
(average 159.2 g) and 3-6 years, respectively. Taking into account minimal
landing size of this species (11 cm) ordained by [3] no undersized specimens
were present in the overall catch. Even when demersal long line destructiveness
is assessed considering biologically justified size at first sexual maturity (18 cm),
then catches contained a rather low, satisfying 1.2% of immature specimens.
Discussion
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Abstract
In this work, the mt DNA marker has proven its usefulness as informative source of genetic variation by the identification of four
population units of Pomatoschistus marmoratus and by delineating their boundaries.
Keywords: Genetics, Eastern Mediterranean, Western Mediterranean, Fishes
Introduction
The genetic population structure of marine species is shaped in space and time
by the combined impacts of their historical events and the complex
interactions of biology, geography, and climatic shifts [1]. Hence, the
identification of these ecological and evolutionary factors that control local
differentiation of populations is crucial in order to understand fine-scale
micro-evolutionary processes [2] and to examine the spatial and temporal
scales at which populations are genetically structured. Previous studies have
suggested significant population structuring in the Mediterranean Sea (MS) in
relation to some of the factors listed above and which trigger intraspecific
fragmentation. Some of these numerous phylogeographic studies have a great
focus on Gobiid species well distributed and diversified in the MS. Among
these numerous species, the marbled goby Pomatoschistus marmoratus
(Risso, 1810), which is a strictly inhabiting lagoons species and a poor
dispersers one. In this study, a thorough analysis of the genetic variation of P.
marmoratus at different geographic scales and across much of its distribution
area, is presented and discussed. Its phylogeography was inferred using
mtDNA 16S ribosomal RNA gene (16S-rRNA) and Cytocrome Oxidase I gene
(COI) sequences and, a robust statistical framework of hypothesis for
characterizing the present and past population genetic of this goby. Using this
organism as a model, we test how physical and evolutionary factors lead to
the structuring of marine populations in MS.

geographical overlap. Each of these lineages roughly corresponds to a different
Mediterranean sub-basin. We designated the four clades as Western
Mediterranean Sea, Lybico Tunisian Gulf, Adriatic Sea and Aegean Sea. These
four clades are disconnected also in the SPN and constitute the most probable
and only statistically significant grouping in the Samova analysis. Pairwise
FST values were generally high and well significant within the four clades and
the Nem was very low and does not exceed 0.06 migrant per generation
suggesting that the gene flow between the four clades is almost absent. The
networks of the LTG and AEG clades showed evidence of star-like
phylogenies, suggestive of past demographic expansions; however, the
WMED and ADR networks suggest an equilibrium status. Looking at the
biology and life history of the studied fish, the past geomophological
processes and the hydrographic patterns within the MS we can understand
the occurrence of this split within the different analysed populations and the
lower genetic variability encountered within the different phylogroups. This
pattern is consistent with the potential effects on dispersion of the Siculo
Tunisian Strait and the Hydrographic isolation of the Adriatic and Aegean
Seas where selective forces related to physical, chemical and/or ecological
conditions present in each basin could account for the phylogeographical
break. The strong currents that limit the mixing of the different bodies’ water
may interact with the local features and the particular bottom topography of
the zone and could have allowed progressive intraspecific genetic
differentiation.

Materials and Methods
A total of 56 marbled gobies were sampled from eight Mediterranean localities
(Three sites from western Mediterranean: Thau lagoon, and Vaccarès lagoon,
in Southern France, Bizerta lagoon, in Northern Tunisia; five sites from
eastern Mediterranean, subdivided in the following areas: two samples from
Lybico - Tunisian Gulf, Lella el Hadria lagoon, and El Biban lagoon, in
Southern Tunisia, two samples from Adriatic Sea, Venice lagoon, in Northern
Italy and Soline Bay, in Croatia, and one sample from Aegean Sea, Vassova
lagoon, in Greece). A fragment of the mitochondrial 16S-rRNA gene (501 bp
in length) was amplified with the universal primers H16 and L16. A fragment
of the mtDNA COI gene (647 bp in length) was amplified using the universal
primers FishF1 and FishF2. Sequencing results were manually edited with
BioEdit program version (7.0.5.3) and aligned using the CLUSTAL-W
program. Phylogeographical and molecular evolutionary analyses were
performed for each separate gene and considering all data together. Phlogenetic
analyses were conducted using PAUP 4.0b10, DNAsp v.4.50 and
ARLEQUIN v.3.11. Levels of mtDNA diversity and population genetic
statistics were investigated by comparing population estimates of
mitochondrial haplotype diversity (Hd), nucleotide diversity (π), number of
segregating sites (SS) and gene flow (F ST and Nem). To examine hierarchical
population structure as well as the geographical pattern of population
subdivision, we used analysis of molecular variance (AMOVA). In addition,
we carried out SAMOVA (Spatial Analysis of MOlecular VAriance) using the
program SAMOVA.1.0. Besides, an unrooted network of mtDNA haplotypes
was constructed using the program TCS 1.13 with 95% parsimoniously
plausible branch connections between haplotypes. This statistical parsimony
network (SPN) method was used because analyses based on networks are
thought to be more accurate at representing historical processes.
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Results and discussion
Pomatoschistus marmoratus shows a remarkable degree of genetic population
subdivision and phylogeographic complexity within the MS. Sequences show
a tendency to gather by sampling locality providing four clusters matching the
geographical positions. These phylogroups appeared as monophyletic with
high bootstrap support values equal to 100%. According to the geographic
locations of the specimens in each major clade, our mitochondrial DNA
analysis of P. marmoratus in the Mediterranean revealed a west–east
phylogeographic split involving four highly divergent phylogroups with no
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LENGTH–WEIGHT RELATIONSHIPS OF THE ALIEN JINGA SHRIMP, METAPENAEUS AFFINIS (H.
MILNE EDWARDS, 1837) (DECAPODA, PENAEIDAE) IN THE MEDITERRANEAN SEA
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Abstract
Seasonal length-weight relationships (LWR) of the recently introduced Jinga Shrimp, Metapenaeus affinis, population inthe Izmir
Bay are presented. A total of 1795 specimens were collected, and LWR for females, males and combined sexes, were calculated as
W=0,0046L3,19, W=0,0076L2,96 and W=0,0041L3,23 respectively. Whereas females showed positive allometry, males showed
negative allometry.
Keywords: Alien species, Crustacea, Aegean Sea
Introduction
Metapenaeus affinis occurs in the Indo-West Pacific Ocean, from the Persian
Gulf and the Arabian Sea, to Indonesia, China, Philippines and New Guinea [1].
The species is commercially of major importance in the Persian Gulf, where it is
commonly captured on shallow muddy bottoms. It is raised commercially in the
Philippines. It was first noted in the Mediterranean in April 2008, when 64
specimens were caught by trammel net set on muddy bottom, at depth of 8-12
m, at the inner part of Izmir Bay, on the Aegean coast of Turkey [2]. We
monitored this population ever since.

commercially exploited, is a boon for Izmir Bay’s artisanal fishermen, who
turned from beach seining to trammel netting for prawns. During the summer of
2009, 10-12 fishing vessels were profitably engaged in this fishery, with
wholesale price 4.5 euro per kg, and retail at 6.5-7 euro. The population
dwindled in August, due possibly to intense illegal fishing.
Tab. 1. Length–weight relationships for, Jinga shrimp

Material and Method
A total of 1795 specimens were collected at the inner part of the bay by shrimp
trammel net at monthly intervals between November 2008 – October 2009.
Sexually mature male and female specimens were collected between May and
October. LWR measurements of the newly established population were taken
and compared to data from the species native range, and to serve as baseline for
possible future studies of possible adaptation to the local environment. The
relationship between length and weight was established as W=aLb, where W is
total body weight (g), L is total length (cm), and a and b are coefficients [3]. The
parameters a and b of length-weight relationships were estimated by linear
regression analysis on log transformed data. The association degree between
variables was calculated by the determination coefficient (R2). The growth type
was identified by Student’s t-test.

>
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Fig. 1. Sampling area, where specimens were collected

Results and Discussion
Total length varied between 8-17,5 (±1,34) cm and weights were 3,2-38,9
(±4,87) gr. The smallest individual was a male collected in May, the largest a
female collected in September. The maximum length for males was 14,6 (±1,12)
cm as compared with 22.2 cm in its native range [4]. The population shows a
normal distribution with sex ratio 1:1.2. Generally females are larger and heavier
than males. According to calculations, growth for female and combined sex
individuals showed positive allometry, but males showed negative allometry. In
addition the slope (b) values revealed differences between the seasons (p<0,05).
There are few LWR data for jinga shrimp. One study estimated
W=0.7079C2.770 whereas another W=.0000495L2.7867 [4, 5]. The introduction
of M. affinis, and the establishment of a population large enough to be
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AGE AND GROWTH OF FATTENING BLUEFIN TUNA (THUNNUS THYNNUS L., 1758) IN THE EASTERN
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Abstract
A total of 188 specimens of bluefin tuna (Thunnus thynnus L., 1758) were sampled from the Greek Bluefin Tuna farm, in the Ionian
Sea, between December 2007 and January 2008. The samples ranged from 127 to 272 cm in fork length and from 43 to 475 kg in
round weight. Their age was estimated from 5 to 16 years, using caudal vertebrae and the length-weight relationship revealed a
positive allometric growth.
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Introduction
Bluefin tuna (Thunnus thynnus L., 1758) is a large pelagic fish with a highly
migratory behavior and trans-oceanic movement. It is found in the Atlantic
Ocean including the Mediterranean Sea and sustains important recreational and
commercial fisheries as well as the aquaculture industry [1, 2]. The aim of this
study is to estimate the age of fattening bluefin tuna using caudal vertebrae and
to determine the length-weight relationship.
Materials and Methods
Fork length (FL) and round weight (RW) measurements were taken from 188
bluefin tuna specimens sampled from the Greek Bluefin Tuna farm, in the
Ionian Sea, from December 2007 to January 2008. Length measurements were
taken to the nearest centimeter (cm) and weight to the nearest gram (g) and the
length- weight relationship was calculated using the equation RW=a*FLb.
A total of 99 caudal vertebrae were used to estimate age by counting the
annual growth zones observed on the inner surface of the cones of the whole
vertebrae. One ridge and one groove were interpreted as one annulus. Mean
lengths at age and the precision of the ageing method were calculated.

Fig. 1. Fork length-round weight relationship of fattening bluefin tuna,
Thunnus thynnus (RW=1.3*10-5*FL3.09, R2=0.96, n=188)

Results and Discussion
Fork length and round weight data ranged from 127 to 272 cm and 43 to 475
kg, respectively. The more frequent length classes were between 220 and 240
cm and the more frequent weight classes were between 240 and 270 kg. The
slope of the length-weight relationship was bigger than 3 indicating positive
allometric growth (Fig. 1). However, the length-weight relationships for the
wild individuals present mostly negative allometric growth [2].
Several studies have estimated the age and growth of wild bluefin tuna using
calcified structures, but no one has estimated the age of fattening bluefin tuna.
The range of the estimated ages was from 5 to 16 years with mean fork lengths
139 cm and 267 cm, respectively (Fig. 2). The age group 10 was dominant.
From the samplings we had no young specimens, because at the aquaculture
there are only older, from 5 years and over, specimens. A comparison of our
results with similar studies revealed that the fattening bluefin tuna present
higher mean lengths at age values than these of the wild bluefin tuna [3].
The Average Percent Error (APE), the Coefficient of Variation (CV) and the
Index D were 2.21%, 2.89% and 1.67%, respectively. The values of precision
estimated keep up with the values of the existing bibliography [3]. The
present study revealed the difficulty in distinguishing between the closely
spaced increments on the centrum margin of the vertebra that becomes severe
at the age of 8 years and onwards. The same difficulty has also been noticed in
previous studies [3]. This probably constitutes the major disadvantage of the
vertebra method and it is likely to underestimate the age of older fish.

Fig. 2. Fork length versus age estimates from caudal vertebrae band counts of
fattening bluefin tuna, Thunnus thynnus (n=99)
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Abstract
The biomass and species composition of the landings from 7 coastal small scale fisheries vessels were compared over a 5 month
period in SW Samos, eastern Aegean Sea. The quantitative composition of the landings was assessed for the different metiers:
trammel net, small gillnet, long line, boat seine and a locally practiced metier, &ldquo;kalami&rdquo;. The total landing weight of this
fleet between June and October was 14.3 tons, dominated by the catches of the small gill net metier (52.7%).
Keywords: Aegean Sea, Eastern Mediterranean, Fisheries, Coastal Management
Introduction
Monitoring of small-scale fisheries can be problematic, due to their wide
distribution across the 18,000 km coastline of Greece. Little quantitative
information is available on various aspects of Greek small-scale fisheries, and a
large part of the catch reaches the local market unreported, especially in noncentral regions. However small scale fisheries contribute significantly in terms of
weight and value to the total Greek fisheries and are of primary socioeconomical importance [1,2]. The species composition of small-scale fisheries
have only been studied in a few regions of the Greek seas [1,3,4,5,6,], and have
illustrated variation in dominant species caught in the different regions and with
different metiers. In this work the quantitative composition of the landings of a
small scale fishing fleet in Ormos port, Marathokampos Bay, SW Samos has
been examined.

much fewer M.babartus, Spicara maena and B.boops were caught in this métier
in Marathokampos Bay. In conclusion, for a greater understanding of the catch
composition of small scale fisheries in the Greek seas, further long term research
is necessary, covering a wider region and over different seasons. This knowledge
is a prerequisite for the development of sustainable fisheries management for
multispecies and multi-geared Greek small-scale fisheries.

Materials and Methods
The fleet of Ormos port is composed from 7 active small-scale fisheries vessels.
This fleet utilizes several metiers, according to the season and the yield of the
landings and comprises mainly of trammel nets (mesh size 22-36mm), gill nets
(8-9mm), long lines (hook N° 9-14) and boat seines. One boat practiced an
unusual local metier named “kalami” (September, October), comprising of an
adapted fishing rod targeting Dentex gibbosus at 50-150 m depth. The landings
of this fleet were recorded on a daily basis from June to October 2009.
Recording took place on the port immediately after the arrival of the vessels.
The number of individuals and the weight per species were recorded.
Information about the used gear, the mesh size or the size of the hooks, the
length of the nets or the number of the hooks were collected.
Results and Discussion
The total fishing effort of the fleet during the 5 months of the survey period was
544 days at sea; 56.3% of the time was with trammel nets, 16.5% with 8-9mm
gillnets, 14.5% with longline, 7.2% with boat seine and 5.5% with “kalami. The
total landings of the trammel net 30-36mm metier were 2039 Kg. The main
target species in this metier is S. scrofa (20%), P. elephas (13%), P. pagrus
(8%) and Dentex dentex (6%). Other fish species accounted for the remainder of
53% of the landed biomass in this metier (Fig.1, A). The 22-24 mm trammel net
had total landing weight of 922 Kg, with main target species being M.
surmuletus, comprising 25.7% of the total landing. The seasonal landings of
Scomber japonicus and Coryphaena hippurus accounted for another 35.9%,
whereas other fish species accounted for 38.4% (fig.1, B). The total landing
weight in the longlines metier was 1033 Kg, with the main species being P.
pagrus (32%), Spondyliosoma cantharus (26%), Diplodus vulgaris (15%) and
D. dentex (4%) (Fig.1, C). The landings of the boat seine comprised mostly of
juvenile fish of various species. The species composition was mainly juvenile B.
boops, A. boyeri and Sardina pilchardus, which together accounted for 41.7% of
the landed weight (Fig.1, D). The landings from the ‘kalami’ metier were 474Kg,
targeting solely D. gibbosus. Further research needs to be carried out to improve
the understanding of this locally practiced, high yielding technique. The 8-9 mm
gillnet metier accounted for the majority of the total landings (52.7%), by
number as well as by weight. This has been reported to be exceptionally high
this year yielding a total landing of 7.54 tons from 90 fishing days. The catch
was dominated by B. boops (84%) and A. boyeri (10.2%). Other species such as
Sarpa salpa and S. pilchardus were also present but accounted for <1% of the
total landings weight.
The 30-36mm trammel nets target Scorpaena sp. and P. elephas, but this type
of net also caught P. pagrus, Phycis sp. and D. dentex. These are target species
of the longline métier, indicating some degree of gear competition. Landings of
the 22-24mm trammel net métier show some similarity to the landings reported
from the South Euboikos Gulf [4] and the region of Kastellorizo [5] in respect
to the common main target species of M.surmuletus and P. arcane. However,

Fig. 1. Catch composition in small scale fisheries metiers in Marathokampos
Bay: A) Trammel net, 30-36 mm (06-09/2009), B) Trammel net, 22-24 mm (0710/2009), C) Long Lines, hook No 9– 14 (08-10/2009) and D) Boat seine
(10/2009)

References
1 - Stergiou K I, Christou E D, Georgopoulos D, Zenetos A. & Souvermezoglou
C. 1997. The Hellenic Seas: Physics, chemistry, biology and fisheries.
Oceanogr. Mar. Biol. Ann. Rev. 35: 415 – 538
2 - Koutsikopoulos C. 2002 Development of typology of the Greek
professional fishermen of small-scale coastal fisheries, based on fisheries,
economical and social characteristics. Report of the phase A’. (In Greek). Ichtyka
A.E. & University of Patras
3 - Stergiou K I & Erzin K 2002. Comparative fixed gear studies in the Cyclades
(Aegean Sea): size selectivity of small-hook long lines and monofilament gill
nets. Fisheries Research 58: 25-40
4 - Stergiou K I, Petrakis G, Politou C Y. 1996. Small scale fisheries in the South
Euboikos Gulf (Greece): species composition and gear competition. Fisheries
Research 26: 325 – 336
5 - Papaconstantinou C, Caragitsou E, Vasilopoulou V, Petrakis G, Stergiou K.
1988. The coastal fisheries in the Kastellorizo area (Dodecanese). I 15 Athens,
106pp.
6 - Spinos E, Katselis G, Koutsikopoulos K. Seasonal species composition of
fisheries caught by trammel net in Kyparissiakos Gulf (Katakolo area) in spring
and autumn 1999. (In Greek with English abstract). Proceedings of the 9th
Panhellenic Ichthyologist Conference p.77-80

588
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

AGE DETERMINATION OF LARVAL AND JUVENILE SMALL PELAGICS: THE IMPORTANCE OF A
COMMON PROTOCOL
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Abstract
The sardine and anchovies' larvae and juveniles age interpretation criterials are defined based on otolith microstructure analysis.
Included in SARDONE project, this comparative study was developed in order to understand the life history and recruitment of these
key species in the pelagic ecosystem.
Keywords: Fishes, Growth
Introduction
Small pelagic fishes, such as Sardina pilchardus and Engraulis encrasicolus,
are relevant constituents of the Mediterranean pelagic ecosystem. Their
populations show evidence of important long-term natural fluctuations in their
abundance, related, among other factors, to large-scale climate variability
raising important scientific and economic concerns. It is commonly assumed
that recruitment variability is largely determined by survival during the larval
and juvenile stages. An important tool to decipher the initial life phases relies
on them being encoded into otoliths both in the daily growth increments
numbers, providing information about the age in days, and in the increment
width, which is a proxy of fish growth. However, small pelagic otoliths have
complex structures with numerous sub-daily units, that difficult the increment
interpretation [1]. Therefore, and as part of SARDONE project (FP644294), it was necessary to establish a common age protocol before comparing
three Mediterranean area's temporal and spatial patterns in small pelagic larvae
and juveniles age and growth. This task was achieved by a step by step
process based on the following: a) Interchange of otoliths images for joint
otolith interpretation. b) An age interpretation Workshop, which was held in
AZTI in 2008 knowledge gaps and which also lead to the establishment of a
common protocol. c) A second round interchange of images. d) The 2nd Year
meeting was held in the ICM in March 2009. In this meeting it was noted that
the ageing was not performed in the same way by all the participants. The
main discrepancies were found on the calibration of the images, the
identification of the growth patterns and the otolith edge interpretation. e) A
second otolith daily increments interpretation workshop, using real otoliths,
was considered necessary. It was organized at IMEDEA on May 2009. Based
on this iterative method a common criteria was established and applied.
AGEING PROTOCOL In order to differentiate daily from sub-daily rings,
the methodology suggests bringing the preparation into a focus where all
growth structures can be clearly read and then slightly varying the focus, so
that the sub-daily increments should disappear. This method could not be
applied to the juveniles of small pelagics due to the presence of multiple wide
rhythmic growth patterns in the central zone of otoliths (whiter and darker
bands) and groups of multiple increments. The method, named Group Band
Reading (GBR), consists on counting as one every repetitive cyclic set of
growth bands or apparently groups of microincrements (usually 2 but
occasionally more), assuming that they are sub-daily marks in postrostral
zones corresponding to the early juvenile period [1].The otolith nucleus
should be read at 1000 magnification, whilst the rest of the otolith at x100 for
anchovy and X200 for sardine. When necessary to assess the growth pattern
higher magnification may be used.The grouping of sub increments forming
growth bands (GB) is common in all individuals and starts very early in the
life history of the fish.The width of the GB is conservative, not sudden
changes occurs. In some cases the sub increments are very clear and difficult
the identification of the GB. However, once the GB is initiated, this pattern
continues. Therefore the group banding interpretation has to be maintained.
Anchovy:The first increment corresponds to the hatch check with a radius
between 3.5 and 5 μm [2], the following increments have a width around 1 μm.
The GB starts very early in life, with double bands, once formed this pattern
has to be kept in all the otolith.

Fig. 1. Anchovy otolith showing the group band pattern age interpretation

Sardine:The hatching check appears at 5-7 μm, the following increments have
a width around 1 μm. The GB appears at 40-80 increments after the hatching
check, once formed this pattern has to be kept in all the otolith.

Fig. 2. Sardine juvenile showing the group band pattern age determination
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CHANGES ON BIOMASS ESTIMATION AND SPATIAL DISTRIBUTION OF ANCHOVY (ENGRAULIS
ENCRAUSICOLUS) IN THE CATALAN PLATFORM
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Abstract
This document provides an insight on the changes detected in the Catalan platform to the anchovy population. Data were collected
through two acoustic surveys in 2007 and 2008, providing biomass estimation and spatial distribution as well as some biological
information. A significant recovery of the anchovy local population was detected. The length mode has increased from 5.5 cm in 2007
until 9 cm in 2008.
Keywords: Acoustics, Biomass, Ebro Delta, Pelagic
Introduction
An acoustic survey for the follow up of the small pelagic populations in the
Catalan platform is carried out annually during December. Up to 10 small
pelagic species are assessed during these surveys. The data collected is used as
support for management of these species. The situation of anchovy (Engraulis
encrausicolus) resources in the area was of major concern.

Samples were composed by anchovy in 65.7% of weight. The samples collected
were more abundant (n=3,264) showing a 9 cm mode in length overall, being 14
cm in the Ebro estuary area, indicating that mature individuals were present in
the area in 2008.

Material and Methods
Acoustic data collection takes place during day hours in December from a vessel
platform with a scientific echosounder EK60 mounted on the keel equipped
with 3 frequencies (38, 120 and 200 kHz). A pelagic trawl net Gloria352M with
20 m horizontal opening and 10 m vertical opening is used to collect the
groundtruth data (biological samples) necessary to identify the schools and
determine biological characteristics of the species collected. Transects
perpendicular to the coast line are separated 6.5 nm from each other from the
Spanish-French border until south of Ebro river delta. Data collection speed is
10 knots and trawling speed is 4 knots. The coefficient for TS calculation was 72.6 for anchovy.
Results and Discussion
Anchovy population has been decreasing in the last years reaching very low
levels in 2007. Several management measures like close seasons and minimum
landing size have been put in place in order to protect this pelagic stock but
they showed no positive results until 2008 when a recovery was detected. The
2007 biomass estimation indicated a stock of 350 tons in the 2000 mn2 study
area with a distribution mainly located in the north of Ebro river delta in front of
Tarragona. The individuals collected were very scarce (n=148) and showed a
mode in length of 5.5 cm being all immature individuals (size of first maturity is
10 cm).

Fig. 2. Anchovy length-frequency for 2008 Gulf of Roses samples

The length-weight relationship for 2008 samples was as follows:
W=0.0064*L2.93 ; where R2=0.8988

The length-weight relationship for these samples was as follows:
W=0.0018*L3.6131 ; where R2=0.7328

The coefficient of determination indicates a positive correlation between length
and weight of the specimens. The number of specimens measured and weighed
was much larger than in 2007 assuring the representativeness of the samples
(Fig. 2).

However, the 2008 biomass estimation showed a recovering situation of the
anchovy stock with 8,575.8 tons, twenty times the estimated biomass in 2007.
Its spatial distribution was wider indicating that the majority of the population
was located in the Gulf of Rosas and the Ebro river estuary (Fig. 1). No samples
were found in the rest of the area (approximately 2,000 nm2).

Conclusions
The anchovy population in the Catalan coast has shown an important recovery
from 2007 figures. Mature individuals were found mainly in the Ebro river delta
area. The Gulf of Roses has notably increased its anchovy stock.
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Fig. 1. Spatial distribution and relative abundance of anchovy
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SPATIAL CONGRUENCE BETWEEN FISH BIODIVERSITY HOTSPOTS, HUMAN IMPACT AND THE
NETWORK OF MARINE PROTECTED AREAS AT THE MEDITERRANEAN SCALE
David Mouillot 1*
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Abstract
The biodiversity of the Mediterranean Sea is exceptional relative to its water volume. This hotspot of biodiversity and endemism is
facing ever increasing human-induced threats and marine protected areas (MPAs) have been extensively established. Rather
surprisingly, no attention has been paid to how well the actual network of MPAs spatially matches with the hotspots of biodiversity
and how much these hotspots are spatially congruent with human pressures. Here we used spatially explicit data to provide a first
global assessment of these congruencies. We show that the global network of Mediterranean MPAs is spatially congruent with fish
richness and fish endemic richness hotspots while the highest human pressures spatially matches with hotspots of fish endemic
richness but not with hotspots of fish richness.
Keywords: Biodiversity, Conservation, Fishes, Marine Parks
We used the database compiled by Ben Rais Lasram (2009) which includes the
geographical distribution areas of all known fish species in the Mediterranean
Sea, i.e. 619 species among which 81 are endemic and 120 are exotic. These
distributions areas were compiled from the FNAM atlas (Fishes of the
Northern Atlantic and Mediterranean) (Whitehead et al. 1986) and digitized
using a Geographical Information System software (ArcView3.3 by ESRI).
These areas correspond to those of adult stages since they are based on
observations and samples and may ignore spawning areas and larvae migration
paths.

aim we needed to identify hotspots for human impact and for biodiversity
(fish richness and fish endemic richness). Since MPAs are present in 390 cells
which roughly represents 5% of the total number of cells on the continental
shelf we defined hotspots as the 5% of grid cells with the highest values with
respect to species richness, endemism or threat, respectively. When two or
several cells had the same number of species they were all included in
hotspots. Thus the 5% highest values of each variable were replaced by 1 and
other values by 0. So, the new data matrix consisted of 1 and 0 and showed
519, 412, 410 and 390 cell grids with 1 for Rich, End, Press and Res,
respectively. Then we computed the proportional overlap, as a measure of
area shared between two entities expressed as a percentage of the one with the
smallest area (number of cells). To this aim, all pairs of columns were
considered successively (6 unique combinations) and the observed number of
overlaps Oo (i.e. the number of cells for which we had a couple of 1:
congruence of hotspots) was counted.

The digitized polygons were overlaid to a regular grid with a total of 27078
cells covering the whole Mediterranean basin (0.1° latitude x 0.1° longitude).
For each cell, species richness was estimated as the sum of the species cooccurring. We excluded exotic species because they are not included in
conservation strategies. Migratory, large pelagic species as well as those
occurring beyond the continental shelf were also excluded from the analysis
because coastal reserves do not provide any benefit for them. Indeed,
Mediterranean reserves are often small (e.g. 0.003 km2 for Temuli/Sagone
marine cave), and pelagic and migratory species undergo high fishing pressure
out of the reserve limits. Species exhibiting a distribution area fraction up to
40% on the continental shelf were considered as coastal and thus included in
the analysis. Thus, the final database includes the distribution areas of 345
species.

The fish richness pattern exhibits a decreasing gradient from west to east, the
Alboran Sea being a hotspot of richness. The endemic species gradient is more
pronounced latitudinally, i.e. from north to south: the northern side exhibits a
greater richness and the Adriatic appears as a hotspot of endemism with a
maximum of 45 species per cell. We observe that fish richness and fish
endemic richness hotspots are not congruent at all (0 observed overlap) and
significantly less than expected by chance (26.1 cells with overlap). Fish
richness and fish endemic richness hotspots are significantly more congruent
than expected by chance with the MPA network. Fish richness hotspots are
significantly less congruent with human pressure hotspots while fish endemic
richness hotspots are significantly more congruent with human pressure
hotspots. Finally the MPA network is spatially independent from the
hotspots of human pressure. Nevertheless MPAs are not the only tool to
sustain fish biodiversity and conservation in the Mediterranean may also deal
with fishery management and habitat protection.

Even if Marine Protected Areas (MPAs) are not only devoted to fish
diversity, since they care much about habitat diversity, recent studies point
out their positive effects on fish density and biomass even outside reserve
boundaries. Reserves locations were digitized using the Geographical
Information System software and compiled from the MedPan data as well as
from maps, polygons and GPS coordinates provided by persons in charge of
the Mediterranean reserves. Digitizing was carried assuming that even if a
small part of a cell belongs to a reserve, the whole species occurring in that cell
potentially benefit from the reserve effect. Since the 100 Mediterranean
reserves (the Pelagos sanctuary being excluded) are strictly coastal, we only
considered the continental shelf because deep-sea ecosystem conservation
would require particular strategies. We thus extracted a set of 8186 cells
corresponding to the limit of 200m water depth from the 27078 cells
constituting the whole Mediterranean Sea dataset.
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Each of the 8186 grid cells contained the following information: (i) MPA
network with reserve presence (coded 1) or absence (coded 0) (Res), (ii) fish
species richness excluding migratory and large pelagic fish and species usually
inhabiting beyond the continental shelf (Rich), (iii) endemic fish species
richness (End); and (iv) the human-induced pressure values (Press). So, the
database consisted of a 8186 rows (grid cells) x four columns (three variables
and the reserve network) matrix.
We implemented two different methods that are commonly used to assess
spatial congruence: correlations and overlap between hotspots. First, we
calculated coefficient of correlations between all pairs of variables. Significance
levels were calculated using Dutilleul’s degrees of freedom (a correction for
spatial autocorrelation), as implemented in the program ‘Modttest’. This
correction was necessary because spatial autocorrelation in both of the
variables under consideration can greatly inflate Type-I statistical error rates.
Second, we tested for congruence between the three variables and the reserve
network by measuring the extent of spatial overlap between hotspots. To this
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THE MID DOMAIN EFFECT IN THE MEDITERRANEAN SEA: DO GEOMETRIC CONSTRAINTS SHAPE
FISH DIVERSITY PATTERNS?
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Abstract
We challenged the hypothesis that fish richness gradients are simply artefacts of the bounded nature of the Mediterranean Sea (Mid
Domain Effect theory). To this aim, we built a new database on the distribution of the 619 Mediterranean fishes and we implemented
one dimensional as well as two dimensional MDE null models to predict fish diversity patterns. Our results revealed that a strong
MDE is displayed in 1D and that in 2D, the MDE accounted for a non negligible proportion of species richness variation but is not
sufficient to explain the diversity pattern in the Mediterranean Sea.
Keywords: Biodiversity, Fishes
Introduction
The foundations underlying fish diversity patterns in the Mediterranean Sea
have been overlooked despite the conservation importance of this biodiversity
hotspot. One of the most intriguing theories that have been proposed to
explain the spatial distribution of species richness is the Mid Domain Effect
(MDE). This theory posits that geometric constraints on species range
distributions may create patterns in richness without any environmental
gradient. The Mediterranean is an “archetypal situation” where we would
expect a MDE, so we tested the predictions of the MDE for fish richness
spatial patterns in one (longitude and latitude) and two dimensions.

the null model: in2D, the MDE accounted for a non negligible proportion of
species richness variation but is not sufficient to explain the diversity pattern
in the Mediterranean Sea, which corroborates other bi-dimensional studies
testing the MDE [8]: other processes such as biological and environmental
factors should be considered. However our results suggest that geometric
constraints on the locations of large range coastal fish species imply a marked
mid-domain peak in species richness, even in the absence of any
environmental gradient.

References
1 - Golani D., Orsi Relini L., Massuti E. and Quignard J., 2002. The CIESM
Atlas of exotic species in the Mediterranean, Vol 1, Monaco ISBN 92990003-1-x. 254 pp.
2 - Quignard J.P. and Tomasini J.A., 2000. Mediterranean fish biodiversity.
Biol. Mara. Medit., 7:66.
3 - Whitehead P.J.P., Bauchot L., Hureau J.C., Nielsen J. and Tortonese E.,
1986. Fishes of the north-eastern Atlantic and the Mediterranean, Vol 1,2,3,
UNESCO, Paris.
4 - Hawkins B.A. and Diniz Filho J.A.F., 2002. The mid-domain effect cannot
explain the diversity gradient of Nearctic birds. Glob. Ecol. Biog., 11: 419-426.
5 - Colwell R.K., 2006. RangeModel A Monte Carlo simulation tool for
assessing
geometric
constraints
on
species
richness.
In:
http://viceroy.eeb.uconn.edu/rangemodel UsGaapa (ed).
6 - Willig M.R. and Lyons S.K., 1998. An analytical model of latitudinal
gradients of species richness with an empirical test for marsupials and bats in
the New World. Oikos, 81: 93-98.
7 - Bokma F., Bokma J. and Monkkonen M., 2001. Random processes and
geographic species richness patterns: why so few species in the north? Ecog.,
24: 43-49.
8 - Rangel T.F.L.V.B. and Diniz Filho J.A.F., 2004. Worldwide patterns in
species richness of falconiformes: analytical null models, geometric constraints
and the Mid-Domain Effect. Braz. J. Biol., 64: 299-308.

Material and Methods
We created a database on the geographical distribution areas of all known fish
species in the Mediterranean Sea using a Geographical Information System
software (ArcView3.3). Data on exotic species were compiled by updating the
list of the CIESM Atlas [1] and the list of Quignard and Tomasini [2]. For all
other species, data were compiled from the primary literature and particularly
from the FNAM atlas [3]. The database was used to map the geographical
distribution of fish diversity by overlaying range maps of the 619 species to a
0.1° bin grid for one-dimensional analysis and to a 0.1° cell grid for twodimensional analysis. Species were also classified according to their range
extent into small, intermediate and large ranges [4]. Empirical patterns of
species richness in one dimension (longitudinal then latitudinal gradient) were
compared to the predictions using two null models: the Colwell’s model [5]
and the Willig & Lyon’s model [6]. We also explored the Mediterranean fish
species distribution patterns using the null model of Willig & Lyon extended
by Bokma et al. [7] in two dimensions. The relative predictive power of the
MDE was assessed by a coefficient of determination (R2) of the regression
between the empirical values of species richness and the predicted values of
the models.
Results and Discussion
Longitudinally, fish richness patterns are highly asymmetric for the entire
species pool and for the “without exotics” pool, and thus differ markedly
from mid-domain predictions. At the opposite, the longitudinal gradient of
endemic fish richness appears much closer to MDE predictions (R2=0.69, p <
0.001): endemic species richness (especially large ranged species) exhibits a
pronounced mid longitude peak consistent with predictions of a simple 1D
MDE model between 13.45° and 15.55° of longitude, which corresponds to
the middle of the Mediterranean longitude. Latitudinally, agreement between
observed and predicted fish richness gradients was weak for the endemic pool
while the agreement was very strong for both the entire species and the
“without exotics” pools. When all species were considered together, the
explanatory power of MDE on latitudinal fish species richness is strongly
significant (R2=0.63, p < 0.001). The highest species richness occurs at about
37.85° to 38.15° of latitude, which corresponds to the middle of the
Mediterranean latitude. In two dimensions, R2 were low except for the large
range species. Indeed, the MDE explained 38% (p= 0.001) of variation in fish
richness for both the entire and “without exotics” pools and 26% (p < 0.001)
of variations in fish richness for the endemic pool when considering large range
species. For large range species, the highest richness values were found around
Sicily, northern Tunisia and Sardinia which is consistent with predictions of
the 2D MDE model. Conclusion The Mediterranean Sea can be defined as an
archetypical domain where we expect a MDE because this biome is a big
domain, is an enclosed area with well defined boundaries, has a high rate of
endemic species and has a non negligible proportion of large range species.
While a strong MDE is displayed in 1D (both latitudinally and longitudinally),
our data on fish species are less consistent with the 2D patterns predicted by
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Abstract
Since 2002, the Pelagos Sanctuary have entered into force, delimiting a large marine area (100,000 km2) where cetaceans populations
are protected. Being in its first stage, Pelagos aims to estimate the human impacts on long-term cetacean conservation. The study
presents the results of the April 2008 seismic operations and proposes some recommendations.
Keywords: Seismics, Cetacea, Ligurian Sea
Introduction
Marine anthropogenic noise increases decade by decade with the current uses of
sonars and seismic devices. However, effects on the marine ecosystems are not
mostly unknown. On cetaceans, the assumed effects are manly distinguished
into three categories: (i) effects on the physiology of the animals; (ii) effects on
the behaviour of the animal; (iii) indirect effects on prey [1]. All species of the
Pelagos Sanctuary can be affected and specifically some had already been
involved in mass strandings as Cuvier's beaked whales (Ziphius cavirostris),
long-finned pilot whales (Globicephala melas) or sperm whales (Physeter
catodon).
Material and methods
The seismic campaign was realized in April 2008 (20-27). The aim was to
characterize the seismic activity in the Ligurian basin using ocean-bottom
seismometers (OBS) as recorders of air gun shots realized in the study area. The
21 OBS deployed were then left for six months in the area to monitor the
seismic activity. Five Marine Mammal Observers (MMO) participated to the
campaign in order to detect visually cetaceans. Visual detection was realized
using naked-eyes and binoculars. The 360° around the boat were dived into 4
sectors of 90°, each sector was watched by one MMO. The 5th MMO was in
charged of the data recording and of communications with the cruise staff for
eventual interruptions of the air gun shots. All MMO were positioned at 10
meters above the sea surface and their positions were shifted each 30 min to
avoid tiredness. Observation period initiated at 8:30AM and finished at 6:30PM
with a 1-hour lunch break for each of the MMO organized into two shifts.
Observation was interrupted with bad weather conditions (wind stronger than
15 knots or low visibility). The procedure applied for the campaign was: (1) to
start visual detection 30 minutes before any emission of sound; (2) to realize a
RAM-UP period of 20 minutes with half of the air guns; (3) then to proceed
with all air guns. In the case of cetacean detection inside the 3200 meters around
the vessel, sound emissions were automatically interrupted. Once the animal(s)
got out of the 3200 meter area, the RAM-UP procedure re-start for 20 minutes
then the air guns shots were set as normal capacity.
Results and Discussion
The before exposure period was monitored only during the morning before (4
hours and a half) then the weather got bad (with wind stronger than 15 knots).
Three sightings occurred on the continental slope (where water depth is between
1000 and 2000 m): 3 groups of striped dolphins. The last group was the larger
group with about 40 dolphins. No other species has been observed during the
morning. On April, the 21st, after 30 minutes of no cetacean detection, the
RAM-UP period started at 9:17AM, then "full" air gun shots started at
9:37AM and emission went on until the 27th in the early morning. During the 6
days of sound emission, the vessel covered 1308 km: 563 km during the night
(43 %). Considering the working period of the 5 MMO (limited to 8:30AM6:30PM), 56 % of the sound emission period were not monitored including the
175 km realized during the early morning or during the late evening. On the total
period of sound emission, 27 % were realized with bad weather conditions (that
did not allow cetacean detection); however, a part of those occurred during the
night period. On 7 occasions, cetacean were detected. In all cases, they were
striped dolphins. Only in two cases, dolphins were inside the 2000 meter area,
therefore sound emission have been interrupted until the animals got away. Both
times, no direct modification of the behaviour have been registered before and
after the interruption (looking at group head or breaching behaviour).
Nevertheless, the direct influence of sounds is hard to determine. The afterexposure period was monitored for 7.5 hours on the track to the home port.
Eight sightings occurred inside the study area (where air gun shots have been
performed before). The sighted species were: fin whales (3 times), sperm whale
(1) and striped dolphins (4). No unusual behaviour have been sighted.

Data from the French stranding network registered before, during and after the
seismic exploration did not indicate particular increase of strandings (personal
communication from F. Dhermain).
In conclusion, the seismic campaign was realized during April, month of spring
period in which the Ligurian sea gets usually rich in biodiversity. Considering
the high presence of cetaceans in the Pelagos area especially at this moment of
the year, MMO were necessary. Results of this campaign could be use for
further recommendations: (1) to ensure success of visual detection (and avoid of
tiredness) during the 14 hours of daytime period, it is necessary to organize
shifts with sufficient number of MMO; (2) pre-exposure and post-exposure
periods (being fundamental to determine the effects of sound emissions) should
be extend to more than one day (to maximize the potential of monitoring); (3)
the RAM-UP period seems to allow cetaceans to get out of the risky area
without having physiological damages; (4) the choice of emission survey period
should depend on the seasonal use of cetaceans, especially in the Pelagos
Sanctuary; (5) the survey organization should take into account of the use of the
study area by the species; for instance covering areas with higher risk during the
daytime.

Fig. 1. Sound emission track during the MMO monitoring (light grey), during
the daytime without MMO (dark grey) and during the night (black); dots:
positions of striped dolphin sightings; depths: 500m, 1000m, 1500m, 2000m
and 2500m.
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EGG PRODUCTION, FEEDING AND METABOLISM OF CLAUSOCALANUS FURCATUS IN A
MEDITERRANEAN COASTAL AREA (SARONIKOS GULF, AEGEAN SEA, GREECE)
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Abstract
Egg production, feeding and metabolism experiments of the calanoid copepod Clausocalanus furcatus were studied from July until
October 2009 in an eastern Mediterranean coastal area. Egg production rate ranged from 8,28 to 20,65 eggs/fem/day. Ingestion rate
ranged from 0,0013 to 0,0208 μg chl-α/fem/day. The range of respiration rate was 0,0614 - 0,0958 μl O2/ind/hour, while those of
phosphate-P and ammonium-N excretion rates were 0,0001 - 0,0002 μg P/ind/hour and 0,0010 - 0,0034 μg N/ind/hour respectively.
Egg production was not related with chl-α whereas ingestion was in agreement with egg production. In general ingestion followed chlα variability.
Keywords: Aegean Sea, Copepoda, Eastern Mediterranean, Zooplankton
Introduction
Clausocalanus furcatus is a widespread species inhabiting epipelagic waters in
subtropical and tropical areas [4]. In Mediterranean it attains high numbers
during warm season [8]. Most studies concerning this copepod deal with
spatial and temporal distribution whereas little is known about its biology
([1], [2], [3], [5], [6], [7], [9], [10]). The present study provides data on
feeding activity, egg production and metabolism of this copepod in a coastal
area of the eastern Mediterranean during summer and autumn 2009.
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Materials & Methods
Adult females were incubated in seawater collected from the sampling area. A
total of 20 experiments (9 for egg production, 7 for feeding and 4 for
metabolism) were performed biweekly from July 2009 until October 2009.
Experimental bottles were incubated in a temperature-control room at in situ
temperature with photoperiod (egg production, feeding) or in the dark
(metabolism) for 24 hours.
Results & Discussion
Temperature ranged from 26,5 oC to 22,7 oC showing a constant decline
during the study period. Chl-α (from the initial bottles of the feeding
experiments) ranged from 0,071 to 0,336 μg chl-α/lt. Egg production rate
(EPR) ranged from 8,28 to 20,65 eggs/fem/day and Ingestion rate (IR) ranged
from 0,0013 to 0,0208 μg chl-α/ind/day (Fig. 1). Ranges of metabolic rates
were 0,0614-0,0958 μl O2/ind/hour for respiration, 0,0001 - 0,0002 μg
P/ind/hour for phosphate-P excretion and 0,0010 - 0,0034 μg N/ind/hour for
ammonia-N excretion (Fig 2). Egg production was not related with chl-α
whereas it was in agreement with ingestion. Ingestion appears to follow the
pattern of chl-α. Concerning metabolism, the maximum of respiration and the
minimum of excretion (for both phosphate and ammonium) are all recorded at
the end of the study period.

Fig. 1. Egg production rate, initial chl-α and ingestion rate

Fig. 2. Respiration rate, Phosphate-P and Ammonium-N excretion rate
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RELATIONSHIPS BETWEEN OCTOPUS VULGARIS LANDINGS AND ENVIRONMENTAL FACTORS IN THE
NORTHERN ALBORAN SEA: AN ATTEMPT TO DEVELOP A PREDICTIVE MODEL
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Abstract
The stock abundance of short life-cycle species is very sensitive to the strength of annual recruitment, and the latter is influenced by
environmental factors [1]. One of the aims of the present work is to accurately delimit the spawning period of O. vulgaris in the
northern Alboran Sea, using maturity data, and the fishing season (from landing data). Finally we develop a predictive model which
relates landings during the fishing season to environmental variables some months on advance. We show that environmental
monitoring programs provide information that is extremely valuable to understand the factors that affect the abundance variability of
this species, as well as for predicting and managing this resource
Keywords: Alboran Sea, Cephalopods, Models, Monitoring, Time Series
Introduction
Numerous environmental variables influence recruitment strength and stock
abundances of fish species [1], [2]. This fact is more important in short lifecycle species because the stock abundance is very sensitive to the strength of
annual recruitment. O.vulgaris is especially susceptible because annual
recruitment is responsible for the entire stock biomass. In this work we have
obtained environmental variables-abundance relationships in order to develop
a predictive model for the northern Alboran Sea (fig. 1).
Maturity data have been used to delimit the spawning season, helping to
choose the months when environmental variables should be used as predictors
of the fishing season landings. Finally, the environmental factors-landings
relationships found are used for developing a predictive model.

Fig. 2. Dark line: annual octopus landings. Grey line: landings predictive by a
linear model
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Fig. 1. Alboran Sea

Material and Methods
Monthly octopus landings from 1987 to 2008 in the northern Alboran Sea
were used. Monthly environmental data were collected for the same period
from ICOADS, NOAA, the Mediterranen Group on Climate Change from
Instituto Español de Oceanografía (www.ma.ieo.es/gcc), from the project
RADMED (“Series Temporales de datos Oceanográficos”) funded by IEO,
and also from the NCEP. Octopus landings and environmental variables time
series were de-trended. Resultant time series were tested for normality and
Pearson correlation coefficients between landing anomalies and environmental
variables were calculated. Selected variables were used in a stepwise linear
regression in order to select a set of candidate models. Akaike Information
Criterion AICc and Cross Validation tests were used to select the best model.
Results and Discussion
The best predictive model was a linear combination of the mean Alboran Sea
SST and the local temperature in Fuengirola beach. Our results show that an
increase of octopus landings is related with negative temperature anomalies.
Using the model, we have predicted octopus landings one year ahead (fig. 2)
using natural years for defining the predictors and the landings. In the future,
octopus maturity data will allow us to define accurately the spawning season
and then select the months in which environmental factors will be considered.
In this way, we would construct a model that would be more adjusted to the
reality. This work has demonstrated that environmental monitoring an
extremely valuable tool for the management of this resource.
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PRELIMINARY DATA ON THE TROPHIC INTERACTIONS BETWEEN SCYLIORHINUS CANICULA
(SCYLIORHINIDAE) AND RAJA CLAVATA (RAJIDAE) IN THE CENTRAL-WESTERN MEDITERRANEAN
Antonello Mulas 1, Andrea Bellodi 1, Antonio angelo Pendugiu 1 and Serenella Cabiddu 1*
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Abstract
Preliminary data on the diet and trophic competition between Scyliorhinus canicula and Raja clavata, caught in the seas
surrounding Sardinia (central-western Mediterranean),during trawl surveys carried out from 2005 to 2008 are given. The low values of
Levin and Shannon-Weaver indexes showed that these two species are specialized predators. The ontogenetic analysis of the diet
showed different predatory patterns.
Keywords: Diet, Western Mediterranean, Biodiversity, Competition
Introduction
The Scyliorhinidae Scyliorhinus canicula L., 1758 and the Rajidae Raja clavata
L., 1758 are certainly included among the most common selachian species
caught by trawl in the italian seas [1]. Despite this relative abundance, not
much is known about the trophic interactions between these two species
occupying the same depth ranges. The aim of this work is to add further data
on this item through the analysis of the levels of trophic competition between
the two selachians.
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Materials and Methods
A total of 541 specimens (299 of R. cavata and 242 of S. canicula
respectively) were caught at depths between 40 and 660 m, during trawl
surveys carried out from 2005 to 2008 in the seas surrounding Sardinia
(central-western Mediterranean). In order to examine the diet of each species,
%Cn, %F, %W and %I.R.I. were calculated. The diet breadth was studied
through the indexes of Levin (Bi) [2] and Shannon–Weaver (H’) [3];
Morisita’s simplified index (C) [2] and multidimensional scaling (MDS) [4]
were also used in order to determine the intra and interspecific competition.
The prey categories responsible for the groupings derived from the MDS were
identified by SIMPER test [5]. The ontogenetic variation of the diet was also
performed on three size classes (small, medium and large).
Results and Discussion
Despite the high variety of preys, the low values of Bi and H’ (Bi = 0.46 and
H’ = 2.27 for S. canicula, and Bi = 0.44 and H’ = 2.20, for R. clavata),
showed a stenophagous alimentary behaviour. In S. canicula 44 prey
categories, assembled in 7 main groups (Crustacea, Osteichthyes,
Cephalopoda, Polychaeta, Cnidaria, Tunicata, Echinodermata) were found.
Crustacea (%Cn = 67, %I.R.I. = 77.9), and particularly Decapoda (%Cn = 34,
%I.R.I. = 70), Mysidacea (%Cn = 26, %I.R.I. = 13) and Euphausiacea (%Cn
= 28, %I.R.I. = 14) dominated the diet, while Osteichthyes and Cephalopoda
were the most important secondary preys. A total of 95 prey categories were
identified in the stomachs of R. clavata, grouped into 10 main groups
(Crustacea, Osteichthyes, Chondrichthyes, Cephalopoda, Gastropoda,
Foraminifera, Polychaeta, Cnidaria, Tunicata, Echinodermata). Crustacea (%
Cn = 77, %I.R.I. = 69), and particularly Decapoda (%Cn = 28, %I.R.I. = 73)
and Mysidacea (%Cn = 32, %I.R.I. = 16), represented the most predated
items. Osteichthyes were secondary preys. In both species the diet is
influenced by size. Diet of juvenile R. clavata was centred on small Crustacea
(mainly Mysidacea, Decapoda and Amphipoda), substituted by Osteichthyes
(principally Glossanodon leioglossus) and larger Decapoda (Solenocera
membranacea) in the medium and large size classes. In S. canicula, the
stenophagy decreased during the ontogenetic development. Smaller individuals
feed mainly on Euphausiacea, while Decapoda increased in importance during
the growth. Morisita’s index showed relatively high levels of intraspecific
competition in all the S. canicula size groups (C= 0.78, 0.61 and 0.86 among
SC1-SC2 SC1-SC3 and SC2-SC3 respectively) and only among medium and
large specimens in R. clavata (C= 0.89); interspecific competition was relevant
only among juveniles R. clavata and the first two S. canicula groups (C values
near 0.70), due to the consumption of Crustacea, and among medium R.
clavata and large S. canicula (C = 0.75), due to Crustacea and Osteichthyes.
These results were confirmed by the MDS analysis, with the only exception
of small S. canicula which formed an isolated group, due to the high presence
of Euphausiacea in their diet (SIMPER test). Despite of the same depth range
occupied, the two species showed different alimentary patterns. Considering
their K type life strategies, these particular predatory behavior should
probably be adopted in order to minimize trophic competition, facilitating the
species’ survival. Further studies will be useful to clarify these statements.
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INVESTIGATION ON THE FEEDING HABITS OF EUROPEAN HAKE MERLUCCIUS MERLUCCIUS
(LINNAEUS, 1758) IN THE NORTH MARMARA SEA
Elif Murat Dalkara 1* and Ahsen Yuksek 1
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Abstract
This study was performed between April 2008 and August 2009 to determine the feeding habits of European hake ( Merluccius
merluccius). The specimens were collected from the range of 20-90 meters depth by trawl net from the North Marmara Sea. During
the research period, a total of 343 specimens were examined and the main diet of European Hake, based on prey index of relative
importance, comprised Teleostei (91,2%), Crustacea (5,1%) and Echinoidea (3,6%).
Keywords: Fishes, Diet, Marmara Sea, Fish Behaviour
Introduction
European hake (Merluccius merluccius) is an important predator of Marmara
communities. Hake’s ecological and economic importance are related to many
aspects of its biology [1]. Dietary studies are crucial for their contribution to a
better understanding of the trophic levels and food webs [2]. The purpose of
this study was to examine to feeding habits of European hake caught in north
of the Marmara Sea with based on the seasonal analysis of its stomach
contents.

Tab. 1. Feeding composition of European hake in north of the Marmara Sea
for all seasons.

Materials and Methods
Specimens were collected from April 2008 to August 2009 from the range of
20-90m depth in all seasons from the Sea of Marmara by using a bottom trawl
(Fig. 1). A total of 343 hakes were dissected on board immediately after
capture. Stomachs preserved in 4% formalin for further analysis. Prey items
were identified and sorted into taxonomic groups at the level of species in the
laboratory. Remains of the preys that contained otoliths of various fishes
were identified by the help of published guides. Each prey was weighted to
the nearest 0,01g. After analysis, percentage frequency of occurence (F%),
percentage by numbers (N%), percentage by weight (W%), the index of
relative importance (IRI) and percent of IRI (IRI%) were calculated [3, 4].
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Fig. 1. Location of sampling areas in the Marmara Sea

Results and Discussion
During the research period, a total 343 M. merluccius were examined. 134
stomachs of specimens were determined to be empty and 209 stomachs of
them were determined to be full. As families or species 20 different prey
groups were identified from the stomach contents, Teleostei represented
91,2% the index of relative importance (IRI%), Crustacea 5,2% and
Echinoidea 3,6%. During all seasons except summer, the main food group
(diet) of hake, based on weight was Teleostei, (Table 1). Crustacea, especially
shrimps, were the most represented prey group in summer with 55,8% of IRI.
The most important Teleostei species was Trachurus mediterraneus in the
diet. Echinoidea seemed to be an important prey group in the diet of juveniles,
this situation can be related to the way of foraging of juveniles.
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FEEDING HABITS OF CEPOLA MACROPHTHALMA (PISCES: CEPOLIDAE) IN IZMIR BAY, AEGEAN SEA
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Abstract
Stomach contents of 180 Cepola macrophthalma (Linnaeus, 1758) specimens collected from Izmir Bay, Aegean Sea (Turkey) have
been analyzed. A total of 17 different species of prey was found belonging to nine major systematic groups, i.e. Polychaeta,
Crustacea, Mollusca, Chaetognatha, Thaliacea, Appendicularia, Medusae, Siphonophora and Teleostei. Crustaceans (especially
copepoda and decapoda) were the most important prey in terms of IRI% in overall diet composition. However, fish larger than 19.9
cm feeding on teleost larvae.
Keywords: Diet, Fishes, Aegean Sea
Introduction
The red bandfish is a demersal species inhabiting soft and muddy bottoms at
depths ranging mainly from 15 to 200 m. It occurs in both temperate and
subtropical waters and is known to be distributed in the eastern Atlantic from
the British Isles to the north of Senegal [1, 2]. It is also common throughout the
Mediterranean, as well as in Turkish seas, but not in the Black Sea [1, 3]. The
red bandfish has economical importance in Spain and Italy [2, 4], but has no
commercial value in Turkey [5]. Biological aspects of the red bandfish have been
studied by several authors [2, 4, 6, 7, 8], especially in its westwards distribution
in the Mediterranean. However, published data on its diet composition in
Turkish seas is not currently available, except the data on its age and growth
parameters [5].
The purpose of the present study is to improve knowledge on the feeding habits
of red bandfish on the Izmir Bay (Aegean Sea coast of Turkey).
Material and Methods
Specimens were collected by trawl in the Izmir Bay, Turkish Aegean Sea from
May 2005 to June 2006. A total of 180 C. macrophthalma stomach contents
was examined for 45 number every season. Quantitative description of the diet
was given as [9]. Besides, IRI% was estimated in order to determine ratios of
food groups in the stomach to overall food groups.

Fig. 1. Percentage numerical abundance (%Cn) distributions of main food groups
in the diet of Cepola macrophthalma by size groups
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Results and Discussion
The overall diet composition revealed that the chub mackerel fed mainly on
copepods during all seasons (Table 1). Only in summer decapods were the
second main important prey. However, fish larger than 19.9 cm feeding on
teleost larvae (Fig. 1). An examination of the previous literature has shown that,
C. macrophthalma is an planktivorous fish species with diet varying according
to specimen size, locality, season etc. [6, 7].
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Tab. 1. Feedings habits of Cepola macrophthalma from the Izmir Bay during all
seasons (%IRI: percentage index of relative importance)
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THE SPATIAL ZOOPLANKTON DISTRIBUTION IN THE NORTH – WESTERN BLACK SEA REGION:
SPRING AND AUTUMN, 2008
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Abstract
The seasonal distribution of zooplankton community in the NW part of Black Sea have been assessed regarding on the variability of
numerical abundance and biomasses as well as the vertical patterns of distribution in the water column. The results are based on 66
quantitative samples collected within SESAME international projects carried out in 2008. 28 taxa belonging to 13 systematic groups
have been found. The greatest number of species had Crustacea Class while Noctiluca scintillans was remarked for its density.
Keywords: Zooplankton , Vertical Profile, Black Sea
Introduction
Climate change affects in many ways the response of marine ecosystem biota.
Temperate marine environments may be particularly vulnerable to these
changes because the recruitment success of higher trophic levels is highly
dependent on synchronization with pulsed planktonic production [1].
SESAME aims was to assess and predict changes in the Mediterranean and
Black Sea ecosystems as well as changes in the ability of these ecosystems to
provide goods and services.

Synchaeta littoralis. In both seasons was evincesed a greater diversity in
September (22 taxa) than in April (14 taxa). Opposite, the numerical
abundances were greater in spring (752.96 indv.m-3) than in autumn (667,6
indv.m-3), due to Danube debits which positively influenced the abundance of
planktonic populations through nutrients aport for phytoplankton and
rotifers proliferation. Distribution in the water column down to 200m deep in
both seasons evidenced that the diversity and also numerical abundance (2,350
ind.m-3) were highest in the surface layer (50-0m) in April (Fig. 1).
N.scintillans, S.littoralis, P.avirostris, P.polyphaemoides and A.clausi were the
main species that formed the littoral nucleus. These species has a great
adaptation potential and quickly response related to climate factor variability,
their proliferation being enhanced by the blooming events and warming
tendency. In September the highest densities recorded (1,867 ind.m-3) were
distributed in the first 25m depths.
In the ecological conditions of April 2008, vertically distribution of
zooplankton had maximum biomasses in 100-50 m layer while that in
September at 50-0 m depth. This suggests that in September was still a
suitable temperature for populations of zooplankton, which mainly develop in
summer season. N. scintillans, C.helgolandicus, Pleurobrachia rhodopis, were
the dominant species after biomass (Fig.2).

Materials and methods
During April and September 2008, have been collected 66 quantitative
samples of zooplankton in 9 stations in the NW part of Black Sea (between
44046’ N and 42029’ N latitude and 28°64'E and 30°59’E longitude). The
sampling was performed using a Hensen zooplankton net with mouth area
0.384 m2, and mesh size 125μm. The vertical profile included 6 or fewer
intervals of depths (0-10, 10-25, 25-50, 50-100, 100-150, 150-200 m)
between isobaths of 15 m inshore to 2000 m outshore. Sampling volume was
estimated by multiplying the mouth area with the wire length.
Results and Discussion
There where identified 24 taxa: 1 Dinophyceae, 2 Rotifera, 3 Ctenophora, 4
Branchiopoda (Cladocera), 8 Crustacea (Cirripedia –1, Calanida – 6,
Cyclopida – 1), Chaetognata – 1, Tunicata – 1 and meroplanktonic larvae
(Polychaeta, Gastropoda, Bivalvia, Decapoda). Their populations have
registered an average density of 703.15 ind.m-3 and an average biomass of
52.34 mg.m-3 The numerical structure of zooplankton communities was
composed by 63% Crustacea (34% Calanida, 27% Cladocera), 18%
Dinophyceae, 12% Rotifera, 2% Tunicata.

Fig. 2. Average biomass of zooplanktonic populations’ distribution in the
water column in the area investigated
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Fig. 1. Average density of zooplanktonic populations’ distribution in the
water column in the area investigated
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The analysis of taxonomic groups evidenced the numerical dominance of
copepods and cladocerans. Of these, 8 species were most abundant,
comprising almost 86% of the total average density. These are Noctiluca
scintillans, Penilia avirostris, Pleopis polyphaemoides, Acartia clausi,
Pseudocalanus elongatus, Paracalanus parvus, Calanus helgolandicus and
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Abstract
This paper presents a comparison between reproduction cycle of sardine Sardina pilchardus and gilt sardine Sardinella aurita in
the Adriatic Sea. Based on the greatest values of gonadosomatic index, sardine spawned from October to May, while gilt sardine
reproduction started in June and lasted until September. The average cubic condition coefficient for sardine was K=0.7702 ± 0.05 and
for gilt sardine K=0.7382 ± 0.05.
Keywords: Adriatic Sea, Reproduction, Fishes
Introduction
The aim of this study was to identify the differences between Sardina
pilchardus and gilt sardine Sardinella aurita length, gonad and body weight,
gonadosomatic index and condition factor in the Middle eastern Adriatic Sea. In
the Adriatic Sea, sardine is one of the most abundant species, while gilt sardine
is invasive and under-represented [1, 2].
Both fish specimens take the same ecological niche and are caught together by
purse seines. They spawn at a completely different time of year and their
condition values differ through the whole analyzed period.
Material and methods
All of the fishes were obtained from the catches of inshore (Virsko more) and
offshore waters (Dugi Otok) in the Middle eastern Adriatic Sea, from March
2004 to January 2009. A total of 1,219 sardine and 2,033 gilt sardine specimens
were measured to the nearest mm and weighed to the nearest g. The monthly
gonadosomatic index (GSI) was calculated by the monthly gonad weight (Wg) as
a proportion of the total body weight (W): GSI = 100 Wg ∕ W. The cubic
condition factor (K) was calculated using Fulton`s coefficient K = 100W L-3. To
avoid the bias caused by fish size (L ) in the condition analysis, only sardines
between 14.0 and 18.0 cm, and gilt sardines from 18.0 to 28.0 cm LT were used
to compare condition changes.
Results
Sardine and gilt sardine total lengths and body weights ranged from 13.0 to 19.0
cm (mean=16.0 ± 0.9 cm) and from 16.7 and 51.5 g (mean=31.5 ± 5.3 g), then
from 10.0 to 32.5 cm (mean=22.0 ±3.7cm) and from 6.43 to 298.32 g
(mean=85.77 ± 37.5 g), respectively. Sardine GSI showed greatest value in July
(3.38%) and lowest in February (0.37%). Gilt sardine GSI ranged from 0.41%July to 4.32%-December (Fig. 1).

Tab. 1. Average monthly cubic condition factor (K) of sardine and gilt
sardine from the catch samples of the Middle eastern Adriatic Sea, 20042009

Discussion
According to this study there were differences between sardine and gilt
sardine spawning season and its duration. Sardine spawns during the winter
months (from October to May), whereas gilt sardine spawns in summer (from
June to September) [3]. Gilt sardine spawning period lasts longer in warmer
waters compared to the ones with a lower average temperature [1, 4, 5].
In general, sardine showed greater values of cubic condition factor during
summer months than during the winter (spawning) period. Condition of gilt
sardine was also better after spawning (October-November); its greatest value
was noticed in January (K=0.803).
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Fig. 1. GSI of sardine (*) and gilt sardine (•), Middle eastern Adriatic Sea, 20042009

The average cubic condition coefficient (K) of sardine varied from 0,6939
(January) to 0.8282 (September) (mean K=0.770 ± 0.05), and of gilt sardine
from 0.6515 (February) to 0.8025 (January) (mean K=0.738 ± 0.05) (Table 1).
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Abstract
Le golfe de Gabès est un pôle important de la pêche maritime tunisienne puisqu’il représente environ 40 % en poids et 50 % en valeur
de la totalité des apports. Une exploitation de la crevette (Penaeus kerathurus) s’est développée, notamment, depuis les années 1980
entraînant des changements quantitatifs et qualitatifs profonds du profil des pêches. En vue d’analyser ces changements, des données
sur les captures de cette région ont été recueillies depuis le début du développement de l’exploitation de la crevette (1980) jusqu’aux
années 2000.
Keywords: Fisheries, Gulf Of Gabes
Les données utilisées dans cette étude proviennent :
- des statistiques de pêche collectées auprès des services de la Direction
Générale de la Pêche et de l’Aquaculture (DGPA) [1].
- des campagnes de chalutages expérimentaux réalisées par l’Institut National
des Sciences et Technologies de la Mer (INSTM) [2], [3], [4], et [5].
Les résultats obtenus dans la région de Gabès montrent que, durant la période
étudiée, les profils des débarquements de cette région ont subi de réelles
modifications quantitatives et qualitatives dont les plus importantes sont :
- un appauvrissement de la diversité biologique des débarquements de la pêche
benthique (fig.1) alors que cet appauvrissement est moins ressenti pour les
pêcheries pélagiques (fig.2). La régression de la biodiversité est traduite par la
baisse du nombre d'espèces pêchées. Ainsi, certaines espèces comme le mérou,
le merlu, les rascasses et certains sparidés ne figurent plus dans les prises ou
sont en nombre insignifiant.
- une abondance beaucoup plus importante des espèces à faible longévité comme
les crevettes et les céphalopodes au dépend des espèces à grande longévité
(poissons benthiques, merlu, mérou, pageot,…).
- la régression de la part relative de la pêche côtière dans les débarquements du
Golfe alors que celle du chalutage s’est substantiellement développée. Notons
que ce dernier est beaucoup moins sélectif du point de vue inter-espèces et intraespèce.
- les tailles moyennes de nombreuses espèces benthiques ont sensiblement
diminuées dans les captures et par conséquent la biomasse du stock des
géniteurs pourrait être affectée.
Ces résultats constituent des indicateurs importants pour le diagnostic de
l’évolution des pêcheries du golfe de Gabès ; ils mettent en exergue la fragilité
actuelle de l’écosystème de cette région. En outre, ils fournissent des éléments
précieux pour améliorer la gestion des pêcheries de cette région et préserver leur
durabilité.

Fig. 2. Variation da la composition spécifique des débarquements des petits
poissons pélagiques de la région de Gabès durant les années 1980, 1990 et 2000
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Fig. 1. Variation da la composition spécifique des débarquements de poissons
benthiques de la région de Gabès durant les années 1980, 1990 et 2000
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Abstract
The aim of this work was to determinate the trophic relationships of wild fishes associated to an open sea fish farm. We take samples
of cultured and wild fishes in an ecological gradient to analyze his contents of stable isotopes of carbon and nitrogen. This study
showed how the influence of the uneated feed of net-cages change the normal trophic behaviour of associated wild fishes.
Keywords: Aquaculture, Food Webs, Fishes
Introduction
The fish farms in open sea attract an unusual ichthyc biomass [1]. The reason
of this attraction is not clearly identified, nevertheless is possible that the high
protein food lost through the cages could have an elevated attractable effect on
the wild fishes. The presence of a high number of fish-farms in the
Mediterranean Sea, make indispensable more studies related to this system
and the trophic structures in wild fish associates [2].
In studies of marine ecology, stable isotopes analyses have emerged as reliable
tools for elucidating trophic structure and inferring pathways of energy flow
in food webs. δ13C allows differentiates the carbon source, while δ15N permit
us assess the relative trophic position of an organism. Thus nitrogen and
carbon stable isotopes can provide us the time-integrating fish’s trophic
interactions [3].
The objectives of this study were to determinate if the fish consume the
products of the net-cages and to trace its influence related to the distance of
the culture. It was measured by the content of stable isotopes in pelagic fish
associated to the fish farm, which also allows us an approaching to explain at
specific and community level how the net cages influences on the trophic
relationships of wild fish.

Fig. 1. Bi-plot of δ13C and δ15N accumulation (mean ± SE n=4), for European
sea bass (Dicentrarchus labrax) and fish feed

Materials and methods
This study was carried out in the surroundings of a marine fish farm located in
Águilas, SE Spain, (western Mediterranean; 37º 24’ 56.2” N, 1º 32’ 4.0” W),
which produces gilthead sea bream (Sparus aurata) and European sea bass
(Dicentrarchus labrax). We defined four stations for analyses: (I) Inside the
cages, (O) Outside the cages (ca, 90 m around the net-cages), (F) Fraile Island
(750 m to the west to the net-cages), and (C) Cape Cope (2500 m to the east
from the net-cages) as control station. At each station, the diversity and
abundance of the fish community were valuated by visual techniques. Also we
take samples of white muscle of each species of fish and freeze-dried it for
stable isotopes analyses. The carbon and nitrogen isotope ratios of the
samples were measured with an elemental spectrometer of isotopic
relationships Deltaplus (ThermoFinnigan). All the isotopic data were reported
in the conventional δ notation. δ13C values were reported as the deviation
relative to the Vienna Pee Dee Belemnite Limestone Standart (v-PDB), while
δ15N standards were calibrated and results were reported relative to
atmospheric nitrogen.

Fig. 2. Dispersion of fish community content of carbon and nitrogen stable
isotopes in each station. These results are representative of 89 fish and 19
species

This adaptative behaviour of wild fishes to an artificial source of food would
imply ecological consequences that should be deeply analyzed.
Acknowledgements: We thank Culmarex SA.. Supported by the Programme
AlBan, the European Union Programme of High Level Scholarships for Latin
America (FNM scholarship No.E07D401236EC).

Results and discussion
The higher wild fish abundance was found closed to the fish farm,
demonstrating the attraction effect of the open water aquaculture. The
community structure of wild fish also changed depending of distance from fish
farm. The isotopic analyses of δ13C and δ15N showed a tendency to major
accumulation of carbon isotopic in fishes of stations away from the net cages.
The spatial pattern of δ15N did not exhibit clear differences between stations
(Figure 1). The changes in the isotopic concentrations were accompanied by a
notorious compression of the trophic niche of fish communites closer to the
artificial feed source (Figure 2).
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Abstract
In the present work we described the marine food web structure of the Ebro Delta marine area by applying; (1) an ecological model
and (2) stable isotope analyses. Stable isotope analyses provide information of the predator-prey relationships and the foraging areas
of each species in the food-web. The ecological model also delineated the food web structure of each species by estimating their
trophic level. We showed some discrepancies and similarities between both approaches. In conclusion, both methodologies were
insightful to describe the food-web traits of the Southern Catalan Sea and enabled us to complement our understanding of the area and
to validate our results.
Keywords: Food Webs, Ebro Delta, Carbon, Models, Predation
Introduction
Due to the importance of predator–prey relationships and their dynamics on
the evolution and structure of marine communities, ecologists have focused
their research into different aspects of food webs to determine the influence of
the community structure on it stability, complexity, connectivity and
equilibrium. In the present communication, by using two complementary
approaches, ecological modelling (with EwE: Ecopath with Ecosim) and stable
isotope analyses (SIA:ð15N and ð13C values), we described the food web
structure of the Southern Catalan Sea (NW Mediterranean). We compare
results from both tools regarding abundant marine species in the area.
Material and methods
The study was conducted in the continental shelf of the Ebro Delta (ED)
marine area (NW Mediterranean). To establish the predator-prey relationships
among the different marine species we analyzed both ð15N and ð13C values
from different marine species of the ED; 16 fish and 1 seabird species (the
Audouin’s gull) sampled in the ED during 2003. We used published SIA
values of 3 predators species;the bottlenose dolphin [1], the loggerhead sea
turtle [2] and the Balearic shearwater [3]. EwE was used to model this area
and described the structure and functional traits of the food web [4],
calculating the trophic level of each species.
Results and Discussion
By using SIA method we depicted the predator-prey relationships among the
different species of the food web in the ED. As expected, ð15N values
indicated that bottlenose dolphin, Audouin’s gull and the group composed by
other seabirds were located at the top of the food web, while sardine,
benthopelagic fish and the other demersal and pelagic fish and cephalopods
were located at the base of the food-web or at intermediate positions (Fig. 1).
Moreover, ð13C values helped to determine the foraging areas of each species,
in relation to their pelagic or benthic localisation; the low ð13C values of
Audouin’s gull and anchovies indicated that these species fed on pelagic
waters, whereas the high ð13C values showed in the loggerhead sea turtle and
the benthopelagic cephalopods indicated that these species fed on benthic
waters (Fig. 1).
The EwE approach showed some discrepancies and similarities with the
stable isotope approach. For several groups, the TL values estimated in the
EwE were similar to the estimated by SIA method (i.e. the loggerhead sea
turtle or the bottlenose dolphin). However, the EwE showed lower TLi for the
seabirds suggesting that seabird species were located at the base of the food
web. This is a artefact in the EwE due to consideration of the discards, the
main food for the studied seabirds, with very low trophic level value (TL=1)
because we did not did not considered demersal and pelagic fish in the
discards. Thus, the real trophic position of seabirds in the area may be around
TL=4.
In conclusion, both methodologies were insightful to describe the food-web
traits of the ED and enabled us to complement our understanding of the area
and to validate our results.

Fig. 1. Carbon and nitrogen isotope values of fish, seabirds, dolphins,
sea turtles and cephalopods from the Ebro Delta (NW Mediterranean)
during 2003.
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Abstract
A suite of experiments with the polychaete Hediste diversicolor were performed to assess the induction of gamete spawning by
endogenous substances, to evaluate the percentage of fertilised and hatching eggs in two different conditions (“natural” and in vitro
fertilization), and to measure the density effects on larval growth and survival. The results showed that mature females were induced
to spawn by adding mature male tissue homogenate in the medium. The percentages of fertilised and hatching eggs were higher in the
in vitro fertilisation and larval/juvenile survival was affected by density.
Keywords: Polychaeta, Larvae, Reproduction
Introduction
The ragworm Hediste diversicolor is a polychaete belonging to the Nereididae
family which is used and appreciated as commercial bait for fishing [1]. This
gonochoric species has a holobenthonic life-cycle and can be easily reproduced
in laboratory conditions [2]. A series of laboratory experiments were
performed to standardize a number of biological parameters to be included in
rearing technical procedures.

polychaete Nereis diversicolor O.F. Müller, 1776, using two different kinds
of sediment: preliminary assays. Bol. Inst. Esp. Oceanogr.,15 (1-4): 351-355.

Materials and Methods
The influence of endogenous substances on gamete spawning was evaluated in
sw aquaria at 16 psu and 16°C, where individual mature females and males
were separately exposed to homogenates made up with whole mature
organisms, male and female respectively, up to one week.
To evaluate the influence of different fertilisation conditions (“natural” and in
vitro) on the percentage of fertilised and hatching eggs two types of
experiments were performed. In the first one pools of mature female and male
organisms were introduced in aquaria with glass tubes on the bottom
reproducing the natural burrows within which the whole organism life-span
occurs. In the second type of experiments, naturally spawned eggs were
fertilised in vitro with a sperm suspension obtained from mature males. The
fertilisation occurred in a becker containing 0.5L of filtered (0.2 µm) sw at 16
psu and 16°C. For both experiments, 6 replicates of 100 eggs were collected
and the larval development was followed until nectochaete hatching.
To test the influence of density on the development and survival of
nectochaetes the following experiment was performed. The sw aquaria (16 psu
and 16°C) were provided with biological filters and 2 cm of fine sand
sediments. Groups of ten-days nectochaetes were established in order to
obtain two experimental densities: 5200 ind/m2 (3 replicates) and 10400
ind/m2 (2 replicates). Organisms were fed ad libitum using commercial fish
feed (classic C22, Hendrix) three times a week for 8 weeks. Survival and
growth rate were checked at the end of the experiment.
Results and Discussion
The results of the spawning experiments showed that the percentage of
spawned animals, determined at the end of the experimental period, was
significantly higher than in the controls only for females (57% vs 14%),
indicating preliminarily that mature females were susceptible to spawning
induction by a likely mixture of not determined endogenous compounds.
The results of the fertilisation experiments showed that the percentages of
fertilised (64-91%) and hatching eggs (46-88%) obtained from the “natural”
fertilisation experiment were always lower than the ones from the in vitro
fertilisation, when the values ranged from 94-100% (fertilised eggs) and 9499% (hatching eggs). This may be tentatively explained by a safer
microbiological condition of the medium in the second experiment, as
suggested by the observed minor number of swimming protozoa.
The growth rates of nectochaete maintained at two densities showed similar
values, and juveniles reached a mean fresh weight of 30 mg in 8 weeks. On the
contrary, density affected the mortality rates of nectochaetes and juveniles,
survival resulting in the ranges of 57-81% and 53-57 % at low and high
density, respectively.
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Abstract
The monitoring of the zooplankton community was conducted from June 2005 to October 2009 in the North-East Black Sea coastal
area. Samples were taken along the cross-shelf transect at three stations. In the present work we studied the intensity of the crossshelf exchange of the zooplankton in different seasons, seasonal changes in the zooplankton community and made a comparison of the
present and past state of the zooplankton in this region.
Keywords: Zooplankton , Black Sea, Coastal Systems
Introduction
It is known, that shelf pelagic ecosystems are very productive, in different
basins they provide up to 80% of the total production. In the Black Sea,
where the most of the water column is contaminated by hydrogen sulfide, the
productive abilities of the basin are limited. So the processes that take place
on the shelf and continental slope play the key role for the whole basin. The
Caucasian sector of the Black Sea has a narrow shelf with width of 3-5 miles
and a steep slope. Due to the bottom topography, the hydrodynamic
processes (generation of eddies, cross and along shelf water exchange) are very
active in this region [4, 1]. That’s why the distribution of the zooplankton is
very heterogeneous and the species composition changes very quickly in the
coastal area. Pelagic system of the Black Sea has changed dramatically during
the last decades. The invasion of ctenophore Mnemiopsis leidyi in the middle
of eighties caused significant decrease in zooplankton biomass and led to the
changes in species composition of zooplankton. The invasion of ctenophore
Beroe ovata feeding on Mnemiopsis led to the enhancement of zooplankton
community in the end of nineties. The detailed monitoring of the coastal
ecosystem has not been conducted since 1994. This work was aimed to reveal
the cross shelf exchange of zooplankton in the different seasons; to study the
seasonal changes in zooplankton community in the different regions of the
coastal zone (inner shelf, middle shelf and continental slope); to make an
assessment of the current state of zooplankton community.

community after its collapse in the 90-s. There were some differences in
species composition and seasonal dynamics of zooplankton between these
periods. In 1991-1994, cladoceras shrank and chaetognaths virtually vanished
from zooplankton. The share of these species in the total biomass was higher
in 2005-2008 than in 1970’s. Populations of Oikopleura and meroplankton
have also decreased since 1970’s, these populations haven’t recovered yet. In
1970’s maxima of plankton biomass were observed in April and AugustSeptember [3]. In 1991-1994’s maximum of plankton biomass was observed
in March, another small peak was observed in October [2]. In 2005-2009
plankton biomass was the highest in September-November (fig.2).

Methods
Zooplankton sampling along with CTD probes were done monthly from June
2005 to October 2009. Zooplankton was collected with a Juday net (mouth
area 0.1 m2, mesh 180 μm) at three stations located over the inner shelf,
middle shelf and continental slope along the transect off Geledzhik.
Zooplankton were identified to species level and counted under the dissecting
microscope.

Fig. 2. The seasonal dynamics of the zooplankton biomass in different
periods

Conclusions
In the study period, the cross-shelf exchange was very intensive, since the
distribution of zooplankton was even in the upper mixed layer. The
hydrophysical conditions played the important role in zooplankton
distribution along the transect. The considerable interannual changes in
seasonal dynamics of zooplankton community in 2005-2009 were evidence of
the life cycle plasticity and seasonal shift in reproduction of dominant species.
At present, zooplankton abundance and biodiversity have recovered after the
collapse of 1991-1994, and reached the values observed in 1970-es before the
alien ctenophore invasion.

Results
Zooplankton composition differed significantly over the shelf and the
continental slope. Bathypelagic species were mostly found over the slope
while the surface dwelling species were distributed evenly along the transect.
Seasonal changes in species composition were more pronounced over the shelf
than over the slope because of decline/disappearance of these species in
winter. The seasonal dynamics of zooplankton biomass differed from year to
year. On average, two biomass maxima were observed during a year and the
autumn maximum was higher than the spring one (fig. 1).
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Exchange Between the Nearshore Zone and Open Basin, Oceanology 42
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Fig. 1. The seasonal dynamics of the zooplankton biomass in different years

High values of zooplankton biomass in 2005 and 2006 as compared with the
average biomass for the last 50 years indicates the recovery of plankton
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ANCHOR DAMAGE ON POSIDONIA OCEANICA (L.) DELILE BEDS IN THE GOKOVA BAY
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Abstract
Posidonia oceanica (L.) Delile is the most widespread seagrass in the Mediterranean Sea. It plays an important role in ecosystems
of shallow coastal waters in several ways. Experimental evaluations about the impact of anchors of sea vessels have previously
shown that each anchoring can on average damage up to six shoots of Posidonia oceanica, removing small amount of biomass and,
at the same time, interrupting continuity among shoots [1]. When the density of P.oceanica meadows is decreased and their state of
being well is damaged, the stability of the environment is ruined and loss of habitat occurs. The aim of the study was to determine the
effects of boat anchoring on P. oceanica seagrass beds on Gokova SPA between 2005-2006.
Keywords: Posidonia, Eastern Mediterranean
Introduction
The endemic seagrass species of Mediterranean basin Posidonia oceanica (L.)
Delile covers about 2% of the seafloor of Mediterranean Sea [2]. It plays an
important role in ecosystems of shallow coastal waters in several ways by
providing habitat for a highly diverse fauna and flora; significantly reducing
coastal erosion and offering a nursery area for many fish and invertebrate
species [3]. Current main threats to the P. oceanica habitat are related to:
water and sediment enrichment (eutrophication), the disruption of the
sedimentation/erosion balance along the coast and direct destruction by human
modifications of the coastline, degradation by boat trawling and anchoring [4].
Major damage to seagrasses seems to be caused by dragging anchors and
scraping anchor chains along the bottom, as boats swing back and forth [5].
Posidonia oceanica, removing small amount of biomass and, at the same time,
interrupting continuity among shoots [1]. The aim of the study was to
determine the damage caused to P. oceanica habitat coverage by anchoring.

freshwater inputs. The value of transparency is lower. The settlement is
extensive; in addition there are a harbor and a shipyard. Especially Ingiliz
Harbor, Çam Harbor and Karacasögüt were preferred as the anchorages
because of their being sheltered places; apart from the extensive sedimentation
due to their semi-closed nature, the anchoring and the other activities also
caused damages to P. oceanica in those areas.

Materials and Methods
This study is based on the project "Coastal and Marine Biological Diversity
Assessment of Gokova Specially Protected Area". The study was carried in 3
sampling periods between 2005 and 2006 (June-July 2005, April-May 2006
and June-July 2006). 309 scuba dives and 128 skin dives were performed on
220 km coastline of bay during total 75 days. Estimation of P. oceanica
coverage and anchor damage was done by visual census method. For indicating
the dimention of damage, Geographic Information system ArcGIS, was used
for mapping and demonstration of sampling and remark data.

Fig. 1. Posidonia oceanica coverage and determined anchor damage along the
coasts of Gokova SPA

Results
It was determined that P. oceanica meadows has especially turned the severe
marine environment into a more stable environment and ensured it to be used
as a habitat for almost all species in the Gokova SPA. When the distribution
of P. oceanica is decreased and their state of being well is damaged due to the
various reasons, the stability of the environment is ruined and the loss of
habitat occurs; because of those significant changes occurred in a very short
period, biotopes and habitats begin to collapse rapidly. All those events result
in the grave changes in the biota. In the study carried out in the Gökova SPA it
was observed that most of the bottom was covered by P. oceanica. The
average percent coverage was calculated as %61 approximately 6.9 km2 in the
studied area. It was significant that P. oceanica coverage decrease when area
damaged with boat anchor. The areas most frequently used for the anchorages
were determined as the west part of Akyaka (Gokova Bay), Çam Harbor,
Sedir Island, Ingiliz Harbor, Tuzla Inlet, Hirsiz Inlet, Yediadalar and Çatalca
Inlet. At the same time in those locations P. oceanica was widely distributed
especially in Sedir Island, Çatalca and Hirsiz inlets and Yediadalar. That the
sea grasses widely distributed in the vicinity of Sedir Island were extensively
exposed to the impact of the daily tour boats should be observed carefully
[Fig.1]. The percent coverage was usually higher in the south part of Gökova
Bay where there is no or few anchor damage. In addition no distribution of P.
oceanica was observed in Ingiliz Harbour, Akyaka (Gökova) Bay and Çamli
Bay. This situation was created by both natural and human impacts. P.
oceanica was under a lot of stress due to the touristic activities in the densely
populated locations such as Akyaka, Akbük and the damage caused by the
private yachts, the daily tour boats and the Blue Cruise boats during the
summer as well. Especially Akyaka Bay has the muddy bottom and a lot of

Discussion
The anchoring should be controlled in the locations with the sea grass
meadows given in Figure1. With the aim of the control, the buoys should be
fastened to the bottoms in the west part of Akbük Inlet, Ayin Inlet, Löngöz
Inlet, Yediadalar Inlet, Amazon Camping and Çati Inlet.
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AUTUMN OVERLAPPING OF SARDINA PILCHARDUS AND MERLUCCIUS MERLUCCIUS EARLY STAGES
IN THE NW MEDITERRANEAN: DISTRIBUTION AND DIET
M. pilar Olivar 1*, Elvira Morote 1 and Mikhail Emelianov 1
1 Institut de Ciències del Mar, CSIC - polivar@icm.csic.es
Abstract
This study analyses the distribution and diet overlap of the early stages of sardine and hake off the Catalan coast during the autumn
spawning period. Data on horizontal and vertical distributions of eggs and larvae, the larval size structure in the overlapping zones and
the diet composition are examined. Information derived from the study of larval diet was used to discuss the consequences of the
overlapping distributions.
Keywords: Ichthyoplankton, Diet, Western Mediterranean
In this study we analyse whether there is overlap in horizontal and vertical
distribution of eggs and larvae of sardine and hake, as well as on their larval
feeding preferences. Samples were collected in November 2005 off the Catalan
coast, by means oblique Bongo (300 μm) hauls in a grid of stations from coastal
to slope regions. Stratified samples differentiating water column at 10 m
intervals, from surface to 150 m, were also obtained by means oblique hauls
using a Longurst Hardy Plankton Recorder (LHPR) (280 μm) performed in a
transect carried out following the 200 m isobath. Sardine larvae were the most
common and abundant species during the cruise, 97% of occurrence; while hake
larvae occur in 67% of the stations. Although the sampling was performed
during the spawning period for both species (1, 2), the abundance of sardine
eggs and larvae was an order of magnitude higher than that observed for hake.
Horizontal egg and larval distributions of both species showed a conspicuous
overlap in the shelf-break region. Sardine eggs and larvae were found along all the
study region, with higher abundance of earlier stages (eggs and <5 mm larvae) on
the shelf region. Hake larval distribution was restricted to the shelf break, while
eggs showed a slightly widespread pattern, but with higher abundance also at
the shelf-break.
The vertical structure of the water column shows the initiation of the autumn
mixing processes, with slight stratification (Fig. 1), under this situation, an
important overlap in vertical distributions of eggs and larvae of sardine and hake
was evident, both species appearing along the 150 m of the water column,
although sardine showed higher concentrations in the first 100 m.

by Paracalanus sp.
Trophic ecology of hake larvae are influenced by its big mouth and large loopedguts, which allows them to eat and digest a relatively high number of big preys.
The feeding incidence in these larvae was significantly higher than in sardine
(90>30%). Although there is an important overlap in the distribution of the
larvae of both species and sardine larvae are more abundant than hake, we think
that there is no competition among larvae of both species because there is no
overlapping between their diets (Fig.2, Costello’s graphic).

Fig. 2. Diet composition according to Costello's graphic method for Merluccius
merluccius and Sardina pilchardus larvae. N%: Percentage of abundance and
F%: Percentage of occurrence of each prey item in the larvae
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Fig. 1. Vertical distribution of temperature along the 200 m isobath transect,
with overlaying sardine and hake larval abundance (log scale). Highest sardine
symbol denote 5416 larvae/1000 m3, and highest hake symbol denotes 108
larvae/1000 m3

The comparison of the diet composition of the larvae of the two species along
their development (sardine larvae from 5.5 to15.8 mm SL and hake from 2.5
to10 mm) showed that there is no overlap in the prey items the feed on (Horn
index=0.37). While preflexion sardine larvae (<10 mm) mainly fed copepod
nauplii and small preys as tintinnids, small hake larvae (<4 mm) have a diet
already based on adult copepods. Larger sardine larvae (from 10-16 mm)
showed a shift in their diet to the postnaupliar stages of calanoid copepods like
Clausocalanus sp. Hake larvae from 3-10 mm continue with a diet based on
adult copepods, being Clausocalanus sp., by far, the dominant prey, followed
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THE QUALITATIVE AND QUANTITATIVE STRUCTURE OF ZOOPLANKTON IN THE SHALLOW WATERS
OF THE BLACK SEA: COMPARISON OF DATA FROM 1973 AND 2007
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Abstract
The paper presents the species diversity and the quantitative structure of the shallow waters zooplankton, which were collected from
standard horizons in 10 stations at the Romanian littoral of the Black Sea in summer 2007 and compared to data from 10 samples
collected from surface waters (0 m) at Portita in 1973. In 2007, there were 22 holoplanktonic species and 4 benthic larvae identified:
53.85% of all species were marine and the rest were limnic organisms brought by the Danube. In 1973, there were recorded species
such as Anomalocera patersoni, Centropages kroyeri var. pontica, which have become extinct or very rare nowadays.
Keywords: Black Sea, Zooplankton , Biodiversity, Density, Biomass
The chronic blooming of phytoplankton due to eutrophication led to an
increase in the concentration of particulate organic matter (POM) in the water
column and sediments, and implicitly to a phenomena of oxygen depletion or
hypoxia [1], [2]. A number of 22 quantitative samples of zooplankton were
studied; the samples were collected in late summer 2007 (29.08.-01.09.2007)
from standard horizons in 10 stations located in four areas at the Romanian
littoral: near the mouths of Danube river at Sf. Gheorghe (Φ=44º52', Λ=29º38';
Φ=44º51', Λ=29º42'; Φ=44º50', Λ=29º47'), then southward at Portita (Φ=44º38',
Λ=29º04'; Φ=44º36', Λ=29º08'; Φ=44º33', Λ=29º14'), Midia (Φ=44º21',
Λ=28º42'; Φ=44º19', Λ=28º47'; Φ=44º18', Λ=28º49') and Tuzla (Φ=44º00',
Λ=28º57'). The sampling was performed with a vertical-tow net made of silk
tissue with a 90µm mesh. In 1973, there were 10 samples collected from the
surface (0m), by filtering 100l of water through the same type of net. The
quantitative data relate to 1m3 (Ddensity= number of individuals for one cubic
metre of water - ind·m-3, Bbiomass=mg·m-3).
In the late summer of 2007, the zooplankton quantity varied from 41 ind•m-3
and 1.30 mg·m-3 (Midia area, station 8, horizon 25-10 m) to 12505 ind•m-3 and
82.49 mg•m-3 (Portita area, station 4, horizon 15-10 m); a maximum quantity
was based on the weight of Bivalvia larvae (53%), as well as the fresh water
rotifers (24%). The number of eudominant species (F -75,1-100%) is large (N.
scintilans, larvae of Polychaeta, Bivalvia and Balanus), with only one copepod,
Acartia clausi, found among them (table 1).

and copepods such as Calanipeda aquae-dulcis, Eurytemora affinis and Cyclops
vicinus).
By comparing the data from 2007 and before 1970 when the eutrophication
began [1], we observed that the biomass of the zooplankton was 3.7 times
lower due to a decrease in numbers of the copepods. The density is higher as
the light-weighted Noctiluca and rotifers numbers increase. The value of average
density in 2007 was four times lower than in 1973, when the copepods held the
major weight among eudominant species (Acartia clausi – registered a density
of 6617 ind•m-3, and a biomass of 17.38 mg·m-3 in July, followed by Oithona
nana, Centropages kroyeri var. ponticus and Paracalanus parvus) (table 2). In
1973, only one fresh water species (Calanipeda aquae-dulcis) was found. In
summer months, there were records of thermophilic copepods such as
Centropages kroyeri var. ponticus, Anomalocera patersoni and Oithona nana,
which were
not to be found again in 2007.
Tab. 2. The qualitative and quantitative structure of the zooplankton in the
Black Sea shallow waters on Portita transect in 1973 (Deco=ecological average.
D%=dominance. F%=frequency. W= ecological significance index. R=rank)

Tab. 1. The qualitative and quantitative structure of zooplankton in the Black
Sea shallow waters along the Romanian shore in 2007 (D%=dominance. F%
=frequency. W= ecological significance index. R=rank)

;
We may conclude that the modification of environmental variables in the water
column led to a decrease in the species diversity of zooplankton, an increase in
the weight of euryoxyc limnic species, both small and light sizes. It must be
outlined the fact that the high density of bivalves larvae recorded in 2007 in the
North sector (1337 ind•m-3) indicates the revitalisation of endopsamic mollusc
populations in the area.
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CONSIDERATIONS REGARDING THE FREE-LIVING MARINE NEMATODA IN THE NORTHERN AREA OF
THE ROMANIAN BLACK SEA COAST
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Abstract
From seven quantitative samples performed in the northern area of the Romanian coast of the Black Sea, 38 species of free-living
Nematoda were determined. Thus, the species richness of observed Nematoda at the Romanian Black Sea coast increased of eight
species (Enoploides brevis, E. hirsutus, Chromadorella pontica, Paramonhystera elliptica, Theristus littoralis, Terschellingia
pontica, Sphaerolaimus gracilis, Sphaerocephalum crassicauda).
Keywords: Zoobenthos, Black Sea, Biodiversity
Introduction
The scientific literature concerning Nematoda at the Romanian Black Sea coast
are quite poor and each paper presents some species that were not described
before in the studied area [1-6].
Material and Methods
The present paper is based on a research study where Nematoda species were
identified from seven quantitative samples. In the period May-July 2003, the
samples were obtained by collecting 100 cm2 of sediment at different depths
(3m, 5m, 15m, and 20m) in the northern part of the Romanian Black Sea Coast,
between Sf. Gheorghe (near the mouths of the Danube) and Mamaia, on
sedimentary (mud and fine sand) sea bottom.

The density data is expressed as number of individuals per 1 square meter (D=
ind·m-2). A total of 38 species of free-living Nematoda were determined (table
1).
Results and Discussion
The determined species belong to four orders (Enoplida, Chromadorida,
Monhysterida and Areolaimida), respectively 11 families (Enoplidae,
Oncholaimidae,
Comesomatidae,
Cyatholaimidae,
Choanolaimidae,
Chromadoridae,
Monhysteridae,
Linhomoeidae,
Sphaerolaimidae,
Axonolaimidae and Tripyloididae). Among them, the families Oncholaimidae
and Monhysteridae include seven species each, followed by Linhomoeidae
with five species and Enoplidae and Axonolaimidae with four species each.
Eight of the total number of observed species (Enoploides brevis, E. hirsutus,
Chromadorella pontica, Paramonhystera elliptica, Theristus littoralis,
Terschellingia pontica, Sphaerolaimus gracilis, Sphaerocephalum crassicauda)
proved to be new records at the Romanian coast of the Black Sea. The species
diversity of Nematoda living on muddy substrata (Sf. Gheorghe area)(28
species) and their density (between 800 ind·m-2 and 77 200 ind·m-2) are
remarkable. Ten species (35,7 %) have densities which reach over 10 000
ind·m-2. In the area of Mamaia resort, there were found only 24 species on fine
sand bottom. Their density varies between 400 ind·m-2 and 119 900 ind·m-2,
the density of six species (25,0 %) reaching values greater than 10 000 ind·m-2.
The densities of Theristus littoralis (38 400 ind·m-2) and of Th. maeoticus (119
900 ind·m-2) were particularly high. Sixteen species are ubiquitous (Enoplus
quadridentatus, E. littoralis, Viscosia cobbi, V. minor, Oncholaimus dujardini,
O. campylocercoides, Sabatieria clavicauda, Halichoanolaimus clavicauda,
Chromadora nudicapitata, Theristus maeoticus, Th. longicaudatus, Th.
littoralis, Th. latissimus, Sphaerolaimus dispar, Bathylaimus assimilis,
B.cobbi) and are present in each zone sampled. In terms of values of density,
the representative species of free living Nematoda for the sedimentary zone in
the North area of the Romanian Black Sea coast are Sabatieira clavicauda and
Theristus maeoticus. In terms of values of density, the representative species
of free living Nematoda for the sedimentary zone in the North area of the
Romanian Black Sea coast are Theristus maeoticus (dominance = 20,41%, index
of ecological significance = 34,15) followed by Sabatieria clavicauda
(dominance = 13,05%, index of ecological significance = 19,31) and
Metaparoncholaimus campylocercoides (dominance = 8,22%, index of
ecological significance = 28,66).
In conclusion, the list of free-living marine Nematoda at the Romanian coast of
the Black Sea has reached a number of 91 species, now including the new eight
species recorded in the Northern area in 2003.

Tab. 1. The qualitative and quantitative structure (D= ind·m-2) of the freeliving marine nematoda in the northern area of the Black Sea in 2003
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DISTRIBUTION AND ABUNDANCE OF SARDINE AND ANCHOVY LARVAE IN THE EASTERN
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Abstract
The distribution, abundance and size structure of sardine and anchovy larvae were collected in the northern Levantine Sea (eastern
Mediterranean) in an ichthyoplankton survey between 5-18 June 2004. Sardine and anchovy larvae showed a wide distribution off the
Turkish continental shelf. Especially Mersin Bay was an important spawning area in the northern Levantine Sea.
Keywords: Ichthyoplankton, Fishes, Pelagic, Larvae, Eastern Mediterranean
Introduction
Anchovy, Engraulis encrasicolus (Linnaeus, 1758), one of the most import
pelagic species of the Turkish fishery taking the first place with 385000
tons/year, and sardines, Sardina pilchardus (Walbaum, 1792), with 21000
tons/year ranges third after the Atlantic horse mackerel [1]. Anchovy are
caught mostly in the Black Sea. The sardine catch is concentrated mainly in
the Aegean Sea. 13.7% of the total sardine and 0.04% of anchovy catch comes
from the northern Levantine Sea. Research has been carried on the distribution
of the eggs and larvae of anchovy and sardine in the Marmara, Aegean and
Black Seas ([2], [3]) but no investigations was done on these important pelagic
species in the eastern Mediterranean Sea. The aim of this paper is to give the
results of larval research on the distribution and abundance of the sardine and
anchovy larvae in the northern Levantine Sea.

and a Bongo net of 60 cm inlet diameter equipped with 250 µm mesh for
oblique tows were made. The distance between each station was chosen as 1015 nautical miles. All tows were fixed at 10 minutes duration. The collected
ichthyoplankton material was then preserved in 5% neutralized formalin.
Results and Discussion
During the ichthyoplankton survey, the sea water temperature was measured
as 21.8– 29.3°C, where by the salt content varied between 34.9 – 38.8‰, the
water depth being 63-2448 m. In this larval survey, 1779 larvae of Sardina
pilchardus and 744 Engraulis encrasicolus were collected. Fig. 1B-C shows
the distribution of sardine and anchovy larvae. High abundance of these fish
larvae was observed in the Cilician Basin, between Turkey and northern
Cyprus and in Mersin Bay. The larvae of these fish species were observed in
very small numbers in Antalya Bay.
During the larval survey; ichthyoplankton was sampled in 104 stations. The
sardine larvae were collected in 39 stations where by the 10-14 mm SL larvae
comprised 65% of the sardine individuals. The length of the sardine larvae was
4.0 – 22.0 mm SL, the medium length being 12.4 ± 0.06 (SE) mm. The
anchovy larvae were found in 58 stations. The 10-14 mm SL individuals
comprised 55.5% of the anchovy larvae. The length of the anchovy larvae was
4.0 – 22.0 mm SL, the medium length being 12.2 ± 0.12 (SE) mm.The sardine
and anchovy larvae were distributed in a wide area. The water depth of the
sampled stations, where sardines were collected was 80-1170 m. The anchovy
larvae were observed at sampling stations in water depths of 60-2000 m. The
sardine and anchovy larvae were abundant in shelf. The number of the larvae
decreased in off shore areas. According to Murua and Saborido-Rey [4], the
reproduction of sardine occurs in the open sea or in the shelf areas. The
presence of larvae in our research deeper than 1000 m could possibly be
related to advection by sea currents in the study area.
In the previous papers, the distribution and abundance of the tunas (large
pelagic species) in Mersin Bay, Thunnus thynnus, Thunnus alalunga, Auxis
rochei, Euthynnus alletteratus, Scomber scombrus, Scomber japonicus,
Katsuwonus pelamis have been reported [5]. The results of this survey
confirm that Mersin Bay is an also spawning ground of small pelagic fish;
namely of sardine and anchovy.
This important spawning ground should stay under protection. Excessive
fishing should not be exercised. Pollution and introduction of energy sources
leading to ecological changes in Mersin Bay should be avoided. Renewable
energy such as solar, and wind energy should be preferred.

Material and Methods
The ichthyoplankton samples were collected in the TUNALEV survey on
board of the Turkish trawler ‘Emicaoglu’ from 05-18 June 2004 in the
northern Levantine Sea (Fig. 1).
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Fig. 1. A) Map of the study area, B) Distribution and abundance of sardine
larvae (larvae/1000m3), C) Distribution and abundance of anchovy larvae
(larvae/1000 m3)

A total of 104 sub-surface plankton horizontal tows with a Bongo 90 cm of
quadrangular mouth opening with a 1 mm mesh for horizontal surface tows
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ASSESSMENT OF THE ECOLOGICAL STATUS OF SLOVENIAN COASTAL WATERS WITH
MACROBENTHIC BIOLOGICAL ELEMENTS
Martina Orlando-bonaca 1*, Borut Mavric 1 and Lovrenc Lipej 1
1 Marine Biology Station, National Institute of Biology - orlando@mbss.org
Abstract
Benthic macrophytes on hard bottom and soft-botom invertebrates are two important biological elements for the assessment of the
ecological status (ES) in coastal waters, according to the European Water Framework Directive (WFD, 2000/60/EC). The aim of the
study is to verify whether the monitoring results reconfirm the preliminary evaluation of the ES according to these biological elements.
The ES was reconfirmed as Good.
Keywords: Monitoring, Coastal Waters, Biodiversity, Bio-Indicators, Adriatic Sea
Introduction
The results of a preliminary assessment of benthic macroalgae in Slovenian
coastal waters [1], according to the WFD, led to a selection of 7 sampling sites
on hard bottom for the surveillance monitoring programme. In the same way, a
preliminary assessment of benthic invertebrates led to a selection of 6
sampling sites on soft bottom. The aim of the study was to verify whether the
results of the first two years of monitoring programme confirm the
preliminary assessment of benthic elements or indicate different
conditions/situation of these organisms in Slovenian coastal waters.
Material and Methods
The Slovenian coastal sea covers the southern part of the Gulf of Trieste. Its
coastline is approximately 46.7 km long. It is a shallow semi-enclosed gulf
with a maximum depth of ca. 33 m in waters off Piran. During 2007 and 2008,
benthic macroalgae were sampled in three water bodies (WB): SI5VT3,
SI5VT4 and SI5VT5, while benthic invertebrates were sampled only in two
WB: SI5VT3 and SI5VT5. SI5VT4 was characterised as “rocky shallow
moderately exposed”, while the other two (SI5VT3, SI5VT5) as “sedimentary
shallow moderately exposed”. All sites were sampled twice: in spring and in
late summer. Macroalgae were sampled and their status assessed according to
the national methodology, which includes the use of EEI (Ecological
Evaluation Index) [2]. Samples of benthic invertebrates were collected and
assessed according to the national methodology [3] using M-AMBI(Multivariat
Azti Marine Biotic Index) [4, 5].
Results and Discussion
During the 2007-2008 period, 5 sampling sites for macroalgae were evaluated
as High, one as Good and one as Poor ES. After the application of the spatial
scale weighted EEI, the WBs ES was evaluated as High in SI5VT4 and as
Good in SI5VT5, which reconfirm those from the preliminary study [1]. The
macroalgae monitoring revealed seasonal differences in species composition
and coverage. At almost all sites, the ES was higher in summer then in spring.
The ES evaluation of benthic invertebrates in 2007 and 2008 classified both
SI5VT3 and SI5VT5 as Good ES, which is in accordance with the preliminary
ES evaluation. In both years the situation was better in late summer. There are
slight discrepancies in the Ecological Quality Ratios (EQRs) for SI5VT3. The
overall EQR value for both monitoring years lies on the border between Good
and Moderate class (0.62), while in the preliminary study, the EQR value lies
in the middle of the EQR range for Good class (0.70). The results of the
assessment from 2006 to 2008 show a Good ES of Slovenian coastal waters.
Further samplings and studies need to be carried out in order to rise confidence
of the obtained results and applied methods.
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MEDUSIVOROUS FISHES OF THE LIGURIAN SEA 1. CHUB MACKERELS AND OTHER PELAGIC FISH
SPECIES SOMETIMES “HAVE THE MEDUSA” PELAGIA NOCTILUCA
Lidia Orsi Relini 1*, Fulvio Garibaldi 1, Luca Lanteri 1 and Marco Relini 1
1 Centro di Biologia Marina del Mar Ligure, University of Genoa - largepel@unige.it
Abstract
During blooms of Pelagia noctiluca periodically occurring in the Ligurian Sea (North Western Mediterranean), a natural mark,
formed by the jellyfish pigments, characterizes fish eating this species.
Keywords: Western Mediterranean, Medusae, Pigments, Fishes
CIESM is promoting observations about gelatinous zooplankton blooms, in
particular those of jellyfish, which may be related to basic transformations of
ecosystems, both of climatic and anthropogenic nature (1, 2). Such renewed
attention to medusozoans has the consequence that parallel studies should be
carried out about the consume of jellyfish by many marine organisms (3),
particularly the most abundant fishes (4, 5); in fact if fishing or other anthropic
activities are mentioned among possible causes of jellyfish blooms (2), it is
necessary to know the trophic relationship among the concerned organisms.
Worldwide studies about medusivorous fish (3, 4, 5) allow us to list the
following species which are also part of Mediterranean ichthyofauna, with
indication in parenthesis, of the area in which the jellyfish consume was
observed: Squalus acanthias (North Sea), Etmopterus spinax (North Atlantic),
Centroscymnus coelolepis (North Atlantic), Alepocephalus rostratus (South
Atlantic, Mediterranean sea), Scomberesox saurus (North Atlantic), Boops
boops (Gulf of Tunis), Trachurus trachurus (North Sea), Coryphaena hippurus
(Mediterranean Sea),
Sparus aurata (New Zealand waters), Scomber colias (Japanese waters),
Scomber scombrus (Baltic Sea, North Sea, Western North Atlantic), Luvarus
imperialis (Eastern North Atlantic), Centrolophus niger (Mediterranean Sea),
Hyperoglyphe perciformis (Gulf of Maine), Schedophilus medusophagus
(Mediterranean Sea, North Atlantic), Stromateus fiatola (Mediterranean Sea),
Mola mola (North Atlantic, Japanese waters, Gulf of Maine, North Pacific),
Ranzania laevis (North Atlantic). Only in few cases the consume of jellyfish
have been observed in the Mediterranean; in particular the observations
regarding Mediterranean stromateoid fishes occurred in Italian waters more than
one century ago, thanks to Anastasio Cocco and Salvatore Lo Bianco.
All the listed fish species are present in the Ligurian Sea, an area of recognized
richness of pelagic life (6), including offshore and coastal protected areas, such
as the Cetacean Sanctuary and Portofino MPA, both SPAMI under the
Barcelona convention. During recent blooms of Pelagia noctiluca we have
ascertained its consume by four species of fish, three of them already known as
medusivorous, i.e. S. colias, T. trachurus and S. medusophagus (7) and one,
Oblada melanura, representing a new entry in the group. With regard to prey,
P. noctiluca is well known in our study area. On the basis of impact on
anthropic activities, organized research (frequently on international basis),
assembled knowledge (but not all life cycle is exhaustively known), P. noctiluca
can be placed in the top six jellyfish species of the world (8). Fluctuations of
abundance of P. noctiluca in the Ligurian Sea have been studied assembling 200
years of Mediterranean records (9). A twelve years periodicity was found, each
period being formed by groups of years with and without blooms of this
species. Using a forecasting model, climatic variables, notably temperature,
rainfall and atmospheric pressure appeared to predict years with Pelagia.
P. noctiluca has an olopelagic life history: a large egg (0.3 mm) gives rise to larval
forms (ephyrulae) which in three months become young medusae (8). The nice
pink-lilac colour of P. noctiluca is due to four different pigments, a brown, a
magenta and two blue substances, distributed with sexual dichromism in mature
individuals (8). When fish eat large quantities of P. noctiluca, pigments and/or
their indigested residues reach a great concentration in the gut colouring the
entire intestinal tract, to the anus (7).
During the most recent blooms (from 2006 onward), Scomber colias, Trachurus
trachurus, Oblada melanura arrived to the market with the mark of P. noctiluca,
that is presenting the anal rim surrounded by a violet blot (fig. 1). This fact
brought to a popular level the knowledge of jellyfish consume: asked for the
reason of such colour, fishermen and retailers simply answer that the fish “has
the medusa”.
In conclusion: 1) consume of jellyfish is not easily studied, given the fragility of
tissues and the necessity to look for specific structures such as nematocysts at
the microscope. In the case of Pelagia probably a relevant part of predation
occurs on larvae and goes unnoticed. But when the stage of medusa is reached
and aggregations are forming, studies on consumers are made easier by the
natural mark; 2) chub and horse mackerels are able to use large quantities of P.

noctiluca, because of their massive presence. In fact these species are in a
growing phase since at least ten years (10); 3) in healthy pelagic ecosystems
(the Ligurian Sea has a very important presence of top predators and a reduced
fishery pressure), global warming is probably enhancing the presence of some
jellyfish species and of their consumers as well, maybe building new balances.

Fig. 1. Gut content coloured by Pelagia noctiluca pigments in the chub mackerel
Scomber colias (photo by Giulio Relini)
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MEDUSIVOROUS FISHES OF THE LIGURIAN SEA 3. THE YOUNG GIANT, MOLA MOLA AT THE CAMOGLI
TUNA TRAP
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Abstract
The fishery of Mola mola occurred in the Ligurian Sea from ancient times to the end of the '90s when the use of M. mola as food
was banned by the European Community. M. Mola was fished at the small artisanal tuna trap of Camogli, a very ancient gear at
present located in the Portofino MPA. We used literature data (commercial product in the periods: 1950-1974, 1996-2000) and
original unpublished data size structures per month (1993-1995; fillets/fish ratio) to estimate numbers of fish caught during the past
exploitation. These were very young fish whose utilization can be traced at least one century ago. The Camogli tuna trap has allowed
the monitoring, albeit in relatively short time periods, of the abundance of seven species of regular ( M. mola) or potential
medusivorous fish.
Keywords: Western Mediterranean, Fisheries, Coastal Waters
Among medusivorous fish (1), the sunfish Mola mola (Linnaeus, 1758) is
classified in the group of species which feed only on jellyfish or use a prevailing
quantity of this prey; the latter category seems the most appropriate for M.
mola. The use of gelatinous macroplankton allows fast growth and the
attainment of the most relevant size among living bony fish; a parallel case can
be found in the marine turtles, with Dermochelys coriacea. In the last ten years,
these characteristics have promoted a renewed interest to M. mola and the
development of new research lines, especially based on archival tags and satellite
tracking: the reason is that “data on what environmental factors influence the
abundance and distribution of M. mola can also offer additional insight into what
may be influencing the availability and blooms of gelatinous prey species” (2).
However M. mola remains a poorly known species, particularly in the
Mediterranean. Reproduction, in terms of times and locations, remains a major
gap of its life history (3) and also distribution is scarcely understood. At the
best of authors knowledge, M. mola results really abundant in few
Mediterranean areas: one is located in the Ligurian Sea, at Camogli (western side
of Portofino promontory), where fishermen still use an ancient two-chambered
artisanal tuna trap (six men crew for hauls). This gear was common about four
centuries ago along the Ligurian coast, from Marseille (4) to La Spezia. The trap
is active from April to September, with three hauls per day. Until 2000 (5),
commercial landings per fishery season resulted about 50 tons, and included
more than 40 fish species, with a Mola product of about 2 tons, but at present,
due to E.C. regulations, this fish cannot be used as food and is released alive.
Parona (6), during a local visit in June 1912, recorded more than 500 individuals
of Mola in the trap and reported that although this fish was part of the
commercial product, sometimes its abundance reached numbers considered by
fishermen unfavourable for the fishing of bluefin. Total catches of the tuna trap
were studied in the '70s (7), thanks to the daily registration of the commercial
products carried out from 1950 onward by the same fishermen who were
experimenting different kinds of net in the trap chambers. Two form of CPUE (a
proxy of fish abundance) were derived: total landings per fishery season and
average daily landing of the top ten species in a time series of 25 years, from
1950 to 1974: the species were Auxis rochei, Boops boops, Sarpa salpa, M.
mola, Oblada melanura, Sarda sarda, Scomber japonicus, Scomber scombrus,
Scomberesox saurus, Trachurus trachurus (7). M. mola was registered with
quantities varying between 0.86 and 5.84 tons per fishery season (164-182 days
of fishing). In the study of the fishery trends of the top species M. mola
resulted one of the most regular (7), uninfluenced by materials used in the gear
construction. In the period 1993-1995, thanks to an E.C. funding regarding large
pelagic fish, we studied the size structure of the fished stocks by different gears,
including the Camogli tuna trap. Observations regarding M. mola (an example of
l/f distribution is given in fig. 1), that was not a target species, remained
unpublished. At present large numbers of fish are observed as at the time of
Parona (6), but in absence of fishing, it is impossible to quantify their presence
(8). Moreover the quantities registered from 1950 to 2000, don’t regard directly
the fish, but its commercial form, the fillets. Which is the ratio fish-fillets? From
the structure of the fished stock we have obtained the average fish, 45.4 cm total
length and about 5 kg weight (9), supposed in the first year of life. This
represents the modal size in June that is the core of the fishing season. In this
month we have observed the preparation of fillets: an average of 0.82 kg of
product per specimen (N=80; range 36-75 TL) that is the 16.4% of the fished
biomass. Such data allow to transform the above indicated total catches in
number of fish: in the 25 years series the range was about 1000-7100 fishes with
an average of 3626 per fishery season and at the end of the '90s the average
catch was consisting of about 2436 fishes. We cannot say if this number
represent a decrease in respect of the past series because in the years 1950-1960

seven annual catches resulted under this level (7): the indicated time period is
not suspected in regard of the other gears which can capture the sunfish i.e.
driftnets, which were developed in the '80s. Taking into account the list of
Mediterranean medusivorous fish (10), we can observe that the Camogli tuna
trap till recent times was permitting the monitoring of seven species of regular
and potential medusivorous fish: at present the monitoring of M. mola is
cancelled as well as an ancient know how regarding the fish and the possibility
to offer the sun (in english) or the moon (in italian pesce luna) on the table at
Portofino. Given the present relevance of this species for research at ocean scale
(2) we suggest to open a debate on this subject.

Fig. 1. Length/frequency distribution of M. mola, caught by the Camogli tuna
trap (sum of hauls carried out in May-July 1993).
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Abstract
The vertical distribution of pelagic fish eggs is an important issue in modeling and fisheries science. Knowledge on the influence of
egg-density is a key aspect in IBM's where satisfactory equations to simulate realistic spatial variation are required. The egg-density
of European anchovy is poorly known and only some studies on Atlantic provide information about it. An equation was fitted to
describe changes in egg-density across development time. We found that the egg-density of anchovy in the Mediterranean is higher
than in Atlantic waters. A functional model suitable for Mediterranean and Atlantic waters was established.
Keywords: Fishes, Density, Ichthyoplankton, Models, Spawning
Introduction
Small pelagic fish populations have a reproductive strategy resulting from past
natural selection pressure, which make them adapted to the constant structural
instability where they persist [1]. One adaptation is the buoyancy of eggs due
to density changes through development [2]. This is an important issue in
fisheries and modeling science, because they affect the vertical distribution of
eggs, and therefore the transport [3]. The Individual Based Models IBMs that
study the transport of fish eggs from spawning to nursery grounds is a novel
approach that might be useful to further understand the recruitment variability
[4]. In the southern Benguela ecosystem,simulations on the effects of physical
and biological variables on the transport of anchovy (Engraulis capensis) eggs
including a buoyancy model scheme maximize the average particle transport
success [3, 5]. Modeling studies that include a fixed value for egg density
overestimate the effects of the egg-buoyancy in the transport. However, the
density of pelagic fish eggs is not constant and the egg-density changes during
development [6, 7]. We fit an equation to describe the egg-density of
European anchovy through development. A better knowledge of egg-density
could improve the present models of
transport on IBM’s.
Materials & Methods
Ichthyoplankton samples from the Gulf of Lions were collected in May–June
2008 survey. The samples were immediately taken to the laboratory onboard.
We identified anchovy eggs and their stages; only early stages (I-II) were
selected for the experiment. Egg-density measurements were carried out in a
Density Gradient Column (DGC) [6]. The eggs were introduced in DGC and
their height was measured at intervals until hatch. The height of eggs in DGC
is an indication of their density. The DGC was kept at 18.5°C. The total
duration of incubation of anchovy eggs varies with temperature; some eggstages being more or less durable than others. By merging equations (Fig.1) we
obtained a polynomial equation (eq.3) to calculate egg-density considering the
time from fertilization, the effect of temperature and the spawning and
hatching densities. With the resulting equation we built a model (Fig.1c) by
comparing the egg-density in the Bay of Biscay [7] and in the Gulf of Lion.
Additionally, we include the egg-density model in ICHTHYOP [8] analyzing
the
effect of buoyancy in the egg transport.
Results
We found that the egg-density of anchovy in the Mediterranean is higher than
in Atlantic waters. However, the curve shape describing the egg-density
trough development is the same (Fig. 1c). The main factors influencing the eggdensity changes in the model are the seawater densities at spawning and
hatching points. The incubation time is determined by the seawater
temperature [9]. We found differences in simulated trajectories patterns of
anchovy eggs when: 1) egg-density was not considered, 2) a fixed egg-density
was included and 3) with a variable egg-density equation.
Discussion
Knowledge on reproductive habitats is a key aspect for management of small
pelagic fishes. The IBM’s focuses in transport are an important tool for these
aspects. However, satisfactory biological equations to simulate realistic spatial
variation are required. The egg-density and subsequently buoyancy are poorly
known. Some models include the assignation of a fixed value to egg-density
and its movements according to Stoke’s law. However, we found differences
when variable egg-density is considered. In Mediterranean waters the
incubation of anchovy eggs during peak spawning is approximately 48 hours,
in other words during the first 48 hours of transport the egg-density is
influencing the horizontal and vertical trajectories, routes and hatching zones.
Additionally, during this time anchovy eggs experience different temperatures,
salinities and densities. It is then essential to include an egg-density equation
into transport

models to improve the current IBM models.

Fig. 1. Steps for the obtention of an anchovy egg-density model
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Abstract
During the last decades, 4 alien isopods have been reported from harbours and nearby lagoons in Tunisia. The intensification of
shipping activities and the significant increase in the average water temperature has been enhanced the introduction and the
establishment of non indigenous species. Since its occurrence Sphaeroma walkeri was studied. A brief description and some
ecological main features are given and discussed.
Keywords: Infralittoral, Lagoons
Surveys conducted among benthic communities in Tunis Southern lagoon and
nearby ports during last decades allowed us to observe 4 alien isopods,
Paracerceis sculpta [1], Paradella dianae [2], Sphaeroma walkeri [3] and
Sphaeroma venustissimum [4]. Among this invasive fauna, Sphaeroma walkeri
is the most acclimated isopod with Paracerceis sculpta in the Tunisian
brackish waters. According to Zibrowius [5] it is one of the most widely shiptransported alien species in the world, and was first recorded in the
Mediterranean during the earlier part of the last century. Sphaeroma walkeri is
a thermophilic isopod native of the Indian Ocean. It is commonly found in
intertidal fouling communities and has been widely reported from ports in
warm and warm-temperate waters worldwide [6]. Sphaeroma walkeri was
regularly sampled from 2003 until 2009 in the Tunis Southern lagoon and the
specimens have been identified following the description and illustrations given
by Jacobs [7]. Sphaeroma walkeri is an isopod that grows up to 10mm in
length (Figure 1). Adult females are smaller than adult males. Maximum length
observed in our samples is 16mm.The surface of pereionites is smooth but
pereonites 3 & 4 each bear 2 irregular rows of low tubercles. Pereonites 5 &6
and the pleon each bear one row of prominent round tubercles, with the
posterior edge of the pleon having a second row of small round tubercles. The
pleotelson is long and tapers to a rounded point that is slightly upturned with
4 rows of 3-6 tubercles running lengthways on the surface. The uropods are
flattened and attached on the side of the pleotelson towards the front. The
endopod is rigidly fused while the exopod is movable and greater than or equal
to the length of endopod. S. Walkeri was permanently collected in Tunis
Southern Lagoon, a euryhalin ecosystem, among sponges and ascidians in very
shallow waters less than 3 metres depth. This isopod was the most abundant
alien species found in Tunis Southern lagoon during hot season from April to
August. Salinity, temperature and suspended solids were observed to influence
the occurrence of this species. This specie is commonly associated with one or
both of the isopods Dynamenella dianae and Paracerceis sculpta. The
evolution of densities of Sphaeroma walkeri according seasons is summarized
in table1. This isopod is found in high densities. The average value observed
was 15 specimens /m2. The highest values have been observed during the
hottest season. Among fouling communities, S. Walkeri prefers sponges than
ascidians. The specie reproduces in sponges. All stages, adult from the two
sexes, ovigerous and non-ovigerous females and sub-adult males, are observed
in sponges.

Tab. 1. Seasonal evolution of densities of S. walkeri in Tunis Southern Lagoon

S. walkeri is one of the most abundant alien isopods observed in Tunisian
shallow waters. According its establishment and acclimatisation in lagoons near
ports, this thermophilic non indigenous species was probably introduced by
vessels traffic.
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Fig. 1. Male of Sphaeroma walkeri Stebbing, 1905 collected from the Tunis
Southern lagoon
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THE BIOMASS AND SOME BIOLOGICAL ASPECTS OF THE MEDITERRANEAN SLIMEHEAD
HOPLOSTETHUS M. MEDITERRANEUS, FROM SAROS BAY (NE AEGEAN SEA, TURKEY)
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Abstract
The CPUE, biomass indices and some aspects of the biology of Hoplostethus mediterraneus mediterraneus from Saros Bay (NE
Aegean Sea) are determined. Specimens were caught by commercial trawl from the depth interval 200-500 m, in the period of
January 2005-September 2008. Lenght-weight relationship is found W=0,0101*L 3,1041 for both sexes. Total lenght and total weight
ranged from 4,0 to 24,6 cm and from 0,83 to 209,7 g respectively.
Keywords: Biomass, Aegean Sea, Trawl Surveys
With the arisen awareness of the ‘ecosystem-based fisheries management’,
discarded species are no longer considered as less important constituents of
the integrated ecosystem. However information is still scarce regarding many
non-commercial species’ distribution, population status and biology. The
Mediterranean slimehead is a good example for this situation. Hoplostethus
mediterraneus mediterraneus Cuvier, 1829 (Beryciformes: Trachichthyidae),
having no commercial value in the Mediterranean Sea fisheries, is a
cosmopolitan, benthopelagic, marine species living at a depth range of 100 1175 m [1]. This species has received relatively little scientific attention and
many basic aspects of its biology are as yet unknown. [2].

and 61 were juveniles (20%). Juveniles were mostly captured at depths
between 300-440 m, in May’06, July’06 and ’08. The most frequent size
class for both sexes is 15 cm, for females 17 cm and for males 15 cm.
The parameters of the length-weight relationship of our study and previous
studies on the same species from different localities are given in Table 2.

Tab. 2. Sample size (n), min. and max. length and weight, parameters of
length-weight relationships (a and b) and the coefficient of determination (r2)
from various studies and the present study (*)

Methods
Samples were collected by a commercial bottom trawl net with a cod end
stretched mesh size of 22 mm, at monthly sampling intervals from January
2005 to September 2008. H. mediterraneus mediterraneus specimens were
caught from the depth range of 200-500 m, tow duration was restricted to 30
min and the vessel speed was kept constant at 2,7 knots during hauling. CPUE
was calculated for 1 hour, biomass was estimated using the swept area
method. Total length, weight and if possible sex and maturation stage were
recorded for each specimen, also some of the gonads, stomachs and otoliths
were dissected and sampled in order to evaluate for further studies. Lengthweight relationship were calculated and expressed W=aLb.
Results and Discussion
The CPUE and biomass indices show that H. mediterraneus mediterraneus is
widely distributed in Saros Bay.

Tab. 1. CPUE (kg/h) and biomass (kg/km2) indices of H. mediterraneus
mediterraneus in Saros Bay. *)Month represented by only one specimen, **)
Month represented by juveniles only
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According to Table 1, especially in October and November the values are
much higher than the other months of the years. On the contrary, June’05 is
an exception, but the other summer months and May values are low and
September values are zero for all the four years. For these 5 months we may
assert that fish inhabit deeper levels that our gear was unable to reach. This
behavior can be estimated as the effects of changes in the water temperature or
as a spawning behavior. Yet the spawning period is given in [3] as MaySeptember which reflects the absence of H. mediterraneus mediterraneus in
our study.
Overall, 305 sexed individuals, 171 were female (56%), 73 were male (24%)
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THE STATUS OF THE EXOTIC FISH SPECIES IN THE GULF OF ANTALYA, TURKEY (LEVANTINE SEA)
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Abstract
This paper presents the abundance and biomass of the 18 exotic fish species caught during the bottom trawl survey carried out in the
Gulf of Antalya in the summer period of 2009. Among 76 teleost species identified, exotics constituted 9.74% of the average
abundance and 7.93% of the average biomass of the teleosteans.
Keywords: Trawl Surveys, Demersal, Teleostei, Biomass, Levantine Basin
Tab. 2. The average biomass (kg/nm2 (±se)), and abundance (ind./nm2 (±se)) of
18 exotic species caught by trawl, at six depth levels in the Gulf of Antalya.

Introduction
The Gulf of Antalya locates in the Norteastern Levantine Basin and is highly
susceptible to invasions by aliens due to the proximity to the Suez Canal. 120
established and casual alien fish were reported from the Mediterranean Sea [1]
and 50 of them were recorded from the Levantine coast of Turkey [1,2].
Except for the species records, the studies concerning the biomass and
abundance of the exotic fish community in the Northeastern Levant Sea are
limited to [3,4]. This paper presents the first detailed information on the exotic
fish community of the Gulf of Antalya.
Material and Methods
This research was carried out in August 2009, in the Gulf of Antalya, between
the depths of 25-200 m, using a commercial bottom trawler. The cod-end mesh
size 22 mm (knot to knot). The samples were collected day time with 2.5
n.m./h average trawling speed. The geographical coordinates of 30 trawling
stations vary between N36° 52’ 48.5 - 36° 23’ 00.0’’ - E31° 32 32.2’ - E30°
31’ 11.3’’. The total catch from each haul was identified to species, counted,
weighed and standardized to unit trawling hour. The stock amount is calculated
according to the swept area method [5].
Results
A total of 30 hauls were carried out at the depths of 25, 50, 75, 100, 150, 200
m. The overall average abundance of the 18 exotic species was 4942±1371
ind./nm2 (±se) and average biomass was 229,67±49,58 kg/nm2 (±se) (Tab.1).

Discussion This paper presents the first detailed information on the exotic
fish community of the Gulf of Antalya. This research was conducted in the
“pre-fishing” season both in the fishing-prohibited and open areas. For the
“pre-fishing” season, [3] reported that the Red Sea teleosteans constituted
51.91% of the average percentage of the teleosteans and decreased to 34.85%
in the post fishing season in Gulfs of Iskenderun and Mersin. The keystone
species responsible for this fluctuation was shown as E. klunzingeri
(Steindachner, 1898) which was also found as the most abundant species in
this study. Invading species have been found to comprise 62% of the demersal
fish biomass in the Gulf of Iskenderun and 34% in Mersin Bay, Turkey [4].
Notwithstanding, definite changes in fish communities in the Levantine
ecosystem have been attributed to Lessepsian migrants. Thus long-term
approaches are required to monitor of the exotics in proportion to local
species; determine the seasonal and spatial distribution and status of the
populations of alien species. Acknowledgements The authors greatly
indepted
to
Prof.Dr.Erhan
MUTLU,
Prof.Dr.Gülsen
ALTUG,
Assoc.Prof.Dr.Saadet F. KARAKULAK and Assoc.Prof.Dr.Murat
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Tab. 1. The number of hauls, average biomass (kg/nm2 ±se), abundance
(ind./nm2 ±se) and number of exotic species and percentages of exotics in
among teleosteans at six depth levels in the Gulf of Antalya.

The highest biomass of the exotic species was recorded at the depth of 50 m
and the abundance decreased with depth. The most frequent species was
Saurida undosquamis (Linnaeus, 1758) (83,3%), Upeneus moluccensis
(Bleeker, 1855) (83,3%), Lagocephalus suezensis Clark & Gohar, 1953
(36,7%), Lagocephalus sceleratus (Gmelin, 1789) (36,7%), and Equulites
klunzingeri (Steindachner, 1898) (30%). In the total average of 30 hauls, S.
undosquamis (Linnaeus, 1758), L. suezensis Clark & Gohar, 1953, U.
moluccensis (Bleeker, 1855), L. sceleratus (Gmelin, 1789), and E. klunzingeri
(Steindachner, 1898) are the species that have the highest biomass. E.
klunzingeri (Steindachner, 1898), U. moluccensis (Bleeker, 1855), S.
undosquamis (Linnaeus, 1758), L. suezensis Clark & Gohar, 1953, and
Upeneus pori Ben-Tuvia & Golani, 1989have the highest abundance,
respectively. The average biomass (kg/nm2 (±se)), and abundance (ind./nm2
(±se)) of 18 exotic species at six depth levels are given in Table 2.
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COMPARISON OF FATTY ACID, TRACE ELEMENT AND PROXIMATE COMPOSITIONS OF MALE AND
FEMALE OF BLUE CRABS AND SWIM CRABS FROM MERSIN BAY, TURKEY
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Abstract
Fatty acid, trace element and proximate compositions of male and female of blue crabs and swim crabs caught in Mersin Bay were
investigated. The results of proximate analysis showed that there were variations in protein and moisture content of both female crabs
and male crabs’ meat of these two crab species (p<0.05). Saturated fatty acid (SFA) content was detected as 23.3%-24.8% in blue
crabs whereas it was 24.7%-24.9% in swim crabs. Monounsaturated fatty acid (MUFA) content in the body of blue crabs (26.6%29.6%) was higher than swim crabs (24.1%-25.9%). Besides, polyunsaturated fatty acid (PUFA) content of swim crabs (43.8%45.3%) was higher than blue crabs (39.2%-42.8%) (p<0.05). It was also found that crab meat was rich in terms of trace element
content, especially Cu, Zn, and Fe.
Keywords: Decapoda, Metals, Nutrients
Introduction
Poturnid crabs, Callinectes sapidus and Portunus pelagicus, are the most
important members of the estuarine food chain as while they feed on fish,
aquatic vegetation, molluscs, crustaceans and annelids, they serve as preys to
mammals, birds and fishes [1]. Seafood lipids are rich in n-3 PUFAs such as
EPA and DHA. These fatty acids have a variety of health benefits, including
prevention of sudden cardiac death [2] and chemopreventive effects of cancer
[3]. The fat and fatty acid compositions of fish can vary depending on fish
species, diet, gender, location and season of capture [4,5]. The objective of
this study was to determine and compare trace element, fatty acid and
proximate compositions of male and female blue crabs and swim crabs in
Mersin Bay.

crab species. Oleic acid (13.3%-14.8%) was the major MUFA in all crab
meats, followed by palmitoleic acid (5.0%-8.7%) and octadecenoic acid (4.04.7%). The total PUFA value was the highest in meat of female swim crabs
(43.75%), the lowest amounts (39.15%) were in meat of female blue crabs.
EPA (20:5) and DHA (22:6) were PUFAs having maximal values.
Statistically, there were no significant differences in Eicosapentaenoic acid
(EPA) concentrations in body meat of male and female blue crabs (P>0.05).
Besides, EPA concentrations in meat of female swim crabs were higher than
those of the males (p<0.05). Trace element contents; the trace element
contents of female and male of blue crab and swim crab are listed in Table 2.
Cu, Zn, Fe contents of female blue crabs were significantly higher (P<0.05)
than those found in male blue crabs. Cd, Pb, Zn contents of female swim crabs
were significantly higher (P<0.05) than those found in male swim crabs. The
concentrations of metals for muscle of crab are below those likely to cause a
public health problem: 4 μg Cd/g (wet weight), 1.7 μg Pb/g according to the
U.S. Food and Drug Administration [12] and 20 μg Cu/g and 50 μg Zn/g
according to the Turkish Food Codex [13]. High Cu level doesn't directly
affect human health. But the excess copper ve zinc is carried via the food chain
to the upper trophic levels and creates important ecological problems.

Materials and Methods
Poturnid crabs, C. sapidus and P. pelagicus, were caught by dip net from
Mersin Bay, the coast of Northeastern Mediterranean, in March, 2008. In the
fishing procedure, dip net which had mesh size of 32 mm was used. The
morphometric measurements [carapace length (CL), carapace width (CW) and
weight] of all samples were carried out. The morphometric measurements of
crab carapace were done using a caliper. The mean CW and CL were 183.4214.0 mm and 79.0-95.6 mm for blue crabs and 172.8-183.0 mm and 90.3111.0 mm for swim crabs, respectively. The mean weights of blue crabs and
swim crabs were between 180.8-238.6 g and 174.3-177.8 g, respectively. Crab
samples were analysed in triplicate for proximate composition. Lipid content
by the Bligh and Dyer [6] method, moisture content by AOAC [7] method,
total crude protein by the Kjeldahl method [8] and ash content by the AOAC
[7] method. Fatty acid profiles of fat extracted from the blue crab samples
were determined by gas chromatography (GC) of methyl esters. Methyl
esters were prepared by transmethylation using 2 M KOH in methanol and nheptane according to the method decribed by Ichibara et al. [9] with minor
modification. All samples were analysed three times for each metals with ICPAES (Inductively Coupled Plasma Atomic Emission Spectrometry, Varian®
model- Liberty Series II). The standard addition method was used to correct
for matrix effects. The metal concentration (Cd, Cr, Pb, Cu, Fe and Zn) in
tissue was recorded as μg metal/g dry weight [10]. Statistical analysis of data
was carried out with the SPSS statistical program. ANOVA (Analysis of
Variance) was used to evaluate the effect of gender on the fatty acid and
proximate composition and trace element levels.
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Results and Discussion
The results showed that the protein, lipid, moisture, and ash contents of
female blue crabs and female swim crabs were not significantly (P>0.05)
different. Protein contents of female blue crabs and female swim crabs were
significantly higher (P<0.05) than those found in male blue crabs and male
swim crabs. Moisture contents of male blue crabs and male swim crabs were
significantly higher (P<0.05) than those found in female blue crabs and female
swim crabs. This study shows that crabs caught from the Gulf of Mersin have
high protein (21.4-22.5% for C. sapidus and 20.9–23.2% for P.pelagicus) and
low fat contents (1.0–1.1% for C. sapidus and 1.2–1.3% for P. pelagicus). In
this study, lipid values were higher than those reported by Gökoglu et al. [11]
for the both crab species. Fatty acids composition; SFAs, MUFAs, PUFAs,
PUFA/SFA, n-3 acids, n-6 acids and the n6/n3 ratio of male and female swim
crabs and blue crabs’ meat are presented in Table 1. The dominant SFAs were
palmitic acid (12.8%-14.2%), and stearic acid (6.4%-9.0%) for both of the
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Abstract
The effects of season and sex on the fatty acids and proximate compositions of the mantle of the cuttlefish S. officinalis were
evaluated. The results of the proximate composition showed that the level of protein contents of female of S. officinalis were
significantly higher than those of male (P<0.05) for all seasons. In addition, lipid and moisture contents of female of cuttlefish were
generally low compared to those of male cuttlefish. The fatty acid compositions of each sex and all seasons ranged from 29.38% to
32.51% saturated (SFA), 8.70-11.11% monounsaturated (MUFAs) and 48.23-54.57% polyunsaturated acids (PUFAs). The
proportions of n-3 PUFAs (44.00-50.63%) were higher than n-6 PUFAs (3.38-4.25%) regardless of sex and seasons.
Keywords: Cephalopods, Nutrients
Introduction Cephalopoda, one of the most important groups of marine
invertebrates, are consumed throughout the world. Annual catch of cuttlefish
ranged from 11,000 to 15,000 tons throughout the world and they occupies an
important place among cephalopoda [1]. Bochemical contents of marine
organisms have been reported to change due to seasonal changes [2,3,4]. Studies
have been conducted on the nutrient value and fatty acid composition of
cuttlefish [5,6,7]. In this study, the effects of season and sex in the fatty acids
and proximate compositions of the mantle tissue of the common cuttlefish
(Sepia officinalis) were investigated.
Materials and Methods
The common cuttlefish is generally caught in the Mediterranean and Eagen sea
shore in Turkey. This species was caught in Mersin Bay with net in all seasons
(except summer). Mantle which is the main edible portion of cuttlefish was
homogenized and chemical analyses were done on this part of fresh samples.
The analyses were performed at least in triplicate. Lipid content by the Bligh
and Dyer [8] method, moisture content by AOAC [9] method, total crude
protein by the Kjeldahl method [10] and ash content by the AOAC [9] method.
Fatty acid profiles of fat extracted from samples were determined by gas
chromatography (GC) of methyl esters. Methyl esters were prepared by
transmethylation using 2 M KOH in methanol and n-heptane according to the
method decribed by Ichibara et al. [11] with minor modification. Statistical
analysis of data was carried out with the SPSS statistical program. ANOVA
(Analysis of Variance) was used to evaluate the effect of gender on the fatty acid
and proximate composition and trace element levels.
Results and Discussion
Tab. 1. Seasonal changes in fatty acid composition of S.officinalis

winter, were 31.54%, 27.46%, and 28.70% for female cuttlefish, respectively,
whereas its level were observed to be 33.02%, 29.23% and 28.70% for male
cuttlefish. The EPA levels in female of cuttlefish mantle were found to be
17.75%, 16.26%, 15.73% and 13.9% while its level in male of cuttlefish were
15.85%, 17.22% and 16.80% in autumn, spring and winter, respectively. It is
well known that the fatty acid profile of fish muscle reflects the content of the
dietary lipid sources. Nutrient levels vary between species and even within
species. Diet, size, age, reproductive status of fish, environmental conditions,
and especially water temperature, influence lipid content and fatty acid
composition of seafood.
Proximate analyses; Table 2 shows seasonal changes in proximate composition
of male and female of cuttlefish. The results of the proximate composition
showed that the lowest lipid content was obtanied from female in winter
(0.74%) whereas the highest level of lipid was found in males in Autumn
(0.94%). The lowest total mineral substance (TMS) content was obtained in
Autumn (1.07-1.08%), whereas the highest level of TMS was obtained in Spring
(1.73-1.75%) in both female and male. The lowest protein content was also
obtained in Autumn (16.96-17.33%). However, the protein contents did not
change in both Spring (21.47-22.18%) and winter (21.64-22.01%) seasons. For
all seasons, the level of protein contents of female of S. officinalis were
significantly higher than those of male (P<0.05). In addition, lipid and moisture
contents of female of cuttlefish were generally low compared to those of male
cuttlefish.
Tab. 2. Seasonal changes in proximate composition of S.officinalis
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Fatty acid analyses; Table 1 shows the seasonal changes in fatty acid
composition of male and female cuttlefish. The fatty acid compositions of each
sex and all seasons ranged from 29.38% to 32.51% saturated (SFA), 8.7011.11% monounsaturated (MUFAs) and 48.23-54.57% polyunsaturated acids
(PUFAs). The major fatty acids found in cuttlefish were myristic acid (C14:0,
1.56-2.43%), palmitic acid (C:16, 16.38-19.24%), heptadecanoic acid (C17:0,
1.41-1.63%), stearic acid (C:18, 7.45-9.27%), oleic acid (18:1 n-9, 3.31-5.15%),
linoleic acid (C18:2 n-6, 0.49-0.77), arachidonic acid (C20:4 n-6, 2.78-3.38%),
cis-11-eicosapentaenoic acid (EPA, C20:5 n-3, 15.73-17.75%) and cis4,7,10,13,16,19-docosahexaenoic acid (DHA, C22:6 n-3, 27.46-33.02%). These
results were in agreement with those reported by Ozyurt et al. [7],Reale et al.
[12],and Ozogul et al. [13]. The proportions of n-3 PUFAs (44.00-50.63%)
were higher than n-6 PUFAs (3.38-4.25%) regardless of sex and seasons. This
high PUFA level is similar to those reported [2,5,7,12,13]. The major
polyunsaturated fatty acids of cephalopoda observed were EPA and DHA. In
this study, the levels of DHA, which was recorded in autumn, spring and

1 - FGIS, 2004 Fisheries Global Information System (FIGIS). (September,
2004). Available from http://www.fao.org/figis/servlet/FiRefServlet?ds=species
and fid = 2711.
2 - Ackman, R.G., 1995. Composition and nutritive value of fish and shellfish
lipids. In: A. Ruither, Editor, Fish and fishery products, CAB International, UK,
pp. 117–156.
3 - Gamez-Meza N., Higuera-Ciapara L., Calderon A.M., Barca De La,
Vazquez-Moreno L., Noriega-Rodriguez J. and Angulo-Guerrero O., 1999.
Seasonal variation in the fatty acid composition and quality of sardine oil from
Sardinops sagax caeruleus of the Gulf of California, Lipids, 34: 639–642.
4 - Orban E., Lena G.Di., Nevigato T., Casini I., Marzetti A. and Caproni R.,
2002. Seasonal changes in meat content, condition index and chemical
composition of mussels (Mytilus galloprovincialis) cultured in two different
Italian sites, Food Chemistry, 77: 57–65.
5 - Shchenikova N.V., Pavlycheva E.V., Davydova S.A., Isa S.V. and Sokolova
L.I., 1987. Fatty acid composition of the lipids of the mantle and liver of
cephalopod mollusks, Voprosy Pitaniia, 6: 61–64.
6 - Sinanoglou V.J. and Miniadis-Meimaroglou S., 1998. Fatty acid of neutral
and polar lipids of (edible) Mediterranean cephalopods. Food Research
International, 31: 467–473.

619
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)
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Abstract
Two seamount plateau were sampled which are very little known in terms of deep sea habitat in the Eastern Mediterranean Sea. A
total of 11 fish, 7 crustaceans and a cephalopod species were found between 880-1107 m depths. Galeus melastomus and Squalus
acanthias were common species for fish and Aristaeomorpha foliacea inboth seamount areas for crustaceans.
Keywords: Eastern Mediterranean, Deep Sea Ecology, Biodiversity
Introduction
In 2006-2007 and 2008, a three year survey was conducted in the Eastern
Mediterranean Sea to better understand deep and high sea marine biodiversity.
Samplings were performed by beam trawl in two locations in Eastern
Mediterranean Sea. Finike Seamount were sampled at depths ranging from 880
to 1000m depths and Turgut Reis Seamount between 989 to 1107m depths in
August 2008 period (Fig 1). Beam Trawls were conducted for sampling with a
speed kept at 2,5-2,7 knots and lasted 30 minutes. The opening of net was 21.6
m with a mesh size of 22 mm. Samples were kept in Formalin.

Tab. 1. List of fishes and invertebrates sampled in the Finike (Anaximander) and
Turgut Reis Seamounts.

.
Fig. 1. Map of the Eastern Mediterranean with locations of sampling stations.
Acknowledgements: Authors thanks to Dr. D. Golani for the identification of
fish samples. Support from East-Med Turkey project fund of I.U. Fisheries
Faculty is acknowledged.

Results and Discussion
A total of eight fish species, four crustaceans and a cephalopod species were
found in Finike Seamount (Anaximander Seamounts) (Table 1). Majority of
these fish were deep sea fishes. All crustaceans also known as deep sea
decapods and P.longirostris and A.foliacea were commercially important species
in the eastern Mediterranean Sea. A. veranyi, also a deep sea cephalopod, is a
preferable prey of the striped and Risso’s dolphins [1]. Mud volcanoes with a
methane cold seeps community were reported from this area and this
community is unique and quite different from all other known cold seep
communities in that location [2]. This fragile ecosystem is under the threat of
mainly bottom trawling. In Turgut Reis Ridge, only three fish and three
crustacean species were found. All crustacean species were also of commercial
importance (Table 1). Turgut Reis Ridge was also important in terms of deep
sea fishes and crustaceans. This area is also under the threat of bottom trawling.
Our suggestion is to designate this two sensitive seamount areas as high sea
marine protected area or sensitive deep sea habitats such as Eratosthenes
Seamount which is decided by GFCM recommendation 30/2006/3 that no
fishing activities any more [4]. Ichthyofaunal richness is correlated with the
intensity of research in the Eastern Mediterranean Sea [3]. More detailed and
long term study is needed for the protection of these unique habitats in the
Eastern Mediterranean Sea
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THE CHRONICLE OF ALIEN SPECIES IN DODECANESE ISLANDS: A PATHWAY OF INTRODUCTION IN
EUROPEAN COASTAL WATERS
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Abstract
Alien species introduction was analysed from its starting in one of the hot-spot region of the Mediterranean Sea. Their impact is also
discussed.
Keywords: Eastern Mediterranean, Biodiversity, Species Introduction, Aegean Sea
Our attention focuses on the Dodecanese Islands, as it is the closest to the coast
of Asia Minor Hellenic area and the easternmost European waters significantly
affected by the so called “biological pollution”. Of the 192 alien species
currently known from Greek Seas [1], 86 (44.8%) occur along the Dodecanese
coasts, almost all (84) from warm/tropical waters: 6 by shipping, 3 by unknown
vector, 1 via Dardanelles, 3 via Gibraltar and 71 via the Suez Canal (Fig. 1).

and fish (37%) are the most important groups, followed by phytobenthos
(17%) and plankton (phytoplankton 6%, zooplankton 2%). The most evident
effects of new species entry can be detected at three different levels:
biodiversity, economy and human health. Until now, evidence for endangerment
or extinction of native species in the study area has not been detected, although
this does not mean that it may not have occurred or may not be occurring.
However, the 32 alien fish present (28 of Indo-Pacific and 4 of Atlantic origin),
almost all well established, constitute approximately the 10% of the total
ichthyofauna diversity [3]. From an economical point of view, few introduced
species are locally exploited (S. persicus, S. rivulatus, S.luridus, Sphyraena
chrysotaenia, Etrumeus teres) and recent colonizers (Sepioteuthis lessoniana and
Upeneus pori) show a rapid increase. Fistularia commersonii, a piscivorous fish
abundant and seriously affecting native species, is not appreciated, thus
discarded. An example of invasive species provoking damages to biodiversity,
economy and human health is the toxic fish Lagocephalus sceleratus, which
evidences the huge dimension of the problem worldwide. The gradual
tropicalization of the Mediterranean and the higher resistance to natural changes
of tropical compared to native species lead us to believe that alien tropical
species, now mostly affecting the Eastern basin, will gradually colonize the rest
of the Mediterranean.

References

Fig. 1. Pathway of introduction

Τhe first two lessepsian migrants were evidenced in Rhodes Island in 1894, the
seagrass Halophila stipulacea and the macroalga Hypnea cornuta. Almost 40
years later (1930’s) 3 Indo-Pacific fish species were recorded in the area,
followed by other 5 during the 1940’s. The first one, Siganus rivulatus, rapidly
acquired commercial value. Thus, the corridor was open and changes in native
communities and fishery activities started. During 1950’s the first benthic
invertebrate was recorded. A huge increase of alien species has been observed
from the beginning of 1980s, after almost a century of “smooth” colonisation
(Fig. 2).

1 - Zenetos A., Pancucci-Papadopoulou M.A., Zogaris S., PapastergiadouE.,
Vardakas A, L., Aligizaki K. and Economou A.N., 2009. Aquatic alien species in
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2 - Pancucci-Papadopoulou, M.A., Corsini-Foka, M. and Raitsos D.E., 2009.
South Eastern Aegean: a testbed for biological invasions and ecosystem
functioning changes. BIOLIEF, Porto, 27-30/10/2009: 44.
3 - Corsini-Foka, M., 2009. Uncommon fishes from Rhodes and nearby marine
region (SE Aegean Sea, Greece). J.Biol. Res.-Thessaloniki, in press.

Fig. 2. Trend of introduction

It must be noticed that this increase parallels the observed warming of the area,
which showed an abrupt shift by the end of 1990’s, resulting to more favourable
conditions for the establishment of alien species. A strong correlation between
alien species entry and climate warming has been detected [2]. During the
1980’s the alien biota was increased by 2 polychaetes, 6 planktonic, 3 fish
species and 1 gastropod (Strombus persicus, 1986), which quickly invaded all
sandy bottoms of the Island. From then towards the introduction of alien
species in the area assumed the character of invasion, with the addition of 13
new species during the 1990’s and 36 from 2001 to 2009! Zoobenthos (38%)
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GROWTH RATES OF EARLY LIFE STAGES OF ENGRAULIS ENCRASICOLUS AND SARDINA
PILCHARDUS IN THE ADRIATIC SEA (ITALY)
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Abstract
Early life stages of anchovy and sardine were collected in the Adriatic Sea during three seasonal surveys carried out between June
2007 and February 2008. Growth rates were estimated by daily increment counts on sagittal otoliths. Age estimates were made on
late-larvae specimens, just before the transition from larval to juvenile stage. Growth of these vulnerable stages may be an important
factor affecting recruitment success.
Keywords: Adriatic Sea, Pelagic, Larvae, Growth, Fishes
Introduction
Small pelagic fishes, especially anchovy Engraulis encrasicolus and sardine
Sardina pilchardus, are important species in the Adriatic Sea, from both
ecological and socio-economic points of views [1]. A major gap in the
management of small pelagic fish stocks in the Adriatic Sea as well as in the
whole Mediterranean Sea, is the limited knowledge of the basic aspects of early
life stages. The stock biomass depends primarily on the strength of recruitment
and on the survival/viability of early life stages. Consequently,
knowledge regarding growth rates of the vulnerable stages in these pelagic
species may be useful to understand the factors affecting year class strength and
subsequent biomass of the adult population, as well as being essential for
management purposes.
Materials and Methods
Three seasonal surveys of anchovy and sardine late-larvae were carried out
between June 2007 and February 2008 by means of a pelagic trawl (mesh size 5
mm stretched) in two nursery areas along the Adriatic coast (off the Po river and
in the Gulf of Manfredonia). In the laboratory, late larvae were measured to the
nearest mm below (standard length, SL) and weighed with an accuracy of 0.01 g
(TW). Sagittal otoliths preparation and interpretation procedures are described
in [2]. The growth rates of sardine and anchovy late larvae were estimated by
fitting linear regressions to the whole age-length dataset, as follows: SL = a+
b*age (days) where a would be the fish standard length at age 0 (i.e. the
estimated length at exogenous feeding when the first increment is laid down) and
b is the instantaneous growth rate of juvenile anchovy. Moreover, the allometric
length - weight relationships were calculated for both species applying a nonlinear regression: TW = a*SLb. For anchovy, growth rates (mm·day-1) and SL–
TW relationships obtained in the two sampling periods (June and November)
were compared, over a common size range (11 – 38 mm SL), by means of
Analysis of Covariance (ANCOVA).
Results and Discussion
Anchovy larvae were collected in June 2007 (n = 50) in the Gulf of Manfredonia
and in November 2007 (n = 78) off the Po mount. The June sample consisted of
a slightly wider size range (SL: 7-38 mm) than in the November sample (SL: 1140 mm). Sardine late larvae were caught in February 2008 only (n = 78) and SL
ranged from to 18 to 35 mm. The relationship between standard length (SL) and
age (days), obtained for the two species, are shown in Fig. 1 and 2.

Fig. 2. Age-SL relationship estimated for sardine late larvae collected in
February’08

The relationship SL-TW were described by the following equations: TW =
1.51*10-06SL3.43, r2 = 0.98 for June anchovy; TW = 7.93*10-07SL 3.56, r2 =
0.94 for November anchovy and, TW= 3.81*10-07SL 3.78, r2 = 0.84 for sardine.
The instantaneous growth rate estimated for sardine late larvae (0.20 mm·day-1)
was lower than those estimated for anchovy (0.46 and 0.64 mm·day-1 in June
and November, respectively). Length-at-age of anchovy caught in November
were significantly higher than those collected in June (F = 20.97; p<0.001)
whilst no significant differences were found for growth-in-weight (F = 1.50; p =
0.22). These results obtained for anchovy partially disagree with the general
pattern observed in another Adriatic area (Ortona) where the instantaneous
growth rate picked in May and decreased in August and November [3]. Seasonal
changes in environmental and trophic conditions largely affect instantaneous
growth rate, indicating that the environment (e.g. food availability) was more
favourable off the Po river mouth. Positive effects of temperature and food on
the growth of fish are well documented [4], and in the case of anchovy the
higher growth rate in November is probably related to trophic rather than
temperature changes.
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Fig. 1. Age-SL relationship estimated for anchovy late larvae collected in
June’07 (triangle) and November’07 (circle)
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ASPECTS OF ARTISANAL FISHERY IN THE NATIONAL MARINE PARK OF ALONNISOS - HELLAS
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Abstract
The National Marine Park of Alonnisos in Northern Sporades was the first designated Marine Park in Hellas and is currently the
largest marine protected area in Europe (approximately 2.260 Km2 ). Aspects of the regional artisanal fishery were examined during
the LIFE MOFI program. CPUE values exhibit great seasonal variations. These differences result from the seasonal landings of tuna,
albacore and bogue which are being fished in vast quantities. Three distinctive fishing seasons have been identified regarding the
target species. The main target species of the artisanal fishery was B. boops.
Keywords: Fisheries, Marine Parks, Aegean Sea
Introduction
During the LIFE MOFI program field work has been conducted in order to
accurately measure the actual intensity of seal-fishery interaction aboard local
professional artisanal fishing boats in the National Marine Park (N.M.P.) of
Alonnisos in Hellas. The purpose of this paper is to describe aspects of
synthesis, effort, and seasonality of the artisanal fishery fleet within the area of
the national marine park.

similarity with P. elephas (10,8%), B. boops (9,7%), P. pagrus (9,6%) and
Scorpaena sp. (8,9%).
According to these results for all three fishing season, the main target species
was B. boops. However important differences appear regarding seasonal
differentiations. During the autumn months (Season 1) the fleet is focusing its
efforts to the fishing of T. thynnus and T. alalunga, both seasonal catches in the
area. During winter months (Season 2) the fleet is targeting mainly B. boops.
Other species were considered either as accidental catches or occasionally
targeted species by the fleet. During spring and summer months (Season 3) the
fleet is diversifying the number of target species shifting on the fishing of more
common coastal species in the area.
Such data provides a useful insight to regional fishing practices and contribute to
determine conservation strategies and effective management measures that could
be implemented for the preservation of the area.

Materials and Methods
The work plan included the collection of 15 landings data of coastal fishery
vessels per month for a period of two years which started in May 2006 and
ended in May 2008. Discards were not included. All the sampling cruises took
place in the waters within the park. For the grouping of coastal fishery and the
evaluation of target species per month, CPUE values from all gears
(kg/vessel/day) per species were used. The non parametric Kruskal-Wallis
ANOVA by Ranks test was used to test for differences between monthly
CPUE values. Cluster analysis was based on Bray-Curtis similarity indices on
thirty species that their frequency of occurrence cumulatively counts for more
than 90%. The species, which primarily account for the observed differences
between fishing seasons, were defined by SIMPER routine.
Results and Discusion
During the survey, 355 interviews of boat owners were obtained and consist
data for landed species. In total, 48 species were of commercial value in the local
landings. However, 10 species dominate the catches and these account for
92,1% of the total quantity landed. Of these, 70,7% is represented by 3 species,
namely B. boops (33,5%), T. alalunga (24,2%) and T. thynnus (13,2%). Seven
species represent 21,3% of the total catches namely P. elephas (6,7%), M.
merluccius (4,3%), P. pagrus (3,6%), Scorpaena sp. (2,2%), M. surmuletus
(1,8%), L. piscatorius (1,4%), and P. phycis (1,1%).
The remaining 38 species consist of 8,1% of the total catches. The total CPUE
(kg/day/vessel) from all gears, fluctuated between 11,8 kg/day/vessel in June and
125 kg/day/vessel in December for the period May 2006 – May 2007. For the
fishing season June 2007- May 2008 CPUE values fluctuated between 16,8
kg/day/vessel in June and 177 kg/day/vessel in November.
Concerning the total CPUE, for the two fishing periods the non parametric
Kruskal-Wallis ANOVA by Ranks test, indicates that there is statistical
difference between months for the median CPUE values (H= 90.99 and p
=0.000) for the period 2006-2007. There are also differences for the period
2007-2008 (H= 71.692 and p =0.000).
Outliers and extreme values were not often recorded for both fishing seasons.
When they do these values are associated with the fishing of T. thynnus and T.
alalunga which gives heavy animals and B. boops a species that gives large
catches. However, lobster and hake fishing were responsible for some outliers.
In Alonnisos, however, the daily catches considered to be highly influenced by
both environmental and/or biological factors, concerning that the ability of the
skippers was the same thought out the year.
Cluster analysis (fig. 1) indicated three groups of fishing seasons. The first
fishing season consisted of the autumn months with the addition of December
2007. The second fishing season consisted the winter months of January and
February of the years 2006-2007, and the third fishing season spring and
summer months of the same years.
Simper analyses indicates a 58,41% average similarity for the first fishing season
with B. boops (19,9%), T. alalunga (19%), T. thynnus (13,6%) primarily
account for the observed similarity. The second fishing season indicates a
67.97% average similarity. B. boops (24%), L. vulgaris (14,3%), S. maena
(13,7%) and P.pagrus (13,2%) are mainly responsible for 65,2% of the
observed average similarity. The third fishing season indicates a 65,21% average

Fig. 1. Dendrogram of similarities for fishing periods in the N.M.P. of
Alonnisos in Hellas
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Abstract
The annual summer changes of the megafaunal assemblages from 6 sampling stations in the deep waters (>500m) of north and
central Aegean Sea were studied for the period 2003-2006. Geographical differentiations occur both in the composition and species
diversity between stations in the north and central part of the Aegean sea. These differences are attributed to the different
geographical positions and the general oceanographic and circulation features of the areas.
Keywords: Deep Waters, Aegean Sea, Biodiversity
Introduction
During the MEDITS program, annual bottom trawl surveys are conducted
mainly from late spring to mid summer in the Mediterranean, in depths ranging
from 10-800 m, in order to obtain estimates of abundance for a series of target
species. However, little attention has been paid to the diversity and abundance
of species and their relative assemblages in waters deeper than 500 m. The aim
of this work is to describe aspects of the species assemblages and the
biodiversity in the deep waters of the north and central Aegean Sea.

probably share the same physical characteristics and that is why they support
the same species assemblages.
On the other hand, Chios basin is by far the most prone to change. This must be
attributed to its position. Τhe major water exchange between the northern and
southern parts of the Aegean take place over the Chios basin. Dense waters of
high salinity and low temperature that filled the deepest parts of Chios basin,
alter their characteristics through vertical diffusion as they mix with warmer and
less saline intermediate waters [2].
This phenomenon over the Chios basin probably creates an environment that
can favour a larger number of species with more diverse ecological attributes and
that explains the higher values of Shannon diversity index. In summary, since
assemblages in the north part of the Aegean Sea were always less diverse than
the assemblages in the central part of the Aegean sea we assume that the
composition of the communities reflect the ecological conditions at the two
parts of the Aegean.

Materials and Methods
Samples from 6 stations in the depth zone of 500-800m were collected during
the four years period 2003-2006 through MEDITS program. Standard net GOC
73 having a cod end mesh opening of 20mm (stretched) was used. For data
analysis, the sampling year was noted as 3 for 2003, 4 for 2004, 5 for 2005 and
6 for 2006. All 6 stattions have depths between 500 and 600 m. Two of the
stations (10 & 12) were located in Lemnos basin, one in Skyros basin (30), one
between Skyros and Chios basins (28) and two in Chios basin (24 & 25).
Catches of fish were identified to species levels for each haul. Cluster analysis
was performed with PRIMER routine [1] using data transformed with Bray–
Curtis similarity index. The differences between stations and the species
responsible for the calculated differences were based on ANOSIM and SIMPER
respectively. Biodiversity index was calculated using Shannon index.
Results
During the four years of sampling in these 6 stations, 3025 individuals were
fished which belonged to 93 species. Of these 69 were fishes, 12 were
cephalopods and 12 were crustaceans. Non-metric multidimensional scaling
(MDS) ordination indicates that the stations were grouped based on their
geographical position (Fig.1).
Statistical analysis indicated two groups that differed among them. Stations 10,
12, 28 and 30 constitute one (North) group and stations 24 and 25 the other
(Central) group (ANOSIM: R global >0,75, p=0,001).
Simper analysis showed that five species are mainly responsible for the
grouping of the North stations and these are L. crocodilus, P. martia, N.
sclerorhynchus, T. scabrous, A. hemigymnus, and L. dofleini (Total contribution
72,88%).
Eleven species are responsible for the grouping of the Central group stations, C.
agassizi, C. caelorhincus, H. italicus, L. dofleini, P. longirostris, M. punctatum,
H. mediterraneus, T. sagittatus, P. blennoides, P. cataphractum, N. norvegicus
(Total contribution 70,52%).
The average dissimilarity between the two groups is 78,78% with 23 species
contributing 70,34% to that differentiation C. agassizi, C. caelorhicus, T.
scabrus, L. crocodilus P. martia B. glaciale H. italicus L. dofleini P. longirostris
M. punctatum P. heterocarpus G. argenteus N. sclerorhynchus A. hemigymnus
H. mediterraneus P. cataphractum P. sivado T. sagittatus S. veranyi P.
blennoides N. norvegicus D. metopoclampus H. dactylopterus, G. melastomus.
The Shannon Winner diversity index was calculated based on the abundance of
each species for each one of the stations during the four sampling periods.
Values of the index for the North group fluctuated between 1,640 and 2,839 and
between 2,821 and 3,420 for the Central group during the four years of
sampling. The fluctuation of the index values indicates a differentiation in the
biodiversity both between the groups as well as within the groups during the
years of sampling.
These differences in assemblages and diversity may be attributed to the
characteristics of the deep water that has been accumulated in each of the
North–Central Aegean basins and vary according to the different geographical
positions of each basin with respect to the formation sites and the general
circulation features of the Aegean [2]. The same authors suggest that Lemnos
and Skyros basins show almost identical behaviour.
The water volume below 500 m is almost the same for these two basins, they

Fig. 1. MDS plot for the sampling stations for all four years of sampling based
on abundance. Squares - Stations in Lemnos & Skyros basins, TrianglesStations in the Chios Basin
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NEW DATA ABOUT POLYCHAETA COMMUNITIES FROM THE ST. GEORGE–VADU, ROMANIAN BLACK
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Abstract
Based on a number of 449 collected samples, from a 0-28m-depth interval, from the St. George-Vadu Romanian segment of the Black
Sea littoral, the main types of sedimentary habitats were identified and the characteristic Polychaeta associations. Dominant are the
clay habitats, occasionally mixed with silt, in which populations of the following species can be found: Melinna palmata (from a depth
of approx. 10m) Euclymene collaris and Heteromastus filiformis (from a depth of approx. 4m). The 1970s bibliography cites in
these habitats, the Nephthys hombergii silt enclave.
Keywords: Black Sea, Polychaeta, Sediments
Introduction
The littoral segment St. George-Vadu represents an area of interest as it is
directly influenced by the Danube and it includes dynamic sedimentary and
erosion processes. The benthal communities are structured based on their
affinities for one type of sedimentary habitat or another and based on the
particular conditions of the life environment (hydrodynamic water mass, food
resources). The Polychaeta group is well represented on all benthic biotopes
on the NW Black Sea shelf, from the shallow water bottoms to the lower limit
of benthic life (for Black Sea - the periazoic belt). This study was possible
through the research program of the Project CERES 4-174/November 2004:
The integrated geophysical-geoecological investigation of the St.George-Vadu
littoral sector”, accomplished by us in collaboration with INCD–
GEOECOMAR, Bucharest.

Hediste diversicolor. The Prisor-Vadu sector low depth shore (0-5m) is
characterized by sandy sediments, that era generally compacted; the
Polychaeta community is relatively poor (populated only by 5 species,
Spionidae being dominant).
Conclusion
The qualitative and quantitative analysis of the polychetes communities reveal
that important changes have occurred in the community in the last decades and
we cannot help observing that the changes have been brought about by the
proliferation of sedentary, detritivorous and/or deposit feeding species on the
one hand and the reduction in predatory forms on the other hand. In this
research area, St. George – Vadu littoral segment, the benthic zoocoenosis
suffered an important restructuration processes with the naturalization of the
newly-penetrated bivalve Mya arenaria, and with the increase in the number
of dams in the hydrographic basin of the Danube, which also affected the
Polychaeta populations. In the 1970s, the Polychaeta community in the Delta
Danube front was dominated by the species Nephthys hombergii – “Nephthys
sediments enclave”, [1]. The studies accomplished in the 1980s [2], [3], [4]
signaled the expansion tendency of the sedimentary habitats with Melina
palmate towards the shore, a tendency also confirmed by our studies. South to
Portita, in the infralittoral layer corresponding to 3-6m depth interval, a
biocoenosis was cited (with fine sands) in which Spio filicornis was dominant.
Our studies of the sandy sediments show that the population of Spio is
limited to a narrow strip parallel to the shore, in the depth interval 1-4m. The
sedimentary substratum with mixed sandy, silt and clay from south to Portita,
the Euclymene collaris and Heteromastus filiformis populations registered a
extension from depths lower then 10m in the `70 to the depth 4-6m in
present.

Material and Methods
The quantitative samples collection started with August 2005 and 2006, at
depth intervals of 0-28m, by means of Van Veen bodengreifer devices (surface
18x22cm). Based on the 449 quantitative samples, collected randomly,
Polychaeta species were identified and a database set up. The ecological
indexes for dominance and frequencies were calculated for different types of
habitats. The granulometric analysis for fraction determination was realized
according to the standard sedimentological method and the limits of the
granulometric categories are: the sand/silt limit-0.063mm and the silt/clay
limit-0.04mm (Wentworth method).
Results and Discussion
The structure of polychetes community from different habitats, after some
authors it is considered to be an instrument that characterized local
particularities linked to the benthic sub-layer habitats while other authors
considered that the depth and the dynamic of water masses influenced this
structure on a much larger scale than other factors. Keeping in mind the
synergic action of these factors (benthic sub-layers and bathymetric) we have
followed the structure of the Polychaeta community after particulars habitats
from our research area: the first, in front of Danube Delta (St. George branchSacalin), second Sacalin Island–Portita and third Portita-Vadu. The littoral
segment St. George-Vadu is characterized by an almost continuous disposition
of the sediments habitats for the studied depth interval (0-28m). Still, various
types of habitats are signaled, according to the dominant granulometric
fraction (sand, silt, clay). Nearby the flowing mouth of the Danube/St. George
branch, the benthal domain is dominated by the silt/clay habitats starting with
the shallow zones (down to 25m). These compacted sediments at the basis of
the sediment column (down to 20-25cm deep) display at the surface a slightly
fluid layer with a significant percentage of detritus (particulate organic matter).
This type of habitat was also found further south (Portita and Vadu) and in
the sheltered area between shore and Sacalin Island (depths of over 10m). The
list we drew up on the basis of the taken samples comprises a 28 Polychaeta
species, 20 of which belong to the Palpata group (50% Spionidae and 25%
Phyllodocidae) and the rest belong to the Scolecidae; a first analysis of this
community indicates the detritivorous and suspensivorous as dominant.
Scolecidae dominates the community of Polychaeta populations from clay
substratum (8 species) from which 6 are Capitelidae: Capitella capitata
(Fabr.), Capitella minima
(Langerh.), Capitellides giardi (Mesnil.),
Capitomastus minimus
(Langerh.), Heteromastus filiformis (Clap.),
Notomastus lineatus (Clap.). In the littoral sector between Sacalin Island and
Portita, affected by a strong littoral current, the benthal domain (depths
between 4 and 25-28 m) is dominated by mixed sediments – type NISIAR,
while the Polychaeta community is dominated by Phyllodocidae (among
which, Nephthys hombergii and the Nereidae species: Nenthes succinea or
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QUALITATIVE STUDY OF BENTHIC FORAMINIFERA IN THERMAIKOS GULF (N. AEGEAN SEA)
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Abstract
The study of the benthic foraminifera assemblages in Thermaikos gulf (N. Aegean Sea) revealed the presence of 34 genera. The
most abundant were Ammonia, Quinqueloculina and Elphidium which contributed to the 90% of the total 3,800 individuals. Their
presence was particularly notable near the airport of Thessaloniki, where construction has disturbed the sediment and allowed the
profusion of opportunistic species, though further investigation is required to confirm this assumption.
Keywords: Aegean Sea, Foraminifera
Introduction
Foraminifera are the most abundant protozoa in the marine ecosystems and
they play an important role in global geochemical cycles of inorganic and
organic compounds [1], [2]. Due to their sensitivity to pollutants and the
subsequent modification of their assemblages, they have been widely used in
studies as pollution-indicators over the last decades [3]. In the present study,
the composition of the benthic foraminifera communities is recorded for the
first time in Thermaikos Gulf (N. Aegean Sea, Greece), which is heavily
influenced by urban and construction development. This study was part of a
research project (Operational Programme for Fisheries Sector 2000-2006).

57,740') and St3: Karabournaki (N 40° 35,001' E 22° 55,563')], at depths from
4 to 8 m. Overall, 3,800 foraminifera individuals were identified, including
dead ones, which comprised about 80% of the total number. The dead
assemblages were also considered, as sampling took place biannually and,
therefore, the thorough study of the short life and reproduction cycles of these
protozoa was hindered [4]. All individuals were identified at genus level, with
the exception of the most abundant, which was Ammonia beccarii (Linné).
Kruskal-Wallis and Fisher’s LSD tests were employed to examine differences
in abundance between the three stations [5].
Results and Discussion
Overall, 32 foraminifera genera were identified from 3,800 individuals; two
additional genera remained unidentified. The most abundant was Ammonia,
represented by A. beccarii, which made up for the 64% of the total number of
individuals. Another two genera, Quinqeloculina and Elphidium showed high
frequency in the samples. These three genera contributed up to 90% of the
total number (Table 1). In general, the most frequent genera in this study
(>50%) are also very common in other parts of the Aegean Sea [6]. The
Kruskal-Wallis test (22.81, p<0.05) and Fisher LSD showed that there is a
significant difference between the abundance of foraminifera at St2 and the
other two stations. This station is near the Airport of Thessaloniki where
large reconstruction has been taken place and the sediment disturbance is
significant. Ammonia beccarii, which is an opportunistic and pollutant
tolerant species [1], [2], showed its largest abundance at this station, as did
the other two abundant genera, Quinqeloculina and Elphidium. However, in
order to utilize foraminifera as indicators of disturbance in the marine
environment further investigation of their assemblages, at structural and
functional level, is required [2].

Tab. 1. List of foraminifera genera identified in Themaikos gulf
(N=number of individuals, Am=mean abundance, Dmp=Partial mean
dominance, P=number of samples in which genus was found,
F=frequency of genus in the total of samples)
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Material and Methods
Six sediment cores (4 cm diameter) were collected seasonally (Autumn 2007 –
Spring 2008) from 3 different sites at the inner Thermaikos Gulf [St1:
Paliomana, (N 40°36,332' E 22°52,816'), St2: Airport (40°31,812' E 22°
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FISHERY ECOSYSTEM INDICATORS AND DYNAMICS IN THE MEDITERRANEAN FOR 1970-2005
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Abstract
Though concerns about sustainability has been raised globally and ecosystem-based approaches have been proposed to manage
fisheries, concepts such as “ecosystem health” and “ecosystem sustainability” are difficult to translate into operational objectives. The
Large Marine Ecosystem approach can bring some light to this purpose, with the development of new ecosystem indicators to
facilitate the understanding of the dynamics of the ecosystem. The “Mean Trophic Level” (MTL), the "Fishing Is Balanced” index
(FIB), Pelagic/Demersal ratio (P/D) and the multispecies index of variability (SSD) are some of such indicators. These indices were
utilised to examine the dynamics of the entire Mediterranean fishery ecosystem by analyzing the FAO database of fisheries landings
from 1970 to 2005.
Keywords: Fisheries, Food Webs
Introduction and Methods
The present study aims to implement a LME approach in the Mediterranean
Sea, that is one of the 64 Large Marine Ecosystems already identified [1]. The
objective is to examine the Mediterranean fishery ecosystem in its whole in
order to obtain an integrated insight of environmental and fishery issues. A
priority to develop these new management strategies is to analize the
dynamics and the changes occurring in the food chain over the time in the
ecosystem. Therefore, there is a need for predictive indicators[2], which can
be easily parameterised using easily accessible statistics [3]while
communicating with a single number a variety of complex processes occurring
within an ecosystem [4], such as those derived from the trophic level [5]. The
study of MTL series of landings can describe the stages of exploitation of
resources and analyze the state of the ecosystem relative to past periods for
which there is no other data available except the amount of landings from fish
markets [6]. In particular, according with others authors [7], in marine
ecosystems, it would be possible to use the MTL of landings as an index of
sustainability of the level of exploitation of fish resources and to analysis the
phenomenon of the "Fishing Down the marine Food Webs" (FDFW) [6]. This
is a gradual transition in landings from piscivorous, long-lived and high trophic
level species to short-lived and low trophic level species as planktivorous
pelagic fish and crustaceans and occurs because the species most susceptible
to collapse are those of greater size with long life cycles, once these stocks
will deplete, exploitation shall be directed toward smaller size species with a
faster growth rate, and thus the mean trophic level of landings decreased [8].
We aim to examine the hypothesis of “FDFW” and changes in the
Mediterranean ecosystem, analyzing FAO fisheries catches by 251 species
from 1970 to 2005. The only analysis of the catch may not be sufficient to
show the changes of the fishery ecosystem, but was accompanied by
indicators such as: the Mean Trophic Level of landings (MTL), used to assess
the effects of fishing activities at a ecosystem level, the "Fishing is Balanced”
index (FIB), which allows to assess the stages of expansion or contraction of
fishing pressure and bearing capacity exploited ecosystem [9], the ratio
between pelagic and demersal organisms landed (P/D) which should provide
information on the increase of nutrients in the basin and the multispecies index
of variability (SSD) that show changes in the multispecies landings.
Results and Discussion
Mediterranean landings have increased from 300.000 in 1970 to 700.000
tonnes in 2005 with associated decrease of the MTL. In quantity terms, the
proportion of the total marine fish landings which is accounted for by pelagic
fish has risen from about 50% in 1970 to over 60% in 2005. The progression
is remarkably sustained, possibly reflecting a shift in the fishery ecosystem.
FIB index shows a negative trend in areas where landings and MTL decreases
together, and a positive trends where there is increased fishing effort. The SSD
index highlights that the abrupt increase in landings is accompained with major
shifts in exploitation of target species. The P/D index shows a positive trend
for all the years and in all divisions of the Mediterranean suggesting a clear
predominance of pelagic on demersal fishes. Our analysis has revealed
numerous ecosystem-level effects of fishing in marine ecosystems. We
conclude that it is possible to conduct an innovative ecosystem assessment
based on fishing resources in a system such as the Mediterranean Sea,
characterized by high complexity and rather often low availability of
information.

Fig. 1. Ecosystem indicators of Mediterranean GFCM divisions (1970-2005)

Fig. 2. Mediterranean Large Marine Ecosystem with GFCM divisions
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FIRST RESULTS ON THE MATURITY OF THE LESSEPSIAN MIGRANT LAGOCEPHALUS SCELERATUS
(GMELIN 1789) IN THE EASTERN MEDITERRANEAN SEA
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Abstract
Analysis of the gonadosomatic index (GSI) of 94 specimens of the lessepsian migrant Lagocephalus sceleratus, recently invated to
the Mediterranean Sea, suggest that reproduction of the species in the Mediterranean occurs in summer. GSI values start increasing
at a total length of about 30 cm.
Keywords: Reproduction, Eastern Mediterranean, Suez Canal
Introduction. The Lessepsian migrant Lagocephalus sceleratus (Gmelin,
1789), also known as silverstripe blaasop, is an Indo-Pacific originated
pufferfish of the family Tetraodontidae. The species has been recently
introduced in the Mediterranean Sea through the Suez Canal [1, 2, 3] and has
established populations in the eastern Mediterranean [4, 5]. L. sceleratus
maybe a source of food poisoning with a high associated risk of mortality, as
it commonly contains tetrodotoxin (TTX). The toxicity of the fish specimens
inhabiting the E. Mediterranean has been also confirmed by recent studies [6,
7].
Materials & Methods. In the present study monthly data on size and
maturity for 94 samples of L. sceleratus, have been analysed. Generalized
additive model techniques [8] were used to analyze variations in
gonadosomatic index (GSI) and the relative importance of total length (TL)
and month of capture, in explaining those variations. The choice of the most
appropriate link function and error distribution was made on the basis of
residual plots. A Gamma error structure model accompanied by a log-link
function was found to be the most appropriate for the analysis of the data.
Model fitting was accomplished by means of the “mgcv” package [9] under
the R language environment [10].

Results & Discussion. Analysis of deviance demonstrated that the effects of
both the examined variables were highly significant (p<0.01). Plots of the
standardized effects of the variables indicated that GSI starts increasing at a
TL of about 30cm and reaches its maximum value around middle summer (Fig.
1). Those findings suggest that reproduction of the species in the
Mediterranean occurs
in summer.
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Fig. 1. GAM derived effects of total length (TL) and month on
gonadosomatic index (GSI). Each plot represents the contribution of the
corresponding variable to the fitted predictor. The fitted values are
adjusted to average zero and the broken lines indicate two standard
errors. The relative density of data points is shown by the “rug” on the
x-axis
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NOTE ON HISTORICAL AND PRESENT EXPLOITATION OF CORALLIUM RUBRUM (LINNEO, 1758) IN THE
CENTRAL WESTERN MEDITERRANEAN
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Abstract
The analyses of the landings and CPUE data from 1978 to 2005 for red coral in Sardinian seas (Central Western Mediterranean)
were made. A statistical decrease in the landings can be observed. This reduction resulted very close to the decrease in the number of
boats harvesting red coral. CPUE analysis at last allow to know that the average yearly amount of red coral landings by diver resulted
steady with time.
Keywords: Cnidaria, Stock Assessment, Time Series, Western Mediterranean
Introduction
Red coral has been greatly exploited all over the Mediterranean Sea. The great
exploitation of red coral made it a resource in danger according to many authors
[1, 2, 3, 4, 5, 6]. Sardinia has a long history of red coral harvesting which led the
adoption of a number of laws to manage this important resource. The most
important rule established in 1989 in Sardinia (LR 30 maggio 1989, n. 23)
banned the use of any towed gear to harvest red coral and imposed that only
professional divers are allowed to pick up the coral manually. The aim of this
work is then to evaluate if this resource in Sardinia has suffered overexploitation
between 1978 and 2005.
Materials and Methods
The historical state of exploitation of the Corallium rubrum resource in
Sardinian seas has been evaluated through the analysis of the data from FAO
fisheries statistics. Yearly landings data (kg) from 1978 to 2005 were analyzed
to find possible trends. Moreover, for the same period the analysis of the
Catches per Unit of Effort (CPUE) has been made. The unit of effort here
considered is the number of boats in which the “ingegno” was used for the
period 1978-1989. The unit of effort in the following years is the number of
divers manually harvesting the red coral. CPUE then represents the yearly mean
of the red coral fished for unit of effort. Statistical trends were evaluated with
the Spearman rank test [7].

Fig. 2. CPUE (kg) of Corallium rubrum in the seas around Sardinia (1978-2005)

From 1978 to 1988 both the ingegno and the manually harvesting were made.
The latter became the only way of pick up coral in Sardinia since 1989. A
certain decrease in the CPUE relative to the boats can be observed, however, the
data of the CPUE by diver show a steady state (mean value = 184 kg, Pvalue>0.05). The average amount of red coral landed by diver seems not to be
decreased with time in the analysed period. These analyses show that the
amount of red coral by diver stayed constant with time without decreasing as
should be the case if an overexploitation of the resource is present. The regional
laws seem to work in a good way for prevent the overexploitation of this
resource in Sardinia.

Results and Discussion
FAO sources supply data for the red coral Sardinian landings from 1978 to
2005. A sharp decrease can be observed (Fig. 1). Spearman test indicates a
statistically significant decreasing trend (P-value<<0.01). In fact from 1978 the
data fall from more than 45000 kg to less than 5000 kg in 1990. After this 12
years decrease, however, a low steady state seems to be present (average of
about 206 kg in the period 1989-2005).
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Fig. 1. FAO landings data of Corallium rubrum for the sea around Sardinia
(1978-2005)

This data alone however cannot be used as a sure assessment of a resource in
danger. In fact if the number of boats used to harvest red coral is considered, a
marked decrease of them can be noted. So the fishing effort has changed too with
time and the decrease in the landed red coral does not necessarily indicate a
decrease in its production. The CPUE can then be used to evaluate if the average
of red coral landed by boats (or diver) has changed over time (Fig. 2).
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Abstract
Data from boat seine fishery in Greek waters have been analyzed to examine the effects of the time of fishing (before and after
sunrise) and of the area on the catches. Data were collected on a monthly basis during the fishing period of the gear (10/2008 03/2009) in 14 different areas. The catch of Spicara smaris, the main target species of the gear, during hauls that took place before
sunrise was 16%, whereas after sunrise was 48% of the total catch by weight. The catch of Boops boops and of all the “other
species” before sunrise was 20% and 64% and after sunrise was 20% and 32%, respectively.
Keywords: Fisheries, Ionian Sea, Aegean Sea
Introduction
Boat seine is a traditional fishing gear which operates in the Greek waters. Now
days, there are about 475 vessels with license, 400 of which are active [1]. The
fleet is composed of rather small and old vessels. In 2008, the average age of the
fleet was 44 years old and 84% of the vessels were smaller than 13 m. The main
target species of the fishery are Spicara smaris, Boops boops, and Sardina
pilchardus [1, 2]. According to the Greek legislation, fishing is allowed only
during daytime, extending one hour before sunrise until one hour after sunset.
Fish behavior differs on a daily cycle and consequently the quantity and the
composition of the catch is affected by the time of fishing [3]. In this study the
catch composition of boat seine fishery before and after sunrise in Greece was
examined in order to investigate if differences in the catch due to the time of
fishing could be used for managerial purposes.
Material and Methods
From October 2008 to March 2009, observers accompanied professional boat
seine fishing vessels on a monthly basis in 14 areas around Greece. The
observers without interfering with the fishing operations recorded the number,
the weight and measured the lengths of all the species. In total, 239 hauls were
sampled, 25 of them took place before and 214 after sunrise. In all areas, 30
different vessels were sampled. The contribution of S. smaris, B. boops and of
all the “other species” in the total catch by number and by weight, before and
after sunrise, was estimated combining all the areas. For the areas with
observations before and after sunrise, the composition of the catch by weight
was estimated as well. As “before sunrise hauls” were considered these hauls
when more than 50% of the tow took place before sunrise.
Results and Discussion
A total of 490,990 individuals (466,732 after and 24,258 before sunrise) were
caught, weighting 7,323 Kg (6,800 Kg after and 523 Kg before sunrise).The
proportion of S. smaris in the catch of the hauls before sunrise was 16.4% (by
weight) and 28.1% (by number), of B. boops was 19.8% (by weight) and 13.7%
(by number) and of the “other species” 63.8% (by weight) and 58.2% (by
number) (Fig. 1). During the after sunrise hauls, the proportion of S. smaris was
48.1% (by weight) and 64.7% (by number), of B. boops 20.0% (by weight) and
12.9% (by number) and of the “other species” 31.8% (by weight) and 22.4%
(by number).

in the other three after sunrise.

Fig. 1. Boat seine catch composition before and after sunrise by weight and by
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The contribution of the “other species” to the total catch of the before sunrise
hauls was higher than after sunrise, in all areas except Leykada (Fig. 2). In the
latter, one of the main target species is S. pilchardus which was caught during
the day. The contribution of S. smaris was higher in the after sunrise hauls in all
areas except Lesvos. B. boops catch was higher in three areas before sunrise and

Fig. 2. Boat seine catch composition before and after sunrise by weight per area.

Boat seine fishery operates in coastal waters (maximum distance from the coast
about 800 m according to the Greek legislation) using a mesh size of 16 mm in
the cod-end, which is not size selective. However, each haul, takes place in a
restricted area and only above appropriate bottoms. Consequently, the gear
could operate in a species selective way in order to reduce the fishing mortality
on the stocks of species like Mullus spp., Pagellus spp., Diplodus spp.
According to this study, restriction of the time of fishing, during only daytime,
could result in an important reduction on the catch of the "other species" (32%
by weight, 36% by number, and between 18% and 38% per area by weight).
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Abstract
One of the main issues related to net fisheries is that potentially commercial fish are discarded because they are partly or totally
destroyed by scavengers while they remain on the nets in the sea. During trammel net selectivity experiments in Greece in summer
2004, observations on the condition of the fish after retrieval of the nets have been made. A qualitative “scale of damaged fish” (SDF)
was created in order to record the condition of the fish according to 5 gradients: from 1: fully destroyed to 5: without any damage. The
results related to hake and common pandora are presented.
Keywords: Ionian Sea, Fisheries
Introduction
The Greek fishing fleet is characterized by an enormous number of small-scale
coastal vessels, with high diversification of gears and techniques. Trammel nets
are one of the most commonly fishing gears used by small scale fisheries along
the Greek coasts. However, there are only sporadic attempts to study these
fisheries [1], [2], [3]. In several métiers, the extended deployment (in time) of
the nets in the water, the way of the fish capture and other characteristics of
each haul (such as the depth), can lead to death of the fish in the nets. The fish
caught, attract scavengers that feed on them and thus destroy the catch,
causing subsequent discarding and uncounted mortality. The aim of this work is
to study the discarding practice of trammel nets and introduce a scale of
damaged fish.
Material and Methods
Experimental fishing trials with trammel nets of four different mesh size
combinations took place in the Ionian Sea (Greece) along the west coasts of
Peloponnissos, during June and July 2004. The mesh sizes used for the inner
net were: 44, 56, 72 and 80 mm. All nets were made up of sheets of the four
mesh sizes joined end to end to make up a fleet and arranged in random order.
For each mesh size, a net of 500 m was used. A total of 76 sets of nets were
deployed at depths ranging from 10 to 130 m. Normal fishing practices were
followed. The nets were set during sunrise and retrieved in the following
morning. The soaking time presented a mean value of 21 h (ranged from 12 to 24
h) while for two hauls the soaking time was 46 h. The number of specimens and
the total weight per species were recorded and for each fish the total length was
measured to the nearest mm.
One of the main problems of net fishery is that an important part of the catch
(fish of commercial size) is destroyed by polychaetes or other marine organisms
while the net remains into the sea. For the evaluation of the physical damages,
the following “scale of damaged fish” (Table 1), was created in order to record
the causes and the severity of the damages incurred, in relation to
commerciality.
Tab. 1. Description of the Scale of Damaged Fish (SDF)

2, 3, 4 and 5, respectively. The organisms that cause the damages differ and act
in many ways; i.e polychaetes destroy first the eyes and the gills, then enter
through the branchial opening and destroy the abdominal region, whereas the
cephalopods remove the outer parts of the flesh.
Although detailed data per species are not presented here, significant quantities
of commercial species are discarding due to damages caused by other species:
45% of common dentex, 40% of common pandora, 36% of common two-banded
seabream, 30% of brown meagre, 20% of hake, 29% of common seabream,
(upublished data). The differences that were observed between the species could
be attributed to the resistance of the fish on the net, the time of capture, the
visibility of the fish inside the water, etc.
The reason of discarding of the commercial species is almost always not the size
but the condition of fish. Given that damages begin after the fish has died on the
net, the soaking time is an important factor. A logistic regression analysis with
the soaking time as single predictor reveals that this factor is significant in
determining the discard probability (p-value=0.01, estimate=0.04, SE=0.01).
The discarded common pandora and hake (Fig. 1) were well above the minimum
landing size (MLS) and thus potentially marketable.

Fig. 1. A) Common pandora and B) hake landings and discards length
composition from trammel nets, in Ionian Sea, June-July 2004

By cutting down the time of operation, the number of discards is expected to
reduce. In Portugal, the length of time trammel nets and gill nets are permitted to
remain in the water is limited in order to reduce spoilage and subsequent
discarding of commercial species [4].
Acknowledgements : This work is part of the research project “Development
of an integrated management system to support the sustainability of Greek
fisheries resources, IMAS-FISH”, financed by the GreekMinistry of
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Results and Discussion
A total of 2.782 individuals were caught belonging to 76 species and weighting
315 Kg. Discarded fish composed 29% by number and 24% by weight of the
catch. Discards were species with no commercial value, or commercial species,
either because they were small sized or because their physical appearance
(damages by other fish, polychaetes, cephalopods or on the winch during
hauling) was appalling and they had no commercial value.
According to the scale presented above for the description of fish condition, 4.6,
5.9, 8.6, 8.1 and 72.7% of all the fish caught were classified in the gradients: 1,
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Abstract
Reproductive biology of Munida rutllanti was investigated for the first time in the Adriatic Sea. Carapace length of males ranged
from 10.5 to 21.5 mm, while in females it ranged from 11.2 to 19.4 mm. Sexual dimorphism was observed in seven morphometric
characters. Ovigerous females were first observed in summer and later in autumn with higher frequency. Realized fecundity showed
wide variation (273-3250 eggs) and positive correlation between the brood and female size.
Keywords: Decapoda, Reproduction, Adriatic Sea
Introduction
Munida rutllanti Zariquiey Alvarez, 1952 is an Atlanto-Mediterranean species
occurring from the nortwestern coast of Spain to Morocco and in the entire
Mediterranean basin where is mostly found on muddy and shell-sand grounds
of the continental shelf and upper slope. It constitutes well-established
populations in the western Mediterranean and recently it has been more
frequently reported from its eastern part. Due to its progressive spread, it is
not surprising that this species has been reported in the Adriatic only after
2000 [1]. Despite the fact that M. rutllanti has been studied in other
Mediterranean areas [2,3], we describe for the first time some biological
parameters of this species from the eastern Adriatic.

monthly samples throughout at least a two-year period will provide a better
understanding of seasonality of the reproductive cycle.

Materials and Methods
The investigation was carried out in the eastern part of the central Adriatic Sea
from May 2008 to April 2009 and total of 701 Munida rutllanti specimens
were obtained. Samples were collected at depths from 110 to 200 m with
commercial bottom trawl. Ovigerous condition of females was determined by
presence or absence of eggs on pleopods. Ovigerous females were classified as
’non-eyed’ (embryo without ocular pigment) and ’eyed’ (embryo with ocular
pigment) according to the stage of embryonic development. Fecundity was
regarded as realized reproduction, which represents the number of eggs per
clutch and was expressed by the regression equation of log-transformed
number of eggs on carapace length at ’non-eyed’ eggs of ovigerous females. To
determine egg diameter, a subsample of 28 ovigerous females carrying eggs at
the same stage of embryonic development was selected. Since the change in
the allometry of cheliped growth represents the acquisition of secondary
sexual characters, the same was used to determine size at morphometric
maturity of males.

Fig. 1. The carapace length class of Munida rutllanti specimens from the
eastern Adriatic
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Results and Discussion
Carapace length (CL) of Munida rutllanti males ranged from 10.5 to 21.5 mm,
while in females it ranged from 11.2 to 19.4 mm (Fig.1). Mean values of total
length (TL), total carapace length (TCL), anterior carapace width (ACW),
abdomen width (AW), cheliped length (ChL), propod length of cheliped (LCh)
and propod width of cheliped (ACh) of males were statistically larger than of
females (t-test: t0.05 = 12.23, p = 0.0005; t0.05 = 6.01, p = 0.0005; t0.05 =
5.10, p = 0.0005; t0.05 = 2.65, p = 0.008; t0.05 = 13.38, p = 0.0005; t0.05 =
13.28, p = 0.0005; t0.05 = 14.39, p = 0.0005, respectively). This evident
sexual dimorphism was previously reported for this species and other
members of Munida genus [4]. Throughout the whole year, ovigerous females
were first observed during summer months and were represented by 27.45%
among the females, of which 76.19% were carrying ‘non-eyed’ embryos. In
autumn, 48.95% of total females were ovigerous and most of them also brood
’non-eyed’ embryos. The smallest ovigerous female measured 11.3 mm
carapace length which suggest 11 mm CL as the size at physiological maturity
of females. Present results indicate a wide variation in realized fecundity from
273 to 3250 eggs (average 1182 eggs) with egg number increasing with female
CL. The regression analysis of carapace length versus number of eggs is given
with equation: log F = 0.718 + 0.1478 log CL, (R2 = 0.507). The average
fecundity value and observed egg diameter (0.28 - 0.46 mm) in this study are
somewhat lower when compare to other Munida species [4,5]. Cheliped
growth was negatively allometric for immature males and positively allometric
for mature males with an inflexion point at a CL value of 13.9 mm which
represents the morphological size at maturity. In this study, with 74.41% of
males being morphologically mature, we assumed that they will ensure the
next offspring production. Finally, there is an indication of an annual and
seasonal reproductive cycle with distinct summer/autumn breeding period for
M. rutllanti in the Adriatic Sea, however, only a further study based on
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A COMPARISON BETWEEN THE MACROSCOPIC AND MICROSCOPIC STAGING OF OVARIES IN
ARISTAEOMORPHA FOLIACEA (RISSO, 1826)
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Abstract
Specimens of Aristaeomorpha foliacea caught in the Southern Tyrrhenian Sea were examined in order to validate the macroscopic
scale used in MEDITS project to determine the ovarian maturity of this commercial shrimp. The scale was tested against a
microscopic examination of ovarian samples.
Keywords: Crustacea, Decapoda, Reproduction, Tyrrhenian Se
INTRODUCTION The red shrimp Aristaeomorpha foliacea (Risso, 1826) is an
economically important resource of the Mediterranean Sea, mainly found
between 300 and 700 m depth. Studies on reproductive biology of this shrimp
are usually based upon macroscopic observation of gonads [1,2,3]. The present
work attempts to validate the macroscopic scale for maturity staging of A.
foliacea currently used in MEDITS project [4] by histological examination of
ovarian tissue.
MATERIAL AND METHODS Shrimps were caught by commercial trawlers
in the Southern Tyrrhenian Sea, at a depth of 600 metres, between January and
July 2009. Ovaries (n = 50) from formalin fixed specimens were dissected in the
laboratory, and macroscopically staged for maturity, according to MEDITS
scale, as follows: 1, immature; 2a, virgin developing; 2b, recovering; 2c,
maturing; 2d, mature; 2e, resting adult. Ovarian samples were processed for
histology and observed under the light microscope.
RESULTS AND DISCUSSION Histological analysis allowed to distinguish 5
types of cells: oogonia, OO (<10±0.11 μm), early primary oocytes, EPO (15–
25 μm), late primary oocytes, LPO (25–85 μm), early vitellogenic oocytes, EVO
(90–300 μm), and late vitellogenic oocytes, LVO (>300 μm). Stage 1 ovaries
contained mainly oogonia and early primary oocytes, together with some late
primary oocytes. Both 2a and 2b ovaries (Fig.1) contained oogonia and early
primary oocytes in a germinative zone, as well as late primary oocytes, arranged
in tubules, in a maturative zone. Stage 2c ovaries (Fig. 2A) contained both early
and late vitellogenic oocytes, besides EPO and LPO. Stage 2d ovaries were
microscopically similar to 2c, except for one specimen, in which oocytes were
found at a very advanced vitellogenic stage, with no nuclei, and a typical
convoluted perivitelline space along the cell membrane (Fig. 2B), resembling the
“cortical rods” described by Nazari et al. (2007) [5] in Farfantepenaeus
paulensis, suggesting imminent spawning. No stage 2e individuals were found
during the sampling period. Histological analysis confirmed the immaturity of
stage 1 ovaries, and revealed no difference in the most advanced oocyte stage
between 2a and 2b ovaries, which represent the same functional stage at
different ages. Maturing (2c) and mature (2d) ovaries, which are clearly
distinguishable macroscopically by colour, appeared histologically very similar,
suggesting a fast achievement of yolk deposition in this species.

Fig. 2. Stage 2c ovaries of A. foliacea with late vitellogenic oocytes (LVO) pilled
up as coins in a single row (A); stage 2d ovary with advanced late vitellogenic
oocytes characterized by a convoluted perivitelline space along the cell
membrane (B)

References
1 - Levi D. and Vacchi M., 1998. Macroscopic scale for simple and rapid
determination of sexual maturity in Aristaeomorpha foliacea (Risso, 1827)
(Decapoda, Penaeidae). Journal of crustacean biology, 8: 532-538.
2 - Politou C.Y., Kapiris K., Maiorano P., Capezzuto F. and Dokos J., 2004.
Deep-sea Mediterranean biology: the case of Aristaeomorpha foliacea (Risso,
1827) (Crustacea: Decapoda: Aristeidae). Sci. Mar., 68 (Suppl. 3): 129-139.
3 - Kapiris K. and Thessalou-Legaki M., 2006. Comparative fecundity and
oocyte size of Aristaeomorpha foliacea and Aristeus antennatus in the Greek
Ionian Sea (E. Mediterranean) (Decapoda: Aristeidae). Acta Zoologica
(Stockholm), 87: 239–245.
4 - Instruction Manual, version 5. MEDITS Project., 2007.
5 - Nazari E.M., Dias Bainy A.C., Ammar D., and Rauh Mu¨ ller Y.M., 2007.
Ovarian staging in eyestalk ablated females of Farfantepenaeus paulensis: a
histologic, morphometric, and biochemical analysis. Journal of crustacean
biology, 27 (2): 296–303.

Fig. 1. Stage 2b ovaries of A. foliacea, with a germinative zone containing
oogonia (OO) and early primary oocytes (EPO), and a maturative zone
containing late primary oocytes (LPO)
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BENTHIC VAGILE FAUNA ASSOCIATED TO COLONIZATION PROCESSES IN THE NORTHERN ADRIATIC
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Abstract
Benthic vagile fauna associated to colonization processes in the northern Adriatic coralligenous habitats was investigated by means of
tiles field experiments carried out from August 2005 to August 2008 in three different rocky outcrops offshore of Chioggia
characterised by different epibenthic assemblages. Although most of the single taxa didn’t show a clear distribution pattern, as well as
the species diversity indices, assemblage structures significantly differed among plots and between sites. The interaction between
sessile and vagile fauna could play a relevant role in structuring the epibenthic assemblages.
Keywords: Adriatic Sea, Zoobenthos, Continental Shelf, Marine Parks
Introduction
Numerous coralligenous rocky outcrops occur in soft silty-sandy sediments of
the Northern Adriatic Sea bottom between 10 and 40 metres in depth, ranging
in size from only a few to several thousands square metres, and raising
between 1 and 4 metres from surrounding bottoms ([1]; [2]). The largest and
better known outcrops are widespread offshore of Chioggia and Venice,
between 18 and 30 m in depth and from 6 to 24 km from the coast and their
ecological importance were recognised by the institution of a No Take Zone in
2002 ([3]). According to previous studies, epibenthic assemblages on subtidal
hard bottoms offshore of Chioggia show high heterogeneity at a range of
spatial scales, form 10s to 1000s of meters ([4]). The assemblages occurring
on these outcrops could be clustered in three main typologies consistent with
time and characterised by different abundance of algal turf, encrusting
calcareous algae, encrusting and boring sponges and colonial ascidians ([4]). In
order to assess the role of the recruitment processes in determining such
variability, colonization patterns have been investigated in a long-term field
experiment based on travertine tiles ([5]). The aim of the present study is to
analyse the vagile fauna associated to the colonized tiles three years after their
deployment.

by the interaction of biotic and abiotic factors which operate at different
spatial and temporal scales ([8]). Also post-recruitment processes including
post-larval dispersion and intra- and interspecific interaction could play a
relevant role ([9]). The analysis of the recruitment sequence of sessile species
highlighted the importance of both early colonisation processes and following
competitive interaction between species in structuring the epibenthic
assemblages in the northern Adriatic subtidal rocky bottoms ([5]). The
interaction between sessile and vagile fauna could also play a relevant, thought
often largely neglected, role in structuring the epibenthic assemblages ([10]).
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Material and methods
Three study sites offshore of Chioggia, representing the three main hard
bottom benthic assemblages identified in the previous study, were randomly
chosen. Site P204 (6.6 km far from the coast, depth 20 m, 45° 12.665’ N 12°
23.038’ E) was dominated by algal turf and encrusting sponges, MR08 (14.6
km far from the coast, depth 22 m, 45° 13.825’ N 12° 29.365’ E) was
characterised by red calcareous algae and colonial ascidians, while P213 (15.0
km far from the coast, depth 25 m, 45° 10.264’ N 12° 30.999’ E) presented
intermediate abundances of algal turf and encrusting algae. In August 2005,
three plots were randomly selected in each site, and for each plot sixteen
travertine tiles (15.0 x 11.5 x 1.0 cm) were horizontally deployed in contact
with the natural hard bottom. Three years after the deployment, tiles
appeared indistinguishable from the surrounding bottom. In August 2008, four
tiles for each plot were collected with the associated vagile fauna and
preserved by 4% formaldehyde in separate plastic bags. Species were
identified to the lowest possible taxonomic level and their abundance was
estimated as number of individuals per sample. Differences between plots and
sites were assessed by uni- and multivariate permutational analysis of variance
(PERMANOVA, [6]).
Results
Overall 98 taxa were identified. Tanaidacea, Copepoda, Bittium reticulatum,
Leptochelia savignyi and Sillys sp. were the most abundant taxa. Although
most of the single taxa didn’t show a clear distribution pattern, as well as the
species diversity indices, assemblage structures significantly differed among
plots and between sites. Vagile assemblages were correlated with those sessile
colonizing the tiles. In particular, the gastropod Bittium reticulatum and the
caprellid amphipod Phtisica marina, generally associated with algal turf and
hydroids were more abundant in the site P204 dominated by a large amount of
algae, while the isopod Jaeropsis sp., commonly found in the Mediterranean
coralligenous habitats ([7]), was more abundant in the site MR08,
characterised by red calcareous algae. Vagile assemblages appeared also
correlated with depth, distance from the cost and spatial extent of the
outcrops.
Discussion
The formation and maintenance of benthic assemblages on subtidal rocky
bottoms largely depends by settlement and recruitment processes determined
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Abstract
In this paper, we report a description of female maturity stages of the deep-water rose shrimp Parapenaeus longirostris caught in
the Sardinian waters between 250 and 440 m. Macroscopic and histological analysis were performed on 665 females. The observation
on the ovaries leads to conclude that there are six stages of development.
Keywords: Decapoda, Reproduction, Western Mediterranean
Introduction
The deep-water rose shrimp Parapenaeus longirostris (Lucas, 1846) is one of
the most important commercial shrimps in many Mediterranean and Atlantic
fisheries [1,2,3,4]. The aim of this paper is to identify and classify the
maturity stages of females based on macroscopic and microscopic features of
the ovaries.

shrimp Parapenaeus longirostris (Lucas, 1846) (Crustacea: Decapoda) in the
northern Tyrrhenian Sea (western Mediterranean). Hydrobiologia, 557: 135–
144.
4 - Sobrino I. and García T., 1994. Biology and fishery of the deepwater rose
shrimp, Parapeneus longirostris (Lucas, 1846), from the Atlantic Moroccan
coast. Sci. Mar., 58 (4): 299-305.
5 - Mazzi V., 1977. Tecniche istologiche e istochimiche, eds. Piccin, pp 750.
6 - Tom M., Gorem M. and Ovadia M., 1987. Localization of the vitellin and
its possible precursors in various organs of Parapenaeus longirostris
(Crustacea, Decapoda, Penaeidae). Int. J. Invertebr. Reprod. Devel., 12: 1-12.

Materials and Methods
Observations on the reproduction were made through monthly samples
collected by commercial trawlers on epi-bathyal bottoms off Sardinian waters
(central western Mediterranean Sea) between 250 and 440 m of depth. A total
of 665 females were examined. Parameters recorded included carapace length
(CL, mm) and sex; moreover, on the basis of size, shape and colour of gonads,
the female maturity stages were defined. The ovarian tissues, preserved in
salin formol 5%, were processed. Transverse sections (3.5 μm) were stained
with sodium iodoeosine and toluidine blue (Dominici’s method) [5].
Results and Discussion
The specimens showed a range in size between 17.3 and 39.8 mm CL.
Macroscopic and microscopic examination of the ovaries revealed six maturity
stages:
Stage 1A (immature, virgin): typical of young immature specimens (17.3-18.1
mm CL). Thin and translucent ovaries with a tubular appearance and adherent
to the dorsal portion of the digestive gland. A large number of oogonia, found
grouped in the germinal zone, start to divide and can be observed at all stages
of maturation. The primary oocytes (PO) with a large nucleus are visible.
Stage 2A (developing) / 2B (recovering): whitish or pale yellow ovaries, larger
in volume than the previous stage ones. The paragastric lobes start to cover
the sides, while the caudal extensions occupy all abdominal somites. These
two stages differ only for the body size (2A: 20-24.1 mm CL; 2B: 25-38 mm
CL). Microscopically, in the maturative zone, PO, surrounded by a monolayer
of follicle cells, show a large nucleus with nucleoli flattened around the
periphery.
Stage 2C (maturing): dark yellow-light green ovaries. Frontal lobes and caudal
extensions are turgid and well defined (20.3-38 mm CL). From the histological
analysis, besides all the previous cell types, primary (Y1) and secondary (Y2)
vitellogenic oocytes were also visible. The first ones had a polyhedral shape
with a nucleus containing several round nucleoli and the cytoplasm field with
yolk granules and lipidic vesicles;
Stage 2D (mature): turgid ovary of different shades of dark green, completely
developed occupy the entire thoracic cavity. The eggs are well visible (20.339.8 mm CL). All previous microscopic cells type are present. The nucleus of
Y2 oocytes migrate to the peripheral zone and the ready-to-spawn oocytes
show a characteristic margin of peripheral “rod-like bodies” [6].
Stage 2E (spent): green-brown ovaries that lose the characteristic turgidity of
the previous stage and become flaccid (25.9-37.1 mm CL). Empty ovarian
tissue and characterized by oocytes in reabsorbtion. The fully mature oocytes
were still visible. The maturation process of P. longirostris ovaries exhibited
progressive changes in color and volume from immature stages to mature ones.
The gonad extends through the abdominal cavity since the first stage of the
development.
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SHARK RECORDS IN THE STRAITS OF MESSINA (CENTRALMEDITERRANEANSEA): HEXANCHUS
GRISEUS (BONNATERRE, 1788)
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Abstract
The problem of the biogeographical distribution of organisms is still connected to the distinction in the districts of the Mediterranean
Sea. In this context, the Straits of Messina, as it has ecological features of significant interest that pose the questions and suggest
biogeographical implications. The intense hydrodynamism, the low temperatures and the abundance of salts, transported to the surface
from the deep water, make available a large amount of organic matter consumed by coastal populations. In this context, should be
included repeated sightings of Hexanchus griseus, an abyssal species, which in the Strait is found at depths from 5 and 40 m, in
special conditions of moon phase and current.
Keywords: Strait Of Messina, Biogeography
The biogeography distribution of marine organisms is linked to the subdivision
into different districts of the Mediterranean basin. Nevertheless, the active
interactions existing among several communities and their habitats reject such
classical model of distribution. The Strait of Messina represents the junction of
two basins, the Ionian and the Tyrrhenian Sea. Here, strong sea currents drive a
complex displacement of water [1, 2]. Waters move between the two basins
over a sill 70-110 meters deep, with a NW-SE oriented mouth. The sill
morphology has a fundamental role not only for the hydrological regime of the
Straits but also for the distribution of benthic populations occurring in this
environment [3, 4]. Such hydrodynamism is responsible for the high
biodiversity of the area. Intense strong currents and upwelling phenomena
release a large quantity of organic matter that is used by coastal benthic
populations. The peculiar morphologic, oceanographic and biological asset of
the area determines an Atlantic-like ecosystem [5, 6]. In this particular
environment has been repeatedly detected the species Hexanchus griseus (Fig.
1).

Straits of Messina Ecosystem. L. Guglielmo, A. Manganaro and E. De
Domenico (eds), Italy, pp 13-30.
3 - Di Geronimo S.I. and Giacobbe S., 1987. Bionomie des peuplements
benthiques des substrats meubles et rocheux plio-quaternaires du Détroit de
Messina, Doc. et Trav., IGAL, Paris, 11: 153-169.
4 - Giacobbe S., Rinelli P. and Spanò N., 1996. Echinodermi e Crostacei
decapodi in fondi mobili litorali del versante calabro dello Stretto di Messina.
Biol. Mar. Medit., 3 (1): 400-406.
5 - Fredj G. and Giaccone G., 1987. Bionomie des fonds a Laminaires du Détroit
de Messina. Doc. et Trav., IGAL, Paris, 11: 237-238.
6 - Di Geronimo S.I. and Fredj G., 1987. Les fonds a Errina aspera et
Pachylasma giganteum. Doc. et Trav., IGAL, Paris, 11: 243-247.
7 - Compagno L.J.V., 1984. FAO Species catalogue: sharks of the world. FAO
fisheries synopsis, vol. 4, part 1.

Fig. 1. Hexanchus griseus in the Giardini Naxos harbour

This species is a benthonic deep water shark that commonly lives between 700 2000 meters; is one of the biggest sharks of the Mediterranean Sea that can reach
5 meters in length and 800 kg of weight [7]. In the Straits of Messina, H.
griseus, during particular moon and tide phases, comes to shallow waters up to
15-30 meters of depth. During these periods, six-gill sharks have been
commonly sought by scuba divers. From 1993 we had begun a visual scuba dive
program of this species and were found numerous specimens including an adult
female of 4 meters (Iaria pers. comm.). In 2007 Hexanchus griseus was sampled
in an upwelling area south of the Straits of Messina (Giardini Naxos), under the
framework of EU project (“Ge.In.Fa.Co. - individuazione e messa a punto di un
modello per lo sviluppo sostenibile e per la gestione integrata della fascia
costiera nell'area di Giardini Naxos - POR SICILIA 2000-We hypothesize that
there is a strong correlation between vertical migrations of H. griseus and
presence of a large quantity of organic matter and benthic organisms. Probably
the species follows northern upwelling currents as well as other many species
characteristic of the area. In the near future we aim to undertake a collaborative
project of underwater tagging and photo-identification to gain insight on six-gill
shark migration and distribution in the Mediterranean Sea 2006).
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SYMBIODINIUM SP. CAN STAY ALIVE THROUGH THE GUT AND IN THE FAECES OF CNIDARIA
PREDATORS. THE CASE OF CORALLIOPHILLA MEYENDORFFI AND ANEMONIA VIRIDIS.
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Abstract
The gastropod Coralliophilla meyendorffi is a common predator of the zooxanthellate anemone Anemonia viridis. Zooxanthella
from the anemones are an important constitutent of the mollusc faeces. Cell integrity, occurence of flagellated forms, live/dead
proportions and mitotic index of Symbiodinium collected from the faeces and cultivated in vitro were examined and compared to that
of algae in hospite. The results show that most algae withstand digestive processes of the predator, staying alive and dividing actively
in the faeces. Motile (lagellated) algae arise from dividing cells and escape the fecal pellets.
Impact on coral bleaching recovery is discussed.
Keywords: Cnidaria, Dinoflagellates, Symbiosis, Predation, Fecal Pellets
the most illuminated hours of the day, > 600 lumen m-2). This conforms to
previous observations under natural conditions [6]. Motile cells also escaped
from undisturbed fecal pellets even if most cannot get free from mucous
threads in which algae are embedded.
% dead cells was much higher just after isolation from Coralliophilla faeces
(10 to 25% of the population at day 1) compared to anemone extracted ones
(2 to 7%). From day 3 to day 12, the % dead cells in culture remained
constant around 2% of the algae population for both conditions.

Introduction
Many eukaryotic microalgae live in symbiosis with marine invertebrates. One
of the most widely distributed and abundant intracellular algae are the
zooxanthellae (dinoflagellates of the genus Symbiodinium) in symbiosis within
cells of reef forming corals and of other cnidaria [1]. The increased frequency
of disruption of this symbiosis (coral bleaching) is a major threat for coral
reefs future [2]. In order to recover, bleached cnidaria can, either let proliferate
the algae not previously expelled (5 to 25 % of the initial stock) or catch free
Symbiodinium in the environment [3,5,7]. Both processes potentially result in
algae community changes, favouring environmentally better adapted strains
(adaptive theory of bleaching [8,9]). As “free” zooxanthellae are quite rare in
the plankton [1], one can look for other possible sources of symbionts. Here
we investigate the potential role of undigested algae embedded in the faeces of
cnidaria predators as source of zooxanthellae for recolonization of bleached
hosts.

Conclusion
Most symbiotic zooxanthellae from Anemonia viridis consumed together with
animal tissues by the gastropod Coralliophilla withstand digestion and are
recovered alive, actively dividing and potentially motile in the faeces of the
predator. Observations by Fit & Trench [5] on Cassiopeia scyphistome show
that live Symbiodinium cells introduced in the coelenteron resist digestion by
the cnidaria and are internalized (endocytosis) by endodermal cells. So, fecal
pellets, once resuspended in the POM could be a source of algae for
recolonization of bleached host. Moreover, flagellated cells produced by
undigested zooxanthellae in faeces are another potential source as these motile
algae are attracted to potential hosts [4], if freed from mucous threads. It
should be quite interesting to check the hypothesis that faeces and fecal
pellets of cnidaria predators may constitute a reservoir of live zooxanthellae
able to be consumed and internalized during recovering phases post-bleaching.

Material and methods
In June 2009, 15 live Anemonia viridis (Forskal, 1775) and 15 Coralliophilla
meyendorffi (Calcara, 1845) were collected by scuba diving (3-8 m depth)
close to the oceanographic station STARESO (Calvi, Corsica) and kept
separate for acclimatization during one month in free flowing aquaria in the
laboratory under in situ light and temperature conditions (18 to 22°C,
maximum light intensity 1970 lumen m-2). Experiments were performed in
July 2009. Anemone extracted zooxanthellae were collected by gentle
homogenization of 0.5 g (FW) of anemone tentacles in 10 ml of 0.2 µm filtered
SW with a potter grinder, then purified from anemone debris by filtration (50
µm pore size) and centrifugation (500 x g), resuspended and cultured under in
situ illumination and temperature in F/2 medium. Faeces zooxanthellae were
recovered by grinding freshly collected faeces of Coralliophilla exclusively fed
with Anemonia for 1 week, then purified and cultivated the same way. Algae
density in culture was monitored in both cases for 12 days (5 replicates) by
epifluorescence counts. Mitotic indexes (MI, as % of “doublets”, N >500
cells) and % dead cells (Trypan blue permeation test, N>300 cells) were
recorded every day at 9h00 in culture samples. Apparition of motile
(flagellated) cells was monitored along nycthemeral cycles (during the log
phase of both cultures) during 48 hours every 2 hours.
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Results and discussion
Most zooxanthellae found in the faeces are alive (> 80 %) and able to multiply
quickly. Actively growing cultures were obtained from algae either directly
extracted from anemones or from faeces of Coralliophilla exclusively fed with
Anemonia viridis. There are no significant differences between the kinetics of
both growth curves : lag phase last approximately 6 days and logarithmic
growth for another 6 days, culminating with densities around 200 to 250 103
algae ml-1 (inoculum was 25 103 cell ml-1).
The MI of faeces isolated algae is significantly lower than the MI of anemone
extracted ones during the 3 first days of culture (0.8 to 1.2% compared to 2.0
to 2.8%) ; there is no significant difference during the following days. MI is
classically low in zooxanthellae, close to 2 to 5 % of the population according
to strains, light and nutrients supply [4,6]. Maximum MI occurs after 8 days
of culure (2.9 to 3.4%). Division occur mainly during the very first hours of
“light” period (from 6h30 to 9h00 in our conditions, 100 to 600 lumen m-2)
and at dusk (18h30 to 21h00, 400 to 100 lumen m-2).
Division peaks were followed by apparition of motile algae (8h30 to 10h30
and from 20h30 to 21h30). There were virtually no flagellated forms during
the night (light intensity < 50 lumen m-2), and very few ones (< 0.2 % during
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Abstract
A first attempt to quantify the contribute of the Manila clam (Ruditapes philippinarum) to the secondary production of the benthic
compartment of the lagoon of Venice is described. The potential exploitable production, based on available data about the clams
distribution and annual catches, has been estimated on a spatial basis within the main fishing grounds and compared with experimental
data about the secondary production of the macrobenthic community of the lagoon, recorded in areas not interested by the clam
harvesting activity.
Keywords: Bivalves, Alien species, Secondary Production, Lagoons, Adriatic Sea
Introduction
As previously described by other authors [1], the introduction of the Manila
clam - Ruditapes philippinarum (Adams & Reeve,1850) - in the lagoon of Venice
and the subsequent demographic explosion directly affected the ecosystem
functioning. Among the other effects, an increase of the benthic compartment
production has been recorded, as reflected by the 40000 tons of catches per year
reported at the end of the last century. Therefore, the voluntary introduction of
the Manila clam represented the most successful event for the Italian shellfish
aquaculture and, at present, Italy results to be the main clam producer in
Europe. For this reason, this species can represent a good model to analyse
ecological effects related to an alien species introduced for commercial purposes
in a marine ecosystem. The aim of the paper is to use the secondary production
as a proxy to assess the effects on ecosystem functioning due to the non-native
species, Ruditapes philippinarum. By using available data from different
sources, the clam potential exploitable production, for each one of the main
fishing grounds, has been estimated on a spatial basis and compared with
secondary production estimates for the macrobenthic community,
experimentally obtained for different areas of the lagoon.
Material and methods
In the context of the present situation, characterized by local administrations
efforts to enforce the management policy, allocating resources and fishermen in
small portion of the lagoon, a lack of reliable and well structured databases about
Manila clam have been recorded. To estimate the potential exploitable
production on a spatial basis, the most recent biomass density data collected
within the main fishing grounds [2, 3, 4,] were used as proxy for production
distribution. Biomass values (wet weight, g · m-2) for each area were
interpolated by using ordinary kriging on a 10 m square cells grid, after fitting
the best model on the experimental variogram, using the ‘gstat’ library [5] of R
software packages. For each area, a relative biomass index was then computed
by dividing biomass of each cell by the total biomass of the area. The
production distribution in each area was obtained by multiplying the annual
production for the area by the relative biomass index. Estimated production
values, transformed in ash free dry weight, were finally interpolated on a 100 m
square cells grid. This interpolation was used to estimate the contribute of the
Manila clam to the production of the benthic compartment by using, as
reference, the mean value of 27.5 g AFDW m-2 y -1, recorded in areas outside
clam fishing grounds and outside seagrass meadows [6].

Fig. 1. Contribution of the Manila clam to Secondary Production of the benthic
compartment. Data are expressed as percentage referred to the mean production
experimentally recorded outside the clam fishing grounds
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Results and discussion
Obtained results highlight a significant contribution (from 1 to 4-5 times the
value recorded outside the fishing grounds) of the Manila clam to the benthic
compartment secondary production (Fig. 1). This could find explanation in
terms of an optimization of the resources exploitation, as suggested by the
bentho-pelagic coupling increase. The Manila clam is, indeed, characterized by a
general ‘rusticity’. Moreover, in the fishing grounds the population is
maintained in the ‘young phase’ (with high r values) by the fishing activity
itself. Finally, the presence of positive feedbacks with the fishing activity, due
to the re-suspension of organic matter from the sea-bottom, has been described
[7]. Estimates here presented, allowed for a first quantification of positive
effects of the Manila clam on goods and services of the Venice lagoon, which in
some way, represent the other side of the medal when assessing the global effect
of non-native species on the ecosystem
functioning.
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Abstract
The fish assemblage of the Mar Piccolo estuary was studied from September 2007 to August 2008. Using a 50m beach seine a total
of 6796 fishes, mainly juveniles, belonging to 16 families and 28 species were caught at 10 stations. The highest number of species
was caught during spring-summer months while the number of specimens was highest in summer and autumn months. The most
abundant species were Atherina boyeri (32.1% of total individuals) and Liza aurata (28.3%). Statistically significant variations
among sampling time were detected for fish abundance, number of species, Shannon’s diversity, Evenness, Margalef’s Richness and
Simpson indices, (ANOVA; p< 0.001).
Keywords: Fishes, Ionian Sea, Lagoons, Biodiversity
Introduction
European Council Directive [1], indicated the fish communities as key
biological component in the assessment of the ecological status of transitional
water [2, 3]. Among the estuarines areas in the Mediterranen sea, the Mar
Piccolo estuary is located on the Ionian coast of Taranto (Apulia region,
Italy). The present work aimed at providing an upadated list of species taking
into account also the structural approach. The specific objectives of this study
were: 1) relationship between the principal abiotic factors with fish
assemblages; 2) description of the fish communities from a taxonomic and
structural point of view. Material and Methods Sampling was performed
every month from September 2007 to August 2008 during daylight hours, in
ten stations: three of which were situated in the 1st Inlet, and seven in the 2nd
Inlet. At each sampling station three replicates were collected. The mean
temperature (°C) and salinity were measured for each sampling time
considering the stations pooled values as replicates. Fish samples were
collected using a 50m beach seine with a height of 5m and mesh of 2mm. The
mean fish abundance (number of individual), number of species and standing
stock (grams of fish biomass) were calculated. Basic community index:
Shannon–Wiener’s diversity, Pielou's index (J), Margalef's richness index (d)
and Simpson index were recorded. Two-way analysis of variance (ANOVA)
was used to assess temporal differences in total fish community.

2000/60/EC of the European Parliament and of the Council of 23 October
2000. Establishing a Framework for Community Action in the Field of Water
Policy. Directive 2000/60/EC of the European Parliament of the Council.
Official Journal of European Communities 327: 1–72. Brussels.
2 - Breine J., Maes J., Quattaert P., Van den Bergh E., Simoens I., Van
Thuyne G. and Belpaire C., 2007. A fish-based assessment tool for the
ecological quality of the brackish Schelde estuary in Flanders (Belgium).
Hydrobiologia 575: 141-159.
3 - Coates S., Waugh A., Anwar A. and Robson M., 2007. Efficacy of a multimetric fish index as an analysis tool for the transitional fish component of the
Water Framework Directive. Mar. Poll. Bull., 55: 225-240.
4 - Franco A., Elliott M., Franzoi P. and Torricelli P., 2008. Life strategies of
fishes in European estuaries: the functional guild approach. Mar. Ecol. Prog.
Series; 354:219-228.

Results and Discussion
The water temperature followed a seasonal trend, with a minimum value in
December (10.5 ±0.5°C) and maximum in August (25.5± 1°C). Salinity was
lowest in January (35±1‰) and highest in October (36.8 ±0.5‰). Salinity
was directly related to temperature (p<0.001; r= 0.71). Multiple regressions
indicated that the number of individuals and standing stock, showed no
significant relationship with environmental variables (p> 0.05). A total of
6796 fishes belonging to 16 families and 28 species were caught. The highest
number of species was caught during spring-summer months, while the
number of specimens was highest in summer and autumn months. The highest
number of species recorded in spring shows that this ecosystem is an
important spawning and nursery area. This ecosystem supported a number of
species within of the European estuaries range, 14 (Essex Coastline, UK) and
110 (Thames) species with an average (±SD) of 53 ± 20 in 38 European
estuaries [4]. The most abundant species were Atherina boyeri (32.1% of total
individuals) Liza aurata (28.3%), Symphodus cinereus (7.2%), Zosterisessor
ophiocephalus (7.1%), Liza saliens (5.5%), Engraulis encrasicholus (2.7%),
Symphodus tinca (2.6%) and Sparus auratus (2.5%). Fish abundance, number
of species, Shannon’s diversity, Evenness, Margalef’s Richness and Simpson
indices, revealed a highly significant variation among sampling time (ANOVA;
p< 0.001). Mar Piccolo ichthyofauna includes marine euryhaline species that
permanently live in the estuary, such as A. boyeri, Aphanius fasciatus, Z.
ophiocephalus, Gobius niger, G. paganellus and Syngnathus acus. The
ichthyofauna also includes juveniles of euryaline marine species for which this
highly productive habitat provides a nursery ground (Sparus aurata,
Dicentrarchus labrax, Diplodus vulgaris, Sarpa salpa, Mullus barbatus,
Symphodus rostratus, S. tinca, S. cinereus, and almost all species of
Mugilidae). The results obtained from this study provide a first contribute to
knowledge of temporal patterns of structural fish assemblage in Mar Piccolo
basin. However, due to anthropogenic pressures such as industry, fisheries
and other maritime activities, it is necessary to protect and monitor this
important fish habitat.
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ALIEN INVASIVE SPECIES ESTABLISHED IN FOULING COMMUNITIES FROM CONSTANTA HARBOR,
ROMANIA - A PILOT STUDY
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Abstract
In this pilot study, we monitored alien invasive species established in benthic communities from artificial hard substrata in Constanta
Harbor, Romania. Aspects regarding the biodiversity of fouling communities are presented as well as the situation of different invasive
species in Constanta Harbor. The study was performed as part of the MODSIS project (MOnitoring and Detection System for
Invasive Species) financed within IDEI program of the National Research, Development and Innovation Plan - PN II.
Keywords: Black Sea, Monitoring, Alien species, Biodiversity
Introduction
Constanta Harbor is the largest port at the Black Sea, with a handling capacity
of over 100 million tones per year. The total traffic increased from 43200
thousands tones in 2003 to 61800 in 2008 therefore increasing the risks of new
alien species becoming established at the Romanian coast. The aim of this pilot
study was to identify alien invasive species (AIS) “hot spots” in Constanta
Harbor. We hypothesized that Constanta Harbor acts not only as a major
gateway but also as an AIS reservoir.

Tab. 1. AIS identified in samples

Material and Methods
Three study sites in Constanta Harbor were selected taking in consideration the
distance from the harbor entrance. First study site (S1) is closest to the entrance
while the second (S2) and third (S3) are located inside the harbor (Figure 1). We
collected monthly random samples from artificial substrata at 1 – 1,5 m depth
from January till October 2009. Samples from ships hulls were collected
occasionally in order to observe the community structure.
Conclusion
The AIS identified in our samples are well integrated in the fouling communities
therefore the harbor acts as an AIS reservoir for neighboring areas.
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Fig. 1. Study sites in Constanta Harbor

Results and Discussion
We identified 67 macroinvertebrate species from fouling communities on
artificial hard substrata, dominated by Mytillus galloprovincialis and
Brachyodontes lineatus. Of these species, 44 are present in all sampling sites, 15
are current in two sites while 7 species occur only in one of the sites. Minor
differences were reported between the qualitative structure of artificial and
natural hard substrata communities [1] and also between the three sampling
sites. AIS represent about 9%, all of them previously mentioned from the
Romanian Black Sea Coast [2]. However, samples from ship hulls contain more
alien species that represent a permanent source of potential settlers as is the
case of other areas in the north-western Black Sea [3] (Table 1).
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G. Procaccini 1*, E. Dattolo 1, A. M. Innocenti 2, S. Mazzuca 2, A. Cavallini 3, L. Natali 3, J. Gu 4 and P. Bayer 4
1 Stazione Zoologica Anton Dohrn - gpro@szn.it
2 Dipartimento di Ecologia, Università della Calabria, Arcavacata di Rende (CS), Italy
3 Dipartimento di Biologia delle Piante Agrarie, Università di Pisa, Pisa, Italy
4 Institute for Evolution and Biodiversity, University of Muenster, Huefferstrasse 1, D48149 Muenster, Germany
Abstract
A SSH (Suppression Subtractive Hybridization) cDNA library was constructed using samples collected from a continuous Posidonia
oceanica meadow located in Lacco Ameno (Ischia, Gulf of Naples) at two different depths (-5 and -25 m). The aims are to identify
differentially expressed genes associated with different light and temperature regimes and other potential stress-responsive gene
networks important for adaptation. With ~1200 sequenced cDNA clones, 486 tentative unigenes were identified, of which only 28 are
common to both shallow and deep libraries. Genes have been grouped in functional classes showing the highest differences between
the two depths in primary metabolism, photosynthesis and stress defence genes.
Keywords: Genetics, Global Change, Phanerogams, Posidonia
Introduction
Seagrass meadows are among the most productive ecosystems [1] with
Posidonia oceanica being the most important species in the Mediterranean
coastline. This species forms extensive mono-specific meadows that are
extremely sensitive to medium-high levels of disturbance [2] and are being
threatened by fast environmental changes caused by global warming and
increasing human activities. Collectively, the forces impose a strong selective
pressure to the long living P. oceanica meadows, particularly those found at the
extremes of the environmental and geographic limits of the species. Being
sessile, seagrasses can not easily disperse from a given locality and must
therefore adapt to selective regimes and acclimatize to variations in local
environmental parameters. The goal of this study it to distinguish differentially
expressed genes associated with different light and temperature regimes and to
identify potential stress-responsive gene networks. In order to do that, we built
a SSH cDNA library between two different depths (-5 and -25 m) in a
continuous P. oceanica meadow located in Lacco Ameno (Ischia, Gulf of
Naples). Existing data suggest that clones growing at different depths are
genetically isolated and that plants growing above and below the summer
thermocline experience strong differences in light and temperature exposure [3].
Material and Method
After the stabilization of the summer thermocline (about -15m depth), shoots
were collected above and below this thermocline by SCUBA diving from a
meadow located in Lacco Ameno, Ischia (Gulf of Naples) in July 2008. Plants
found at -5m (shallow station) and -25m (deep station) depth were sampled.
Total RNA were isolated from leaf tissue using a modified hexadecyltrimertihyl
bromide (CTAB) method; poly(A+) mRNA was isolated from the total RNA
using the Dynabeads mRNA Purification kit (DYNAL BIOTECH), and forward
and reverse SSH libraries were built using the PCR-select cDNA subtraction kit
(Clontech, Palo Alto, CA). A total of 1920 random clones (960 from the
shallow and 960 from the deep library) were sequenced in double-strand
(Richard Reinhardt, MPI Molecular Genetics, Berlin, Germany). EST raw
sequences were quality-trimmed and assembled into tentative gene clusters (TC)
using CAP3 [4]. Putative functions of the identified tentative unigenes (TUG),
were assessed by performing homology searches against the following
databases: Gene Ontology(GO), SWISSPROT, NR -NCBI (blastx-step, e-value
0.001) and DrZompo (blastn-step).

Fig. 1. Total number of ESTs assigned to functional categories. PM: Protein
Metabolism; CC: Cell Component; T/PS : Transcription/Protein Synthesis;
S/D : Stress/Defense; RE: Respiration; PH: Photosynthesis; PT: Protein
Turnover

The presence of a higher number of transcripts assigned to Photosynthesis in
the deep station is noteworthy, suggesting that a more complex and functional
photosynthetic apparatus at lower irradiance is needed. Different stress
responsive genes are present in the two libraries.
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Results and Discussion
The final assembly of shallow and deep ESTs includes 486 TUGs with a
successful mapping of 2279 ESTs. 364 ESTs could not be assigned to the TUGs
library. The percentage of TUGs common to both libraries (shallow and deep, S
and D) was only 5.86% (28/486); 205 TUGs were found in S while 309 TUGs
were found in D. TUGs have been divided in seven functional categories, the
percent abundance of which differed in the two libraries. Transcripts for Protein
Turnover and Respiration are more abundant in S, suggesting a more rapid
metabolism at higher irradiance, while transcripts for the other five categories are
more abundant in D (Fig. 1).
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Abstract
The distribution and density of Pinna nobilis was estimated along the eastern and south-eastern Tunisian coasts, with the use of a
density surface modelling (DSM) approach. A marked relationship between the fan mussel density and two spatial parameters (depth
and distance from a pollution source) was revealed. The adopted technique was found advantageous to better understand the ecology
of the species.
Keywords: Pollution, Sampling Methods, Density
Introduction
Pinna nobilis is a Mediterranean endemic species. It is the largest Mediterranean
bivalve which occurs in coastal soft-bottom areas, usually in association with
seagrass meadows [1]. It is also one of the Mediterranean endangered species.
To effectively protect this mollusc, it is necessary to assess the status and
distribution of all major local P. nobilis populations.
Material and Methods
In the present study, a distance sampling method was applied to model the
population distribution and density of P. nobilis along the eastern and southeastern Tunisian coastline (from Hergla to Elketef) taking into account spatial
and environmental parameters. To do so, forty five line transects, perpendicular
to the shoreline and extending from 0 to 6 m depth, were defined randomly along
the study area; each line transect was marked every meter and divided into 8-m
segments. After deploying the line, all detected P. nobilis individuals within 150
cm from the line were counted. For each observed individual, the following
variables were recorded: the corresponding segment in which it was found, the
perpendicular distance from the line (= yi), and the shell size (= si), defined as
the maximum dorso-ventral length of the shell. In addition, at the mid-point of
each segment of the line transect the exact depth was measured. The dominant
habitat type (H) of each segment was also recorded. Six different habitat types
were identified: unvegetated sandy/muddy bottoms (UN), Posidonia oceanica
beds (PO), Cymodocea nodosa beds (CN), Caulerpa prolifera beds (CP),
Caulerpa racemosa beds (CR), and Zostera noltii beds (ZN).
For the detection function modelling, two functions were considered as
candidate
detection
functions:
the
one-parameter
half-normal
function
function

and

the

two-parameter

hazard-rate

Pinna nobilis density-depth correlation is well known with the fan mussel.
Similar results were noted in Spain [3] and in Greece [4]. Regarding the
relationship between the fan mussel density and the distance from Gabes city,
this correlation could be attributed to pollution. Among the big cities located in
the Gulf of Gabes (Gabes, Sfax, and Skhira), Gabes city is considered as the
main source of pollutants, in particular phosphogypsum discharge in the open
sea. According to figure 2, the farer from Gabes city the higher was P.nobilis
population density. Almost all transects close to Gabes city had null densities.
The absence of Pinna nobilis from the coast of Gabes and surrounding coasts is
probably due to the large quantities of phosphogyps wasted from the industries
of phosphoric acid and chemical products in the open sea since the seventies
[5].

Fig. 1. Estimated smooth terms s(d) and s(x), for the best model of Pinna nobilis
abundance in the study area. The smooth terms are given in the response scale
and the corresponding 95% confidence intervals are given with dotted lines. A
one-dimensional scatterplot is given at the bottom of each graph, using a vertical
bar as the plotting symbol, to illustrate the distribution of available data

, where σ is a scale parameter and b a

shape parameter. Considering different conditions, eight models were included in
the set of candidate models and the selection between them was based on the
small-sample, bias-corrected form AICc of the Akaike Information Criterion.
The population density of P. nobilis was modelled using the ‘count method’ of
[2]. For that, one categorical and two continuous potential predictor variables
were used: habitat type (H), depth (d), and the distance of each site (along the
coastline) from the city of Gabes (x) respectively. Negative values were given to
x’s southwards and positive values for x’s northwards of Gabes. With respect
to the considered variables, eight models were used and model selection was
done based on GCV score.
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Results
A total of 318 fan mussel individuals were recorded in the line transects. The
best model of the detection function among those tested (based on AICc) was
the half normal function with no scale covariate. It is given by the equation
, where distance from line (y) is in m.
The best density model was the model which included univariate functions of
depth (d) and the distance from the city of Gabes (x). The expression of this
model was
, where c = -20.0, a = 18.4
m2, and the smooth functions si are given in Figure 1.
The fan mussel population density was zero at very shallow waters (<0.3 m
depth) and was increasing within the depth range of this study (0–6 m). Zero
fan mussel densities were observed near the city of Gabes. Population density
increased with the distance from the city of Gabes and was higher in the south
than in the north.
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PERCNON GIBBESI (H. MILNE EDWARDS, 1853) IN LINOSA ISLAND TEN YEARS AFTER ITS FIRST
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Abstract
An extensive survey conducted by visual census in summer 2009 by snorkelling and scuba diving reports a complete acclimation of the
alien invasive grapsid crab Percnon gibbesi in Linosa Island (MPA Isole Pelagie, Sicily). The crab is distributed from 0-11 m depth
along the whole littoral with the exception of one locality. Population density values ranges from a minimum of 1 to a maximum of 51
ind. per 10m2 of seabottom.
Keywords: Decapoda, Islands, Sicilian Channel, Monitoring
Introduction
The alien crab Percnon gibbesi was firsty recorded in the Mediterranean in
Linosa island in summer 1999 [1]. Since then it has been fastly spreading in
several localities of the W and E Mediterranean [2] both by natural range
expansion (water currents) and by anthropogenic vectors of introduction (ship
ballast waters, fishing and recreational vessels). This algivorous species has been
claimed to interact negatively with the native crabs community in the
mediolittoral and upper infralittoral fringes, in particular with Pachygrapsus
marmoratus, partially occupying its ecological niche [3,4]. The present poster
reports results of a survey on P. gibbesi distribution and abundance in Linosa
Island (MPA Isole Pelagie, Sicily) ten years after its first record.
Material and Methods
From 10/08-4/09/2009 the whole perimeter of Linosa island (about 11 km
coastline) was surveyed by visual census (scuba diving and snorkelling) at a
depth from 0-4 m. Presence/absence of P. gibbesi was reported in relation to
habitat type (e.g. depth, sea bottom geomorphology, algal cover). Moreover, an
estimate of population density was performed in 7 localities of the island (Fig.
1). Densities were estimated by counting numbers of crabs present on a 2 x 5m
(10 m2) surface area of the seabottom (5 minutes search per 8 replicates). The
non-parametric Kruskal Wallis test was used to compare median density values
among sites [5].

Fig. 2. Box plots of P. gibbesi population density values. The black points
show mean density value per site. Boxes represent the 50% range of values.
Whiskers represent the lower and the highest values and the lines inside the
boxes represents the median value

It showed a continuous feeding activity near refugees constituted by holes and
crevices in rocks. In various occasions it was found scavenging on Pelagia
noctiluca and Pachygrapsus marmoratus carrions, as reported in
other Mediterranean islands [6]. In conclusion, the survey identifed a well
acclimated population of P. gibbesi in Linosa island, that in ten years has been
able to colonize the whole superior infralittoral fringe, reaching higher densities
(30-50 ind. 10m-2) in localities characterised by a microhabitat of large boulders
covered by coralline algae. Notwithstanding the species is mainly found in a
depth range of 0-4 m, in agreement with the existing literature [4,6,7] we report
also a population of the invasive crab at higher depth (10.7m), in a famous
scuba diving site of the island (Manarazza - DDD = 35.874516N; 12.865639E).
Future studies will consider interaction of P. gibbesi with native fauna (e.g.
competition for space and food with P. marmoratus, Eriphia verrucosa,
Arbacia lixula, Thalassoma pavo, Coris julis) and flora (e.g. herbivory rates on
coralline algae), in order to estimate the environmental impact of this species.
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Results and discussion
P. gibbesi was recorded along all the island littoral from 0 – 4 m depth except
into one locality (Grotta dell’Amore; DDD= 35.871890N;12.853768E).
Population density values were significantly (KS test: H = 40.9; Df = 6; p <
0.001) higher in S6 (Fili - DDD= 35.855214N;12.876449E; av density= 30 ± 22
ind. 10m-2) and S7 (Casotto – DDD= 35.855440N;12.866664E; av density= 51
± 28 ind. 10m-2) (Fig. 2). The grapsid crab clusters in typical habitats
constituted by large boulders encrusted with coralline algae (e.g. Mesophyllum
sp; Amphiroa sp).
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CARACTERISATION DES PEUPLEMENTS ALGAUX ASSOCIES AUX TROTTOIRS A VERMETS EN
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Abstract
L’étude des différents types de bioconcrétions de la région de Tipaza a permis de localiser des trottoirs à vermets, des bourrelets à
Corallines et des encorbellements à Lithophyllum. L’analyse de la biodiversité des trottoirs à vermets, effectuée en 2008-2009, a
recensé au total 64 espèces floristiques.
Keywords: Biodiversity, Bio-Indicators, Phytobenthos, Zoobenthos
Introduction : Les bioconcrétionnements sont des biocénoses remarquables
en Méditerranée. L’aspect écologique des trottoirs à vermets et la flore qui lui
est associée sont étudiés. Ces formations biologiques sont rencontrées au
niveau de l’étage médiolittoral inférieur et infralittoral supérieur sur les côtes
rocheuses particulièrement de mode battu. Ces bioformations ont été signalées
au niveau de la région de Tipaza par plusieurs auteurs, mais n’ont pas fait
l’objet d’étude antérieure en Algérie. La présente étude concerne les types de
bioconcrétionnements médiolittoraux et ceux de la partie supérieure
infralittorale. Leurs localisations, leurs morphologies, ainsi que les espèces
bioconstructrices et l’épaisseur de la couche édifiée ont été traités.
Matériels et méthodes
Les trois sites étudiés, Ain Tagourait, Kouali et Chenoua, sont localisés dans
la partie Ouest de la région de Tipaza; cinq prélèvements ont été effectués en
périodes estivale et hivernale (juillet-août 2008 ; janvier-février 2009). La
méthode d’échantillonnage repose sur celle adoptée par Bellan-Santini [1] qui
consiste en un grattage total jusqu’à la roche de surface (20x20 cm).
L’ensemble de la récolte est versé sur un tamis de 1 mm de maille, recueilli, trié
et conservé dans de l’eau de mer formolée à 4%.
Résultats et discussions : 1 - Les bioconcrétionnements : À Ain
Tagourait, trois espèces bioconstructrices de trottoirs à vermets ont été
observées : Dendropoma petraeum, Vermetus triqueter et Lithophyllum
incrustans. À Kouali, deux types de constructions biologiques ont été
observés : les trottoirs à vermets édifiés par les mêmes espèces rencontrées à
Ain Tagourait et des bourrelets à Corallina elongata. Au Chenoua, les
trottoirs à vermets rencontrés sont édifiés par Dendropoma petraeum et
Neogoniolithon sp, des encorbellements à Lithophyllum lichenoides sont
également observés. Les épaisseurs moyennes des trottoirs à vermets sont de :
4,58 cm à Ain Tagourait, 6,1 cm à Kouali et de 5 cm au Chenoua. Les
phénomènes responsables des faibles valeurs des amplitudes horizontales des
encroûtements sont : - une mince couche de vermets qui couvre les trottoirs
en Algérie et en Sicile ; soit entre 5 et 10 cm d’amplitude horizontale [8] . Les
résultats de l’étude montrent que le groupe des Photophiles Infralittoral Calme
est aussi dominant que celui des Photophiles Infralittoral de mode Battu ;
selon Molinier [7], plus la côte est battue, plus l’épaisseur des vermets est
importante. Par conséquent, le faible hydrodynamisme ne favorise pas le
développement des vermets ; - les espèces édificatrices des trottoirs sont très
sensibles à la pollution, la présence massive de certaines algues dont les ulvales
et les corallinales (Corallina elongata) indiquent une altération du milieu [5] ;
- les piétinements (public, pêcheurs, estivants et touristes), ces plates-formes
sont en général très fréquentées. 2 - La flore : Les espèces algales déterminées
sont aux nombres de 64 sur l’ensemble des trois sites étudiés ; 40 espèces
appartiennent aux rhodophytes, 13 espèces aux chromophytes et 11 espèces
aux chlorophytes pendant les deux saisons. Les espèces les plus
représentatives sont les rhodophytes (Corallina elongata, Jania rubens)
récoltées en épiphyte. Neogoniolithon sp est rencontrée uniquement au
Chenoua, elle est en étroite association avec les Dendropoma petraeum pour
édifier les concrétions. Hypnea
musciformis est classée Photophile
Infralittorale Thermophile par Boudouresque [3], elle forme des faciès et
prolifère surtout en été. Selon Laborel [6], Bellan-Santini [2], Chemello [5], les
espèces bioconstructrices de trottoirs à vermets sont apparentées à des eaux
tempérées relativement chaudes. Pour les chromophytes, Cystoseira stricta
forme des ceintures, et indique une eau pure, son recouvrement à Chenoua est
moindre. Les chlorophytes (les ulves et les enteromorphes) se développent
essentiellement à proximité des zones anthropisées ou fortement fréquentées,
et sont donc des espèces indicatrices d’eaux polluées [1]. Les résultats du
rapport R/P obtenus oscillent entre 2,62 à 3 et témoigneraient de la présence
d’un peuplement à affinité relativement tempérée à chaude, cette affinité
permet le bon développement des vermets.
Conclusion

Les bioconcrétionnements littoraux sont étudiés pour leurs intérêts
écologiques et économiques, ce sont des processus très lents et rares en
M éditerranée, ces biocénoses remarquables abritent une flore diversifiée
servant de lieu de frayère et de nurserie pour de nombreuses espèces animales.
Compte tenu de la lenteur et de la rareté de ces constructions biogéniques, le
monitoring de ces peuplements semble indispensable à l’échelle
méditerranéenne. Les trottoirs à vermets sont très sensibles à la pollution d’où
la nécessité d'élaborer des plans de gestion et de conservation en rassemblant
des données scientifiques précises et actualisées. La mise en place d'une base
de données et d'une stratégie de surveillance, de conservation et d'un plan de
gestion, sont indispensables. Dans une perspective préventive, il est
nécessaire de procéder à la préservation de ces bioformations fragiles. Cette
étude a permis de conclure que le site de Chenoua est le plus vulnérable. La
biosurveillance, grâce à la cartographie de tous les bioconcrétionnements des
côtes algériennes et aux mesures biométriques, reste le moyen le plus sur et le
plus efficace pour la protection des habitats remarquables ainsi que des agents
biologiques responsables de ces bioconstructions. Cette étude a révélé l’« état
à temps zéro » et les mesures biométriques des trottoirs ; un suivi régulier de
leur évolution ou de leur régression est indispensable à la sauvegarde et à la
protection du patrimoine naturel de ces sites. Pour la conservation des types
d'habitats marins naturels et remarquables et sur la base de critères
méditerranéens, des fiches techniques d'évaluation écologique ont été établies
pour chaque site. Ces fiches synthétisent les données scientifiques recueillies,
et serviront à fournir des documents, à l'usage des gestionnaires, de prise de
mesures de protection et de conservation.
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Abstract
Ce travail est une synthèse des observations réalisées sur la faune ichtyologique des fonds chalutables du secteur oriental de la côte
algérienne au cours de la période 2005-2006. Il a permis de recenser 201 espèces de poissons, dont les peuplements ichtyologiques se
structurent en trois unités bionomiques : le peuplement du détritique côtier à Vidalia volubilis ou à Ophiura texturata ; le peuplement
du détritique du large à Leptometra phalangium ou à Neolampas rostellata ; le peuplement des vases bathyales à Funiculina
quadrangularis et Aporrhais serresianus ou à Isidella elongata et à Thenea muricata.
Keywords: Algerian Basin, Fishes, Zoobenthos
Introduction
À l’exception des travaux de Maurin et al. [1] sur la bionomie benthique des
peuplements ichtyologiques du talus continental de la partie orientale de la
côte algérienne (région d’El Kala, golfe d’Annaba, golfe de Skikda, golfe de
Béjaïa), réalisés lors de la campagne de pêche du « Président ThéodoreTissier » en 1960, on ne recense aucun travaux sur cette thématique par la
suite en Algérie. Cette étude présente une image récente et actualisée de la
bionomie des peuplements ichtyologiques des fonds chalutables du secteur
oriental de la côte algérienne.

traits de pêche réalisés dans le secteur oriental de la côte algérienne, malgré
l’écart longitudinal entre la région d’El Kala et le golfe de Béjaïa de plus de 3°.
Sur la base des travaux de Pérès et Picard [6], les fonds chalutables sont
organisés en trois unités bionomiques de la côte vers le large : - le peuplement
du détritique côtier à Vidalia volubilis ou à Ophiura texturata, où les espèces
caractéristiques sont P. acarne et P. erythrinus, ainsi que les espèces B. boops,
M. barbatus, M. surmuletus et Z. faber. - le peuplement du détritique du large
à Leptometra phalangium ou à Neolampas rostellata, où les espèces
caractéristiques sont M. scolopax et T. lyra, ainsi que M. barbatus. - le
peuplement des vases bathyales à Funiculina quadrangularis et Aporrhais
serresianus ou à Isidella elongata et à Thenea muricata, où les espèces
caractéristiques sont C. agassizii, C. coelorhynchus, E. spinax, G. melastomus,
H. d. dactylopterus, L. caudatus, M. poutassou et P. blennoides, ainsi que C.
aper. Cette structuration bionomique, des peuplements ichtyologiques des
fonds chalutables du secteur oriental de la côte algérienne, est liée
essentiellement à la nature sédimentaire des fonds.

Matériel et méthodes
Le secteur oriental de la côte algérienne s’étend de Cap Segleb (36°56’45’’N –
8°36’57’’E) à Cap Carbon (36°46’36’’N – 5°06’27’’E), il regroupe la région
d’El Kala, le golfe d’Annaba, le golfe de Skikda, la baie de Jijel et le golfe de
Béjaïa. Les résultats présentés sont des observations réalisées régulièrement et
tout au long de l’année entre 2005 et 2006 lors de campagnes de pêche
réalisées, à bord de chalutiers professionnels, par recensement des poissons et
de la mégalofaune benthique accompagnatrice sur des fonds compris entre 22
et 795 mètres.
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Résultats et discussion
Dans ce travail, les investigations, réalisées sur les fonds chalutables du secteur
oriental de la côte algérienne entre 2005 et 2006, ont permis de recenser 201
espèces soit 29 Chondrichthyes et 172 Osteichthyes. Une classification
ascendante hiérarchique est réalisée sur une matrice de 47 espèces constantes
(B. boops ; C. conger ; M. merluccius ; M. barbatus ; P. acarne ; P.
bogaraveo ; T. trachurus ; T. lyra) et communes (A. m. mediterranea ; A.
sphyraena ; A. hemigymnus ; A. laterna ; A. rueppelli ; A. cuculus ; A.
obscura ; C. aper ; C. rubescens ; C. agassizii ; C. linguatula ; C.
coelorhynchus ; D. maroccanus ; D. annularis ; E. encrasicolus ; E.
denticulatus ; E. spinax ; G. a. argenteus ; G. melastomus ; H. d.
dactylopterus ; H. mediterraneus ; L. caudatus ; L. boscii ; L. cavillone ; L.
budegassa ; M. scolopax ; M. poutassou ; M. surmuletus ; P. erythrinus ; P.
blennoides ; R. asterias ; R. miraletus ; R. oxyrinchus ; S. pilchardus ; S.
aurita ; S. scombrus ; S. smaris ; U. scaber ; Z. faber) sur le suivi des 59
traits de chalut effectués lors des campagnes de 2005-2006, en utilisant la
distance euclidienne et la méthode de Ward comme critère d’agrégation. Il
ressort de cette analyse la présence de trois ensembles ichtyologiques : - un
ensemble côtier entre 20 et 200 mètres comprenant le plateau continental et le
bord supérieur du talus ; il est caractérisé par un cortège de 5 espèces
constantes (M. barbatus ; P. acarne ; B. boops ; T. trachurus ; Trigla lyra) et
8 espèces communes (P. erythrinus ; A. m. mediterranea ; E. encrasicolus ; S.
pilchardus ; D. maroccanus ; C. linguatula ; M. surmuletus ; Z. faber). - un
ensemble profond entre 200 et 795 mètres ; il est caractérisé par un cortège de
13 espèces communes (E. spinax ; G. melastomus ; H. mediterraneus ; C.
coelorhynchus ; E. denticulatus ; L. caudatus ; P. blennoides ; R. oxyrinchus ;
C. agassizii ; G. a. argenteus ; H. d. dactylopterus ; M. poutassou ; A.
hemigymnus). - un ensemble à large répartition bathymétrique ; il rassemble 3
espèces constantes (M. merluccius ; C. conger ; P. bogaraveo) et une espèce
commune (L. cavillone). Ces observations confirment les résultats obtenus en
M éditerranée par Stefanescu et al. [2] et Tserpes et al. [3]. Ils ont mis en
évidence une forte relation entre l’assemblage des poissons et la profondeur. Il
en est de même pour l’ensemble de la macrofaune et mégalofaune benthiques et
démersales [4], [5], où la bathymétrie est un des principaux critères de
ségrégation de l’organisation des peuplements. Par contre, une zonation
géographique des peuplements ichtyologiques étudiés entre les différentes
zones (région d’El Kala – golfe d’Annaba – golfe de Skikda – baie de Jijel –
golfe de Béjaïa) n'a pas pu être mis en évidence par rapport à l’ensemble des
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Abstract
Cet inventaire est une synthèse des travaux antérieurs et des observations originales réalisées sur la faune ichtyologique du secteur
oriental de la côte algérienne, il a permis de recenser 302 espèces soit 1 Agnatha, 52 Chondrichthyes et 249 d’Osteichthyes.
Keywords: Algerian Basin, Biodiversity, Fishes
Introduction
Ce travail présente un inventaire exhaustif des poissons signalés dans le
secteur oriental de la côte algérienne.
Les résultats présentés sont des observations réalisées régulièrement entre
2000 et 2006 lors de campagnes de pêche et dans les ports de pêche, ainsi que
les données bibliographiques de plusieurs travaux [1], [2], [3], [4], [5] et [6].

(A. anthias, D. labrax, D. punctatus, E. aeneus, E. caninus, E. costae, E.
marginatus, M. rubra, P. americanus, S. cabrilla, S. hepatus, S. scriba);
Apogonidae (A. imberbis, E. denticulatus, E. telescopus); Pomatomidae (P.
saltatrix); Echeneididae (R. remora); Carangidae (C. glaycos, C. crysos, L.
amia, S. dumerili, T. ovatus, T. mediterraneus, T. picturatus, T. trachurus);
Emmelichthyidae (C. cirrus, S. flexuosa, S. maena, S. smaris); Pomadasyidae
(P. incisus); Sparidae (B. boops, D. dentex, D. gibbosus, D. macrophthalmus,
D. maroccanus, D. annularis, D. c. cervinus, D. puntazzo, D. s. sargus, D.
vulgaris, L. mormyrus, O. melanura, P. acarne, P. b. bellottii, P. bogaraveo,
P. erythrinus, P. auriga, P. caeruleostictus, P. pagrus, S. salpa, S. aurata, S.
cantharus); Sciaenidae (A. regius, S. umbra, U. canariensis, U. cirrosa, U.
ronchus); Mullidae (M. barbatus, M. surmuletus); Pomacentridae (C.
chromis); Cepolidae (C. rubescens); Mugilidae (C. labrosus, L. aurata, L.
ramada, L. saliens, M. cephalus); Sphyraenidae (S. sphyraena, S. viridensis);
Labridae (A. palloni, C. julis, C. rupestris, L. bergylta, L. bimaculatus, L.
merula, L. viridis, L. fasciata, S. c. cinereus, S. doderleini, S. mediterraneus, S.
melanocercus, S. melops, S. o. ocellatus, S. roissali, S. rostratus, S. tinca, T.
pavo, X. novacula); Trachinidae (E. vipera, T. araneus, T. draco);
Uranoscopidae (U. scaber); Blenniidae (B. ocellaris, C. galerita, L. nigriceps,
L. pavo, L. trigloides, P. gattorugine, P. sanguinolentus, P. tentacularis, P.
zvonimiri, S. cristata); Tripterygiidae (T. tripteronotus); Callionymidae (C.
lyra, C. maculatus, C. risso, S. phaeton) ; Gobiidae (A. m. mediterranea, D.
quadrimaculatus, G. cobitis, G. cruentatus, G. niger jozo, G. paganellus, L.
friesii) ; Gempylidae (R. pretiosus); Trichiuridae (L. caudatus); Scombridae
(A. rochei, E. alletteratus, S. sarda, S. japonicus, S. scombrus, Thunnus
thynnus); Xiphiidae (X. gladius); Centrolophidae (C. niger); Nomeidae (C.
gracilis); Stromateidae (S. fiatola); Tetragonuridae (T. cuvieri); Citharidae
(C. linguatula); Scophthalmidae (L. boscii, L. whiffiagonis, P. m. maxima, S.
rhombus) ; Bothidae (A. imperialis, A. laterna, A. rueppelli, A. thori, B. p.
podas); Soleidae (B. profundicola, B. luteum, D. cuneata, M. ocellatus, M.
variegatus, M. hispidus, S. impar, S. kleinii, S. lascaris, S. senegalensis, S.
vulgaris); Cynoglossidae (S. ligulatus, S. nigrescens); Balistidae (B.
carolinensis) ; Tetraodontidae (E. guttiferum); Molidae (M. mola).

Résultats et discussion
302 espèces ont été recensées soit 1 Agnatha (1 famille), 52 Chondrichthyes
(18 familles) et 249 Osteichthyes (88 familles). Les familles les mieux
représentées sont les Rajidae (12 espèces), Serranidae (12 espèces), Sparidae
(22 espèces), Labridae (19 espèces), Blenniidae (10 espèces) et Soleidae (11
espèces). Ces 6 familles représentent 28,48 % de la diversité spécifique du
secteur oriental de la côte algérienne. Une compilation des données
ichtyologiques recueillies sur l’ensemble de la côte algérienne [7] et [8] montre
que les espèces signalées dans le secteur oriental de la côte algérienne ne
représentent que 71,56 % des 422 espèces signalées sur l’ensemble de la côte
algérienne, où les Agnatha, Chondrichthyes et Osteichthyes répertoriés
représentent respectivement 50, 66,67 et 47,44 % et 72,81 % des espèces
recensées sur l’ensemble de la côte algérienne. Liste des espèces: Agnatha :
Petromyzonidae (P. marinus) – Chondrichthyes : Hexanchidae (H. griseus);
Heptranchidae (H. perlo); Echinorhinidae (E. brucus); Squalidae (C.
granulosus, C. uyato, C. coelolepis, D. licha, E. spinax, O. centrina, S.
acanthias, S. blainvillei); Rhinobatidae (R. rhinobatos); Rajidae (R. alba, R.
asterias, R. batis, R. brachyura, R. circularis, R. clavata, R. fullonica, R.
miraletus, R. montagui, R. naevus, R. oxyrinchus, R. radula); Torpedinidae (T.
marmorata, T. nobiliana, T. torpedo); Dasyatidae (D. centroura, D.
pastinaca, D. violacea, G. altavela); Myliobatidae (M. aquila, P. bovinus);
Mobulidae (M. mobular); Squatinidae (S. oculata, S. squatina); Alopiidae (A.
vulpinus); Lamnidae (I. oxyrinchus); Scyliorhinidae (G. melastomus, S.
canicula, S. stellaris); Triakidae (G. galeus, M. mustelus, M. punctulatus);
Carcharhinidae (C. altimus, C. brevipinna, C. brachyurus, C. plumbeus, C.
obscurus, Prionace glauca); Sphyrnidae (S. zygaena) ; Chimaeridae (C.
monstrosa) – Osteichthyes : Anguillidae (A. anguilla); Xenocongridae (C.
bicolor); Muraenidae (G. unicolor, M. helena); Nettastomatidae (F.
oxyrhyncha, N. melanurum); Congridae (C. conger, G. mystax); Ophichthidae
(E. myrus, O. refus, O. serpens); Dysommidae (D. brevirostre);
Nemichthyidae (N. scolopaceus); Notacanthidae (N. bonapartei, P. rissoanus);
Clupeidae (A. fallax, S. pilchardus, S. aurita, S. maderensis); Engraulidae (E.
encrasicolus); Argentinidae (A. sphyraena, G. leioglossus, N. oblita);
Gonostomatidae (M. muelleri); Sternoptychidae (A. hemigymnus);
Chauliodontidae (C. sloani); Stomiidae (S. b. boa); Alepocephalidae (A.
rostratus); Aulopidae (A. filamentosus); Synodontidae (S. saurus);
Chlorophthalmidae (C. agassizii); Paralepididae (N. rissoi, P. c.
coregonoides); Myctophidae (B. glaciale, C. maderensis, D. metopoclampus,
E. rissoi, L. crocodilus, M. punctatum, N. elongatus, S. veranyi); Lophiidae (L.
budegassa, L. piscatorius); Moridae (G. maraldi, M. moro); Gadidae (A
megalokynodon, G. a. argenteus, G. mediterraneus, M. poutassou, M. d.
macrophthalma, P. blennoides, P. phycis, T. m. capelanus); Merlucciidae (M.
merluccius); Ophidiidae (B. robustus, C. laticeps, O. barbatum, O. rochei);
Carapidae (C. acus, E. dentatus); Macrouridae (C. mediterranea, C.
coelorhynchus, C. guentheri, H. italicus, N. aequalis, N. sclerorhynchus, T.
trachyrhynchus); Exocoetidae (C. heterurus, E. volitans); Belonidae (B. b.
gracilis); Atherinidae (A. boyeri, A. hepsetus); Trachichthyidae (H.
mediterraneus); Zeidae (Z. faber) ; Caproidae (C. aper); Macroramphosidae
(M. scolopax); Fistulariidae (F. commersonii); Syngnathidae (H.
hippocampus, H. ramulosus, S. abaster, S. acus, S. typhle); Scorpaenidae (H.
d. dactylopterus, S. elongata, S. loppei, S. notata, S. porcus, S. scrofa);
Triglidae (A. cuculus, A. obscura, E. gurnardus, L. cavillone, L. dieuzeidei, P.
cataphractum, T. lucerna, T. lyra); Dactylopteridae (D. volitans); Serranidae
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Abstract
Monthly sampling of picarel, Spicara smaris, was carried out from January to May 2003 in the Saronikos Gulf (Greece).The
spawningfrequency was estimated at the peak of spawning (April-May 2003) by the use of post-ovulatory follicles, migratory-nucleus
stage and hydrated oocytes. The percentage of the daily spawning females was found equal to 67.74%, which means that the female
spawns every 1.48 days on average. Big females, which were predominant during the whole period except of May, accelerated their
spawning rate in April forecasting thus the cessation of their spawning season.
Keywords: Aegean Sea, Spawning, Fishes, Demersal
Introduction In the Eastern Mediterranean, picarel (Spicara smaris L.) is a
commercial and popular species [1]. About half of total landings of this
species catch is taken by beach seines, while the other half is distributed
between trawlers and nets. Picarel is a multiple spawner [2] with a peak of
spawning in the Saronikos Gulf in April-May [3]. In the present study the
spawning frequency of picarel was estimated at the peak of spawning in the
Saronikos Gulf (Aegean Sea, Greece). This indicator is an important
reproductive variable and a crucial parameter for the spawning biomass
estimation of the pelagic species [4].
Tab. 1. Spawning frequency of picarel Spicara smaris from at the peak of
spawning in the Saronikos Gulf (Greece)

stage oocytes, hydrated oocytes or new pofs were never met in the same
ovary indicates the validity of the methodology followed. The percentage of
females spawning on one of the two different nights (the night of capture
and/or the night before) per sampling date are presented in Table I. It was
found that 73.02% of the mature females spawned on the night of capture,
while 62.46% spawned the night before. Variance of the monthly percentages
was found to be homogeneous for the two spawning nights (P>0.05). Thus,
analysis of variance of the percentage of females spawning per day (by month
as a covariate) on spawning night indicated that the difference was not
significant (F= 0.21; P=0.67). Subsequently, the mean of the two estimates
gives the average percentage of the daily spawning females, which was found
equal to 67.74%. This means that the female spawns every 1.48 days on
average during the peak of spawning (15 April – 13 May: 28 days). Spawning
females in April were significantly bigger in length than those caught in May
(P<0.001). An increase of the spawning frequency more than two times was
observed at the end of April (Table I). It seems that big females, which at that
period are dominant, accelerate their spawning rate as they reach the cessation
of their spawning season. Indeed in May only small females were left
spawning, since picarel migrate immediately after spawning to the feeding
grounds [10].

>
Material and Methods Samples of picarel were monthly (Jan-May 2003)
collected by beach seiners, trawlers and gillnets. Specimens were randomly
taken from the catch, measured (total length) to the nearest mm, sexed and
females were classified to reproductive stages according to Nikolsky’s [5]
scale. A total of 201 mature ovaries (greater than stage II) out of 419 females,
were sectioned. The spawning frequency was estimated at the peak of
spawning [4] and was based on the incidence of post-ovulatory follicles
(pofs), migratory-nucleus (MN) stage oocytes and hydrated (H) oocytes [6].
The best indicator of the time of spawning may be the occurrence of females
with both H oocytes and new pofs [7], because these females have been
caught while spawning. In our case H oocytes although with no follicle along
with new pofs were indeed found in the samples during night (caught by
trawlers or nets). Since the MN stage lasts in a number of species for about 24
h [6], it was assumed that females, which contained late MN stage oocytes or
H oocytes (still within their follicles) would spawn on the night of capture,
while those females, which contained new pofs had already spawned at the
same night. The use of post-ovulatory follicle method [6] can be applied when
the age of pofs (based on the extent of their deterioration) is known. Pofs
resembling to collapsed structures with however identifiable thecal and
granulosa layers (old pofs) indicate that an individual female had spawned 24
h before sampling (pof 1 day), while bigger and very convoluted pofs with
linearly arranged granulosa cells (new pofs) indicate that spawning has taken
place at the night of sampling (pof < 24 h) [8]. The histological characteristics
that were identified in the sections and were used for the estimation of the
time of spawning were: late MN stage oocytes or H oocytes or new pofs
indicated spawning on the night of capture, while pofs 1 day old indicated
spawning occurred the night before capture. Analysis of variance (ANOVA)
was performed for the comparison of means.
Results and Discussion During night samplings of picarel, the occurrence of
both H oocytes without follicles and new pofs in the ovaries indicated that
spawning was indeed in progress at that particular night [6]. Spawning during
night is a reproductive strategy for achieving better survival since it provides
protection from predators [9]. The histological characteristics which were
used to assign the females spawning at the night of capture (i.e. late MN stage
oocytes, H oocytes within their follicles, or new pofs) could have never been
observed in any possible combination in the ovary of a femaly spawning at
the night of capture. The fact that during night samplings late MN nucleus
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FEEDING SELECTIVITY OF SOME BENTHIC FISH FROM THE ROCKY BOTTOM OF THE ROMANIAN
BLACK SEA COAST (AGIGEA AREA)
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Abstract
Three benthic dominant fish species were analyzed in the Agigea area of the Romanian Black Sea in order to quantify any forage
selectivity or avoidance behavior of these fish. For this purpose items found in the stomachs of these fish were identified and
compared, in terms of percent occurrence, to the corresponding values of the same species from random rocky bottom transects
taken at the point of capture. The calculation of Ivlev’s index indicated that amphipods and decapods were positively selected by the
analyzed fish. Contrary to the literature sources, the data obtained assign the analyzed fish species to selective predators.
Keywords: Black Sea, Rocky Shores, Fish Behaviour, Zoobenthos
Introduction
The round goby (Neogobius melanostomus Pallas 1814), the knout goby
(Mesogobius batrachocephalus Pallas 1814), and the black scorpionfish
(Scorpaena porcus Linnaeus 1758) are one of the main benthic feeders from the
rocky seabed of the Black Sea. These species are considered to exhibit a
generalistic feeding strategy with a relative broad niche width [1]. The aim of
this project is to provide qualitative and quantitative data on feeding ecology of
these fish species with special emphasis on their feeding selectivity.

only Mytilaster lineatus showed positive selection. Although the benthic
samples revealed that Mytilus galloprovincialis is the dominant species, it
presented negative electivity values for all the three species of fish analyzed
(−0.85 for round goby, −0.69 for knout goby and −0.81 for black scorpionfish).
The avoidance of this species may be due to either digestibility or their body
size. Comparing the content of the fish guts with the macrozoobenthos from
different depths, it has been observed that there are small differences, except
those related to the bivalves Mytilus galloprovincialis and Mytilaster lineatus.
The round goby and the knout gobyseem to avoid Mytilaster between 0 and 2 m
depth (−0.455 and −0.001 respectively), but prefer it at greater depth (0.893
and 0.958 respectively). It is difficult to determine why a particular prey type
is selected. We suggest that several of the important factors are prey size,
mobility, type of fixing to substratum, activity and digestibility. Based on the
obtained data it can be concluded that these fish species are selective feeders.

Material and Methods
Fish were sampled with a trap net placed at a depth of 9.5 m and 12.5 m. For
each species, 100 individuals were dissected and the gastrointestinal tracks were
drawn and immediately preserved in absolute ethyl alcohol. The prey items
were identified to the lowest taxonomic level as possible. The prey size also
was taken into account [2]. In parallel, the macrofauna inhabiting rocky bottom,
sampled using SCUBA diving from 0 to 16 m depth, was analyzed in order the
establish community structure patterns in terms of species richness, abundance
and biomass. Dietary preferences were calculated using Ivlev’s selectivity index
[3]. The values of 1 indicate the maximum preferences and selectivity towards a
food item, those of −1 indicate the maximum avoidance, and 0 indicate the
random feeding. Categories in the collected benthos were defined to correspond
with the taxonomic levels identified in the guts.
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Results and Discussion
The faunistic analysis of the 52 samples from the rocky bottom revealed the
presence of 97 taxa, from which 88 were identified to the species level.
Dominant groups as number of species were Polychaeta, Amphipoda,
Hydrozoa, Decapoda and Turbellaria, which accounted for more than 50% of
the total number of the species identified. The diet of analyzed fishes was based
on gastropods, amfipods, bivalves, ispods and chironomid larvae. The round
goby and the knout goby fed on 35% of the resources of the rocky benthos and
the black scorpionfish on 29% of it.

Fig. 1. Ivlev’s selectivity index values for Neogobius melanostomus,
Mesogobius batrachocephalus and Scorpaena porcus

The Ivlev’s index indicated that the food items positively selected by the fish
were mainly amphipods (>0.90)and decapods (>0.58)(Fig. 1). From the bivalves
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Abstract
Foraging specializations among marine mammals are susceptible to social transmission and could lead to the separation of distinct
social units, thus increasing conservation challenges. We analysed the association patterns of the bottlenose dolphins population of the
Bocche di Bonifacio International Marine Park to verify the existence of two distinct communities based on different feeding
strategies. No correlation was found between the dolphin foraging tactics and community membership. Moreover, the population
seems to be ruled by a random association strategy. For these reasons the managing authorities should treat this population as one
entity and take effective synergic actions to ensure the conservation of this resource and its habitat.
Keywords: Cetacea, Marine Parks
Introduction
Culturally differentiated communities among marine mammals populations are
widely documented [1]. The transmission of cultural traits, such as peculiar
foraging tactics, to preferred associates can trigger the development of
behaviourally differentiated units belonging to the same population [2,3].
Bottlenose dolphins inhabiting the waters of the ‘Bocche di Bonifacio’
International Marine Park regularly interact with the trammel nets set by the
coastal fisheries operating in this area. The purpose of this paper is to
describe the patterns of associations of this bottlenose dolphins population
and investigate whether the net-foraging behaviour is a cultural trait which
influences the dolphin social structure distinguishing a community from
another within the population.
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Material and Method
From July 2006 to July 2008, 139 boat-based surveys, leading to 112 dolphin
sightings, were made in the study area (408 km2). During each encounter date,
sex and behaviour were recorded and 71 individuals were photo-identified and
catalogued. Dolphins were categorized as ‘trammel-feeders’ (Tf) or ‘nontrammel-feeders’ (Ntf) based on whether they had ever been observed foraging
on gillnets [4]. Association analysis were carried out on 23 animals sighted at
least 5 times using the Half Weight Index of association [5] in Socprog 2.3.
Firstly, the degree of social interaction between dolphins with different
feeding habits was assessed. Secondly, the null hypothesis that individuals
associate randomly was tested for the whole population and separately for
each dyad.

Results and Discussion
Although within-classes associations (Tf-Tf = 0.13; Ntf-Ntf = 0.25) were
higher than between-classes (Tf-Ntf = 0.06), the differences were not
significant (t= 6.20, p=1, correlation coefficient= 0.38), highlighting that
individuals significantly and frequently interact also with animals that have
different foraging tactics. No evidence of significantly high associations
coefficients was detected, since the standard deviations for both observed and
randomly permuted HWI means had very similar values (P > 0.5).
Furthermore, only one dyad showed a significant level of association (P >
97.5), a value even lower than that expected if associations were completely
random. In conclusion, the foraging specialization detected in the population
cannot demonstrate the existence of culturally separated communities based
on social learning of different feeding strategies. For these reasons the Bocche
di Bonifacio dolphin society should be considered as one entity. Furthermore,
since no significantly high or small associations indexes were detected either at
population or at dyadic level, it can be inferred that this community lives in a
fission-fusion society where companions are likely to be chosen randomly.
These results represent important findings that the managing authorities of the
Bocche di Bonifacio international Marina Park, namely the “Arcipelago of La
Maddalena” National Park and the “Bocche di Bonifacio” Natural Reserve,
should consider as fundamental assumptions when addressing the
conservation issue of this biological resource.
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Abstract
Cotylorhiza tuberculata is a jellyfish generating outbursts in the coastal lagoon of Mar Menor since mid-90s. Ups and down of the
population proceeded along different years without a clear scientific understanding of its origin. In this manuscript we hypothesize that
the tight control exerted by temperature on the life cycle of Cotylorhiza tuberculata is the origin of such fluctuations. Temperature
triggers the strobilation process and cold waters generate high mortalities to the benthic phase. Modelling this thermal control results in
simulations of medusa stocks closely resembling its weekly landings in the coastal lagoon. Conclusions derived from this closed
population are a fore-signal of future evolution of jelly fish species in a Mediterranean with milder winters an longer summers.
Keywords: Medusae, Models, Coastal Processes
The Mar Menor is a large (135 Km2) and shallow (3.5 m average depth)
lagoon almost isolated from the western Mediterranean by a 22 Km long
sandy bar. Progressive increase of both human pressure on the shores and
agriculture forcing on the draining waters modified original communities during
the 80s [1]. Parallel to this degradation, and coherently with an habitatdeterioration triggering of jellyfish blooms [2], Cotylorhiza tuberculata (CT)
first appeared in the lagoon and started to build massive outbreaks in early 90s
[3]. Highs and lows of CT abundance in the Mar Menor progressed since its
first appearance without scientific understanding of the fluctuation origin. The
societal alarm and the economic impact on bathing activities activated a
program to extract medusa from the lagoon and generated a time series of
capture per unit effort data.
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A Bayesian model was implemented to assimilate these data in the mechanics
driving the life cycle of exploited populations [4], The model tested the
hypothesis that fluctuations have their origin in the tight control that
temperature exerts on the life cycle of CT. Based on controlled experiments,
all phases of the life cycle except strobilation and polyp mortality were found
insensitive to the range of physical conditions present in the lagoon.
Strobilation is triggered when the water temperature first rises over ~18ºC
with negligible ephira production later on. Therefore, the summer spam for the
medusa phase can be accounted in terms of the time the lagoon is >18ºC.
Longer summers imply longer periods for medusa somatic growth and for
population biomass to accumulate. Owing to the annual life-span of CT,
polyps are responsible to transfer the population across winters but their
survival is very sensitive to cold waters. Temperatures bellow 16ºC result in
mortalities that, when accumulated along the winter, heavily impact the
remnants individuals available for strobilation and medusa generation in the
subsequent summer. The model is then articulated on the basis of successive
stages of polyp and medusa that alternate under the control of lagoon
temperature and the progress of seasonal cycles. The simulated medusa stock
in the lagoon reproduces an intra and inter-annual evolution coherent with the
observed abundances of CT. This includes the massive outbursts during the
long summers from 2000 to 2004 as well as the dramatic collapse of medusa
population in 2005, after a previous very severe winter. The capacity of a
thermally-forced life-cycle to explain in situ changes indicates the severe
control that temperature exerts on CT abundance. Once the ecosystemdegradation conditions for jellyfish outbreaks are met, and the homeostasis of
the system decreased, CT seems to fluctuate under the simple rule of the
warmer the better.
Though the link between environment and scyphozoa populations has been
extensively explored before (e. g. [5]) they mainly investigate statistical
correlations between environmental indexes and jellyfish abundance rather
than identifying the cause-effect control in the mechanics of jellyfish life-cycle
and population dynamics. This mechanics offers a more solid ground to
understand past periods of jellyfish occurrence and to project future
expectations in a Mediterranean where milder winters and longer summer will
modify the community balance of winners and losers.
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SIX YEARS OF SURVEY (2004-2009) ON REPRODUCTION OF SEA TURTLES ON SHKAÏFATE BEACH,
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Abstract
Nesting turtles survey between 2004 – 2009 were conducted along the coast between Shkaifat and Snawbar (south of Lattakia
city), along a 12.5 km stretch of coast. Results from the 2004- 2009 nesting season confirmed that a skaifat- snawbar beach near
Latakia in Syria was an important nesting site for green turtles in the Mediterranean
Keywords: Beach, Conservation, Turtles, Levantine Basin, Monitoring
Introduction
The presence of loggerhead and green sea turtles(Chelonia mydas) and
loggerheadturtle (Caretta caretta), off the coast of Syria, was first reported by
Gruvel [1], but nesting on the country’s beaches was not indicated. The next
turtle information to come out of Syria resulted from a rapid assessment survey
in 1991 that identified low-level nesting concentrated on a beach south of
Latakia City [2 ]. Local researchers noted incidental turtle captures in beach
seines, and also observed turtles stranded along the coast [3]). Since 2004 a more
extensive coastal survey was undertaken, primarily to better identify Syria’s
actual and potential nesting populations [4] .
Martial and Methods
From last week of may to second week of October the 7.5 km beach between
North Jableh and Snowbar, 35°28'00"N, 35°51'45"E was surveyed in the earl
morning for evidence of sea turtle nesting, nest hatching and events that may
have affected the incubation of nests, such as inundation by storm waves or
depredation. The adjoining beach to the north, from Snowbar to the river Al
Kabir Ash Shamali next to Lattakia, 5 km to the north, was surveyed, as a
continuation of the daily survey, 10 times at weekly intervals to record the same
information.
Emergence tracks from adult turtles were checked for species and evidence of
nesting and the track recorded as either a nesting or non-nesting emergence...
Nesting species was determined by appearance of the track [5] and by maximum
width of the track . In the eastern Mediterranean, loggerhead turtles are generally
far smaller than green turtles , and hence their track widths are generally much
narrower. Additionally nest excavation often afforded confirmation of species
by identification of dead or live hatchlings or embryos . For determining the
movement of sea turtles during and after the reproduction period, we tagged 64
individual during 2004- 2009 by metal tags contain the name and address of the
teem leader.
Results and Discussion
During 2004, 2006, 2008 and 2009 we noticed 8, 15 and 21 nests in each
kilometer ( respectively) for the green turtle Chelonia mydas, as for Caretta
caretta, we recorded many nests and spawning sites in the same beach, but in
less number (Fig 1). During 2005 and 2007, the number of nest very lower ( 3
and 2 nest per km of the beach). These results indicate that this surveyed area is
among the best sixth coastal zones suitable for the reproduction of the green sea
turtles all round the Mediterranean coast. Syria may also play a significant role
hosting foraging turtles, asloggerheads from both
Cyprus and Greece have been shown to forage in near shore Syrian waters [6].
Since green turtle Chelonian mydas nesting was discovered in 2004, repeated
surveys have indicated that Latakia beach hosts a regionally important rookery.
This, together with the presence of lower frequency nesting at a few other
beaches places Syria as the third most important country, after Turkey and
Cyprus, for green turtle nesting in the Mediterranean. Gerosa and Casale [7]
indicate that interaction of sea turtles with fisheries in the Mediterranean is a
major threat and that little is known of the level of incidental turtle captures in
Syria. Since 2007. We undertaken a field work concerning this problem.

Fig. 1. Variation of the number of nest turtles : loggerhead and green) on Lattakia
beach during six years of survey
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IMPACT OF INVASIVE SPECIES ON THE BIODIVERSITY AND FISH STOCK; CASE STUDY: FISTULARIA
COMMERSONII RUPPEL, IN THE SYRIAN COAST
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Abstract
Reproductive cycle and feeding habit of bluespotted cornet fish Fistularia Commersonii, new lessepsian migrant was studied in the
Syrian coastal water (Levantine Basin). Fistularia commersonii recorded for the first time in this area during 2001 has shown a rapid
development among the ichtyofauna in the Eastern Mediterranean. It is carnivorous, and feed on many small fish species, such as
Sardinella spp., Sprarus spratus, Alosa fallax, Boops bops .etc. 12-30 individual preys was found in the stomach of every
specimen. The high fecundity rate, the long period of reproduction, (May–August) and its rapidly expanding population feeding on fish,
make a decline of the biomass and causing damage and loss to fisheries yield.
Keywords: Life Cycles, Migration, Biodiversity, Fishes, Levantine Basin
Introduction
During the nineties, a strange fish species of Indo-Pacific origin from family
Fistularidae (cornetfishes) appears in the south-east Levantine Basin, the first
record was reported by in the Palestinian coastal [1]. In July 2001 three
specimens of Fistularia commersonii of total length (ST): 35.6; 77.8; 82.3 cm
(SL) respectively was caught with beach seine in the seawater south Lattakia
(35.44' N; 35.89' E) at a depth of 12 m. It was the first record of this
lessepsian specis in the Syrian waters [2]. It was also reported in adjacent
Lebanese coastal waters [3]. Two years later, it was observed with great
number and became strong invader with regard to the increased percentage in
the catch. Given the environmental conditions changes occurring in the
Mediterranean and because of the connection between the Levantine Basin and
the Red Sea through the Suez Canal, the East Mediterranean was subject to a
big invasion of marine species. In the beginning this invasion was very slow
because of the big difference in salinity between the both marine environments
and because the high salinity of Bitter lake which constituted a natural barrier
to the migration of marine organisms. Prior the construction of Aswan High
Dam, the freshwater of the Nile during the flood, in reducing the salinity at the
entrance Nord of the canal at Port Sa&iuml;d, contribute to constitute a hyposaline seawater forming a barrier to this migration. After the functioning of the
High Dam in 1965 and the stop of the flood, the salinity of the south-east
corner of Mediterranean start increasing , making little difference in the
salinity between the Red sea and East Mediterranean. The increased
navigation through the Canal pathway during the last century and the global
warming occurring word wide in the oceans inducing the rise of the
Mediterranean water salinity have enhanced the Lessepsian migration process.
The number of invasive fish species in the Levantine Basin reach to date 65
[4,5 ] , from which 43 are recorded in the Syrian waters. [6 ] Fistularia
commersonii is themore recent newcomer fish record in our water [2],
measuring a total length of 29 cm. Afterwards the caught number by fish
training nets increased progressively. In May 2003, 36 individuals measuring
between 40 and 108 cm were caught in only one fish net. After this period, we
observed increasing frequency of this invading species in the fishermen nets
and with high number forming about 2-3% of the total net coastal catch. Given
that the introduction of new species in the environment can surely affect in
the marine biodiversity and in the competition of the biocoenoses and food, it
is very important to know the behavior of reproduction and feeding of the
newcomers in the local ecosystem in order to know it stock management and
understand the relationship between themselves and between them and native
species and thus knowing its role in the structure of the biodiversity in this
ecosystem.

indices followed the same pattern. According to the examination of maturation
stages and GSI values, Fistularia commersonii spawned in the Syrian coast
from the second half of May until early August, with greatest intensity in
June (Fig.1). The first sexual maturity of F. commersonii shows that 50% of
females and males are sexually mature at standard length of 57.5 and 56 cm
respectively . Males matured at smaller length intervals than females.
Fecundity ranged between 355-697 eggs/g /ovary. This high fecundity rate
contributes to increase the recruitment and juvenile population invade new
ecological niches at the expense of native fish species. Certain negative impact
on local fish stock through predation and feeding on small fishes was noticed
(Fig.2). In studying the feeding regime and the dynamics of the reproduction,
we conclude that Fistularia is a carnivorous predator feeding quasi exclusively
on local fish, namely Sardinella aurita, Boops boops and Engraulis
encrasicolus. The stomach content analysis has shown 20-25 fish individuals
in one digestive. This may give an idea of the strong negative effect of
thousands of Fistularia individuals on local living fish stock.

Fig. 1. Evolution of gonado-somatic index (GSI) of F.Commersonii

Fig. 2. Composition of fish preys in the stomach content of F.Commersonii
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Material and methods
The study was performed in the coastal area of Lattakia along 80 km between
Turkish border in the north and Banias in the south. A total of 460 specimens
of Bluespotted cornet fish Fistularia commersonii were collected by beach
seine and trammel net at depth of 2-20 m from August 2004 to September
2005. For each fish, the total length (TL) and standard length (SL) were
measured to the nearest centimeter and total weight (W) to the 0.1 g. Sex and
maturity were determined macroscopically. The weight of the gonad (Wg) was
recorded to the 0.01 g. Spawning season was determined in using the monthly
change of stages of maturation and the gonado-somatic index (GSI). Fecundity
was estimated gravimetrically. In addition, the feeding habit was studied by
analysis of food content in the digestive tube.
Result and Discussion
The GSI values of females were generally higher than those of males, but both
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GEOGRAPHICAL AND BATHYMETRICAL DISTRIBUTION OF RED SHRIMPS IN SARDINIAN WATERS
RELATED TO ENVIRONMENTAL CONDITIONS
Andrea Sabatini 1*, Gloria Matta 1, Francesco Palmas 1 and Antonio angelo Pendugiu 1
1 Department of Animal Biology and Ecology, University Of Cagliari - asabati@unica.it
Abstract
Red shrimps Aristaeomorpha foliacea and Aristeus antennatus are one of the most important and exploited resource in the western
Mediterranean. The aim of this work is to evaluate the geographical and bathymetrical distribution of the two species in Sardinian seas
and to identify a possible relationship with environmental conditions. We calculated the ratio between the two species and we
compared ratio values with hydrological data (temperature and salinity) to establish how water masses properties influence species
distribution. Our results indicate that A. antennatus prefers colder and less salty waters while A. foliacea prefers both higher
temperature and salinity.
Keywords: Crustacea, Intermediate Waters, Western Mediterranean
Introduction
Red shrimps are mainly captured at depths between 400 and 800 m while
unexploited below 900 m. In Sardinian waters we can find both species: in the
southern and eastern parts A. foliacea is more abundant, while A. antennatus is
more present along the northern and western coasts [1]. The spatial and
temporal variability of these two species seems to be closely connected to
hydrological and oceanographic factors and the distribution of red shrimps may
be correlated to water mass properties such as salinity and temperature.

These results showed that the ratio between the two species is very different
among Sardinian coasts. The Regression Analysis, carried out fitting ratio values
against hydrographic data, indicated that the ratio between the two species is
correlated with environmental conditions (Fig. 2).

Materials and Methods
The biological data were collected in Sardinian waters between 1994 and 2006
during two annual trawl survey as part of the research projects Medits and
Grund. Taking into account the number of individuals of A. foliacea (Af) and A.
antennatus (Aa), logistic models were calculated fitting the ratio between the
two species in function of depth:
Using logistic regressions, depth values for Ratio 0.5 (D50), 0.25 (D25) and 0.75
(D75) respectively were calculated. D50 represents the depth in which the two
species have the same abundance, D25 and D75 the depth in which the 25% and
the 75% of individuals, respectively, are A. antennatus. Hydrographic data were
extracted from the MEDATLAS database [2] and a mean value of temperature
and salinity was considered. The data were correlated whit the correspondent
ratio values for different Sardinian coasts between 400 and 800 m.

Fig. 2. Regression between Ratio values and (A) temperature and (B) salinity

Our results showed an already known bathymetrical distribution of the two
species. The fluctuations in ratio and species distribution seem to be connected
to environmental conditions and in particular to the circulation of intermediate
water masses along Mediterranean coasts [3]. The comparison between
hydrographic and biological data evidenced that both species seem to be
connected to the peculiar features and fate of the LIW (Levantine Intermediate
Water). In fact, in the eastern and southern part, LIW properties predominate
and A. foliacea is the main species while in the western and northern sides of
Sardinia LIW properties lose intensity in favor of A. antennatus which prefers
colder temperatures and less salty waters.

Results and Discussion
The logistic models obtained for Sardinian waters showed that in the northern
and western Sardinia there is an equal occurrence of the two species at about
453 m and 478 m (D50) respectively indicating a greater presence of A.
antennatus in the whole depth range analyzed. The southern Sardinia is
characterized by an extended presence of A. foliacea (D50=612 m) while in the
south-eastern Sardinia A. foliacea predominates over the whole depth range even
below 650 m (D25=647 m) (Fig. 1).
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Fig. 1. Logistic models (Ratio values in function of depth)
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SOME BIOLOGICAL PARAMETERS OF SPRAT SPRATTUS SPRATTUS PHALERICUS (RISSO1826) IN THE
TURKISH BLACK SEA COAST
Hacer Saglam 1*, Ertug Duzgunes 1 and Nazli Kasapoglu 1
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Abstract
Some biological parameters of the sprat, Sprattus sprattus phalericus, collected from Turkish Black Sea coast between 2008 and
2009 were investigated. Sprat is an important food resource for many top predators. In present work, length frequency distribution,
relationship between length and weight, sex ratio and condition factor of sprat have been studied.
Keywords: Black Sea, Biometrics, Pelagic
Introduction
Black Sea sprat, Sprattus sprattus phalericus, is one of the most abundant
small pelagic fish species in the Black Sea. It is an important food resource for
many top predators. The sprat is a small, multiple (batch) spawning species
with a protracted spawning season and a large number of spawning per year.
According to 2006 fishery statistics, 7311 tons of sprats were harvested in
Turkey of which 6681 tons were caught from the Black Sea and 630 tons from
the Sea of Marmara [1].
Material and Method
Sprats were caught as by-catch in the purse seine fishery in 2009. The total
length (L) and weight (W) were measured and sex was determined by gonads.
The total number of investigated individuals was 334. The length-weight
relationship was derived as W=aLb, where W: weight (in g); L length (in cm), a:
y-intercept and b: slope, characterizing the growth rate. The condition factors
(CF) are computed by Fulton’s index [2] as
CF = W*100/L3
where W is average weight and L is average length by size groups.
Results and Discussion
The sample was composed of 202 females ranging between 7.20 and 10.2 cm
TLand 2.15 and 7.11 g, and 132 males ranging between 6.80 and 10.20 cm TL
and1.68 and 6.35 g. The sex ratio was significantly different from 1:1 (
=14.67; df=1; P<0.05). The input data for average lengths and weights of
sprat are given in Table 1. According to data in Table 1 and using power
function, the coefficients “a” and “b”, characterizing weight-length
relationship, have been estimated.

Fig. 1. Length frequency distribution of the sprat caught in the south-eastern
Black Sea
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Tab. 1. Sprattus sprattus and some biological parameters

Condition factor between differences between females and males was not
significant in present study (P>0.05). The length frequencies of sprats are
shown in Figure 1. The obtained results are not close to those, calculated by
Sahin (1999) [3]. Sahin (1999) reported that the mean length values were 10.69
cm for both sexes in 372 specimens. According to our results, the average sprat
length has been lessening in decade.
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INTERSTITIAL HARPACTICOIDS FROM THE SHALLOW WATERS OF THE ROMANIAN BLACK SEA
COAST
Manuela Samargiu 1*
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Abstract
The study refers to a period of five years and the results regard a synecologic analyze of harpacticoids populations sampled from 11
sites with mobile substratum at 0 – 1 m depth, on a distance of more than 200 km along the Romanian shore, from Grindul Chituc to
Vama Veche. Data about their abundance, density, frequency and ecological significance indices (WD %) are given, in order to
emphasis the distribution of the characteristic species and their adaptive mechanisms.
Keywords: Black Sea, Copepoda, Infralittoral, Mediolittoral, Sediments
Introduction
For marine waters of Romania, the data obtained between 1960 -1970, totalize
114 benthic harpacticoids species, associated with different characteristic
biocoenosis. A first comprehensive list was done in 1959 [1] and after those
three ample papers regarding pontic [2, 3] and Levantine [4] harpacticoids
were published in 1960, 1962 and 1964. After more than 25 years, some
ecological data of main harpacticoids species living on different kind of
substrata were published again [5, 6].

distribution of encountered individuals in different depths it was observed. At
Mangalia (Lat. 43º N 49,005; Long. 28º E 35,279) it was found 10
harpacticoids species, many of them with high abundances, very frequent (80
-100%) and with ecological significance indices values up to 24,78 as C.
perplexa, H. herdmani, and N. elongata. Their depth preferences are here on 0,
5 m where the dynamic of the water is less felt at sediments level and the
oxygen is still in optimum quantities. The situation is maintained in the final
site, Vama Veche (Lat. 43ºN 46,880; Long. 28º E 34,798) where middlittoral
and infralittoral sands shelter 11 harpacticoids species. The total populations’
abundances reach 809 ind.·m-2, but with low densities, of 122 ind.·m-2. The
characteristic species are the same as in the former two northern sites, sharing
the first five ranks, as eudominant and dominant, being encountered in all
samples. As an accidental species was recorded Klieonychocamptus kliei
ponticus, isolated in some samples.
Harpacticus littoralis and Dactylopodia tisboides, are accessory and receding
species and Schizopera pontica is an accidentalone. In the next southern site,
at Mamaia – Hotel Parc (Lat. 44º N 13,176; Long. 28º E 38,191), among the 13
recorded species, besides those already mentioned before, we can notice
Nitocra typica as subdominant, with a uniform distribution in studied
transects. In these interstitial spaces where the

Materials and methods
Quantitative sedimentary samples were taken using a corer with 7, 5 cm intern
diameter. 11 sites (with three perpendiculars transects at 0, 0, 5 and 1 m
depth) were seasonally investigated, during a period of five years. The
samples have been preserved (4% formaldehyde solution or in ethanol 80%:
glycerin in equal parts), washed and sieved by 160, 100 and 63 μm mesh
diameter. A Nikon SMZ-2T stereomicroscope and a Nikon E200 microscope
were used for identification. The results were reported at m².
Results and discussions
The most encountered harpacticoids have the greatest abundances in 20 - 50
cm core horizon of the samples. Below this horizon we met extremely rare in
corers, isolated examples of Arenopontia subterranea and Parastenocaris
chappuisi. In two stations of the north sector Grindul Chituc (Lat. 44º N 47,
310; Long. 28º E 81,432) and Vadu (Lat. 44º N 35, 240; Long. 28º E 62,212)
where sediments are consisting of fine and quartz sands eudominant species
are Microarthridion littorale and Canuella perplexa, with great similarities
regarding their abundances (A = 67 ind.·m-2), frequency of 40 % and W =
11%. Harpacticus flexus (A = 51 ind.·m-2,F = 40 %, W % = 8, 98) and
Halectinosoma abrau (A = 43 ind.·m-2, F = 40 %, W = 7, 57) have dominant
character in these sediments (the highest share at 0.5 m depth). At Navodari
(Lat. 44º N 18, 707; Long. 28º E 37,913) and on Mamaia – Cazino (Lat. 44º N
14,297; Long.28º E 37,548) zones, 10 respectively 15 harpacticoids species
were recorded with total abundances of 1306 and 580 ind.·m-2. For both zones
M. littorale is on the first rank with high values of W = 19, 90% and 30%,
frequency of 100%, and abundances of 260 and 174 ind.·m-2 comparatively
with the other species. Parathalestris dovi and Canuella perplexa are other
dominant species. But for all mentioned species densities do not exceed 39
ind.·m-2. Longipedia minor, Tisbe furcata, Ectinosoma melanicepsTabacariei
Lake flows into the sea we found occasionally isolated individuals of Itunella
muelleri, Parastenocaris chappuissi and Onychocamptus mohammed. Total
density of harpacticoids population recorded 67 ind.·m-2. Constanta – Plaja
Modern site (Lat. 44º N 10,718; Long. 28º E 39,452) represents the ‘’border”
between north sector and south sector of the Romanian littoral. The sands
from the shallow waters have medium size (174 mm) particle diameter. 8
species were found at Constanta, H. flexus and M. littorale usually being more
abundant in spring. D. tisboides with a very large eurytopic properties is
considered here as subdominant. The endemic Mesochra pontica appeared in
some samples from this area. Most species are quartered at 1 m depth. At
Eforie Nord – Belona beach (Lat. 44º N 03,756; Long. 28º E 38,479) and
Eforie Sud – Capul Turcului (Lat. 44º N 01,635; Long. 28º E 39,426) 14
species were recorded. Ectinosoma melaniceps take the first rank with a W of
27, 22 % and 29, 30 %, being euconstant and eudominant in both zones. As a
typical interstitial form, Halectinosoma herdmani become one of the six
constant and dominant species. S. pontica, Paralaophonte brevirostris, M.
pontica, C. furcigera, Ameira parvula, Thalestris longimana and Parathalestris
dovi are accessories coming, largely from higher infralittoral. Very abundant
become at Costinesti (Lat. 43º N 56,896; Long. 28º E 38,292), Nitocra elongata
being characteristic for coarse sands of this zone. Heterolaophonte stroemi
paraminuta has a 100% frequency with 52 ind.·m-2 abundances.A uniform

Conclusions
- Five taxa - Canuella perplexa, Halectinosoma herdmani, Microarthridion
littorale, Harpacticus flexus and Harpacticus littoralis consistently present in
the north sites, are found in southern areas too, although their density in these
biotopes varies from 5 - 35 ind.·m-2.
- Some species which are accidentally in the northern sector areas become
dominant in many stations of south region (for example Ectinosoma
melaniceps, which reaches densities between 15 - 37 ind.·m-2).
Typical
endopsammic
harpacticoids Arenopontia subterranea,
Parastenocaris chappuisiOnychocamptus mohammed are adapted to
mesoporal spaces, having filiform bodies and under 0, 5 mm lenght. But they
are recorded as isolated, accidental species in Romanian Black sea shallow
waters. and
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TROPHIC RELATIONSHIP BEETWEEN LOLIGO VULGARIS AND POSIDONIA OCEANICA IN CATALAN
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Abstract
The possible trophic relationship between Posidonia oceanica and the abundance of Loligo vulgaris in the Catalan coast (NW
Mediterranean) was investigated. The results suggest that food source of Loligo vulgaris is closer to Posidonia ocenica than to
phytoplankton.
Keywords: Behaviour, Cephalopods, Western Mediterranean
Introduction
L. vulgaris distribution extends along the eastern Atlantic, from the North Sea
and British Islands (55º N) to the south-western coast of Africa (20º S), and also
throughout the Mediterranean Sea (1). L. vulgaris distribution in the
Mediterranean Sea, mainly concentrates in areas shallower than 100 m. It
generally inhabits temperate waters. In the Mediterranean, L. vulgaris is mainly
a by-catch of the multispecies bottom trawl fisheries, throughout the year. Near
the coasts where it concentrates during autumn and winter for spawning, smallscale professional and sport fishermen usually target it using hand-jigs. Juveniles
recruit to the fishery at approximately three-four months age (2). The purpose
of this work is to study the possible trophic relationship between Posidonia
oceanica and the abundance of L. vulgaris in the Catalan coast (NW
Mediterranean).
Material and Methods
Sampling was carried out on board commercial trawlers on a monthly basis,
from October 2003 to December 2005 in Roses, Blanes and Cambrils Catalonia
ports (NW Mediterranean). The landings and landings-per-unit-effort, LPUE
data were obtained from the DGPAM (General Direction of Fishing and
Maritime Affairs) of the Catalan Government for the period 2000-2005. Data of
stable carbon isotope are from th project “Avaluaciò de l’estat de les poblacions
de Loligo vulgaris a Catalunya” financed by Autonomous Government of
Catalonia. Isotopic value of Posidonia oceanica is -14.3 (s.d.=0.153) and for
phytoplankton -23.6 (s.d=0.71).

Fig. 2. Qualitative presence of Posidonia oceanica on Catalan coast. Redrawn
from www.cram.org

Results and Discussion
LPUE data series showed a clear pattern of abundance from North (Llança)
to South (Sant Carles) (Fig.1) being more abundant in the North and Central
areas than on the South. It is well known that temperature is an important factor
in the recruitment of the species (3) but not the unique. The distribution of
Posidonia oceanica in Catalan waters is shown in figure 2. Posidonia meadows
are more abundant in North and Central area of study. Our objective was to use
stable carbon (C) isotope ratio of the mantle of Loligo vulgaris to typify the
trophic state of the species and its relationship with Posidonia oceanica. Food
sources were investigated using a mixing model based on phytoplankton and
Posidonia oceanica source isotopic composition data previously obtained.
Isotopic values of mantle of Loligo vulgaris varied between -17.3 (s.d. =0.2) in
Cambrils, 17.4 (s.d.=0.1) in Blanes and -18.5 (s.d.=0.2) in Roses. Our results
suggest that source of food of Loligo vulgaris is closer to Posidonia ocenica
than to phytoplankton. This doesn’t mean that Loligo eats directly on
Posidonia but belongs to a tropic net where Posidonia is an important source of
carbon.
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Fig. 1. Mean CPUE (2000-2008) of Loligo vulgaris on 16 ports of Catalan
coast. From North (Llança) to South (Sant Carles)
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THE PROJECT FOR-MARE: TRAINING AND RESEARCH IN MARINE PROTECTED AREAS, MARINE
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Abstract
The FOR-MARE project aims to create a network of expertises among Universities, Research Centres, Schools and Diving
Associations in order to realize stages for students from University and teachers from primary and secondary schools. Its major
objectives are: 1) expanding knowledge of the role of Marine Protected Areas (MPA); 2) promoting ‘scientific tourism’; 3) helping
MPAs in scientific data collection and monitoring programs.
Keywords: Marine Parks, Instruments And Techniques, Coastal Waters, Coastal Management, Monitoring
Marine Protected Areas (MPAs) represent a concrete effort of national
administrations to preserve biodiversity and promote scientific research [1].
Currently, in Italy there are 20 MPA that care as a whole for about 184,000 ha
of sea and 580 km of littoral. Notwithstanding their importance, Italian MPA
are encountering a period of recession in relation to the world economic crisis, as
they represent a “non productive sector of the national economy” in strict
sense. The project FOR-MARE, namely translating from Italian to English:
"Training and research in marine protected areas, stages of marine ecology and
geobotany", born with the aim of broadcasting the role of MPA by creating
“scientific tourism” in these areas. In June 2009 the Section of Ecology of the
“Dipartimento di Ecologia del Territorio” of the University of Pavia promoted a
first, pilot, taught course of Applied Ecology in the MPA of Isole Pelagie
(Sicily) [2] in order to test a new teaching method in the field. Nineteen students
from the University of Pavia with background experience in Biology, Ecology
and Botany participated to this stage. In a week time (21/06-28/06/2009),
students have been driven by teachers to prepare and present small scientific
works on issues concerning population ecology of coastal marine organisms and
terrestrial plants following a didactic scheme that consisted in:
1) providing theoretical knowledge by tutorial lessons;
2) conducting general surveys of the study area by snorkeling and trekking;
3) building up an experimental design (e.g. building also material used for visual
census survey such as quadrats) (Fig. 1);
4) collecting biological and ecological information in the field using non
destructive methodologies;
5) reporting scientific results to the public. The stage produced four small
studies that provided new knowledge on local marine fauna and terrestrial flora:
1) Description and population structure of an unidentified actinia 2)
Distribution and population density of the alien grapsid crab Percnon gibbesi 3)
Morphometry
and
reproductive
biology
of Pancratium linosae
(Amaryllidaceae) 4) Floristic characterization of the southern littoral of Linosa
Island
All studies produced very interesting preliminary results, worth of scientific
deepening. The first study led to the characterization of a peculiar population of
the common actinia Cereus pedunculatus that in Linosa Islands was found only
in a very restricted bathymetric range range ( 20-150 cm) of sheltered areas and
is characterized by a dark –brown morph and small individuals (oral disc major
axis < 5 cm). The second, revealed that the alien grapsid crab is the dominant
crab species of the medium-superior infralittoral fringe; the highest density (51
± 28 ind. 10m-2) of P. gibbesi is found in partially sheltered localities
characterized by a microhabitat of large boulders covered by coralline algae. The
third, gave the benefit of the doubt on the correct taxonomic position of the
island endemic sea-daffodil Pancratium linosae, that by morphometric analysis
appeared more similar to the most common species Pancratium maritimum.
Finally, the fourth and last study revealed the presence of 11 species of local
flora, not mentioned in pre-existing floristical lists of the island and of a
consistent population of the Eolian endemic species Limonium algusae never
mentioned before. Results of the stage FOR-MARE strengthen once again the
importance of volunteer based programs in scientific data collection as already
pointed out by other ongoing international programs (e.g.Seasearch, UK; The
International CIESM Jellywatch Program) [3,4]. A future aim of the FORMARE project is to establish a solid network of interest on the subject by
involving administrators of the territory, universities and research institutes,
schools, diving centers/associations and media.

Fig. 1. Students of the FOR-MARE pilot stage (Linosa Island, 2009) are
building up survey instruments.
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Abstract
Trawl survey data on Engraulis encrasicholus and Sardina pilchardus have been compared with the official available statistics on
landings in the FAO Geographical Sub-Area 9 (GSA9). A high correspondence between the two sources of data has been found for
anchovy, while for sardine the two data series showed some differences with an evident decresing of the survey index and more
fluctuating trend for landing data.
Keywords: Pelagic, Trawl Surveys, Fisheries, Ligurian Sea, Tyrrhenian Se
Introduction
Anchovy, Engraulis encrasicholus, and sardine, Sardina pilchardus, are two
of the most important pelagic marine resources in the FAO Geographic SubArea 9 (Ligurian Sea and Northern and Central Tyrrhenian Sea). In this area a
well developed fishery targeting them with purse seine is performed by the
local fleets and by vessels coming from the south of Italy during the fishing
season. Official statistics show that the biomass landed in this area represents
a significant portion of the total landing registered in Italy for these two
species. In spite of this, no specific scientific surveys have been carried out in
the past in order to evaluate the biomass at sea and to collect information
useful to assess the exploitation state of these two important resources. Since
1994, the GSA9 has been included in the MEDITS project for the evaluation
of the demersal resources [1]. Although this survey is targeted to investigate
species living near the bottom, the characteristics of the net employed (high
vertical opening of the mouth) allow to regularly catch species living in the
water column, as the small pelagics. The present study aims to compare the
trends in biomass of the two populations with the commercial landings. A
possible correspondence in the trends of the two data series will strengthen
the possibility to use MEDITS surveys data also as valuable indicator of the
abundance of small pelagic species.

trend obtained from MEDITS data does not fully match with landing data. In
spite of this, MEDITS could represent an useful source of information also
for this species. However, it is important to take into account that sardine is
not the target of the small pelagic fishery, thus is not landed on a regular
basis. When anchovy is abundant, the fishermen avoid to land sardine and
larger amount of the species is often rejected at sea.

Fig. 1. Engraulis encrasicholus. Trends of the MEDITS biomass index
(kg/km2 +/- standard deviation) and total landing in the GSA9

Materials and Methods
The study was performed in the FAO GSA9, where the experimental trawl
survey MEDITS has been carried out from the beginning of the project (1994)
to the present. The gear used for the data collection is a bottom trawl designed
for experimental fishing with scientific purpose [2]. The net vertical opening
slightly higher (2.5 m) to that of the most common professional gears allows
to significantly catch species less related to the bottoms like small pelagics. A
cod end of 20 mm mesh size (stretched mesh) is employed. The experimental
hauls have been allocated by means of a stratified sampling design with
random drawing inside each depth stratum. Although the surveys cover the
shelf and the upper slope from 10 to 800 m depth, the time series of mean
biomass (kg/km2) were calculated for the macro-stratum 10-200 m, where the
two investigated species are concentrated. A biomass index (kg/km2) has been
computed according to Souplet [3]. Official statistics on commercial landings
to be compared with survey data have been provided by the Italian Istituto
Nazionale di Statistica (ISTAT) for the period 1994-2000 (www.istat.it);
since 2001 the Istituto di Ricerche Economiche per la Pesca e l’Acquacoltura
(IREPA) has been charged to monitor the economic aspects of the Italian
fishing sector, including landing statistics (www.irepa.org). For each species,
the two time series were analysed by means of the cross-correlation function
[4].

Fig. 2. Sardina pilchardus. Trends of the MEDITS biomass index (kg/km2 +/standard deviation) and total landing in the GSA9
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Results and discussion
MEDITS data for anchovy shows high biomass indices of this species in the
period 1999-2003, whilst the minimum values are observed in the last years.
A similar trend of the total landing recorded in the GSA9 is found, with
maximum biomass landed in correspondence to that estimated at sea. For this
species a significant cross-correlation has been obtained (r = 0.54). For sardine
the correspondence between experimental and commercial data is less evident.
Landing statistics and trawl survey biomass estimations showed a very high
parallelism just for the period 1994-1999. In the case of the trawl survey data,
the trend is characterised by a drastic and continuous decrease; landing
decreased till 1997 and high fluctuations of the values are observed in the
period 2000-2008. For sardine the cross-correlation resulted not significant.
The good correspondence between landing and survey trends supports
MEDITS survey as a promising descriptor of anchovy abundance at sea, at
least in absence of more precise data. In the case of sardine, the decreasing
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REACTIONS OF BENTHIC PREDATORS TO MORTALITY EVENTS: A TIME-LAPSE APPROACH
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Abstract
The Northern Adriatic Sea is a case study for globally increasing coastal hypoxia and anoxia. We documented the course of events
after experimentally induced, small-scale (0.25 m²) mortalities here. The time-lapse camera revealed a clear sequence of predators
and scavengers – fish, hermit crabs and gastropods – that removed the dead and decaying organisms within several days. Post-anoxia
processes should be incorporated into management plans for sensitive areas.
Keywords: Adriatic Sea, Anoxia, Fishes, Mortality, Behaviour
Introduction
Hypoxia and anoxia are key, and increasing, threats to shallow coastal
ecosystems worldwide [1]. The Northern Adriatic Sea is a recognized area for
hypoxia- and anoxia-related community changes and mortalities [2]. Little,
however, is known about immediate post-anoxia events and long-term
recovery. We employed a new system (EAGU; Fig. 1) which creates and fully
documents small-scale anoxia (50 x 50 x 50 cm) in situ [3]. The instrument
combines photo-documentation with detailed chemo-physical analyses
(sensor array) and allows the behaviors and mortalities of benthic organisms to
be analyzed during and after oxygen depletion.
Material and Method
The EAGU device was positioned on a soft-bottom in 24 m depth (two
deployments: August, September 2009) in the Gulf of Trieste, Northern
Adriatic Sea. The system was initially positioned in a closed configuration
(plexiglass chamber) over benthic organisms for 60 h to induce mortality.
Then, the open configuration (aluminium frame) was used for another 2–3 d.
The EAGU yielded ca. 6000 images which can be viewed and analyzed
separately or as a film.

Fig. 2. Three fish species initially attracted by benthic mortality (Gn
Gobius niger; Dv Diplodus vulgaris, Sh Serranus hepaticus)
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Fig. 1. Experimental Anoxia Generating Unit (EAGU) with instrument lid on
plexiglass chamber. ch: camera housing, dl: datalogger, eb: battery, fl: flashes,
os: oxygen sensor, sp: sensor port

Results and Discussion
The EAGU successfully created anoxia within three days, and most benthic
organisms died. Analogous to dredge damage [4], the moribund/dead organisms
attracted predators/scavengers, which removed most of the dead material
within days. The analysis showed that fish (Gobius niger; Diplodus vulgaris,
Serranus hepaticus) were the first post-anoxia visitors (after 9 min); their
numbers gradually decreased during the deployment, suggesting that most of
the suitable dead material was consumed early. The second and third group
arriving were hermit crabs and gastropods. They mainly fed on remains not
used by fishes (e.g. sponges, ascidians) (Fig. 2). After extreme events,
measurements need to be taken to protect the remaining living marine
resources.
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BIOLOGIE ET DYNAMIQUE DU COPÉPODE CALANOIDE COPIDODIAPTOMUS NUMIDICUS DANS LE
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Abstract
Ce travail porte sur l'étude de la biologie et de la dynamique du copépode calanoïde Copidodiaptomus numidicus du réservoir Beni
Mtir au cours d'un cycle annuel, qui s’étend du mois de mars 2005 au mois de janvier 2006. Les résultats montrent que les facteurs
abiotiques et biotiques ont une influence sur la distribution de cette espèce.
Keywords: Copepoda, Zooplankton
Introduction - Les copépodes sont constamment confrontés à des variations
des facteurs abiotique et biotique, tels que la température, la quantité et la
qualité de la nourriture rencontrée, qui peuvent agir sur leur croissance et leur
reproduction ou sur le déroulement de leur cycle de vie [1]. Le copépode
calanoïde Copidodiaptomus numidicus est l’espèce dominante du zooplancton
de la plupart des réservoirs de la Tunisie [2]. Au cours de l'étude du
zooplancton du réservoir Beni Mtir, nous avons noté l'importance quantitative
de ce copépode calanoïde (64% du zooplancton total). L’objectif de ce travail
est d’étudier la biologie et la dynamique du copépode Copidodiaptomus
numidicus dans le réservoir Beni Mtir.

L’analyse en composantes principales de la matrice regroupant les paramètres
physico-chimiques et biologiques permet de selectionner les deux axes qui ont
le maximum de variance (Fig. 2). L’axe F1, qui extrait 38,26% de la variance,
sélectionne positivement le groupement G1 constitué par la température, la
conductivité, les concentrations de la chlorophylle 'a', les nauplii, les
copépodites C4+C5, les mâles, les femelles ovigères et non ovigères. L’axe F2
qui extrait 21,76% de la variance sélectionne positivement le groupement G2
formé parles copépodites C1+C2+C3 et la salinité. Les résultats montrent que
l’espèce Copidodiaptomus numidicus se développe essentiellement pendant la
saison printanière et estivale. Tandis que les faibles densités ont été
enregistrées pendant l’hiver (mois de janvier). Une corrélation positive a été
mise en évidence entre les copépodites C4+C5, qui sont les plus abondants, et
la température (r=0,850, p<0,05, ddl=16). De même, il y a une correlation
significative entre cette espèce et les concentrations en chlorophylle 'a' (r=
0,837, p<0,05, ddl=16). La variabilité de la température de l’eau et les
concentrations en chlorophylle-a affecte visiblement la dynamique et la
reproduction des copépodes [4].

Matériel et méthodes - Site d’étude et stratégies d’échantillonnage : Ce
réservoir a été construit en 1953, il est situé dans le gouvernerat de Jendouba
entre 36°43′10″ de latitude Nord et entre 08°44′10″ de longitude Est à 30 Km
de la ville d'Ain Draham, afflue de la rive Nord du fleuve Medjerdah, principal
cours d’eau de la Tunisie. Cette retenue de barrage est alimentée par l’oued
E’lil. Elle a un volume de 57,6 millions m d'eau pour une superficie de 310,6 ha
et de hauteur maximale de 78 m. Le bassin versant couvre une surface de 103
km . Ce barrage est une source importante d’approvisionnement en eau
potable de Tunis et de la production d’énergie électrique. Les prélèvements
destinés aux analyses physico-chimiques et biologiques ont été effectués,
selon une fréquence mensuelle de mars 2005 à janvier 2006 (sauf pendant les
mois d'avril et de décembre à cause d'un problème logistique), sur toute la
colonne d’eau (surface, 5m, 10m et 15m) au niveau de la station tour de prise.
Analyses physico-chimiques et biologiques : La température de l’eau, le pH,
les concentrations en oxygène dissous et la salinité ont été mesurés à l'aide
d'une sonde multiparamètres de type Multi 340 i/SET. Les éléments nutritifs
ont été dosés par colorimétrie en utilisant un auto analyseur de type 3. Les
concentrations en chlorophylle 'a' ont été déterminées par spectrophotométrie
après extraction à l’acétone 90%. Les échantillons de zooplancton ont été
prélevés en utilisant un filet à plancton de type JUDAY de porosité 80 μm et
préservés dans une solution de formol à 5%. Cette espèce a été identifiée selon
Dussart [3].
Résultats et discussions - Le développement de l’espèce Copidodiaptomus
numidicus est caractérisé par une densité maximale de l’ordre de 51,1 ind.l le
22 juillet 2005 (Fig. 1). Ce paroxysme est dû au développement le plus
important des stades copépodites jeunes (C1, C2 et C3) (7,8 ind.l ) et
préadultes C4 et C5 (19,0 ind.l ).

Fig. 2. Diagramme de l’analyse en composante principale : oxygène dissous
(O2), azote total (NT), phosphore total (PT), matières en suspension (MES),
Chlorophylle-a (Chl-a)
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Fig. 1. Variation spatio-temporelle de la densité de C. numidicus dans le
réservoir Beni Mtir
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Abstract
Two stations were selected in Çakalburnu Lagoon, Izmir, Turkey for determining amount of Tapes decussatus benthic juveniles. The
maximum clam spat in St.1 and St. 2 were obtained 35 juvenile / 100 cm 2 (in November) and 15 juvenile / 100 cm 2 (in March),
respectively. There was not detected any clam in February, April and June (St. 1) and in April and May (St. 2).
Keywords: Bivalves, Aegean Sea, Recruitment
Introduction
The dynamics of planktonik larval populations have important implications for
the life histories of marine benthic invertebrates [1]. An increased knowledge of
bivalve larvae and settlement ecology will allow a better understanding of
environmental processes that determine the magnitude of bivalve recruitment [2]
and larval recruitment processes and survival of juveniles influence the bivalve
population dynamics.

to 58.40 mg L-1 in St. 2. The average TPM concentration was found 11.19 mg L1 in St. 1 and 16.56 mg L -1 in St. 2. Species belonging to Dinophyceae and
Bacillarophyceae group were identified the most in terms of phytoplankton
species composition in two stations. The maximum amount was obtained 35
juvenile / 100 cm2 in St. 1 (in November) and 15 juvenile / 100 cm2 in St. 2 (in
March) (Fig. 2). There was not detected any clam in February, April and June
(St. 1) and in April and May (St. 2) (p<0.05).

In Turkey, carpet shell clam, Tapes decussatus, is distributed along the all
coastline except from Black Sea. Mainly, Tapes decussatus is collected from
Izmir Bay, especially in Çakalburnu Lagoon and this species has a commercial
value in Turkey. But production of clam is based on wild stocks and there is not
any aquaculture facility. So amount of clam juveniles is important for natural
stocks and sustainable production. This study was conducted for determining
abundance of juvenile clam in Çakalburnu Lagoon, Izmir Bay, Turkey.

Newly settled of Manila clam in Tokyo Bay, Japan was observed mainly
between May and October [3]. Our results showed similar to results of [3].
Moreover, in Nameishi, Japan, amount of Manila clam benthic juveniles was 90
ind. / 100 cm2 [4]. Although our results lower than results of [4], Çakalburnu
Lagoon was productive area for clam settlement.

Material and Methods
Çakalburnu Lagoon (150 ha acreage) in Izmir Bay, Aegean Sea was selected for
the study site, located at the south part of Izmir Bay (Fig. 1). The study was
conducted in two stations in inside of lagoon. Field sampling was carried out
monthly during a year. Environmental parameters such as temperature, salinity,
chlorophyll-a, total particulate matter (TPM) and phytoplankton species were
determined each month.
Benthic juvenile clam are aggregated largely with in the upper 1.0 cm of the
sediment. Three sediment samples were collected at each station using a core
sampler (5.0 cm diameter). The samples were fixed immediately with 5 %
formalin and dyed with Rose Bengal to simplify sorting the specimens of settled
bivalves under a loupe.
Fig. 2. Amount of benthic juveniles in two stations
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Fig. 1. Map of study site

Results and Discussion
Sea water temperature was between 13.2 °C and 28.6 °C throughout the study.
Salinity value ranged from 36.1 ‰ to 38.5 ‰. Chlorophyll a value was
determined between 4.71 µg L-1 and 24.02 µg L-1 in St. 1 and from 1.89 µg L-1
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Abstract
The macrozoobenthos of Southern Black Sea coast (Turkey) was quantitatively investigated in May-July 1999. Samples taken at 39
stations (13-79 m depth range) provided the basis for the analysis of the distribution of 130 species and 6335 individuals of benthic
invertebrates, as well as of their abundance and biomass. Most common species in the studied soft bottoms were, by numbers of
individuals, Melinna palmata, Lentidium mediterraneum, Lucinella divaricata and Chamelea gallina. The polychaets
Micronephths cf. maryae, Aricidea fragilis mediterranea, and Chone filicaudata for the entire Black Sea coast and Eumida
sanguinea, Mysta picta, and Prionospio (Prionospio) steenstrupi represents new records for the Turkish Black Sea coast.
Keywords: Zoobenthos, Biodiversity, Black Sea
Introduction
The Black Sea is the largest (537. 000 km3) permanently stratified marine basin
of the world [2]. In southern part coasts the shelf is only a narrow intermittent
strip. Although the coastal area is free of hydrogen sulphide, concentrations
increase rapidly under the thermocline due to the restricted circulation of deeper
shelf water. Consequently, the number of macrobenthic species decreases rapidly
with increasing depth. Zoobenthos of the Turkish sublittoral zone of the Black
Sea has not been thoroughly investigated yet. The aim of this study is to
determine the faunistic composition and the main macrozoobenthic communities
occurring off the southern coast of Black Sea. The factors that may affect species
distribution are also discussed.
Material and Methods
To analyse macrozoobenthos, at each station (total 39) bottom a single
quantitative sample was taken using a van Veen grab (0.1 m2) (Figure 1).

Fig. 1. Map of the study area, indicating the sampling stations

All samples were washed through a 0.5 mm mesh sieve. Thereafter, all
macrofaunal organisms were sorted using a binocular microscope, identified,
counted and stored in 70% alcohol. Some physicochemical parameters were
measured. Frequency index, percentages of animals in relation to total faunal
abundances and biomass were calculated for delineating the community
structures.
Result and Discussion
In the study region, the average oxygen level was 7.95 ml-1 between 10 and 25 m
depth, and it dropped to 4.9 ml-1 at 25-50 m. At a depth of 50-80 m, average
oxygen level was 1.25 ml-1. Temperature and salinity values were 15.9 C and
17.5 psu at 10-25 m, 8.8 C and 18.7 psu at 25-50 m, and 7.9 C and 18.9 psu at
50-80 m, respectively. The analyses of grab samples revealed a total of 130
benthic species belonging to Actinaria (one species, two individuals), Nemertini
(one species, 10 individuals), Nematoda (one species, 17 individuals), Polychaeta
(50 species, 3126 individuals), Phoronida (one species, 28 individuals),
Pycnogonida (one species, three individuals), Crustacea (30 species, 490
individuals), Mollusca (42 species, 2373 individuals) and Echinodermata (3
species, 286 individuals). This study added three new records to entire Black Sea
and 3 new records to inventory of marine fauna inhabiting the coast of Turkish
Black Sea.Polychaeta accounted for 49.3% of total number of specimens,
followed by Mollusca (37.4%) and Crustacea (7.9%). The dominant species in
the area were Melinna palmata Grube, 1870 (28% of total individuals), Lentidium
mediterraneum (8.5%), Lucinella divaricata (7.9%), Chamelea gallina (7.7%)
and Aricidea fragilis mediterranea (5.9%), all comprising 83.5% of total
specimens. Special attention should be paid to the distribution of the

opportunistic polychaet causing sediment bioturbation M. palmata. Gomoiu [3]
deduced that the populations of M. palmata from the Romanian Black Sea shelf
are able to process up to 4.8-9.6 kg of mud/m2/day. In our research we found that
this species has a mean abundance of 450 ind. m-2. Low dissolved oxygen values
of lower layer and soft substratum of sediment resulted in wide distribution of M.
palmata, adapted to these conditions. Molluscs were among the second abundant
taxa, accounting for 32% of the total number of macrofaunal species. Among
molluscs, gastropods dominate in species number (24 vs 18 of bivalve species),
but bivalves are much higher as average density (534 ind. m-2 vs 72 ind. m-2). The
commonest bivalve, C. gallina (69%) had a highest frequency value of the 39
stations, followed by the bivalve, P. rudis (64%), the gastropod, Cyclope
neritea (59%), respectively. Crustaceans are a qualitative and quantitative key
component of the benthic fauna on soft and hard substrata [1]. In study area,
Crustacea fauna was mainly composed of Amphipoda (70%), Cumacea (13%),
Decapoda (10%), and Tanaidacea (7%), by numbers of species. Of the total of 30
benthic crustaceans, 15 species were encountered at a single station only. The
commonest cumacean, Pseudocuma longicornis (37%) had a highest frequency
value of the 39 stations, followed by the cumacean, Iphinoe tenella (33%), the
amphipod, Ampelisca diadema (33%), the cumacean, Iphinoe elisae, and the
amphipod, Perioculodes longimanus subsp. longimanus, respectively. The
highest dominance value according to number of individuals was found for the
cumacean, I. elisae (25%), followed by I. tenella (17%), the amphipod A.
diadema (16%), the cumacean, P. longicornis (11%), and the amphipod,
Bathyporeia guillliamsoniana (6%). Mutlu et al. [4] also mentioned that these
same species were abundantly observed in this study area. Total numbers of
species diversity for each group on the soft bottoms decreases with depth. Peaks
of species diversity are at <50 m, in relatively shallow water zones: 10-25 and
25-50 m. Depth apparently has a major influence on the composition of the
fauna, especially above the 50 m level.The most frequent species were M.
palmata (present in 85% of the samples), Micronephths cf. maryae (72%), C.
gallina (69%), Pitar rudis (Poli, 1795) (64%) and A. fragilis mediterranea (59%).
Mollusca accounted for 76% of the total biomass in all samples, followed by
Polychaeta and Echinodermata. The species with the highest individual biomass
were C. gallina. Our investigations have shown that the abundance, biomass and
ratio of zoobenthos in the biocoenoses mostly depend on the type of bottom
sediments, physcochemical parameters and on the depth of the sea. This study
provides useful information about the composition and distribution of benthic
invertebrate fauna in Turkish Black Sea coast. Further investigations should be
devoted to analyzing species relationships and resource partitioning between
species to better understand the dynamic of zoobenthic assemblages.

References
1 - Kirkim F., Sezgin M., Katagan T., Bat L., Aydemir E., 2006. Some benthic
soft-bottom crustaceans along the Anatolian coast of the Black Sea. Crustaceana,
79(11): 1323-1332.
2 - Sorokin YU.I. ,1983. The Black Sea,. In: P.H. Ketchum (ed.), Ecosystems of
the World: Estuaries and Enclosed Seas, Elsevier: Amsterdam, pp. 253-291.
3 - Gomoiu M. T.,1982. On the populations of Melinna palmata Grube at the
romanian littoral of the Black Sea. Cercetari marine., 15: 115-131.
4 - Mutlu E., Ünsal M., Bingel F., 1992. A preliminary view on the faunal
assemblage of softbottom crustaceans along the nearshores of the Turkish Black
Sea. Acta Adriatica, 33(1/2):177-189.

662
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

TOWARDS INCREASING GELATINOUS PLANKTON BLOOMS IN THE MEDITERRANEAN. COMPARISON
WITH THE BLACK SEA SIMILAR EVENT SCENARIO
Tamara Shiganova 1*
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Abstract
During last years native gelatinous species considerably increased population size and distribution areas in the coastal areas of the
Mediterranean Sea. Some of them expanded into the Sea of Marmara and even to the Black Sea. In addition non-native gelatinous
species are recorded more and more often in the Mediterranean. We try to assume possible reasons based on nutrients concentration
and climate shifts using the Black Sea scenario.
Keywords: Coastal Waters, Ctenophora, Medusae
In the Mediterranean Sea gelatinous species such as coelenterates and
ctenophores increased their populations and areas of distributions during last
years. Among them scyphomedusae Pelagia noctiluca, Cotylorhiza
tuberculata, Rhisostoma pulmo. ScyphomedusaChrysaora hysoscella, and
ctenophore Bolinopsis vitrea not only increased their areas of distribution but
also expanded into the Sea of Marmara and even to the Black Sea [5].
Lessepsian migrant scyphomedusa Cassiopea andromeda established, spread
over the eastern Mediterranean and penetrated into the Sea of Marmara [6].
The Black Sea invader Mnemiopsis leidyi, which was mainly observed in the
Aegean Sea and did not create semi-reproductive population, in 2009 was
recorded during all summer in new locations along the eastern and western
Mediterranean Sea [1, 2, 3,7]. Spreading mucilage also increase in new areas.
Although blooms of gelatinous plankton species have often been observed in
the Mediterranean, particularly pronounced in the early 1980's, there is still
almost no information about their effective causes, or of correlations which
would enable prediction of their occurrence. Scenario of gelatinous plankton
blooms in the Mediterranean has been compared with the Black Sea one. The
Black Sea ecosystem resulted in nutrient pollution altered into a critically
eutrophic in 1970s with catastrophic consequences and disturbed functioning.
These conditions were favorable for the development of gelatinous plankton.
First native gelatinous species began to increase their populations. Rising
temperature in addition to disturbance are favored the naturalization of the
gelatinous predatory warm-water ctenophore M. leidyi and its penetration into
other seas of Mediterranean basin. It reached high abundances and affected all
levels of the most ecosystems. Later on appearance in the Black Sea its
predator warm water ctenophore Beroe ovata has facilitated ecosystem
recovering. Since 1980s similar nutrient content alterations has been recorded
in the coastal areas of Mediterranean linked to change their input from the
rivers [4]. We assume that this factor together with temperature rise could be
drivers of ecosystem change towards gelatinous blooms both native and nonnative.
Therefore the Black Sea example must be taken into consideration for
understanding reasons of gelatinous plankton blooms in the Mediterranean Sea
and focusing new research.

leidyi in the northern Aegean Sea, comparison with indigenous species
Bolinopsis vitrea. In: Dumont H, Shiganova T and Niermann U (eds) NATO
ASI Series, 2. Environment-. Kluwer Acad. Pub.:113-135.
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VARIATIONS SAISONNIERES DE LA BIOMASSE DE NANOZOSTERA NOLTII (HORNEMANN)
TOMLINSON ET POSLUZNY DANS LA LAGUNE NORD DE TUNIS (TUNISIE SEPTENTRIONALE)
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Abstract
Les Magnoliophytes marines sont réapparues dans la lagune Nord de Tunis après son assainissement et l’amélioration de la qualité de
ses eaux. C’est le cas par exemple de Nanozostera noltii qui a proliféré, en premier lieu au nord-est de la lagune puis a progressé
graduellement vers le sud-est. L’évolution saisonnière de la biomasse de N. noltii dans la lagune Nord de Tunis, montre des pics
durant les saisons estivales et automnales. Les fluctuations ont été importantes surtout dans la station Nord-ouest où la biomasse totale
de N. noltii a atteint un maximum de 420 g MS/m2.
Keywords: Phytobenthos, Biomass, Lagoons
Introduction
Suite à l’assainissement de la lagune Nord de Tunis, plusieurs espèces de
Magnoliophytes telles que Ruppia cirrhosa (Petagna) Grande, Cymodocea
nodosa (Ucria) Ascherson et Nanozostera noltii (Hornemann) Tomlinson et
Posluzny (=Zostera noltii Hornemann) ont trouvé les conditions propices à leur
développement [1]. N. noltii s’est développé en premier lieu dans le secteur
Nord-est de la lagune, le plus influencé par les échanges avec la mer
M éditerranée ; puis progressivement, son aire de répartition s’est étendue
jusqu’au secteur Sud-est. Cette espèce constitue des herbiers homogènes ou bien
mixtes avec Cymodocea nodosa et Ruppia cirrhosa, surtout dans la partie nord
de la lagune et avec la Chlorobionte, Chaetomorpha linum (O.F. Müller)
Kützing, dans la partie sud de la lagune.
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Materiel et méthodes
Nous avons étudié la répartition de N. noltii dans la lagune Nord de Tunis par
observation le long de plusieurs transects nord-sud. Après localisation des
herbiers à N. noltii, nous avons choisi deux stations au nord-ouest et au sudouest de la lagune pour l’étude de la biomasse. Dans chaque station, nous avons
relevé la profondeur de l’eau et le recouvrement de N. noltii et de ses espèces
accompagnatrices. Les prélèvements de biomasses ont été effectués, à raison
de trois répliques par station, durant la période allant de janvier 1996 à janvier
1998 à l’aide d’un quadrat de 0,25 m2. La masse sèche a été mesurée après
séchage à 80 °C durant 24 h.
Résultats et discussion
La variation mensuelle de la biomasse de N. noltii montre des pics en été et en
automne dans la station Nord-ouest de la lagune (fig. 1) où la biomasse totale a
atteint un maximum de 420 g MS/m2. En dehors de la saison printanière, les
variations de la biomasse endogée suivent généralement celles de la biomasse
épigée. Dans la station Sud-ouest de la lagune, N. noltii a essentiellement
proliféré durant la deuxième année d’étude (1997). Son maximum de
développement a été relevé au printemps avec 134 g MS/m2. N. noltii, espèce
euryhaline et préférant les faibles profondeurs et les fonds sablo vaseux [2], [3],
a trouvé dans la lagune Nord de Tunis les conditions propices à son
développement : faible turbidité et salinité dans les marges de ses tolérances. Elle
s'est développée en premier lieu dans les zones Est, le temps de s'acclimater,
puis a progressé et proliféré dans le secteur Sud de la lagune.

Fig. 1. Evolution mensuelle de la biomasse moyenne de Nanozostera noltii dans
la station Nord-ouest de la lagune Nord de Tunis. La barre représente l’écart
type. L’absence de barre indique un échantillon unique.
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SPATIAL DISTRIBUTION OF CTENOPHORE MNEMIOPSIS LEIDYI IN AEGEAN SEA
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Abstract
The invasive ctenophore Mnemiopsis leidyi was accidentally introduced into the Black Sea in the early 1980s and it was first sighted
in the Aegean Sea in the early 1990s. This paper presents the spatial distribution of M. leidyi in Aegean Sea during early summer
2004-2006 and 2008.
Keywords: Aegean Sea, Ctenophora, Plankton
and its native habitat is estuaries and coastal regions along the eastern coast of
North and South America. It was accidentally introduced into the Black Sea in
the early 1980s [1] possibly with ballast water from ship coming from the
northwestern Atlantic coastal region. The first occurrence M. leidyi in Aegean
Sea was recorded during late spring-summer 1990 in Saronikos Gulf (45-75 ind
m-2, [2]). After 1991, M. leidyi swarms were observed in several coastal areas
of the northern Aegean and few specimens were collected in offshore waters
[3]. It is believed that the flow of Black Sea water mass to the northern
Aegean Sea contributes to the dispersal of M. leidyi in the area.
Materials and methods
Plankton specimens were collected during four research surveys during early
summer in the northern Aegean Sea in June 2004-2006 and 2008. Sampling
design was based on a grid of stations spaced on parallel transects that were
approximately 10 nautical miles apart (Fig. 1). A total of 205 stations were
located on 5 nautical miles intervals on each transect. Standard vertical
plankton tows were made at each station, by a WP2 sampler (mouth opening:
0.255 m2, mesh-size: 0.200-mm). M. leidyi specimens were identified and
counted on board
Results and discussion
The spatial distribution of M.leidyi in Aegean Sea in early summer of 20042006 and 2008 (including both larvae and adult specimens) are shown in Fig.
1. Although its abundance and distribution shows a large degree of interannual
variability, the highest abundances were observed in Thermaikos gulf and
Strymonikos gulf where large rivers outflow. The lowest abundances were
recorded in June 2005 (3 to 50 ind m-2), whereas the highest in June 2004 (4
to 188 ind m-2). The wider and most southern distribution (up to N. Evoikos
Gulf) of the species was observed in 2006 and 2008 compared to the previous
years. The percentage of occurrence of M. leidyi into the sampling stations
increase during the years from 20 and 18% in June 2004 and 2005 to 37 and
50% in June 2006 and 2008. In June 2008 the highest abundances were
observed in areas that have been characterised by Black Sea Water influence
(e.g. Thracian Sea, Limnos-Imvros plateau), A spatial model has been applied
based on Aegean Sea satellite data to determine the environmental conditions
that characterize areas where M. leidyi is present and based on this to identify
other potential areas that could support species presence in the Hellenic and
Mediterranean Seas [4]. Furthermore, future work could involve examining
whether the local conditions (e.g. temperature, salinity, prey’s availability
and/or predators’ abundance) in the Hellenic Sea could favour Mnemiopsis
successful reproduction, high populations or bloom levels during all year
round that could possibly lead to an alteration of the food web in similar way
to the case of the Black Sea.
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Fig. 1. Distribution maps of M. leidyi (individual / m2) for June 2004,
2005 2006 and 2008 respectively.
Indroduction
The ctenophore Mnemiopsis leidyi is a voracious zooplanktivorous species
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OTOLITH MORPHOLOGY AND FISH SIZE RELATIONSHIPS FOR FIVE WRASSE SPECIES IN THE
EASTERN ADRIATIC SEA
Frane Skeljo 1 and Josipa Ferri 1*
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Abstract
Sagittal otoliths of five wrasse species, Coris julis (Linnaeus, 1758), Symphodus tinca (Linnaeus, 1758), Symphodus cinereus
(Bonnaterre, 1788), Symphodus ocellatus (Forsskål, 1775) and Symphodus rostratus (Bloch, 1791) were described and compared
using morphometric parameters. General otolith shape is the same for all wrasse species, although sagittal morphological variations
between the species and different length groups were observed. Results for all investigated species showed that the otolith length is
the best indicator of fish total length.
Keywords: Adriatic Sea, Teleostei, Biometrics
Introduction
Otoliths are one of the most useful anatomic fish structures in various studies
because of their characteristics (size, morphological specificity and
microstructure) and dependence of these properties on the variation in
environmental factors [1]. Such applications are widely used by researchers
studying feeding ecology of fish predators, although are not just limited to
ichthyology. The adequate identification of fish prey from otoliths is essential
in feeding studies, where the relationship between otolith length and fish length
or weight given by specific regressions can also be used to estimate the prey
size or mass. The aim of this study was to investigate otolith morphology of
five wrasse species, establish the relationship between otolith size and fish
size and to evaluate the usefulness of the otolith shape factors in separation of
different wrasse species.

Tab. 1. Results of stepwise variable selection using multiple regression model
for fish length and otolith measurements

Materials and Methods
Fish samples were collected from the middle eastern Adriatic coast using a
beach seine (mesh size 28 mm), from June 2009 to October 2009. The total
length (TL) of each wrasse specimen was measured to the nearest mm, weight
was measured to the nearest gram, and sagittal otoliths were removed, cleaned
and stored dry for afterwards examination. Maximum otolith length (OL),
width (h), thickness (d) and weight (OW) were taken for each otolith and its
morphology was described [2]. A linear multiple regression model was fitted to
the data in order to predict the total fish length from the length, width,
thickness and weight of the otolith. The predicitve regression equation took the
form Y = a + b1x1 + b2x2 + b3x3 +…+ bixi, where a=constant, bn=regression
coefficients and x i=independent variables. Forward stepwise multiple
regression (probability of alpha to enter <0.15) was used to determine which
parameters would best predict total length in selected species.

Tab. 2. Linear regression equations for fish length and otolith length
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Results and Discussion
In this study, otolith morphology of Coris julis (N=150) ranging from 5.5 to
21.5 cm TL, Symphodus tinca (N=144) ranging from 6.5 to 22 cm TL,
Symphodus cinereus (N=127) ranging from 6.0 to 10.3 cm TL, Symphodus
ocellatus (N=120) ranging from 5.8 to 9.5 cm TL and Symphodus rostratus
(N=95) ranging from 7.2 to 11.5 cm TL was described. Based on changes
observed in otolith morphology, four otolith categories for C. julis and S. tinca
and two for S. cinereus, S. ocellatus and S. rostratus were distinguished. In
general, otolith shape of investigated wrasse species is cuneiform while entire
otolith margins are characterized only for C. julis and S. ocellatus. Anterior
part of otolith, including rostrum and antirostrum is well developed in all
species except C. julis, where antirostrum is poorly defined. On the other
hand, S. tinca and S. cinereus otoliths have deep and acute notch and due to
that can be easily distinguished from others. For all species, correlation
between fish length and different otolith measurements was statisticaly
significant at alpha level of 0.005, with otolith length showing the highest (0.70
– 0.96), and otolith thickness lowest (0.29 – 0.85) values of Pearson
correlation coefficient. When a forward stepwise multiple regression model
was fitted to the entire data set, the resulting equations excluded variables that
did not significantly improve the regression: otolith width for S. cinereus,
otolith weight for S. tinca, and both otolith thickness and weight for S.
rostratus. For all equations, coefficient of determination (R2) was reasonably
high, ranging from 59.5% for S. ocellatus to 93.4 % for C. julis (Table 1).
However, using only otolith length as prediction variable produces linear
regession equations with only slightly lower R2 values for all analyzed species,
except S. ocellatus (Table 2). Therefore, use of a multivariate model is
probably not justified given the additional work required to measure several
parameters, with only slight improvement in the precision of estimated fish
length.

1 - Morales N.B., 1987. The influence of environmental factors on
microstructure of otoliths of three demersal fish species caught off Namibia. In:
Payne A.I.L., Gulland J.A. and Brink K.H. (eds.), The Benguela and
comparable ecosystem. S. Afr. J. Mar. Sci., 5: 255-262.
2 - Tuset V.M., Lombarte A. and Assis C.A., 2008. Otolith atlas for the
western Mediterranean, north and central eastern Atlantic. Sci. Mar., 72: 7198.
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Abstract
L’étude de la maturité sexuelle chez Caranx crysos du golfe de Gabès (Tunisie) a montré que les mâles atteignent la première
maturité sexuelle pour une longueur à la fourche (LF) de 210,2 ± 0,6 mm, alors que les femelles deviennent matures lorsqu’elles
atteignent une longueur à la fourche de 222,3 ±0,4mm. Dans le cas des sexes confondus, la longueur à la fourche à la première
maturité sexuelle est de 216,6±0,5 mm. Chez C. Crysos, l'âge théorique de première maturité sexuelle serait de 3 ans pour les
femelles et 2 ans pour les mâles.
Keywords: Reproduction, Fishes, Gulf Of Gabes
Matériel et méthodes
L'observation macroscopique de l'évolution des stades de maturation des
gonades
a été effectuée sur des critères morphologiques (coloration,
consistance, importance de la vascularisation superficielle, forme, volume
occupé par les gonades dans la cavité abdominale). L’ensemble de ces critères a
abouti à l’établissement d'une échelle de maturité [1], [2]. L’examen des
gonades mâles et femelles lors de la maturation et de la ponte a permis d’isoler
trois classes d’individus ; - des individus juvéniles - des individus de tailles
voisines et des individus adultes. Ainsi, les échantillons récoltés durant cette
période ont été regroupés par classe de taille de 1 cm pour C. crysos. Nous
avons dénombré pour chaque classe de taille, séparément, les individus matures
et les individus immatures. Par la suite, nous avons calculé la proportion des
matures par classe de taille durant la période située entre juin et août
correspondant à la période de maturation chez cette espèce dans le golfe du
Gabès. La taille de première maturité sexuelle qui correspond à la longueur pour
laquelle 50% des individus sont matures a été déterminée en utilisant une
fonction logistique qui relie les proportions d’individus mâtures à la taille du
poisson. La fonction s'écrit sous la forme : P=1/(1 + e-r (L -L50)), avec P :
proportion des individus matures; L : longueur du poisson en cm ; r =
constante de l'équation ; L50 = longueur à laquelle 50% des individus sont
matures. En utilisant le logiciel "FSAS" [3], nous avons ajusté cette équation
sur les données obtenues pour la maturité sexuelle chez C. crysos. Les résultats
concernant les proportions des individus matures prédits (estimés d’après
l’équation théorique) ont été analysés statistiquement par le test χ ² qui est
égal à : χ ² = ∑ (Mi-nPi)2/∑ nPi, où Mi : nombre observé d’individus matures,
nPi : nombre estimé d’individus matures. L'âge théorique à la première maturité
sexuelle a été déterminé à partir de l'équation de Von Bertallanffy : t = t0 -1/K
Log (L∞-Lt / L∞) Lt = longueur du poisson au temps t ; L∞ = longueur théorique
pour un accroissement nul ; t0 = temps théorique correspondant à L = 0 et k =
constante de la vitesse de croissance.

2 ans pour les mâles.
Tab. 1. Pourcentage des individus matures en fonction de la taille chez les
femelles(F), les mâles (M) et les sexes combinés (F+M)de C. crysos du golfe
de Gabès

Tab. 2. Paramètres de la taille à la première maturité sexuelle et tests
statistiques chez C.crytos du golfe de Gabès

Résultats
L’analyse des proportions d'individus matures de C. crysos (tableau1) montre
qu’à une taille (LF) inférieure à 180 mm, aucun individu, quel que soit son sexe,
n'est mature. Par ailleurs, tous les individus observés le deviennent à une taille
(LF) supérieure à 250 mm chez les femelles et à 260 mm chez les mâles. Les
plus petits et les plus grands adultes observés dans nos échantillonnages
mesurent respectivement 182 mm et 358 mm chez les femelles et 181 mm et
351 mm chez les mâles. Les fonctions logistiques pour les femelles, les mâles et
les sexes combinés sont déterminés et s’écrivent comme suit : P= 1/(1 + e0,7345 (L - 222,3)) pour les Femelles, P=1/(1+e0,5125 (L - 210,2)) pour Mâles et P
= 1/(1 + e-0,5827 (L - 216,6)) pour les sexes combinés.
- Les mâles de C. crysos atteignent la première maturité sexuelle pour une
longueur à la fourche de 210,2 ± 0,6 mm (LT= 245,88 mm). Les femelles
deviennent matures lorsqu’elles atteignent une longueur à la fourche de 222,3 ±
0,4mm (LT= 259,79 mm). Chez les sexes confondus, la longueur à la fourche à
la première maturité sexuelle est de 216,6±0,5 mm (LT=253,12 mm).
- Dans le golfe du Mexique, les femelles de C. crysos deviennent matures pour
la première fois à une taille de l’ordre de 267 mm de LF [4]. Les données
observées s’ajustent bien au modèle logistique. Cette méthode s’applique donc
à l’étude de la maturité sexuelle de Caranx crysos du golfe de Gabès.
-La fiabilité des résultats est justifiée par le test χ ². Les valeurs prédites
sont presque identiques aux valeurs observées puisque le χ ² théorique [5] et
[6] est nettement supérieur (χ ² théorique =22,36) au χ ² observé
(χ² observé,femelles=2,82<, χ² observé,mâles =2,04 et χ² observé,sexes combinés=4,95).
Dans le cas de C. Crysos, l'âge théorique de première maturité sexuelle a été
estimé. La maturité sexuelle est atteinte à l’âge de 3 ans pour les femelles et
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Abstract
L’analyse des caractères morphologiques de Caranx crysos du golfe de Gabès (Tunisie) a permis d’identifier l’espèce et la distinguer
des autres espèces de poissons. L’étude numérique a montré un intervalle bien déterminé de chaque caractère étudié. De plus, le
nombre de branchiospines diminue en fonction de la taille et de l’âge du poisson. L’étude biométrique chez les mâles, les femelles et
les sexes combinés, a montré que les caractères métriques étudiés sont bien corrélés à la longueur totale et la nature de l’allométrie
diffère suivant le caractère utilisé.
Keywords: Biometrics, Fishes, Gulf Of Gabes
Introduction
Caranx crysos (Saint-Hiliaire, 1817) est un poisson très répandu en Tunisie,
notamment dans la région Sud du pays (golfe de Gabès) où leur importance
commerciale augmente d’une année à l’autre. Dans ce travail, nous nous
sommes intéressés à l’étude des caractéristiques morphologiques (numériques
et métriques) de cette espèce.

selon une allométrie minorante avec la longueur totale. Toutefois, la longueur de
la nageoire pectorale (LP) évolue suivant une allométrie majorante. Par ailleurs,
la relation entre la taille et les distance prédorsales LPD1 et LPD2 est
isométrique. En revanche, la longueur de la nageoire dorsale LD2, varie suivant
une allométrie minorante avec la taille chez les mâles, alors que la relation est
isométrique pour les femelles (tableau 1). Par ailleurs, les relations entre les
différentes longueurs du corps (LT, Lst et LF) montrent de bonnes corrélations
justifiées par un coefficient de corrélation R2 qui varie entre 0,97 et 0,99. Les
valeurs de la constante ‘b’ dans les différentes équations de croissance relative
sont proches de l’unité. Chez les mâles, les femelles et les sexes combinés
de C.crysos, la longueur totale (LT) croît avec la longueur standard (Lst) et la
longueur à la fourche (LF) suivant une allométrie majorante. La relation est
minorante entre la longueur standard (Lst) et la longueur à la fourche (LF).

Matériel et méthodes
L’étude a porté sur 270 spécimens de Caranx crysos de tailles (LT) comprises
entre 95 et 416 mm (85 mm≤LF≤358 mm). Pour l’étude des caractères
numériques, nous avons groupé les mâles et les femelles de cette espèce. Les
caractères relevés et analysés statistiquement sont les suivants : le nombre de
rayons aux deux nageoires dorsales (D1 et D2) ; le nombre de rayons à la
nageoire pectorale droite (P) ; le nombre de rayons à la nageoire anale (A) ; et
le nombre de branchiospines au premier arc branchial. Ensuite, nous avons
analysé chaque caractère métrique chez les mâles (M), les femelles (F) et les
sexes combinés de cette espèce. Ces caractères ont été relevés au millimètre
près, à l’aide d’un ichtyomètre et d’un pied à coulisse électronique. Les
différentes mensurations effectuées sont les suivantes : la longueur totale (LT) ;
la longueur à la fourche (LF) ; la longueur standard (Lst) ; la longueur de la tête
(T) ; la première hauteur du corps (H1) ; la deuxième hauteur du corps (H2) ; la
longueur de la première nageoire dorsale (LD1) ; la longueur de la deuxième
nageoire dorsale (LD2) ; la longueur de la nageoire pectorale (LP) ; la longueur
prédorsale 1 (PD1) ; la longueur prédorsale 2 (PD2). Chaque caractère (C) a été
décrit par un indice de proportionnalité (I) : I=C*100/LT, où C = caractère
mesuré en mm et LT = longueur totale de poisson en mm ; et une fonction
puissance (Y) : Y= aX b, où Y = caractère mesuré en mm (variable
dépendante) et X = longueur totale en mm (variable indépendante). Après
linéarisation de la fonction, les constantes a et b ont été calculées par la
méthode des moindres carrés. Selon la loi de l’allométrie, b prendrait une valeur
proche de 1. Pour tester cette valeur, nous avons utilisé le test "t" de Student :
t cal= |b-1|/√ s2y(1-R2)/s2x(n-2) ; où s2y = variance de la variable Y (en Log),
s2x= variance de la variable X (en Log), R 2 = le carré du coefficient de
corrélation, n = nombre d’individus examinés et n-2 = degré de liberté. Ensuite,
nous avons comparé t calculé (t cal) à la valeur théorique de t (tth) à un seuil de
5% (Spiegel, 1991) [1].

Tab. 1. Indices de proportionnalité et équations des relations entre les
caractères métriques étudiés et la longueur totale (LT) chez Caranx crysos du
golfe de Gabès, (F : Femelles ; M : mâles)

Résultats
Etude numérique
Caranx crysos du golfe de Gabès possède deux nageoires dorsales séparées par
une distance inter dorsale qui augmente avec l’âge (ID). La première dorsale
(D1) est courte et épineuse, renfermant huit rayons durs ou épines. Au niveau
de la deuxième nageoire dorsale (D2), le nombre des rayons mous varie d’un
individu à l’autre et fluctue de 22 à 25. Comme chez tous les Carangidés, C.
crysos du golfe de Gabès présente une nageoire anale (A) à deux épines coutres
et isolées suivies d’un rayon dur et un nombre de rayons mous qui varie de 19
à 21. Les nageoires pectorales (P) sont longues, contenues 0,9 à 1,2 fois dans la
longueur de la tête. Le dénombrement de rayons varie de 18 à 21 et il est
indépendant de la taille. En revanche, le comptage de branchiospines a montré
une diminution en nombre en fonction de la taille et de l’âge du poisson et ce
nombre varie entre 33 et 42. En comparaison avec les études effectuées par
Fischer et al. [2], les formules radiaires de Caranx crysos vivant en
M éditerranée et en Mer noire et celle peuplant le golfe de Gabès
sont identiques.
Etude métrique
Chez Caranx crysos du golfe de Gabès, les longueurs de la tête (T) et des
hauteurs H1 et H2 et la longueur de la première nageoire dorsale LD1 évoluent
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Abstract
Under the EU CoralFish project, investigating cold water corals in the Eastern Ionian Sea, sonar targets were surveyed with a
remotely operated vehicle at depths of 440-820 m. Information on the bathymetric range, habitat, behaviour, aggregation pattern and
response to the ROV is reported for approximately 30 characterising megafaunal and fish species.
Keywords: Fishes, Crustacea, Deep Sea Ecology, Ionian Sea
Introduction
The CoralFish project aims at assessing the interactions between deepwater
corals, fish and fisheries, towards better ecosystem based management of
European deep waters. Several areas in the North Atlantic and Mediterranean
are being investigated. Rich coral communities have been described off the
southeast corner of Italy [1]. Off the opposite side of this basin, in western
Greece, sites are being investigated to identify and describe coral areas.
Observations by remotely operated vehicle (ROV) on megafaunal organisms
and their behaviour in their natural environment are reported.

Discussion
The results of the present study confirm the megafauna in the deep waters of
the Ionian Sea [2]. More species were observed in the present work, probably
related to the longer duration of the ROV surveys, the larger depth range and
the larger geographical area studied. Although some of the information
collected in this study is already known [3 and references therein], new
insights were gathered regarding the behaviour of the species. The use of
ROVs allows the behavioural study of deep-water species, however, light and
noise disturbance need to be considered.

Materials and Methods
The study area is situated off the west coasts of the islands of Cephalonia and
Zakynthos (Greek Ionian Sea). Surveys were conducted between 300-2000 m
depth in June 2009. Hull mounted multibeam sonar (Seabeam 2021 - 20 kHz)
was used to map the general underwater topography, followed by deep tow
operations (Geoacoustics Deep Tow 2000; Side scan 114/410 KHz; Subbottom Geochirp II, 1-12 kHz) in 4 selected areas. A DSSI Max Rover
remotely operated vehicle (ROV) was used to make observations during 5
dives at 440-820 m depth on specific targets and target areas selected from the
sonar records. The targets had high potential for deepwater coral occurrence.
Live observations were made by scientists on board the support vessel and
recorded material in the laboratory. Data analysis included species
identification, depth range, habitat, behaviour, aggregation pattern and their
reaction to the ROV.

Acknowledgements : The authors would like to thank colleagues at HCMR
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Results
Various species of fish (Chlorophthalmus agassizi, Hoplostethus
mediterraneus, Helicolenus dactylopterus, Pagellus bogaraveo, Polyprion
americanus, Phycis blennoides, Chauliodus sloanii, Lampanyctus crocodilus,
Nezumia sclerorynchus, Hymenocephalus italicus, Etmopterus spinax,
Nettastoma melanurum, Bathypterois mediterraneus, Stomias boa), decapods
(Aristaeomorpha foliacea, Aristeus antennatus, Plesionika giglioli, P. martia,
P. edwardsii), cephalopods (Teuthoidea), anthozoa (Isidella elongata,
Leiopathes
glaberrima,
Desmophyllum
crystagalli,
Funiculina
quadrangularis) echinodermata (Stichopus regalis, Hymenodiscus coronata,
Cidaris cidaris) and cirripedia were observed during the ROV surveys.
Approximately 13 individual fish, 18 decapods, 2 cephalopods, 5 cirripedia
and 47 corals have not yet been identified.
Depth range distribution: species were classified as found a) mainly <500 m
depth (e.g. C. agassizi, P. bogaraveo), b) mainly between 500-700 m (e.g. H.
dactylopterus, H. mediterraneus, A. antennatus), c) mainly >700 m (e.g. I.
elongata, L. crocodilus, C. sloanii) and d) in the whole depth range (e.g. F.
quadrangularis).
Habitat: species were separated into associated with a) mud (e.g. C. agassizi,
I. elongata) and b) rocks (e.g. P. bogaraveo, D. crystagalli).
Behaviour: species were characterised as a) clearly benthic (e.g. I. elongata, C.
cidaris), b) lying inactive or moving on the bottom (e.g. P. martia, P. giglioli,
H. dactylopterus), c) staying just above the bottom, but in close relation with
it (e.g. P. bogaraveo, P. americanus, H. mediterraneus, N. sclerorhynchus, H.
italicus), d) lying on the bottom, but also swimming in the water column (e.g.
A. antennatus, A. foliacea) and e) swimming in the water column (e.g.
Teuthoidea).
Aggregation pattern: a) species presenting a schooling pattern (e.g. P.
bogaraveo, P. gilioli), b) the solitary ones (e.g. P. americanus, C. sloanii) and
c) those showing a dispersed pattern (e.g. C. agassizi, P. martia, H.
mediterraneus).
Reaction to the ROV: species were distinguished as a) remaining inactive (e.g.
C. agassizi, P. martia), b) reacting and leaving the area (e.g. A. foliacea), c)
reacting, but without leaving (e.g. H. dactylopterus) and d) attracted (e.g.
Teuthoidea).
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Abstract
This paper provides information about morphological differences between individuals live and dead green turtles (Chelonia mydas)
hatchlings on Samandag beach in Turkey. A total of 146 hatchlings, taken equally from both live and dead, were examined for the
morphological differences. The dead hatchlings had smaller all carapace length, fore limp length, hind limp length from both side and
lower weight than live hatchlings.
Keywords: Turtles, Eastern Mediterranean
Introduction
Body size and shape have important physiological, evolutional and ecological
for sea turtles [1]. The morphology of hatchlings can increase or decrease
possibility of their surviving [2]. Generally bigger hatchlings are more talented
swimmer and can escape from predators [3]. Hatchling’s morphology of sea
turtles can be affected from both genetic and maternal characteristic and
environmental factors [3,4]. The differences among the size of the hatchling sea
turtles can be caused from the structure of hydric and thermal characteristics of
surroundings of nest in incubation duration [4,5]. The aim of this study was to
evaluate morphological differences between individuals’ live and dead green
turtles (Chelonia mydas) hatchlings on Samandag beach in Turkey.

allow hatchlings to escape gape-limited predators, swim faster and to
successfully handle larger prey items hatchlings i.e “the bigger is beter” [10].
Generally bigger hatchlings can escape from predators [3]. However, survival
of hatchlings can affect negative effect such as its time to leave from the nest of
hatchlings, pollution status on beach and amount of light.
Tab. 1. Summarized statistics of the variables taken for live hatchlings and dead

Material and methods
Data were collected on Samandag Beach (36° 7.500’ N 35° 55.100’ E)
Northern Mediterranean Sea in Turkey during the 2008 and 2009 nesting
seasons. A total of 146 hatchlings, taken equally from both live and dead, were
measured and 8 measurements were taken (Figure 1) using manual callipers
accurate to 0.1 mm. Measures of straight carapace length (SCL), straight
carapace width (SCW), curved carapace length (CCL), curved carapace width
(CCW), fore limb length (FLL) from both left and right, hind limb length (HLL)
from both left and right, weight between live and dead hatchlings were
compared [6,7].
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Fig. 1. Measures of straight carapace length (SCL), straight carapace width
(SCW), curved carapace length (CCL), curved carapace width (CCW), fore
limb length (FLL) from both left and right, hind limb length (HLL) from both

Results and Discussion
The dead hatchlings had smaller SCL (U= 960,00, Z= -6,73, P= 0,000), SCW
(U= 1002,00 Z= -6,553, P= 0,000), CCL (U= 1722,00, Z= -3,726, P= 0,000),
CCW (U= 1272,00, Z= -5,524, P= 0,000) and lower weight (U= 875,00, Z= 7,040, P= 0,000) than live hatchlings (Table 1). Furthermore, there was
significant difference between hatchlings from those in hatchlings from both
FLL and HLL for both side, dead hatchlings had smaller left FLL (U= 972,00,
Z= -6,699, P= 0,000), right FLL (U= 923,00, Z= -6,901, P= 0,000), left HLL
(U= 1863,00, Z= -3,213, P= 0,001) and right HLL (U= 1850,00, Z= -3,274,
P= 0,001) than live hatchlings (Table 1).
Peters and Verhoeven (1992) [8] found that there was a significant difference
between the sizes of live and dead the loggerhead turtles and suggested that
smaller hatchlings were weaker. Similarly, Ozdemir et al. [2] have found that
carapace of loggerhaed dead hatchling is smaller for SCL and their weightiness
is less than loggerhead live hatchling. Whereas; Loughron et al. (2000) [9] found
that there was no significant difference between live and dead hatchlings for
SCL, SCW and weight of the green and loggerhead turtles. The larger size may
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Abstract
Our study confirms that several tuna species spawn in the central Mediterranean, especially in the vicinity of island. Tuna larvae were
found in the four areas sampled (Eolias, Cabo Passero, Malta and Aegean Sea) and represented between 18% and 90% of the total
abundance. The high larval abundances and occurrence of Thunnus alalunga shows that our sampling period coincided with the
spawning peak of this species. Other larvae also found in the assemblages included meso-batipelagic, small pelagic and coastal.
Keywords: Ichthyoplankton, Fishes
Introduction
The Mediterranean Sea is an important spawning area for different fish species.
The aim of this study is describing the fish larval assemblages in four different
areas located in the Central Mediterranean Sea complementing previous surveys
in other Mediterranean locations paying special attention to tuna larvae [1]. The
presence of larval stages of fish will provide valuable information to describe
summer spawning areas for different species in the Central Mediterranean Sea.

assemblages [2], as in our case occurred in Malta. Our results suggest that the
different areas sampled in the Central Mediterranean Sea are spawning areas for
Scombridae fish and, taking into account the high larval abundances and
occurrence of Thunnus alalunga, that sampling period coincided with the
spawning peak of this species. Larval assemblages were composed by fish
groups other than large pelagics. In Eolias, the community was dominated by
Thunnus alalunga and Chromis chromis (a coastal species). Other medium
pelagic fish larvae such as Auxis rochei was also found in the area. Mesobatipelagic fish species followed in importance. The coexistence of these
different groups of larval species has been described in the NW Mediterranean
[3] suggesting some similarities in the larval assemblages of NW and central
Mediterranean. In the Aegean Sea, meso-batipelagic fish larvae dominated the
community represented by Ceratoscopelus maderensis, Cyclotone pigmaea and
Hygophum sp. Thunnus alalunga was also represented in the community.
Ceratoscopelus maderensis and Lampanyctus pusillus, belonging to the mesobatipelagic species, dominated the assemblage. Our study confirms that several
tuna species spawn in the central Mediterranean, especially in the vicinity of
island, and co-occur with larvae of other species.

Material and Methods
Icthyoplankton samples were obtained within the framework of the
oceanographical survey Marviva Med during summer 2008 in four areas in the
Central Mediterranean: Eolias (24 stations, from 15th July to 19th July), Cabo
Passero (8 stations from 24th-25th July ), Malta (5 stations from 25th-26th July)
and Aegean Sea (14 stations, from 5th to 11st July). Surface hauls were
conducted at 1 m depth using Bongo 90 net equipped with 500 microns meshes.
Stations were sampled during daytime and night. Samples were conserved in
ethanol. Once in the laboratory, the fish larvae were sorted out and identified to
the lowest taxonomic level possible, generally, species level.
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Fig. 1. Fish larval species sampled in each area (Cabo Passero, Malta, Aegean
Sea, Eolias). Numbers represent the percentage of each species in relation to the
total larval abundance in each area. Only species representing more than 2% of
the total abundance were included. All stations within areas were pooled
together

Results and discussion
Six species of Scombridae were identified but their presence in the different
areas differed. Eolias was the area with higher diversity of Scombridae, being all
species represented, including Euthynnus alletteratus which was only found
herein, but excluding Katsuwonus pelamys that was only found in Malta.
Thunnus alalunga and Auxis rochei were found in all four areas. However, only
Thunnus alalunga was represented in abundances higher than 2% of the total
abundance in each area. In Malta, the larval assemblage was clearly dominated
by two species, Thunnus alalunga and Auxis rochei ,representing around 90%
of the total abundance of the fish larval species identified. Xiphias gladius, a
species included in the red list of UICN, was found in three areas except in Cabo
Passero. Inversely, Thunnus thynnus was found in Cabo Passero and in Eolias.
Larvae of large and medium pelagic species have been found in large quantities
also in other areas of the NW Mediterranean Sea, defining specific larval
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ASSESSMENT OF MARINE PAINTS BASED ON TUBEWORMS AND SEPIA SHELL
Aida Tadros 1*, Manal El naggar 1 and Fatma Zaghloul 1
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Abstract
Two Marine paints were prepared with the same formulation except one based on tubeworms (AF t) and the second contains Sepia
shell (AFs ). The two paints together with their blank (B) were applied on unprimed steel panel and immersed in seawater. The
biological investigation of the coated surfaces showed (AF s ) inhibits heterotrophic bacteria, actinomycetes and the sulfate reducing
bacteria after 21 days of immersion with 43%, 25% and 64%, respectively, compared to (B). After 70 days of immersion (AF s ) was
free from diatoms, primary stages of macroalgae and the polychaet larvae while primary stages of macroalgae were formed on (B).
Keywords: Diatoms, Fouling, Bio-Accumulation, Chemical Analysis
Introduction
The immersed surfaces in marine environment are usually rapidly colonized by
microorganisms, includes attachment of bacteria, diatoms, fungi, and
protozoans. These are often followed by the settlement of algal spores and
larvae of macro invertebrates. The colonization process is termed biofouling [1].
This study aims to evaluate the antifouling property of tubeworms and Sepia
shell as natural pigments for marine fouling control.
Each of tubeworms and Sepia shell was incorporated individually in similar
marine paint formulation. The paints were applied on unprimed steel panels,
immersed in Eastern harbor (EH) and their coated surfaces were biologically
assessed.

than (AFt) over a period of 100 days of immersion.

Fig. 1. Coated surfaces before immersion
Material and Methods
Tubeworms have been collected from (EH) and Sepia shell is available and easily
obtain. Both washed with tap water, distilled water, dried at 70 ºC and grind till
fine particle size <71µm using sieves.
Chemical analysis; the total C% of tubeworms and Sepia shell was measured in
Micro-analytical Center, Fac. of Sci. Cairo Univ.
Spectrophotometer measurement; 0.1g of each of tube worms and sepia shell in
50 ml D.W. was stirred and the spectrum of each solution was measured after 2,
4,7,8,9, and 10 days.
Marine paint formulation was prepared with a composition of oil binder 25,
iron oxide 10, zinc oxide 24, and complementary pigments 13. Tubeworms
and/or Sepia shell were added with 25 % in the paint. The two paint
formulations together with the blank were applied on unprimed steel panels
10X10X0.5cm, hanged in a frame and immersed in EH. The condition of the
surfaces was followed photographically and biologically inspected [Figs 1&2].
The microbiological examination for heterotrophic bacteria, actinomycetes,
sulfate reducing bacteria and marine fungi and the biological investigations for
diatom and zooplankton population were carried out for the biofilms formed on
(B), (AFt) and (AFs) coated steel panels according to the APHA, 1995 [2].
Results and Discussion
The four different microbial communities were monitored after 7, 14, 21 and 21
and 28 days. The diatom and zooplankton formed on the coated surfaces were
examined and identified after 70, 85 and 95 days.
The C% was found to be 12.22 % and 13.82% for tubeworms and sepia shell
respectively. The spectra of the tubeworms after 8 days showed two
absorption bands at 385 nm and 370 nm respectively, while the aqueous
medium of the Sepia shell showed one absorption band at 270 nm.
The coated steel surfaces were inspected in triplicates for heterotrophic bacteria,
actinomycetes and marine fungi after 7, 14, 21 and 28 days of immersion. The
data indicated that the maximum inhibition for heterotrophic bacteria,
actinomycetes and the sulfate reducing bacteria was observed after the 21 days
of immersion on (AFs). They were significantly inhibited by 43%, 25% and
64%, respectively, compared to (B). After 14 days of immersion the marine
fungi showed to be inhibited by 14% on (AFt) compared to (B).
The results of the biological investigation after 70 days of immersion showed
primary stages of macroalgae were formed on (B). Rare numbers of diatoms
(Navicula, Cosinodiscus and Thalassionema nitzschioides) and rare numbers of
zooplankton species (copepoda, protozoa, and free living nematode and
spionoid larvae of polychaet) were recorded on (B) and (AFt). These species
were attached to the coated surfaces from the surrounding seawater, while (AFs)
surface was free from diatoms, primary stages of macroalgae and the polychaet
larvae. After 85 and 95 days of immersion, frequent forms of primary stages of
macroalgae and rare diatom species (Skeletonema, Nitzschia closterium &
Navicula) were formed on all examined steel coated panels (B, AFt and AFs) and
a detection of only one polycheat larva was observed after 95 day on each
examined coated panel. (AFs) steel coated surface showed better fouling control

Fig. 2. Coated surfaces after 70 days of immersion
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CHANGES IN BENTHIC MACROINVERTEBRATE COMMUNITY IN THE VENETIAN LAGOON (ITALY)
2002-2007
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Abstract
Remarkable changes in the benthic communities of Venice lagoon were observed between 2002-2007. The temporal evolution was
characterized by a general increase of species richness, numerical abundance, biomass and diversity. There was a rapid change
between 2002 and 2003, with an increase of abundance and biomass in the seaward zones of the lagoon. After such a change, these
zones stabilized, while for the inner zones the recovery continued in 2007. The communities of the internal areas shifted from an
organic-adapted community towards a more marine community. Spatial patterns and typical transitional gradients were evidenced
each year. The role of main hydrogeological drivers is also briefly discussed. The study underlines the importance of considering
physiographic zones in describing benthic dynamic.
Keywords: Lagoons, Monitoring, Biodiversity, Sediments
We demonstrate changes in the benthic macroinvertebrate community of the
Venetian Lagoon between 2002-2007. Sixty stations distributed all over the
lagoon were sampled in May-June of 2002, 2003 and 2007 (“MELa Project”
Magistrato alle acque di Venezia / Consorzio Venezia Nuova). A zonal
approach was adopted, by which changes in benthic communities structure are
referred to the different physiographic zones composing the lagoon ecosystem
(Rochford, 1951, Roy et al., 2001, Tagliapietra et al., in press). Five
physiographic zones were identified: the Marine Tidal Deltas, close to the
three sea inlets, the Central Basin and the Sheltered Lagoon, located on the
middle ranges of the lagoon and two landward zones; the Fringe zone and the
Bayhead Estuary. The temporal evolution was characterized by a general
increase of species richness, numerical abundance, biomass and diversity. Both
the total number of species and the average number of species per station
increased, this trend being more pronounced in the Fringe zone and Bayhead
Estuary. The highest species richness was found in 2007 (255 species). The
first two years were characterized by a higher number of organic-tolerant
species, whereas 2007 presented more sensitive ones. There was an increase
of individuals from 2002 to 2003 in all zones, especially in the Sheltered
Lagoon. Such an increase was also observed in 2007, but only for the Marine
Tidal Delta and the Fringe Zone. Numerical abundances were dominated by
polychates and amphipods, being typically higher in the inner zones because
of the occurrence of opportunistic species. Also the biomass increased
considerably from 2002 to 2003 in the Marine Tidal Delta and the Central
basin. In 2007, the increase involved in the inner areas such as the Fringe Zone
and the Bayhead Estuary. Minima were recorded in the Sheltered Lagoon.
Biomass was dominated by bivalves. Exception to this trend was observed in
the Central Basin with a reduction of both abundance and biomass in 2007
compared to 2002-2003. Temporal changes in dominant taxa were reflected in
the trophic composition that shifted towards filter feeders. The diversity
followed the species number and therefore decreased along the transitional
gradient from sea to land. The biomass diversity showed a progressive
increase mainly in the inner typologies, as the Fringe zone and the Bayhead
Estuary. In every year, species richness correlated mainly to residence times
and salinity, then to turbidity and sediment texture. Similarly diversity indexes
correlated to species number although with lower coefficients. The
environmental variables had a relatively low correlation with similarity
matrices of both abundance and biomass. The role of turbidity and sediment
organic matter in structuring the lagoon benthic assemblages was also
important; as an example in the areas with high turbidity the community is
less rich than that expected and characterized by organic-tolerant species. In
the multivariate analysis performed on the abundance, the 2007 samples
resulted quite different from those of 2002 and 2003 which largely
overlapped. The community structure of the internal areas showed a
progressive shift towards the Marine Tidal Delta structure. The shift towards
a Marine Tidal Delta community structure was more evident for the Fringe
Zone samples, especially for those of the Lido Basin. In this context the
Bayhead Estuary stations kept their individuality. Biomass showed a
temporal evolution similar to that of abundance. In conclusion, we found a
rapid change between 2002 and 2003 with an increase of the vigour
(abundance and biomass) in the seaward zones of the lagoon. The Marine
Tidal Delta areas, after a rapid change, stabilized, while for the inner zones the
recovery continued in 2007 with the exception of the Sheltered Lagoon. In
2007 the general overview pointed at an increase of diversity all over the
lagoon. This increase was not followed by an increase of vigour in the Central

Basin where a sensible reduction of both abundances and biomass was
recorded. Our study underlines the importance of considering physiographic
zones in describing benthic dynamic.
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Abstract
A recent ROV exploration of the deepest part of Montecristo Island (Tyrrhenian Sea) documents the occurrence of an extensive
crinoid facies dominated by Leptometra phalangium (Müller J., 1841). This Atlantic-Mediterranean crinoid forms dense populations
up to 10 individuals /m2 all around the island in a depth range between ca. 110-130 m, preferentially settling on coarse detrital bottoms.
Keywords: Tyrrhenian Se, Echinodermata, Zoobenthos, Biodiversity, Bio-Indicators
Introduction
The tiny island of Montecristo is located in the eastern Tyrrhenian Sea at 42°
19.9’N, 10°18.5’E. Montecristo is part of the Tuscan Archipelago National
Park since 1971. A programme designed at the non-invasive exploration of the
flanks of Montecristo island was launched in 2008 to check for the possible
presence of deep water corals down to its deepest stretches. Two exploratory
surveys were conducted in summer 2008 onboard the m/b Angélique 1945, using
the Remote Operating Vehicle (ROV) Prometeo Flat Platform 6+ and the
Global Vision Video Camera (VC), operated by ROBOMAR sas & Co (Fig.1).
The ROV exploration identified and documented for the first time the presence
of an extensive crinoid facies all around the island starting from 108 m down to a
maximum depth of about 132 m.

Fig. 2. The ROV during the operations and two snapshots of the "Crinoid
garden" taken by the ROV's video equipment

The crinoid has been identified as Leptometra phalangium (Müller J., 1841).
This is a common echinoderm distributed in the Eastern Atlantic Ocean and
Mediterranean Sea ([1], [2], [3], [4]). In the Mediterranean Leptometra is well
known to contribute to circalittoral communities, and is widespread in the
Tyrrhenian Sea, including other sectors of the Tuscan Archipelago ([2]).
Acknowledgements : Thanks are due to the Park authorities for granting
permission to work in the waters of Montecristo. SCUBA divers Michele
Ghirelli and Antonio Sperottihelped with ROV buoyancy calibration.
Fig. 1. Island of Montecristo. Map of the surveys
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Results and discussion
The most successful transects were carried out at the sites of Punta Rossa,
Punta Forata and Punta del Diavolo where the ROV imaged a seabottom
characterized by the absolute dominance of crinoids. Spot checks conducted
using VC at other locations around Montecristo further confirmed the ubiquity
of such crinoid facies that results therefore the most relevant one inhabiting the
coarse circalittoral detrital seabottom encircling Montecristo. At the time of our
diurnal survey the quasi totality of crinoids were very active in feeding. Since no
seabottom sampling was allowed beside corals (not encountered during our ROV
investigations) the taxonomic recognition of the crinoid was performed using the
video documentation (Fig. 2).
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RECENT DATA IN THE HARD BOTTOM COMMUNITIES FROM THE ROMANIAN BLACK SEA COAST
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Abstract
The authors present the qualitative and quantitative modifications of hard bottom associated fauna from the Romanian littoral, based
on the analyses of 203 quantitative samples collected between 2001 - 2004. There were identified 152 taxa, with average density of
1,300,000 ind.m-2 and the average biomass of 17,000 g.m-2. Comparing with ‘60-‘70 period, the actual quantitative structure is five to
ten times higher, while from qualitative point of view, the situation is still almost the same.
Keywords: Biodiversity, Zoobenthos, Rocky Shores, Black Sea
Introduction
The hard substratum from the Romanian littoral occupies a small area of about
70 km2. Subsequently, the coastal works and protective dikes construction led
to the increasing of areas with hard substratum and expansion of artificial
epibiont system even more than that of natural one. The improper analysis of
hard bottoms in the past have imposed a sporadic character of the studies, the
latest known studies have been made in ‘60-‘80 period [1, 2].

According to depth the structure of rocky fauna varies significantly. The
forming of associations in mediolittoral, having as dominant species the
crustaceans Hyale perieri, Echinogammarus olivii, Jaera nordmanni,
Xestoleberis aurantia and Xestoleberis decipiens is based on their affinity for
the phytal substratum. The species grouping in the superior infralittoral based
on coenotic affinities evinced the presence of an association numerically and as
biomass dominated by Melita palmata - Microdeutopus gryllotalpa - Amphitoe
ramondi - Alitta succinea - Pilumnus hirtellus. The dominant association in
infralittoral is constituted within a nucleus of 4 species after density: Melita
palmata – Microdeutopus gryllotalpa - Jassa ocia - Stenothoe monoculoides
and 10 species after biomass: Gonothyraea loveni, Alitta succinea, Platynereis
dumerilii, Cryptosula pallasiana, Balanus improvisus, Melita palmata,
Microdeutopus gryllotalpa, Jassa ocia, Athanas nitescens, Pisidia longicornis
(Bray-Curtis similarity) [3].
The trend of increase in the number of taxa with depth show biggest jump in
the range 0 - 8 m of about 40 species from 0 m to 80 species at 8 m.
The average density was about 1,300 x 103 ind.m-2 and the average biomass
was about 17 x 103 g.m-2. The numerical dominants are represented by worms
(580,000 ind.m-2) and crustaceans (650,000 ind.m-2) and as weight by
molluscs (19,500 g.m-2), crustaceans (215 g.m-2) and worms (35 g.m-2).
Meiobental segment represents 87 % of the total average density while the
biomass of macrobental forms over 99 %.
Relationship between numerical abundance and maximum weight of benthic
fauna on natural hard bottoms and artificial hard bottom is 1 : 3 for density
and 1 : 3.6 for average biomass.
Number of crustaceans species reported amounts to 50 (except the copepods)
value that is superior to those cited in 1975 - 1995 period [2]. The current
qualitative structure could be compared with that described for the Agigea
rocky associations in 1961 [1].
The abundances are at least 5 to 10 times higher compared to those of '60s '70s. The average density of 280 x 103 ind.m-2 from Agigea in `70 years have
been much lower than in 2003 - 2004 period which was 1,300 x 103 ind.m2. Comparative analysis shows a profound destabilization of the population
equilibrium, characterized by domination of worms by late of `80s (72 %) at
the expense of other groups (Crustacea 17 %). The current state of benthos
associated with hard substrate falls within the normal evolution (e.g. 38 %
worms, Crustacea 54 %) compared with that of ‘60 period [1].
Taxa whose actual number reported in very low or none in previous years and
which now form well contoured populations at Romanian seaside are
Opercularella lacerata (F-25 %), Ventromma halecioides (F-30 %), Tergipes
tergipes (F-50 %), Ericthonius difformis (F-40 %), Jassa ocia (F-50 %),
Siriella jaltensis (F-20 %), Athanas nitescens (F-60 %), Eriphia verrucosa,
Palaemon adspersus (F-20 %), Pisidia longicornis (F-70 %). Rare species
with single occurrence cited as missing in recent years are Limapontia capitata,
Cymadusa crassicornis, Brachynotus sexdentatus.
Acknowledgements
This work has been financially supported by the National Authority for
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Material and methods
During the period 2001 - 2004, 203 quantitative samples of fauna from hard
bottom have been collected from 10 stations distributed along the Romanian
littoral, by means of SCUBA and free diving. In each station were taken
quantitative samples from 3 depths (0, 1, 2 m). The vertical distribution of the
benthic populations was analyzed based on samples collected from 9 depth
intervals (0-16m) in Agigea area. The collecting method consisted in scraping
of quadrate of 400 cm2 surface (Fig.1).

Fig. 1. Map of the investigated area with locations of sampling sites
(Southern part of the Romanian Black Sea coast)

Results and discussions
The analyses of the samples helped identify 152 taxa (147 species). The
polychaets (49 species) and the amphipods (21 species) were dominant in the
qualitative structure with a share of 50 % of all found species. Qualitative
structure of the taxonomic group is composed as follows: Porifera – 4 species,
Cnidaria – 13, Turbellaria – 6, Nemertina – 4, Polychaeta – 49, Mollusca – 13,
Halacaridae – 2, Bryozoa – 5, Crustacea – 50, Tunicata – 1 and non identified
taxa/group - 5.
In the superior infralittoral (1 to 4m deep), 136 species were recorded, in the
mediolittoral 89 taxa and 85 taxa in the infralittoral (6 to16 m deep).
Based on studies performed, it was concluded that the rock mussels’
biocoenosis ranging between Cape Midia and Vama Veche, represents, in fact,
a biocoenotic unity. Uniformity of structure and development are preserved in
all analysed locations. The share of common species is about 85 % by
abundance, due to 20 dominant species present in all locations.
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Abstract
The paper presents the crustaceans’ populations state in period 2003 - 2008. The total number of species was 66, approximately 60 %
of the total number of species recorded in the NW Black Sea during the period 1960 - 1970. The most abundant crustacean was the
opportunistic species Ampelisca sarsi.
Keywords: Crustacea, Zoobenthos, Black Sea
Introduction. Marine diversity is often a scope of environmental research
especially within the framework of global environmental changes. The pontic
crustaceans’ fauna, although in small number of species, represent a complex
group with a definitory importance in the benthic biocoenosis, from the limit
of breaking waves zone to periazoic level. The state of any benthic
community in the NW Black Sea region represents the “mirror” of ecological
changes along the time, reflected in the “inventory” of the biota quality and
quantity, published in the last 10 years in several papers [1, 2]. Nevertheless,
researches referring to the crustaceans’ population especially from the
Romanian Continental shelf are very scarce.
Materials and Methods. In the period 2003 - 2008, a number of 437
quantitative benthos samples were collected between 0 – 213 m depths by
means of the van Veen-type grab, box corer and multicorer. The offshore
samples were collected during several cruises (R/V „Akademik” 2003, 2006,
R/V „Parshin” 2005, R/V “Poseidon” 2008, R/V „Mare Nigrum” 2006, 2007
and 2008), while the inshore samples during several national projects covering
only the sedimentary substrata. The sampling was done with 0.1 m-2 van
Veen grab, or by 0.25m-2 box corer and 0.15 m-2 multicorer.
Results and Discussion. The analyses of the samples helped identify 66
species (Cirripedia - 1, Amphipoda – 35, Cumacea – 8, Mysida – 3,
Tanaidacea – 2, Isopoda - 6 and Decapoda - 11), approximately 60 % of the
total number of species recorded in the NW Black Sea and 65 % in the
Romanian littoral zone during the period of “ecological prosperity” (Fig. 1).
The mean abundance of the crustaceans’ populations was 1,156.9 indv.m-2 for
density and 5.78 g.m-2 for biomass. There are some differences in the spatial
distribution of crustaceans in the NW Black Sea. The average density and
biomass decrease as far as water depth decrease according to a logarithmic
relation (Density - R2 = 0.84; Biomass - R2 = 0.93), from 1,806.5 ind.m-2 at
0-20 m depth, to 13.3 ind.m-2 at 111-130 m for density and 9.27 g.m-2 at 0.03
g.m-2 for biomass (Fig. 2)

Fig. 2. The numerical abundance of macrobenthic crustaceans’ distribution in
the NW Black Sea region

The deep zone typical populations of crustaceans are stationated at 50 - 81 m
deep. As the depth increases, the effectivenesses and the number of species
decreases progressively. The dominant species in offshore zone are: Ampelisca
sarsi (F-50 %), Perioculodes longimanus (F–46 %), Phtisica marina (F–44
%), Apseudes acutifrons (F–32 %), Balanus improvisus (F–32 %), Apherusa
bispinosa (F–30 %), Iphinoe elisae (F–30 %), Microdeutopus versiculatus (F–
29 %), Caprella acanthifera (F–27 %), Corophium runcicorne (F–25 %) and
Eudorella truncatula (F–25 %). The populations from bathimetric interval 0 –
20 m are more heterogen realising the passage from littoral associations of
sandy substratum to the muddy ones. The average density value recorded in
the littoral zone exceeds 1,860 ind.m-2, being four times higher than in the
deep zone associations (455 ind.m-2). These great values are explainable by
the intercalation of two great biocoenotic associatons: faunistic association on
the hard substratum and those from sedimentary substratum (implicit the
spreading of hard substratum species in the structure of sedimentary
associations) and also by the structure of littoral populations dominated in
majority by the A. sarsi (F–55 %, 1,300 ind.m-2), B. improvisus (F – 35 %)
and Iphinoe maeotica (F-25 %). Zernov’s Phyllophora Field became one of the
most outstanding examples concerning the ecosystem degradation and
biodiversity losses. The knowledge of the Phyllopora association state
represents the key to the ecosystem recovery valuation. Without considering
the modifications suffered, the maximum diversity of crustaceans (32 species)
remains within the initial areal with Phyllophora due to habitats’ variability
(macrophytes, mussels clumps) (Fig. 1). Concluding, the observations made
show a major restructuring of the existent populations through the great
number of constant species, which dominate the benthic biocoenosis.

Fig. 1. The number of species of macrobenthic crustaceans’ distribution in the
NW Black Sea region
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Abstract
Abundance, biomass and diversity patterns of bathyal and abyssal Mediterranean megafauna were analysed. Sampling was conducted
with a bottom otter-trawl at depths ranging from 600 to 4000 m in the western Balearic Sea, the western Ionian Sea, and the eastern
Ionian Sea. A general decline in diversity with depth along the three zones was found, while influence of geographic area was less
marked.
Keywords: Biodiversity, Deep Sea Ecology, Western Mediterranean, Ionian Sea
The Mediterranean deep-sea environment is an optimal natural laboratory to
study ecological processes. Commercial trawling reaches depths of 900 m
maximum, allowing for studies of non-impacted environments below this depth.
Knowledge of benthic megafaunal diversity and its patterns of variation between
basins is at present very scarce.

suggesting that below 1500 m there are no major changes in assemblages
structure with depth. The three zones exhibited a comparable species richness
down to 1500 m depth, but after this limit only the western Balearic basin
maintained a Margalef index of above 2.0, while in the Ionian basins (both
western and eastern) values decreased rapidly. We suggest that higher surface
productivity and coastal input of the western Balearic basin supply the
necessary energy to sustain a diverse community at lower depths in this zone.
In the more oligotrophic Ionian Sea, organic matter arrival to the lower slope and
deep basin is reduced, forcing a decrease in diversity earlier in the depth range.

Fig. 1. Map of Mediterranean Sea, with sampled areas indicated

Megafaunal samples were collected in 26 OTMS trawls between 600 and 4000
m during a trans-Mediterranean cruise (June 2001, Fig. 1). The western Balearic
basin, the western Ionian sea and the eastern Ionian sea were investigated. The
megafauna was identified to species level, counted and wet weighted (± 1 g). A
faunal list was compiled, indicating occurrence of each species in each zone.
Species richness, Shannon-Wiener H’, Margalef’s diversity and Pielou’s
evenness indexes were calculated for each sample. Similarity of community
structure amongst samples from all geographic areas and depths was visualised
with a non-metric multidimensional scaling (MDS). Two-way similarity
percentages (SIMPER) statistical routine was conducted, using “depth” and
“basin” as crossed factors and Bray-Curtis measure as similarity [2].
The most speciose groups were Actinopterygii (45% of species), crustaceans
(32.4% of species) and Chondrichthyes (7.8% of species). Across the whole
dataset, Margalef species richness index shows a significant decrease with depth
and negative linear correlations between species richness and depth were found
for each of the three zones considered separately. Pielou’s index increased with
depth in the western Balearic basin, with an abrupt decrease at 1230 m caused
by the abundance peak of the fish Alepocephalus rostratus in the western
Balearic. A similar pattern was present in the western Ionian, with a decrease of
the index at 1500 and 1700 m caused by the spiderfish Bathypterois dubius. The
biology of this species is more adapted to the scarce trophic resources, although
the exact reasons for this dominance of B. dubius are, at present, not described.
Species evenness at the two abyssal depths was low compared to the rest of the
western Ionian basin. In the eastern Ionian Sea, the evenness index showed an
inverted V-shape pattern. Shannon-Wiener index, along with standardized
biomass, are shown in Fig. 2.
According to SIMPER analysis, dissimilarity in community composition
between the western Balearic basin, the western Ionian and the eastern Ionian,
across all depth ranges, is mainly caused by the fishes A. rostratus and C.
mediterraneus, the shark C. coelolepis and the decapods A. antennatus, P.
typhlops, and G. longipes. The MDS showed a clear depth zonation. The trawls
at 600-800 m grouped together, confirming the middle slope subdivision [3]. The
depth range 1000-1700 m showed the higher dispersion between trawls, as
previously reported for fishes and crustacean assemblages in the Mediterranean.
The deepest assemblages at 1700-3000 m, along with the two trawls conducted
at 3300 m and 4000 m in the central Ionian abyssal plain, grouped together,

Fig. 2. Standardized biomass (gray bars) and values of Shannon diversity index
(lines) for the three studied areas
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OSMOTIC STRESS EFFECTS ON THE BIOCHEMICAL COMPOSITION OF THE DIGESTIVE GLAND OF
THE SCALLOP FLEXOPECTEN GLABER
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Abstract
This study refers to the biochemical composition of the digestive gland of Flexopecten glaber. Results show that the hyposmotic and
the hyper-osmotic stress induce a decrease in the total content of glycogen and lipids. The osmotic stress induces an increase of the
polyunsaturated fatty acids and the (n-3) group; mainly the C18:3n-3 and C18:4n-3. Conversely the EPA (C20:5n-3) decreases as a
response to any variation of salinity around the optimal salinity rate (35 psu).
Keywords: Bivalves, Physiology, Aquaculture
Introduction
The digestive gland plays an important role in the physiology of the mollusk
bivalves. This organ is mainly involved in the storage of lipids and glycogen
([1], [2], [3]). In this study we investigated the effects of salinity variation on
the biochemical composition (glycogen, lipids and fatty acids) of the digestive
gland of the scallop F.glaber.

en solvant. Revue française des corps gras n4.
7 - Hall J.M., Parrish C.C., and Thompson R.J., 2002. Eicosapentaenoic acid
regulates scallop (Placopecten magellanicus) membrane fluidity in response to
cold. Biol. Bull., 202:201–203.

Material and Methods
Individuals of F.glaber were acclimated for 3 weeks under constant
temperature (15°C) and different salinity rates (25, 30, 35 and 40 psu).
Scallops were fed a monoalgal diet based on Isochrysis galbana. The total
glycogen was analyzed according to the enzymatic method [4]. Total lipids
were extracted according to Folch et al. method [5]. Fatty acid methyl esters
were obtained according to [6] and analyzed on a HP 6890 gas chromatograph.
Statistical analyses were carried out using the software-program Statistica 6.0.
Data were analyzed for significant differences of means, ANOVA, and
inspected by Duncan test at the level of 5%.
Results and Discussion
Results showed that total glycogen and lipids contents of the digestive gland
decrease significantly mainly at 25 psu (2.66 mg/g and 60 mg/g respectively)
and 40 psu (2.22 mg/g and 64mg/g respectively) in comparison with the
optimal salinity of 35 psu (3.95 mg/g and 81mg/g respectively). Concerning
fatty acids, we noted that the elevation (40 psu) and diminution (25 psu and
30 psu) of salinity induce an increase of the åPUFA (Polyunsaturated fatty
acids) as well as the åMUFA (Monounsaturated fatty acids) and a decrease of
the åSFA (Saturated fatty acids) compared to the control salinity (35 psu).
We also noted an elevation of the å(n-3) and å(n-6) under hyposmotic and
hyperosmotic stress. We recorded that the osmotic stress induces an increase
of the C18:3n-3 (from 0.7% at 35 psu to 6.25% at 30 psu and 4.66% at 25
psu) and the C18:4n-3 (from 2.24% at 35psu to 12.59% at 40 psu and
10.45% at 30 psu). Conversely we noted a significant diminution of the EPA
(C20:5n-3) from 7.08% at 35psu to 3.42% at 40 psu and 3.48% at 25 psu.
Recorded results are linked with the role played by the PUFA (mainly n-3) in
the regulation of permeability and fluidity of the membrane; specially the EPA
which may serve as a substrate for prostaglandin biosynthesis as a stress
response [7].
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COMPARATIVE FATTY ACIDS PROFILES OF FLEXOPECTEN GLABER DIGESTIVE GLAND UNDER
STARVATION AND MONOALGAL DIET CONDITIONS
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Abstract
The starvation effects on the fatty acids composition of the digestive gland of the scallop Flexopecten glaber were underwent in this
study. Results show that food deprivation induces a diminution of the amounts of the EPA (C20:5n-3) and the DHA (C22:6n-3) as
well as the n-3/n-6 ratio. Meanwhile, a selective retention, in terms of increase of percentage, of the AA (C20:4n-6) in unfed
specimens is recorded.
Keywords: Aquaculture, Bivalves, Physiology
Introduction
In scallops, the digestive gland is the most important organ involved in lipids
reserve storage [1, 2]. The fatty acids composition of the digestive gland
essentially depend on the food availability [3]. In this study we compared the
fatty acids profile of the digestive gland of Flexopecten glaber under two
nutritional conditions to asses the effects of the food deprivation on fatty
acids composition of this organ.

Tab. 1. Fatty acids percentages in the digestive gland of F. glaber starving and
fed on monalgal diet conditions. ΣSFA: total saturated fatty acids; ΣMUFA:
total monounsaturated fatty acids; ΣPUFA: total polyunsaturated fatty acids

Materiel and Methods
Tow groups of 6 individuals of F. glaber were acclimated for 3 weeks at
constant temperature (15°C) and salinity (35 psu). The first lot was fed a
monoalgal diet based on Isochrysis galbana; whereas the second group was
starving. Total lipids were extracted according to the Folch method [4]. Fatty
acid methyl esters were obtained according to [5] and analyzed by a HP 6890
gas chromatograph. Statistical analyses were carried out using the softwareprogram Statistica 6.0. Data were analyzed for significant differences of means
and inspected by Duncan test at the level of 5%.
Results and discussion
Results, reported on the table 1, show that under food deprivation the
Saturated Fatty Acids decrease in general; the most pertinent diminutions
concern, however, the Myristic acid (C14:0), the Palmitic acid (C16:0) and the
Stearic acid (C18:0). Also, under the same starvation condition, a significant
decrease of the n-3 polyunsaturated fatty acids is recorded (from 23.45% in
the fed lot to 7.52% in the unfed lot). Oppositely, an elevation of the n-6
polyunsaturated fatty acids is observed (from 4% to 19.42% respectively).
Consequently, the deprivation effect is the decrease of the n-3/n-6 ratio.
Within the Polyunsaturated Fatty Acids decrease trend, the most important
starvation effects are observed for EPA (C20:5n-3) and DHA (C22:6n-3)
amounts. Contradictory, the amount of AA (C20:4n-6) is maintained at
significantly higher level. This phenomenon of selective retention of the ALA,
which is involved in the prostaglandin synthesis [6], would correspond to a
survival strategy and a mean to stand starvation stress adopted by the
mollusk. Similar results were recorded in neutral lipids of starved mussels [7].
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MAY THE IDEA OF PARTITIONING THE PELAGOS SANCTUARY IN AREAS OF SPECIFIC INTERESTS
SOLVE THE PROBLEM OF HOW TO PROTECT 100,000KM2? THE SPERM WHALE CASE
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Abstract
The 2009 acoustic "scan" realized inside the Pelagos Sanctuary aimed to get information on the sperm whale distribution. Results
indicate some aggregations and specifically close to hotspots determined by a previous study. This information can be used to
concentrate mitigation effort needed for Pelagos Sanctuary's efficiency.
Keywords: Deep Waters, Cetacea, Ligurian Sea
Introduction
The establishment of the Pelagos Sanctuary is the first step that aims to focalize
on the necessity to protect the cetacean and their ecosystem. However, its
efficiency depends totally on the proposed mitigation instruments and on our
knowledge of the different cetacean populations inhabiting the area. Indeed, the
northwestern area being extensively used by maritime transport, fisheries,
militaries as well as the coast, conflicts of interests slow down the processes of
protection. At the same time, 8 species of cetaceans are considered as
commonly seen in the Pelagos Sanctuary and the area is used differently by each
one of them [1]. A possible alternative is to partition the Pelagos area in
particular specific areas where one specific risk has to be solved for a specific
species. Based on the 2009 "scan" realized for the ISHMAEL project inside the
Pelagos Sanctuary, the study discusses the obtained sperm whale distribution
according to hotspots previously characterized.

597 initial positions. In total, 42 were positive with sperm whales; 14 amongst
postive stations are considered to detect different individuals (12 stations in the
northern part of the sanctuary and 2 off Corsica; fig. 1). The probability to hear
sperm whale is 0.06. The estimated number of animals encountered is 17 whales
while 8 have been sighted. According to the 4 hotspot obtained by [2], 4 of the
12 stations of the northern part of the Pelagos Sanctuary are inside or close
three of the hotspots. This result seems to confirm that specific areas are
inhabited repeatedly by the species and thus this information can be used to
design areas with major attention.
Acknowledgements: ISHMAEL project is fund by Fondation TOTAL. We also
thanks Participe Futur for their participation to the project and in particular all
the eco-volunteers.
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Material and methods
In 2009, a large "scan" of the Pelagos Sanctuary was realized by two vessels:
Menkab, the research boat of the Biology Department of the University of
Genoa and Halifax, the sailing boat of the NGO Participe Futur. The "scan"
focuses on the area encompassed by the 500m and 2500m isobaths organized in
597 acoustic stations. On each station, we use an omni-directional hydrophones
(with a range of about 3 NM from the station) to detect sperm whales. In some
cases after the positive detection on Menkab, it has been decide to localize the
animal with a prototype 3-D hydrophone in order to test the capacity to find
the animal and continue eventually with photo-id protocol. Visual detection was
also performed between the acoustic stations with 4 trained observers watching
the 360° around the boat.

1 - Azzellino, A., Gaspari, S., Airoldi; S. and Nani, B., 2008. Habitat use and
preferences of cetaceans along the continental slope and the adjacent pelagic
waters in the western ligurian sea. Deep-Sea Res. I, 55: 296-323.
2 - Moulins A., Ballardini M., Rosso m. and Würtz M., 2008. Partition of the
Pelagos Sanctuary (north-western Mediterranean Sea) into hotspots and
coldspots for cetacean sightings. J. Mar. Biol. Ass. U.K., 88(6): 1273-1281.

Fig. 1. Distribution of the initial 597 acoustic stations (small dots), 294
have been checked (white dots), 42 resulted positive to sperm whale
presence (black dots). Isobaths of 1000m and 2000m are represented

Results and discussion
During 2009, about 294 acoustic stations where performed: 52 by Halifax in 18
days and 242 by Menkab in 23 days; however, only 189 were performed on the
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CHANGES IN MESOZOOPLANKTON ABUNDANCE, BIOMASS AND SPECIES COMPOSITION WITH
DEPTH IN THE LEVANTINE BASIN (EASTERN MEDITERRANEAN)
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Abstract
Species composition, abundance and biomass distribution of mesozooplankton species with depth were studied in the Levantine basin
(eastern Mediterranean) within the framework of SESAME (Southern European Seas: Assessing and Modelling Ecosystem changes).
Copepods were found to be the dominant group at all depth layers sampled during both sampling periods. Mesozooplankton biomass
and abundance varied between 2.2-18.1 mgm-3, 72.28-757.55 ind.m-3 in April 2008 and 0.98-4.67 mgm-3 and 99.54-492.52 ind.m-3 in
October 2008, respectively. Mesozooplankton biomass and abundance tend to decrease with depth.
Keywords: Levantine Basin, Biomass, Zooplankton , Eastern Mediterranean
Introduction
Mediterranean and particularly the eastern Mediterranean is considered to be
one of the extreme oligotrophic regions in the world, in terms of both primary
productivity and chlorophyll a concentrations (1). Zooplankton form an
important link in the pelagic food web due to the transfer of energy from
unicellular algae to higher trophic levels (2). Studying zooplankton
communities are especially crucial for not only detecting ecological changes
and understanding the functioning of pelagic ecosystems, but also in terms of
fisheries. The aim of this study was to determine the vertical distribution of
mesozooplankton biomass & abundance and species composition in the
oligotrophic Levantine basin.

Appendicularians were more abundant in the layers 0-50 and 50-100 m. In
general, Clausocalanus furcatus, C. paululus, C.pavoninus,O. plumifera in the
layer 0-50 m., C.contractus, C styliremis ,C. pavo, C. jobei, O. setigera, F.
rostrata in the layer 50-100 m and C. paululus, H. longicornis, M. clausi, P.
denudatus, O. setigera, M. minor in the layer 100-200 m were found abundant
copepod species. Changes in mesozooplankton biomass and abundance at
stations during April & October 2008 are shown in fig2. In April 2008,
mesozooplankton biomass and abundance varied from 2.20 mg m-3 (F50N00,
100-200 m) to 18.10 mg m-3 (E30N00, 50-100 m) and from 72.28 ind
(G10N00, 100-200m) to 757.55 ind m-3 (E30N00, 50-100 m), respectively.
Mesozooplankton biomass and abundance in October 2008 found to vary
from 0.98 mg m-3, 99.54 ind m-3 (E30N00, 100-200 m) to 4.67 mg m-3, 492.52
ind m-3 (E10N00, 0-50 m), respectively. Mesozooplankton was more
abundant in April than in October and both biomass and abundance values
tend
to decrease with depth.

Material and methods
Mesozooplankton samples were collected from standard layers (0–50, 50–
100, 100–200 m), with the aid of a WP2 closing net of 200 µm mesh size
during daytime (06:00-18:00) from the Levantine basin (Fig.1) in April and
October 2008. All samples were split into two halves for the estimation of
biomass (dry weight) in one and
for species identification in the other.

Fig. 2. Changes in mesozooplankton biomass and abundance in all sampling
stations
Fig. 1. Location of the sampling stations in the Levantine Basin
Acknowledgements Present study was carried out in the northern Levantine
basin within the framework of SESAME. Thanks are also due to academic
and technical staff of the Institute of Marine Sciences of METU.

Results and Discussion
A total of 145 taxa were identified from the basin. Copepods were found as
the dominant group at all layers during both sampling periods. In April 2008,
copepods and siphonophorans were generally more abundant in the layer 050m (except E30N00), whereas, doliloida and appendicularians in layers 0-50
and 50-100 m, ostracoda in layers 50-100 and 100-200 m were found more
abundant. In April, Calocalanus styliremis, Clausocalanus jobei, C.
parapergens, C. paululus, Lucicutia flavicornis, Mecynocera clausi,
Paracalanus dunudatus, P. nanus, Farranula rostrata, Oithona plumifera, O.
setigera, Oncea media groups, Oncea mediterranea dominated the top 50 m
whereas C. contractus, Ctenocalanus vanus, Haloptilus longicornis, L.
flavicornis, M. clausi, P. denudatus, P. nanus, F. rostrata, O setigera, Oncea
media groups became dominant in the layer 50-100 m. Finally copepod
species namely H. longicornis, O. setigera, Mormonilla minor and O.
mediterranea dominated the layer 100-200 m . In October 2008, copepods,
chaetognaths, siphonophorans and cladocerans were more abundant in the
layer 0-50 m , while Ostracoda was found higher in the 50-100 m depth range.
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A PRELIMINARY STUDY ON THE MACROZOOBENTHIC INVERTEBRATE FAUNA OF TWO BANKS IN
THE NORTH AEGEAN SEA
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Abstract
In this study, two high sea banks on the North Aegean Sea were sampled. The Johnston Bank has 41 m. depths with coralligenous
habitat and The Sinaya Bank has 130 m. depths with mud-sandy habitat. Totally 2288 individuals belonging to 51 taxa in Johnston
Bank and 490 individuals belonging to 17 taxa in Sinaya Bank were sampled. We assume that The Johnston Bank is an important
spawning ground for many benthic species and needs protection.
Keywords: Aegean Sea, Zoobenthos, Eastern Mediterranean
Introduction
Benthic studies in the North Aegean Sea are mostly on communities and
species check-list [1], [2], [3]. The Aegean Sea has several banks what makes it
very important for benthic biodiversity. However, the studies on these banks
are limited. The characteristics of the benthos of Bruker, Mansell and Stocks
banks were comparatively studied [4] and the most complicated trophic
structure was found at the Stocks bank whereas the simplest one was near the
Lesbos Island. A recent study was conductedon the habitat structure and
biological characteristics of a maerl bed off the northeastern coast of the
Maltese Islands [5]. Two stations were monitored to study temporal variation
in species diversity. The maerl bed proved to have high species diversity with
244 animal and 87 algal taxa recorded; Bittium latrelli was the dominant taxa.

biodiversity and an action plan for these habitats in the Mediterranean Sea was
prepared by RAC/SPA [6]. These high sea banks should be protected from the
bottom trawling and similar harmful fishing activities. We assume that
Johnston Bank could be set as a marine protected area as it is an important
spawning ground in the Northern Aegean Sea and a coralligenous habitat. More
detailed studies are needed in the high sea part of the Aegean Sea.
Tab. 1. Number of individual (i.nm.) and dominance (D%) in the stations

Material and Methods
Two high sea banks were studied at the North Aegean Sea. The Sta.1 is known
as Johnston Bank at 41 m depth surrounded by depths of 200-500 m. The
Sta.2 is known as Sinaya Bank at 130 m surrounded by depths of 200-300 m
(See Map.1). The samples were taken by dredge with 2 knot speed during 10
minutes at the end of November 2008. The water temperature, salinity and
dissolved oxygen were measured by SeaCat 19plus CTD profiler. The samples
were counted, identified and fixed.
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Fig. 1. Map of the sampling stations (revised from http://odv.awi.de)

Results and Discussion
Totally 51 taxa were sampled at the Sta. 1 and 17 taxa at Sta.2. At the Sta.1,
Gammarus locusta was the most dominant species with 26,75 % followed by
Bittium latrelli with 24,56 %. At the Sta.2, Parapenaeus longirostris was the
most dominant species with 69,39 % (See Table 1.). Water temperature was
measured as 16,55 °C at the Sta.1 and 16,27 °C at the Sta. 2. The salinity was
39,2 ‰ and dissolved oxygen was 6,5 mg/l at the both stations. According to
the results, the oceanographic conditions were almost similar at Sta.1 and Sta.2
but the main differences are depth and habitat structure. The main habitat of
Sta.1 is coralligenous with 41 m. whereas it is sand-mud in Sta.2 with 130 m.
The dominant species at the Sta.2 (P. longirostris) is consistent with [3], and
that of Sta.1 (B. latrelli) is coherent with [5]. Beside this, the number of
collected individuals is 2288 belonging to 51 taxa at the Sta.1 and 490 belonging
to 17 taxa at the Sta. 2. Many of the individuals at the Sta.1 were observed in
juvenile stage. Coralligenous habitats are important in terms of marine
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Abstract
The annual landings of the Mediterranean fisheries were analysed for the period 1970-2005 and classified into exploitation categories
based on the shape of the catch curve and the year of overall maximum catch. In 2005, about 22% of the Mediterranean fisheries are
characterised as crashed, 39% as overfished, 23% as fully exploited, whereas developing fisheries were confined to less than 16%.
These results, although encouraging compared to available global estimates, sound the alarm of fisheries sustainability, and ask
immediate conservation and management measures.
Keywords: Fisheries, Conservation
Introduction
Despite the long history of fisheries exploitation of the Mediterranean Sea, data
concerning stock assessment are lacking or sporadic, thus inducing a strong
impediment for the management of this large marine ecosystem as a whole.
Existing stock assessment attempts concern a low number of species, when
compared to the multispecies assemblages exploited (i.e. more than 150
commercial species). In contrast, the long time-series of landings available, offer
a useful and cheap, yet in some cases unreliable, background information for
evaluating the status of fisheries, as well as their ecological footprint [1]. The
aim of the present work was to assess the exploitation status of the
Mediterranean fisheries stocks for the period 1970-2005 using the methodology
of [2], and compare them with the corresponding global trends and/or similar
work performed elsewhere.
Materials and methods
The annual landings, expressed as live weight equivalent of catches, have been
recorded since 1970 for the Mediterranean and the Black Sea (FAO area 37) by
the General Fisheries Commission for the Mediterranean (GFCM) [3]. The
GFCM catch data refer to the legal and reported large- and small-scale fisheries,
excluding discarded catch, illegal, unreported, recreational and sport fishing.
Catch statistics were extracted from the GFCM dataset for all available records
or stocks (=species-area combinations). The annual status of fisheries (19702005) was classified into one of the following four categories: developing, fully
exploited, overexploited, and crashed [2]. The classification is based on the
relationship between the catches of a given year compared to the year of
overallmaximum catch. Thus, in a developing fishery, the year of catch is before
year of maximum catch, and catch is less than 50% of the overall maximum
catch; in a fully exploited fishery the catch is greater than 50% of maximum
catch; in an overexploited fishery, the year of catch is after year of maximum
catch, and catch is between 10% and 50% of the overall maximum catch; and in a
crashed fishery, the year of catch is after the year of maximum catch, and catch
is below 10% of the overall maximum catch.

Fig. 1. Trend in the status of Mediterranean marine fisheries resources (19702005) based on FAO statistics (status definitions adopted by [2])

Since traditional management schemes seem to have failed to prevent exhaustion
of the marine resources, future management should be directed towards reducing
fishing effort and excluding large areas from fisheries exploitation.
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Results and Discussion
Based on the overallmaximum landings, which varied among stocks, in 2005 (the
most recent year available), 336 out of the 1480 stocks analysed can be
classified as crashed (22.7%), 583 as overfished (39.4%), 335 as fully exploited
(22.6%) and 226 as developing (15.3%). In the 1970s, the majority of the stocks
were largely underexploited and most fisheries (around 80%) were developing
(Fig. 1). Only a few stocks were overexploited and even fewer can be
characterised as crashed. Over the last 20 years, however, an increasing
percentage (averaging 19.6% for 1996-2005) of stocks suffers from
overexploitation. The cumulative percentage of overfished and crashed stocks
increased dramatically from 10% in 1977, to 20% in 1987, 30% in 1990, 40% in
1995, 50% in 2000 and 60% in 2005. Interestingly enough, the percentage of
fully exploited stocks has remained rather unchanged since 1970 (averaging
23.6±2.52% for 1970-2005). The degree of exploitation of the Mediterranean
fisheries is disappointing compared to previous estimates for the area (74% of
the Mediterranean stocks are either fully exploited or overexploited: [4]) but
encouraging compared to the current global pattern (the developing fisheries are
less and the overexploited/crashed ones are more: [5]), the NE Atlantic and the
North Sea (in 1999, 50% of fisheries were overfished or collapsed: [2]).
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Abstract
The mean trophic level (τ) of the Mediterranean farmed fishes (i.e. excluding crustaceans, cephalopods and bivalves) was estimated
on a country basis for the period 1950-2004. Overall, τ increased from a mean value (±SD) of 2.68 (±0.044) for 1950-1959 to 3.21
(±0.031) for 2000-2004, thus confirming that the Mediterranean food webs, overall, are being farmed up. However, the pattern was
not uniform across countries; France, Italy Turkey and Israel are farming progressively higher trophic level fishes, while the mean
trophic level of farmed fish is declining in Greece, Egypt and Croatia. The overall trend toward farming farming up should be reversed,
because it implies non-sustainable pressures on Mediterranean ecosystems.
Keywords: Aquaculture, Fisheries, Fishes, Food Webs
Introduction The trophic level (τ) of fisheries landings and mariculture
production has been used to evaluate both their status and that of their
supporting ecosystems, notably by testing whether marine food webs are
fished down [1] or farmed up [2]. The selective removal of large, high trophic
level organisms by fishing lowers their relative contribution to the landings,
which are progressively dominated by small fishes, while their mean trophic
level declines. The opposite occurs when the contribution of large, hightrophic level organisms produced by mariculture operations increases, and
hence the mean trophic level of their aggregate output increases. Both
processes are indicators of absent sustainability and ecosystem health; the
latter poses additional economic and ethical concerns [2]. The aim of the
present work was to assess the extent of farming high-trophic level fishes
across the Mediterranean and identify which countries and species contribute
to the overall farming up trend of the Mediterranean aquaculture, recently
demonstrated to occur based on aggregated data [2].
Materials and methods The marine and brackish water aquaculture
production of fishes (i.e., excluding crustaceans, cephalopods and bivalves) of
the Mediterranean and the Black Seas was extracted from the GFCM (General
Fisheries Commission for the Mediterranean) dataset for the period 19502004 [3]. The mean weighted τ [4] for each year was calculated for the
Mediterranean part of each of the countries with such production, based on
specific estimates of τ taken from the literature, or from FishBase
(www.fishbase.org).
Results and Discussion Overall, τ increased from an average value (±SD) of
2.68 (±0.044) for 1950-1959 to 3.21 (±0.031) for 2000-2004, thus confirming
that the Mediterranean food webs are being farmed up and that farming up is
the result of culturing high trophic level fishes. This confirms the trend
established by an earlier analysis of the farming-up effect in the Mediterranean
[2]. However, the absolute values of τ are not straightforwardly compared, as
their pertained to a shorter time period (1970-2004), and were based on more
aggregated data. The main fish culturing Mediterranean countries for 2004
were Greece (65000 t), Turkey (47000 t), Egypt (43000 t), Italy (14000 t),
France (5000 t), Croatia (4000 t) and Israel (3000 t). From these countries,
Turkey (mean τ±SD=3.46±0.001), France (mean τ±SD=3.50±0.015), Italy
(mean τ±SD=3.36±0.116) and Israel (mean τ±SD=3.45±0.005) are
progressively culturing higher trophic level fishes, whereas Greece (mean
τ±SD=3.44±0.001), Egypt (mean τ±SD=2.40±0.204) and Croatia (mean
τ±SD=3.48±0.007) are not (Figure 1, mean τ refers to 2000-2004). The rate of
τ increase is higher in Italy (0.15 per decade) and Turkey (0.05 per decade)
compared to France (0.015 per decade) and Israel (0.02 per decade) and is
mainly attributed to the increasing percentage of cultured seabass
(Dicentrarchus labrax) and seabream (Sparus aurata). The declining
percentage of low trophic fishes in the Mediterranean aquaculture may
enhance this trend in the future. It should be noted that the effect of bluefin
tuna (Thunnus thynnus) fattening [5] was not yet identifiable in the 2004
dataset. As noted earlier [2], the farming of seabass and seabream, and the
fattening of bluefin consume far more fish (sardine, anchovies, etc.) for feed
than these operations produce, which thus contribute to reducing the net
supply of fish available for human consumption. Along with the many
environmental problem caused by the farming of carnivorous fish, this argues
for a need to return to more sustainable forms of mariculture, notably bivalve
aquaculture, which has a long tradition in the Mediterranean.

Fig. 1. Mean weighted trophic level variability of the Mediterranean cultured
fishes for the main producing countries (1950-2004). The four bottom panels
(Egypt, Italy, Croatia and Total Mediterranean) are not in the same scale.
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Abstract
The aim of this study was to examine temporal changes in feeding type composition of a macrobenthic gastropod community in
Thermaikos Gulf, north Aegean Sea. Throughout the sampling period a gradual increase in the abundance of carnivores was observed,
which implied a natural or anthropogenic disturbance in the area during the study period.
Keywords: Aegean Sea, Gastropods, Mollusca
Introduction
Hydrodynamics and other environmental parameters may induce temporal and
spatial changes in feeding guilds composition in marine sediments, eventually
modifying the structure of macrobenthic communities [1]. Moreover, trophic
type composition of benthic mollusc communities has been used as indicator of
environmental stress induced by organic enrichment [2]. This study investigates
temporal modifications of macrobenthic mollusc communities in the north
Aegean Sea on the basis of feeding guild composition.
Materials and Methods
Three annual samplings were carried out from summer 2001 to winter 2004.
Three vertical transects along the NE coasts of Thermaikos Gulf were set up
and six stations were selected for benthic macrofauna sampling using corers, at
depths between 3 and 10 m. Gastropods were classified into five feeding guilds:
carnivores, detritus feeders, herbivores, suspension feeders and parasitic species
([1], [2], [3], [4]). The non-parametric Kruskal&amp;ndash;Wallis test was used
to confirm or reject the null hypothesis that the distribution of each feeding
type was the same during the sampling period [5].
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molluscs as indicators of environmental stress induced by organic enrichment. J.
Nat. Hist., 42: 559-574.
3 - Bloom S. A., 1983. Seasonality and structure of a macrobenthic seagrass
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Results and Discussion
In total, 6931 gastropods were collected and identified in 62 species. Of these,
33 were assigned to carnivores, 14 herbivores, 7 detritus feeders, 2 suspension
feeders and 6 parasites. The different feeding guilds were unevenly distributed in
the three sampling periods in terms of numbers of individuals and species
richness (Figure 1). The abundance of carnivores increased though time
(Hkruskal-Wallis= 45.02; p<0.01), whereas species richness did not follow a
specific pattern (Hkruskal-Wallis= 65.07; p<0.01). Adversely, detritus feeders
showed a decreasing trend in their abundance (Hkruskal-Wallis= 59.15; p<0.01)
but there was no specific pattern in species richness (Hkruskal-Wallis= 32.94;
p<0.01) (Figure 1). The increasing dominance of carnivores against detritus
feeders might be a result of natural or anthropogenic disturbances in the
sampling area [1], thus confirming the observations of Antoniadou et al. [6] who
attributed such changes to the increase of organic pollution in the northern
transect of the study area. In conclusion, the feeding guild composition of a
macrobenthic gastropod community can be a useful tool for biodiversity studies
and monitoring surveys in marine coastal ecosystems.

Fig. 1. Temporal variation in feeding guild composition of a gastropod
macrobenthic community
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EUSEAMAP PROJECT: MODELLING EUROPEAN SEABED HABITATS - A FOCUS ON THE WESTERN
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Abstract
This document gives an overview of the EUSeaMap project and its part in the implementation of the EC policies involving marine
habitat mapping. The EUSeaMap project will produce broad-scale predictive habitat maps for over 2 million square kilometres of
European seabed covering four geographic areas of the European seas: Celtic, North, Baltic and western Mediterranean seas. Some
preliminary results for the western Mediterranean are given.
Keywords: Mapping, Models, Western Mediterranean
Marine habitat mapping is required for the implementation of various EC
Directives and Regulations in that it is the baseline for environmental
assessment and monitoring requirements as well as for the enactment of
protection measures for marine habitats and species. In its Blue Book on an
integrated maritime policy for the European Union, the EC proposed to take
steps towards building a network that “assembles fragmented and inaccessible
marine data into interoperable, contiguous and publicly available data streams
for complete maritime basins”. EUSeaMap is a preparatory action, funded by
the DG MARE, that is functional to the setting up of this European network
through the creation of models capable of predicting seabed habitat maps. The
project aims to provide a tool for marine spatial planning by Member States
and at the same type supports the implementation requirements of the Marine
Strategy Framework Directive. The EUSeaMap is run by a consortium of
partners (BLST, Denmark; DHI, Denmark; IFREMER, France; IEO, Spain;
ISPRA, Italy; SEPA, Sweden) led by the Joint Nature Conservation
Committee (UK). The project is based on the habitat modelling approach
developed within the framework of the previous INTERREG IIIB-funded
MESH [1] and BALANCE [2] projects, and will develop a common
methodology for broad-scale seabed habitat mapping across Europe, using the
EUNIS classification (http://eunis.eea.europa.eu/) across four marine studyareas covering over 2 million square kilometres of Europe’s seabed: the Celtic,
North, Baltic, and western Mediterranean Seas. The EUNIS habitat
classification scheme, originally developed in 1996 by the EEA, has recently
incorporated several marine habitat lists developed at biogeographic
levels. Such is the case for the North Atlantic habitats, identified by Connor et
al. [3], which have been incorporated into EUNIS. Similarly, a list of benthic
Mediterranean habitats adopted under the framework of the Barcelona
Convention [4], has also been incorporated into EUNIS [5]. To this effect,
EUNIS represents a univocal comprehensive system for the identification and
classification of marine habitats across European seas, a long needed measure
as pointed out by several authors [6].

model habitats will vary according to each study area.
In the western Mediterranean sea the following parameters will be used:
sediment, bathymetry, light, energy at seabed, temperature at seabed. Since the
nature of the broad scale map determines a pixel size of analysis of 250 m, it is
expected that at least 15 habitat types, according to the EUNIS classification,
will be modelled in this basin. The habitats expected to be modelled for the
Mediterranean (see Table 1.) are distributed as follows: 3 in the infralittoral
zone, 7 in the circalittoral, 4 in the bathyal and 1 in the abyssal zone.
Tab. 1. List of the Mediterranean habitats to be modelled.

EUSeaMap will produce a modelled EUNIS habitat map, harmonised across
the four regions, as well as associated confidence layers available through a
purpose built webGIS. The webGIS will comply with INSPIRE standards and
the layers will be available for viewing through WISE-Marine on its inception.
The project will assess the feasibility and work resources required to extending
the modelling process to other regions of Europe to produce broad-scale
EUNIS habitat maps. Furthermore, it is proposed to provide generic resource
requirements for new remote and ground-truth survey, probably per unit area,
adjusted to suit the different major zones for survey.

The project will introduce better quality habitat maps through the use of bestavailable data and refined modelling processes. It will make the digital map
layers available to stakeholders and develop an on-line mapping tool to display
the layers. Attention will be focussed on assessing the benefits and constraints
of a broad-scale habitat map with respect to higher resolution maps produced
from detailed survey data, and demonstrate how the Marine Strategy
Framework Directive Annex III requirements can be used in characterising the
marine environment. This exercise will allow estimation of the effort required
to develop complete broad-scale coverage of waters surrounding the European
continent as well as higher resolution ones. The EUSeaMap will utilise GIS
software to model seabed habitats through the assembling and integration of
several layers representing abiotic parameters (sediment, bathymetry, light,
wave and tidal energy at seabed, salinity at seabed, temperature at seabed,
dissolved oxygen, ice cover, stratification). Careful selection and analysis of
ecologically relevant thresholds will be performed for each abiotic parameter in
every region. Through the expert application of the EUNIS classification
scheme, combinations of these parameters will be used to predict habitats at
the high level habitats of EUNIS (levels 3 and 4).The approach will also
quantify the degree of confidence of the generated maps. This will be done
both on the basis of the source of each data layer used, and through the use of
fuzzy boundaries for habitats, according to our knowledge of the required
conditions for a given habitat to occur. The array of abiotic parameters used to
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PHYLOGENETIC RELATIONSHIP AMONG THE BLACK SEA ALOSA SPECIES FROM MTDNA ND5/6
SEQUENCES
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Abstract
Phylogenetic relationships among five species of Alosa (Alosa maeotica, A. tanaica, A. caspia, A. immaculata and A. fallax
nilotica) was examined with sequence analyses of mtDNA ND5/6 region. In pairwise comparision, the highest genetic differences
were observed between A. caspia and A. tanaica (0.691), and lowest between A. maeotica and A. tanaica (0.491). In minimum
evolution tree, two phylogenetic nodes were detected; in the first node, A. maeotica and A. tanaica grouped together which were
sister group to A. f. nilotica. In the second node, A. caspia and A. immaculata grouped together.
Keywords: Genetics, Teleostei, Black Sea
Introduction
Shad (Alosa spp.) is one of the most important fish resources and have high
economic value in the world [1]. Shad species are commonly found in the
Black Sea and represented with four species and one subspecies [1,2]. Alosa
maeotica, Alosa tanaica, Alosa immaculata, Alosa caspia are distributed in the
Black Sea. Alosa fallax nilotica is distribution in the Black, Marmara, Aegean
and Mediterranean Seas. Knowledge on phylogenetic relationship among these
species is important to elucidate evolutionary history and genetic
relationships among these species. In the present study it is aimed to elucidate
phylogenetic relationships among Alosa species with sequence analyses of
mtDNA ND5/6 region.

Tab. 1. Pairwise genetic distance between the species

Material and Methods
Speciments of A. maeotica, A. tanaica, A. caspia, A. immaculata and A. f.
nilotica were collected from the Black Sea. The samples were placed
individually in plastic bags, and kept frozen at -40°C until the molecular
analyses. Total genomic DNA was extracted from a peace of fin tissue
(approximately 2 mm2) using Midi DNA isolation Kits. The amplification
of the mitochondrial ND5/6 gene was performed using PCR with a profile of
94°C for 4 min, followed by 35 cycles of 94°C/30s strand denaturation, 52°
C/20s annealing and 72 °C/1 min 30 sec primer extension, and a final 7 min
elongation at 72°C. Purified DNA (3-5 µl) was sent to IONTEK for
sequencing, using primers (F: 5’-AAC AGT TCA TCC GTT GGT CTT
AGG-3’ and R: 5’-TAA CAA CGG TGG TTC TTC AAG TCA-3’).
Sequences were aligned and ambiguous bases resolved by eye using Sequencer
v.4.5 (Gene Codes Corp.). The initial alignments of partial 16S rDNA
sequences were performed with Clustal W program [3] and final alignment
was completed manually with BioEdit [4]. MtDNA sequence data were
analyzed to assess levels of pairwise nucleotide variation and to determine
nucleotide composition for each taxon using Mega 4 [5]. The molecular
phylogenetic tree was constructed using the three distinct phylogenetic
approaches: a distance-based method using neighbor joining (NJ), [6] a
cladistic approach using the maximum parsimony (MP) criterion, and
minimum evolution (ME). The reliability of the inferred phylogenies was
evaluated using the bootstrap method [7] with 1000 replicates. One species,
Engraulis encrosicolusrom, were included as an out group taken from
GenBank (NC003097).

Fig. 1. Minimum evolution phylogenetic tree for ND5/6. Bootstrap values are
shown on the tree. E. encrosicolus, seq. (NC003097) was used as outgroup
species
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Results and Discussion
There were 888 variable and 16 conservative nucleotides of which 857 were
parsimony informative over 904 bp. Examination of the gene fragment reveals
a lack of guanin (T; 18.1%) and abundance of adenine (A; 30.3%). The mean
nucleotide diversity (Pi) was found to be 0.516. For congeneric comparisons
of genetic distance (Kimura two parameter), the highest genetic differences
were observed between A. caspia and A. tanaica, and lowest between A.
maeotica and A. tanaica (Table 1). The three different phylogenetic
approaches (NJ, MP, ME) resulted in similar tree topologies and the clades
are well supported (Fig. 1). In minimum evolution tree, two phylogenetic
nodes were detected; in the first node, A. maeotica and A. tanaica grouped
together which were sister group to A. f. nilotica. In the second node, A. caspia
and A. immaculata grouped together. Similarly Faria et al [8] also clustered A.
caspia and A. immaculata together and found close relationship for these two
Alosa species in the Black Sea using ND1 and Cytochrome b genes.
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Abstract
Diel changes were investigated in fish assemblages associated with shallow seagras (Posidonia oceanica) and bare sand in two
southern Adriatic Sea coves. Habitat related differences in assemblages were strong day and night, and were greater than diel
changes. The seagrass associated assemblages remained similar day and night and consistently differed from sand associated. In
contrast, the assemblages over sand varied on a diel basis as larger individuals of several species (e.g. Atherina boyeri, Sarpa salpa,
Conger conger) that resided over other habitats during the day, were caught at night. Both habitats were utilized by newly recruited
juveniles of economically important species and their habitat associations generally did not differ on a diel basis. Hence, both habitats
are considered important to the fisheries of southern Adriatic.
Keywords: Fishes, Biodiversity, Adriatic Sea
Introduction
The shallow-water vegetated inshore areas generally support different and
more diverse and abundant fish assemblages than non-vegetated habitats, as
well as being considered more important as nursery areas for juveniles of
many economically important species [1]. This phenomenon is classically
explained by considering the high structural complexity of such vegetated
(mainly seagrasses) systems, which are able to fulfill the role of nursery areas
in providing shelter and food to a great number of littoral fish species [2].
These conclusions have primarly been based on daytime sampling
programmes, even though many littoral species of fish display strong diel
rhythms of activity and diel changes in habitat-usage by fishes have been
documented [3]. Thus, decision about the relative importance of different
habitats to fishes based solely on daytime sampling are often equivocal. The
objective of this study was to examine diel changes in the fish assemblages
associated with the shallow seagrass (Posidonia oceanica) and unvegetated
(bare sand) habitats.
Material and methods
Monthly samples of the shallow-water fish assemblage were collected with a
small beach seine (mesh size 8 mm at outer wings and 4 mm at the bag end,
knot to knot) between May 2007 and April 2008, every 4-h over 24-h period
(daily samples were taken at 08.00, 12.00, 16.00h; while night samples at
20.00, 24.00, and 04.00h) in the two different areas; Donji Molunat (N 42°
27'27,5"; E 18°25'34,5") and Prapratna (N 42°48'58.1''; E 17°40'50.6'') coves,
southern Adriatic Sea. The substratum in Donji Molunat is shallow seagrass
(Posidonia oceanica) while in Prapratna cove is clean sand. Sampling depth
ranged from 4.0 to 0 m. The fish data were analysed using the PRIMER
software package. Data were transformed for presence/absence and the BrayCurtis similarity matrix was used to generate 2-dimensional ordination plots
with the non-metric multidimensional scaling (nMDS) technique [4].
Results
A total of 64231 fishes comprising 83 species was caught; 12429 fishes (67
species), occurred over seagrass, whereas 51802 fishes (58 species), occurred
over sand. Most fish were juveniles, mainly young-of-the-year, amounting a
total of 89%. The dominant species of Donji Molunat, Boops boops
(48,85%), Coris julis (7,65%), Pagellus bogaraveo (6,64%), Sardina
pilchardus (5,72%) and Prapratna cove, Boops boops (57,21%), Atherina
boyeri (19,70%), Sardina pilchardus (19,70%) and Sarpa salpa (6,60%) were
caught in consistently higher numbers and biomass in different time of diel
period. A greater number of species was caught over seagrass than over sand,
day (52 vs. 48) and night (55 vs. 50). However, more individuals tended to
occur over seagrass (9467) than sand (4627) during the day. At the assemblage
level, slightly more individuals over seagrass were caught during daytime,
whereas in Prapratna Bay dominated nighttime assemblage in both terms.
Non-parametric Spearman's correlation test showed no signifficant correlation
on composition and abuundance between these coves (rs=0,210, p=0,187).
The nMDS plot shows clear separation of the investigated areas (Fig. 1).

night. Different types of fishes were generally associated with the two
habitats, as discussed by [5,6]. The structure of the seagrass-associated
assemblages did not differ substantially between day and night, as observed in
other parts of the world [7]. However, significant diel change in the structure
of the sand-associated assemblages was evident, which was primarly due to
the influx of several species over sand at night. Changes in assemblage
structure observed were caused by shifts in abundance of a particular species
rather than by their presence and/or absence. In spite of diel changes in some
species occurrence in both coves, no strong evidence for the existence of
distinct day and/or night communities was detected. The predominance of
juveniles in the catches indicate that these coves serve as nursery and feeding
grounds.

Fig. 1. Non-Metric Multidimensional Scaling (nMDS) ordination plot for fish
assemblages in Donji Molunat (DM) and Prapratna (P) cove among day and
night sampling
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Discussion
The ichthyofauna was generally more diverse over seagrass than over sand
both day and night, and more fish generally occurred over seagrass than over
sand during the day, as reported elsewere [5]. The habitat-related differences
in the fish assemblages were because many species consistently occurred in
only one habitat, or were predominantly caught in one habitat, both day and
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(BLACK SEA, TURKISH STRAITS SYSTEM AND THE LEVANTINE BASIN)
Z. Uysal 1, S. Tugrul 1, N. Yücel 1, F. Sert 1, A. Gazihan 1, Y. Ak örek 1, T. Terbiyik 1, H. Örek 1 and E. Özsoy 1*
1 Institute of Marine Sciences, METU - ozsoy@ims.metu.edu.tr
Abstract
Deeply contrasting coastal / open ocean ecosystems have been investigated in the April and October 2008 cruises of the R/V BILIM
during the SESAME project, covering the Cilician Basin, a north-south transect of the Levantine Basin, the Aegean coast of Turkey,
the Turkish Straits System (TSS), and finally a transect arching over the mid-section of the Black Sea starting from the Bosphorus and
extending east. Earlier work in April 2007 in the Turkish Straits and a repeated earlier cruises in the Cilician Basin since 2005 have
provided additional data. Physical, chemical and biological oceanographic measurements and satellite data provide a basic description
of the state of the different ecosystems, ranging from oligotrophic open waters to eutrophicated coastal / shelf areas supplied with
water and nutrients from the large rivers.
Keywords: Circulation, Straits And Channels
The Black Sea, a land-locked deep basin occupied with brackish waters,
possesses distinctly different biochemical properties due to the presence of
oxygenated in the upper layer and sulfide-bearing waters below a depth of 100150 m and a transition zone in between (1). Comparison of the new and
historical data sets indicates long-term changes in Black Sea upper layer
chemistry. In this period, the nitrate stock of the upper layer has increased by
2-3 times as silicate stock displayed an opposite trend in the upper layer down
to onoxic intreface since the 60’s [2-3]. Thus, nitrate/silicate ratio decreased
drastically in the upper layer throughout the basin [4]. However, there has been
a slow increasing trend in the surface silicate values in the last decade, suggesting
progressive changes in the Black Sea ecosystem. The suboxic zone, having
distict chemical features, remained enlarged since 80’s. Present results
demonstrate that regionally variable vertical features of nutrients and dissolved
oxygen remained similar in the western cyclonic gyre since 80’s. However,
lateral intrusion of oxygenated and nutient rich Bosphorus plume into the
intermediate depths of SW shelf zone appears to modify basic features that
appear in the westen cyclone. Depth integrated primary production rates ranged
between 16 and 45 mgC.m-2h-1 in the eastern and western Black Sea stations in
April and September 2008. A highly significant correlation exists (P = 0.001 n
= 59 r= 0.59) between total chlorophyll and primary production rates. In-situ
chlorophyll values were higher in spring than in fall. Concentrations ranged
between up to 5 μg/L in spring-08, and 1.6 μg/L in autumn-08.

depleted in nitrate and phosphate; however, an enrichment is recorded in the
Marmara-Bosphorus Junction due to intensive mixing of counterflows with
different nutrient properties. Therefore, the euphotic zone is more productive
and has higher algal biomass and POM than Black Sea open waters. Its lower
layer are hypoxic levels of DO (between 30-100 µM), enriched in nutrients but
with much lower N/P ratios (8-10) than in the oxygenated NE Mediterranean
deep layer, due to denitrification in oxygen-depleted bottom waters of Marmara
basin. Peak values of chlorophyll were measured in the Sea of Marmara.
Phytoplankton standing stock reflections from the Sea of Marmara and the
Black Sea were also significantly high.
Maximum heterotrophic bacterial and cyanobacterial abundance and biomass
were observed in the sea of Marmara during fall with values ranging between
2.6x10^6 cells/ml and 14.4 µgC/l for heterotrophic bacteria and 2.1x10^5
cells/ml and 25.3 µgC/l for cyanobacteria. In contrast lowest levels were attained
during fall in the Levantine Basin with values ranging between 1.5x10^2 cells/ml
and 0.02 µgC/l for heterotrophic bacteria and 1.5x10^2 cells/ml and 0.02 µgC/l
for cyanobacteria. Sea of Marmara held the highest bacterial population in both
seasons and it was followed by the Black Sea and the Eastern Mediterranean.
Both the surface bacterial and cyanobacterial abundance and biomass averages
peaked in fall compared to spring at all regions except the apparent decrease in
heterotrophic bacterial abundance and biomass in the sea of Marmara.
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Fig. 1. Surface distribution of phytoplankton abundance (cells/l) in April and
September 2008

In the Cilician basin of NE mediterranean, river discharges with large nutrient
loads make eutrophic nearshorewaters of Mersin Bay. Upper layer of the
Levantine Sea are depleted in nitrate and phosphate during the year, excluding
the Rhodes cyclonic gyre in winter months. Nitrate/PO4 molar ratio has
remained almost constant at levels of 25-28 during the last two decades,
implying P-limited primary productivity in the euphotic zone as experienced in
recent studies in the region. However, present POM data show that C/N ratio in
the oligotrphic sea is very similar to the classical Redfield ratio, but lower than
the those estimated for the more productive Black Sea ecosyetm during
SESAME surveys. Primary Production (PP) rates ranged from 3.5 in the
offshore to 40 mgC.m-2h-1 in nearshore waters of Mersin Bay enriched by river
and domestic discharges. Phytoplankters were found overhelmingly abundant in
shallow shelf waters under direct influence of river discharges in the Cilician
basin and least in highly oligotrophic offshore waters in the Levantine basin.
The mesozooplankton biomass and abundance decreased with inceasing depth
(down to 200 m) in the Levantine Basin during study periods.
With the onset of stratification in fall, bacteria dominated the upper layers more
efficiently compared to the spring period.
In the two-layer Marmara Sea ecosystem, the productive upper layer water is
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Abstract
DNA samples of organs and tissues from cultured fish: Oncorhynchus mykiss, Sparus auratus and Dicentrarchus labrax have
been analyzed by PCR amplification with random primers. Among the 20 random 10-mer nucleotide primers tested, four that yield
stable, well reproducible profiles of amplification products were chosen for further genome-wide mosaicism analysis. With these
primers, the differences in the RAPD profiles of some tissues were detected in several individuals. These differences were associated
with the modification of mobility or with the gain/loss of the fragment in the RAPD profile and could be caused by either genomic
rearrangements or mutations involving the regions of DNA-primer pairing. Different epigenetic factors may also contribute to this
process.
Keywords: Aquaculture, Fisheries, Fishes, Genetics, Monitoring
Introduction
The random amplified polymorphic DNA (RAPD) method has initially been
used to detect polymorphisms in genetic mapping, taxonomy and phylogenetic
studies and later genotoxicity and carcinogenesis studies. Despite its extensive
use, this technique has also attracted some criticisms, mainly for lack of
reproducibility [1]. RAPD assays have a great potential for the detection of
DNA effects, alterations and damages including DNA adduct formations,
breaks, point mutations, large rearrangements, and other changes, such as
structural distortions induced by chemical or physical agents following the
direct and/or indirect interactions with the genomic DNA. It has proven to be an
efficient molecular tool for the identification of differences among natural
populations, when provided with reliable reference samples [2-4]. Molecular
evaluation of DNA effects by RAPD profiling can be a method capable of
identifying environmental threats earlier than the used standard methods.
Traditional approaches to the assessment of the impact of pollution on aquatic
communities have generally been based on ecological criteria, such as changes in
biomass, diversity and in species composition, whereas genetic changes may
occur in natural populations as well as aquacultured organisms exposed to
pollution. Many of the pollutants found in aquatic environments are known to
be genotoxic and carcinogenic, and may interact, directly with DNA or after
metabolic activation [5, 6]. Genotoxicity is an organism-specific and quantitative
measure of the potential of a particular environment that causes damage to a
cell's DNA. Target organ genotoxicity in this context can be defined as how
target organs’ DNA responds to genotoxicants [3, 4].Somatic mosaicism and
gonadal mosaicism as an extension of the phenomenon imply the presence of
genetically different cell lines in a single organism. Our work relies on RAPD
analysis to show the extend of the somatic and gonadal mosaicism in freshwater
cultured Oncorhynchus mykiss and mari-cultured Sparus auratus and
Dicentrarchus labrax to be a basement for further epigenetic and genetic work
that is to be done to improve fish-culture work quality.
Materials and Methods
A comparative analysis was carried using RAPD assay to assess the genotypic
differences among the same fish’s various organs/tissues. Furthermore, inter and
intra-tissue variations were assessed together by an improved RAPD approach
proposed in this work to detect target organ genotoxic effects on various organs
and tissues of aquacultured fish: Oncorhynchus mykiss, Sparus auratus and
Dicentrarchus labrax. Genomic DNA was isolated from dissected organs of the
three mentioned cultured fish. Their genetic diversity has been assessed by
RAPD-PCR and intra-specific genetic variation detection due to intrinsic and
extrinsic factors realized as somatic and gonadal mosaicism were shown with xn
replicates of RAPD-PCR using primers OPA-8 and OPB-18. The combination
of these methodologies enabled the detection of various RAPD profile changes
in the DNA as a mosaicism of tissues/organs extracted separately, when the
RAPD-PCR mastermix with the same organ’s/tissue’s DNA was aliquoted into
multiple tubes and thoroughly assayed together under identical conditions.

Fig. 1. Comparison of various tissue DNA mosaicism with two different 10-mer
primers; OPA-8 and OPB-18.
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Results and Discussion
Preliminary data obtained in this work show that the RAPD profile changes of
various tissues (Figure 1, liver, muscle, gonad respectively for two different
primer OPA-8 and OPB-18) of the same aquacultured fish can easily and
reliably be monitored for various DNA effects described as somatic and gonadal
mosaicism which might be an early indication for the heritable in the case of
gonadal mosaicism and genotoxic, mutagenic and carcinogenic potentials of the
cultured fish populations with variable target organ genotoxicities detected as
somatic mosaicism.
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Abstract
The edible holothurian, Holothuria tubulosa, was studied over a two-year period at the Dodecanese, South Aegean, in order to
estimate the population density and biometry. Dense populations of the species were found at 3 islands, in shallow waters and very
sheltered bays, in proximity to aquacultures. The biometric variables of the studied population differed among the islands; this pattern
was linked to the trophic status of each area and the local fisheries. Considering the small size of the studied population and its low
density, compared with other Mediterranean sites, it seems that H. tubulosa has been over-exploited at the Dodecanese.
Keywords: Density, Biometrics, Echinodermata, Aegean Sea
Introduction
The Atlanto-Mediterranean holothurian, Holothuria tubulosa, is among the
most conspicuous benthic invertebrates in the shallow sublittoral zone [1],
commonly forming dense populations in meadows and sheltered bays. It is a
selective epibenthic deposit feeder, highly contributing to the recycling of
bottom detritus [2]. The species is exploited in the Mediterranean, either as
fishing bait or as food source [3, 4], and is currently studied for its bioactivity
with promising results for the treatment of inflammatory disorders [5]. In the
Aegean Sea H. tubulosa is harvested and utilized as fishing bait at the
Dodecanese, whereas it is commercially exploited in some Turkish areas [6].
H. tubulosa has been well studied in the western Mediterranean and the
Adriatic [2, 4, 7]. However, relevant data for the Aegean populations is
missing; the existing information is limited to the geographic and bathymetric
distribution of the species [1]. Taking into account the above, the aim of the
present work is to contribute to the study of H. tubulosa population in the
Dodecanese, South Aegean Sea.

moderate dense population was also observed in Astypalea, where sampling
took place in a very sheltered bay, in which organic input accumulates. These
results may be explained by taking into account the oligotrophic nature of the
Dodecanese area [9], which creates constraints on the holothurians feeding. As
a result, the H. tubulosa population can thrive only in areas with high organic
inputs. Moreover, in this area the species has been harvested over a long
period, a fact that also precipitates the reduction of the population density.
Overall, 350 individuals of H. tubulosa were measured. Their size ranged from
4.13 to 19.7 cm in length and from 1.99 to 8.6 cm in width, with a mean at
10.26 ± 2.78 cm and 3.82 ± 0.88 cm, respectively. Their biomass ranged from
29.14 to 350 g for drained and from 20.3 to 164.43 g for gutted weight, with a
mean at 104.59 ± 44.7 g and 61.89 ± 23.25 g, respectively. Significant spatial
differences for the biometric characteristics of the species were recorded
(p<0.01) with high values at Agathonissi and low at Pserimos.
These results can be related to differences in local environmental conditions,
mainly with respect to the trophic status of each area combined also with the
effect of local fisheries. Unfortunately, there is no relevant data about the
fishery of H. tubulosa. Considering the much smaller mean size, comparing to
the usual one which approximates 20-25 cm in length [3], and the low density
values observed, it seems that H. tubulosa has been over-exploited at the
Dodecanese.

Materials and Methods
The study was conducted at the Dodecanese, South Aegean Sea, where 26
stations on nine islands were
randomly located (Figure 1).
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Fig. 1. Study area indicating sampling stations and relative abundance of H.
tubulosa

Sampling, i.e. experimental fishery, was practiced by scientists and sponge
fishermen by diving down to 20 m depth, in two consecutive years (2007 and
2008). 40 specimens were randomly collected from each station, in order to
estimate the main biometric characteristics of the species (L = length, D =
width, W = drained weight, Wg = gutted weight). Prior to biometrical analysis
the specimens were relaxed in seawater containing 7.5% MgCl2 at 0oC, for 24
hours, to enhance the measurements homogeneity [8]. Population density was
estimated through fishing effort, according to an index of relative abundance
ranging from 1 to 7. One-way ANOVA was used to test for spatial differences
for the estimated biometric variables of the species.
Results and Discussion
H. tubulosa was recorded at 18 stations, in shallow waters (less than 10 m
depth) and in very sheltered bays, generally having low density (Figure 1).
Dense populations were only observed at three islands: Agathonissi, Arkoi
and Pserimos, where the species was found in proximity to aquacultures. A
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FACTORS AFFECTING DISCARDING IN THE EAST MEDITERRANEAN TRAWL FISHERY
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Abstract
Analysis of data from on-site sampling of trawl fisheries in the central Aegean by observers on-board fishing vessels was conducted
to determine the relative importance of certain factors (fishing and temporal) affecting discarding. A significant positive correlation
was found to exist between the mean discards and the mean catch weight. Catch quantities and species composition in the catch
appeared to have the highest impact on discard patterns.
Keywords: Aegean Sea, Demersal, Fisheries
Introduction
Discarding at sea occurs mainly in multi-species fisheries, such as those
operated in the Mediterranean, where it is perceived mainly as throwing away
unmarketable by-catch species, and/or undersized individuals of target species.
In Greek waters, higher amounts of discards are generated by bottom trawlers
[1], and total quantities produced annually have been estimated to range
between 13,500 and 22,000 t [2]. Understanding the factors that determine
what and how much is discarded is fundamental if we are to propose mitigation
tools for fisheries management [3]. This study aims to contribute to the
knowledge of discarding patterns and factors affecting them in east
Mediterranean trawl fisheries.

Great variation appeared between mean discards and mean catch portions
among trips, although a significant positive correlation (r=0.708, p<0.05) was
found between the two parameters (Fig.1). Similar results were obtained
in other studies [2], [6], while there were also cases where discard rates were
found to be unrelated to the amount caught [7]. GLM ANOVA results
revealed that the factors used in the current analysis explained about 75% of
the total variability of discard quantities (Table 1). Mean catch per hour had
the highest impact on discards (partial η² = 0.418). Concerning the main effects
in the model, species had a higher impact than quarter of the year and fleet
segment. Discard patterns can be highly variable and are initially affected by
catch compositions, which are determined by environmental and social
(regulatory, behavioural) factors, but are ultimately controlled by the fishing
vessel crews, who are influenced by landing constraints and economic forces
[8].

Material and Methods
Data analysis was based on fishery records taken in 2004 and 2005 by
observers on-board commercial trawlers on quarterly intervals except for the
summer, when according to the Greek legislation trawlers operation is
prohibited. All vessels were operating routinely in the central Aegean Sea and
they were distinguished into two different segments on the basis of their size
(≥24m and <24m). Fieldwork at each haul comprised the recording of the
fishing duration, the species composition and the total catch. Then for each
species, values of both the marketable and the discarded fraction of the catch,
number of fish, total weight and fish length were recorded. Haul data were
subsequently aggregated at the daily trip level, mean values per fishing hour of
discards and catch weight were estimated and further analysed through General
Linear Model Analysis of Variance (GLM ANOVA). The dependent variable
was the mean absolute values of discards per fishing hour; the fixed factors
were the fleet segment, the species caught and the quarter of the year; the mean
total catch per fishing hour was used as a covariate. The impact of each
significant source of variation was studied through the value of partial η²
(higher η² value implies higher effect).

Tab. 1. GLM ANOVA results for trawl discards in the central Aegean Sea in
2004-5

Results and Discussion
Our results showed that on average 36.6% of the trawl catch was discarded per
fishing trip. The latter value is lower than the mean discarded quantity
mentioned in a previous study in Greek waters [2] and is possibly related to
the implementation of the 40 mm cod-end mesh size in trawls the last few
years. In the North Sea the introduction of certain technical measures which
included increases to cod-end mesh size have been proven effective in reducing
discards [4]. On the other hand, in the Baltic Sea cod fishery the enforcement
of gear related technical measures was not successful due to poor compliance
by fishers who did not accept the subsequent large short-term catch losses [5].
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Fig. 1. Relation between mean discards and mean catch per hour (in kg) from
trawlers in Central Aegean in 2004-5 by trip sampled.
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FIRST RESEARCH SIGHTINGS OF FIN WHALES (BALAENOPTERA PHYSALUS) IN COASTAL WATERS OF
THE MALTESE ISLANDS, CENTRAL-SOUTHERN MEDITERRANEAN
Adriana Vella 1*
1 Conservation Biology Research Group, University of Malta - avel@cis.um.edu.mt
Abstract
Fin Whales (Balaenoptera physalus) have been recorded in coastal waters of the Maltese Islands for the first time between July and
August 2007 during ongoing cetacean scientific surveys, at an average distance from the Maltese coasts of about 4kms and in waters
of average depth of 167 meters. This first coastal Fin whales’ approach, recorded as part of a long-term cetacean research, in the
central-southern Mediterranean region encompassing a research area of 100,000km2, since 1997, may indicate range expansion or redistribution of some Fin whales in the Mediterranean or a singular event. Investigating the reasons behind these approaches and
planning conservation measures for such presence in high vessel traffic regions of the Mediterranean is necessary.
Keywords: Cetacea, Conservation, Coastal Waters, Monitoring
Introduction
Though Fin whales (Balaenoptera physalus) have been studied extensively in the
North West of the Mediterranean, with a particular focus in the Ligurian Sea and
in the Pelagos Cetacean Sanctuary [1,2,3,4,5], relatively fewer other Fin whale
sightings and studies have been reported from elsewhere in the Mediterranean
[6,7]. One such study suggests a winter feeding ground for Mediterranean Fin
whales, observed close to the Island of Lampedusa in February. Here the Fin
whales were observed to feed on different prey and to spend their time in
shallower waters than those in the Ligurian Sea [8]. These observations were
taken to suggest a seasonal shift in ecology and geographic distribution among
Mediterranean Fin whales. However, the number of individuals sighted close to
Lampedusa in winter was smaller than that estimated in the Ligurian sea in
summer. As studies in the Ligurian Sea started to extend into the autumn and
winter months it was observed that indeed the number of Fin whales decreased
drastically in this region only between November and January [9]. These
observations still leave questions on what may be redistributing some Fin
whales while not others at different times of the year, and where such
redistribution is taking place. Though various researchers reveal relationships
between Fin whale distribution and environmental factors [4,5], it is still
difficult to predict such distribution with synergistic impacts of increasing
number of factors, including noise pollution and possible changes in climatic
conditions. This would indicate the need for long-term monitoring of various
regions of the Mediterranean in order to assist in the conservation management
of such IUCN declared Endangered species.

Fig. 1. Aerial photo of Fin Whale just under the water surface close to Maltese
Islands

Methods
The Maltese Cetacean Research Project, ongoing in the central and southern
Mediterranean Sea in an research area of 100,000Km2, around the Maltese
Islands, since 1997 by the author, utilizes both aerial and marine field research
surveys, to investigate cetacean abundance and distribution [10]. The Research
methods adopted are those described in Vella [10]. This paper focuses on the
first recorded sightings of Fin whales in coastal waters (within 5km distance
from the coast) around the Maltese Islands.
Results and Discussion
A total of five Fin whale sightings were recorded in coastal waters around the
Maltese Islands between July and August 2007. Out of these, four sightings in
July were of single Fin whales (spotted on different days, but appeared to be
the same individual residing in the same area for at least a week) and one sighting
in August included two individuals (sighted once as this was followed by days
with strong winds).
Cetacean projects need to focus on local to regional areas in their conservation
research and management, so as to promote the long-term and dedicated yearround research and monitoring required for reliable and accurate data on these
long-lives species. This first coastal Fin Whales' approach recorded in the
central-southern Mediterranean region ,as part of an extensive dedicated
research, may indicate range expansion or re-distribution of this species in the

Mediterranean. Of course sustained research effort would allow for
corroboration of these first observations. Investigating the reasons behind these
approaches and planning conservation measures for such presence in high vessel
traffic regions of the Mediterranean is necessary.
Tab. 1. Main observations and records linked to the first Fin whale sightings
close to the coast of the Maltese islands.

>
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BLUEFIN TUNA CONSERVATION RESEARCH IN THE CENTRAL-SOUTHERN MEDITERRANEAN
SPAWNING AREA
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Abstract
Bluefin tuna (Thunnus thynnus thynnus) has been caught in the Maltese Islands since 1748. By 1995, when the Japanese bought
bluefin tuna (BFT) caught by Maltese fishermen, the effort increased dramatically, however limited by the artisanal long-line gear
used. Total BFT long-line fisheries landings have followed an over-all decline from a peak of 353,014kg in 1995 to 227,008kg in 2006.
Close to 400 BFT specimens were sampled during six years to study variations in sizes, sex ratios, biogeographical characteristics and
molecular genetics using microsatellite loci. This study's results indicate decreasing average BFT catch body size and an increasing
sex bias for females. A significant genetic heterogeneity, FST value of 0.018 (P=0.015), was found among the BFT sampled in the
spawning and fishing region south of the Maltese Islands.
Keywords: Conservation, Pelagic, Fisheries
Introduction
Tuna has been caught in the Maltese Islands with traps since 1748. However
this fishing method was finally replaced with long-line, initially as a by-catch
in the swordfish fisheries prior to fine-tuning gear for Bluefin tuna in 1995,
when the Japanese bought Bluefin tuna caught by Maltese fishermen. Bluefin
tuna fishing is now a seasonal activity for Maltese Fishermen undertaken
between May and mid July. Each fishing expedition involves on average 4
days of effort with 40 to 50 miles of long-line, set at least three times, each
extending down to 100m with bait which is mostly imported Mackerel. Boats
utilized for this fishing measure between 10 to 26m. The increase in purseseine fishing effort in the Central and Southern Mediterranean Area can
jeopardize the survival of the species population and the livelihoods of
Maltese long-line tuna fishermen if continued unchecked [1]. Vessels from
Malta and Tunisia found themselves being joined by Italians, Spanish, French
and recently increasing Libyan fishing vessels. The sudden increase in
exclusive fishing zones by Tunisia and Libya further proves the increasing
desire to increment the income from this fish species. In order to better
understand the Bluefin tuna population structure and diversity found south of
the Maltese islands, this study was started in 1998 [2,3] so as to undertake
the microsatellite population genetics study presented here. This study has
recently extended its sampling range West ward and East ward so as to expand
on the results obtained so far.

recent years is also noted though fishing efforts have increased. Between 1999
and 2004 on alternative years one may note a progressive increase of %
females with the highest (70%) in 2004 showing a high bias toward females.
Body size investigation indicates a clear reduction in the average size of the
sampled individuals in 2003 and 2004. A close positive logarithmic relation
between body size (kgs) and fork length (m) with a high R squared value of
0.86 was obtained. On investigating the genetic distance between samples
caught during the six year study period (1999-2004) from three locations
south of the Maltese Islands, genetic diversity between individuals sampled
from regions A (SW of the Maltese Islands) and C (SE of Maltese islands)
was found to be significant on a pairwise test: FST = 0.018 (P = 0.015). The
molecular genetics analyses results for Bluefin tuna in this study show the
number of alleles per microsatellite locus within samples varied from 5 for
Ttho1 in the three locations to 13 for Tth07 in location B (situated between A
and C). Allele richness per locus and sample varied from 3.894 at locus Tth01
in location C to 10.2 at locus Tth07 in location B. Average observed
heterozygosities varied between 0.368, in location C at locus Tth01, and
0.925, in location C at locus Tth04. The expected heterozygosities varied
between 0.536, in location C at locus Tth01, and 0.885 in location C at locus
Tth07. The genotype distribution at loci Tth06 and Tth07 in location C
deviated significantly from Hardy-Weinberg expectations (HWE) and thus
were removed from subsequent analyses with the consequence that the FST
value increased further in its significance.

Materials and Methods
Three hundred and eighty specimens of Bluefin tuna caught during the
Maltese tuna long-line fishing season between 1998 and 2004 were measured
(fork length and weight), sexed, and tissue sampled. DNA extraction from the
stored
tissues
was
carried
out
using
the
proteinase
K/phenol/chloroform /isoamylalcohol method [4]. Microsatellite analyses
protocols and primers used for this study were adapted from Takagi et al.
[5]. PCR DNA amplification was carried out in an Eppendorf Mastercycler
Gradient thermocycler. A 50ul reaction was used containing around 50ng
DNA, 1μM of each primer, 5ul of buffer (consisting of 10 mM KCl, 10 mM
(NH4)2SO4, 20 mM Tris-HCl, 2.0, mM MgSO4, 0.1% Triton X-100,
pH8.8), 200 μM dNTPs, 3.5units of Taq DNA polymerase (New England
Biolabs). 7.2ug of BSA was also added later. Each primer set had a flourescent
label on either the forward or the reverse. The primers for the four loci
considered included: tth01-TET; tth04-FAM; tth06-HEX; tth07-FAM. The
temperature profile used involved an Initial denaturation for 5 min at 94°C,
followed by 35 cycles of 1 min at 95°C, 1 min at 50°C, and 1 min at 74°C
followed by a final extension of 10 min at 72°C. Allele frequencies were
calculated as: number of the allele / total number of alleles (for that particular
locus). Heterozygosity observed (Ho) and expected (He) were calculated using
Arlequin ver.3: Ho is the number of heterozygotes observed as a ratio of the
total number of individuals, while He is the expected number of heterozygotes
if the total number of individuals were at Hardy-Weinberg equilibrium (HWE).
Fixation index (FST) was used to measure Bluefin tuna population
differentiation based on genetic polymorphism data, such as microsatellites.
This statistic compared the genetic variability within and between
populations. FST was calculated using Arlequin ver.3. This analysis was
important in order to investigate the presence or absence of any significant
differences between the various allele frequencies amongst Bluefin tuna from
different sampling areas south of the Maltese Islands.

Investigating the genetic distance between samples from the different locations
South of the Maltese Islands during the six year study period (1999-2004)
indicated an FST which varied from 0.018 (P=0.015) to 0.025 (P=0.012),
when removing the two loci in location C found to be significantly deviating
from the HWE obtained in this study. This clearly shows a significant
difference between Bluefin tuna sampled in different locations in the Maltese
Fishermen’s fishing grounds thus requiring further conservation research and
management considerations.
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Results and Discussion
Bluefin tuna landings have increased through the years. However a decline in
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A PRELIMINARY STUDY OF THE BLUNTNOSE SIXGILL SHARK, HEXANCHUS GRISEUS, IN THE
CENTRAL MEDITERRANEAN REGION, AROUND THE MALTESE ISLANDS
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Abstract
Research on Hexanchus griseus (Chondritchthyans: Hexanchidae) has been ongoing since 2004, including various conservation
assessments of the direct-catch fisheries and by-catch landings of this species by Maltese fishermen. Results on the number,
morphometrics, sex, distribution and genetics analyses of the specimens caught allows for a long-term conservation management plan
for this species and for sustainable fisheries to be set. The genetic analyses of various mitochondrial loci would determine this species'
population structure.
Keywords: Elasmobranchii, Fisheries, Conservation
Introduction
Conservation risk assessments of elasmobranchs indicate that this group
consists of some of the most threatened marine species, where Hexanchus
griseus is one such case [1,2,3]. IUCN has assessed Hexanchus griseus as
nearly threatened both on a global and regional level [4,5]. Although this
species is cosmopolitan, there have been no detailed assessments on its
population structure and data is scarce at the global level [4]. However records
of Hexanchus griseus landings in Malta show that there has been a constant
increase in the catches between the mid-1980s to the mid-1990s, coinciding
with an increase in the fishing effort within the same period [1]. Such increase
is then followed by a significant sharp decline in the catches with the average
annual catches between 2004 and 2008 being that of 3917kg per year [6]. Such
decline can be partially attributed to overexploitation of the areas being fished,
highlighting that this slow growing shark species needs detailed dedicated
research to protect the species, its habitat and sustainable fisheries depending
on this resource.
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Materials and Methods
This study has collected detailed records of the characteristics of this species
specimens' landed since 2004. Over 435 individuals landed by fishermen at the
Malta fish market were sampled till 2008. The most common fishing gear used
to catch Hexanchus griseus is bottom longlines (97.6%), where this species is
caught either as a target species or as by-catch. Statistics show that 73% of
the landed Hexanchus griseus [6] were caught between January and April,
with a peak in landings between February and March. Such seasonality is
observed because during these months several fishermen exploit deep water
species, but throughout the rest of the year they change the fishing gear to
target more commercially important species.
Results and Discussion
The female proportion is significantly larger than that of males for the
sampled individuals, which corroborates other findings [1,7,8] where similar
ratios were observed on smaller sample sizes in the Mediterranean
region. Analyses of the total length of the recorded specimens were also
conducted. Females ranged between 74cm and 400cm, with a mean body
length of 270cm (St. Dev. 63.5cm), while males ranged between 106cm and
356cm, with a mean body length of 246cm (St. Dev. 39.1cm). In this study
two females (total body lengths: 397cm and 400cm) had developing ova, the
latter having over 350 developing ova with a diameter between 5mm to
53mm. With regards to males, a total length of 270cm marked the point where
they had either nearly or fully calcified claspers that were as long as the tip of
the pelvic fin. This indicates that the size of maturity of the Central
Mediterranean specimens is very similar to that observed in other
Mediterranean regions [9], in which case it can be concluded that the
specimens collected in this study were mostly juveniles and with only one
record of a new born. No records of any gravid female have been obtained
from either specimens investigated during this study nor from experience of
the interviewed fishermen. This observation may indicate various regional
scenarios: 1) fishing methods are targeting immature individuals, 2) mature
individuals do not occur in Central Mediterranean or 3) the population has
been exploited in a way that only immature specimens are left, since
individuals reach sexual maturity quite late in their life-cycle.
Preliminary population genetics are giving further insight on the population
structure of this exploited species within this region, so as to be in a better
position to understand the status and requirements of the species and its
conservation.
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Abstract
In the Gulf of Gabès, bottom trawling is a highly developed fishery but is still poorly known. The aim of this study was to identify this
fishery by determining the technical characteristics of the trawlers, their production, fishing area and target species, using a typological
approach based on multivariate analyses of landings data. Four fishing strategies are defined (caramote prawn and fish fishery, fishery
of the species destined for exportation -essentially rose shrimp- and non selective fisheries) showing that differences in fishing tactics
are mainly due to differences of exploited areas which depend themselves on the technical characteristics of the vessels.
Keywords: Fisheries, Gulf Of Gabes, Coastal Management, Gis, Analytical Methods
Introduction
The Gulf of Gabès is the most important fishing area in Tunisia (southwestern Mediterranean Sea) and bottom trawling is the most predominant
fishing activity in this area. Fisheries management not only requires the
knowledge of the biological and the dynamics parameters of the resources but
also to identify the characteristics of the fleets. Many authors have tried to
establish a typology of the trawling activity ([1], [2],[3]), but in this region, it
is still poorly known. The purpose of this study is to identify the effects of
the technical characteristics of the fleets and the prospected areas on the
trawlers productions.

have the best technical characteristics (big boats with highest engine power
and gross tonnage) and operate at deep sea and their interest is to prolong
duration of the outing to take advantage of the trip. The fourth métier is
fishing for export (species like rose shrimp, common octopus, musky
octopus, and european squid). The units linked to this activity are the longest
trawlers with an important crew number. They are the freezer trawlers. This
type of activity requests big units and an important number of sailors to carry
out the operations of sorting, conservation and packaging of the species
caught. It is a new fishery and results from diverse economic (poor
profitability of the traditional fisheries) and biological factors (weak fish
production due to over exploitation of the stocks).

Material and methods
Two data sets were available: one from national statistics of Tunisia, and the
other one from individual on-site interviews of the trawlers captains in the
Sfax harbour. The data were collected during 3 months from February to April
2008, and were related to the technical characteristics of the boats. The
quantity of the species caught was also estimated. A typology of the fleet was
used to identify several metier (a gear associated with a fishing practice) to
explore potential relationships between the technical characteristics of the
trawlers and the species caught. The methodology employed to reach theses
objectives consist in multivariate data analyses which are more and more
employed in the fisheries sciences ([4],[5]). Cartographic representations of
the metiers were also performed using a Geographical Information System
(G.I.S).

Tab. 1. Description of the four métiers in regard with the technical
characteristics of the boats and the landed species

Conclusion
This study indicates that the technical characteristics of vessels command the
fisheries strategies and therefore the exploited species. The role of the
technical parameters in the identification of the different métier has not been
mentioned in the national studies implying a typology of the trawlers. The
most mentioned factors are the seasonality ([6]) and the fishing zone ([7]).
The results of the two approach (cartographic and statistic) show a good
concordance, might be a good basis for the management of the fishing activity
in the gulf of Gabès.
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Fig. 1. Activity areas of the different trawler groups operating in the gulf of
Gabès

Results and Discussion
Fleet structure and eploited species.: The data collected by the Statistical
Service of the General Direction of Fishing and Aquaculture show an increase
of engine power of the trawlers (and indirectly of fishing effort) in the lasts
decades.A total of 88 trawlers were prospected (33% of the trawlers of the
area). The average total length, GTR and engine power were estimated and the
main exploited species were characterised. Typology of the active fleet and
activity areas of each métier. The typological analysis of the trawlers showed
the existence of 4 fishing strategies (métier) (Table 1) and the activity areas of
the trawlers for each metier were represented using a GI.S.(Fig. 1). The first
target caramote prawn and cuttlefish. This métier is practiced by old trawlers
with low engine power and low autonomy at sea. The second métier is
composed by the youngest and less selective trawlers; involving an important
number of sailors. The third is fish fishing. The units belonging to this group
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SEA WATER PILING: TRADITIONAL OR ALTERNATIVE MATERIALS? AN INTEGRATED BIOLOGICAL
AND ECOTOXICOLOGICAL EVALUATION IN VENICE LAGOON (ITALY)
A. Volpi Ghirardini 1, C. Losso 1, G. Libralato 1*, M. Zanella 1, E. Keppel 2, M. Sigovini 2 and D. Tagliapietra 2
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Abstract
Wood has been traditionally used as piling material in estuarine and marine coastlines. Recently, in Venice lagoon, timbers turn-over
accelerated not only due to water mechanical action, but also to the increase of their biological degradation operated by wood borers.
The need to guarantee navigation safety and increase environment protection determined the identification of a series of traditional
add-ins and alternative piling materials. The aim of this study was to verify through some in situ and ex situ experiments the
ecotoxicological viability of the proposed piling materials as well as to fill the gaps in the knowledge about the distribution and ecology
of the main species of wood boring invertebrates in order to supply policymakers and stakeholders with a series of scientific criteria to
manage the timbers turn-over phenomenon.
Keywords: Bio-Accumulation, Ecotoxicology, Lagoons
Large amounts of wood have been used over the centuries for piles, docks and
bulkheads for developing estuarine and coastal areas. Wood is a particularly
useful building material as it is a renewable resource, with relatively low
harvesting costs and excellent strength-to-weight properties [1]. Timbers for
piling purposes are frequently treated in order to retard or prevent decay due
to wood-boring organisms such as fungi, molluscs and crustaceans [2].
Recently, in Europe traditional timber species started to be substituted not
only by tropical ones, but also by a wide series of treated wooden-based
materials as well as completely artificial ones. Indeed, they are supposed to be
more resistant to water mechanical action and wood-boring agents, lowering
the related management costs, but with unknown environmental implications.
In Venice Lagoon, wood is extensively used for maritime works, especially
mooring piles and navigation channel marks (named “briccole”)
(approximately 7,000). In addition to the degradation caused by natural and
man-made physical factors, timbers are characterized by strong biotic
degradation phenomena. It has been estimated that along the shipping channels
there are about 22,000 wooden piles constituting the briccole and between
5,000 and 10,000 wooden piles are present for boats mooring. Each year, a
large number of them must be replaced. Recently, it was observed that their
turn-over increased, probably as a consequence of a higher biological activity
of marine wood borers such as the molluscs Bankia carinata, Lyrodus
pedicellatus, Nototeredo norvegica and Teredo navalis, the isopods Limnoria
lignorum and L. tripunctata and the amphipod Chelura terebrans. The problem
of protecting wooden constructions in the Lagoon is of considerable interest
mainly for navigation safety and environment protection as well as under the
economical viewpoint. Various solutions were suggested such as the use of
high durability essences, the application of physico-chemical protections or
the opportunity to take into consideration alternative materials (e.g. plastics
or recycled plastics). The aim of the currently ongoing research study is to
assess a discrete set of piling materials (n = 16) in order to verify their
durability towards mechanical water stress, their sea water ecotoxicity and the
potentiality for wooden ones to be biologically degraded, considering both in
situ and ex situ experimental activities.

preliminary model of habitat suitability and to increase the ecological
knowledge of the main species of wood boring invertebrates. Ex situ activities
have been scheduled to assess the potential ecotoxicological hazard of
leachates generated by piling materials under various exposure conditions
considering a battery of sensitive seawater toxicity testing species (i.e.
bacteria, algae, molluscs and crustaceans). The final aim is to supply
policymakers and stakeholders with a series of scientific criteria in order to
manage the phenomenon of timbers turn-over and, specifically, to compare the
usage of traditional and alternative piling materials as well as other protective
add-ins.

Fig. 2. Galleries produced by the teredinids from one of the test wood blocks
installed in the Venice lagoon (Italy).

Acknowledgements: This work was granted by the Water Authority of
Venice (Magistrato alle Acque di Venezia) through its concessionaire
Consorzio Venezia Nuova.
Fig. 1. The investigated piling materials (# 16) present leachates with various
toxicity levels towards saltwater biota.
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In situ experiments have been set up to obtain bioaccumulation data from
active and passive biomonitoring using mussel exposure, to characterize and
evaluate the intensity of wood borers attacks on lagoon scale, to define a
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BATH SPONGES FROM A MARINE PROTECTED AREA IN THE AEGEAN SEA
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Abstract
Diversity and density of bath sponges have been investigated in eleven localities inside and outside the area of the National Marine
Park of Alonissos and Northern Sporades (NMPANS). The species Hippospongia communis (Lamarck, 1814) and Spongia
officinalis (Linnaeus, 1759) were recorded. Dense populations of the latter, consisting of moderate-sized individuals, were detected
exclusively in the core of the Marine Protected Area (MPA). Considering the dramatic decline of Mediterranean commercial sponge
populations during the last 20 years, due to the combined effects of successive disease outbreaks and unregulated fishing activities, the
remarkable sponge abundance recorded suggests that protection conditions may be considerably in favour of the viability of sponge
populations.
Keywords: Porifera, Sporades Islands, Marine Parks, Density, Conservation
Introduction
Five sponge species of the family Spongiidae have been traditionally harvested
in the Mediterranean Sea ([1]). During the last decades periodic disease
outbreaks have decimated their natural populations ([2]) and along with
unregulated harvesting have caused a severe decline in bath sponges catch. In
Greece, a large area of the north Aegean, covering 2.220 km2, has been assigned
as a Marine Park since 1992, constituting the largest MPA in the Mediterranean
Sea ([3]). Before the imposition of the protective measures, the area was
regularly exploited by sponge fishermen, while afterwards only sporadic,
unauthorized harvesting of bath sponges occurred, mostly outside the core of
protection.
Materials and Methods
The study was conducted in summer 2008, at 7 stations set inside the
established Marine Park and 4 stations in adjacent unprotected areas (Figure 1).
Sponge population density was estimated by scientists accompanied by sponge
fishermen diving down to 50 m, as the number of individuals encountered per
length of investigated area (N/km). In total 130 randomly selected sponge
individuals were measured for their dimensions in three axes and their product
was used to estimate sponge size in liters.

Although preliminary, the present data suggest that protection measures may be
considerably in favour of the viability of sponge populations which thrive inside
the MPA, in contradiction with the unprotected areas surveyed in this study as
well as other Aegean areas open to uncontrolled sponge fishery ([4]). In other
Mediterranean areas over-exploitation and disease incidences have also led to a
decreasing trend in sponge abundance and size ([1]), while recovery was
observed in MPAs ([5]). However, the low population density values in one
studied station of the core area and the complete absence of the two species
from other stations in protection zone A suggest that the protection scheme per
se cannot safeguard the existence and robustness of commercial sponge
populations. The systematic comparison of sponge communities between
protected and unregulated areas, as well as the investigation of the particular
environmental conditions in the North Sporades Archipelago will further
elucidate the reasons of these findings.

Fig. 2. Size frequency distribution of the studied populations of sponge species

Acknowledgments : This research was supported by the Greek Ministry of
Rural Development and Food (EPAL 2006-2008). We are grateful to the
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Fig. 1. Study area indicating sampling stations and estimated population density
of sponge species (So: S. officinalis, Hc: H. communis)

Results and Discussion
The two most common Mediterranean bath sponge species, H. communis and S.
officinalis, were recorded exclusively inside the core area of the Marine Park on
rocky bottoms and Posidoniameadows; the former in low abundances, and the
latter with dense populations at most occasions (Figure 1). S. officinalis varied
in size from 0.27 to 7.2 liters, and its population consisted mostly of moderatesized individuals. The size of H. communis individuals varied from 1.6 to 21.2
liters, exhibiting a wider range of size distribution due to the presence of few
large-sized individuals (Figure 2).
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Abstract
Calanus helgolandicus s.l. genetic differences have been identified for the first time between and within European basins, as well as
a decrease of prosome length with latitude. Our study explores the population structuring of this key species in relation to morphology,
genetics and hydrography.
Keywords: Copepoda, Biogeography, Hydrography, Genetics
The marine copepod Calanus helgolandicus is of considerable importance in the
marine food web. It plays a critical role in marine ecosystems as a grazer of
microplankton and as a major food source for commercially important fish. The
distribution of C. helgolandicus in European waters covers a wide range of
habitats, from open ocean to coastal environments. Recent studies [1, 2] have
shown that C. helgolandicus is sensitive to changes in climate. Its distribution
range and abundance has increased as European waters have warmed over recent
decades. Building on the network of laboratories created by Bonnet et al. for
their review on C. helgolandicus (2005), we collected samples in 95% ethanol
from 19 European sites (figure 1).

R. Diekman, A. Dos Santos, E. Gaard, S.H. Jonasdottir, L. Kamburska, D.
Lucic, M.G. Mazzocchi, J.C. Nejstgaard, S. Poulet, A. Ramfos, P. Thor and V.
Tirelli for supplying Calanus helgolandicus specimens. We thank P. Pickerill
for his sequencing of the samples, D. Conway for his help in sorting and
identifying C. helgolandicus from the various samples received, and L. BlancoBercial and A. Bucklin for their comments on the early manuscript. This work
was undertaken while L.Yebra and D. Bonnet were at the Zooplankton Group
at Plymouth Marine Laboratory (PML). This work is a contribution to the
PML Core Strategic Programme.
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Fig. 1. Map of the stations. Different shades indicate different genetic regions:
Fjords, NE Atlantic, Tyrrhenian Sea, Adriactic and Ionian Seas, Mljet lakes,
Aegean Sea, Black Sea

To reveal barriers to dispersal within this species’ distribution range (including
the closely related C. euxinus from the Black Sea) we compared morphological
(prosome and urosome length) and genetic (mitochondrial 16S rDNA gene)
structuring of populations and linked these with sea surface temperature and
other hydrographic features. Calanus populations showed high levels of genetic
diversity and strong population genetic structuring with six major groupings: (1)
NE Atlantic and Tyrrhenian Sea, including the subgroup (2) northern fjords, (3)
Eastern Mediterranean, which contained subgroups (4) seawater lakes of Mljet
island in the Adriatic Sea and (5) Aegean Sea, and (6) Black Sea. Morphological
structuring is congruent with the genetic groupings within the E Mediterranean.
However, groupings differed within the Atlantic, where latitude (i.e.
temperature) appears to affect morphology more than gene flow. Calanus
populations from the Mljet lakes, Aegean Sea and Black Sea are isolated at the
genetic, morphological and hydrographical levels and might represent incipient
species.
Acknowledgements : Authors are indebted to A. Albaina, J. Cabal, K. Cook,
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DIET OF THORNBACK RAY (RAJA CLAVATA LINNAEUS, 1758) IN SAROS BAY (THE NORTH AEGEAN
SEA)
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Abstract
Food composition of thornback ray (Raja clavata) was studied in Saros Bay (North Aegean Sea). A total of 121 thornback ray were
caught and examined. Stomach samples from 68 females (10,7-88 cm TL) and 53 males (14-76 cm TL) were examined. Of the
stomachs examined, 116 (96%) were full and 5 (4%) empty. A total of 511 prey items, belonging to 6 prey taxa, were counted.
Crustacea were the most important component in the diet of R. clavata with IRI% of 74.78. Other main prey items found in the
stomachs were pisces (IRI%=18.59),nematoda (IRI%=5.98),cephalopoda (IRI%=0.08),annelida (IRI%=0.03) and mollusca (IRI%
=0.01).
Keywords: Diet, Elasmobranchii, Aegean Sea
Introduction
Elasmobranch fishes are among the top predators in the marine environment
and thus play an important role in marine ecosystems, potentially regulating,
through predation, the size and dynamics of their prey populations [4].The
aim of this study was to examine the feeding habits of thornback ray caught in
Saros Bay (The North Aegean Sea).

analyzed using the percentage frequency of occurrence (F%), numerical
percentage (N%), percentage by weight (W%), the index of relative
importance (IRI), and percent of IRI (IRI%) for each prey type [1,2].
Results
Stomach samples from 68 females (10.7-88 cm TL) and 53 males (14-76 cm
TL) were examined. Of the 121 stomachs examined, 116 (96%) were full and 5
(4%) empty. A total of 511 prey individuals was identified (Table 1),
crustacea were the most important component in the diet of R. clavata with
IRI% of 74.78. Pisces were second in importance, IRI% of 18.59. Besides
nematoda,cephalopoda,annelida and mollusca with IRI% of 5.98, 0.08, 0.03
and 0.01 respectively were minor prey. As compared with IRI% values
between sexes, there were not significantly difference in composition of the
diet of male and female thornback rays (P = 0.801).

Tab. 1. List of the species identified in R.clavata stomach contents

Discussion
The nature of the ingested food depends, first on the morphology and feeding
behavior of the fish, and secondly, on the composition and amount of food
available.The flat body and ventral mouth of the skates suggest a benthic
feeding habit [3]. In this study, the results demonstrated that R. clavata feed
on benthic prey items, variations in the Index of Relative Importance (IRI%)
among the prey groups showed that crustaceans were the most important
component in the thornback ray.
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Material and Methods
Specimens were collected by using commercial trawl between February 2005
and December 2006 in the Saros Bay. The trawling was done daytime and
nighttime at depths ranging from 0 to 500 m. In the laboratory, identification
of ingested prey was carried out to the level of species.Stomach content was
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Abstract
Recent surveys along the Mediterranean coast of Turkey have documented the rapid expansion of populations of tropical alien species
such as Amphisorus hemprichii, Percnon gibbesi, Aplysia dactylomela, Septifer forskali, Diadema setosum, Apogon smithii,
Apogon quecketii, Nemipterus randalli and Vanderhorstia mertensi.
Keywords: Eastern Mediterranean, Fishes, Mollusca, Foraminifera, Crustacea
The sublittoral macrofauna of the Mediterranean coast of Turkey was studied
in May 2008 and July 2009. Eight bottom trawling sessions were performed
at depth of 20-off Iskenderun and Antalya. The population increase of
Apogon smithii, and Nemipterus randalli were noteworthy (Table 1). The Red
Sea cardinal fish A. smithii was first recorded from Turkey during this study
and seven individuals were collected in Iskenderun Bay in 2008 [1], which
constituted only 0.003 % of the total biomass. A year later, its percentage
increased almost hundred fold (0.29 %). Although an increase was observed
also in the populations of A. quecketii, it was not significant, indicating that
these Apogon spp. may have different ecological characteristics. An even more
dramatic expansion was observed in the Indian Ocean threadfin bream N.
randalli. In 2008, it constituted 0.01 % of the total biomass in Iskenderun
Bay, whereas in 2009 it was already 1.86 %. A lesser but still prominent
increase was observed in Antalya (0.02 % in 2008 vs 1.1% in 2009).

Tab. 2. The number of stations off Kas where alien species were observed
2002 - 2009

In the past decade we have witness the rapid expansion of some thermophilic
alien species along the coast of Turkey. It would be of interest to management
to learn whether this could be ascribed to qualities inherent to these particular
species, or to changes in the receiving environment.

Tab. 1. Biomass percentage of the species observed in 2008 and 2009
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In the framework of a marine biodiversity project, 113 stations off Kas
(Antalya) have been regularly monitored by SCUBA diving from June 2002 to
August 2009. 15 alien species have been recorded [2-6]. The populations of
the foraminiferan Amphisorus hemprichii,brachyuran crab Percnon gibbesi,,
sea hare Aplysia dactylomela, bivalve Septifer forskali and the slender
shrimpgoby Vanderhorstia mertensi expanded remarkably. Both population
density and their occurrence increased significantly (Table 2). Amphisorus
hemprichii has been first recorded in the Mediterranean from 21 stations off
Kas in 2002 [5]. One year later it spread to all 113 stations, and was found off
Bodrum and Datça in the Aegean Sea as well.At present, the species occurs
from Antalya to Bodrum on the southwestern coast of Turkey. Five years
after it was first reported in Iskenderun Bay, Septifer forskali reached Antalya
Where it was recorded in four stations in 2006, 84 stations the next year and
113 stations two years later. in the populations of Percnon gibbesi, Aplysia
dactylomela and Vanderhorstia mertensi expanded as well, but since these
species need specific habitat types, they cannot inhabit all the sampling sites.
However, the stations in which they are observed cover the entire region,
indicating that these species also successfully invaded southwestern coast of
Turkey. Not all alien species are invasive: two individuals of the needle-spined
urchin Diadema setosum have been recorded off Kas in 2006 [3], but no other
specimen was sighted since.
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Abstract
Primary production and phytoplankton composition have been studied seasonally between September 2008-April 2009 at two shelf
stations in the Cilician basin of NE Mediterranean. Depth integrated primary production rates varied between 0.048 and 1.6 mgC.m 3h-1 at the two shelf stations (30 and 200 m deep). Picoplankton (0.2-2.0 mm) dominated primary production in winter, replaced by
larges sized cells (>5 mm) in spring. Total chlorophyll-a concentrations decreased from a high level of 0.93 µg/L in the nearshore to a
low level of 0.02 µg/L in offshore waters throughout the sampling period. Primary production data were consistent with total
chlorophyll-a and particulate organic carbon measurements.
Keywords: Primary Production, Chlorophyll-a, Coastal Waters, Eastern Mediterranean
Introduction
The eastern Mediterranean waters are known to be ultra-oligotrophic [1], with
PO4 < 0.02 mM and NO3 < 0.3 mM in the upper mixed layer in summerautumn, chlorophyll-a being below 0.05 mg/L in the deep basin. The daily
rates of primary production varied from 38.5 to 250 mgC m-2 d-1 in the
Cilician basin in 1991 and 1992 [2]. Recent daily rates calculated for the
offshore and near shore waters varied in the range 6.0±3.1 and 180±176 mgC
m-3 d-1 [3]. Typical phytoplankton blooms were observed during early spring
(February - March), exhibiting a pronounced subsurface maximum below the
thermocline during summer [2].
Material and Methods
Two shelf stations (the shallow one: 30 m deep; the other 200m), located in
the Mersin Bay of the Cilician basin (Fig. 1) were visited in September 2008,
February and April 2009. To measure total and size fractioned primary
production, 14C added seawater samples were incubated in situ during midday
for about 2-3 hours. Chlorophyll-a was measured by the conventional
fluorometric method; particulate organic matter (POM) by a CHN analyzer,
nutrients by a multichannel auto-analyzer, 14C counts by Perkin Elmer
Tricarb 2810 TR scintillation counter.

Fig. 2. Total PP rates (mgCm-3h-1) measured in the Cilician basin in 20082009
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Fig. 1. Sampling stations visited in the Cilician basin

Results
In the Cilician basin, Primary Production (PP) rate was as low as 0.048
mgC.m-3h-1 in offshore, increasing to 1.6 mgC.m-3h-1 in near shore waters of
Mersin Bay fed by river and domestic discharges. In the nutrient-depleted
Cilician basin, PP was dominated by picoplankton (0.2-2.0 mm) in February
and by larger cells (>5 mm) in April 2009. A highly significant correlation
exists (P = 0.01 n = 48 r = 0.604) between total chlorophyll and PP rates.
Total chlorophyll concentrations increased from a low level of 0.02 µg/L in the
offshore to 0.9 µg/L levels in nearshore waters of the Mersin bay (Cilician
basin) throughout the sampling period. POM data have also displayed similar
spatial variations whereas the nitrate and phosphate were almost consumed in
the upper layer due to limited inputs from external and internal sources.
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DISTRIBUTION OF MERLUCCIUS MERLUCCIUS (LINNAEUS, 1758) AND MERLANGIUS MERLANGUS
(LINNAEUS, 1758) IN THE SEA OF MARMARA (1992-1995)
Ahsen Yuksek 1, Erdogan Okus 1, Ayhan Uysal 1 and Nazli Demirel 1*
1 Institute of Marine Sciences and Management, Istanbul University - yanenade@hotmail.com
Abstract
Present study has been carried out in 34 trawling stations in the Sea of Marmara between 1992-1995, fish stocks and distribution has
been investigated using trawling gear and the effect of physico-chemical conditions monitored. The fishes have been separated from
trawl material and distributions, stock size and conditions have been investigated. Hake biomass was highest whole year and its
percentage in total economical demersal fish stocks was around 50-60 % annually. Cod biomass was following the hake, especially its
stock size has been gradually increased by years and its percentage was around 15-20 %.
Keywords: Demersal, Fishes, Stock Assessment
Introduction
The Sea of Marmara is the second fishing ground after Black Sea with respect to
fishing in Turkey. The annual average fishing has been 87.04 % in the Black Sea,
7.58 % in the Sea of Marmara, 3.57 % in the Aegean Sea, and 1.50 % in the
Mediterranean Sea [1]. The general problems of the Sea of Marmara are the
intense population and industrial areas on the shores, resulting organic and
inorganic pollution and the interaction of the eco-systems of two different seas.
This type of pollution is an important reason for the narrowing of species
distribution areas. The rapidly growing industry, the related increase in
population, the distribution of port services and all discharges from the land into
bays and gulfs, which are the most productive regions of sea eco-systems, are
leading to an increase in pollution. Therefore, degradation can be observed in
very important egg-laying areas. The situation experienced in the gulfs of Izmit,
Gemlik and Bandirma is one of the best examples. In this way, new stock areas
disappear every day, because of insufficient precautions, and stocks and fishing
are affected negatively as a result. Detailed studies on biomasses and stocks,
based on numeric data remain insufficient in regards to the sea life of the Sea of
Marmara that is significantly important on fishing activities.
Materials and Method
Sampling studies have been made at a total of 32 stations in the summer and
winter seasons between 1992-1995, taking into account the depth scale ratios of
the Sea of Marmara. During the research, demersal fish distribution was
observed in different ecological regions in the Sea of Marmara. Therefore, 4 subregions were specified and the stock values were calculated.
Region I comprises the Southeast part of the Sea of Marmara. The line drawn
between the south exit of the Bosphorus and approximately Bozburun
constitutes the border of this region. Since this region comprises gulfs and
shores with heavy industrial activities, the water here is affected by industrial
waste and this region constitutes the most polluted and unproductive region of
the Sea of Marmara (20-110 m = 289.3 km2).
Region II comprises mainly the northern part of the Sea of Marmara. It
stretches from the south exit of the Bosphorus to Mürefte. This region is not
appropriate for trawl fishing and its eastern part is subject to limitations
stemming from the nature of the ground, the vessel circulation and industrial
waste (20-110 m = 1056.0 km2 ).
Region III comprises mainly the southern part of the Sea of Marmara. This
region contains very appropriate places for trawl fishing (20-110 m = 1863.0
km2).
Region IV comprises the Southwest part of the Sea of Marmara. Although the
region's surface is relatively small, it is the most productive part of the Sea of
Marmara according to 1993 data (20-110 m = 1538.8 km2).

current is very effective at the bottom (Dardanelles and Bay of Erdek).
Evaluation of the bimass ratio of hake and cod amongst other species,
opposition of bimass values and distributinal aspects was recorded between
those two species that shares nearly the same habitat. While hake biomass in
total fishing amount decreased, cod biomass was detrmined in increasing trend
and vice versa. Similar feeding strategies is evaluated for the most important
reason of this situation. Both hake and cod are known as predators. It has been
considered as an important result that distributional effects and food availabilty
between those two species and its relation in fisheries.

Fig. 1. Study area and the changes of biomass values of hake and cod in years
with region

Results and Discussion
The hake alone represents 56 % of the total catch between 1992-1994.
Decreasing to catch trend to 33% in the winter of 1994 was determined while it
was 81 % in the summer of 1993. In the winter of 1995, sudden increase of all
fish stocks were determined again. Consequently, the proportion of the hake to
the total catch increased to 48 % parallel to the increase in all other fish stocks.
Generally, hake could be seen in between Büyükçekmece and Marmara Ereglisi
in the northern, Erdek Gulf and the entrance of the Dardanelles in southwestern
and the northwest of Imrali Island in southern Sea of Marmara.
Distribution of cod was slightly difficult to observe in the northern part.
However in the summer of 1992, it has been observed a slight availability in
Marmara Ereglisi. In 1995, species distribution observed in a change of its
location to the east for cod stocks and in the same period main distrbituion area
was recorded at the entrance of Izmit Gulf. The actual distribution area of this
species is southeastern and southern Sea of Marmara where the Mediterranean

Fig. 2. Stock values of hake and cod in years in the Sea of Marmara
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STUDIES ON THE BIOLOGY OF THE VULNERABLE FISH APHANIUS FASCIATUS NARDO 1827
(CYPRINODONTIDAE) AT THE GHADIRA WETLAND IN THE MALTESE ISLANDS
Marion Zammit-mangion 1*, Charles Gauci 2 and Mark Gauci 2
1 University of Malta, - mzam1@um.edu.mt
2 Birdlife Malta
Abstract
A population of Aphanius fasciatus Nardo 1827 from a wetland community in the Maltese islands was sampled for four months.
The sex and juveniles ratios, reproductive state and lengths were studied. The population showed an abundance of females (3:1), a
relatively high investment in juveniles and sustained reproduction typical of fish species that inhabit harsh environments. In this study
females were found to be slightly shorter than males.
Keywords: Fishes, Growth, Lagoons
Introduction
Over the last decade and largely in response to human pressure A. fasciatus
Nardo 1827 has disappeared rapidly from the Maltese Islands, so that it is
now properly recorded at just two geographically isolated sites occupying a
total of 0.15km2(1). Despite the fact that locally it is classified as vulnerable
there are few scientific studies on the biology of this organism. This paper
provides information on A. fasciatus from one of the above sites, the Ghadira
wetland in Mellieha. The site consists of land nestled between two hills and
just inland of the sea at Mellieha bay. The wetland consists of a central saline
pool that rapidly becomes hypersaline during the peak summer months. To
the west of the pool lies a freshwater reservoir which is considerably deeper
than the central pool. A total of 841 fish were sampled four times between
June and October 2008 using baited minnow traps in the saline waters of the
central pool and in the freshwater reservoir (over 2.5m in depth). A shallow
channel maintains connection between the two in the summer months. Abiotic
factors were monitored throughout this period. Identification of the adult fish
was facilitated by the sexual dimorphism exhibited by males and females of
the genus Aphanius. Juveniles were identified as being 27mm or under in size.
Results and Discussion
At the wetland the females were more abundant and overall a sex ratio of 3:1
was recorded. The higher ratio of females is typical of fish species that inhabit
harsh environments where greater investment in reproductive capacity is
necessary. Similar ratios were oberved in other studies on killifish in lagoon
habitats which indicates that the Greek and Maltese habitats are exposed to
similar abiotic features such as hypersalinity and high temperatures (2).
Females exhibited sustained reproductive behaviour with swollen bellies
typical of pregnant fish from April through to late October while
temperatures remained warm and favourable. The ratio of juveniles to adults
was 1:1.3 or approximately 50% of the total population which is again
indicative of high investment in the generation of juveniles. Females were
slightly shorter (54.4mm SD8.6mm) than males (57.6mm SD 8.9mm). The
mean size of the killifish reported at the Ghadira wetland is larger than that
reported in other studies on similar habitats (2) and a contributing factor is the
freshwater reservoir where the mean size of fish is considerably larger
(60.5mm) than in the central saline pool (42.4mm). While the population in
the central pool remains vulnerable as they are exposed to extreme
abiotic conditions, the freshwater reservoir offers a reserve for the adult
killifish where conditions are more favourable. The conservation of this part
of the reserve is therefore critical to the survival of the population.
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EVALUATION DU STOCK DE PALOURDES (RUDITAPES DECUSSATUS) DES ZONES DE PRODUCTION DE
SFAX (GOLFE DE GABES, TUNISIE)
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Abstract
La palourde Ruditapes decussatus (bivalve, Veneridae) est la seule espèce de coquillage officiellement exploitée en milieu naturel sur
les côtes tunisiennes. Néanmoins, en l’absence d’informations concernant son stock nous avons mené cette étude. L’exploitation de la
palourde dans le gouvernorat de Sfax est réalisée dans des zones de production dont la délimitation est effectuée par l’administration
(Direction Générale de la Santé Animale). Des campagnes de prospection, durant l’année 2004, ont permis l’échantillonnage de
palourdes et nous avons calculé l'abondance et les biomasses dans chacune des six zones de production de la côte régionale de Sfax.
Keywords: Bivalves, Biomass, Population Dynamics
Résultats et Discussion
Le volume du sédiment prélevé par échantillon correspond à une surface d’un
quadra de 0,25 m2 et une hauteur de sédiment de 30 cm. Deux quadras
simultanés sont effectués par station. Les échantillons au nombre de 552,
réalisés dans 271 stations situées sur 47 radiales le long de la côte de Sfax
(Figure 1), ont été tamisés sur place sur un maillage de 2 mm de côté. Ayant
recours à la méthodologie utilisée dans l’évaluation du stock des palourdes du
bassin d’Arcachon [1] et des populations de bivalves dans le golfe Normandbreton [2], nous avons calculé l'abondance, en nombre d’individus et les
biomasses en Kg ainsi que leurs écarts types associés (Tableau 1), de la
population de R. decussatus dans chaque zone de production (de S1 à S6) tout
en respectant la délimitation administrative.

Tab. 1. Abondances(Ti), biomasses (Bi) et écarts types (ET) de la palourde
dans la région de Sfax

Les résultats de l’étude de l'abondance et des biomasses moyennes par m2
rejoignent ceux mentionnés ci-dessus, soit S6 la strate la plus peuplée et S1 la
strate la plus pauvre en individus de la région ayant respectivement des
densités moyennes de 48 et 0,648 individus/m2 et des biomasses de 132 et
1,921 g/m2. Hormis la zone de production S6 (132 g/m2), comparées à d’autres
régions dans le monde, on peut considérer que les valeurs trouvées pour la
biomasse et l’abondance sont relativement faibles par rapport à celles
obtenues dans le bassin d’Arcachon en France (128 g/m2) [1], (0,4 individu/
m2, 2g/ m 2) [2] et en Algérie dans le lac El Mellah (atteignant 528
individus/m2) [3]. Ces mêmes auteurs remarquent également une variation
importante selon les strates observées. Cette répartition est à mettre en
relation avec le type de substrat et les conditions environnementales [4]. En
conclusion, l’évaluation menée durant la période d’étude n’est que relative et il
convient de tenir compte de la variabilité interannuelle de la distribution
spatiale des gisements pour définir les modalités d’exploitation.
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Fig. 1. Distribution des zones de production de la palourde dans la région de
Sfax

L’abondance relative de R. decussatus dans la région de Sfax varie d’environ
3,2 à 121 millions d’individus, avec des écarts types respectifs de 1,4 x106 à
56,2 x106 (Tableau 1). Les zones de production situées au nord de Sfax
présentent les plus faibles valeurs et sont moins riches en palourdes. En effet,
dans les deux zones S1 et S2, respectivement 13,5 % et 9,6 % des stations
uniquement comprenaient des palourdes. Par contre, les zones S5 et S6,
situées au sud de la région de Sfax, sont les plus densément peuplées avec
respectivement 43 et 121 millions d’individus. Malgré une abondance moindre,
la région S3 détient une valeur de biomasse supérieure à celle en S1. Les
palourdes rencontrées dans les prélèvements en S3 sont plus âgées qu’en S1,
elles ont des tailles plus grandes.
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CONTRIBUTION A LA CARACTERISATION DE LA MACROFLORE BENTHIQUE DES REGIONS DE
BIZERTE, CAP-ZEBIB ET RAF-RAF (TUNISIE, MEDITERRANEE)
Amel Zerzeri 1*, Aslam Sami Djellouli 1, Yosr Mezgui 1 and Oum Kalthoum Ben Hassine 1
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Abstract
Un total de 80 espèces ont été identifiées : 47 Rhodophyta (59%), 16 Ochrophyta (20%), 15 Chlorophyta (19%) et 2
Magnoliophyta (2%). Six pourcents du nombre total des espèces inventoriées sont des espèces exotiques d’origine Indo-pacifique
dont une est signalée pour la première fois en Tunisie (Acrothamnion preissii) et 28 espèces sont nouvelles dans la région d’étude.
Keywords: Algae, Alien species, Biogeography
Le littoral tunisien est largement ouvert à des influences variées de part sa
position charnière entre les deux bassins, occidental et oriental de la
M éditerranée et la morphologie de ses côtes. Cela laisse supposer la présence
d’une macroflore benthique où se côtoient des groupes biogéographiques très
différents. Cependant, les travaux sur la macroflore benthique de la Tunisie
sont rares, ponctuels et fragmentaires dans le temps mais aussi dans l’espace
[1]. Dans l’objectif de connaître la grande diversité de la macroflore benthique
des côtes tunisiennes, nous avons entrepris l’étude des caractéristiques
systématiques et écologiques du macrophytobenthos de la frange littorale
nord-est de la Tunisie, localisée au nord du golfe de Tunis. L’étude porte sur
un ensemble de trois sites, répartis le long du littoral Nord et Nord-est des
côtes tunisiennes : Bizerte, Cap-Zebib et Raf-Raf, situés entre les parallèles
37°17’17’’ et 37°16’57’’ Nord et les méridiens 10°13’57.9’’ et 10°14’10.5’’
Est. Les prospections ont été réalisées selon un plan d’échantillonnage
mensuel, durant une période s’étalant de juillet 2005 à juillet 2006 (inclus) et à
une profondeur variant de zéro à dix mètres. L’analyse de l’ensemble des
prélèvements nous a permis d’identifier au total 80 espèces comprenant 47
Rhodophyta, 16 Ochrophyta, 15 Chlorophyta et 2 Magnoliophyta.
Chlorophyta : Acetabularia acetabulum, Bryopsis duplex, Caulerpa racemosa
var. turbinata-uvifera, Caulerpa racemosa var. cylindracea, Cladophora
prolifera, Cladophora hutchinsiae, Codium bursa, Codium fragile, Codium
vermilara, Dasycladus vermicularis, Enteromorpha linza, Flabella petiolata,
Halimeda tuna, Ulva rigida,Valonia utricularis.
Ochrophyta : Cladostephus hirsutus, Colpomenia sinuosa, Cystoseira
mediterranea, Cystoseira compressa, Dictyopteris membranacea, Dictyota
dichotoma var. dichotoma, Dictyota dichotoma var. intricata, Dictyota linearis,
Ectocarpus siliculosus var. siliculosus, Ectocarpus fasciculatus, Padina
pavonica, Sargassum vulgare, Scytosiphon lomentaria, Sphacelaria rigidula,
Stypocaulon scoparium, Taonia atomaria.
Rhodophyta : Acrothamnion preissii, Asparagopsis armata, Aglaothamnion
caudatum, Aglaothamnion tripinnatum, Amphiroa rigida, Antithamnion
heterocladum, Callithamnion corymbosum, Callithamnion tetragonum,
Ceramium bertholdii, Ceramium ciliatum, Centroceras clavulatum, Ceramium
diaphanum var. diaphanum, Ceramium gracillimum, Ceramium flaccidum,
Ceramium secundatum, Champia parvula, Chondria coeruslescens,
Compsothamnion thuyoides, Corallina elongata, Crouania attenuata, Dasya
hutchinsiae, Erythrotrichia bertholdii, Erythrotrichia carnea, Erythrocladia
subintegra, Fosliella farinosa, Goniotrichumm alsidii, Griffithsia opuntioides,
Herposiphonia secunda f. secunda, Heterosiphonia crispella, Hypnea
cervicornis, Hypnea musciformis, Hypoglossum hypoglossoides, Jania
rubens, Laurencia obtusa, Laurencia papillosa, Lithophyllum incrustans,
Mesophyllum lichenoides, Nitophyllum
punctatum, Peyssonnelia dubyi,
Peyssonnelia
squamaria, Phyllophora crispa, Pleonosporium borreri,
Polysyphonia sertularioides Polysiphonia opaca, Pterocladia capillacea,
Rytiphlaea tinctoria, Sphaerococcus coronopifolius. Magnoliophyta :
Cymodocea nodosa, Posidonia oceanica.
Sur l’ensemble des espèces inventoriées, les Rhodophyta constituent le groupe
le mieux représenté avec 59% de l’ensemble des espèces recensées, les
Ochrophyta et les Chlorophyta occupent la seconde position avec
respectivement 20% et 19% du nombre total des espèces. Par ailleurs, le
rapport R/P (Rhodophyceae/Phaeophyceae) [2], calculé pour l’ensemble des
sites étudiés est de 2.9 et reflète un caractère d’affinité tempérée,
correspondant au bassin occidental. De plus, le regroupement des espèces
inventoriées en fonction de leurs affinités biogéographiques [3-4], nous a
permis de constater que l’élément Atlantique est dominant avec 45%, suivi de
l’élément Cosmopolite avec 34% puis de l’élément Méditerranéen avec 11%.
Les espèces à affinité tropicale représentent, quant à elles, 10% et sont
formées par 6% pour l’élément indo-pacifique et 4% pour l’élément
pantropical. La macroflore benthique de la région étudiée est donc un mélange

hétérogène, constitué par plusieurs espèces d’affinités diverses. Parmi les
espèces inventoriées, cinq d’entre elles retiennent notre attention, en raison de
leurs caractères exotiques et leur origine Indo-pacifique [4], soit: (1) Caulerpa
racemosa var. turbinata-uvifera, (2) Caulerpa racemosa var. cylindracea, (3)
Asparagopsis sp, (4) Codium fragile et (5) Acrothamnion preissii. Ces
espèces exotiques représentent tout de même 6 % du nombre total des espèces
inventoriées. En outre, dans cette étude, nous signalons pour la première fois
Acrothamnion preissii sur les côtes tunisiennes. En conclusion, le nombre
d’espèces inventoriées dans ce travail (80 espèces) représente 19.32% de la
flore marine connue à ce jour sur le littoral tunisien et reporté par Ben Maïz
[1]. 28 de ces espèces sont mentionnées pour la première fois dans le secteur
d’étude et dont une est nouvelle pour la Tunisie.
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A COMPARISON OF THE PRECISION OF RED MULLET (MULLIDAE) AGE DETERMINATION BY THE USE
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Abstract
The goal of this study was to determine the most reliable bony structures (scales, whole and broken otoliths) for ageing the striped red
mullet at the strait of Gibraltar region. The results showed for all structures a high percentage of agreement between the young
individuals age readings carried out by observations of whole and broken otoliths; the age determined for old individuals by scales and
whole otoliths seemed underestimated.
Keywords: Strait Of Gibraltar, Fisheries, Population Dynamics, Growth
Introduction
The striped red mullet (Mullus surmuletus Linnaeus, 1758), is one of the most
commercially important fish species targeted by trawl fishery at the Moroccan
waters. The area of study extends from the Strait of Gibraltar to Larache region.
The accumulating evidence that scales can provide unreliable estimates of age
has forced fishery scientists to use other calcified structures, especially otoliths
[1]. Thus, the specific objectives of this study were to determine the precision
of age estimated for this species using different hard structures.

over this age, the ages determinations using both scales and whole otoliths are
underestimated by comparison with broken otoliths. Studies have consistently
shown higher precision in ages assigned with otoliths than with scales in
walleyes [7].
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Materials and methods
The samples of data used in this study were collected in 2005 by commercial
category (small, medium and big), using a stratified random sampling of
monthly commercial landings of trawlers made at the fish auction of Larache.
Samples of 114 individuals, ranging in size between 12 to 28 cm, were
measured by their fork length to the nearest centimetre. In the laboratory; fish
scales and sagittal otoliths by length class of 1 cm were removed from each fish
and were washed and stored dry [2]; for age determination, Scales, whole and
broken otoliths through the focus were illuminated with reflected light and were
examined under a dissecting microscope with a dark background [3] .
The readings were done without knowledge of scales or otoliths reference
(length). All samples of scales and otoliths were interpreted separately three
times. If all the three readings are different, the material is rejected. Only
complete hyaline zones were counted using Guidelines for pattern
interpretation generally based upon standardized interpretation presented in
the CARE Age Reading Manual [4].
Several measures were used to determine the precision (reproducibility) of ages
assigned using these structures. The Percent of Agreement (the percentage of
age readings that agree with the modal age which represents the age for which
most readings agree), the standard deviation (sd) and the coefficient of variation
(CV =100 x sd/mean) [5], were used. Age readings were analyzed with a
spreadsheet developed by Guus Eltink [6].
Results
The results show that the Percent of Agreement (P.A.) decreased for all
structures over age 5 and indicate that precision (CV) between readings using
whole otoliths remains slightly high as assigned ages increased (Table 1). For
the scales, whole and broken otoliths CV’s increased with increasing fish age,
indicating that readings agreement decreased as fish grew older. However, the
age reading agreement for whole otoliths kept high even for older individuals.
Tab. 1. Comparison of readings P.A. and CV among ages assigned using
scales, whole and sectioned otoliths for two groups of striped red mullet

Discussion and Conclusions
The results of the study show that the determination of age by the use of
whole otoliths and scales is less precise by comparison to that estimated from
broken otoliths. In general, we found that broken otholith yielded the most
precise age estimates for red mullet. Whole otoliths was equally useful for
ageing the species but only for individuals not old (less or equal to 5 years);
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THE GEAR SELECTIVITY EFFECT ON GROWTH PARAMETERS OF AXILLARY SEABREAM, PAGELLUS
ACARNE (SPARIDAE) AT THE MOROCCAN WESTERN MEDITERRANEAN
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Abstract
We examined the effects of gear selectivity on the estimation of growth parameters of Axillary seabeam from western
Mediterranean. For longline and trawl nets, there were differences between the von Bertalanffy growth estimates derived from the
two fishery’s mean values of length-at-age. For longline fishery, a selectivity-related bias in the estimation of growth parameters was
recorded, yielding unrealistic estimates of t0.
Keywords: Fisheries, Fishes, Growth, Western Mediterranean
Introduction
The axillary seabeam, Pagellus acarne (L.) (Sparidae), is widely distributed
along the continental shelf at the Atlantic and Mediterranean waters [1].
Abundant in Moroccan Mediterranean waters, this species is commercially
exploited at depths between 80 and 150 meters by longliners (up to 20 % of
landings in weights) using gill nets and hooks and also with trawlers by means
of deep trawl net (about 80 % of landings in weights) [2].
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Materials and methods
The area of study covered the sparidae fisheries located at the Strait of
Gibraltar region of Morocco which extends from M’diq to Larache. The
samples of data were collected in 2004 and 2005 at the fish auction of Larache
by using a stratified random sampling of Axillary seabream monthly landings of
trawlers and longliners .
Samples of 510 individuals, ranging in size between 10 to 28 cm fork length
were measured to the nearest centimeter; for age determination, 5 scales by
length class of 1 cm, were removed, washed, viewed with a magnification of
50x; fish were considered to be 1 year old after the formation of the first winter
ring. Fish age was determined by two different readers with no knowledge of
fish length or month and gear of capture. If the two readings agreed, then the
age was adopted as definitive. If the two readings differed, the scale was
omitted from further analysis.
The Von Bertalanffy theoretical growth parameters and the corresponding
variances were estimated separately for trawl and longline fisheries by using
FISHPARM program [3]. To test for the selectivity effect on the estimation
of growth parameters, we undertook a comparison of the growth parameters
derived separately from data of trawl and longline fisheries and the
corresponding variances. The Hotlling’s T 2 test [4], was also used to compare
the parameters of both fisheries.
The three theoretical Von Bertalanffy growth parameters and the corresponding
variances were estimated separately by type of fishery (Table 1).
Tab. 1. The Von Bertalanffy growth parameters (L∞, K, tO) with the
corresponding variances estimated by type of fishery

Results and Discussion
Results showed that trawlers caught fish with ages ranging between 0+ and 8
years; in contrast, longliners were targeting only bigger fish of age 4 to 8 years.
Moreover, we found significant differences for all three growth parameters
obtained by type of fishery (Hotlling’s T 2 test, P <0.001). The examination of
the parameters of growth obtained in table 1, shows a t0 strongly negative; by
comparison to trawl fishery, the variances associated with the estimated
parameters of growth for longline fishery are rather high. Therefore, it appeared
that the t0 parameter is very sensitive to the first age groups. In fact, gear
selectivity can influence estimates of growth parameters [5]. It is difficult to
obtain samples representative of the population’s age structure when using a
single gear because of the size selectivity of most gears [6]. To allow for
obtaining more reliable estimates of growth parameters of a stock, the data
representing the whole range of fish length should be used [7].
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MITIGATING THE IMPACTS OF COASTAL DEFENCE MEASURES
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Abstract
Defense measures have a strong impact on species composition, abundance and diversity of coastal marine environments.
Understanding the factors controlling these impacts is crucial for proper management of coastal areas. We show results of field
studies aiming at developing means for promoting the growth of desirable species and for controlling the spread of invasive species on
coastal man-made structures
Keywords: Adriatic Sea, Coastal Management, Species Introduction, Biodiversity, Coastal Engineering
Evidence for severe loss of marine habitats is increasing worldwide, stirring
concern because of their recognized ecological and economical values (1).
Recent estimates suggest that > 60% of native habitats may have been lost
throughout history in many coastal areas of the planet (2). Losses have
resulted from natural and particularly from anthropogenic factors driving
marine systems through thresholds of degradation (3). Losses are ongoing at
accelerating rates and overall benefits of current protection measures are low.
Urbanization is one of the leading causes for habitat and species loss in coastal
waters. Today 22,000 km2 of European coastlines are covered by urban
marine structures and further development is expected (2). Such structures are
often built on sandy bottom where they generate changes in species
composition, abundance and diversity. Understanding the factors controlling
such changes is crucial for proper management of coastal areas. The current
research aims at outlining a new approach of sustainable management of urban
marine structures, by incorporating ecological knowledge of their functioning
and of the appropriate scales, spatial and temporal, of management. We show
results of past and ongoing experimental field work which specifically dealt
with: 1) analyzing the impact of coastal artificial structures on native
assemblages, 2) monitoring the spread of nuisance or invasive species on
coastal artificial structures, and 3) developing means for promoting the growth
of desirable species. These studies have been done along the 190 km of coastal
defence and other armoured urban infrastructures along the Italian North
Adriatic Sea. Results show that the proliferation of coastal defense measures
causes a disruption of native soft-bottom environments and unnatural changes
to the composition, abundance and diversity of native assemblages.
Proliferation of coastal defense structures can also have critical impacts on
regional species diversity, removing isolating barriers, favoring the spread of
non-native species and increasing habitat heterogeneity (4, 5, 6). In order to
provide advice about how to mitigating the impact of these measures on the
environment, we tested the feasibility of promoting the growth of desirable
native species on urban marine structures, using the canopy-forming alga
Cystoseira barbata as model species. We documented the ongoing loss of this
species in native habitats in this region in relation to severe anthropogenic
disturbances, and their replacement by opportunistic species of lesser habitats
complexity. We estimated natural recovery potential by in-situ monitoring of
subsequent recruitment, survival and growth patterns of C. barbata juveniles,
and tested the potential for urban armoured structures to provide additional
suitable substrata for this species. Transplantation experiments demonstrated
that Cystoseira has the potential to grow on urban structures, but its success
is influenced by several factors, including wave exposure and herbivorous
pressure. Urban marine structures do not function as natural habitats.
Advancing our understanding of the impact of urban structures on natural
habitats, and increasing our ability to control their assemblages is of prime
importance in light of the continuous proliferation of these artificial habitats.
Management for these artificial habitats should be specifically adapted, aimed
at increasing their ability to sustain various ecological and biological
applications, for example, by managing their prevailing assemblages. Finally,
we suggest that instead of relying on the construction of new artificial reefs for
restoration and enhancement, ecologists, engineers and decision makers should
consider maximizing the ecological functioning of existing man -made
structures. Acknowledgements Work was supported by: the EU projects
MarUrbe (FP7-PEOPLE-2007-2-1-IEF-219818), DELOS (EVK3-CT-200000041) and THESEUS (FP7 - ENV2009-1, grant 244104), the MIUR project
BIORES (Prin 2007) and the University of Bologna Strategic Project
ADRIABIO.

Fig. 1. Google view of coastal defense and otherarmoured urban structures
along the Italian coasts of the North Adriatic sea

References
1 - Costanza R., d'Arge R., de Groot R., Farber S., Grasso M., Hannon B.,
Limburg K., Naeem S., O'Neill R. V., Paruelo J., Raskin R. G., Sutton P., and
van den Belt M., 1997. The value of the world's ecosystem services and
natural capital. Nature387, 253-260.
2 - Airoldi L., and Beck M. W., 2007 Loss, status and trends for coastal
marine habitats of Europe. Oceanogr. Mar. Biol. Ann. Rev.45, 345-405.
3 - Jackson J.B.C., Kirby M.X., Berger W.H., Bjorndal K.A., Botsford L.W.,
Bourque B.J., Bradbury R.H., Cooke R., Erlandson J., Estes J.A., Huges T.P.,
Kidwell S., Lange C.B., Lenhian H.S., Pandolfi J.M., Peterson C.H., Steneck
R.S., Tegner M.J. and Warner R.R., 2001. Historical overfishing and the recent
collapse of coastal ecosystems. Science293, 629-638.
4 - Airoldi L., Abbiati M., Beck M.W., Hawkins S.J., Jonsson P.R., Martin
D., Moschella P.S., Sundelöf A., Thompson R.C. and Åberg P., 2005. An
ecological perspective on the deployment and design of low-crested and other
hard coastal defence structures. Coast. Engineer.52, 1073-1087.
5 - Bulleri F. and Airoldi L., 2005. Artificial marine structures facilitate the
spread of a non-indigenous green alga, Codium fragile ssp tomentosoides, in
the North Adriatic Sea. J. Appl. Ecol.42, 1063-1072.
6 - Fauvelot C., Bertozzi F., Costantini F., Airoldi L. and Abbiati M., 2009.
Lower genetic diversity of populations of the limpet Patella caerulea on urban
coastal structures as compared to natural rocky habitats. Mar. Biol. 156:
2313–2323.

711
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

DETRITAL ENRICHMENT FROM MARINE URBAN STRUCTURES AND ITS FAR-FIELD EFFECTS ON
SOFT-BOTTOM ASSEMBLAGES
L. Airoldi 1, G. Fontana 1*, F. Ferrario 1, G. Franzitta 1, S. Perkol-Finkel 1, A. Magnani 1, S. Bianchelli 2, A. Pusceddu 2, M. A.
Colangelo 1 and S. Thrush 3
1 Centro Interdipartimentale di Ricerca per le Scienze Ambientali in Ravenna, Università di Bologna, Italy - g.fontana@unibo.it
2 Dipartimento di Scienze del Mare, Università Politecnica delle Marche, Ancona, Italy
3 National Institute of Water and Atmospheric Research, Hamilton, New Zealand AND DipTeRis, Università di Genova, Italy
Abstract
Here we report the results of a field experiment designed to identifying and quantifying possible local changes in sedimentary
environments and associated assemblages related to the deposition of two common but different types of detritus produced by hard
bottom species (green algae and mussels) along the coast of the north Adriatic sea.
Keywords: Adriatic Sea, Detritus, Sediments, Artificial Reefs
Coastal marine landscapes have been profoundly altered by the introduction
of a variety of human-made artificial structures, such as seawalls, dykes and
breakwaters, ([1], [2]). There is mounting evidence that these structures may
profound change the environmental and ecological condition of the coastal
ecosystem ([3], [4], [5], [6]). However, the broader ecological consequences of
these man-made structures that could extend the foot print of their impact are
poorly understood. These artificial structures could have important
consequences for the functioning of coastal system through the spatial
subsidy of detrital material that is sloughed off the artificial structure and
changes productivity, nutrient cycling, detrital pathways in the adjacent softsediments. We designed an experiment to identify and quantify possible
changes in sedimentary environments and associated assemblages related to
the unnatural, considerable amount of detritus produced by hard bottom
species associated to the urban structures. The study was carried out along the
sedimentary coasts of the North Adriatic Sea (Italy). In this area >190 km of
artificial structures, mainly groynes and breakwaters, seawall and jetties, have
been built along 300 km of naturally low sedimentary shores causing severe
loss and alterations of shallow sedimentary habitats [3]. We first identified
and quantified the type, amount and distribution of detritus produced by
dominant hard-bottom species on the structures. We then carried out a field
experiment to analyse the effects of detritus from different organisms (i.e.
Ulva spp, vs Mytilus galloprovincialis) on surrounding sedimentary
environments and associated assemblages. We predicted different effects of
these two forms of detritius because of the different nature in the organic
material (specific gravity and chemical content) and the provision of shell
material associated with mussel deposition. Mussels and Ulva were collected
from artificial breakwaters located in Lido di Dante (44°22’59’’N, 12°
19’19’’E). Mussels were frozen for 24 hours while Ulva stored at 4° for 24
hours to quickly obtain fresh detritus, therefore disposed into net bags (60x60
cm, mesh size 1 cm) to be used in the experimental treatments. The
experiment was set up on soft bottoms at about 50 m apart from any artificial
structure and at a depth of 4 m which is similar to the depth of soft-bottoms
surrounding the nearby structures. Treatments included: addition of detritus
from Ulva spp (500 g wwt), addition of detritus from mussels (3 kg wwt),
unmanipulated controls and a procedural control (empty nets). The amount of
detritus in each treatment was chosen based on previous field observations.
Twelve plots were established for each treatment. Sampling was done 2 days,
7 days and after 21 days after the deposition of the detritus to follow the
temporal trajectories of the effects. Each time 4 plots of each treatment were
randomly selected and sampled destructively. Variables measured in each plot
included: soft-bottom macrofauna, macrofauna directly associated with the
detritus, total organic matter, chlorophyll a and sediment grain size. Detritus
originated from Ulva spp. and mussels had significant and different effects on
macrofauna. These effects included both changes in the composition and
distribution of the macrofauna in the sediments and effects related to the
colonization of detritus by rich assemblages (particularly amphipods). Strong
effects were evident 2 and 7 days after the beginning of the experiment, but
weakened by 21 days. This suggests very rapid breakdown and assimilation of
this material into the benthic foodweb. Some of the major changes were related
to few families of amphipods that showed the highest abundance in Ulva
treatments after 7 days of the starting of the experiment. Our study suggests
that mounds of detritus produced by organisms associated to marine artificial
structure can affect the structure of native soft-bottom assemblages. This
effects become particularly significant if scaled up in areas, such the North
Adriatic Sea, which is highly affected by marked eutrophication processes,
frequent storm events and high temperature that could enhance detritus
deposition around more than 300 km of coastline protected by artificial

structures.

References
1 - Airoldi L. and Beck M.W., 2007. Loss, status and trends for coastal marine
habitats of Europe. Oceanogr. Mar. Biol., 45: 345-405.
2 - Davis N., VanBlaricom G.R., and Dayton P.K., 1982. Man-made
structures on marine sediments: effects on adjacent benthic communities. Mar.
Biol.,70: 295-303.
3 - Bertasi F.,Colangelo M.A., Abbiati M.,and Ceccherelli V.U., 2007. Effects
of an artificial protection structure on the sandy shore macrofaunal
community: the special case of Lido di Dante (Northern Adriatic Sea).
Hydrobiol., 586: 277-290.
4 - Airoldi L., Abbiati M., Beck M.W., Hawkins S.J., Jonsson P.R., Martin
D., Moschella P.S., Sundelöf A., Thompson R.C. and Åberg P., 2005. An
ecological perspective on the deployment and design of low-crested and other
hard coastal defence structures. Coast. Eng,.52: 1073-1087
5 - Glasby T.M. and Connell S.D., 1999. Urban structures as marine habitats.
Ambio,28: 595-598.
6 - Bulleri F., 2005. The introduction of artificial structures on marine softand hard-bottoms: ecological implications of epibiota. Environ. Cons.,32: 101102.

712
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

THE DEVELOPMENT OF A VULNERABILITY INDEX FOR BEACH EROSION, BASED ON A SEDIMENT
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Abstract
The present contribution presents an erosion index for the beach zones based on a conceptual sediment budget model; the latter
involves the identification of littoral cells, sediment sources, throughouts and sinks of sediment. For the development of the index the
aforementioned parameters are ranked in a homogeneous way and interrelated mathematically. The produced index values quantify
relatively vulnerability to erosion along the beach zone.
Keywords: Coastal Processes, Erosion, Shoreline Evolution
where, Ho: offshore significant wave height; Β: Berm height, and ξ: the
Irribaren number.
(VI) The aeolian transport variable is provided by Hsu (1986) equation:

Introduction
The difficulty to predict coastline changes is due to the range and the
frequency of processes that affect coastal areas and the closely coupled links
between sea-level rise and other processes driving coastal change. Over the
past decade, the Coastal Vulnerability Index has been developed for the
assessment of coastline changes due to a potential sea level rise. This index
aims to classify the potential effects of sea-level rise on open coasts using the
physical characteristics of the coastal system (for details see Gornitz and
White, 1992), providing basically a rank-based vulnerability assessment and
comparative classification of the various coastal stretches.
The aim of this contribution is the development of an index dedicated to the
assessment of vulnerability in the case of beach zones developed in microtidal
environment but experiencing significant nearshore hydrodynamics including
relative sea level change.

(6)
where, q: sand transport rate, in gm/cm/s; u*: shear velocity; g: acceleration of
gravity; D: mean sand grain diameter; Va: air kinematic viscosity; and, Pa: air
mass density.
The index is applied in a beach zone that is divided alongshore into a grid at
distances according to the required accuracy. Subsequently, the required data
set is obtained either by the use of numerical models (eg. wave heights,
breaking height and angle) or by data that are collected by field measurements.
Ranking index variables: It is based on the assumption that the potential
maximum value reflects 100% of the variable; this maximum value will be
calculated obviously by applying the maximum values for the parameters that
are included in the corresponding equations. Numerical values of variables will
be also transformed into percentages ranging between 0.00 and 1.00, while
those variables that are associated with addition and/or removal of sediment
from the beach zone (e.g. cross-shore sediment transport will be signed as
either negative or positive.
Output: The index will be calculated as the geometric mean value of the six (6)
variables for each grid cell of the beach zone. This will highlight not only the
most vulnerable parts of the beach zone to erosion, but also the principal
variable being responsible for the highest vulnerability; thus, the physical
process(es) mostly responsible for the erosion could be identified.

The BVI method
Concept: The proposed beach-zone vulnerability index (BVI) is based on a
numerical approach of the parameters governed the sediment budget of beach
zone and its evolution. Thus, variables that form the beach vulnerability index
includes: (i) long-shore sediment transport; (ii) cross-shore transport; (iii)
riverine inputs; (iv) relative sea level change (tectonic and climatic); (v) wave
run-up; and, (vi) aeolian sediment transport. It is worth mentioned that the
calculation of the aforementioned variables incorporates the estimation of
other important parameters, such as granulometry, significant wave height and
the gomorphological characteristics of the beach zone, like beach slope, beach
profile length
Calculation: For the calculation of each variable the simplest possible
available equation has been chosen; these are presented below:
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(1)
where, Q: potential volumetric longshore transport rate (m3/day), ρ: water
density; g: the acceleration of gravity; Hb: breaking wave height, ab: wave crest
angle at breaking.
(II) Crosshore sediment transport is provided from the Bailard and Inman’s
(1981) equation:
(2)
where, εΒ: 0.2; εS : 0.025; CD: dragging coefficient; ws: sediment fall velocity;
φ: the angle of repose; β: the beach slope; ub:near bed water velocity; ρ: water
density; and, ρs: density of sediment. δu,ψ 1, ψ 2, ψ 1, u3* and u5* cross-shore
velocities depending from the significant wave height (Bailard ,1982).
(III) In the case of data absence, riverine sediment inputs maybe calculated
with the use of Hovious’ (1998) equation:
(3)
Where, Ε: sediment weight gr/m2; Η: maximum elevation of the drainage basin;
Τ: mean temperature; Τ R: temperature range; and, R: river run off.
(IV) The effect of relative sea level rise variable is calculated from Bruun’s
(1962) semi-empirical relationship:
(4)
where, S: relative mean sea level rise, in cm; L: profile length; Β: berm height;
and, hc:closure depth.
(V) The wave run-up R is given from CERC (1984) in the case of:
breaking waves,
(5a) and,
non-breaking waves,

(5b)
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THREE-DIMENSIONAL MATHEMATICAL MODEL TO SIMULATE GROUNDWATER FLOW AND MASS
TRANSPORT IN COASTAL AQUIFER SYSTEM OF ANNABA, EASTERN ALGERIA
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Abstract
On the coastline of the Seybouse low plain, the gravel aquifer is characterised by a high conductivity. In order to determine the origin
of this salinity, a monthly monitoring of the groundwater chemistry was conducted between February and December 2006. The
collected basic data were used for the preparation of a groundwater flow and mass transport model for the quantitative assessment of
impact of human influence on contaminant dispersal in the watershed.
Keywords: Algerian Basin, Models, Pollution, Salinity
The potentiometric surface in the Seybouse basin, which covers an area of 264
km2, has declined significantly since 1978. Earlier studies in this area (1-3) have
shown that i) groundwater is used intensively near the coast; ii) the decrease of
water levels creates piezometric depressions and the extension of zero level
towards the south (Fig. 1); iii) the dip of the gravel strata is mainly towards the
sea; and iv) the steady decrease of hydrochemical features from the sea to the
continent on about 15 km (Fig. 2).

distribution illustrates the vulnerability of the aquifer in coastal sectors where
flows with an important concentration of chloride may be observed, especially
towards the Salines wells field. The solute concentration in the deep confined
aquifer will increase from 1 g.L (prior 1996) to 5 g.L in 2010 m.
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Fig. 1. Variation of piezometric levels between 1978 and 2006

Fig. 2. Variations of hydrochemical features. Graphs for chlorides, sodium,
Strontium and EC from the sea to Dréan, in southern sector

A transient multilayer model has been developed to synthesise the hydrologic
data and study the regional changes in aquifer interactions caused by changes in
discharge. The model consists of two layers, the first corresponding to the
alluvial phreatic aquifer and the second to the deep confined aquifer, and it is
calibrated against the steady state groundwater heads recorded before 1983.
Model verification was done by history matching over the period 1978-1996.
Under steady-state conditions, the correspondence between simulated and
observed water levels is generally good (average difference of 0.4 m). For the
deep aquifer, the simulated time-series hydrographs closely match the recorded
hydrographs for most of the observation wells. For the alluvial aquifer, the
recorded hydrographs cover only a short time period, but they are reproduced.
The model indicates that groundwater pumping induced a decrease in natural
discharge, a downward leakage in most of the basin and a continual water-level
decline. The model has also been applied to the analysis of recharge impact.
Simulating the behaviour of the system over the period 1978-1996 without
pumping indicated small changes in hydraulic head. These results show that the
groundwater reservoir has a low recharge, but excellent hydraulic properties; a
solute-transport model was used to study aquifer contamination from salty
intrusion in coastal sectors; it was extended to the year 2010 by simulating an
optimistic hypothesis that maintains present pumping until 2010. The model
indicates that the head decrease of the alluvial phreatic and deep confined
aquifers will be 4 m and 5 m respectively. The simulated piezometric
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NE BLACK SEA
E. Arashkevich 1*, V. Chasovnikov 1, V. Kremenetskiy 1, S. Mosharov 1, A. Nikishina 1, L. Pautova 1 and K. Soloviov 1
1 Shirshov Institute of Oceanology, Russian Academy of sciences - aelena@ocean.ru
Abstract
We present hydrophysical, chemical and biological data obtained in the different seasons in the coastal zone of the NE Black Sea in
2007-2009. Spatial changes in chemical parameters (nutrients, DO, H2S) as well as in primary production, Chl a, POC, phyto- and
zooplankton distributions are discussed in relation to hydrophysical conditions and the influence of coastal run -off. Seasonal
peculiarities of ecosystem structure and function are described.
Keywords: Black Sea, Coastal Systems
Introduction
The pelagic ecosystem of the coastal area is characterized by a high spatiotemporal variability caused by the complicated physical, chemical, and
biological processes running in this region [1]. To a great extent, this
variability is related to the presence of fronts, eddies, filaments, etc, which
control the intensity and directions of the along- and cross-shelf transport [2],
[3]. Meanwhile, the hydrophysical processes occurring near the shore and
over the continental slope cause a great diversity of scenarios, which switch
depending on wind forcing and the regional climatic changes on both temporal
and spatial scales [4], [5]. This study was performed in frame of EU project
SESAME and aimed to investigate the coastal ecosystem function and crossshelf exchange in the NE Black Sea.

Climatic warming and accompanying changes in the ecological regime of the
Black Sea during 1990s. Global biochemical cycles, 17: No. 3,
doi:10.1029/2003GB002031.
5 - Arashkevich E.G., Drits A.V., Timonin A.G. and Kremenetskiy V.V.,
2002. Variability of spatial zooplankton distribution affected by water
dynamics in the north-eastern Black Sea. Oceanology V. 42 (Suppl. 1). P.
S79-S94.

Material and methods
In 2007-2009, monitoring of seasonal variations in physical, chemical, and
biological parameters was performed in the coastal region off Caucasian coast.
Data were collected along a transect from the shore to deep basin in three
seasons, spring, summer, and autumn. CTD-profiling (by SBE 19plus probe)
along with chemical (nutrients, DO, H2S) and biological (primary production,
Chl a, POC, phyto- and zooplankton) sampling were done at three key
stations located over the inner-shelf (25 m isobaths), middle-shelf (55 m
isobaths) and continental slope (1000 m isobaths). Horizons for
hydrochemical and biological sampling were chosen according to in situ CTDprofiles.
Results and discussion
The high amplitude of seasonal variations in the surface temperature (up to
19°C) caused the drastic changes in the structure of pelagic ecosystem. In
winter/spring, the seasonal maximum of nutrients as well as Chl-a and primary
production (PP) was observed in the upper 10-m layer. After the thermocline
formation, the depletion of nutrients in the upper layer led to decrease in Chla concentration and PP. Species composition of phytoplankton showed
significant seasonal changes with predominance of dinoflagellates in spring,
coccolitophorids in summer, and diatoms in autumn but this pattern could
vary from year to year. There was a slight tendency to the decrease of
nutrients and phytoplankton concentration in the inshore-offshore direction,
however the difference was insignificant. This finding suggests an intensive
cross-shelf exchange in the study area. PP varied from 210±60 mg C/m2 day in
spring to 175±30 mg C/m2 day in autumn. Two peaks of zooplankton
abundance were observed in spring and autumn at all locations but their
intensity differed in the different years. No obvious relationship between
phytoplankton concentration and zooplankton biomass were found. The
effect of gelatinous top-predators (medusas and ctenophores) on the total
zooplankton biomass was insignificant at short-time, monthly, and interannual
scales (ANOVA, F=2.34, p=0.1). The surface-dwelling zooplankton
populations showed more prominent response to both hydrophysical changes
and biological (food and predations) factors.
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ETUDE COMPARATIVE DU RYTHME DE L’ACTIVITE LOCOMOTRICE DE TALITRUS SALTATOR ISSU
DE DEUX PLAGES TUNISIENNES: BIZERTE ET GOLFE DE GABÈS
Amel Ayari 1* and Karima Nasri-Ammar 1
1 Faculté des Sciences de Tunis, 2092, Tunisie - ayariamel@gmail.com
Abstract
L’amphipode supralittoral, Talitrus saltator, considéré comme bioindicateur de la stabilité des plages sableuses, a fait l’objet de
plusieurs recherches concernant l’étude du rythme locomoteur. Notre étude a pour objectif de caractériser le rythme de l’activité
locomotrice de ce talitridé au niveau de deux plages géomorphologiquement différentes. L’étude du rythme de l’activité locomotrice
des animaux expérimentés a révélé plusieurs différences statistiquement significatives. Par ailleurs, les différences observées sont
expliquées comme stratégie adaptative aux changements environnementaux.
Keywords: Crustacea, Gulf Of Gabes
Introduction
L’activité locomotrice présente une dépendance directe aux fluctuations des
facteurs environnementaux qui sont considérés comme des synchroniseurs ou
"Zeitgeber" [1]. En effet, le rythme circadien est entrainé par l’alternance
jour/nuit [2] et le rythme circatidal est synchronisé par le flux et le reflux des
marrées. Le but de ce travail est de comparer les caractéristiques du rythme
endogène de Talitrus saltator au niveau de deux plages géomorphologiquement
différentes.
Matériel et Méthodes
Un total de 30 individus ont été collecté, durant la saison automnale, aussi bien
au niveau de la plage de Bizerte (37°19’N-9°51’E) qu’au niveau de la plage du
golfe du Gabès (N 33° 52' 34,0’’; E 10° 07' 38,8''), cette dernière présente une
amplitude des marées considérée comme la plus importante dans le bassin
méditerranéen (jusqu’à 2,2 m). L’activité locomotrice a été enregistrée en
plaçant, individuellement, les spécimens dans des boites d’enregistrement ou
actographes. Ces derniers sont placés dans une enceinte climatique qui permet
de contrôler aussi bien la température que la photopériode. Les individus de
Talitrus saltator ont été maintenus sous une température constante de 18 ±
0.5°C. Ces spécimens ont été d’abord, soumis à la photopériode naturelle (LD)
du jour de la collecte puis ils ont été maintenus en libre cours (obscurité
continue : DD).

Fig. 1. Rythmicité en fonction des régimes photopériodiques des individus
collectés dans les plages étudiées Bizerte et golfe de Gabès.

Tab. 1. Comparaison des caractéristiques du rythme locomoteur de Talitrus
saltator. LD: alternance lumière/obscurité, DD Obscurité continue , ET: Ecarttype effectif

Résultats et discussion
L’activité locomotrice des spécimens de Talitrus saltator, testés dans cette
expérience, a révélé un rythme circadien proche de 24h avec une composante
circatidale d’environ 12h (Tableau 1). L’étude de la rythmicité des individus a
montré qu’au niveau des deux plages de Bizerte et du Gabès, la rythmicité
circadienne est la plus prononcée quel que soit le régime
photopériodique imposé (LD ou DD) ; la rythmicité circatidale est plus
marquée au niveau de la plage du golfe du Gabès (Figure1). L’analyse des
actogrammes en double plot, ainsi que les courbes d’activité locomotrice
moyenne par heure et par jour, ont permis de mettre en évidence trois types de
profils : unimodal, bimodal et plurimodal. Le rythme locomoteur des individus
issus de la plage de Bizerte décrit un profil bimodal qui est le plus observé sous
alternance lumière/obscurité. Par contre, en obscurité continue, le profil
plurimodal est le plus dominant. Les individus collectés au niveau du golfe de
Gabès présentent une activité locomotrice de type plurimodale quel que soit le
régime photopériodique imposé. L’étude des caractéristiques du rythme de
l’activité locomotrice (période circadienne, période circatidale, temps d’activité
et déphasage Δf) a montré qu’en obscurité continue, la population de Talitrus
saltator, provenant de la plage de Bizerte, présente un allongement d’une heure
de la période circadienne ; alors que, la période circadienne obtenue chez les
individus issus de la plage du golfe de Gabès reste inchangée sous les deux
régimes photopériodiques [LD] et [DD]. Une différence hautement
significative a été révélée entre les périodes circadiennes des deux populations
(Tableau1). De plus, l’analyse statistique par le test Wilcoxon a révélé des
différences significatives entre les périodes circatidales des deux populations,
quel que soit le régime photopériodique imposé (Tableau1). L’analyse des
temps d’activités n’a révélé aucune différence significative (Tableau1). Enfin, la
majorité des individus de la population du Gabès présente un retard de phase
alors qu’une avance de phase est observée pour Talitrus salator collectée au
niveau de la plage de Bizerte. La différence entre les déphasages moyens des
deux populations est hautement significative (Tableau1).
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CHANGES IN THE MACROALGAL ASSEMBLAGE OF THE UPPERMOST INFRALITTORAL FRINGE
FOLLOWING A POINT OIL SPILL IN THE GRAND HARBOUR, MALTA
Marthese Azzopardi 1* and Patrick J. Schembri 1
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Abstract
The uppermost infralittoral rocky shore macrophyte assemblage at Rinella Creek in the Grand Harbour, Malta was sampled in June
2002. Two days later, approximately 3.5 tonnes of oil were accidentally released at this site and the oil on the shore was cleaned up
with steam. The site was visited 16 times over a period of 14 months to record the recolonisation process. Multivariate community
analysis showed that the community had recovered within a year from the incident.
Keywords: Algae, Petroleum, Pollution, Rocky Shores
Introduction
On 24 June 2002, ~3.5 tonnes of oil were accidentally released from a
discharge pipe on the shore by the Tank Cleaning Facility at Rinella Creek,
within the Grand Harbour, Malta, resulting in an oil slick that extended from
the point of discharge to approximately mid-way across the creek. The spill
was contained by booms and the oil was removed within three days.
Serendipitously, the shore at the spill site had been sampled two days prior to
the spill, as part of another project. When the site was re-visited two days
post-spill, the rocky shore was being cleaned of oil using steam. Drastic
changes in the shore community as compared to conditions pre-spill were
immediately evident, including bleaching of the dark band of supralittoral
cyanobacteria, discoloration of mediolittoral macroalgae, and mass mortality of
the mediolittoral fauna.
Methods
Five replicate 0.5 m x 0.5 m quadrats were placed at random in each of the
supralittoral, upper and lower mediolittoral and uppermost infralittoral zones
at Rinella Creek and the percentage cover of each species of macroalga was
recorded. The site was visited 16 times over a period of 14 months to record
the recolonisation process, however, no data were collected on two occasions
due to bad weather. The quadrats were placed at exactly the same position
during each sampling visit. The results presented here are for the macroalgae of
uppermost infralittoral fringe (sea-level to 50 cm water depth).

Fig. 1. NMDS ordination plot for infralittoral fringe macroalgal percentage
cover from June 2002 (suffix 2) until August 2003 (suffix 3). (Jn – June; Jl –
July; Ag – August; Sp – September; Oc – October; Dc – December; Fb –
February; My – May)

Results & Discussion
Throughout the study period, 17 macroalgal taxa were recorded from the
infralittoral fringe, comprising 5 Chlorophyta, 4 Phaeophyta and 8
Rhodophyta. Of these, 7 were perennials and 10 annuals. Eight species were
filamentous, 6 were erect and 3 were encrusting. The lowest number of species
recorded was 3, on the second visit and the highest was 11, a year after the
spill. Prior to the spill, the macroalgal assemblage comprised 9 species, of
which Corallina elongata and Cystoseira compressa were dominant in terms
of percentage cover (87% and 16%, respectively); encrusting algae (two
species of Lithothamnion and Neogoniolithon notarisii) had a 6.6% cover and
all remaining species < 2%. Post-spill, the encrusting algae were not recorded
from the study area in 57% of the visits, however, in the last visit (August
2003) they had not only reappeared, but had a percentage cover of 8.6%
which was more than the pre-spill value. During the second (July 2002) and
third (August 2002) post-spill visits, Cladophora sericea had 100% cover,
but this value decreased until it was not recorded from the sixth visit
(September 2002) onwards. In the last visit, two species, Dictyota sp. and
Gigartina acicularis, that had not been present pre-spill or in subsequent
sampling sessions, were recorded with a cover of <1%. In the last sampling
session (August, 2003) 11 macroalgae were present of which, Corallina
elongata and encrusting algae had the highest percentage cover: 59% and 8.6%,
respectively. All macroalgae had a heavy epiphytic cover of diatoms, mainly
Coscinodiscus spp., and Ceramium gracillimum. Although Corallina elongata
was the only species present throughout the entire study period, its
percentage cover varied and ranged from a minimum of 34.2% in August 2002
to 100% in May 2003. Also, bleaching of C. elongata was observed during
August and September. NMDS ordination (Fig. 1) showed a clear cyclical
pattern, indicative of macroalgal community recovery after one year from the
incident, a result confirmed by the RELATE procedure for cyclicity in
PRIMER version 6 [1] (Rho = 0.448, P = 0.1%). The Shannon-Wiener index
H’ (Fig. 2) calculated for each sampling visit decreased by the second visit
(first post-spill visit) but a year later, it was restored to its original value.

Fig. 2. Mean value and 95% confidence intervals of Shannon-Wiener index for
each sampling visit at Rinella Creek.
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ASSESSMENT OF THE ECOLOGICAL STATUS OF MALTESE COASTAL WATERS USING THE
RHODOPHYTA/PHAEOPHYTA MEAN RATIO INDEX (R/P RT. I.)
Marthese Azzopardi 1* and Patrick J. Schembri 1
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Abstract
Macroalgae from seven sites along the rocky upper infralittoral of Malta and Gozo were sampled in the spring, summer and winter
seasons of 2003 and 2004. The aim was to apply the Rhodophyta/Phaeophyta mean ratio index (R/P rt. I.), a biological index which
makes use of macroalgae, to discriminate between the sites, which are subject to different degrees of anthropogenic stress and which
were therefore expected to have a different ecological status as defined by the EU’s Water Framework Directive. The R/P rt. I.
generally discriminated between sites, however, two sites gave anomalous results.
Keywords: Algae, Coastal Waters, Rocky Shores
Introduction
Benthic macroalgae are a reliable indicator of the trophic status of coastal
waters and are one of the Biological Quality Elements for the evaluation of
ecological quality required by the European Union’s Water Framework
Directive (WFD, 2000/60/EE). The aim of the present study was to apply the
Rhodophyta/Phaeophyta mean ratio index (R/P rt. I.) [1], a biological index
which makes use of macroalgae for the implementation of the WFD, to
discriminate between seven sites in Malta, which are subject to different
degrees of anthropogenic stress and which were therefore expected to have a
different ecological status. Site locations included the Malta Freeport (a large
transhipment centre), the Grand Harbour (considered highly eutrophic), and a
reference site in Gozo.

Fig. 1. PCA ordination of the sites based on mean values of salinity,
temperature, dissolved nitrate, dissolved phosphate, Beam Attenuation
Coefficient (BAC) and chlorophyll a content, recorded between 1998 and
2003 as given in [2]. (Q – Qbajjar; P – St. Paul’s Bay; J – Marsascala-J; B –
Birzebbuga; A – St. Angelo; M – Manoel Island; W – Marsascala-W).

Methods
Seven shores around Malta were selected to have the same substratum type
and comparable slopes but different degrees of anthropogenic impact. Site
selection was based on the results of a long-term monitoring programme of
local inshore waters based on measurement of levels of nutrients, chlorophyll
a and water transparency as indicators of environmental quality [2]. Five
replicate 0.5 m x 0.5 m quadrats were placed at random in the upper
infralittoral fringe (the zone from 0-50 cm depth) at each site and the
percentage cover of each species of macroalga present was recorded three
times a year in 2003 and 2004. For each site, the R/P rt. I. was worked out in
three different ways, (i) for each season separately in 2003 and 2004, (ii)
combining the annual seasonal data so as to produce a single value for each
year, and (iii) over the whole two-year period. The results were analysed
using non-metric multidimensional scaling (nMDS) and cluster analysis based
on the Bray-Curtis similarity measure, and Principal Components Analysis
(PCA). Computations were made using the PRIMER (ver 6) suite of
programs [3].
Results & Discussion
PCA ordination based on environmental variables (Fig. 1) clearly distinguished
the sites with PC1 and PC2 collectively explained 77.3% of the variation; PC1
appeared related to chlorophyll a content and BAC, and PC2 to dissolved
phosphate. The sites could therefore be arranged in a series with Qbajjar as the
reference site and, in order of deteriorating water quality, St. Paul’s Bay,
Marsascala-J, St. Angelo, Manoel Island, Birzebbuga and Marsascala-W. In
total, 86 taxa were recorded, comprising 19 Chlorophyta, 24 Phaeophyta, 42
Rhodophyta and 1 Heterokontophyta. For each site, the same ecological
status was obtained in 2004 as in 2003 when considering the respective annual
macroalgal datasets. A cluster analysis and nMDS ordination were made on
the percentage cover of Rhodophyta and Phaeophyta over the two-year
period (Fig. 2). Three clusters resulted: (1) Qbajjar, St. Paul's Bay and Manoel
Island with ‘high’ ecological status, (2) Marsascala-J and -W with ‘low’
status, and (3) St. Angelo and Birzebbuga with a ‘bad’ status. The St. Angelo
site gave a consistently ‘bad’ status in all seasons during both years, due to a
lack of Phaeophyta at this site. The same site groupings were obtained when
calculating the R/P rt. I. Generally, the R/P rt. I. varied with season, for
example, the ecological status for St. Paul’s Bay was ‘moderate’ in spring
2003, ‘bad’ in summer and ‘high’ in winter. It may be concluded that the R/P
rt. I. discriminated between sites, however, Marsascala-J and -W gave
anomolous results since a ‘moderate’ ecological status was expected from the
physico-chemical analysis and based on expert judgment; these sites had a
high percentage cover of Chlorophyta, which distorted the index.

Fig. 2. Hierarchical group-average linkage clustering plots for the percent cover
of Rhodophyta and Phaeophyta.(Site codes are as in Fig. 1)

References
1 - Giaccone, G. and Catra, M., 2004. Rassegna sugli indici di valutazione
ambientale con macroalghe per definire lo stato ecologico delle acque costiere
del Mediterraneo (Direttiva 2000/60/CE). Biol. Mar. Medit., 11 (1): 57-67.
2 - Axiak, V., 2004. Monitoring rogramme for Coastal Waters. Seventh
Report: June 2003, March 2004. Malta: unpublished report, Environmental
Protection Directorate, Pollution Control Co-ordinating Unit, (Malta
Environment and Planning Authority) and Marine Ecotoxicology Laboratory,
Department of Biology (University of Malta): 70 pp.
3 - Clarke, K.R. and Gorley, R.N., 2006. Primer v6: User Manual/Tutorial.
Primer-E, Plymouth: 190pp.

718
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

METHODOLOGIE POUR LE SUIVI DU TRAIT DE COTE DE LA REGION CENTRE D ALGERIE
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Abstract
La région centre de la côte de l'Algérie a été exposée à plusieurs phénomènes naturels désastreux : séisme, sécheresse et inondation.
Ces phénomènes ont des effets sur le trait de la côte ; dans certaines régions, il a avancé par contre, dans d’autre il a rétréci. En
premier lieu nous avons tracé le trait de côte à différentes dates sur la base d'images satellites. Deux régions d’étude ont été
analysées sur site.
Keywords: Coastal Waters, Deep Waters, Erosion, Sediment Transport
Introduction
La problématique posée est l’étude du recul et l’avancement de trait de côte
dans la région Algéroise. Notre étude a porté sur la baie d’Alger et celle d’El
Djamila, car dans ces deux baies, l’érosion et l’accrétion des plages ont pris de
l’ampleur ces dernières années, surtout au niveau de l’érosion côtière. Ce
phénomène devient une préoccupation environnementale majeure qui touche
toute la façade centre de la côte algérienne. Pour cette étude, nous avons choisi
des plages qui sont cibles de ces deux phénomènes.

changeantes [4]. De ce fait les structures sédimentaires les plus nombreuses et
diversifiées s’observent sur les marges de la plage, où les influences
climatiques, hydrologiques, biologiques, sont les plus actives et variables. La
plage Ouest est caractérisée par un degré d’érosion très élevé car elle est
exposée à des houles, les plus importantes et les plus violentes en période
hivernale, qui viennent de l’ouest et du nord-ouest, contrairement à la plage
Est qui, à l’abri des houles violentes et exposée à des houles de direction nordest, n’est pas soumise à l’érosion marine.

Matériel et méthodes
Trait de côte. Pour réaliser les traits de côte nous avons utilisé des images
hautes résolutions SPOT PANCHROMATIQUE pour les années 1988 et
1997. Nous avons transformé les images directement en trait de côte à partir
d’un ensemble d'applications séquentielles effectuées sur la base de la
morphologie mathématique. D’autre part des images du GOOGLE EARTH
PRO sont utilisées. Pour cette partie, nous avons assemblé des images captées
par écran en utilisant le logiciel Corel Draw. Pour réaliser cette opération nous
avons utilisé environ 120 photos. L’ensemble des images est mis en table par
le SIG MAPINFO9. Nous avons tracé le trait de côte par numérisation. Les
trois traits de côte sont géolocalisés par rapport à des points fixes. L’analyse
diachronique du trait de côte nous a permis de connaître l’état de changement
et localiser les zones de grand intérêt [1], [2].
Cartes lithologiques, cartes des pentes et cartes des longueurs d’ondes
de la houle. A partir des cartes géologiques nous avons réalisé des cartes de
lithologie côtière. Grâce aux cartes topographiques, nous avons déterminé la
distance entre le trait de côte et l’isobathe 10 m, cette distance est horizontale
et perpendiculaire au trait de côte, la pente de chaque carreau a été calculée
(chaque 250 m). On peut calculer la longueur d'onde des vagues sur une
distance de 50 m à partir du trait de côte.
Commentaires des cartes. La carte lithologique montre l’existence de deux
formes de lithologie côtière : des sables et galets qui sont des roches
sédimentaires meubles, facilement transportables par les courants et les
vagues. Ces sables forment la plage Est et la plage Ouest de Sidi Fredj. A
l’arrière de ces plages on trouve des dunes actuelles, ces ensembles sont
alimentés par l’Oued Béni-Messous et celui du Mazafran. L’isobathe des 10
m est très proche du trait de côte, en revanche, au niveau de la plage Est et de
la plage Ouest cet isobathe s’éloigne du rivage. Ceci explique l’existence des
fortes pentes face à la presqu’île de Sidi Fredj (des valeurs supérieures à 4 %
sont enregistrées au carreau 23). Les faibles valeurs sont enregistrées au niveau
des deux plages. Les zones de fortes pentes se caractérisent par des houles
avec des longueurs d’ondes très élevées, elles subissent donc une houle de
forte énergie, au contraire des zones à faibles pentes (plages) qui sont face à
une houle d’énergie moins importante à cause de l’amortissement de l’énergie
de la houle par le fond. La dureté du gneiss lui permet de résister à l’érosion
causée par l’hydrodynamisme marin, par contre les sables des plages s’érodent
facilement [3]. La plage Ouest est caractérisée par un degré d’érosion très élevé
car elle est exposée à des houles, plus importantes et les plus violentes en
période hivernale, qui viennent de l’Ouest et du Nord-ouest, contrairement à la
plage Est qui est à l’abri des houles violentes et exposée à des houles de
direction nord-est.
Accrétion côtière. Le site choisi dans cette étude, est une plage qui fait partie
de la baie d’Alger et plus précisément se trouve dans la localité de Rais
Hammidou du côté ouest de la baie. Nous avons pris des photos du transport
sédimentaire ainsi que les mouvements des apports terrigènes véhiculés par les
houles aboutissant à la formation des dépôts sédimentaires, généralement du
sable varié - cette plage est sous la forme d’une baie semi-fermée qui piège le
sédiment transporté par les vagues et les houles-. L’organisation des particules
au moment du dépôt se traduit souvent par la formation de structures
sédimentaires, d’autant plus variées que les forces en jeu sont diverses et

Conclusion
Pratiquement, les zones côtières sont confrontées à des problèmes d'érosion et
d’accrétion côtière. Ces problèmes pourraient s'accroître dans le futur en
raison du changement climatique. Grâce à la télédétection spatiale, la détection
des zones confrontées à ce problème peut s’effectuer rapidement. Les sorties
sur terrain permettent une modélisation sous SIG et développer une analyse
future. Cela permet une meilleure gestion du littoral et une protection durable
du trait de côte.
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Abstract
Les variations mensuelles de la structure de la population de Pomatias elegans révèlent une dominance des femelles par rapport aux
mâles (X2 = 5.36). Les individus immatures présentent deux pics très nets au printemps et en automne, le premier pic est le plus élevé.
L’espèce est rare en hiver et en été, mais elle est présente en automne et au printemps. Le sex-ratio global est biaisé en faveur des
femelles.
Keywords: Mollusca, Reproduction
Introduction
Les Prosobranches terrestres n’ont fait l’objet d’aucune étude en Tunisie, et
s’avèrent par conséquent extrêmement mal connus [1], [2]. La signalisation
d’une nouvelle espèce au nord du pays améliore nos connaissances et augmente
le nombre d’espèces de prosobranches terrestres tunisiens [3]. La répartition de
Pomatia elegans est plus étendue en Europe (en Espagne [4], en France [5], en
Italie [6] ainsi qu’en Turquie [7]). En Afrique, elle a été récemment signalée,
seulement en Tunisie. Ce travail apporte des données à la connaissance de
l’écologie et de la biologie de cette espèce.
Matériel et méthodes
Le site d’étude est situé au nord-est de la Tunisie (Raf-Raf : 37°11’ ; 10°11’),
les escargots sont prélevés à la main de leur milieu naturel. Pour chaque sortie,
on compte le nombre de femelles, de mâles ainsi que celui des immatures ; puis
on les place dans des récipients numérotés et étiquetés. Au total, l’effectif des
individus collectés est égal à 203 spécimens. A ces individus nous avons
appliqué le test Chi 2(χ² = ∑ i=1 x (a1 – αi) ²/ αi au seuil 5%), l’abondance
relative AR (AR% = ni x 100/ N) et la fréquence d’occurrence F (F = n x 100/N).

Résultats et discussion
La structure de la population de Pomatias elegans
L’effectif total est de 203 spécimens dont 23.64 % mâles, 34.48 % femelles et
41.87 % indifférenciés. Faible en hiver (17 individus), le nombre s’élève à 109
individus au printemps avec un maximum en mai (41 individus). Pendant la
période estivale, nous avons collecté uniquement 12 individus, alors qu’en
automne, l’effectif augmente à 64 dont 28 sont des indifférenciés. Les variations
mensuelles montrent une dominance des femelles par rapport aux mâles (70
femelles par rapport à 48 mâles). Cette dominance est nette dès le mois de
février et durant le printemps. Les immatures présentent deux pics très nets au
printemps et en automne, le premier pic est le plus élevé (Fig. 1).
L’abondance relative et la fréquence d’occurrence
L’abondance relative de la population de Pomatias elegans est faible en hiver
ainsi qu’en été, à l’exception du mois d’août (0 individu). Les valeurs de
l’abondance relative sont inférieures à 5 %, l’espèce est donc rare. En revanche,
l’abondance relative augmente régulièrement pendant les mois du printemps
(20,2 % en mai), mais elle reste toujours inférieure à 30 %. Pomatias elgans est
considérée comme une espèce présente pendant les saisons printanière et
automnale. La valeur de la fréquence d’occurrence est égale à 91,66 %, l’espèce
est commune.
Le sexe- ratio
La valeur calculée de X2 global (5.36) est supérieure à la valeur de X2 théorique,
l’écart entre les proportions des mâles et des femelles est significatif. Pendant
l’hiver et l’été, le sex-ratio est biaisé en faveur des femelles, par contre, il est
respecté au printemps et en automne.

Fig. 1. Variations mensuelles des différentes catégories de la population
de Pomatias elegans de Raf-Raf
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Abstract
The diatom genus Pseudo-nitzschia includes several species capable of producing the neurotoxin domoic acid, the causative agent of
Amnesic Shellfish Poisoning (ASP). The scope of this study was to identify species present in the Bay of Kotor, SE Adriatic Sea from
the samples collected during the 2008/2009 survey. TEM examination revealed presence of four morphotypes: P.
pseudodelicatissima, P. cf. pseudodelicatissima, P. calliantha and P. subfraudulenta.
Keywords: Diatoms, Adriatic Sea, Phytoplankton
Introduction
Marine planktonic pennate diatoms of the genus Pseudo-nitzschia are
widespread and abundant in coastal and oceanic waters all over the world. The
genus has received much attention following the discovery that some species
are capable of producing the neurotoxin domoic acid, the causative agent of
Amnesic Shellfish Poisoning (ASP). There are a few reports about occurrence
and ecology of these diatom species from the southern Adriatic coastal waters
[1] but none from the Bay of Kotor, a deeply indented bay located in the
south eastern coast. This paper represents the first detailed report on findings
of Pseudo-nitzschia species in this area.

pseudodelicatissima and these cells had 40-44 striae and 20-22 striae per 10
µm. Given the possibility that these specimens belong to different species this
third morphotype was refered to P. cf. pseudodelicatissima (Fig.1. D).

Fig. 1. TEM images: (A) P. subfraudulenta, (B) P. calliantha, (C) P.
pseudodelicatissima(D) P. cf. pseudodelicatissima

Material and methods
Sampling was carried out seasonally in 2008/2009 at three stations in the
innermost part of the Bay of Kotor. Water samples were collected with
Niskin bottles and sub-samples for phytoplankton analysis preserved with
neutralized formaldehyde at a final concentration of 1.4%. Phytoplankton
composition was identified and enumerated according to Ütermohl.
Transmission electron microscope (TEM) observations were made by
deposition of acid cleaned material onto firmware metal grids and examination
with a Zeiss EM10A microscope.

P. pseudodelicatissima (both second and third morphotype) was found only
in the summer with cell concentrations in surface waters of 1.2 x 105 cells L-1
and it contributed up to 70% of the microphytoplankton. P. fraudulenta and
potentially toxic P. calliantha [4] were present in lower concentrations during
the rest of the year with abundances up to 104 cells L-1 constituting up to
29% and 50% of microphytoplankton, respectively. The cell numbers and
environmental parameters for each season are given in Tab 1.

Results and discussion
The Pseudo-nitzschia species found in the Kotor Bay were identified with
light microscopy as members of the P. delicatissima and P. seriata group,
based on their valve width (1.5 – 2.8 µm and 4.3 - 6.7 µm, respectively). The
cell ends in girdle view were pointed and elongated in the former morphotype
therefore it was identified as P. pseudodelicatissima species complex. The
latter was designated as P. subfraudulenta species from the P.
fraudulenta/subfraudulenta group based on the shape of the valve which was
more linear in the mid valve than lanceolate [2]. The cell length range was 85.6
- 195.6 µm. The overlap of cell ends was 1/6-1/4 of cell length. Upon TEM
examination, specimens showed 13–17 fibulae and 22–28 striae in 10 µm. The
central larger interspace was present and had the width of 5 valve striae. Each
stria was biseriate with roundish poroids divided in several sectors separated
by smooth space (6 - 7 in 1 µm). The ultrastructural features of the frustules
confirmed the species as P. subfraudulenta (Hasle) Hasle (Fig. 1. A). Based on
the ultrastructural features visible in TEM, P. pseudodelicatissima-like
specimens were attributed to three distinct morphotypes. Only one
morphotype was present in the samples collected in the spring period and
together with P. subfraudulenta in autumn and winter samples. The cell length
range of these cells was 14.3 – 76.8 µm and they overlapped in chains in 1/10
- 1/5 of cell length. Valves had 18 - 22 fibulae and 38 - 40 striae in 10 µm with
presence of the central interspace. Each stria was ornamented with square
poroids (5 poroids in 1 µm) split into 7 - 10 sectors with central sector
present in more than 70% of the poroids. According to these features cells
belonging to this morphotype were ascribed to P. calliantha Lundholm,
Moestrup et Hasle (Fig. 1. B). Second and third morphotype co-occurred in
the samples with measured cell length range of 38.9– 144.1 µm and overlap
1/12-1/7 of cell length. The shape of the valve was more linear in LM therefore
it was not identified as P. cuspidata which has more lanceolate shape of the
valves [2]. In TEM specimens of the second morphotype were designated as
P. pseudodelicatissima (Hasle) Hasle emend. Lundholm, Hasle et Moestrup
(Fig. 1. C). Cells had 40 - 44 striae and 22 - 26 fibulae in 10 µm. Striae were
uniseriate with 4 - 6 oval to square poroids in 1 µm. In more than 50% of
poroids hymen was divided into two large parts. However, in the same
samples specimens were present with higher percentage of poroids divided
into more sectors (4 - 6). These are not typical features of P.

Tab. 1. Seasonal range (min - max) and mean±SD of physical and biological
parameters. For all abundance values minimum was 40 cells L-1.

Pseudo-nitschia calliantha, a species for whom the production of domoic acid
is well documented [3], represents frequent component of the Kotor Bay
phytoplankton assemblages. Blooms of this species are known from Italian
coastal waters [1] as well from the middle eastern Adriatic coast [4] and
despite the fact that in this investigation it was not recorded in high
abundances, it is most likely that blooms of this species occur in these waters.
Examination of Pseudo-nitzschia species distribution and related environment
factors that affect their abundance are therefore essential for predicting
potentially harmful algae blooms in the area as it sustains active shellfish
farming.
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Abstract
L’étude morphométrique de 200 individus de P.caerulea, peuplant deux étages différents (l’horizon supérieur du médiolittoral et
l’horizon supérieur de l’infralittoral) du littoral rocheux des côtes de Korbous (golfe de Tunis), semble révéler l’existence d’une
variation morphologique de la coquille associée à la distribution verticale. Les patelles du médiolittoral supérieur auraient probablement
besoin de développer une coquille plus haute et une radula plus robuste leur permettant de s’adapter aux importantes fluctuations de
facteurs environnementaux.
Keywords: Gastropods, Mediolittoral, Infralittoral, Mediterranean Ridge
Introduction
Patella caerulea est une espèce endémique de Méditerranée. Elle colonise, avec
les autres espèces de patelles, le littoral rocheux. Comme toutes les autres
espèces de ce genre, P. caerulea montre une grande plasticité morphométrique.
Cette dernière représenterait une stratégie adaptative aux importantes
fluctuations de facteurs environnementaux [1]. Dans cette étude, nous nous
proposons d’analyser la diversité morphologique de P. caerulea peuplant deux
étages différents du littoral rocheux des côtes de Korbous (golfe de Tunis), à
savoir l’horizon supérieur du médiolittoral et l’horizon supérieur de
l’infralittoral.
Matériel et Méthodes
Au total, 200 individus de P. caerulea ont été prélevés, à raison de 100 individus
au niveau de chaque étage (horizon supérieur du médiolittoral, horizon supérieur
de l’infralittoral) du site de Korbous (golfe de Tunis). Pour chaque spécimen de
P. caerulea, cinq mensurations métriques ont été relevées à l’aide d’un pied à
coulisse électronique au 1/100ème près : longueur (L), hauteur (H), distance entre
le sommet et le bord antérieur (Apa), distance entre le sommet et le bord
postérieur (App) et longueur de la radula (Lr). Les droites de régression ont été
établies, à partir des valeurs de ces caractères transformés en log et en
choisissant comme variable de référence la longueur de la coquille (L).
L’évaluation des similitudes et des différences, pour un caractère donné chez les
spécimens des deux étages, a été estimée par l’analyse de la variance globale
ANOVA et le test de Fisher.
Résultats et discussion
Les résultats obtenus ont montré l’existence d’une étroite corrélation entre les
différents paramètres étudiés (R > 0,9). L’analyse de la variance (ANOVA),
appliquée aux rapports (In Lr) / (In L), (In H) / (In L), (In App) / (In L) et (In
Apa) / (In L), a révélé des différences significatives entre les deux droites de
régression relatives d’une part, aux échantillons du médiolittoral supérieur et,
d’autre part, à ceux de l’infralittoral supérieur (p < 0,05). Ces résultats semblent
indiquer que la hauteur de la coquille (H) et la longueur de la radula (Lr) des
patelles habitant le médiolittoral supérieur sont beaucoup plus importantes que
celles peuplant l’infralittoral supérieur (Fig.1), les premières ont, en outre, un
sommet décalé vers l’arrière (Fig.2)

Fig. 2. Relation entre ln (App) et ln (L) et ln (Apa) et ln (L)

Ainsi, les patelles vivant au niveau du médiolittoral supérieur semblent
développer une coquille plus haute afin de retenir une quantité d’eau plus
importante. Ceci confirme les travaux de Balaparameswara Rao et Ganapati [2]
qui ont signalé, chez l’espèce Cellana radiata, une différence morphométrique
en relation avec la distribution verticale des individus et ont attribué cette
plasticité morphométrique aux conditions de la dessiccation. Quant à la
différence de la longueur de la radula, elle pourrait être en relation avec la nature
différente du couvert algal des deux étages [3]. Les patelles du médiolittoral
supérieur auraient probablement besoin de développer une radula plus robuste
leur permettant de brouter les algues encroûtantes qui sont plus fréquentes à ce
niveau.
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RESEARCH TOOLS FOR TEACHING: A SCIENTIFIC PATH FOR 14 YEAR-OLDS TO UNDERSTAND
MARINE ACIDIFICATION OCEAN ACIDIFICATION: BRING RESEARCH INTO CLASSROOMS
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Abstract
The fact that marine water is becoming more acidic because of the rising of atmospheric CO 2 partial pressure seems to be almost
unknown to the public. A partnership with a middle school was established to fulfil the gap between research and the educational
system. An experimental course on global climate change and ocean acidification was offered to 14 years-old pupils. The course,
experimentally based on thallus of calcareous red algae grown under different acidic conditions, represents not only a way to spread
knowledge on global climatic change among teenagers, but also a tool to measure how much new methods of teaching can improve
scientific knowledge and skills at school.
Keywords: Algae, Global Change, Ph
Ocean acidification seems to be one of the most likely consequences of the
increase of atmospheric CO2 partial pressure, causing a remarkable change in
the marine environment. [1]. Although ocean acidification might have great
impacts, the phenomenon is still not well known and is almost unknown to
the public. Our research team is focusing on the biological response of
calcareous red algae (Corallinaceae) to ocean acidification [2]. The
Corallinaceae play a fundamental ecological role in different marine
ecosystems, from tropical reefs to high latitude cold waters. Different
evidence, supported by vast and recent literature, suggest that, depositing
mainly high-Mg calcite into their cell-walls, the Corallinaceae may be more
susceptibile to ocean acidification than other calcifiers [3]. Since we believe
that education can play a key role in changing habits of new generation,
regarding anthropic CO2 emission and ocean acidification prevention, we
decided to build a link between researchers and school. Thanks to specific
skills in teaching that some members of our group developed for previous
working experiences, and thanks to the support of C.I.R.D.
(Interdipartimental Centre on Didactical Research – University of Trieste) we
established a partnership with a middle school in town. We offered an
experimental course on global climate change and ocean acidification to 14
years-old pupils. The experiment, based on thallus of Lithophyllum incrustans
Philippi (1837) demonstrates that a lower pH than actual (7.8 versus 8.2)
influences the growing rate and even the morphogenetic development of
microscopical thalli. We randomly chose 21 students from all the 3rd classes of
the schools and offered them to join the project, attending a course of 25
hours. Another 21 students, not taking part in lessons, represented the control
group. The course was based on experimental observation of the growing of
microscopical thallus, from spores released in the 1st day of culture until 14th
day. The pupils learned to treat two 20-liter marine aquariums in which they
grew the algae. In the first tank the pH value was the natural one (8.2), while
in the second the pH value was mantained lower (7.8) through CO2
insufflation. Pupils also learned to use instruments, to collect qualitative and
numerical data, to represent the data, to elaborate them, and to take conclusion
from the outcoming. The personal engagement of the students, achieved
through self-motivation, plays a fundamental role into the learning process: it
is supposed that the girls and boys, attending to this course should develop
their scientifical knowledge and skills, including scientific language,more than
control group [4]. All the students have been tested at the beginning of the
school year, and will be at the end, to estimate previous skills and knowledge
and homogeneity between the two tested groups. The scientific abilities and
knowledge taken as terms of reference are those fixed by OCSE – PISA
(Organizzazione per la Cooperazione e Sviluppo Economico - Programme
International Student Assessment) for 14 years old students. The OCSE
standard [5] is compared to the italian ministerial standard [6], recently
revised and updated.
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Abstract
Some feeding strategies of Bottlenose dolphin appear to be associated to human activities, allowing dolphins to catch prey at a low
energetic cost. A comparison study on three different artisanal fishing gears depredated by a Tursiops truncatus population was the
objective of this work. Two monofilament nets named “Sgammerrara” (Sg1, Sg2) and one trammel net were used. An analysis of the
collected data set suggests that the phenomenon of depredation is an example of Tursiops truncatus high behavioural plasticity and
ability to discriminate between different opportunities, choosing those providing greater benefits.
Keywords: Fisheries, Coastal Systems, Competition, Diet, Behaviour
Introduction
Some feeding strategies of Bottlenose dolphin appear to be associated to human
activities allowing dolphins to catch preys at a low energetic cost. The
bottlenose dolphin diet is varied and often includes many fishes that are the
target species of small-scale fisheries [1]. The “Operational Interaction” with
artisanal fisheries is a serious problem because of attacks to nets and the
economic damages for fishermen [2]. A comparative study on three different
artisanal fishing gears depredated by a Tursiops truncatus population is the
objective of this work.

dolphins could use the Campile sector of Sgammerrara as a barrier against which
they push fish. The experiment confirms the efficiency of Tursiops truncatus
strategies as a result of its behavioural performances and its absence of by-catch
events. The analysed phenomenon of depredation is an example of Tursiops
truncatus high behavioural plasticity and ability to discriminate among different
opportunities, choosing those providing greater benefits.

Materials and methods
The study was carried out on November 2005 inside the Ognina bay (SouthEast Sicily), where a family of fishermen claimed frequent depredation raids by
Tursiops truncatus in their nets. Two 254 m long nets named
“Sgammerrara” (Sg1, Sg2) and one 1,080 m long Trammel net were used. The
Sgammerrara is a fixed monofilament net, divided into three continuous
functional sectors: the first two sectors are named respectively “Coda” and
“Petto”, while the third is named “Campile” and has the same shape as a hook
[Fig. 1]. Data comprising species, weight of the catch, as well as damages on the
nets (number of holes/tears testifying the dolphin depredation) were collected
daily. CPUE and damages were calculated in order to asses differences among
the nets. Moreover, the visual monitoring of the Sg1 was performed in order to
report dolphins presences, behaviours and photo-ID of the specimens near the
nets.

Fig. 2. Mean of CPUE values and of holes number for the three nets
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Fig. 1. The Sgammerrara net

Results
11 sampling sessions on Sg1, 11 on Sg2 and 7 in the Trammel net were carried
out. In relation to the damages on the nets, it can be assumed that dolphins
depredated more the Sg1 (82% of hauls), less with the Sg2 (63% of hauls) and
never the Trammel net (ANOVA p<0.001). Moreover, the CPUE was the
highest for the most damaged gear (Sg1-CPUE=9 ± 2 kgh-1m-1; Sg2CPUE=1.09 ± 0.07 kgh-1m-1; Trammel net-CPUE=1.04 ± 0.09 kgh-1m-1;
ANOVA p<0.001) [Fig. 2]. In addition, the composition of the catches was
different between Sgammerrara and Trammel net. No by-catch event was
registered during the experiments. Three different animals were identified (FotoID) twice and the observation indicated that specimens moved towards the
Campile and stayed there (in total 3.5 hours) with a feeding behaviour.
Discussion
A careful analysis of the collected data set suggests that the dolphins differently
depredated the nets in relation to nets fishing efficiency and to species
composition. The behavioural observation allowed to make the hypothesis that
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HYDROCARBON DISPERSAL IN THE GULF OF NAPLES: A PARAMETRIC STUDY
B. Buonocore 1, D. Cianelli 2, P. Falco 1*, R. Guida 1, M. Uttieri 1, G. Zambardino 1 and E. Zambianchi 1
1 Department of Environmental Sciences - Parthenope University - pierpaolo.falco@uniparthenope.it
2 2 ISPRA – Istituto Superiore per la Protezione e la Ricerca Ambientale, Via di Casalotti 300, 00166 Roma, Italy
Abstract
Surface current measurements provided by a HF radar system allowed to identify typical patterns of the circulation of the Gulf of
Naples (Tyrrhenian Sea), and to associate them with the prevailing forcing conditions. Circulation data were then used as input for a
model simulating the transport of particles released in ocean basins (GNOME - General NOAA Oil Modeling Environment). The
results of this study highlight peculiar characteristics of the surface dynamics and transport processes in the Gulf of Naples, allowing
an estimate of the residence times and the identification of potential particle aggregation and retention areas.
Keywords: Circulation, Tyrrhenian Se, Water Transport, Pollution
Historical reports on the circulation of the Gulf of Naples (GoN) highlight the
occurrence of highly dynamic structures over the basin [1, 2]. As for other
marginal and coastal basins, even in the GoN wind stress represents the most
important local forcing, directly and indirectly affecting surface current fields
[1, 2, 3, 4, 5]. Wind forcings display a typical seasonality [5] associated to the
large-scale atmospheric circulation acting over the region; when such forcings
are weak, as it often is the case in summer, a locally induced breeze regime can
act as primary driver of sea surface circulation. The circulation of the GoN can
also be remotely driven by the larger-scale circulation of Southern Tyrrhenian
Sea [3], with which it is in direct communication. The resulting circulation
structures allow the coexistence and mixing of different water masses [6], with
characteristics ranging from those typical of oligotrophic environments [6] to
that attributable to coastal systems [7]. In addition to its peculiar
hydrographic and oceanographic features, the GoN holds a leading role among
the marginal basins of Southern Tyrrhenian Sea for socio-economic reasons. A
severe anthropic activity impinges on the system, ranging from urban
settlements to tourism and maritime traffic, with potentially drastic
consequences on ecosystem dynamics and water quality. The necessity of
preserving and sustainably exploiting the environmental resources requires an
accurate understanding and monitoring of the circulation and transport
processes acting in the basin, by which forestalling or mitigating potentially
hazardous events. In the last years, increasing awareness about the importance
of operational oceanography systems has promoted the development of new
techniques and instruments to investigate the real-time, multi-scale circulation
patterns in a target area and their effects on transport and diffusion of
pollutants, with a special emphasis to coastal zone management. The purpose
of this work is to study the surface circulation patterns in the GoN as driven
by typical local wind conditions and by Southern Tyrrhenian guidance, and to
assess their effects on transport processes of passively buoyant particles. The
synoptic, basin scale circulation of the GoN is reconstructed by means of a
HF radar system (CODAR O. S. Ltd., USA) operating since October 2004.
From the available dataset we selected four periods, each lasting 8 days, with
typical forcing conditions for the investigated area. We first analysed the
cross-correlation between wind stress and surface current components and
directions, and afterwards we investigated the associated surface current
velocity and vorticity fields. In addition we applied the GNOME (General
NOAA Oil Modeling Environment, NOAA, USA) transport model to
simulate the fate of passive conservative particles released in coastal sub-area
(Bay of Naples). The results here presented indicate that each set of
conditions determines peculiar, not easily foreseen circulation structures and
transport processes, as the result of the superimposition of multiple cooccurring factors. Such an integrated approach, moreover, permits an
evaluation of the renovation times of the water mass and the investigation of
the exchange mechanisms between sub-basin areas.

5 - Menna M., Mercatini A., Uttieri M., Buonocore B. and Zambianchi E.,
2007. Wintertime transport processes in the Gulf of Naples investigated by
HF radar measurements of surface currents. Nuovo Cimento C, 6: 605-622
6 - Carrada G. C., Hopkins T. S., G. B., Ianora A., Marino D., Modigh M.,
Ribera d'Alcala M.,B. S. D. C., 1979. Variability in the hydrographic and
biological features of the Gulf of Naples. P.S.Z.N.I: Marine ecology 1: 105120
7 - Ribera d'Alcala M., Modigh M., Moretti M., Saggiomo V., Scardi M.,
Spezie G., Zingone A., 1989. Una storia infinita: eutrofizzazione nella Baia di
Napoli. Oebalia XV-1: 491-501
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COMPARAISON DES CARACTERISTIQUES ENVIRONNEMENTALES ET DE LA DISTRIBUTION DE LA
MATIERE ORGANIQUE DANS DEUX LAGUNES MEDITERRANEENNES : BAGES-SIGEAN ET CANET
R. Buscail 1*, F. Vouvé 2, D. Aubert 1, M. Desmousseaux 1, C. Canal 2 and G. Jeanty 1
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Abstract
Les caractéristiques environnementales et la matière organique de l’eau et des sédiments superficiels de deux écosystèmes lagunaires
du littoral du Languedoc-Roussillon (Golfe du Lion - Méditerranée NW) ont fait l’objet d’un suivi saisonnier (2009). Ces recherches
ont été réalisées dans le cadre du programme ANR-CES et de son action CIEL «Contaminants et Interactions au sein d’Ecosystèmes
Lagunaires». Ces résultas seront intégrés à l’interprétation de deux autres tâches, la tâche 2 «Caractéristiques du modèle biologique :
Anguilla anguilla» et la tâche 3 «Impact des contaminants dans les milieux et les organismes».
Keywords: Lagoons, Sediments, Surface Waters, Organic Matter, Western Mediterranean
Les lagunes de Canet et Bages-Sigean ont été choisies pour leurs contrastes en
superficie, profondeur, communication avec la mer et apports en eau douce qui
conditionnent leurs caractéristiques environnementales. La plus vaste, Bagessigean avec une surface de 38 km2 et un bassin versant 12 fois supérieur, a une
profondeur moyenne de 1,5 m et maximale de 3 m. Le chenal portuaire de
Port-La Nouvelle assure sa communication avec la mer à son extrémité sud.
Elle est alimentée en eau douce par trois cours d’eau (Berre, Robine, Canelou).
Canet est plus petite, avec seulement 6 km2 mais un bassin versant très
important (53 fois supérieur). Sa profondeur moyenne de 0,2 m est très
réduite (maximum 0,7 m). La lagune de Canet possède un grau quasi fermé par
des vannes non-fonctionnelles. Elle est alimentée en eau douce par deux canaux
permanents (Agouille de la Mar, Fosseille) et une rivière temporaire (Réart).
Des mesures de T°, pH, salinité, O2 dissous, réalisées à chaque prélèvement
saisonnier d’eau aux 15 stations, renseignent sur la variabilité physicochimique de la tranche d’eau. Dans les deux lagunes, la température varie entre
5 et 25°C mais les minimums de salinité et d’O2 dissous peuvent être plus bas
à Canet où des épisodes d’eutrophisation sont classiques en été. La quantité
de matière organique et la qualité des eaux sont évaluées par les paramètres
suivants : MES, COP, NtP, Chla, COD, NtD, sels nutritifs (PO42-, NO32-,
SiO2). Les carottages des sédiments superficiels ont permis d’observer les
variations spatiales et temporelles des caractéristiques de leur contenu en
matière organique. Son abondance est décrite par les concentrations en Corg,
Nt, lipides, carbohydrates et acides aminés et sa qualité par les rapports C/N,
Chla/Pheo et le C-Bioassimilable.
Globalement les eaux de Canet sont 7 fois plus riche en MES (150mg/l contre
20mg/l), enrichies en matière organique (11% contre 4% COP et 1,1 contre
0,6% NtP). La variabilité spatiale est peu marquée dans Canet (excepté un
enrichissement au droit de l’Agouille de la Mar), par contre dans Bages on
observe une nette distinction entre le bassin Nord enrichi car soumis aux
apports des effluents de la ville de Narbonne canalisés par la Robine et le
Canelou. Le bassin sud est en communication avec la mer d’où l’effet de
dilution par les eaux marines moins riches.
Les sédiments présentent des concentrations en Corg et Nt décroissantes de
Canet à Bages N puis Bages S en relation avec une même tendance dans les
eaux sus-jacentes. En terme de qualité, la matière organique des sédiments de
Canet est nettement enrichie en C-Bioassimilable (6,2 mg/g contre 4,3 mg/g à
Bages N et 3,1 mg/g à Bages S) principalement en raison de concentrations en
lipides et carbohydrates supérieures lui conférant un caractère nutritionel
important (48% du CO total).
Une comparaison sera établie avec une lagune voisine, celle de Salses-Leucate
précédemment étudiée [1].
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MESURHO : A HIGH FREQUENCY OCEANOGRAPHIC BUOY AT THE RHONE RIVER MOUTH
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Abstract
As the current main source of continental fresh water discharge in the Mediterranean Sea, the Rhone river inputs are a key forcing
for ecosystems of the Gulf of Lions in the northern part of the western basin. An oceanographic buoy has been installed at the Rhone
river mouth in June 2009 for high frequency multi-parameter measurements with bottom, water column and air sensors. Data are sent
in near real time towards an onshore data center.
Keywords: Rhone Delta, Coastal Systems, Gulf Of Lions, Instruments And Techniques, River Input
With an average flow of 1700 m3.s-1, the Rhone river is currently the main
source of fresh continental water inputs in the Mediterranean Sea. Draining an
industrialized catchment, the Rhone river is therefore a major forcing for the
western Mediterranean Sea and the Gulf of Lions ecosystems. Its contribution
to riverine inputs in the Gulf of Lions is estimated to be more than 85% for
water and 80% for suspended particulate matter (SPM) [1, 2]. Understanding
and modeling the functioning of the coastal system in this area requires a good
knowledge of the quantity of water, SPM, nutrients and pollutants brought to
the sea by the Rhone river.
In order to complete the multi-parameter measurements acquired at the SORA[a]
monitoring station located in Arles 50 km upstream from the sea a new
instrumented platform was installed at the Rhone river mouth. It will help
studying the complex processes occurring in the fresh/saline water transition
zone. In the Mediterranean area and especially in the Gulf of Lions, extreme
events such as floods and storms are known to play a key role in the ecosystem
dynamic. To observe these events, a high frequency observation system has
been designed. Coupling high frequency measurement with near real time data
transmission will allow detecting an event and triggering additional sampling. It
will also provide the mean to periodically check the instrument functioning.
In June 2009, the East Roustan buoy (43° 19.2 N, 4° 52 E, 20 meters water
depth) which is one of the two marker buoys of the river prodelta has been
replaced by a new platform equipped with oceanographic instrumentation. This
new system consists of a buoyancy beacon (fig. 1) which is suitable for small
range tide environment [3]. Compared to a chain mooring buoy, this beacon
allows simple cable connections between the surface platform and the sea
bottom instruments. Bottom sensors get energy from a solar panel unit and are
connected to an electronic management and communication device installed in
the top part of the buoy.
Initially, the buoy was equipped with two multi-parameter sensors (one below
the subsurface and the other close to the sea bottom), a weather station, a
photosynthetic active radiation sensor (PAR) and an acoustic current Doppler
profiler (ADCP). The acquisition and transmission of periodic data to the
Coriolis in situ data center (www.coriolis.eu.org) via the GSM network is
operational and an interface for online consultation of the data is available. In a
second phase, further instruments will be added, including a nutrient sensor, a
high resolution altimeter and a benthic station equipped with oxygen
microelectrodes for sediment remineralization studies.

Fig. 1. Mesurho buoy instruments
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This new observation system, Mesurho, is a part of the coastal operational
oceanography in situ network to be developed in the north western
Mediterranean. The collected data will be used among others by the Previmer
forecasting and analysis system (www.previmer.org).
Mesurho project has received support from the Ifremer MEDICIS program and
the French national research agency (ANR) through the EXTREMA and
CHACCRA projects. It has received funding support from the Provence Alpes
Côte d’Azur Region.
[a] SORA : Station d’Observation du Rhône à Arles
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PALYNOLOGICAL EVIDENCE OF HUMAN IMPACT AND DEFORESTRATION ON WESTERN ROUGH
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Abstract
This study was part of the Rough Cilicia Survey Project, which is an ongoing archaeological investigation of a 60 km coastal strip in
southern Turkey In this paper palynological examination of surface samples and terrestrial sediments samples indicate a pattern of
degraded vegetations from western Rough Cilicia is discussed.. The previous results of palynological samples indicate a pattern of
degraded vegetations. Plantago is obtained for areas with serious grazing experience; whereas, Juniperus oxycedrus L.,
Q.coccifera L.and Chenopodiaceae, Plantago characterize the effect of human impact on natural forests.
Keywords: Biogeography, Eastern Mediterranean, Lagoons
Western Raugh Cilicia lies on the southern Mediterranean coast of modern
Turkey and was administrated in Roman times as part of the Roman province of
Cilicia ( hence the term “Rough “, contrasting with “Flat Cilicia” to the east).
The history of human settlement in southwest Turkey has been studied as a
series of archaeological and historical field surveys and excavations. For this
region, including western Rough Cilicia, the reconstruction of vegetation and
human - induced landscape change is primarily based upon pollen analysis and
other paleoecological methods. While archaeological data, including those from
excavation and field survey, can sometimes be biased by differential site
destruction and modern looting of burials, palaeoecological data tend to be
continuous and do not suffer from the chance destruction of archaeological
remains. During the 2001 and 2002 seasons of the Rough Cilicia Archaeological
Survey Project, geophysical trenches were cut in river basins of the Gazipasa
countryside in order to obtain pollen and macrobotanical samples to determine
the history of regional vegetation patterns. Pollen was concentrated from 0.4 to
1.1 liter subsamples to which exotic Lycopodium spores (c. 12.000 grains per
tablet ) were added (1).The sediment samples for pollen analysis (~1 cm3 fresh
material) were collected as samples and treated using standard palynological
techniques ([2], [3]). This method includes HCl, HF, and KOH digestion, before
staining with safranine and mounting with glycerine jelly. The pollen
percentages are based on the pollen sum of arboreal (AP) and nonarboreal pollen
(NAP), excluding spores. The localities of obtained surface samples are
represented by three lagoonal areas in the Hacimusa, the Bickici and Delice
River basins. Distribution of the pollen grains in Bickici and Delice Rivers
differs from that which occurs in the Hacimusa River. Arboreal pollens are
represented by Juniperus oxycedrus L. and Pinus in Hacimusa river as the
highest value; whereas, Juglans reaches the highest values in Bickici and Delice
Rivers. According to our preliminary evidence of surface samples, two different
vegetation types are in the study area. Eu- Mediterranean vegetation contains
xsrophytic shrubs and evergreen vegetation (Pinus brutia, Quercus and Erica,
Artemisia) and Oro-Mediterranean vegetation includes decidious forest (Pinus
brutia, Q. Cerris, Juniperus, Cedrus) The previous results of analysis from the
terrestrial sediments samples indicate a pattern of degraded vegetations
(Figure 1).

Palynological zones related to the Last Glacial/Interglacial paleoclimatic
conditions in the source area, as reflected by the increasing steppe types.
Tab. 1. Types of vegetation and characteristic assembleges in three lagoonal
areas

;
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Fig. 1. Relative abundance of dominant pollen types in terrestrial sediments

Plantago is obtained for areas with serious grazing experience; whereas,
Juniperus oxycedrus L., Q. coccifera L.and Chenopodiaceae, Plantago
characterize the effect of human impact on natural forests and their replacement
by secondary vegetation. They also reveal the existence of three different
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ANTIFOULANTS IN SEDIMENTS FROM THE FRENCH MEDITERRANEAN COAST
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Abstract
Organotins have been used most extensively as the main biocide in antifouling paints. Due to deleterious effects, the use of organotins
on small boats has been widely prohibited since the mid-1980s. IMO’s Antifouling System Convention entered into force on 17 Sept.
2008 [1]. As a result, other formulations have been used. The goal of this study is to assess the level of antifoulants in ports and
marinas along the Southern France coastline. Simultaneous derivatisation and extraction were used for organotins sample preparation
and a GC-FPD (610 nm filter) was used for determinations. Other antifoulants were extracted by a microwave and analysed with a
GC-NPD. Every port and marina showed high levels of organotins (37-4000 ng Sn/g d.w.) [2]. The only non-organotin compound
found was Irgarol 1051 (<1-689 ng/g d.w.).
Keywords: Sediments, Coastal Waters
Organotin compounds have been used most extensively as the main biocide in
marine antifouling paints. Organotin-based paints have seen service on boats
of all sizes, from small yachts to supertankers, therby ensuring the global
dispersion of tributyltin (TBT) throughout the marine environment. Due to
deleterious effects on non-target organisms, the use of organotin compounds
as antifouling agents on boat hulls of small vessels has been widely prohibited
since the mid-1980s. IMO’s Antifouling System Convention entered into
force on 17 September 2008 [1]. As a result of restrictions on the use of
organotin based paints, other antifouling formulations containing organic
biocides have been utilised. Ports and marinas are recipients of a variety of
toxic chemical inputs and can affect adjacent marine coastal ecosystems by,
for example, dumping of dredge spoils. Thus, monitoring levels of
contaminants in ports and marinas should be an important issue for local
authorities. The goal of the present study is to assess the occurrence of
organotin compounds and several other antifoulants in ports and marinas all
along the Southern France coastline. Apart from organotin compounds, Irgarol
1051, Sea-nine, chlorothalonil, dichlofluanid and folpet were also measured in
surface sediments collected in the major ports and marinas. Simultaneous
derivatisation and extraction using sodium tetraethylborate were used for
organotins sample preparation. An HP 5890 GC equipped with a FPD (610
nm filter) was used for all organotin determinations. A 30 x 0.25 mm x 0.25
um HP-5 capillary column was used with splitless injection.Other antifoulants
were extracted by a microwave system and extracts were cleaned up using SPE
florisil cartridges. An HP 6890 GC-NPD was used for all antifoulants
determinations. A 30 x 0.25 mm x 0.25 um HP-5 capillary column was used
with pulse splitless injection. Every port and marina exhibited high levels of
organotin compounds, with concentrations ranging from 37 to 4000 ng Sn g1dry wt [2]. The only non-organotin compound found was Irgarol 1051. The
concentrations ranged from <1 to almost 700 ng g-1dry wt and, not
surprisingly, the highest levels were found near the ship chandlers. Despite
the strict regulations introduced 20 years ago in France banning the application
of TBT based antifouling paints on ships of <25 m and more recently on all
other boats, TBT still appears to be the main active ingredient in marine
antifouling currently used in Southern France.
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COMPARAISON DU CYCLE SEXUEL DE MONODONTA ARTICULATA EN MILIEU D'ORIGINE (ILES
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Abstract
L’activité sexuelle de Monodonta articulata a été étudiée dans deux sites du Golfe de Gabès (Tunisie) dont l’un est fortement
soumis aux rejets anthropiques. Durant la période d'échantillonnage, le même schéma général de déroulement des stades du
développement gonadique est observé avec un repos sexuel hivernal (janvier - février) et une activité de reproduction (mars à juin)
avec une petite variation selon le sexe. Le décalage, mis en évidence au niveau de la durée des différentes phases sexuelles entre les
mâles et les femelles des deux sites, pourrait, à terme, avoir des conséquences sur le potentiel reproducteur de l'espèce.
Keywords: Mollusca, Gastropods, Reproduction, Gulf Of Gabes
Introduction
Monodonta articulata est un mollusque prosobranche (Archeaogasteropode;
Trochidae) très commun en Méditerranée. Cette étude porte sur la
caractérisation des stades sexuels de Monodonta articulata dans son milieu
d’origine (îles Kerkennah) et après transplantation dans un site pollué (port de
Sfax). Cela nous permet d'évaluer l’influence des polluants sur le potentiel
reproducteur de l‘espèce.

Toutefois un prolongement du stade de développement est enregistré chez les
mâles et les femelles du site Kerkennah.

Matériel et méthodes
L’étude a été réalisée durant la période allant de janvier à juin 2009. Un effectif
total de 360 individus de M. articulata a été prélevé du site de référence (îles
Kerkennah) et transféré en cages dans le port de Sfax. Une trentaine
d’individus ont été récoltés mensuellement dans chaque site. Les observations
macroscopiques ont été classées selon l’échelle de maturité d'Underwood [4]
modifiée avec une précision complémentaire relative aux évolutions
cytologiques. L’étude macroscopique a été complétée par une étude
histologique des gonades en microscopie photonique.
Résultats et discussions
Dans le site de référence (îles Kerkennah), le repos sexuel (Stade I) s’étend,
chez les deux sexes, sur les mois de janvier et février (Fig.1).

Fig. 2. Déroulement de la gamétogénèse chez les M.articulata (femelles et
mâles) du site port de Sfax de janvier à juin 2009

Une comparaison du déroulement du cycle reproducteur entre les M. articulata
des deux sexes d’un même site montre une absence de synchronisation entre
les périodes de ponte des gamètes mâles et femelles, et cela aussi bien à
Kerkennah qu’à Sfax. L’étude de l’activité sexuelle de M.articulata des sites,
Kerkennah et port de Sfax, a montré en définitive que la gamétogenèse se
déroule de mars à juin (avec une petite variation selon le sexe). Ces résultats
concordent avec ceux de Garwood et Kendall [3] et Underwood [4].
L’inactivité sexuelle, observée en hiver (janvier- février), a été également mise
en évidence par Underwood [4] et Williams [5].
Conclusion
Le décalage observé au niveau de la durée des différentes phases sexuelles entre
les mâles et femelles des deux sites se traduit par des perturbations au niveau
de la séquence des phénomènes sexuels. Cette étude doit être complétée par
une analyse plus complète de la nature des polluants incriminés et par
l’identification de leur effet au niveau cytologique.
Fig. 1. Déroulement de la gamétogénèse chez les M.articulata (femelles et
mâles) du site Kerkennah de janvier à juin 2009
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Le début de la gamétogenèse (Stade II) chez les deux sexes commence dès
février et s’achève en avril (femelles) et en mars (mâles). Le stade de
développement des gamètes (Stade III) est précoce chez les mâles. La
maturité sexuelle (Stade IV) est de même plus précoce dans la lignée mâle ;
cette maturité étant atteinte un mois plus tôt que chez les femelles. L’émission
gamétique (Stade V et VI) s’étend d’avril à juin chez les mâles et de mai à juin
chez les femelles. M. articulata transférée dans le port de Sfax montre des
variations dans la durée et la séquence des différentes phases sexuelles. On
observe une prolongation de la période du repos sexuel chez les deux sexes et
une précocité de la maturité sexuelle des gamètes femelles et mâles (Fig.2).

1 - Keiji I., 2000. Life cycle and habitat shift of the Trochid snail Diloma
suavis within intertidal mussel zones. Journal of molluscan studies, 66: 9 -20.
2 - Lasiak T., 1987. The reproductive cycle of three Trochid gastropods from
the Transkei coast, Southern Africa. Journal of molluscan studies, 53: 24 -32.
3 - Garwood P.R. and Kendall M.A., 1985.The reproductive cycles of
Monodonta lineata and Gibbula umbilicalis on the coast of Mid Wales.
J.mar.boil.Ass.U.K., 65:993 -1008.
4 - Underwood A. J., 1972. Observations on the reproductive cycles of
Monodonta lineate, Gibbula umbilicalis and G. cineraria. Marine biology, 17:
333-340.
5 - Williams E. E., 1965. The growth and distribution of Monodonta lineata
(da Costa) on a rocky shore in Wales. Fld. Stud., 2: 189 -198.
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IMPACT DU PROJET D’AMENAGEMENT DE LA VALLEE DU BOU REGREG SUR LA QUALITE DES EAUX
DE BAIGNADE DE LA PLAGE DE SALE
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Abstract
La plage de Salé fait partie de la zone atlantique du nord, et s’étend sur 1 500 m. Ces dernières années, cette plage a été classée nonconforme à la baignade. Cela est dû essentiellement, à la pression des estivants et au fait que les eaux de la ville sont rejetées
directement, sans traitement, le long de la côte ou au niveau de l’oued Bou Regreg.
Keywords: Sewage Pollution, Coastal Waters
Introduction
Le long de la côte marocaine, parmi les 170 plages identifiées comme des
espaces de loisirs, seules 86 plages font l’objet d’une surveillance de la qualité
de leur environnement. Ce travail consiste à évaluer la qualité actuelle des eaux
de baignade de la plage de Salé, après la réalisation d’une grande partie des
travaux du projet de dépollution de l’oued et du littoral. Ce projet s’inscrit
dans le cadre du projet d’aménagement de la Vallée du Bouregreg.
Qualité des eaux de baignade de la plage de Salé
Salé est une ville côtière marocaine située sur la rive droite de l’Oued
Bouregreg. Elle s’étend sur une superficie de 672 Km2 et a une population
d’environ 823 345 habitants [1]. La totalité des effluents d’eaux usées de la
ville de Salé sont rejetés directement dans l’océan Atlantique et dans l’oued
Bouregreg, sans prétraitement. Cela provoque la contamination de la plage par
les eaux de l’oued polluées à basse mer, et par la remontée des eaux côtières
trop chargées par les rejets existants à haute mer.
Pour participer à l’amélioration de la qualité des eaux de baignade de la plage
de salé ainsi que celles de l’oued Bouregreg et de remédier aux problèmes de
pollution, le projet de dépollution de la côte atlantique et l’Oued Bouregreg a
été initié (dans le cadre de l’aménagement de l’ensemble de la vallée du Bou
Regreg). Ce projet prévoit la construction de stations d’épuration des eaux
usées avant leur rejet dans l’Atlantique, minimisant ainsi leur impact. Afin de
caractériser la qualité des eaux de la plage de Salé, après trois années de travaux
pour le projet de dépollution, nous avons utilisé des indicateurs de la pollution
fécale : les coliformes fécaux (CF) et les streptocoques fécaux (SF) durant les
deux marées, en 2009. L’eau a été prélevée dans trois stations (1, 2, 3) le long
de la plage lors de chaque marée. Dans toutes les stations échantillonnées à
basse mer et à haute mer, la concentration moyenne des indicateurs de
pollution fécale (CF= 2,03 108 ; 0,3 108/100ml et SF= 108 & 6,95
105/100ml) dépassent de loin les valeurs minimales. L’eau de la plage de Salé
est donc une plage de mauvaise qualité, de classe D, non conforme à la
baignade [2]. La concentration des coliformes fécaux reste toujours supérieure
à celui des streptocoques fécaux lors des deux marées. Le rapport des
coliformes fécaux sur les streptocoques fécaux (CF/SF) est supérieur ou égal à
1, indiquant que la pollution fécale au niveau de la plage est d’origine humaine.
Cela est justifié puisque la source de la pollution est presque totalement due
aux déversements des rejets urbains de la ville de Salé, sans traitement
préalable, le long de la côte ou bien dans l’oued Bouregreg.
Conclusion
Le resultat des analyses bactériologiques classe les eaux de la plage de salé
non-conformes à la baignade. Cela rejoint, le résultat du rapport nationale de la
surveillance de la qualité des eaux de baignade au Maroc, quiconsidérait la
plage de Salé comme étant une plage non conforme à la baignade durant les 10
dernières années. Cependant, l’impact positif du projet de dépollution de
l’Oued et de la côte atlantique -dans le cadre de l’aménagement de la vallée du
Bouregreg - qui a permis la supression de quelques rejets (infrastructures,
installations…) existant sur les berges de l’Oued, n’a pas encore été observé.
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Abstract
A comparative study of biological and physical time series in the eastern and western Mediterranean Sea for the period 1960s to 2005,
combined with a literature review, finds that all point out to an abrupt period of change in the late 1980s that involved circulation and
pelagic systems. We show, using regime shift detection methods, evidence that the Mediterranean Sea underwent a climate shift in
the late 1980s. An extension of this analysis to larger scale climate indexes (NHT and NAO), shows that they changed around that
time. We hence hypothesize that the Mediterranean shift is part of a larger, hemispheric change, and is related to other shifts recorded
during the same period in all other European seas.
Keywords: Global Change, Ligurian Sea, Adriatic Sea, Time Series, Zooplankton
Introduction
Abrupt shifts involving both the physical and the ecological systems, called
regime shifts [1,2] have been the focus of recent attention. Marine regime shifts
hold particular relevance, because they encompass a multitude of physical
properties and ecosystem variables, and subsequently can have major impacts
on all trophic levels of marine food webs and the associated biogeochemical
cycles. Our initial work in the Gulf of Trieste, North Adriatic, eastern
Mediterranean, identified two periods, based on winter SST patterns: 19701987 and 1988-2005 [3]. Our analyses of the 36-year copepod abundance time
series in the Gulf of Trieste, showed that the second period was characterized
by ecosystem-wide changes: the arrival of new species, the rise or decline of
several taxa, and changes in the phenology in several species [3]. In this work
we extend these analyses to the western Mediterranean, including biological and
physical properties over different geographical scales, as well as climate indices,
and find that all point out to a period of change in the late 1980s.
Methods
In this study we have utilized the following monthly times series over the 36
year period January 1970 – December 2005, unless otherwise stated: total
copepod abundance Gulf of Trieste, Adriatic, Eastern Mediterranean; northern
Adriatic mucilage events time series (episodes); northern Adriatic red tides time
series (episodes); Adriatic anchovy stock biomass (yearly, 1976-2001);
zooplankton abundance, Point B, Ligurian Sea, West Mediterranean (weekly,
November 1966 - December 1993); SST, Gulf of Trieste; SLP, Gulf of Trieste;
SST, Ligurian Sea; SLP, Ligurian Sea; SST, Mediterranean Sea; SLP,
Mediterranean Sea; North Hemisphere Temperature (NHT) index; North
Atlantic Oscillation (NAO) index. These data have been analyzed using two
regime shift methods: the cumulative sums, and the sequential t-test analysis of
regime shifts (STARS). The cumulative sum technique consists of plotting the
cumulative sum of standardized values over time, to which is subtracted the
mean of time series [4]. The STARS method calculates a Regime Shift Index
(RSI), which represents a cumulative sum of normalized anomalies relative to a
critical value and provides a probability level for the identified year of regime
shift, based on the Student’s t-test [7].
Results
All Adriatic biological series investigated in this work (copepods, anchovy
biomass, and the mucilage-red tide alternance) over 36 years show a step-like
period of change in the late 1980s. The 27 year mesozooplankton series in
Villefranche Bay, western Mediterranean, shows a step-like change in the late
1980s as well. To support the hypothesis that these changes in the pelagic
system are accompanied by changes in the physical environment, we analyse
available hydrographic properties (SST e SLP) at different geographical scales:
local/regional (northern Adriatic and NW Mediterranean), and basin
(Mediterranean), and compare with climate indices (NHT, NAO - hemispheric
scale). We find that they all show a main period of change in the late 1980s
Although the time serie are on the order of a few decades, and thus a persistent
state cannot yet be assessed with certainty, it is the synchronicity of the period
of change, involving biological and physical properties, different trophic levels
in both Mediterranean sub-basins, which indicates the presence of a major
reorganization in this sea.
Conclusions
Our results suggest that the Mediterranean Sea underwent a major change at the
end of the 1980s that encompassed atmospheric, hydrological, and ecological
systems, for which it can be considered a regime shift. We provide evidence
that links local, regional, and basin scale hydrological properties with two major

indicators of large scale climate, the North Atlantic Oscillation index and the
North Hemisphere Temperature index, suggesting that the Mediterranean shift
is part of a larger scale change in the northern hemisphere. We hypothesize that
the shifts that affected the North, Baltic [5], Black [6], and Mediterranean (this
work) seas at the end of the 1980s, so far only partly associated, are all linked
as part of a northern hemisphere change.

Fig. 1. Interannual variability of zooplankton abundance off Villefranche,
Ligurian Sea (diamonds), and of total copepod abundance in the Gulf of
Trieste, Adriatic Sea (circles), standard units. The black horizontal lines
represent the stepwise trend showing the regime shift in the mean
detected by STARS method. T-test, cumulative sums, and the STARS
methods, all identift a period of change circa year 1987 (vertical bar).
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FISHERY DATA AND CLIMATE CHANGE: EVIDENCE OF A RELATIONSHIP FROM THE VENICE
LAGOON?
Elisa Coraci 1, Piero Franzoi 1, Matteo Zucchetta 1 and Fabio Pranovi 1*
1 Department of Environmental Sciences, University Ca' Foscari, Venice, 30122, Italy - fpranovi@unive.it
Abstract
By analysing regime shifts detected within landings time series from the Venice lagoon, a significant decrease of catches from the mid
80s was highlighted. In order to explore possible causes, the correlation with climatic parameters has been analysed. Results show a
significant negative correlation between temperature anomalies and landings, but no correlations with the NAO time series have been
found.
Keywords: Fisheries, Temperature, Time Series, Lagoons, Adriatic Sea
Introduction
Trends in annual mean temperature anomalies for the globe show relatively
stable temperatures from the 1800 through about 1910, a rapid and steady
warming through the early 1940s, followed by another period of relatively
stable temperatures through the mid-1970s. A rapid rise similar to that in the
earlier part of the century has been observed since [1]. The Lagoon of Venice,
like most lagoons, is a sensitive and fragile ecosystem, liable to major and
sudden variations and, consequently, very dynamic [2]. Furthemore the lagoon
is subjected to different kinds of external pressures and has evolved under strong
anthropogenic presence. This emphasizes the challenge of a dynamic
management taking into account the ecosystem historical trend. In the context of
the environmental management and analysis of possible effects of climate
change, growing interest is devoted to time series analysis, since they allow to
describe temporal trends and individuate possible points of shift. In this
context, landing data could play a crucial role, since it is generally assumed a
correspondence between relative abundance of a species in landings and in the
ecosystem [3] and often they represent the only available historical data source
about temporal variations of the system.
Material and methods
The time series (1945-2008) here presented were obtained from the Chioggia
fish market. In order to minimize possible sources of bias, such as variation in
the fishing effort and/or fishing grounds, changes in fishing gears and/or target
species [4], we decided to use the total catch of commercial categories caught
within the lagoon environment by fyke nets (eel, grass goby, shrimp, green
crabs, brown shrimp, mullet, sand gobies, flounder, cuttlefish, sand smelt). To
detect regime shifts within the time series, the STAR method, which analyses
discontinuity or change points expressed by shifts in the variance and especially
in the mean [5], has been applied.
Results and discussion
Of the six different phases (regimes) identified, most of them are in agreement
with results reported by other authors [6]: 45-64 increasing of the fishing
capacity due to the engine-powered boat introduction; 65-75 increase of the
carring capacity due to nutrient enrichment (eutrophication); 76-83 decrease in
landings due acute eutrophication and beginning of dystrophic crises; 95-08
decrease in landings due to mechanical clam harvesting (Fig.1).

Fig. 1. Regime shifts recorded within the time series of total catches from the
Venice lagoon.

mainly negative, while since 1983 a transitional phase characterized by positive
values has been started, specially from 1988. This trend lasted until 2008,
showing a general warming that seems to have affected the landings. Climate
change, via its oceanographic influence, can play an important role in Adriatic
ecosystems due to the incoming Mediterranean warmer water leading to changes
of nektonic communities [7]. The obtained results are probably not sufficiently
robust to explain the entire time series, being impossible, at the moment, to
disentangle the single contribution of all other drivers (such as environmental
factors or anthropogenic pressures). It is quite interesting, however, to underpin
the inversion (from positive to negative for landings and from negative to
positive for temperature) recorded in 1983-1984 (Fig. 2).

Fig. 2. Time series (1962-2008) of landings (line) and temperature anomalies
(box).
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We focused mainly on the negative trend recorded between the period 1984-94.
To explore possible causes of this phase, we attempted to correlate the landings
trend with climatic parameters (temperature and North Atlantic OscillationNAO). Results highlight a significant negative correlation between temperature
and landings anomalies (cross-correlation analysis), but no correlations with the
NAO time series were detected. From 1962-1982 the temperature anomalies are
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Abstract
Comparison between stacked flood-event deposits and discharge records represent a new method for interpreting delta stratigraphy
and link the delta to active processes. This work demonstrates the potential of prodelta cores to complement and extend the record
back in time from gauge stations.
Keywords: Adriatic Sea, Po Delta, Sedimentation
The Modern Age Po Delta is the result of a marked phase of river-dominated
growth, where increased sediment flux derived from climatic change and by
human impact both on the catchment (deforestation) and on the delta
(diversions to the south accompanied by construction of artificial levees to
maintain a fixed channel network) [1]. The modern Po delta has an area of 380
km2 created during the last 500 years [1]. The present Po River has an annual
discharge of 1489 m3/s as measured from 1918 to 2009 at Pontelagoscuro, 90
km from the coast and just before the apex of the delta. Annual floods
occasionally reach 10,000 m3/s. The Po River has two flood periods, June
(snow melt) and November (cold frontal rain). Downstream of
Pontelagoscuro, the Po forms a delta consisting of five major distributaries:
Maestra, Pila, Tolle, Gnocca and Goro. Average suspended sediment delivery
is 11.5 MT yr− 1, with a range of 2.9 M/yr (1983) to 22.4 M/yr (1937).
Bedload is not measured but is predicted to contribute ≈2.5% of the total
sediment output of the Po River [2]. Two basic types of prodelta deposits
occur in high-resolution seismic records: (i) shingled lobes characterized by
laterally continuous seismic reflectors consistent with preserved flood layers
and (ii) prodelta lobes accompanied by massive cut-and-fill features. The latter
may represent past periods dominated by direct hyperpycnal discharge from
the river, whereas the former appears more consistent with present-day
transport processes, including perhaps wave-supported gravity flows [1]. The
October 2000 flood was a 50-year return interval flood resulting in a thick
flood deposit (up to 35 cm) close to Pila mouth of the Po River [3].

(SIRM/ARM, SIRM X, ARM/X) related magnetic parameters, in prodelta
environments to evaluate the discrete unit produced by each flood [4]. In
addition a suite a major, minor, and trace elements has been performed on a
split core using X-ray fluorescence (XRF) core scanner to provide the
variability of bulk-sediment chemistry in each flood deposit. Furthermore the
2009 cores record the 2000 flood layers with the
internal stratigraphy preserved.

Fig. 2. Magnetic susceptibility record in 5 cores collected, from 2002 to 2009,
off "Po della Pila" distributary channel. The flood deposit, marked by a
shaded area , is preserved after 9 years from the emplacement.

All together these parameters allow to reconstruct the impact of recent and
ancient flood events even where sedimentary structures are not unequivocal.
An increasing contribution of magnetic minerals with larger grain-size is
correlate with minima in the flocculation observed in the sediments.
The recognition of sedimentary structures and textures is important for gaining
an inproved understanding of the behaviour and mechanism of sediment
deposition from catastrophic flood events. These observations provide insight
into nature of large scale flood processes that cannot be measured directly.
Moreover a correlation between flood deposit and sediment discharge could
define a threshold discharge required to produce sedimentary deposits. To
fully appreciate the natural behaviour of shallow-water depositional systems
before and under major human impacts, it is necessary to extrapolate timeaveraged estimates of changes in sediment supply from indirect data, such as
the volume of depositional units (delta lobes) measured from HR seismic
profiles [5].

Fig. 1. October 2000 flood deposit recovered at 20m water depth off " Pila"
distributary channel. The 35 cm thick flood deposit, observed in Xray image,
shows a complex internal stratigraphy also recorded by physical parameters.

Event-response coring on the Po River prodelta coupled with shipboard
digital X-radiography, resistivity profiling, and grain-size analyses permitted
documentation of the initial distribution and physical properties of the 4
major flood deposits of the last 100 years. From 1994 to 2009 the delta front
of the Po river has been sampled and 4 major flood events are recorded in the
uppermost unit of the recent deposits occurred in November 1994, October
2000, December 2002 and May 2009. Fine-grained sediment from the Po
River settles close to the mouth, leaving only a small amount of material in
suspension in the plume for direct deposition onto the prodelta. The Po flood
deposit has a complex internal stratigraphy, with multiple layers, laminations,
ripple cross bedding, lenticular bedding, soft-sediment deformation structures,
and dramatic changes in grain size that imply rapid deposition and fluctuations
in energy during emplacement due to ocean weather conditions.
Using the Fall-2000 flood “anatomy” as an example, we demonstrate that it is
possible to correlate the associations of benthic foraminifera, thecamoebians,
organic carbon content, concentration (X, ARM, SIRM) and grain-size
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Abstract
A study on the effect of marine acidification on the production and surface increase of Corallinales spores was realized in an artificial
controlled culture. The increase of CO2 concentration in the artificial culture inhibited Corallinaceae spore production and growth, and
caused an increase in the mortality of germination disks.
Keywords: Global Change, Algae, Adriatic Sea
During the last few years the effect of the increase of carbon dioxide has been
studied on mature calcareous red algae [1], [2], [3]. But little is known on the
effect of marine acidification on the reproduction rates and surface increase of
the Corallinaceae. For this reason a study on the production and growth of
Corallinales spores was realized in an artificial controlled culture (microcosm).
The values of pH, salinity, temperature and Total Alkalinity of the seawater
were recorded several time every day at random intervals.
The calcareous red algae were submitted to different concentrations of carbon
dioxide in three different bathtubs (15 l each). We carried out three "monophase
cultures" (May and October 2008, May 2009) during which the values of pCO2
and of pH (first “control” bathtub pCO2 = 370 ppm and pH = 8,2; second
“intermediate” bathtub pCO2 = 550 ppm and pH = 8,0; third “acid” bathtub
pCO 2 = 760 ppm and pH = 7,8) [4], were maintained constant in each bathtub
during the entire period of insemination; we made a “triphase culture” (July
2008) during which the pCO2 was progressively fitted step by step in three
phases from 370 to 760 ppm in third bathtub and fitted step by step in two
phases from 370 to 550 ppm in second bathtub. The calcareous encrusting red
alga Lithophyllum incrustans Philippi (Corallinaceae) was sampled in the gulf of
Trieste (north Adriatic, Mediterranean Sea) to a depth of 3-4 m. The samples
were subjected to thermic shock (temperature of about 24°C), to induce better
sporulation (production and morphogenetic development of the spores). The
spores were grown on specific supports slides for evaluation under the
microscopy. A census of the growth disks was carried out within the first week
from the beginning of the insemination, under the optic microscope.
Subsequently some selected thalli were marked randomly and photographed
weekly to study the surface growth rates (Image Pro Plus 6.0) [5].
In “monophase culture”, even if developed in different seasons, a decrease in the
presence of the thalli was observed as the CO2 concentration increased. In the
July culture (“triphase culture” – progressive acidification), October 2008 and
May 2009 (“monophase culture” – pCO 2 and pH constant) after one month
from the beginning of the culture a new census of the thalli was carried out. In all
three cases an increase in the mortality of thalli was recorded with pCO2
increase (Fig. 1).

“monophase culture” the thalli show a smaller growth with an increase of
seawater acidity (Fig. 2).

Fig. 2. Average spores growth (ΔS average) after 1 month in “monophase” and
“triphase” culture

The results indicate that the increase of CO2 concentration in the artificial
culture inhibits the Corallinaceae spore production and growth, and an increase
of the mortality of germination disks. This could have a negative influence on
the colonization of calcareous algae not only at the species level, but at an
ecosystem level since other authors have reported similar results [1], [2].
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Fig. 1. Number (bars) and % mortality of coralline algae spores (circles and
triangles) in “monophase” (May and Oct ’08, May ‘09) and “triphase” (Jul ‘08)
cultures

The rate of growth of the germinated disks was expressed as the difference
between the surface of the thalli on their last day of culture and their measured
surface after a week from the beginning of the insemination (ΔS). In
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THE ROMANIAN BLACK SEA MACROALGAE UNDER CURRENT ENVIRONMENTAL QUALITY OF
COASTAL WATERS
Sava Daciana 1* and Bologa s Alexandru 2
1 Faculty of Natural and Agricultural Sciences, "Ovidius" University - daciana.sava@gmail.com

2 2National Institute for Marine Research & Development “Grigore Antipa”, Mamaia 300, RO-900581, Constanta 3, Romania

Abstract
The authors present an updated assessment of the present state of the macroalgal flora from the Romanian Black Sea waters, after a
study that took place between 1999-2009. The research shows that the current algal communities consist of a small number of
species, but with considerable biomass. The perennial associations mentioned have declined and the free substratum is now covered
by opportunistic species with a short life cycle. Appropriate ways of conservation would be the improvement of physicochemical
conditions of coastal waters and maintenance of the under water Marine Reserve “Vama –Veche” in the south part of our coast.
Keywords: Black Sea, Phytobenthos
The Black Sea ecosystem, mainly in its northwestern sector, has changed under
the influence of harmful factors which also affected the qualitative and
quantitative state of macrophytobenthos [1, 2]. The present paper shows the
data obtained after a 10 year survey, compared with previous data [3], in order
to point out the changes of this major component of the Black Sea ecosystem.
The algae were collected from various types of hard substratum. From each
sample, algae were identified and representative individuals were kept for the
herbarium collection. For biomass estimation three samples were randomly
taken from a surface of 100 cm2 at depths between 0.5 - 7 m, the algal material
was than dried and weighed, in order to obtain the values of dried biomass. In
the collected samples, 16 Chlorophyta, 5 Phaeophyta and 10 Rhodophyta
were found. Compared with previously reported results, it is quite evident that
the number of species from each phylum decreased over the years (Table 1).

Phycological Society, pp 110
5 - Sava D., Arcus M., Doroftei E., Busuricu F., Balaban D.P., 2003 – The
latest data on the qualitative structure of macrophytobenthos from the
Romanian Black Sea shore. 4th Int. Conf. PH students, Miskolc, Hungary: 365370

Tab. 1. Evolution of macroalgal species between 1977-2002

The relatively high number of Chlorophyta, compared with other groups can
be explained by the fact that eutrophication seems to favor the development of
green algae. The quantitative data emphasized that green and red algae were
dominant, with a significant decrease after 2004 that can be related to the
amelioration of the state of the marine ecosystem along the Romanian shore in
recent years, which could have beneficial consequences on the whole algal
vegetation. Generally, our present observation confirms previous studies:
qualitative decline, high biomass of Enteromorpha, Cladophora (Chlorophyta)
and Ceramium (Rhodophyta), the almost disappearance of perennial species
(brown alga Cystoseira) [4, 5]. The continuous observation of the evolution of
physicochemical parameters of shallow waters, and the continuous
biodiversity monitoring will allow us to estimate the trend in the near future,
because anthropogenic factors are still present and are likely to disturb directly
and indirectly the ecosystem and community structure in the Black Sea.
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DISTRIBUTION AND BIOLOGY OF TWO SYMPATRIC PHALERIA SPECIES (COLEOPTERA:
TENEBRIONIDAE) ON MALTESE SANDY BEACHES
Alan Deidun 1*, Antonia Pawley 1 and Patrick J Schembri 1
1 Department of Biology, University of Malta - alan.deidun@um.edu.mt
Abstract
Differences in the zonation and habitat preferences of two sympatric Phaleria species on five Maltese sandy beaches were
investigated. P. bimaculata has a more seaward zonation than P. acuminata and occurs at higher densities. Behavioural aspects of
the two species were also investigated in the laboratory through the use of choice chambers. The two species have similar sand
moisture content and grain-size preferences, and a similar phenology, but different sand organic content preferences
Keywords: Beach, Behaviour
Introduction
Beetles of the genus Phaleria are one of the major consumers of debris on
sandy beaches in the Mediterranean. The coexistence of different species of
Phaleria on Mediterranean islands has been well documented [1, 2]. One such
species-pair – Phaleria acuminata and Phaleria bimaculata - occurs in the
Maltese Islands [3], with the two species being sympatric on some beaches
and allopatric on others. Zonation along the shore, sand moisture content,
sand organic content and sediment grain-size preferences, as well as seasonal
variation in abundance, were investigated for the two species.

beach ecosystems [6], however, before they can be used as such, a good
knowledge of their ecology and behaviour is necessary, especially when
different species occur sympatrically. P. bimaculata was previously recorded
from Ramla l-Hamra ([7], but was not found there in other studies (e.g. [5]),
including the present one. This may either mean that the species has become
extinct from this beach or else that the population here is so small and
patchily distributed that it is not easily sampled; in either case, this underlines
the precarious nature of populations of psammophilic species in localities
such as the Maltese Islands where sandy beaches are few and small and under
heavy anthropogenic pressure [8].

Materials and Methods
Five Maltese sandy beaches (Mgiebah, Golden Bay, and White Tower Bay on
Malta, and Ramla l-Hamra and Xatt l-Ahmar on Gozo) were sampled during
different seasons in 2001-2003 and in 2006-2007 by means of pitfall traps
placed at regular intervals between the strandline and the vegetated margins of
the beach. At each station, two plastic cups were buried flush with the sand
surface and connected by wooden walkways that acted to deflect animals into
the traps; traps were left overnight. For behavioural experiments, individuals
of both species were tested separately in a series of choice chambers (glass
troughs) presenting, in separate trials, choices between sand with different (i)
moisture content, (ii) organic content, and (iii) grain size. At the end of each
trial the number of Phaleria individuals in each compartment of the choice
chamber was recorded by sieving out the sand and counting the number of
individuals.
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Results and Discussion
The Phaleria species occurred sympatrically on two beaches (Golden Bay,
Mgiebah) and allopatrically on the other three (Phaleria acuminata – Ramla lHamra; Phaleria bimaculata – Xatt l-Ahmar and White Tower Bay). On
Mediterranean beaches with sympatric Phaleria, the two species normally
occupy different zones (e.g. [2]). In the present study, sympatric P.
bimaculata had a more seaward distribution than P. acuminata; peak densities
of P. bimaculata and P. acuminata occurred at a mean distance of 9m and 41m
away from mean sea-level (MSL), respectively. Additionally, P. bimaculata
was consistently recorded in higher densities than P. acuminata on beaches
where the two species were sympatric (mean capture frequency: P.
bimaculata = 3.35±5.33SD inds/trap/hr; P. acuminata = 0.97±1.06SD
inds/trap/hr). Whilst such interspecific differences in position on the shore
have been attributed to differences in sand moisture preferences [3], no
significant differences in sand moisture preferences for the two Phaleria
species were found in the choice experiments made in the present study.
Zonation of sympatric Phaleria species could be due to a preference for
different sand grain sizes [4] but again, choice-chamber experiments made in
the present study did not show significant differences between the grain-size
preferences of the two species, while all the beaches sampled were
characterized by ‘medium sand’ (Wentworth-Udden scale), except for the wet
zone of White Tower Bay (medium/fine sand), where only P. bimaculata was
recorded. A temporal variation in abundance of sympatric species-pairs of
Phaleria has been suggested [3]; the results of the present study as well as of
a previous one [5] do not support this since the sympatric Phaleria species
showed similar seasonal patterns, with the highest abundances recorded in the
spring and the lowest in autumn in both species. The present study did not
identify any beach physical parameter that modulates the zonation and
abundance of the two species, and in Malta at least, P.acuminata and
P.bimaculata appear to have a high degree of niche overlap. However, in
behavioural experiments, P. bimaculata exhibited a significantly (p=0.05)
higher preference for organically enriched sand than P. acuminata, hinting at
possible niche partitioning in terms of feeding preferences. It has been
suggested that Phaleria species make good bio-indicators of the health of
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DISTRIBUTION OF TYLOS SPP. (CRUSTACEA, ISOPODA) ON MALTESE SANDY BEACHES AND
OBSERVATIONS ON TYLOS EUROPAEUS.
Alan Deidun 1*, Francesca Galea Bonavia 1 and Patrick J Schembri 1
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Abstract
The occurrence of Tylos europaeus and T. sardous on 10 Maltese beaches was investigated. T. europaeus occurred on two
beaches on Gozo and T. sardous on a single beach on Malta. The largest population was of T. europaeus at Ramla l-Hamra on
Gozo, but even here the isopods occupied a limited zone close to sea-level. The diurnal and nocturnal distribution of this population as
well as temporal changes in distribution pattern over two years were studied in order to provide baseline information for the
conservation of this rare psammophile in the Maltese Islands.
Keywords: Beach, Conservation, Biodiversity, Coastal Systems
Introduction
Only 2.4% of the Maltese coastline is sandy [1]. This, and the intense human
activity on beaches during the summer months, make most sand-associating
species rare and potentially threatened, particularly if they are strictly
psammophilic. Two species of the psammophilic isopod genus Tylos, T.
europaeus and T. sardous, occur in the Maltese Islands [2], both of which
appear to be rare not only because their habitat is limited, but also because even
where they occur their populations are not large. To provide baseline
information on these species in the Maltese Islands, their distribution on the
larger beaches was studied by sampling surface-active animals at night and
animals buried in the sand during the day. One beach had a relatively substantial
population of T. europaeus, which allowed more detailed observations on the
spatial and temporal distribution of this species to be made.
Material and Methods
Pitfall traps were deployed 1m apart along shore-normal transects extending
from mean sea-level (MSL) landwards, on 10 sandy beaches in the Maltese
Islands. Each trap was set flush with the sand surface and was separated from
adjacent traps by a 1m wooden walkway to deflect wandering animals towards
the traps. Traps were deployed for eight seasons over two successive years
(2002-2003). The daytime distribution of Tylos europaeus buried in the sand
was studied at Ramla l-Hamra, Gozo, where the largest population occurs [3]. A
30x30cm quadrat was deployed at 1m-intervals along a shore-normal transect in
the wet zone of the beach and at 1m, 3m, 5m and 10m intervals from the
strandline in the dry zone. Sand within the quadrat was removed and wet sieved
through a 0.5 mm mesh; this procedure was carried out successively for the 0-10
cm, 10-20cm and 20-30cm depth strata of the sand within each quadrat.
Results and Discussion
Of the 10 beaches sampled, Tylos were only found on three: Ramla l-Hamra and
San Blas on Gozo, and Paradise Bay on Malta. The sand from all three beaches
had a median particle diameter of 0.25mm, classifying it as fine sand on the
Wentworth Scale. Although Tylos was previously recorded from Mistra Bay
[2], no individuals were collected from this site in the present study. The
specimens from Ramla l-Hamra and San Blas were identified as Tylos europaeus
on the basis of pleon morphology, while those from Paradise Bay were
identified as Tylos sardous. The abundances of T. europaeus at San Blas and of
T. sardous at Paradise Bay were very low (individual abundances of
0.05inds/trap/hr for T. europaeus at San Blas and 0.26inds/trap/hr for T.
sardous at Paradise Bay) and these populations were not studied further. In
summer, the daytime distribution of T. europaeus at Ramla l-Hamra was limited
to a narrow zone 3-7m above mean sea level. Within this zone, adult population
density ranged from 220 to 450 individuals/m3 but juveniles had densities of
450-3200 individuals/m3. Individuals were found at all three depth strata within
the sand (0-10 cm, 10-20cm and 20-30cm), with most adults in the deepest
stratum while juveniles were mainly restricted to the upper stratum. During
winter, juveniles were again more abundant than adults at almost all the stations,
but the isopods were recorded from the surface (0-10 cm) depth stratum only.
Adults occurred in higher abundances than juveniles in the pitfall trap
collections over all the eight sampling seasons except summer 2002 and summer
2003, and males outnumbered females at all times. Gravid females were found in
the spring of both 2002 and 2003, implying that reproduction occurs once a
year, as already noted by others (e.g. [4]), and that the preponderance of
juveniles in summer was the result of recruitment.

Fig. 1. Distribution of juvenile, adult male and adult female Tylos europaeus in
the upper 0-10cm layer of sand relative to mean sea-level at Ramla l-Hamra,
Gozo.

At Ramla - l Hamra, T.europaeus showed a clear seasonal shift in distribution
along the shore, with individuals being zoned further away from MSL during the
autumn and winter, and shifting progressively seaward during the spring and
summer months, as also observed for the species on a Tyrrhenian beach [5].
There was a high degree of inter-annual variation in abundance of surface-active
animals; just four individuals were collected in the pitfall traps in winter 2003,
as compared to 619 individuals in winter 2002; this is probably related to colder
air temperatures during the winter of 2003 which may have resulted in more
inactive individuals. It has been suggested [5] that adverse climatic conditions,
especially low air temperatures, could become a limiting factor and depress
surface activity in T. europaeus. Although common on Mediterranean shores,
both species of Tylos are overall rare in the Maltese Islands, especially T.
sardous, which appears to only occur on a single beach, and even where found,
populations are restricted to a limited zone of the shore. Therefore, if such
species are to continue to survive locally, some management of the populations
is necessary and studies such as the present one provide basic information on
the populations on which conservation management actions may be based.
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WINTER TRENDS IN THE NORTHERN ADRIATIC
Tamara Djakovac 1, Romina Kraus 1*, Robert Precali 1 and Nastjenjka Supic 1
1 Rudjer Boskovic Institute, Centre for Marine Research - kraus@cim.irb.hr
Abstract
Winter (February) phytoplankton blooms characterise the northern Adriatic. A significant decrease of winter phytoplankton
abundance in the western part and an increase in the eastern one during the 1990-2007 period was observed. Furthermore, salinity and
nutrient winter trends in the western and eastern part of the northern Adriatic differ as well. An interpretation of the observed
changes was required.
Keywords: Adriatic Sea, Nutrients, Phytoplankton, Po Delta, Salinity
Introduction
The northern Adriatic is one of the most productive regions of the
Mediterranean Sea. A well defined eutrophication gradient decreases eastwards,
mainly due to the Po River discharge [1], leading to a significantly higher
phytoplankton abundance in the western part. Especially high phytoplankton
blooms appear in winter (February). Blooms are especially intense when waters
from the Po River spread over the large northern Adriatic area (in prep.). We are
presenting western and eastern winter trends in phytoplankton abundances,
salinity and nutrient concentrations for the 1990-2007 period.
Methods
Phytoplankton (20-200 µm), salinity and nutrient (total inorganic nitrogen and
orthophosphate) samples were collected in February at stations SJ108 and
SJ107 at standard oceanographic depths along the along the Po River Delta Rovinj
transect
for
the
1990-2007
period
(Figure
1).
Parameters were determined by standard oceanographic methods.

Fig. 1. Northern Adriatic map with sampling stations
Fig. 2. Phytoplankton abundance (open square, bold-solid line), salinity – s (xsign, bold-dashed line), total inorganic nitrogen – TIN (grey circle, dot line) and
orthophosphate concentration – P (solid triangle, dashed line) in the western
part of the northern Adriatic – station SJ108 (a) and in the eastern – station
SJ107 (b) during the period 1990-2007 with corresponding linear fit lines

Results
In the western part (SJ108), surface phytoplankton abundances and nutrient
concentrations decreased, while in the eastern one (SJ107) they increased over
the last 20 years. Salinity of the surface layer showed an opposite trend (Figure
2). Phytoplankton abundances vs. nutrients and salinity showed a positive and
negative correlation, respectively.
Conclusion
Winter trends in phytoplankton abundances in the western and the eastern part
of the northern Adriatic in the 1990-2007 period significantly differ and
correspond to trends in salinity and nutrient concentrations. Decreasing trends
in the western (eutrophic) and increasing ones in the eastern (oligotrophic) part
were observed. We suppose that the observed phytoplankton and nutrient
decreasing trends in the western part of the northern Adriatic ecosystem were a
direct consequence of the extreme change in the Po River freshwater inflow (in
prep.). However, the eastern conditions could be probably assigned to
circulation regime changes.
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SENSITIVITY MAPPING OF THE FRENCH MEDITERRANEAN COASTAL ENVIRONMENT
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Abstract
In case of any accidental marine pollution, the vulnerability of coastal zone not only depends on the extent and type of pollution, but
also on the environmental and socio-economic characteristics. Therefore, to allow decision makers and experts to assess their
decisions on synthetic and operational information, an atlas of sensitivity for French Mediterranean coastal environments is produced.
The estimated sensitivity, defined for each delimited section of the coast, is based on many physical, ecological and socio-economical
criteria.
Keywords: Coastal Systems, Gis, Pollution, Economic valuation
Introduction
Today, about 30% of the international maritime traffic concern Mediterranean
harbours or are on transit and estimated 50% of the transported merchandises
are supposed to present a risk (Aprin et al. 2008). An accidental release of
hydrocarbons or chemicals is rendering the marine and coastal zones vulnerable.
In order to face such accidental marine pollutions and their consequences,
specifically adapted coastal management strategies and decision making
processes are needed. Within this context, the project CLARA II (Calculs Liés
Aux Rejets Accidentels en Méditerranée; http://clara2.ema.fr) aims to provide a
decision support tool focussing on the French Mediterranean. Among other
things, this tool will provide a sensitivity atlas of the French Mediterranean
coast. Produced sensitivity maps are used to support decision makers and
experts to prepare the interventions and to first estimate the consequences in
case of pollution.
Methodology
In order to establish the respective sensitivity maps, the French Mediterranean
coast (including Corsica) has been divided in zones. Taking into account main
environmental characteristics as well as requirements to management and
decision making processes in case of an accident, 32 zones have been
distinguished. Seawards they are limited by four miles and/or 50 meters depth.
The collection embraces information and data on the various environmental
(physical, dynamical and biological) and socio-economic characteristics. Face to
any marine pollution, these stakes presence and importance will contribute to
increase or decrease the vulnerability of a zone. Therefore, we consider them as
sensitivity factors. Their individual values are evaluated on a sensitivity scale
from 1 (less sensitive) to 5 (very sensitive), which translates their relative
importance. For instance, south Corsica zones present a high sensitivity
considering risk on protected areas (see Figure 1). While distinguishing the
summer and winter season, this will be done fore each of the 32 zones and for
each type of pollutant studied. On this basis, a “global” index (encompassing the
environmental and economical indices) is calculated for each of the zones and the
two seasons. This step of the study is accompanied by a multi-criteria study,
based on different point of view to give a relative weight to each factor. In order
to homogenise and treat the spatial data we use a Geographic Information
System (Arc GIS9 ESRI).

Fig. 1. French Mediterranean Sensitivity relative to existing protected areas

Firstly dedicated to the French Mediterranean coast, moreover, the concept aims
to create standardized tools which make it possible to represent and compare the
sensitivity of various coastal environments. Our preliminary results underline
the potential to transfer the approach, and encourage the possibility for an
application beyond the immediate objectives of the project CLARA II.
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Results and Conclusions
Sensitivity indices are attributed to all selected and collected data: Environmental
factors (e.g. biodiversity, protected areas, cost morphology), and socioeconomical factors (e.g. fisheries and aquaculture as well as tourist and
recreational activities). While distinguishing the summer and winter season, this
is done fore each of the 32 zones and for each type of pollutant studied. The
resulting sensitivity maps aim to geographically represent the sensitivity indices
of one zone relative to another zone. A correspondence to so-called absolute
values is not intended.
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Abstract
L'objectif de ce travail consiste à suivre la répartition spatiale des éléments nutritifs (NH4+, NO2-, NO3-, PO43-, N-T, P-T et N/P) au
niveau de 15 stations côtières du Golfe de Gabès. Les résultats montrent que le Golfe de Gabès représente une limitation en azote et
que le statut trophique de la zone étudiée est oligotrophe.
Keywords: Gulf Of Gabes, Nutrients
Port de Gabès (Tableau 1). Les concentrations en PO43- sont élevées au niveau
des stations Zarrat, Port de Gabès et Jaboussa (Tableau 1). Le rapport N/P:
DIN (DIN= NO2-+ NO3- + NH4+ ) sur DIP (DIP= PO43-) varie de 3.5 au
niveau de la station Jabousssa à 19.7 dans le canal de Cotusal. Dans la majorité
des stations le rapport N/P est inférieur à celui de Redfield (16), à l'exception
de Karboub, Hassi Jerbi et Cannel de cotusal où le rapport N/P représente
18.3, 19.3 et 19.7 respectivement, ce qui confirme une limitation en azote due à
l'utilisation excessive des formes azotés par les bactéries et le phytoplancton.
Cette observation est semblable aux résultats des eaux côtières du Golfe de
Gabès [1], confirmant que le bassin méditerranéen oriental est un écosystème
«oligotrophe» [1,3].

Introduction
Le Golfe de Gabès est caractérisé par un climat pré-saharien aride à semi aride,
et par une faible pluviométrie dont la moyenne annuelle est de 200 mm an-1. Le
Golfe de Gabès est situé sur la façade Sud-est de la Tunisie. Il s’étend de "Ras
Kapoudia" au niveau de la parallèle 35°N jusqu’à la frontière tuniso-lybienne.
Il abrite les îles Kerkennah, Kneiss et Jerba et les lagunes de Bougrara et d’El
Bibane [1]. Au cours de cette étude, nous avons souhaité évaluer le statut
trophique des eaux côtières du Golfe de Gabès.
Matériel et méthodes
Les échantillons ont été collectés mensuellement dans le cadre du réseau de
surveillance phytoplanctonique REPHY, entre mars 2006 et février 2007 au
niveau de 15 stations peu profondes (< 1 m).
Les échantillons ont été collectés à l’aide d’une bouteille fermante de type Van
Dorn entre 10 à 20 cm de profondeur et conservés à -20°C et à l’obscurité
jusqu’au jour de l’analyse.
Le dosage des éléments nutritifs (nitrate (NO3-), nitrite (NO2-), l’azote
ammoniacal (NH4+), l’ion orthophosphate (PO43-), l’azote total (N-T) et le
phosphore total (P-T)) (après minéralisation respectivement en ions NH4+ et
en ions PO43- suite à une réaction avec le potassium persulfate à 120°C) a été
réalisé en flux continu par un auto-analyseur (BRAN + LUEBBE) de type 3
selon le principe colorimétrique en utilisant un spectrophotomètre UV-visible
(6400/6405) [2].
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Résultats et discussions
Les teneurs en éléments nutritifs sont présentés au niveau du tableau 1.
Tab. 1. Les concentrations Moyenne ± écart type des éléments nutritifs (µmol
l-1) et du rapport N/P. La dernière ligne donne les résultats d'analyse statistique
(ANOVA). * Différence significative entre les stations échantillonnées
(*p<0.05, **p<0.01, ***p<0.001)

Les concentrations moyennes d’azote total (N-T) varient entre 19.1 ± 5,7
µmol l-1 au niveau de la station El Grine et 25.6 ± 9.1 µmol l-1 au niveau du
port de Gabès. Les concentrations en nitrate (NO3-) ne diffèrent pas entre les
stations et elles représentent les concentrations les plus élevées 3.6 ± 2.8 µmol
l-1 au niveau de Hassi Jerbi. Les concentrations en NO2- sont très faibles
(ANOVA, F=1.82, p<0.05) et ne dépassent pas 0.5 µmol l-1 à l’exception des
stations de Tarfelma, le Port de Gabès, Karboub, Hassi Jerbi et Cheikh Yahia
où les concentrations sont plus importantes. Dans toutes les stations, les
concentrations en ions ammonium ne présentent pas de différence significative
et sont élevées (> 2 µmol l-1). Les concentrations en phosphore total et en ion
orthophosphate montrent une différence significative entre les stations
(ANOVA, F=3.66, p<0.001 et F=2.93, p<0.001 respectivement). Les valeurs
les plus élevées en phosphore total sont enregistrées dans les stations Zarrat et
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SPILLOVER EFFECTS OF A MARINE PROTECTED AREA ON A EXPLOITED LOBSTER PALINURUS
ELEPHAS RESOURCE
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Abstract
We investigated the effects of the Su Pallosu marine protected area (Central western Mediterranean) on the adjacent Palinurus
elephas (Fabricius, 1787) fishery. After 11 years of no-take protection, a gradient of the lobster biomass (Catch Per Unit Effort) from
the interior of the reserve up to a distance of about 20 km from its centre was found. CPUE showed non linear decline with distance
from the centre of the reserve.
Keywords: Decapoda, Marine Parks, Western Mediterranean
Introduction
Fishing restrictions in a marine protected area (MPA) can promote an increase
in biomass of species leading to a spillover to surrounding commercial areas and
enhancing local fisheries [1,2,3]. After 11 years of absence of fishing activity,
we investigate spillover from Su Pallosu MPA (CW Mediterranean) to
commercial fishing zones based on the effects on artisanal local fisheries of
lobster.
Materials and methods
The study was carried out in the Su Pallosu marine protected area of the centralwestern Sardinia (central-western Mediterranean) and its surrounding
commercial zones. The area (4 km2 area), identified in 1997, was closed to the
fishing since 1998 (Regional Law No. 776 of 6-5-1998). Catch data were
collected in 2008 during the annual lobster fishing season (May-September)
onboard of artisanal commercial boats equipped with trammel net. Specifically,
commercial data of 4 different local boats (Seleca, Monè, Marlin and Queen of
sea) selected on the base of the main distance of their operative fishing zone
from the centre of the protected area, were registered. Experimental fishing
surveys inside the area by the same commercial boats were also performed. The
geographic positions of the start and end of each fishing set were recorded.
CPUE was calculated by the weight (kg) of lobsters caught per meter of
trammel net per boats.

protected area (4 km2) and the high fishing pressure across the boundary seem
to be the main factors that should have conducted to gradually reduce to the
availability of lobsters as distance increased.
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Results
The experimental main CPUE inside the reserve was 10.72±7.27 kg/boat/meter
net. An evident progressive declining gradient of commercial CPUE values
increasing the distance from the centre of the protected area was observed (Fig.
1). Commercial fishing data in fact show the existence of a negative lobster
abundance up to 5 km away the protected area. Over 10 km from the centre of
the MPA the commercial CPUE values settled to about 0,2 kg/boat/meter net
(Fig.1).

Fig. 1. Commercial mean CPUE (kg of lobster caught per boat per meter net) ±
sd versus the main distance of each boat’s operative fishing zone from the centre
of the protected area

Conclusions
Net emigration of animal across reserve boundaries should create a gradient of
density as results of the movement behavior and catchability and exploitations
rate of the species in the adjacent fishery (Russ et al. 2003). In our study the
limited mobility of Palinurus elephas (60.4% of lobsters moved less than 2 km
from the centre of the area, [4]) jointed to the reduced dimension of the
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MANAGEMENT AND CONSERVATION OF MEDITERRANEAN SEASCAPES: ARE THERE BETTER WAYS
TO GO?
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Abstract
Oceans are exposed to a combination of local and global pressures. Effective conservation measures are urgently needed. Several
initiatives focused on Mediterranean seascapes by listing habitats and assemblages on the basis of their putative abundance and
ecological importance. Our analyses reveal that these classification schemes are questionable in terms of taxa representativeness and
basic ecological knowledge of the selected entries. Past efforts had the merit of creating a conservation framework for Mediterranean
seascapes, but it is time to make some steps forward, to better account for the changes occurring at Mediterranean scale and to better
fit the world wide accepted marine conservation criteria.
Keywords: Biodiversity, Coastal Management, Conservation
Introduction
The Mediterranean Sea is a semi-closed basin exposed to interactions of local
and global pressures driving rapid biodiversity changes in terms of species life
cycles, trophic interactions, composition, abundance and distribution of
assemblages (1, 2). The adoption of measures relying on criteria effectively
facing the magnitude of these changes is urgently needed. The EU Habitat
Directive is one of the main tools for biodiversity protection in Europe.
Marine habitats, however, are treated sparingly in these classification
schemes. The RAC-SPA at Tunis (3) tried to react to this superficial
treatment of marine habitat diversity focusing on Mediterranean seascapes by
listing habitats and assemblages on the basis of their putative abundance and
ecological importance. This attempt, together with some others (4, 5), had the
merit of creating a framework for Mediterranean seascapes, representing the
baseline for the conservation and management of this basin. Here, we analyse
this classification to highlight criticalities and propose adjustments to improve
the available tools for biodiversity management and protection.

Fig. 2. Number of publications for each species included in the list.
Species with 0 publications (n=18) were not reported

Discussion & Conclusion
Our analyses reveal that these classification schemes are taxonomically biased
in favour of algae, lack basic ecological knowledge of several selected entries,
privilege shallow assemblages and disregard deeper ones and are applicable in
some seasons and not in others. Thus, if the aim of the classification is an
inventory of dominant habitats, assemblages and species of the Mediterranean
Sea, it is awkward to justify the exclusion of a variety of benthic organisms
largely represented in this basin. In case the aim is to focus on conservation
and management efforts, the inclusion of entries in available lists should be
updated, relying on ecological criteria clearly decided a priori for deciding
which taxa should be “in” and should be ”out”, based on a general consensus in
the scientific community.Past efforts had the merit of creating a conservation
framework for Mediterranean seascapes, but it is time to make some steps
forward, to better account for the changes occurring at Mediterranean scale.

Materials and Methods
The RAC-SPA classification is featured by a hierarchical structure going from
the topographic structure of the substrate to the presence of a series of
species-assemblages potentially locally dominant (i.e. facies and/or
associations). We used the ISI Web of Science (www.isiknowledge.com) to
search published articles dealing with the species/taxa characterizing the facies
and the associations included in the classification.
Results
The classification includes 162 entries (with a total of 128 species included in
the list). Our analysis reveals that: 1- The classification scheme is mostly
algal-oriented, the 63% of the species being algae (Fig. 1). The genus
Cystoseira spp. is represented by 13 species, while bioconstructors such as
vermetids or bryozoans are included only as general groups. 2. The algal bias,
in many cases, allows analyses just in spring-summer, whereas the
assemblages typical of winter (e.g. large hydroids) are treated insufficiently. 3The 14 % of the species considered in the list is not covered by ISI journals
and the 16% is cited only once or twice. About half of the included species
have been cited by less than ten papers (Fig. 2). 4- There is an important lack
of proportion between the entries devoted to shallow assemblages in
comparison to those devoted to the so-called circalittoral habitats, which are
under represented.
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Fig. 1. Number of species for different taxonomic groups in the list of
habitats RAC/SPA.
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EFFECT OF MULTIPLE DRIVERS ON THE RECOVERY OF MARINE BENTHIC ASSEMBLAGES
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Abstract
Human threats on the world ocean are multiple and escalating. Effects of multiple stressors can lead to the loss of resilience and an
increased risk of regime shifts. The illegal fishery of the date mussel Lithophaga lithophaga (L.) is one of the most harmful human
activities affecting subtidal rocky habitats in the Mediterranean Sea. I experimentally investigated the interactive effects of nutrient
availability and sea urchin grazing on the recovery of subtidal benthic assemblages disturbed by date mussel fisheries. Results suggest
that: 1) in enriched plots where grazers were removed, recolonization by macroalgae can be observed in 12 months; 2) the two factors
have an antagonist effects; and 3) the presence of grazers imperils the restoration of disturbed assemblages.
Keywords: Biodiversity, Coastal Management, Conservation, Eutrophication, Coastal Processes
Introduction
Multiple stressors act in synergies. Their combined effect can be
accumulative, fully additive, multiplicative, mitigative, or under the dominance
of one or more stressors. The effects of some anthropogenic stressors are well
documented, but the combined effects of multiple stressors are poorly known.
Stressors are usually considered in isolation, with simplistic interpretations of
the effects of human activities on coastal environments [1, 2]. In the
Mediterranean Sea, shallow rocky calcareous habitats are heavily threatened
due to the destructive fishery of the European date mussel Lithophaga
lithophaga (L.), which leads to the desertification of tens of kilometres of
rocky coast each year [3, 4]. The effects of this disturbance are well-known
but the information is still scarce on patterns of recovery and potential for
restoration [5]. We explored, through a manipulative experiment, the interplay
between nutrient supply and grazing pressure in shaping the recovery
trajectories of benthic assemblages impacted by the date mussel fishery.
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3 - Fanelli G., Piraino S., Belmonte G., Geraci S., Boero F., 1994. Human
predation along apulian rocky coasts (SE Italy) - Desertification caused by
Lithophaga lithophaga (Mollusca) fisheries. Marine Ecology Progress Series,
110: 1-8.
4 - Fraschetti S., Bianchi C.N., Terlizzi A., Fanelli G., Morri C., Boero F.,
2001. Spatial variability and human disturbance in shallow subtidal hard
bottom assemblages: a regional approach. Marine Ecology Progress Series,
212: 1-12.
5 - Bevilacqua S., Terlizzi A., Fraschetti S., Russo G., Boero F., 2006.
Mitigating human disturbance: can protection influence trajectories of
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Material and Methods
The experiment was carried out for 1 year within 12 square plots of 25m2 (2
plots for each combination of factors, plus two control artefacts) at about 6m
depth, in the no take zone of the MPA of Porto Cesareo (SE Italy). Plots
were sampled 9 times (separated at least by 1 month) through photographic
sampling method. 10 randomly replicates of 16x23cm were done for a total of
720 replicates units. The experimental plots were enriched by a slow-release
fertilizer (Osmocote-pro 18N:9P:10K, Scotts Company) contained in small
mesh bags fixed on the rocky substrates. Four bags were used for each plot
selected for the application of this treatment. The presence of grazers was
manipulated removing by hand all sea urchins at the beginning of the
experiment and every time was necessary through a twice-weekly monitoring
activity
Results
Univariate and multivariate analyses showed that grazing pressure
significantly affects the resilience of disturbed assemblages, strongly
decreasing benthic recovery rates of disturbed assemblages. When herbivores
are removed, experimental nutrient enrichment enhances recolonization
patterns, significantly increasing the number of macroalgal taxa.
Recolonization by macroalgae (such as Anadyomene stellata and Dyctiotales)
occurred only when grazing activity is removed. The combined effect of
herbivores in presence of enriched conditions decreased benthic diversity and
cover.
Discussion and Conclusion
Results suggest that 1) in enriched plots where grazers were also removed,
recolonization by macroalgae can be observed in less than one year; 2) the two
factors have an antagonist effects; and 3) the presence of grazers imperils any
potential of restoration of disturbed assemblages. These findings stress that
the two drivers could act as antagonistic stressors, so that the restoration of
our system can be a difficult task. This experimental study is likely to provide
useful indications for the management of disturbed assemblages to promote
the recovery of assemblages under different trophic conditions.
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THE RECREATIONAL VALUES OF EUROPEAN COASTAL ECOSYSTEMS AND THE IMPACT OF CLIMATE
CHANGE UPON THEM
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Abstract
This study investigates the economic value of recreational activities in European coastal ecosystems and the potential impact of
climate change thereupon. The current values are estimated based on a meta-analysis of 315 value observations from 79 independent
studies. Values are found to be significantly affected by characteristics of the valuation study, site-specific characteristics and context
characteristics such as biodiversity richness and geoclimatic variables. Benefit transfer techniques are used to scale up values and
assess the recreational benefits of coastal ecosystems in 14 European countries. Both the highest individual and aggregated
willingness to pay for coastal recreation is found in Mediterranean countries. The impact of climate change on such values under the
conditions defined by the four IPCC scenarios is assessed.
Keywords: Biodiversity, Coastal Systems, Economic valuation, Ecosystem services
For the purpose of this study, a large data set of non-market valuations of
recreational activities in coastal ecosystems was constructed. In total, 320
primary valuation studies were retrieved and investigated. Of all studies, 79
were found to contain sufficient information for the meta-analysis. The total
number of observations in the data set is 315.
The average willingness to pay (WTP) per person per year for recreational
activities in the valued sites is estimated by means of meta-analysis. The
explanatory variables include valuation study characteristics (e.g., valuation
method, welfare measure), site characteristics (e.g., ecosystem type, type of
ecosystem service provided) and context characteristics (e.g., GPD per capita,
population density, richness in biodiversity, and temperature). Values were
standardised to 2003 US$ per person per year.
The results of the meta-regression show that the coefficients of most
explanatory variables are statistically significant and with the expected sign.
Recreational fishing produces higher individual values than non-consumptive
recreational activities. Income effects and population density effects are
identified. Values are significantly affected by richness and threats to
biodiversity and are positively correlated with temperature. The explanatory
value of the model is reasonably high (adj. R2 = 0.47).
Benefit transfer techniques are used to scale up the values estimated with the
meta-regression and assess the average individual WTP and aggregated WTP
for coastal recreational activities in 13 European countries during the baseline
year 2003. Table 2 presents the mean baseline values of WTP per person per
year and the aggregated values of coastal recreational activities in the 13
European countries investigated. The highest individual and aggregated values
are found in Mediterranean countries such as Italy, Spain and Greece.
The effect of climate change on the recreational values of coastal ecosystems
in Europe is investigated based on the storylines of the four IPCC scenario
families A1, A2, B1 and B2. The effect of climate change is introduced in the
meta-regression model through changes in the values of the context variables
and in the total number of tourist arrivals per year. The analysis of the results
shows that coastal recreational activities in Mediterranean and Scandinavian
countries have the highest potential to benefit from economically oriented
policies such as those described in IPCC scenarios A1 and A2. Central and
Northern European countries would similarly benefit in terms of overall social
welfare from coastal recreational activities from conditions as in scenario A1
and A2, though to a lesser extent. Figure 1 presents as example the
comparison of the estimates for scenarios A1 and A2 across individual
countries.
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Abstract
Climate change impacts on growth and settlement of larvae of the clam Tapes philippinarum in Venice lagoon have been analyzed
using a lagrangian larval growth and settlement model. The model has been coupled to a hydrodynamic-transport model, calibrated by
the comparison with experimental data, and run according with different climate changes scenarios on 2030. The two scenarios were:
i) increase of temperature, ii) increase of temperature combined with sea level rise. Our results show that an increase in temperature
without an increase in sea level displays the worse impacts on the settlement of larval stages in the whole lagoon. Both scenarios
implicate a considerable change in settlement distribution in different areas employed in fishing and seed harvesting activities.
Keywords: Fisheries, Global Change, Models, Larvae, Lagoons
Introduction
The Venice lagoon is the biggest lagoon in the Mediterranean Sea, characterised
by shallow water areas, complex bathymetries and morphological forms. One
of the most profitable activities practised in Venice lagoon is clam fishing. Due
to management issues, the activity, initially allowed on the whole basin, is
now taking place in limited areas of the lagoon, assigned to fishermen by a
local government body through ‘concessions’. While ‘concessions’ are
employed for the clam culture, other areas are used as source of seed. The goal
of this study was to analyse the dynamics of growth and settlement of Tapes
philippinarum clams at the juvenile planktonic and spat stage. The adult
organisms may growth in an area far from the area where they have been
generated, and this factor becomes important in order to predict the position
of the ‘concession’ in the future. In particular, we analysed the dynamics of
growth and settlement under two scenarios of climate change trough a
lagrangian growth-settlement model coupled with a hydrodynamic-transport
model in order to reproduce dispersion, growth and settlement of clam larvae.

overestimates the data of one order of magnitude. The explanation of this
difference is that the quality of sediments has an effect on the settled
organisms survival. For this reason we applied 'a posteriori' a corrective factor
calculated on the basis of the composition of the sediment in the lagoon. To
evaluate the effect of the climate changes on settlement we compared the
organisms (particles) successfully settled in the lagoon before the autumnal
emission, in the reference simulation and in the scenario simulations. The
comparison of the percentage of the successfully settled organisms calculated
on the whole lagoon area indicates the T08 scenario as the worst combination,
involving a decrease of 1.7% of the successfully settled organisms, whereas in
the T08L10 the decrease is only 0.5 %. The number of organisms per square
meter that colonises the “concessions” and the seed harvesting areas has been
used to evaluate the changes in suitability of each area as consequence of
climate changes. Three areas used for the ‘concessions’ are actually the most
productive, but they reduce their suitability in both scenarios. At the same
time an increase of the number of settled organisms can be found in a qualified
area and other areas, not suitable at present. This effect is evident in the
T08L10 scenario. With respect to the seed harvesting zone, the most
important area shows a decrease of settled organisms in both scenarios in
particular in T08.

Methods
SHYFEM is a hydrodynamic finite element model, which can simulate the
circulation and the transport of the water masses and the spatial and temporal
evolution of water temperature in the lagoon [1]. The model is able to
represent both eulerian and lagrangian transport. This last has been used to
calculate the trajectories of lagrangian particles that represent a pool of larval
organisms. Each particle is characterised by length, weight, age, settlement
state and larvae survival, assumed to be dependent on water temperature. The
model has been applied on a bi-dimensional scale on the whole lagoon basin. In
order to calibrate each module of the model and to define a reference situation,
we have simulated the year 2005 under realistic forcing. Each larva has initial
length of 60 micrometers. All particles are transported across the basin and
increase their length in function of the local water temperature. When the
larvae have a length of about 220 microm they settle on the sediment. When
the lagrangian simulation starts the initial particle distribution reflects the
distribution of the most productive areas in the lagoon [2]. We assume that a
new emission of first stage larval organisms takes place every 90 days in the
same initial areas (next generation) and inserts in the lagoon one million of new
particles. Two climate change scenarios have been considered according with
trends estimated for southern Europe: i) increase of temperature of 0.8°C
(T08), ii) increase of temperature and sea level of 0.1 m (L10T08).

Conclusions
We developed a tool that is able to reproduce the dynamics of growth,
dispersion and settlement of clam in Venice lagoon. The results of our
simulation show that climate changes should negatively affect clam settlement
in the Venice lagoon, in particular, the actual level of the sea together with an
increase in temperature may have the major negative effects. Furthermore, the
impact will not be homogeneous across the lagoon. These results suggest that
our numerical tool can be successfully employed in support to the decision
regards the lagoon and the fishery management.
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Results
The hydrodynamic model has been calibrated with several water level and
water temperature measurements. A comparison between experimental data
on larval length and weight and simulated data has been carried out in order to
verify the functional form employed to simulate the growth and the
temperature response from a larval organism.
The comparison between the spatial distribution of the modelled density of
settled organisms and the distribution of the most productive areas used to the
fishing activity or for the seed harvesting activity indicates that, from a
qualitative point of view, the model is able to reproduce the main pattern of
distribution. To give a quantitative estimate, three sampling stations have been
considered in the inner central part of the lagoon in the year 2005. The
comparison between measured and modelled density of individuals per square
meter in the areas close to the sampling points indicates that in one case the
model can reproduce the order of the measurements, in two cases the model
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Abstract
Rapid global warming can affect an ecosystem's ability to adapt naturally. The potential impacts of climate changes on the clam
fishery in the Venice lagoon have been analysed according to two different scenarios by 2030. Biological and socio -economic
consequences of changes in population dynamics and species distribution have been evaluated. Both hypotheses of change of sea
level rise and surface temperature have shown that the natural capital will be negatively affected and that the impact will not be
homogeneous across the whole lagoon.
Keywords: Lagoons, Economic valuation, Coastal Management, Bivalves
With about 800 fishermen and a generated income of about 80 million euros, the
Manila clam (Tapes philippinarum) fishery is one of the most profitable
activities in the Venice lagoon [1].
Due to management issues, the activity, initially allowed on the whole basin, is
now taking place in limited areas of the lagoon, assigned to fishermen from a
local government body and called ‘concessions’. While ‘concessions’ are
employed for clam culture, other areas are specifically used as a source of seed.
The process of identification and assignment of the concession and areas for
seed harvesting is articulated and involves numerous management organisms [2].
According to the last Plan for the management of fish resources [2] 3000 ha of
surface of the Venice lagoon are designated to clam fishing. This area has been
estimated to guarantee the sustainability of the fishery, but only 2000 ha of this
surface area are productive.
There is the need to identify the areas that can guarantee the socio-economic
stability of the activity. This process is becoming challenging since the adult
organisms may grow in an area far from the area where they have been
generated.
The knowledge of the possible distribution of clam biomass on the lagoon basin
in terms of density and dispersion can support local government and
management bodies involved in decisions dealing with the choice of the
extension and position of ‘concessions’ within the basin as well as the
assignment of these areas to the fishermen.
Rapid global warming can affect can affect an ecosystems ability to adapt
naturally. The lagoon ecosystems are particularly sensitive to change of climatic
conditions due to the shallowness and the low volume of water in relation to the
surface area [3].
An integrated bio-economic model has been developed according to the valuation
framework showed in the figure 1, in order to assess the socio-economic
consequences of climate change impacts on biodiversity loss with respect to the
Manila clam (Tapes philippinarum).
In particular, we analysed the dynamics of growth and settlement under two
scenarios of climate change: i) increase of temperature (T08), ii) increase of
temperature combined with a sea level rise of 10cm (T08L10).

that will reach the market size. Bivalves reach the market size, , when their
weight is equal to 12.5 g.
By taking into account the final number of organisms per square meter,
,
their size,
and a market price about 4 euros per kilogram, it is possible to
estimate the revenue of the ‘concessions’.
The revenue of each ‘concession’ in one year is equal to:
( , , , )=
x Hi
Where i is the concession, p is the price per kilogram and H is the total biomass
of a i ‘concession’.
The net income is equal to the income that a ‘concession’ generates after
subtracting costs and expenses from the total revenue.
Our results show that climate changes would negatively affect clam biomass in
the Venice lagoon in both scenarios. The impact would not be homogeneous
across the lagoon and taking into account different hypothesised sea level rise
scenarios, we found that the actual sea level, combined with an increase in
temperature, would have major implications. There are areas in which the
settlement process would be particularly difficult and areas that would become
more suitable for fisheries. By keeping the actual asset of areas in the lagoon,
and maintaining the same level of income, equal to about 40.700 euros per year,
the number of fishermen would have to decrease by about 200 in the T08L10
scenario and 300 in the T08. If we maintain the same number of people
employed in this sector, it would no longer be possible to ensure the same level
of income: the income would be reduced in scenario T08 by about 40% and in
scenario T08L10 by about 30%. The loss of biodiversity will increase the
current level of social tension. It becomes important to promote aquaculture, to
protect the nursery areas and to experiment practice of culture with the support
of tools as the bio-economic model we developed.
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Fig. 1. Valuation framework

The impacts have been analysed through a ‘biological model’ that results from
combining a lagrangian growth-settlement model with an hydrodynamic model
(see fig. 1).
The value of each area has been determined by taking into account the outputs
from the ‘biological model’ in terms of number of organisms per square meter

747
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

HEALING MUD FROM SECOVLJE SALTPANS
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Abstract
The Secovlje saltpans are the northernmost in the Adriatic Sea. Salt is recovered from sea water by solar evaporation and during this
process two side products are produced - salt pan mud and brine, both of which have healing effects. Due to its balneological features,
healing mud (peloid) is used to threat various diseases and to improve general health and well -being. In order to determine the
composition of the mud to be used for pelotherapy different chemical and mineralogical analysis were performed.
Keywords: Adriatic Sea, Coastal Systems, Chemical Analysis
Introduction
The Secovlje saltpans are the northernmost in the Adriatic Sea and one of the
few in the Mediterranean where salt is still produced in the traditional way. Salt
is recovered from sea water by solar evaporation and during this process
twoside products are produced - salt pan mud and brine, both of which have
healing effects. Due to its balneological features, healing mud (peloid) is used to
threat various diseases and to improve general health and well-being. The
mechanisms responsible for these therapeutic features are generally considered
to be associated with physical/chemical and thermal effects of the mud [1,2].
Materials and methods
Mud samples were taken on 8th January 2009 at five different sites (M1, B2,
D1, L1, P2) in the area of the Secovlje saltpans. The samples were freeze-dried
and grounded to a fine powder for analysis. FT-IR spectra were obtained on
homogenized samples using a Perkin-Elmer Spectrum One spectrometer. The
organic carbon (OC) and total nitrogen (TN) contents were determined with a
Carlo Erba model 1108 elemental analyzer. The carbohydrate content was
determined spectrophotometrically after Dubois [3], while the proteint content
was determined using the Bradford reagent [4]. The mineral composition of the
muds was determined bx X-ray powder diffraction (XRD).

Fig. 1. FT-IR spectra of samples from sites M1, L1, D1, P2 and B2.

Results and discussion
In order to determine the composition of the mud to be used for pelotherapy
chemical and mineralogical analysis were performed on samples from five
different sites in the area of the Secovlje Salina. Three samples were taken from
the crystallizing salt basins (P2, L1, B2), where the mud is exposed to higher
water salinity, while the samples D1 and M1 were collected on the river Drnica
and channel Curto, which are used for water supply to the saltpans. Organic
matter content (Table 1) was overall rather low (0,8-2,3 wt.%), with the highest
value at site M1. The values of carbohydrate and protein content were more
even, with higher values for samples from the crystallizing salt basins.
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Tab. 1. Organic carbon (OC), total nitrogen (TN), carbohydrate (CHO) and
proteins (PRT) content.of mud samples from sites M1, L1, D1, P2 and B2.

The FT-IR spectra (Figure 1) of the mud from all five sites revealed carbonates
(2513, 1795, 1420-1450, 876 and 713 cm-1), silicates (1870, 1160, 1020, 799,
780, 695 and 530 cm-1) and clay minerals (3625 cm-1) as the major inorganic
components. The organic carbon is confirmed by peaks at 3000-2800 cm-1 (CH2
and CH3 groups), 1641 cm-1 (Amide I ) and 1150-1000 cm-1 (carbohydrates).
Mineralogical analysis confirmed calcite, quartz, halite, muscovite, manganium
oxide and clay minerals as the major components.
The database from this study will provide essential data for establishment of
normative regulations (standard criteria) and thermal mud production.
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ASSESSMENT OF THE ECOLOGICAL STATUS OF MEDITERRANEAN FRENCH COASTAL WATERS USING
THE POSIDONIA OCEANICA RAPID EASY INDEX: PREI
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Abstract
The PREI (Posidonia oceanica Rapid Easy Index) is a method used to assess the ecological status of seawater along Mediterranean
French coasts. It was drawn up according to the requirements of the Water Framework Directive (WFD 2000/60/EC) and was tested
on 42 stations in PACA (Provence-Alpes-Côtes d’Azur) and Corsica. The PREI is based on five metrics: shoot density, shoot leaf
surface area, E/L ratio (Epiphytic biomass/leaf biomass), depth of lower limit, and type of this lower limit. The 42 studied stations
were classified in the first four levels of status: high, good, moderate and poor. The PREI values ranged between 0.280 and 0.847; this
classification is in accordance with our field knowledge and with our knowledge of the literature. The PREI was validated regarding
human pressure levels (r²= 0.74).
Keywords: Posidonia, Monitoring, Coastal Waters, Phanerogams, Biometrics
on the field + λ, where λ = 0 (stable limit), λ = 3 (progressive limit) or λ = -3
(regressive limit). We arbitrarily assigned an EQR value of 0.100 for the “bad”
status boundary; the other EQR boundaries were obtained by dividing the
remaining scale (from 0.100 to 1) into four categories of equal amplitude:
"High, Good, Moderate and Poor status" [3]. Therefore, where P. oceanica
existed, the EQR was computed as follows: EQR = (EQR’ + 0.11)/(1 + 0.10).
Application of the method to the French Coast The sampling was
performed at a 15 m depth in April (2007) to prevent the masking effects of
depth and seasonal variability . At each station, shoot density, depth and type
of lower limit were noted in situ by a scuba diver. Twenty shoots of P.
oceanica were collected for the laboratory measurements (biometry and E/L).
The 42 studied stations were classified in the first four levels of status: high,
good, moderate and poor. The PREI values ranged between 0.280 and 0.847.
Two meadows (8%) received the status of poor in PACA (Corbière and
Villefranches); 16% and 22% were qualified as moderate, 62% and 67% as
good, 13% and 11% as high both in the PACA area and along the coast of
Corsica. The mean PREI EQR in PACA was slightly lower than along the
coast of Corsica (0.609 and 0.635 respectively).
In order to verify the robustness of our PREI, we calculated an anthropization
index. The anthropization index was defined as the sum of 7 impact factors
affecting the seawater quality and /or biotope quality: fish farming, industrial
development, agriculture, tourism, fishing, commercial ports and urbanization.
Each impact factor was classified from 0 (no impact) to 5 (dramatic effect on
the meadow). The quality of seawater expressed by our anthropization index
was negatively correlated with the PREI (r²=0.74). Our index is a destructive
technique, requiring scuba divers, using shoot density, the most adopted
standardized descriptor (Montefalcone, 2009). All stations were sampled
during a short period (10 days), which avoided seasonality effects. The PREI
is both cost effective and easily applied. It requires scuba divers working on
random punctual stations (15 m depth) and on positioned stations (depth
limit). It is a reliable approach for estimating the state of P.oceanica meadows
and the ecological status of seawater.

Introduction The European Union has launched a new strategy to conserve
and recover the ecological quality of the marine environment. In order to attain
this objective, the Water Framework Directive (WFD) has established the
basis of policies for the monitoring, protection and enhancement of the status
of aquatic systems in the Member States. The main goal of the WFD is to
achieve (or maintain at least) a “good water status” for all the European waters
by 2015. To this end, this directive defines the concept of ecological status as
the quality of the structure and functioning of ecosystems associated with
homogenous water bodies. The evaluation of the status of each water body is
based on the use of some organisms or groups of organisms sensitive to
anthropogenic pressures: biological quality elements (BQEs). Phytoplankton,
macroalgae, angiosperms and benthic fauna are the BQEs to be considered.
According to the WFD, biological variables indicative of the status of these
BQEs should be used for evaluation and monitoring purposes. On the basis of
previous work on the bioindicating of water global quality by Posidonia
oceanica, this species was chosen for the Mediterranean area as the
angiosperm BQE [1]. As permitted by the WFD, each member state, involved
in this BQE, can define its own method to evaluate the state of the Posidonia
oceanica meadow. We describe the PREI (Posidonia oceanica Rapid Easy
Index) method used in French coastal regions to evaluate the ecological status
of water bodies in the Mediterranean Sea following WFD requirements.
Methodology We calculated the PREI with five metrics measured
in P.oceanica meadows to define the ecological status of French Coastal
Waters according to the WFD recommendations: shoot density, shoot
surface, E/L (ratio between epiphytic biomass and leave biomass) measured on
shoots sampled at the same depth; depth of the lower limit and type of this
limit (regressive, progressive or stable). These metrics were selected because
they provide pertinent information on the vitality of the meadow (at the
individual and population level) for a wide spectrum of disturbance (water
transparency, nutrient concentrations and eutrophization, sedimentary
dynamics, grazing pressure…) regularly described in the Mediterranean Sea
[2]. As such, they constitute unequivocal indicators of Posidonia oceanica.
They are also easy to obtain with a good cost–efficiency ratio and low
technological investment. According to the WFD, the classification of
ecological status is based on the deviation of the status of the BQE from its
potential status under pristine conditions (reference conditions: RC). This
ecological status is expressed using a scale going from 1 (RC) to 0 (worst
conditions where the BQE is badly affected or missing). The ratio between the
status of a given BQE noted in a station and its status in the reference
conditions is called the Ecological Quality Ratio (EQR). To calculate this
EQR, a definition of RC has to be made. RC describe the characteristics in
undisturbed conditions. On this basis, considering that no pristine conditions
could be found in the studied area, we postulated RC as a “theoric optimal
site”, corresponding to the best values of each metric noted in the field. We
defined EQR’ as an index integrating the averaging of the chosen individual
metrics: EQR’= (N density + N leaf surface area + N (E/L) +N lower
limit)/3.5 with:- N density = value measured-0/reference value-0; - N leaf
surface area = value measured-0/reference value-0; 0 being considered as the
worst value for the density and for the leaf surface area. - N (E/L) = [1- (E/L)]
×0.5; - N lower limit = (value measured-17)/ (reference value -17), 17 m being
considered as the worst lower limit for Posidonia meadows. N’ = depth noted
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DISTRIBUTION ET ABONDANCE DU ZOOPLANCTON DE LA COTE NORD DE LA VILLE DE SFAX
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Abstract
La modalité d’échantillonnage agit sur l’abondance relative des différentes classes et espèces de copépodes (P<0,001). Les espèces
de copépodes qui échappent à l’échantillonnage par la bouteille fermante sont plus élevées que celles qui ne sont pas récoltées par le
filet à plancton. Par contre, les deux techniques d’échantillonnage ne semblent pas affecter la densité du zooplancton total (P>0,05).
Keywords: Coastal Systems, Zooplankton , Sampling Methods, Gulf Of Gabes
Introduction
Les méthodes de collecte de données sont, depuis longtemps, considérées
comme un facteur important pour élucider la dynamique des écosystèmes
marins [1]. L’estimation de la densité et de la diversité du zooplancton a été
réalisée par diverses techniques d’échantillonnage [2]. Dans cette étude, deux
techniques d’échantillonnage du zooplancton, par le filet à plancton et la
bouteille fermante, ont été testées au niveau de 18 stations réparties sur 6
transects le long de la côte nord de la ville de Sfax. L’échantillonnage du
zooplancton a été effectué au niveau de 3 stations dans chaque transect
pendant le mois de juillet 2007.

fait par la bouteille fermante (Tableau 1). L’abondance des Oithonidae, au
niveau des différentes stations étudiées de la côte nord de Sfax, domine
largement, entre 64,28 et 99,62 %. Cependant, les familles des
Clytemnestridae, Acartiidae, Tachydiidae et Stephidae présentent
respectivement 3,96, 3,23, 2,59 et 2,28 %. L’abondance des autres familles
(Ectinosomidae, Temoridae et Oncaeidae) est peu importante.
Tab. 1. Les espèces de copépodes inventoriées dans la zone d’étude par les
deux méthodes d’échantillonnage

Résultats et discussions
14 classes ont été répertoriées au niveau de 18 stations avec une nette
dominance des copépodes qui est de l’ordre de 61,40 % pour les échantillons
récoltés par le filet à plancton (Figure 1). Par contre, les copépodes
contribuent seulement à 43,36 % dans les échantillons récoltés par la bouteille
fermante. Les résultats d’ANOVA complété par le test post-hoc Duncan sur
les densités des copépodes montrent une différence hautement significative
entre les deux méthodes employées (F= 4,01; d.d.l = 89; P< 0,001). Les
abondances relatives des nauplii, des copépodites et des adultes, obtenues par
les deux techniques d’échantillonnage, sont similaires, de l’ordre de 60, 23 et
17 %, respectivement. Toutefois, l’analyse statistique montre des différences
hautement significatives (ANOVA-Duncan, P<0,001). Les cyclopoïdes
dominent largement avec une abondance relative significative (F = 25,32 ; d.d.l
= 35 ; p<0,0001) de l’ordre de 75,78 et 87,73 % enregistrées respectivement
pour les échantillons récoltés par le filet et la bouteille fermante. L'abondance
des harpacticoïdes estimés par le filet et la bouteille diffère significativement
(p>0,001) et est environ de 12,63 et 6,55 %, respectivement. Les calanoïdes
sont moins abondants que les cyclopoïdes et les harpacticoïdes. L’abondance
est de l’ordre de 11,38 et 5,64 %, enregistré respectivement pour les
échantillons récoltés par filet et bouteille fermante. Les poecilostomatoïdes
sont présents accidentellement au niveau de la zone d’étude (< 0,21%) (Figure
1). Pour les échantillons prélevés par le filet, un total de 15 espèces réparties
en 12 familles a été répertorié au niveau de la zone prospectée (Tableau 1). La
contribution des Oithonidae dans le nombre total des copépodes varie entre
54,89 et 80,46 %.

Cette étude montre une nette dominance de l’espèce Oithona nana avec 72,84
% au niveau des échantillons prélevés par le filet. Toutefois, l’espèce Oithona
similis domine les échantillons récoltés par la bouteille fermante avec 66.17 %.
Les autres zooplanctons (Larves de cirrhipède, Larves véligères de
gastéropode, Ostracodes, Bivalves, Annélides polychètes, Méduses,
Tintinnides, Euphausiacés, Zoés, Amphipodes, Cladocères, Nématodes et
Appendiculaires) ont été répertoriés au niveau de toutes les stations, mais
avec une abondance plus importante pour les échantillons prélevés par
la bouteille fermante (56,64 % du zooplancton total) (Figure 1). L’ANOVA
n’a pas révélé de différence significative de densité entre les deux techniques
d’échantillonnage (p>0,05). Cette étude montre que la technique
d’échantillonnage affecte l’estimation de l’abondance et la distribution des
copépodes, ce qui corrobore les résultats de Youngbluth [3].
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Fig. 1. Abondances relatives des copépodes et des différentes classes
enregistrées par le filet à plancton (A) et la bouteille fermante (B)

La contribution des autres familles apparaît faible par rapport à la famille des
Oithonidae. En effet, la famille des Tachydiidae contribue à 10,05 %, la famille
des Acartiidae représente 6,89 %, la famille des Stephidae 4,12 %, la famille
des Tisbidae 1,64 % et les autres familles (Ectinosomidae, Paracalanidae,
Centropagidae, Temoridae, Clytemnestridae, Corycaeidae et Oncaeidae) sont
présentes en faible abondance. Un total de 11 espèces réparties en 8 familles
ont été répertoriés au niveau de la zone prospectée quand l’échantillonnage est
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CARBONIC ANHYDRASE IN MUSSEL MYTILUS GALLOPROVINCIALIS: A PRELIMINARY STUDY
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Abstract
We investigated the esterase activity of carbonic anhydrase (CA) on total esterase activity level in mussels sampled from 19 locations
along the Croatian coast of Adriatic Sea. The results of total esterase activities in winter were lower than in summer at almost all
investigated locations. CA activities determined in gills of mussel sampled in winter ranged from 1.75% to 24.65% of total esterase
activity. CA activities in summer samples were practically not detectable. Despite in vitro research showed potential application of
CA activity in bioassay and biomarker studies for application of CA as a biomarkers of environmental pollution further research are
needed.
Keywords: Adriatic Sea, Ecotoxicology, Enzymes, Mollusca, Pollution
INTRODUCTION
Carbonic anhydrase (CA), a ubiquitous enzyme in the bacteria, plant, and animal
kingdoms catalyses the reversible hydration of CO2 to produce H+ and HCO3using zinc as a cofactor. To date 15 CAs or CA-like proteins have been
identified in mammals. In humans, for CAII isozyme, turnover number for CO2
hydration is the highest known for any enzyme, while for the other isozymes
activities are lower in the order CAII > CAIV > CAI > CAIII. There are several
CAs which have shown esteraze activity, enzymes known to hydrolyse
endogenous substrates, and the majority hydrolyse lipid ester substrates. In in
vitro conditions, the esterase activity of CA was determined, both in
physiological and pathological conditions. Additionally, besides Na,K-ATPase,
CA represents a key enzyme involved in the adaptation of marine organisms to
environmental conditions [1]. Experimental studies performed on Crustacea gills
have shown two main isozymes of CA located in membrane-bound and in
cytosolic fractions, functionally similar to mammalian CAIV and CAII [2]. So
far no report has dealt with the esterase activity of CA on total esterase activity
level in mussel.

INSTEAD OF CONCLUSIONS
Inspite in vitro studies showing clear inhibition of CA activity with heavy
metals, for the application of CA as a biomarker of pollution further detailed
research on the effects of environmental and physiological factors and different
CA isozymes activity using different inhibitors, protein characterization and
sequencing are needed. With this paper we report a partial CAII sequence of M.
galloprovincialis (Fig. 2) which is, according to the NCBI database the first
normal one for Mollusca, Bivalvia, besides nacrein, nacrein-like proteins and the
novel CA from Tridacna gigas with two CA domains.

MATERIAL AND METHODS
In this study the esterase activity of CA on total esterase activity level was
investigated in mussels sampled from 19 locations along the Croatian coast. The
gills were the target tissue because the respiratory, ionic transport and pH
regulatory enzyme function of CA and it's potential usage as a biomarker of
environmental pollution was the main topic. Previously it was suggested the
possible application of CA activity inhibition as an in vitro bioassay for the
detection of heavy metals in pollution monitoring using the mussel Mytilus
galloprovincialis Lamarck, 1819 [3,4]. Total esterase activity was measured in
the cytosolic fraction of gills homogenates by colorimetric end point reaction
using p-nitrophenyl acetate as enzyme substrate, and CA activity was estimated
by the same enzymatic reaction using acetazolamide as a specific CA inhibitor.
Fig. 2. Alignment of our partial M. galloprovincialis cDNA sequence with
similar human and fish CAs after NCBI blast.
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Fig. 1. Total esterase activity in cytosolic fraction of mussel gills: (-AZM)
without specific CA inhibitor and (+AZM) with acetazoamide inhibition.

RESULTS
The results of total esterase activities in winter (March; average value
0.137±0.057) were lower then determined for the summer season (August;
0.153±0.036) at almost all investigated locations (Fig. 1). CA activities
determined in gills of mussels sampled in winter ranged from 1.75% to 24.65%
of total esterase activity. CA activities in summer samples were practically not
detectable. This is preliminary research; it is difficult to assume a direct
relationship between pollution at investigated sites with determined CA
activities, especially in the summer period.
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1 Ecole Universtaire Polytechnique De Lille - Ahani59@Yahoo.Fr

2 Laboratoire De Géologie, Université Badji Mokhtar Annaba, BP 12, 23000 Annaba, Algérie

Abstract
The purpose of this study is to include expert knowledge as one part of the modelling system and thereby offer the chance to create a
productive interactive system between expert, mathematical model, ASM ([1]), and artificial neural networks (ANNs). An attempt to
determine outflow-influencing parameters in order to simulate spring flow is presented.
Keywords: Models, Behaviour, Algerian Basin
The Bouteldja dune aquifer (NE of Algeria) is fed by rains and streaming water
on the sandy argillaceous relieves in the Est. The lateral passage to the gravel of
the Bouteldja Plain is marked by numerous bogs that correspond to the
piezometric level. These bogs have long been an environment for migratory birds
and a natural reserve for many species. However, the continued exploitation of
about 30 wells has negatively influenced the hydrodynamic equilibrium of the
aquifer and has brought a diminution of spring’s capacity ([2], [3]). In this
study, we tried by using a hydrodynamic model and the neural network to
ascertain the state of the resources and to identify the factors responsible for the
decreasing flows of the three principal springs of the area (Bougles, Bourdim
and Titteri) by using neural networks. The calibration in the non-steady state
allowed for the depletion of the layer storage, related essentially to an
overexploitation, and a weak recharge to be taken into account. This hydraulic
deficit was represented by a drop of the piezometric surface (Figure 1) that can
amount to 30 m, and by a closely corresponding reduction of the areal extent
through which groundwater emerges into the surface. This situation had a direct
consequence on the surface, on the hydrologic regime of the wet areas, and on
the degradation of the water quality of rivers and lakes. The ANNs show that
the decrease in flows of the springs is not only due to the unfavourable climatic
conditions, but also to the intensive exploitation of the aquifer. These results
show that the groundwater reserves are decreasing over time, thus highlighting
the need to take some urgent measures to stop this phenomenon.

Fig. 1. Drawdown map of the massif of Bouteldja’s aquifer (October 1981–
October 1994).
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SPATIAL DISTRIBUTION OF THE CILIATE COMMUNITY IN THE GULF OF TUNIS (TUNISIA, EASTERN
MEDITERRANEAN SEA)
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Abstract
The spatial distribution of ciliates was studied in the Gulf of Tunis (NE Tunisia) in August 2006. 17 species belonging to 3 groups were
identified. Spirotrichea was the dominant group in the inner (92%) and the outer (94%) shelf. The ciliate density decreased from the
coast (mean ± s.d = 108.33 ± 80.10 cells l-1) to the open sea (mean ± s.d = 56.25 ± 47.87 cells l-1) areas. In terms of a vertical
occurrence, the ciliate community showed a decrease from the surface to the bottom.
Keywords: Coastal Waters, Open Sea, Deep Waters, Surface Waters, Plankton
Introduction
Studies on marine protozoans have been carried out in the Mediterranean for
many years, and their importance in the trophic organization and community
structure of pelagic ecosystems has been emphasized [1]. However, studies
addressing the distribution of ciliate assemblages in the Gulf of Tunis (NE
Tunisia) are totally missing. Therefore, it seems very interesting to study the
protozoa community in this area. The present study gives, for the first time, the
structure and the spatial distribution of the ciliate community in the Gulf of
Tunis.

species belonging to 3 groups: Spirotrichea, Oligohymenophorea and Colpodea
were identified. In the coastal and the open sea stations, Spirotrichea dominated
the ciliate community with 92% and 94%, respectively. In fact, this group was
the most abundant in the Gulf of Gabes [1]. Although tintinnids were
characterized by a small contribution to the ciliates community [2], in this
present study, they contributed 40% of the total ciliates. Among this class,
Choreotrichia contributed 80%. The loricates ciliates constitute an important
group in the Choreotrichia (91%) and in the total of the ciliates community
(40%). The protozoa community marked a decrease from the inshore (mean ±
s.d = 108.3 ± 80.1 cells l-1) to the offshore (56.2 ± 47.9 cells l-1). In terms of the
vertical distribution, ciliate density showed a maximum in the middle of the
water column (150 ± 141.42 cells l-1). However, in stations where the bottom
was above 100m, ciliate density showed a decrease from the upper (125 ± 35.35
cells l-1) to the deeper (75 ± 106.1 cells l-1) layer (Fig. 1).

Material and methods
Sampling was performed in 4 coast-to-offshore stations during a cruise on board
the R/V Hannibal in August 2006. Samples were taken at 3 depths (surface,
middle of water column and bottom) for stations <100 m deep and at 5 depths
(surface, -10 m, -20 m, thermocline and bottom) for stations >100 m deep. In
each station, profiles of temperature, salinity, dissolved oxygen and water
density were collected with a CTD: SBE 9 equipped with a 12 Niskin bottle
rosette sampler. Samples for nutrients were stored at -20°C before analysis with
a BRAN and LUE BBE type 3 analyzer. Sub-samples (1L) for ciliates were
fixed with acid Lugol solution (2% final concentration) and stored in the dark at
low temperature (4°C) until analysis. The different species were quantified with
an inverted microscope using 20 ml Utermöhl chambers. The entire surface of
the chamber was examined at 40 x magnification.
Results and discussions
Water column profiles showing the range of physico-chemical in the different
stations of the two gulfs are summarized in Table 1. During this study, a strong
thermocline was detected at the mean depth of 30 m. No significant difference
(P>0.05) was detected between the coast and the open sea area, in terms of
physico-chemical parameters (Table 1).

Fig. 1. Vertical distribution of ciliate density in both inshore and offshore
stations

Tab. 1. Min, max and Mean ± S.D. of physico-chemical parameters in the Gulf
of Tunis
This differed from the gulf of Gabes, where ciliate density increased from the
surface to the bottom [1]. However, no significant correlation (P>0.05) was
detected between the physico-chemical parameters and the spatial distribution
of the ciliate community.
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The N/P ratio (mean ± s.d = 14.63 ± 20.98) was lower than the Redfield ratio
(16) suggesting a potential N limitation. During this summer study, 17 different
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FLUVIAL INPUTS AND ISOTOPIC SIGNAL OF ORGANIC MATTER DISCHARGED TO THE NW
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Abstract
Nine rivers discharging to the NW Mediterranean (Gulf of Lions and Catalan Sea) are currently biweekly/monthly studied to
understand their role in the transport of organic matter from the continent to the ocean. Water discharge, total suspended sediment,
particulate organic carbon and nitrogen contents and their isotopic ratios will be used to answer to major questions regarding the
amount and quality (as a measure of source) of organic matter which is effectively transported from land to sea.
Keywords: Western Mediterranean, River Input, Organic Matter
River systems represent the primary pathway for carbon transport from the
terrestrial to the marine environment, and are thus critical in determining the
quantity and composition of carbon reaching the continental shelf. In addition,
physical processes occurring at the shelf edge are capable of transferring this
accumulated organic carbon to the deep sea. Thus, identifying sources and
fluxes of carbon and nitrogen to the continental margin is essential to
understanding carbon and nitrogen cycling in the overall marine environment.
We have analyzed the temporal variations of water discharge, total suspended
sediment, particulate organic carbon (Corg) and nitrogen (N) contents and their
isotopic ratios (∂13C and ∂15N) from three Catalan rivers (Fluvià, Ter and
Tordera) and six French rivers (Têt, Agly, Aude, Orb, Hérault, Rhône) flowing
into the Catalan margin and the Gulf of Lion, respectively, in the Western
Mediterranean [1].
First results from the 2008-09 period show that the origin of the organic
matter carried by the Catalan rivers is mostly waterweeds in the Fluvià River
and soil with terrestrial vegetation in the Ter and Tordera rivers. In addition,
∂15N results show that Ter and Tordera rivers undergo anthropogenic inputs
of inorganic nitrogen, while the Fluvià River is the less human-impacted.
Moreover, alteration of the solid load by artificial dams has been observed to
be a significant factor influencing the total suspended sediment in the Ter
River.
The French rivers have high Corg and N contents (up to 20% and 5%,
respectively). The main feature of this survey concerns the high seasonal
variation in the quality of the riverine particulate organic matter excepted for
the Rhone River. In summer, the biological production (mainly freshwater
phytoplankton) is enhanced in sunlit and calm waters, whereas higher water
flows floods discharging material mainly originated from soil erosion
characterize winter and spring. The Têt River exhibited atypical ∂13C and
∂15N values that may reflect the large influence of the sewage treatment plant
of Perpignan.
Overall, particulate matter samples from these nine rivers are used to
characterize the riverine input to the adjacent coastal system and provide
information about the fate of the land-sea transported particles and their
potential impact on the marine ecosystems.
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THE IMPACT OF THE CONSTRUCTION AND OPERATION OF LIQUEFIED NATURAL GAS (NLG)
TERMINALS ON MERCURY MOBILITY AND REACTIVITY FROM POLLUTED COASTAL SEDIMENTS
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Abstract
The sediment of the Gulf of Trieste is heavily polluted by mercury (Hg) originating from Hg mining activities in the past. The
construction of two gas terminals for LNG is planned in this heavily contaminated site. A simulation based on previously developed
models and measurements indicated that due to the enhanced mobility and reactivity of Hg from the sediment, elevated mercury
concentrations in fish are expected in the future.
Keywords: Coastal Management, Mercury
Mercury in the Gulf of Trieste is mainly present due to the discharge of the
Soca river, which drains the area of the second largest mercury mine in the
world, Idrija in Slovenia [1-5]. In 500 years of its operation, the mining
activity discharged over 35.000 tons of mercury into the environment. A large
quantity of this mercury is buried in the sediment of the Gulf of Trieste.
Concentrations of Hg in sediment frequently exceed the limit value of 2 mg/kg.
Due to the presence of methylating bacteria, mercury is transformed from
inorganic form to monomethylmercury (MeHg) which is the most toxic
compound of mercury [3]. Bioaccumulation and biomagnifications of MeHg in
biota results in high concentrations of this toxic compounds in edible fish.
Therefore, the reduction of MeHg in the environment is one of the primary
objectives in remediation of mercury contaminated sites [4].
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Based on the state of the art knowledge of mercury cycling the Gulf of
Trieste, simulations of resuspension of the bottom sediments during
construction and operation of the terminals were made by the 3D numerical
model PCFLOW3D[6-9]. The PCFLOW3D is a non-steady state threedimensional non-linear baroclinic z- coordinate model with hydrostatic
approximation. The model was developed at the Faculty of Civil and Geodetic
Engineering of the University of Ljubljana and consists of four modules: a
hydrodynamic (HD) module, a transport-dispersion (TD) module, a sedimenttransport (ST) module and a biogeochemical (BGC) module, in order to
simulate the transport and transformations of mercury.
Besides the simulations of hydrodynamics and some basic pollutants, special
care was given to the development of the module for the simulation of
transport and fate of mercury. Initially, the seasonal (four seasons)
hydodynamic of water was simulated based on measurement data of the
temperature and salinity (3 D fields), the average seasonal wind directions and
velocity, as well as water discharge of Isonco river. Taking the exact
geographical position of planned NLGs, mercury concentrations in sediments,
seasonal production of MeHg in sediments, the flux of inorganic Hg and
MeHg into the water column was calculated. Specifics of seasonal variations
in hydrodynamics and in particular biogeochemical cycling of mercury was
taken into account. The calculations were mainly concentrated on the changes
of MeHg release, which tends to bioaccumulate and biomagnify in food webs.
MeHg production vary from season to season. The following relative
intensity of MeHg production was taken into account: 2.5 for autumn, 1.5 for
winter, 2.5 spring and 6 for summer. This ratios were experimentally
determined in previous studies [3,4].
The model simulations showed that the construction of the two terminals
would cause a resuspension of 75.000 tons of bottom sediment, and the ships
transporting LNG would cause a resuspension of 175.000 tons of sediment
per year. Based on the partitioning of mercury between sediment and water
during different seasons and rates of mercury transformation from inorganic to
organic mercury it was calculated that the highly toxic MeHg in the Gulf water
would increase from the present 0.05 ng/L to about 0.09 ng/L and the
concentration of MeHg in fish from the present 0.3 to 0.6 mg/kg. This raises a
question of safe consumption of fish in the Gulf of Trieste.
Based on the methodology developed simulations of various scenarios were
also proposed that would significantly reduce the production of MeHg during
installation and operation of NLGs.
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CIRCULATION, HYDROGRAPHY AND PRIMARY PRODUCTION CHARACTERISTICS OF THE SYRIAN
MARINE WATERS, NORTHEASTERN MEDITERRANEAN SEA.
Mohammad Hussein 1*
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Abstract
This work describes the oceanographical properties of the Syrian marine water on the basis of two cruises performed during
Dec.2006 and Mar.2009 using a 19plus CTD. Analysis of hydrological data from the study area reveals the presence of three water
masses in each cruise: Land Water of lower salinity on water depths up to 20m during Dec and Mar, Levantine Surface Water with
higher salinity only during Dec, Modified Atlantic Water of lower salinity in the bottom layer during Dec and in the surface layer
during Mar, and finally Levantine Intermediate Water at the bottom during Mar. Chlorophyll -a concentration measured varied
markedly with depth and season, being 0.05±0.01mg.m-3 during Dec and 0.08±0.01mg.m-3 during Mar. The deep Chl-a maxima, of
0.08mg.m-3 during Dec and 0.1mg.m-3 during Mar, were observed between 50-100m.
Keywords: Hydrology, Chlorophyll-a, Levantine Basin
The Syrian marine water is one of the least-known areas of the Eastern
Mediterranean sea and much work is needed to cover the gaps. This work
describes the oceanographical properties of the Syrian marine water (northeastern part of the Levantine Sea) on the basis of two hydrographical cruises
performed during Dec.2006 and Mar.2009 using a Seabird model 19plus CTD
probe. Analysis of hydrological data from the study area reveals the presence
of three water masses in each cruise: Land Water of lower salinity on water
depths up to 20 m during Dec.2006 and Mar.2009, Levantine Surface Water
with higher salinity (39.50-39.75) only during Dec.2006, Modified Atlantic
Water of lower salinity (38.89) in the bottom layer during Dec.2006 and in the
surface layer during Mar.2009, and finally Levantine Intermediate Water at the
bottom during Mar.2009. Stratification was clearer in December compared to
March, and cyclones and anticyclones were observed in specific times and
locations. Geostrophic velocities, which were found to be directed northward
with a maximum of 17 cm/s, revealed that cyclonic eddy (max. 7 cm/s
southward at 150 m depth) in the northern area and anticyclonic one (max. 13
cm/s southward at 50 m depth) in the southern area were present. Dissolved
oxygen was higher in Mar.2006 (214±4.8 µM) than in Dec.2009 (202±11.5
µM), with the whole water column (down to 300 m depth) being homogenous
during Mar.2009, but only the top 125 m, which represent the Levantine
Surface Water, were homogenous during Dec.2006 and decreases afterward
due to the presence of the Modified Atlantic Water. Chlorophyll-a
concentration measured varied markedly with depth and season, being
0.05±0.01 mg.m-3 during Dec.2006 and 0.08±0.01 mg.m-3 during Mar.2009.
The deep Chl-a maxima, of 0.08 mg.m-3 during Dec.2006 and 0.1 mg.m-3
during Mar.2009, were observed between 50-100 m water depth. These Chl-a
maxima were associated with the cyclonic and anticyclone eddies at 40-75 m
and at 80-105 m water depth, respectively. Sea-viewing Wide Field of view
Sensor (SeaWiFS) was used to validate the spatial and temporal distribution of
chlorophyll-a (Chl-a) concentrations around Latakia (main city of the Syrian
coast) during Dec.2006. A significant correlation was found between SeaWiFS
and in situ data (r2=0.82). At low Chl-a concentrations (<0.1 mg-3), SeaWiFS
estimates were approximately 70% of in situ values, but only 30% at high
Chl-a concentrations (>0.1 mg-3). Keywords: Hydrography; Chlorophylls;
Dissolved Oxygen; Geostrophic flow.
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CONTENTS OF HEAVY METALS IN COASTAL SURFACE SEDIMENTS FROM MONTENEGRIAN COAST
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Abstract
The aim of the present work was to determine the levels of lead, cadmium, arsenic and mercury in coastal surface sediments at three
stations located in the „inner shore“ waters Boka Kotor Bay, and at one station located „off shore“ Montenegrian coast, considered as
a reference station. The comparision of the results obtained for the „inner shore“ stations with reference station showed that the
content of this metals in some station are considerable increased in ratio to reference station.
Keywords: Sediments, Metals
Introduction
Also as other areas on Montenegrin coast, this system (Boka Kotor Bay) is also
under a great impact of anthropogenic factors and the activities on the shore.
The river weighted by sewage, canalization and industrial waters brings large
quantities of pollutants into the sea [1]. The material washed from the shore by
large quantities of precipitation in Boka Kotor Bay, together with the stationed
industrial objects and hospitals on the very shoreline of the Bay, contribute to
the pronounced negative anthropogenic impact on this area [2].
Material and Methods
Samples of bottom sediments were taken from a depht of 15-20 cm using a
internal diameter plastic gravity corer. Bottom sediments were characterized by
amorphous form, brown-green colours, high hydration and significant organic
matter content. The sampling was done in autumn of 2005 and 2006 at 4
stations in the Montenegrian coast (Kotor, Tivat and Herceg Novi in Boka
Kotor Bay and Mamula, location at the open sea), Fig.1. Dry sample (abaut 0.3
g) is dissolved with HNO3+HCLO4+HF (4+1+6). All the samples were
examined in laboratory using atomic absorption spectrometer equipped with a
deuterium-are background corrector and Perkin Elmer MHS-10 hydride
generator were used. Standard holow cathode lamps were used for all elements
exept arsenic, for which a Electrodes Discharge (EDLs) lamp was used. Each
samples was analyzed in triplicated.

increase of lead, cadmium, arsenic and mercury on one station in Bokakotor bay
can be explained as a area which is under great impact of industry and huge
medical complex. Therefore there are numerous scientific studies being
performed recently, directed at researching, improving and protecting the natural
environment, especially water, as a limited and sensitive natural resource.
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Fig. 1. Map of investigated position (Boka Kotor Bay)

Result and Discussion
The Boka Kotor Bay, as a direct recipient of pollutants of anthropogenic origin
from the area, showed the higher contents of Cd, Pb, As and Hg in bottom
sediments in 2005 compared to 2006 when values for those heavy metals on
every examined locations was much lower [3]. Comparing values of heavy
metals on each location in the Bay with referent point (location at the open sea)
much higher values of every heavy metal are detected [4]. Content of Cd in the
Bay was 0.541-0.869 mg/kg and on the referent point it was 0.4146 mg/kg., Pb
(3.722-9.561 mg/kg), As (3.77-5.21 mg/kg) and Hg (0.029-0.098 mg/kg). At the
same period of 2006 detected values are much lower and the concentrations was
for Cd (0.05-0.074 mg/kg), Pb (0.028-4.79 mg/kg), As (1.75-4.45 mg/kg) and Hg
(0.014-0.093 mg/kg). Average contents of heavy metals diminish in series
Pb>As>Cd>Hg in 2005, while in 2006 it was in As>Pb>Cd>Hg series. The
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HOLOCENE GEOMORPHOLOGICAL EVOLUTION OF THE KALAMAS RIVER DELTA (EPIRUS, GREECE)
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Abstract
High resolution seismic profiling acquired by a boomer and a 3.5 kHz device has revealed the configuration and internal structure of
the Kalamas River prodeltaic deposits. The acoustic survey shows that during the Holocene the Kalamas River mouth moved
frequently as a result of the relative sea-level rise, constructing a delta with a complicated structure. In addition, the use of aerial
photographs and topographic maps demonstrates that human forcing on the fluvial system during the last 50 years has modified
considerably the natural evolution of the delta resulting in the retreat of the shoreline.
Keywords: Shoreline Evolution, Seismics, Deltas
Regional setting The Kalamas River discharges into the Ionian Sea, near the
Greek-Albanian borders, and creates one of the most important hydrographic
networks in Greece, in terms of freshwater and sediment influxes (1.8x109 m3/y
and 1.5x106 t/y, respectively), and associated wetlands (designated as a Natura
2000 site). It is 115 km long forming numerous tributaries and drains a basin of
about 1830 km2. The river plays a fundamental role in the social and economic
life within the region of Epirus (NW Greece).
Results and Discussion The deltaic plain of the Kalamas River covers a
surface area of about 80 km2. Within the plain, there are some topographic
irregularities with the most significant of them being the mountains Mavro (509
m) and Maskilinitsa (142 m) [1]. At an early stage of the delta evolution (from
the Last Glacial Maximum to the Early Holocene), these mountains were
possibly islets, whilst the river mouth was located eastwards near the village
Ragio. During the Holocene, river-born deposits were settled in front the
prograding Kalamas River mouth shifting the shoreline to the west and
constructing, finally, the present-day deltaic plain. Since 1958, an extended
reclamation project of the deltaic plain has been realized. The alignment and
diversion to the north of the river lower course, the construction of a dam near
Ragio and a well developed irrigation network on the deltaic plain have provided
about 3200 ha for cultivation. Presently, cut off meanders and abandoned
channels are still visible by the detection of aerial photographs and represent the
imprints of old pathways of the river route before the human interference.
Data from seismic profiling, in the vicinity of the active northwestern river
mouth, show that the subaqueous delta of the Kalamas River is extended
seawards some 5-6 km, at water depths up to 30-40 m. Within the first 2-3 km
away from the shoreline, the water depths are very low and do not exceed 5 m.
Farther and until water depths reach 30-40 m, the seafloor slope increases
abruptly and attains a value of ~4%. The prodeltaic clinoforms present an
oblique tangential progradational configuration pattern, consisting probably of
mud and sandy mud. In depths greater than 30 m the distal ends of these
clinoforms become thinner exhibiting an apparent onlap (Fig. 1).The above
lithoseismic features are similar with those appeared in the nearby Arachthos
River deltaic system [2].

indicates a high bottom gradient (>10%) and a subaqueous delta not sufficiently
developed. This evidence may imply inadequate riverine sediment influx or a
strong coastal hydrodynamic regime, which causes dispersion of the fluvial
material into the open sea.

Fig. 2. Prograding directions of the Kalamas River delta. Contours (in m)
indicate the thickness of the prodeltaic deposits.

In contrast, in front of the sand spit at the Drepano site (in the south part of the
deltaic plain), the seismic survey displays the existence of a well built prodeltaic
prism. The occurrence of this submarine lobate formation seems not to be
connected with the old estuary (south) of the Kalamas River and, probably, is
related to a third mouth at the Gulf of Igoumenitsa. This river mouth maybe
functioned at the past as a secondary outlet without, however, ignoring the
possibility to have acted as well as a primary estuary for some period of time.
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Fig. 1. High resolution seismic profile exhibiting the clinoforms pattern in front
of the active Kalamas River mouth.

Seismic profiling of the area near the inactive southern river mouth (Fig. 2)
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Abstract
Data derived from historical charts, seismic profiling and sediment core analysis have indicated three migration phases for the
Arachthos River mouth since 17th century and up to 1930s. Thereafter, three evolutionary stages in the geomorphology of the modern
estuary occurred: rapid development of an extended deltaic lobe in front of the river mouth until 1960; deceleration of the subaerial
progradation of the deltaic lobe during 1960-1987; and domination of significant erosion of the deltaic deposits from 1987 to 2000,
causing shoreline retreat.
Keywords: Shoreline Evolution, Deltas, Seismics
Study area The Arachthos River discharges into the Amvrakikos Gulf (NW
Greece) which is the biggest semi-closed coastal biotope (protected by the
RAMSAR convention) in the Greek territory. The river is 110 km long and the
cathcment basin covers an area of about 1900 km2. The average annual
freshwater and suspended sediment inputs into the Amvrakikos Gulf are about
2.2x109 m3 and 7x106 tonnes, respectively [1].

indicating distal prodeltaic deposits; it is very likely for these sediments to have
come from the Paleobouka site when the river mouth was initially located there.
The intermediate Unit B shows a prograding sigmoid configuration pattern,
presumably, made when the river mouth was located about 1 km westwards to
its present position. The uppermost Unit A is characterized by wavy reflectors
representing modern foreset deposits (Fig. 2).

Results and Discussion Reliable historical charts, published in the 17th
Century, indicate that the mouth of the Arachthos River was located about 6 km
to the west from its present position, at the Paleobouka site. At the end of the
19th or the beginning of the 20th Century, the mouth moved naturally to the
east, approximately 1 km from its present position. During the end of the
1930’s, the lowest course of the river was aligned by the construction of
artificial levees and diverted more to the east, at its present position (Fig. 1).

Fig. 2. High resolution seismic profile located near the present Arachthos River
mouth, showing the succession of the prodeltaic deposits.

The geomorphological evolution and shoreline displacement of the Arachthos
River delta during the last 70 years was identified through a Geographical
Information System (GIS) manipulation and analysis of: (a) three sets of aerial
photographs taken in 1945, 1960 and 1985; (b) a satellite photograph taken in
2000; and (c) topographic diagrams of a scale 1:5000 published in 1981. The
interpretation and comparison of the above data demonstrate the following:
After the alignment and diversion of the Arachthos River in the end of 1930’s
and until 1960, an extended deltaic lobe in front of the new mouth had been
rapidly developed, whilst the deposits near the older mouth were being
subjected to erosion. The subaerial progradation of the new deltaic lobe
decelerated during the period 1960-1987, with the older river mouth suffering a
further retreat. Finally, since the construction of the hydroelectric dams at the
Pournari site (located 20 km upstream the river mouth) in 1981 and 1996 and
the development of an extended irrigation network, the sediment fluxes into the
sea have become limited and the erosion processes have already dominated the
estuarine area. This will inevitably lead to a significant reduction of the currently
existing wetlands with a subsequent biodiversity loss, aquifer salinization, and
rapid coastal subsidence.
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Fig. 1. Migration positions (a, b, c) of the Arachthos River mouth.

The above migration phases have been detected from high resolution seismic
profiling as three equitant acoustic units within the recent prodeltaic deposits
[2]. The lowest Unit C consists of almost transparentinternal reflectors
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SPATIAL DISTRIBUTION OF THE EVROS RIVER PLUME (NE AEGEAN SEA), USING SEASONAL
SATELLITE DATA AND IN-SITU MEASUREMENTS
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Abstract
A three year (2006 -2008) Modis satellite data time series has been used to document the seasonal variability of the Evros river plume
in the NE Aegean Sea. Satellite data were coupled with field measurements, providing the river plume distributional pattern, which
leads subsequently to the quantitative estimation of plume concentrations. Winter plume is dispersed seawards towards south-west, in
contrast to the summer plume, which is constrained primarily along the nearshore zone.
Keywords: Aegean Sea, River Input, Coastal Waters
Introduction - The transboundary Evros river drains a catchment of 52.000
Km2, being the largest river debouching in the North Aegean Sea. It discharges
annually about 3,26 109 m3 of freshwater and some 1,7 105 tones of sediment,
mostly in suspension (Pehlivanoglou, 1989). During the last decade many
studies have been referred to the Evros river plume using satellite data
(Georgopoulos, 2002, Kanellopoulos, 2009) and discussed its influence on the
sedimentation of the inner continental shelf of the NE Aegean Sea (e.g.
Pehlivanoglou, 2000, Kanellopoulos, 2008). In general, Evros river plume
follows the Samothraki anticyclonic circulation, either responding to the
Coriolis Effect and/or to the local wind forcing, depending on its strength. The
aim of this study is to identify the seasonal distribution pattern and the
strength of the Evros River plume via the examination of inter-annual data set
of MODIS images.
Data collection and methodology - All the available MODIS (Level 1A)
swaths intersecting the region 40o28’-40o54’N and 25o31’-26o 12’E for the
period of January 2006-December 2008 were downloaded from the Goddard
Distributed Active Archive Center. These data were processed to Level 2
TSM product using default NASA coefficients and TSM_Clark standard
algorithm, as implemented by SeaDAS. Monthly averages were calculated
from available products and composited further into seasonal means,
considering October–March and April–September, as winter and summer
periods, respectively. Data were re-mapped to WGS’84 (Zone 35oN)
Mercator projection. The algorithm product was calibrated comparing filtered
surface water samples, obtained from 12 stations, on the 8th and 11th of
September of 2008 to the corresponding pixel value of the Level 2 TSM
products for the same dates. Field data were filtered through pre-weighed
0.7μm (FG/G –Wattman, 47mm diameter)) glass-fibber filter and after dried,
reweighed again for the determination of the Total Suspended Matter (TSM)
concentration. A least-squares application provided the equation (1), which
describes nearly the 89% of the variability. TSM= 0.1065 *pv+0.2423 (1)
where, pv= L2 TSM product pixel value. Finally, in order to trace plume
characteristics, a Natural Breaks classification method, with the use of a GIS
tool, was applied to the output seasonal product, classifying four different
TSM concentration classes.

The spatial distribution of the winter plume had mainly a south-west
orientation. On the basis of the spatial distribution of four water spectral
classes the following water types were identified (Figure 1): (1) the immediate
plume core; (2) the plume edges and nearshore waters; (3) the peripheral
plume and the inner shelf water; and, (4) the offshore water. The first class
refers to the main plume core, with values greater than 0.25mg/lt, functioning
during the whole winter period. The second category (0.10-0.25mg/lt) depicts
the intermediate region of the plume and the nearshore waters being turbid due
to resuspension induced by the wave activity. The third type is the peripheral
region of the plume (0.05-0.10 mg/lt) whilst the forth class regards to the
common TSM offshore water values (<0.05 mg/lt).
The summer plume, being associated with low riverine water/sediment fluxes
was mainly constrained close to the coast, coinciding with the nearshore zone.

Fig. 2. Summer Evros River plume classification

Conclusions - The systematic analysis of the satellite imagery data coupled
by seasonal in-situ data show that the interannual plume pattern during winter
extends seawards to the south-west; this is attributed to the high river
discharge and the influence of the offshore anticyclonic circulation. During
summer period, the weak riverine influxes restrict plume distribution within
the nearshore zone at either side of the mouth area controlled by the coriolis
effect and the directions of prevailing winds (mostly N/NE during summer).
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Fig. 1. Winter Evros River plume classification
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Abstract
The performance of three biotic indices (AMBI, Bentix, M-AMBI) has been compared in communities of soft sediment habitats
(mostly covered by Posidonia oceanica meadows) at a coastal area of the NE Aegean Sea. AMBI and Bentix had similar trends,
but M-AMBI’s dependence to Shannon diversity rendered a more degraded state, possibly due to the dominance of species related to
HP communities.
Keywords: Zoobenthos, Coastal Systems, Bio-Indicators, Aegean Sea
Introduction
The implementation of the Water Framework Directive (2000/60/EC) requires
the development of new biotic indices that would be capable of (a) responding
to anthropogenic disturbance, (b) distinguishing different levels of ecological
quality and (c) being applicable in any geographical area. The past years, a
number of such biotic indices have been developed and tested. Although
robustness seems to be a common merit in these indices, this study aims to
evaluate their suitability in the ecological attributes at a particular regional
scale. In order to accomplish sufficient index performance comparisons, the
influence of local and regional natural variability and the nature of the habitat
and ecosystem element on index accuracy and stability must be investigated
[1].
Study Area and Methods
The coastal area of Mytilene Strait (NE Aegean Sea) is considered to have low
urban development; however tourism and population seem to have increased
over the last decade. In a baseline study during 2007, the local human
pressures and the suitability of indices (classifying the ecological status) were
investigated. The first sampling station was located in an area where no
significant human activity was identified and the rest four stations were
selected according to possible sources of environmental degradation (waste
treatment plant-Station 2, port-Station 3, aquaculture units- Station 4 and 5).
Quantitative samples were collected, by a Van Veen grab, from soft sediments
mostly covered by Posidonia oceanica meadows. Species Richness (S) and the
Index of Shannon Diversity (H’) were calculated. Bray-Curtis similarity
analysis was also applied. The biotic indices Bentix [2], AMBI [3] and MAMBI [4] were used to classify the ecological status. For the application of
M -AMBI, the reference conditions of mixed sediments (H’=6, S=120,
AMBI=0) were used, as suggested by Simboura and Reizopoulou [5].
Results
A total of 6574 individuals belonging to 247 taxa were identified. The
gastropods Bittium reticulatum, Jujubinus striatus, Alvania geryonia and
Pusillina marginata were the most abundant in the first three sampling
stations. It is noteworthy that the individuals of Bittium reticulatum
represented 35.85% of the total abundance. Species Richness (S) had the
highest value in Station 4 (102 species), comparatively high in the previous
three stations and the lowest value in Station 5 (42 species). The highest
values of Shannon diversity (H’) were recorded in Station 4 and 5 (4.71 and
4.48), whereas the values of Stations 1 to 3 were 3.65, 3.58 and 3.91
respectively. Through Bray-Curtis similarity analysis, three main clusters
were identified; the group formed by Stations 1 to 3, Station 4 and Station
5.The application of Bentix and AMBI classified all stations to High status,
except of Station 5 which was classified to Good status. M-AMBI designated
only Station 4 to High status and rendered a more degraded state at the first
three Stations (Good status) and at Station 5 (Moderate status). According to
Bentix classification, the group of sensitive species has a percentage over 93%
at all Stations apart from Station 5. Among the ecological groups of AMBI/MAMBI classification, only Group I and II seemed to be significant at the same
Stations, while Group I had a much higher percentage than Group II (between
71% and 86.1%).
Discussion
All three biotic indices seemed to be sufficiently sensitive to the level of
anthropogenic disturbance caused by the aquaculture units at Station 5. The
Good status is similar to what it has been found in previous research effort
regarding the effects of local aquacultures to the benthic communities [6]. A
large convergence of the assessment is noted for station 4 among all indices
and for Stations 1 to 3 among AMBI and BENTIX, while M-AMBI seems to
underestimate condition in relation to the other indices. Because of the high
percentage of Group I and the ecological status shown by AMBI, the M-

AMBI difference could be attributed to the apparent influence of this index by
Shannon Diversity and its dependence to methodological and ecological factors
rather than to anthropogenic disturbance. It is known that the dominance of
certain species produces low diversity estimations, although those species are
usually related to non-polluted environments [7]. In certain stations, the
dominance of Bittium reticulatum seems to be associated to the presence of P.
oceanica meadows [8] and therefore it could not be related to anthropogenic
pressures, but to the ecological attributes of the local habitats. The nonmultivariate classification to ecological groups (as applied by Bentix and
AMBI) , seems to capture the ecological status sufficiently and it is also
validated by the analysis of other abiotic/biotic measurements in the study
area [9]. However, this conclusion could not be directly linked to the health
status of P. oceanica meadows in the study area and it is pointed out that the
successful estimation of ecological status based on macrophytes and their
associated assemblages remains a priority issue.
Tab. 1. The values of Species Richness (S) , Shannon Diversity (H'), EQR and
the classes of ecological quality for AMBI, Bentix and M-AMBI in the 5
sampling stations
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Abstract
Within the framework of the ANR-CHACCRA program, a monthly sampling of suspended particles (SP) on the downstream part of
the Rhone River (Arles station) has been performed during 4 years (2006-2009), combined with seasonal cruises on the Rhone
prodelta for collecting sediments. Carbon and nitrogen content, stable isotope ratios (d 13C and d15N) and biochemical analyses have
been performed on these materials in order to understand the role of Rhone River in the distribution of the particle organic material
and its fate within a coastal environment (prodelta area).
Keywords: Gulf Of Lions, Rhone Delta, River Input, Sediments, Organic Matter
Continental shelves are dynamic sedimentary environments that receive, store
and export high amounts of organic carbon (OC) and nitrogen (N) introduced by
a variety of terrestrial and marine sources. Rivers provide the major pathways
for the input of terrestrial organic matter to marine sediments. The Gulf of Lions
is a key area of the Mediterranean Sea since it receives the Rhone River
discharge, the largest river input into the Mediterranean Sea in terms of liquid
and solid fluxes [1].
The purpose of our study is to compare the variations in term of flux and
quality of the riverine particulate organic material (RPOM) from the Rhone
River with the distribution and the quality of the sedimentary organic material
(SOM) from the Rhone prodelta. The strategy developed within the framework
of the ANR-CHACCRA program is based on a monthly sampling of Rhone
RPOM at Arles started in January 2006 and on coastal cruises (April 2007,
September 2007 and May 2008) for collecting sediments off the Rhone mouth.
Carbon and nitrogen contents (OC%, N%) and stable isotope ratios (d13C and
d15N) were performed to assess the Rhone inputs and to follow this material
once settled off the mouth. Further analyses on the three main organic classes
(protids, lipids, sugars) were achieved also on sediments and some river samples
to characterize the OM, investigate its spatial and temporal distributions. Our
results exhibited a relation between the quality of the SOM with seasons and
regimes of the Rhone River. Moreover, taking into account the large size of the
Rhone watershed, our survey showed that floods can discharge two kind of
RPOM that should follow different fate in coastal sediments. We knew that the
RPOM fluxes change markedly according to seasons and floods and now, we
have to integrate the temporal heterogeneity in the nature of RPOM in further
studies. What are the responses of the prodelta benthic fauna to this
heterogeneity? As extreme hydro-climatic conditions on the shelf of the Gulf of
Lions may induce large transfer (e.g. cascading event) of this RPOM to the deep
basin [2], does this RPOM heterogeneity in term of nature influence the deep
ecosystems?
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Fig. 1. Location of the study area
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CONTAMINATION PAR LES MÉTAUX LOURDS DE LA FRANGE CÔTIERE DE TETOUAN: KABILA À
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Abstract
La contamination de l’écosystème littoral par les m étaux lourds constitue l’un des problèmes majeurs en toxicologie
environnementale. À la différence des polluants organiques, les métaux lourds ne font pratiquement pas l’objet de biodégradation. Ils
peuvent alors s’accumuler dans les chaînes alimentaires pour atteindre des seuils toxiques [1]. Cette étude, réalisée en 2006 – 2007
sur des organismes bivalves (Castilla Chione) et ayant pour objectif de caractériser l’état de la contamination de la frange côtière de
Tétouan (Kabila - Embouchure d’Oued Laou) par les métaux lourds a révélé la contamination de ce littoral par certains métaux.
Keywords: Mollusca, Metals, Mediolittoral
Introduction
Parallèlement au développement industriel et de l’urbanisme, la contamination
générale des côtes par des produits organiques et chimiques est devenue une
véritable préoccupation. Ces polluants considérés comme dangereux provoquent
des effets néfastes sur l’écosystème marin, en l’occurrence les ressources
halieutiques. Des études antérieures [2] portant sur le suivi chimique des
coquillages décrivent des teneurs caractéristiques des zones salubres. Bien
qu’inférieures aux normes admises, les concentrations en Pb enregistrées sont
plus élevées que celles du Cd et du Hg au niveau de l’ensemble des sites étudiés.
Les résultats montrent également que les variations annuelles sont irrégulières,
rendant difficile l’interprétation des tendances.
Matériels et Méthodes. Des échantillons de vernis ont été récoltés au niveau
de six stations. Les prélèvements ont été étalés sur un cycle annuel de juillet
2006 à juin 2007 avec une périodicité saisonnière. Les échantillons d’organismes
bivalves (Castilla Chione), considérés comme des accumulateurs potentiels de
polluants et largement utilisés dans la bio-surveillance des eaux de mer, ont été
décortiqués, broyés et lyophilisés. La minéralisation a été effectuée par l’acide
nitrique et à l’acide sulfurique. Après minéralisation, les métaux lourds (Cd, Cu,
Zn, Cr, Pb et Ni) ont été analysés par spectrométrie d’émission optique (ICP).
Résultats et discussions
Les teneurs en métaux enregistrées dans les différents sites analysés sont
exprimées en mg/kg du poids sec varient de 54 à 66,50 pour le zinc, de 7,45 à
13,13 pour le nickel, de 0,25 à 4,8 pour le plomb, de 4,70 à 6,9 pour le cuivre, de
1,25 à 3,67 pour le chrome et de 0,1 à 0,35 pour le cadmium. Les concentrations
ne sont pas négligeables bien que les activités industrielles et portuaires soient
moins développées que dans les pays industrialisés. Les concentrations en
métaux chez les organismes étudiés montrent des fluctuations importantes et
laissent penser à une bioaccumulation sélective par rapport à certains métaux
(Figure. 1). Ceci peut refléter le processus de compétition pour les sites
d’adsorption.

espèces de gastéropodes de l’étang de Berre (France) [3]. L’ordre d’importance
des teneurs métalliques dans l’étang de Berre est le suivant : Zn > Cu > Pb > Hg.
L’analyse des concentrations des moyennes annuelles des métaux étudiés chez
Castilla chione ne marque qu’une légère variation spatiale.
Dans la figure 2, représentant les variations saisonnières des concentrations
moyennes des métaux enregistrées chez Castilla Chione, il apparaît que les
concentrations relatives aux différents métaux Zn, Ni, Cu, Pb, Cr et
Cd varient de la même façon dans le temps. Ces métaux montrent une légère
variation temporelle.

Fig. 2. Les variations saisonnières des concentrations moyennes des métaux (Zn,
Ni, Cu, Pb, Cr, Cd) enregistrées chez Castilla Chione.

Par ailleurs, il convent de souligner que les concentrations enregistrées le long de
la frange étudiée restent faibles comparées aux concentrations relevées chez des
espèces voisines prélevées dans des sites pollués ou non faisant partie de la
M éditerranée française, des côtes algériennes ou du littoral atlantique marocain
au niveau de Rabat, Salé et Mohammédia [4], [5].
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Fig. 1. Concentrations moyennes annuelle des métaux lourds ( Cd, Cr, Cu, Ni,
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Embouchure d’oued

Les concentrations en Zn montrent les valeurs les plus élevées, suivies de celles
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Zn et Pb de trois espèces de mollusque de l’étang de Berre (France). Mar.
Environ. Res., 21.
4 - Boutier B., 1982. Synthèse des résultats de la surveillance des
micropolluants dans la matière vivante. Bull. R. N. O. N° 17.
5 - Chafai El Alaoui S., 1994. Etude de quelques aspects de la contamination
métallique chez certains mollusques et poissons marins (côtes atlantiques
marocaines) : étude environnementale et approche expérimentale. Thèse de 3ème
cycle, Univ. Caddi Ayyad, Marrakech (Maroc).

763
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

LITTER COMPOSITION AND SOURCE IDENTIFICATION FOR 80 BEACHES IN GREECE
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Abstract
Composition of beach litter was assessed for 80 beaches in Greece, with the participation of the volunteers of the international
campaign “Clean up the Med 2006 & 2007”, coordinated in Greece by the N.G.O Mediterranean S.O.S. This study showed that
plastic is the dominant litter material, followed by paper and aluminium. Furthermore, public participation in beach litter surveys is
proposed as an appropriate method to promote environmental awareness.
Keywords: Pollution, Beach, Coastal Management, Eastern Mediterranean
Introduction
Although numerous studies have been carried out on marine debris globally, in
Greece marine litter research is very limited [1]. The aim of this study is to (i)
evaluate beach litter composition, for the first time in Greece for a significant
amount of coasts (80), with the participation of volunteers [2] and (ii) explore
the relations between the different litter materials and marine and land – based
beach litter sources.

marine – based. Land – based litter sources, were separated in two minor
groups: a) sources that are involved with recreational activities that usually
take place on the beach (e.g. bathing) and b) sources that do not interfere
directly with recreational activities, such as rivers, municipal drainage
systems, ephemeral streams and sewage inputs, refuse dumps. Marine – based
litter sources were separated in: a) sources referring to commercial and
recreational fishery and b) sources concerning with navigation (merchant
ships, ferries and recreational boats).

Methods
For the purposes of the present study, data were collected with the
collaboration of volunteers who participated in the “Clean Up The Med 2006
& 2007” Mediterranean campaign of voluntary beach clean - ups, that is
coordinated by the Italian N.G.O. Legambiente and for Greece by the
environmental N.G.O. Mediterranean S.O.S. In Greece, thousands of
volunteers (2006: 10,938, 2007: 15,748) participate each year in the Clean up
the Med campaign that not only aims at physical removal of beach debris, but
also at raising public awareness and education on marine pollution issues,
through dissemination of informational material as well as a questionnaire, the
“Beach Observation Questionnaire” (B.O.Q). The B.O.Qs, which were filled
in from the volunteers during the clean – up, acquire qualitative information
regarding the probable beach litter sources, as well as litter composition data.
The volunteers counted and classified the items of litter found in the beaches
according to their composition, in eight categories: glass, plastic, paper,
aluminium, other metals, rope, building materials and other materials (Table 1).
The “other materials” category was excluded from the data processing for
reasons of results interpretation. B.O.Qs from 49 beaches were processed in
2006 and from 31 beaches in 2007 (Fig.1).

Results and Discussion
Plastic was the dominant litter material (Table 1) in the majority (69 beaches)
of the beaches that were surveyed, in accordance with the global tendencies [1,
3]. Plastic dominance was followed in both periods by paper and aluminium.
However, in 11 out of 80 beaches paper was the most abundant material
indicating recent pollution [3]. In two beaches the dominant litter material was
aluminium and in one beach building materials suggesting local influence. The
qualitative information in combination with the litter composition data,
showed that the majority of beaches (56) were polluted by recreational
activities while the most dominant marine based litter source was navigation
(46 beaches). Moreover, land based sources that do not relate with recreation;
seem to pollute the beaches with building material; while fishery appears to be
responsible for metallic (apart aluminium) items of litter on the Greek
surveyed beaches. The present large scale study would not have been achieved
without the participation of volunteers whose involvement in coastal
management issues can lead to environmental awareness [2].
Tab. 1. Mean values of the litter material categories. “Other metals”: litter
made of any metal but aluminium; “Building materials”: material used for
construction; “Other materials”: litter that cannot be classified in any of the
other categories.
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Fig. 1. Map showing the 80 beaches (dots) studied in Greece.

The qualitative information includes the litter sources that affect each beach.
Litter sources were distinguished in two major groups: land – based and
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THE NOWADAYS STATE OF THE SEA OF AZOV RUSSIAN COAST
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Abstract
When elaborating and implementing coast protection measures it is necessary to take into consideration the existence of
lithodynamical systems including sources of nourishment, transit and accumulation of sediments. The Sea of Azov coast protection
systems, which take into account geological, hydro-lithological and economical peculiarities of the coast, well combine the efficiency of
coastal protection with the possibility to use the shore for recreation and economic purposes.
Keywords: Coastal Management, Coastal Systems, Sea Of Azov
The Sea of Azov coast has a large economic potential. Today a rate of its
opening up is considerably increased. Old industrial and transport objects on a
shore are reconstructed and new ones are built. Stability of inter-political
situation, comfort climatic conditions, richness of the area with natural,
cultural and historical places, ease to access the area and development of the
transport net make the Kuban-Near-Azov region a very attractive for a
recreation field of economy. Complex study of modern coastal processes
affords to single out three main types of coasts: abrasion (abrasionlandsliding), accumulative and stable ones. A length of eroding coasts within
this section is 240 km, that of accumulative one – 230 km. A length of
relatively stable coast is about 120 km. Spits Chushka, Achuevskaya,
Yasenskaya, Kamyshevskaya, Dolgaya may be considered as accumulative
forms, which are fed due to bottom sediments from bars of Khanka Lake,
Beisugsky and Akhtanizovsky firths are widely spread. Today a part of
accumulative coast undergoes erosion. Especially intensive is erosion of
Dolgaya spit. In 2008 in some places a rate of the eastern coast retreat was 46 m. Abrasion coast can be observed near Primorsko-Akhtarsk and Yeisk
towns, near Cape Kameny, to the north of Glafirovskaya spit and in other
places. A rate of retreat of the coast cliffs is 1.8-2 m per year, and in some
places it is 5-7 m/yr. Every year tens of hectares of lands are lost, during the
last 100 years a belt of land, 500-600 m wide, was cut by sea [1]. Such a high
rate of abrasion may be explained both by the influence of natural (geological
structure of coasts, rising of the water level by the effect of wind) and
anthropogenic factors. Erosion of coasts composed of loess loams practically
does not give a material for a beach formation. During the period of water level
rising under wind storm waves influence directly upon coast cliff coast retreat
can reach several tens of centimeters during one storm. Stable coasts where
abrasion and accumulative processes are not well defined today are observed
in firths and between mouths of the rivers Protoka and Kuban. It should be
noted that a term “Stable” can be used only in a sense of relatively weak
influence of waves directly upon the shore. At the same time a coastline
retreats in many places, especially between rivers the Kuban and the Protoka
and this can be explained by a relative rise of a sea level and by the other
processes. A human activity in the Sea of Azov basin has resulted in a great
transformation of its ecosystem and this has affected on the structure of
alongshore sedimentary flows. River solid run-off, abrasion products and
products of biogenic origin are the main sources of material supply into the
coastal zone. Construction of water storage basins results in the decrease of
solid run-off in several times as compared with natural regime [2]. Decrease of
natural reproduction of mollusks and uncontrolled shell withdrawals are
important reasons of erosion of unique shell spits [3]. Retreat of a coastline
results in destruction of arable lands and industrial objects situated on shore.
To prevent this, local coast protection complexes are created within inhabited
localities, as a rule. A total length of protected sections of the Sea of Azov
coast within the Krasnodar region is about 30 km. When the whole length of
the coast is 572 km. Coast protection has realized with the help of bank
retaining walls, baffle plates, artificial beaches, rip-rap berms, fills of figure
blocks, groins, breakwaters and other erections. Today a majority of existing
constructions are insufficiently effective ones; many of them are damaged or
destroyed. A large mobility of sediments, landsliding and sagging, oscillations
of sea level under effect of wind create additional troubles for coast protection
[4]. Walls of different design were built in Morozovsky and Tamarinsky
settlements, on the southern coast of Yeisky firth, in Dolzanskaya Stanitsa.
Some of them need a reconstruction, the other is damaged, and neighbor coast
sections undergo intensive erosion. The state of the coast protected by ripraps or artificial beaches is considerably better one. Man-made beaches are a
part of the coast protection complex in Prtimorsko-Akhtarsk town near
lighthouse, in Alexandrovka settlement. They are 10-20 m wide and they
protect coast from erosion well enough. Building of complex coast protection
constructions including artificial beaches in combination with different kinds

of sediment holding erections can be recommended for protection of the
southeastern coast of the Sea of Azov. It’s better to make berms, groins and
heels in riprap variation. Such constructions keep sediments better owing to a
high roughness of side planes and cavities; they better scatter wave energy and
do not break a compositional integrity of a natural landscape. Correctly
designed anthropogenic elements increase diversity of landscape and promote
its attractiveness. Since a near shore zone is a shallow one, the use of
interrupted breakwaters which suppress wave energy behind the breakwater
can give good results. And then a wave shadow is created between the shore
and an erection, accumulation of sediments occurs. Building of wave
suppressing erections of large stones or figure blocks is possible outside the
recreation zones.
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Abstract
The fish fauna diversity of two adjacent coastal lagoons in northern Greece, after 12 months sampling (Vassova 25 species and
Erateino 27 species), is used as an indicator of the water quality in these lagoons.
Keywords: Lagoons, Aegean Sea, Fishes
Introduction
The fish fauna can be used as an indicator of the environmental quality of the
lagoons.Vassova and Erateino lagoons are situated in the northern Aegean Sea,
at the western bank of Nestos River delta (Northern Greece). Vassova lagoon
is approximately 270 ha in surface area with a mean depth of 0.8 m. Erateino
lagoon is larger in surface area (350 ha) with a mean depth of 1.1 m.

Two Coastal Lagoon Systems in Northern Greece. Water Resources
Management, 16: 171–196.

Materials & Methods
Fish were collected monthly from August 2007 to July 2008, using a nylon
centre-bag seine net (2 mm bar mesh size) of 12 m length and 1.2 m height. The
bag seine was hauled for 30–50 m to cover an area of 250 m2, approximately.
The relative abundance was estimated by the Catch per Unit Effort method
(CPUE: specimens/100 m2) [1]. Sampling was conducted in two stations; one
close to the entrance one inside the lagoons.
Results & Discussion
Overall, 36 species representing 19 families were identified in both lagoons
(Table 1). 25 of them were identified in Vassova (24 in the entrance and 11 in
the inside) and 27 in Erateino lagoon (22 of which were found in the entrance
and 20 in the inside). From the above species the residents are almost the same
in all stations (7 to 9). The migrant species are 10 and 11 in Erateino entrance
and inside respectively but 13 in the Vassova entrance and only 4 in the inside.
The low number of migrant species found inside the Vassova lagoon can be
linked to the low water quality in the lagoon, which is also indicated by the
low DO concentration [2]. Probably this is the reason that the species prefer
to remain in the entrance of the lagoon where due to the tidal water movement
the environmental conditions are better. The fact that almost the same number
of species was found in the entrance and in the inside of the Erateino lagoon,
indicates a possibly higher water quality in contrast to the Vassova lagoon.
The dominant species in the lagoon is the Pomatoschistus sp., with an
abundance of 537 to 1495 individuals/100 m2. It is followed by Atherina
boyeri, showing higher abundance in the inside of the Erateino lagoon (246
ind./100 m2 Aphanius fasciatus again in the same station (230 ind./100 m2), and
by all species of the Mugilidae family.

Tab. 1. The fish species and their abundance (individuals/100 m2) found in
both Vassova and Erateino lagoons (Nestos river delta, NE Greece)
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Abstract
Two indicators of the trophic state, TRIX index and Fp ratio, for the first time were used to assess trophic conditions in the Boka
Kotorska Bay. The TRIX value in this area ranged from 3.02 to 5.58 (4.11 + 0.66) while the values of the Fp ratio varied between
0.05 and 0.33 (0.17 + 0.08). The results indicated that the study area corresponds to a "good" trophic state, with moderately productive
waters.

Keywords: Adriatic Sea, Eutrophication
Introduction
The inner part of Boka Kotorska Bay, where our research took place, is a
relatively shallow, semi-enclosed Bay strongly influenced by freshwater
discharge. This input, together with sewage discharge and agriculture runoff,
causes nutrient enrichment and eutrophication which can lead to highly
undesirable changes in ecosystem structure and function. One of the principal
effects of the enhanced nutrient concentration is a massive increase in primary
productivity. Vollenweider [1] has defined a trophic index (TRIX) based on
chlorophyll a, oxygen saturation, dissolved inorganic nitrogen and total
phosphorus to characterize the trophic state of coastal waters. Claustre [2] has
defined the Fp ratio which indicates the variability of the phytoplankton
community i.e. the influence of environmental conditions on the phytoplankton
community. The aim of this study was to apply trophic index TRIX and Fp
ratio for assessment of the trophic state of the Boka Kotorska Bay.

Chlorophyll a concentrations were found often enhanced after rainfall, which
indicates to the importance of diffusive nutrient inputs for the ecosystem in the
Bay. The highest N:P ratio (199) was detected in the same period on surface
that can indicate to P limitation common in the Mediterranean [6] and the
Adriatic sea [7].
According to chlorophyll a concentration and the criteria of Håkanson the area
could be described as oligo-mesotrophic. The TRIX values (Figure 1.) in this
area ranged from 3.02 to 5.58 (4.11 + 0.66) while the values of the Fp ratio
varied between 0.05 and 0.33 (0.17 + 0.08). According to TRIX classification
criteria, the mean seasonal value between 4 and 5, investigation area corresponds
to good trophic state, moderately productive waters with occasional water
turbidity, anomalous water colors and bottom water hypoxia episodes. Values
of TRIX and Fp were similar as in Gulf of Trieste [5] and northern Adriatic [8]
and indicated slight eutrophic conditions. Its seems that this two indicators are
complementary, and we agree with Flander-Purtle and Malev suggestion [9] that
in new TRIX tropic index it is neccessary to include also Chl a degradation
products as an indication of the physiological status of the phytoplankton
community.

Material and methods
Seawater samples were taken seasonally from April 2008 to March 2009 at
three stations in the inner part of the Boka Kotorska Bay. Temperature, salinity
and oxygen concentrations were measured in situ by multi Line P4-Universal
Meter. Concentrations of nutrients were measured on unfiltered water samples
using standard colorimetric methods [3]. The qualitative and quantitative
analyses of pigments in the water samples were determined using HPLC method
[4]. The Fp ratio was calculated as described by Claustre [2] using pigment
concentrations while the trophic index TRIX was calculated according
Vollenweider et al. [1].
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Results and discussion
Temperature followed changes in seasonal insolation, with minimum value
measured in winter (10.70 ºC) and maximum in summer (27.90 ºC), both in the
surface layer. Salinity was lower in spring because of rain and run-off with
minimum value of 5.2 PSU in the surface layer, while maximum value was
established in the bottom layer during winter (37.0 PSU). Oxygen ranged from
minimum saturation in winter (61%, 2m below the surface) to its maximum in
summer (114%) in the 5m below surface layer where also high phytoplankton
production has been established.

Fig. 1. Box & Whisker representation of seasonal TRIX and Fp index in inner
part of the Boka Kotorska Bay
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Abstract
The database for palynological studies of marine, lagoon, alluvial and bog sediments of the Black Sea coastline on the territory of
Georgia includes 26 profiles of Holocene sediments. The analysis and synthesis of the plotted pollen diagrams allowed us to make a
stratigraphic subdivision of Holocene sediments and to reveal climatic fluctuations for the last 10000 years. Most informative appeared
to be pollen spectra of marine formations where there are no intervals and sediment accumulation.
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Introduction
The palynological and sedimentological analysis showed, that the lowest level
of the Black Sea occurred 18 – 17 thousand years ago. During this regression
corresponding to the last phase of the Würm Ice Age the sea level was located
120m lower than at present. The cooling was replaced by the intensive
warming, glaciers began to melt and a New Black Sea transgression began. By
the onset of the Holocene (10 thousand years ago) the sea level increased
nearly by 70 m [1]. According to the palynological data, the combination of
vast number of pollen of heat-loving arboreal species which grow in lower
mountain belts and low values of redeposited pollen are markers to reveal the
Black Sea transgressive phases. On the contrary, during the Black Sea
regression, the role of heat-loving elements decreases and there is a sharp
increase in the quantity of secondary redeposited pollen caused by
enhancement of erosion processes due to lowering of the general erosion
basis.
During the Holocene, transgressive phases with warm climatic
conditions lasted longer than the regressive phases. The most significant
warming and, accordingly, the sea transgression took place in the Atlantic
period when during nearly three millennia (8000 - 5500 BP) the climatic trend
was directed towards the increase both in precipitation and temperatures. This
process reached its peak 6000 – 5500 years ago and the sea in Colchis for the
first time for the whole post-glacial period exceeded by several meters the
present-day level [2]. At the beginning of the Atlantic period, with
establishment of humid and warm conditions, there appeared the first
Neolithic agricultural settlements on the alluvial plains of Southern Kartli,
where, besides grain-growing, gardening, viticulture, beekeeping and even
weaving was developed. In the Eneolithic the warming process continued and
mild climatic conditions facilitated the occurrence of new cultures and
penetration of agriculture into the high mountains. The second significant
ingression of the Black Sea waters took place at the end of the Subboreal
period (3800 – 2400 years ago), which was also due to climate warming. The
sea level again was higher than nowadays. Broad-leaved forests with
participation of chestnut, lime, wing nut and dzelkva are expanding their areas.
In high mountains stock-breeding is being replaced by agriculture where,
besides grain-growing, viticulture and horticulture were developed. Trade
might also have successfully developed, since in the archaeological monuments
dated to the 15th – 14th cents. B.C., besides other imported inventory, cotton
fabric and its numerous fibers were found. It is known that at that time cotton
was manufactured only in India. The last 2000 geological years are
characterized by more frequent transgressions and climatic fluctuations among
which rather a long climatic optimum of the Middle Ages which lasted nearly
for five centuries (7th – 11th cents.) is distinguished. The last warming and
significant transgression of the Black Sea lasted for 200 years and took place
in the 15th – 16th centuries. The influence of human activity on development
of the landscapes had been observed since the Subboreal time when
deforestation took place not only on the Colchis lowland, but also in the
mountains of Western and Southern Georgia.

Holocene sediments of Georgia – an indicator of climatic optima. Review of
Palaeobotany & Palynology, 133, 69-89.
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the Holocene in the Alps,Pyrenees,Tatra and Caucasus. - In.:B.Frenzel (ed).
Paleoklimaforschung/Palaeoclimate Research, Gustav Fischer Verlag.StuttgartJena-Lubeck-Ulm, pp.95-103.

Conclusions
The comparison of the suggested scheme of climatic changes with similar
schemes of mountain territories of the southern part of Europe and the Near
East perfectly demonstrates the global character of climatic fluctuations
resulting afterwards in oscillations of the level of the southern seas in Europe,
including the Black Sea [3].
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Abstract
We combined terminal-restriction fragment length polymorphism (T-RFLP) and clone library analyses to investigate the diversity and
the spatio-temporal changes of bacterial assemblages associated with the gorgonian Paramuricea clavata. We found a clear
difference between the bacterial communities during winter and summer while T-RFLP profiles were highly similar between P.
clavata populations separated by hundreds of kilometres. Sequencing data from 16S rDNA clone libraries demonstrated the presence
of distinct phylogenetic taxa during summer and winter, with an increased diversity in the warm season. In the context of recurrent
gorgonian diseases and mortalities, this picture of the structure of bacterial communities will be helpful to monitor the effects of
thermal anomalies on the resident microbial flora.
Keywords: Bacteria, Cnidaria, Mortality, Western Mediterranean, Global Change
Introduction
Mass mortality outbreaks in coastal ecosystems have considerably increased
during the past few decades affecting in particular marine invertebrates [1]. In
the Northwestern (NW) Mediterranean, recurrent mass mortalities have affected
benthic macroinvertebrate species such as gorgonians, sponges and bryozoans.
The environmental driver of these large-scale events was an increase in seawater
temperature during temperature anomalies in summer [2]. From diseased P.
clavata colonies, we previously isolated a Vibrio coralliilyticus strain that
showed thermodependent virulence during controlled infection experiments in
aquaria, supporting the involvement of bacterial pathogens in gorgonian die-offs
[3]. We hypothesized that variations in specific composition of bacteria
associated to P. clavata at elevated temperature could be used to detect
potential pathogens prior to apparition of disease signs, and might help identify
causal agents. However, composition and dynamics of the natural microbial
communities living in association with temperate gorgonians are unknown. The
main aim of this study was to establish a baseline for diversity and abundance of
the bacterial community of P. clavata.
Material and methods
Three sampling sites were chosen along the NW Mediterranean coast: Riou
Island (gulf of Marseilles), Medes Island (Catalan coast) and Scandola (NW
Corsica). For each site, apical branch tips of 3 P. clavata colonies were collected
at a depth of 20 m, in march 2007, july 2007 and february 2008. Three liters of
seawater were also collected and filtered for analysis of planktonic bacteria. For
T-RFLP analysis, bacterial 16S rDNA was amplified from total genomic DNA
by PCR using fluorescent-labeled universal primers. PCR products were
digested by restriction endonucleases CfoI and MspI and separated on an ABI
3130 Genetic Analyzer (Applied Biosystems). The terminal restriction
fragments (T-RFs) data collection for each sample was converted into a binary
matrix which was used for metric multidimensional scaling (MDS) analyses.
Clone libraries were generated by amplification of 16S rDNA using unlabeled
primers and subsequent cloning in pGEM-T vector (Promega). Sequences were
compared to 16S GenBank database using the Blast program.
Results and discussions
The T-RFLP profiles of bacterial 16S rDNA obtained from three independent P.
clavata colonies sampled at the same site were highly similar, suggesting that
gorgonians maintain a conserved microbial population. Comparison of profiles
obtained from Riou, Medes and Scandola further indicated that bacterial
communities were very similar between geographically remote P. clavata
populations. In agreement with a bacterial-gorgonian interaction, no overlap was
found between T-RFLP profiles of bacterial communities of P. clavata and
those of the surrounding seawater. Seasonality in bacterial diversity was
investigated by the analysis of P. clavata colonies sampled at the three study
sites in the winter and the summer of 2007. T-RFLP data showed that species
composition differed greatly between the two seasons. Furthermore, no
significant differences in bacterial communities were found between samples
from winter 2007 and winter 2008. Ordination by MDS supported clustering of
bacterial assemblages by seasons, and confirmed that P. clavata colonies from
different areas of the NW Mediterranean harbor closely related microbial flora
(Fig. 1).
Bacterial 16S rDNA clone libraries were derived from P. clavata colonies
sampled in winter and summer at the Riou site. The winter library was
dominated by sequences of a unique bacterium (100% of the 88 clone
sequences) affiliated with gamma-proteobacteria. The highest identity scores
were obtained with Spongiobacter-related sequences (92%), previously

Fig. 1. MDS representation plot of the distances between T-RFLP profiles of
Riou (square, diamond), Medes (triangle) and Scandola (circle) samples collected
in summer (white) or winter (black)
retrieved from marine sponges. In summer, a larger diversity of bacteria was
detected and clone sequences were dominated by members of the Firmicutes
(Paenicillus sp. and Propionibacterium sp., accounting for 86% of the 92 clone
sequences). Although the role of associations between bacteria and P. clavata is
unknown, understanding how they change through time may represent a
potential indicator of the gorgonian health status. Studies on tropical species of
corals and gorgonians have demonstrated shifts in the microbial populations of
affected colonies prior to visual signs of disease [4]. Thus, changes in the normal
microbial community could serve as an early signal of stressful environmental
conditions. We are currently looking for bacterial associations in different
sympatric gorgonians (Eunicella singularis, Eunicella cavolinii and Corallium
rubrum) to evaluate if related bacteria appear in different hosts. A similar
pattern of host-microbe associations might reveal common mechanisms through
which bacterial communities and gorgonian health are interlinked.
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FISHING EFFORT AND CATCHES IN THE MARINE PROTECTED AREA OF SCANDOLA AND ADJACENT
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Abstract
The stability in the number of artisanal fishing boats and fishers, the relatively high yield (catch per unit effort ranging between 1.8 and
3.6 kg/100 m net) and the high commercial value of the targeted species, suggest that local fisheries are sustainable in the marine
protected area of Scandola and adjacent areas.
Keywords: Fisheries, Marine Parks, Western Mediterranean
Introduction
The Scandola Marine Protected Area (MPA) was set up in 1975 (west coast
of Corsica, western Mediterranean Sea). It includes a no-take area (72 ha) and
a partially protected area (928 ha, mean depth 45 m) where professional
fishing is allowed, but where recreational fishing (angling and spear fishing)
and diving are forbidden. A survey of the fishing effort and catches within the
MPA and in adjacent areas (Gulf of Ghjirulata southwards, Gulf of Focolara
and Punta Scuglietti northwards) was started in 2000.

(catch par unit effort: 100 m net) was relatively high (Table 1) in comparison
with other Mediterranean areas (e.g. 0.8-1.5 kg/100 m net/outing, Strait of
Messina [1]). In addition, most fished species are of high commercial value
[2].These results suggest that local fisheries are sustainable.
The way in which the presence of the MPA and its management contribute to
this sustainability, if they in fact do so, remains to be investigated. An
increasing amount of data suggests that a positive role of the MPA constitutes
a realistic hypothesis. In addition to contributing to our knowledge of artisanal
fishery, the survey has encouraged co-operation between fishers and the MPA
authority. Managers, as well as fishers, have become more aware that
conservation objectives need not necessarily conflict with those of commercial
exploitation, and may contribute to the sustainability of the fishery [2, 3].

Material and Methods
Fishing gear was plotted on maps, on the basis of their GPS (Global
Positioning System) position, at key periods of the fishing season (spring,
summer and autumn). The catches were measured, weighed and identified on
board by scientists embarked thanks to the cooperation of the fishers.
Table 1. Fishing effort and catches in the MPA of Scandola and adjacent areas.
Gear = 100-500 m net. Spring = April-May, summer = July, autumn =
September-October. ww = wet weight. n = number of sampled gear. md =
missing data. n = number of data, SD=standard deviation.
Season and Mean
Mean
Yield/boat/ Yield/boat/
Total
date
number of number of outing, spi- outing, fish: yield/100 m
fishing gear/outing ny lobster: kg ww (SD) net/outing: kg
boats/
(SD)
kg ww (SD)
ww (SD) - n
day (SD)
Autumn
7.0 (1.0) 22.8 (6.0)
md
md
md
2000
Spring 2001 4.7 (1.4) 15.8 (5.3)
8.5 (5.8)
41.7 (27.7) 3.0 (4.0) - 34
Summer
7.0 (0.9) 19.7 (4.6)
5.4 (5.1)
32.9 (15.4) 2.4 (2.0) - 29
2001
Summer
6.8 (2.1) 21.5 (6.8)
4.7 (3.9)
23.7 (27.1) 1.8 (2.1) - 58
2002
Autumn
5.8 (2.6) 14.1 (7.0)
md
md
md
2002
Spring 2006 7.8 (1.5) 29.9 (11.4)
4.9 (6.3)
30.9 (26.0) 3.3 (2.9) - 67
Autumn
5.1 (1.4) 19.3 (6.0)
4.5 (5.7)
31.7 (20.7) 2.2 (1.5) - 54
2006
Autumn
3.6 (1.8) 11.6 (7.8)
md
24.2 (17.6) 3.6 (6.6) - 32
2007
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Results and discussion
At the study site, artisanal fisheries are characterized by seasonality (April to
November) and small boats (11 m maximum) with only one fisherman
onboard, using trammel nets and gill nets, targeting demersal and benthic fishes
in spring and autumn, and spiny lobsters in summer. Catches are multispecific
(61 species). The no-take area harbours relatively dense populations of
protected species such as the teleost Epinephelus marginatus (grouper) and
species of high commercial value such as the spiny lobster Palinurus elephas.
Over the whole year, no increased fishing effort could be evidenced close to
the limits of the no-take area. The fishing effort is higher near the shore,
especially within the partially protected area in autumn when fishers are
targeting Mullus surmuletus while spiny lobster fishing is banned, and in
spring when they are targeting Sparids (e.g. Dentex dentex, Spondyliosoma
cantharus and Diplodus spp.). The high commercial value of the spiny lobster
was responsible for the summer seawards drift of the nets (near the 100 m
depth line). In contrast with the general decline of the number of fishermen in
Corsica and in other Mediterranean areas, the number of fishers and fishing
boats has been stable in the study area over the past decades, in spite of
increasing fishing effort (motor power and boat equipment). Overall, the yield
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FISH FAUNA COMPOSITION AND ABUNDANCE IN TWO DIFFERENT ESTUARINE HABITATS IN THE
IONIAN SEA
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Abstract
Monthly changes of the estuarine fish fauna composition and abundance were investigated in two different habitats in the Ionian Sea.
For each month, species richness was measured by the total number of species caught in each station, and the Shannon–Wiener
diversity index was calculated. An ordination method (CA) was applied in order to examine the temporal presence of fishes in the
studied ecosystems. Eutrophic conditions and type of vegetation influence the settlement and retention of fish in both stations.
Keywords: Ionian Sea, Biodiversity, Coastal Systems, Population Dynamics
Estuaries show high levels of habitat heterogeneity and support a large fish
production due to the high nutrient levels in the bottom sediments and water
column [1]. Estuarine ichthyofaunal assemblages have been extensively studied
in many parts of the world [1,2], but the temporal distribution, abundance,
seasonal diversity and the diversity indices of fish in Mediterranean estuarine
systems is poorly known [3,4]. The aim of this study is to explore the monthly
changes of the fish fauna composition and abundance in two different estuarine
habitats in the Ionian Sea (Station I: Drepano in the Port of Igoumenitsa, Station
II: Neohori in the Amvrakikos Gulf). Drepano is near the port of Igoumenitsa
and has an open fetch in the sea. It is a part of Kalamas River estuarine
ecosystem. The sea grass habitat of Drepano habitats compromises
predominatly of Zostera sp providing a landscape of patchy seagrass amongst
areas of bare sand. Amvrakikos Gulf is a shallow semi-enclosed embayment in
the Ionian Sea. It is connected with the Ionian Sea through a narrow channel
(width 800 m, depth 12 m). The seagrass habitat of Amvrakikos gulf comprises
predominantly of dense Posidonia oceanica vegetation. Amvrakikos is one of
the most eutrophic gulfs in Greece in contrast to Drepano which has very high
water inflow. Fish species were collected in each habitat (station) on a monthly
basis from July of 2008 to June of 2009 using a beach seine. Fish samples were
preserved in 4% neutralized formalin solution and later identified to species
level. For each month, species richness was measured by the total number of
species caught in each station, and the Shannon–Wiener diversity index was
calculated. In each station, the pattern of temporal changes in the structure of
the overall fish community was explored by Correspondence Analysis (SPSS,
Ver 17). In station I a total of 23.430 individuals were sampled, representing 39
species from 17 families. In Station II a total of 15.278 individuals were
sampled, representing 26 species from 15 families. Species richness and
diversity index varied significantly amongst habitats. Correspondence Analysis
revealed a certain interaction between fish assemblage and seasonal changes in
each station (Fig 1). In Station I in winter and spring the most dominant species
belong to the families of Mugilidae, Sparidae and Labridae, in Summer the
species of the Mulidae, Clupeidae, Atherinidae and Blenidae family dominate
the ecosystem while in Autumn the species of the families Gobididae and
Engraulidae are highly present. In Station II in Winter and Autumn the dominant
species belong to the families of Gobididae and Atherinidae, in Spring in the
families of Mugilidae and Atherinidae while in summer the species of the
families of Syngnathidae, Blennidae, Sparidae and Cyptinodontidae are highly
present.The highly eutrophic conditions and the dense foliage of the
Amvrakikos Gulf are a limiting factor for the settlement and retention of fish in
contrast to the oligotrophic conditions of Drepano.
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Fig. 1. Fish assemblage and seasonal changes ( (1) Winter, (2) Spring, (3)
Summer and (4) Autumn) in (a)Station I and (b) Station II
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Abstract
The purpose of this paper is the development of future scenarios on the riverine inputs of water and nutrients to the Mediterranean
and Black Sea. Based on detailed reconstructions of the river fluxes during the last 40-50 years, we identified their major controlling
factors which were then used to project the budgets from the recent past into the near future. The modelling framework is given by
the IMAGE model and its spatially explicit parameterisations of potential drivers, such as population growth, socio -economic
development, land use changes and climatic boundary conditions. The future scenarios are based on the four scenarios for the years
2030 and 2050 developed within the Millenium Ecosystem Assessment.
Keywords: River Input, Global Change, Nutrients
Anticipation of future environmental changes is one of the major scientific
challenges in Earth sciences. Two major drivers, commonly regrouped under the
term of global change, are crucial for future ecosystem changes. The first is
climate change, strongly acting through modification of the water cycle on Earth
and its temporal variability. The second driver is demographic and socioeconomic development, frequently accompanied by negative feedback on
ecosystems services, e.g. through the massive release of pollutants and/ or the
reduction of biodiversity. River discharges of water and associated elements are
highly sensitive to both drivers, making them good indicators for global change
in general. Moreover, as the fluxes represent a major link between the terrestrial
and marine domains, they can be considered active players in the future
evolution of the coastal ecosystems that closely depend upon river inputs.
The Mediterranean is one of the regions on Earth where global change is
expected to cause considerable environmental impacts. The region has been
identified as a “hot spot” for climate change. Many observation and modelling
studies indicate that there is an ongoing trend towards warmer and dryer
conditions, which is likely to continue in the future. On the other hand, the
Mediterranean lies on the border of three continents, with different cultural,
economical and political characteristics. This contrast is further enhanced when
including the drainage basin of the Black Sea, because of the abrupt economical
changes on the former USSR countries in the early 1990s. As a consequence,
future demographic and economic development is expected to occur
heterogeneously in this region, which may alter the spatial distribution of the
actual environmental conditions. Exploitation of the coastal resources represents
a major income for local populations, traditionally through fisheries and
agriculture, and, as the Mediterranean has become the greatest tourist
destination in the world, increasingly also via tourism. Therefore regional
scenarios on the future evolution of river discharges to the sea are important to
assess the potential impact of global change in the Mediterranean region, both in
coastal waters and within the surrounding drainage basins.
The development of these scenarios is the purpose of our paper. Based on
detailed reconstructions of the river fluxes during the last 40-50 years, we
identified their major controlling factors which were then used to project the
budgets from the recent past into the near future ([1], [2]). The quantitative
framework of both the hindcasting and forecasting modelling scenarios is given
by the IMAGE model and its spatially explicit parameterisations of potential
drivers for the river fluxes, such as population growth, socio-economic
development, land use changes and climatic boundary conditions. The future
scenarios are consequently based on the four scenarios for the years 2030 and
2050 that were developed within the Millenium Ecosystem Assessment
(MEA), and for which IMAGE produced the corresponding data layers.

the North-Western Basin and the Adriatic Sea, they uniformly tend to decrease.
But in the basins of the South- and North-Levantine seas, where populations
will grow rapidly, they may strongly increase. In the past, nutrient inputs from
these two drainage basins were almost negligible in the total budgets, but they
might become major components in the future.

Fig. 1. Evolution of the population specific water resources in the drainage basin
of Mediterranean and Black Sea. Standard deviation corresponds to the
differences between the four future scenarios. The distinguished sub-basins are
the Alboran (ALB), North-Western (NWE), South-Western (SWE), Tyrrhenian
(TYR), Adriatic (ADR), Ionian (ION), Central (CEN), Aegean (AEG), NorthLevantine (NLE), and South-Levantine (SLE) seas. WMED, EMED, MED
corresponds to the Western, Eastern and entire Mediterranean Sea, and BLS
represents the entire Black Sea
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We focussed on two contrasting parameters or parameter groups within the
river fluxes. These are the fluxes of freshwater and the fluxes of nutrients,
represented by nitrate and phosphate. Our results predict a significant trend of
decreasing freshwater fluxes for the future, which already started in the past.
Regional hot spots for this decrease are the drainage basins of the Alboran Sea
and, when including the demographic evolutions, also the drainage basins of the
Aegean and North-Levantine seas (Fig. 1). The predicted total nutrient fluxes to
the Mediterranean and Black Sea remain in the envelope of the observed
variability during the last 40 years. At regional scales, however, the budgets may
considerably change. In the Mediterranean drainage basins of the North, such as
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Abstract
The fishing effort applied is low. Catches consist of most valued species and large- sized individuals. The creation of the reserve
shifted the economic activity from fishing and agriculture to tourism.
Keywords: Marine Parks, Fisheries, Western Mediterranean
Introduction
The small archipelago of the Medes Islands consists of seven islets and a
number of reefs situated scarcely a mile from the coast. The primary purpose of
the marine reserve, created in 1983, is conservation, scientific research and
ecotourism. Before 1983, trammel net, longline and spare fishing where common
in the reserve. In addition, trawlers used to operate very close to the rocky
grounds. The tourism-related activities, non- extractive uses, are by far the main
economic activity in L’Estartit, the port whose fishermen traditionally used to
fish in Medes Islands.
Methods
The Marine Reserve represents a total surface of 511 ha (emerged zone not
included). It comprises an integral reserve (93 ha) and a buffer area (418 ha),
where artisanal fishing can be practised. The geographical situation (center of
Meda Gran Island is 42° 02' 55'' N, 3° 13'30'' E). Only fishermen from the very
close fishing port of L’Estartit are allowed to go fishing into Medes Islands. On
board sampling (2003- 2005; 157 days at sea; 7 different vessels; 223 sets
sampled; total weight sampled: 2600 kg; 107 species) allowed the identification
of the fishing grounds, the characterization of the métiers (fishing gear, target
species, seasonality) and corresponding catches (number and weight, by
species); all fishes were measured (total length, mantle length, cm). Sampling
allowed also the estimation of the discarded catch. Data for the winter months,
when the fishing activity is at its lowest during the year because of weather
conditions, were scarce, and thus, the characteristics of the métiers used in this
season are not presented.
Results
Fishing can be practised 5 days a week, all year round, by the fishing boats
based in L'Estartit. It is estimated that weather conditions allow go fishing
around 120 days a year. In practice, the fishing effort applied is much lower.
The fishing fleet is made up of 29 boats and the number of professional fishing
licences is 15 (Generalitat de Catalunya, fleet census 2005). Of these, no more
than ten go fishing all the year, and only three-four fishermen go routinely into
the buffer zone. Trammel net and longline are the fishing gears allowed in the
buffer area. A fisherman uses different métiers, thus, the characteristics of the
vessels, by métier, are similar (lengh: 6 m; horsepower: 40 hp; age: 25 years).
Most fishing activity concentrates in an area of around 4 km from the reserve
border, mainly within 2 km from the reserve border. The seasonality regarding
the target species and use of fishing gears is typically Mediterranean. Daily
catches (total, landings and dicards) by fishing gear are given in Table 1. The
specific composition by métier, expressed as percentage of the total catch
(species representing >5% of the total catch; winter data not included) was as
follows: trammel net targeting Mullus surmuletus (M. surmuletus (27%), M.
cephalus (23%), P. acarne (16%), Diplodus sargus (5%)); longline targeting
Sparus aurata (S. aurata (80%), Dicentrarchus labrax (16%)); gillnet targeting
Pagellus erythrinus (P. erythrinus (35%), Merluccius merluccius (11%),
Pagellus bogaraveo (10%), Scomber japonicus (8%), Myliobatis aquila (6%));
gillnet targeting M. merluccius (P. erythrinus (29%), M. merluccius (22%),
Lophius piscatorius (9%), S. japonicus (8%)); traps targeting Octopus vulgaris
(O. vulgaris (58%), Conger conger (34%)). The two gillnet métiers were
differentiated taking into account the fishing grounds. The size distributions of
the target species correspond to fishes significantly larger than those caught by
similar fishing gears in areas not affected by protection regulations (Fig. 1). The
most discarded species was Mugil cephalus.

Tab. 1. Daily catch (kg) per vessel as estimated from the sampling on board, for
the total catch, landings and discards. The number of sampling days is also
indicated

Discussion
Catches displaying the positive effects on fishing ([1], [2], [3]; this study)
derived from the existence of the reserve (most valued species, large sizes),
tourism-related activities drive the economic activity (for example, more than
60.000 scuba dives and around 200.000 tourists in cruises around Medes Islands
per year).
The information collected on board on the fishing activity and resources
exploited in the area around Medes Islands marine reserve can be taken as
reference point to assess the evolution of these resources.

Fig. 1. Size distribution expressed in percentage (total length, mantle length, cm)
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Abstract
The opinion of visitors on the environmental values of the river Penaeus (central Greece) was investigated. All types of
environmental values were studied. The methodology that was employed for the development of measurement scales, was a
combination of applied methodological research techniques in marketing research. More specifically, evaluation of a -Cronbach,
Principal Component Analysis with Varimax rotation were used in order to assess the internal consistency and construct validity of the
used scale.
Keywords: Economic valuation, Ecosystem services, Intermediate Waters
Introduction
The expression of total economic value (TEV) is an attempt to express the
motivations behind people’s preferences for environmental assets and the
services these resources provide. The TEV provides a framework, to
comprehensively evaluate natural and environmental resources [6]. The TEV is
used in environmental economics to divide an environment into different
components of value [6]. The mechanisms that link resources to individual and
community well being, are the direct use of natural resources (for example,
commercial and non-commercial recreation), the indirect use of a resource (i.e.
ecosystem function values such as protection of biodiversity) and the non-use
(such as the preservation of natural ecosystems, species or special areas)
[7]. Economists divide use values into three main categories: direct, indirect and
option values [4]. A type of option value is quasi-option value that has been
described as the value ofpreserving options for future use given same
expectation of the growth of knowledge [2]. On the contrary non-use values can
be divided further into existence, bequest, and option values [5]. For many
economists the option value may be classified as use value because is clearly
connected to potential use (direct or indirect) and it is considered as
unnecessary with the argument that it derives from the real use [9]. The
existence value and the bequest value have not functional significance, for [8]
existence value should not be used in cost-benefit analysis. The main objective
of this paper is to investigate the existence of all type of environmental values
and to examine who people perceive or recognize them in practice.

(0.94). Reliability analysis of the scale revealed that a-Cronbach was 0.98.
Examining corrected item-to-total correlation and value of coefficient alpha if
item deleted, no items were found that would increase coefficient alpha
significantly (>0.01), so all items retained. It is very From the results, the
people do not distinguish the deference between direct and option value. The
use value (direct and option), was the most important type (50.34%) and
follows by the existence value (10.75%). This is in accordance to many
economist's opinions which suggests that it is value of assuring future direct or
indirect use [9]. According to survey results people has an anthropocentric
consideration of the environment and their attribute and give more significance
to instrumental value of them. The results of our research shows that people
recognize most of the different types of environmental values but classification
high use values. Types of values like quasi-option value can not be noticeable.
The results confirm the opinion of many environmental economists who claim
that we put only instrumental value to the environment and natural resources.

Tab. 2. Principal components analysis results

Materials and methods
The present research was carried out in the Penaeus River (central Greece), one
of the most important aquatic ecosystem of Greece. Target population was
visitors of the region. The socio-economic profile of survey sample (246 valid
questionnaires) is given in Table 1.

;

Tab. 1. Socioeconomic profile of survey sample
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The lack and the weakness of creating a sampling frame before the beginning of
the study had led to the selection of the cluster sampling method [1]. Α
questionnaire was developed to determine all the types of environmental
values. For this purpose every type of environmental value was described by a
number of motives according to [7] and 47-attribute scale was derived to
measure the value of the destination area. A five point Likert scale was used to
measure visitor’s opinions [3]. Evaluation of a-Cronbach and Principal
Component Analysis with Varimax rotation were used in order to assess the
internal consistency, construct validity of the used scales, classify types of
values and investigate the motives that influence people to value a water
resource. The identification of factors that describe the involved variables was
performed by the orthogonal rotation method or the Varimax method. For
determining the factors that were drawn it was used the eigenvalue or the
characteristic root criterion (eigenvalue≥1) [1].
Results and Discussion
The principal components analysis gave 6 factors that explain the 72.37% of
total of the total variability (Table 2). Only 4 of them can be explaining
people’s opinions for river value. The Bartlett’s test of sphericity has shown
that there is high statistical significance (x2=8.293,97, p=0.000 and d.f.=990)
and shows that the factor analysis model is suitable for our data. Kaiser –
Mayer – Olkin (KMO) value shows that the measure of sampling was suitable
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EUTROPHICATION INDICATORS IN THE NORTHWEST COAST OF THE ALBORAN SEA: A
MULTISCALAR TIME ANALYSIS
Jesús m. Mercado 1*, Dolores Cortés 1, Teodoro Ramírez 1 and Esperanza Liger 2
1 Instituto Español de Oceanografía, Centro Oceanográfico de Málaga - jesus.mercado@ma.ieo.es
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Abstract
A time series of hydrology, nutrients and chlorophyll a during 1992 -2007 was analysed to study the influence of the hydrological
dynamics and nutrient pollution on the trophic state of a coastal station located at the bay of Málaga. The results indicate that water
quality has improved during the last decade.
Keywords: Alboran Sea, Eutrophication, Phytoplankton, Nutrients, Time Series
Introduction
The link between anthropogenic sources of nutrients and eutrophication
symptoms in coastal areas is generally accepted. However, the analysis of
time series reveals that the coastal systems respond in various different ways
to nutrient enrichment. This variety of responses is due to physical and/or
biological attributes that together act as a filter to modulate the response to the
signal of change in nutrient loading. Furthermore, the simultaneous operation
of other stress factors (including the climate system) influences all the signals
and the filters. The availability of nutrients in the northwest sector of the
Alboran sea is strongly influenced by quasi-permanent upwelling of enriched
deep water associated to the hydrological structures generated by the Atlantic
jet that penetrates through the Strait of Gibraltar. Additionally, the wind
regime regulates the intensity of the upwelling. The objective of this work is
to study how these hydrological constrains may contribute to modulate the
response to nutrient enrichment of the coastal ecosystem in the bay of
Malaga .

Results
The annual maxima of temperature were obtained in summer, and salinity and
nitrate peaked in spring. Nitrate concentration averaged for summer-period
was reduced 5-fold with respect to the spring period. In contrast, phosphate
concentration did not follow a defined seasonal cycle. The
temperature described a linear monotonous increase trend over time (Fig. 1).
The linear time trends for the salinity, nitrate and phosphate were also
significant although negative. The residuals series of temperature and salinity
were significantly correlated (r = -0.55, p < 0.05). However, there was not
correlation between residuals series of salinity and nitrate or phosphate. Chl a
concentration and Secchi disc depth did not describe any clear seasonal
variation pattern, although normally higher chl a values were obtained in
spring. Both variables experienced a monotonous decrease trend over the
study period. Residuals of chl a were positively correlated with nitrate
concentration (r=0.35 p < 0.05), however the correlation with phosphate was
non-significant statistically. As obtained for nutrient concentrations and Chl a,
TRIX index decreased over time.

Methods
One station located close to the bay of Málaga was sampled each three
months from october-1992 to february-2007. During each visit, the Secchi disc
depth was determined and vertical profiles of temperature and salinity were
obtained. Additionally, water samples for nutrients and chorophyll a (chl a)
analysis were collected at 0, 10 and 20 m depth. Nitrate and phosphates and
chl a concentrations were analysed according to the methods detailed in [1].
TRIX index was calculated according to [2]. The seasonal variability patterns
were tested by determining the statistical significance of the differences among
seasonal means. An exponential smoothing of the seasonally adjusted series
was performed in order to remove high-frequency component of variability
(residuals series). Inter-annual change patterns and linear trends over time
were examined by analysing the smoothed series. The significance of the
monotonous trends over time was tested by fitting the smoothed series to a
linear model.

Discussion
The study area is characterised by the presence of surface Atlantic water
(AW) that is more or less modified depending on the degree of upwelling of
deep Mediterranean water (MW). Therefore, the salinity decrease trend over
time denotes a progressively lesser influence of the MW, as previously
showed by [2] in other locations of the Alboran sea for the period 1992-2002.
Atlantic water is usually depleted in nutrients. Consequently, the increasing
influence of the AW produced a reduction of the nutrient concentration.
Coincidently, chl a trended to decrease over time, indicating that the stock
standing of phytoplankton at decadal scale was mainly controlled by the
availability of nitrate. The high-frequency variability of chll a appears to be
also controlled by the nitrate availability, as residuals series of both variables
were significantly correlated. However, residuals series of nutrients were not
correlated with salinity, probably indicating that the local peaks of nitrate and
phosphate (which were especially conspicuous in 1992, 1994 and 2002) were
not related with hydrological dynamics. It could be hypothesized that this
high-frequency variability is due to nutrient discharge from terrestrial sources.
The decrease trend over time of the TRIX index is a consequence of both the
reduction of the nutrient and chl a concentrations (oxygen concentration did
not experience any decadal variation pattern).
Acknowledgements : This work has been funded from the projects
ECOMALAGA (IEO) and CTM2006-00426 and CTM2009-07776
(MICINN, co-funded from FEDER, EU).
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Fig. 1. Seasonally adjusted and smoothed time series of different measured
variables. The dotted line indicates the linear trend calculated by least square
fit of the trend component time series.
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COMPARATIVE ANALYSIS OF GENETIC DIVERSITY OF BENTHIC SPECIES ACROSS THE NORTHWESTERN MEDITERRANEAN SEA: A PILOT STUDY FOR MANAGEMENT PERSPECTIVES
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Abstract
Relative genetic diversity patterns of six marine benthic species are compared in a common set of areas in the north -western
Mediterranean Sea. Genetic diversity of populations of two ophiuroids, two echinoids and two gorgonians is analysed in areas with
contrasted environmental and anthropogenic conditions, ranging from Catalonia to the French Riviera. This study may provide a first
step toward a broader multi-species analysis at larger scale in the Mediterranean Sea with implications for biodiversity management
and protection.
Keywords: Biodiversity, Genetics, Coastal Systems, Western Mediterranean
The assessment of biodiversity within and among sites is central to identifying
and prioritizing area for monitoring, management and protection. Genetic
variation is widely recognized as one of several currencies for biodiversity
evaluation ([1]), and protection of genetic diversity is incorporated into many
national and international conventions. While previous works were mainly
dedicated to study genetic diversity of populations of single marine species ([2],
[3], [4]), no study until now compared relative genetic diversity patterns of
distinct species in a common set of Mediterranean sites.

Such an approach will allow to assess differences and/or similarities in genetic
diversity patterns that hold across species and areas studied, and to discuss
management perspectives.
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are compared across areas ranging from Catalonia to the French Riviera in the
north-western Mediterranean Sea (Fig. 1). The species studied are Amphipholis
squamata, Ophioderma longicauda, Echinocardium cordatum, Paracentrotus
lividus, Corallium rubrum and Paramuricea clavata. Some of these species are
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anthropogenic influences on the studied species.
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Fig. 1. Map of the commun areas for which relative genetic diversity patterns of
distinct species are compared in the north-western Mediterranean Sea.

According to the species considered, sequences of two kinds of markers are
analysed to investigate genetic diversity: mitochondrial DNA (ie. mitochondrial
16S rDNA and fragments of the mitochondrial gene coding for the subunit one
of the cytochrome oxydase (mtCOI)), and nuclear DNA (ie. microsatellite loci).
Genetic variability across populations in Mitochondrial DNA sequences and
microsatellite loci, according to the species considered, are characterised by
means of complementary diversity descriptors ([6], [7]).
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ETUDE BIOMETRIQUE DE CAULERPA RACEMOSA VAR. CYLINDRACEA (BRYOPSIDALES,
CHLOROPHYTA) SE DEVELOPPANT SUR DIFFERENTS TYPES DE SUBSTRATS
Yosr Mezgui 1*, Aslam Sami Djellouli 1, Amel Zerzeri 1 and Oum kalthoum Ben Hassine 1
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Abstract
Dans la région de Cap Zebib (Nord de la Tunisie), C racemosa var. cylindracea se développe à la fois sur un substrat dur (roches)
et sur un substrat meuble (sable). Des relevés mensuels des paramètres biométriques, réalisés selon un cycle de 13 mois, révèlent une
variation cyclique marquée par une période de croissance optimale, située en automne, et par une période de disparition
macroscopique totale des thalles, observée en hiver. D’autre part, les résultats montrent que le développement de l’espèce ne varie
pas en fonction du substrat.
Keywords: Algae, Biometrics
Le complexe C. racemosa (Forsskål) J. Agardh n’est signalé que depuis peu en
M éditerranée [1]. A partir des années 90, on note une extension rapide de
l’espèce [2]. Verlaque [3] reconnaît en méditerranée 3 variétés de C. racemosa :
(1) la variété turbinata-uvifera, (2) la variété lamourouxii et (3) la variété
cylindracea. La variété cylindracea est considérée comme envahissante [3] et [4].
Elle est décrite, par ailleurs, comme colonisant différents substrats à différentes
profondeurs et comme tolérant les températures hivernales, relativement basses,
du Nord de la Méditerranée. Dans la perspective de contribuer à la connaissance
du développement de la variété invasive, nous avons effectué une étude
biométrique comparative, de deux peuplements de C. racemosa var. cylindracea,
se développant sur deux types de substrats différents. Cette étude est réalisée
dans la région de Cap Zebib (Nord Est de la Tunisie) où les peuplements de C.
racemosa var. cylindracea se développent à la fois sur un substrat dur : roches
(noté SI) et sur un substrat meuble : sable (noté SII). Ces deux stations sont
situées à une profondeur moyenne de 0.3 m. Des prélèvements mensuels ont été
effectués au niveau de chaque station durant une période de 13 mois, allant de
juillet 2005 à juillet 2006. Les estimations mensuelles de la biomasse révèlent
une période de disparition macroscopique totale des thalles de l’espèce en hiver.
Puis, à partir du mois d’août, on assiste à une croissance de la biomasse des
thalles qui atteint un maximum en automne, soit une valeur de 25 g/m2 de poids
sec au niveau de la station SI et 19,25 g/m2 dans la station SII. Toutefois, le test
de Kruskal-Wallis ne révèle aucune différence significative entre les deux stations
(H = 90.75, p = 0.907).

frondes/m2 au niveau de SI et de 5 187.5 frondes/m2 au niveau de SII. Le nombre
de frondes ne présente aucune différence significative entre SI et SII (KruskalWallis test: H = 84.3, p = 0.844). En conclusion, la croissance de C. racemosa
var. cylindracea semble ne pas être influencée par la nature du substrat.

References
1 - Hamel G., 1926. Quelques algues rares ou nouvelles pour la flore
méditerranéenne. Bull. du Muséum National d’histoire naturelle, tome 32, p.
420.
2 - Djellouli A., Langar H., and El Abed A., 1998. Le genre Caulerpa en
Tunisie: situation actuelle. Actes de l’atelier sur les espèces Caulerpa invasives
en Méditerranée, Heraklion, Crète, Grèce, 18-20 mars 1998: 217-223.
3 - Verlaque M., Durand C., Huisman J. M., Boudouresque C. F., and Le Parco
Y., 2003. On the identity ane origin of the Mediterranean invasive Caulerpa
racemosa (Caulerpales, Chlorophyta). Eur. J. Phycol, 38: 325-339.
4 - Verlaque M., Afonso-Carillo J., Gil-Redriguez M. C., Durand C.,
Boudouresque C. F. andLe Parco Y., 2004. Blitzkriez in a marine invasion:
Caulerpa racemosa var. cylindracea (Bryopsidales, Chlorophyta) reaches the
Canary Islands (NE Atlantic). Biological Invasions 6: 269-281.

Fig. 1. Variations mensuelles du poids sec des populations à Caulerpa racemosa
var cylindracea.

On note également que le diamètre des stolons reste constant et présente une
moyenne égale à 1 mm (test ANOVA, F = 0.460, p = 0.501), au niveau des deux
stations (SI et SII) et durant toute la période où un développement de l’algue est
observé. En revanche, la longueur totale cumulée des stolons, nulle au mois de
juillet, atteint son maximum (233,25 m/m2 en SI et 120 m/m 2 en SII) en
septembre. La longueur cumulée des stolons diminue progressivement par la
suite pour aboutir à une disparition des thalles au mois de janvier. La longueur
totale cumulée des stolons ne présente aucune différence significative entre SI et
SII durant les 13 mois d’échantillonnage (Kruskal-Wallis test: H = 90.75, p =
0.907). Le nombre total moyen de frondes par m2 atteint un maximum de 10 212
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SEAGRASS MONITORING BY REMOTE SENSING IN THE CONTEXT OF BIODIVERSITY CONSERVATION
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Abstract
Remote sensing is a powerful tool in monitoring seagrasses, especially for managing the ecosystem. Along the coast, seagrass
meadows are often subject to increased turbidity and may exhibit negative physiological responses to stress, or can tolerate it through
photo-adaptation. Physiological changes are also evident in the genetic structure of meadows. This research aims at implementing a
methodology for suitably monitoring mediterranean coastal ecosystem and, in particular, seagrasses, using an integrated and synergic
approach. This consists of a more advanced remote sensing techniques and GIS technologies coupled with innovative methods for in
situ measurements devoted to calibration of aero-spatial remotely sensed data. We investigated two sites: Central Tyrrhenian Sea
(Italy) and the Aegean Sea (Greece).
Keywords: Posidonia, Remote Sensing, Physiology, Monitoring, Biogeography
kilometres. As can be seen in figure 1, the preliminary map obtained from
Landsat-TM data of 1991 (even with some artefacts arising from the sensor low
radiometric resolution) shows the distribution of the seagrasses in the area.
Aegean Sea
The second site is situated in the Aegean Sea, in East Greece, in the area around
Arkoi island. Monitoring the Aegean sea by satellite images (IKONOS,
LANDSAT, MERIS) allowed to track large areas of P. oceanica and seagrass
beds in this part of the Mediterranean.
The framework of this project is satellite imagery used in combination with
visual census data. This will lead to the development of a tool to quantify the
size and the density of the seagrass meadows. Simultaneously seagrass
biodiversity, both in Tyrrhenian and Aegean populations, will be evaluated by
the RAPD molecular marker technique [1, 2].
The expected results are:
Fig. 1. Map of seagrasses distribution at S. Marinella site derived from LandsatTM data of 1991.

-to assess the role of environmental processes in shaping genetic diversity of
seagrasses to identify molecular populations-specific RAPD patterns, from the
combined studies of genetic variability and bio-chemical tests;

INTRODUCTION
SIMS (Seagrasses Integrated Monitoring System) project is aimed at monitoring
and mapping seagrass distribution and estimating the related biophysical
parameters in two European areas. The goal of our project is to support
different activities concerning customers’ duties in terms of shallow water
ecosystem management by means of Earth Observation data processing. Instead
of using only laborious field collection methodology in a sometimes difficult
environment, the project intends to provide customers with improved
information, in line with other new technologies (i.e. GIS).
In this research we used satellite imagery as a tool for monitoring Posidonia
oceanica meadows comparing two sites in the Mediterranean: the central
Tyrrhenian Sea (Italy) and the Aegean Sea (Greece).

-to relate such patterns to environmental conditions and morphological and
physiological features of the aquatic plants and to detect early process genetic
erosion in stress conditions;
-to specify Remote Sensing and GIS procedures and bio-physical
parameters/indicators thematic maps, designed to support sustainable
management policies of Mediterranean ecosystems.
This research is financed by ESA: Project ITT No: AO/1-5828/09/I-EC
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Tyrrhenian Sea.
The Tyrrhenian site is located off the central coast of Lazio region, close to the
S. Marinella site. In this site some years ago research activities were started to
monitor bio-physical parameters of P. oceanica meadows. Rhyzomes from the
near zone of Civitavecchia were transplanted in situ to remediate seagrass lost .
Results of these multi-yearly ENEA’s activities include the monitoring of
meadows evolution in terms of phenological parameters and genetic trends [1,
2].
Maps of main seagrass beds at this test site were first developed by diving
activity. Geo-referencing was done with careful measurements taken by means
of cartography and bathimetry. This meadow presents a patchy distribution of
P. oceanica plants in the entire coastal area, which extends for several
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THE CHANGING WATER BUDGET OF QUINTO BASIN (RAVENNA, ITALY) , A COASTAL WATERSHED UNDER CLIMATE CHANGE.
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Abstract
The seasonal water budget of the Quinto Basin, a coastal watershed along the Adriatic sea in Italy, is calculated based on land use, under current and future climate
conditions. Estimates of the future hydrologic surplus or deficit helps among others to understand whether salt water intrusion will be even a larger problem in the
future than it is today, threatening both agricultural and natural ecosystems.
Keywords: Adriatic Sea, Coastal Processes, Global Change, Hydrology, Salinity

Introduction and study methods
We present the water budget of a small coastal watershed (The Quinto Basin,
Ravenna, Italy) by calculating the seasonal evapotranspiration based on land
use. For the farmland, wetlands, natural areas, pine forest and bare soil we use
CROPWAT [1] with different crop factors to calculate the evapotranspiration
(Etc). To reduce the number of calculations we selected the most common
soils and crops (wheat, maize, alfalfa, peaches and grapes). Reed represents
the vegetation in the wetlands. Open water evaporation on lakes and old
quarries is also calculated [2]. The climate data used in this study is based on
measurements from four local weather stations. For an estimate of future
climate, the averaged output of fifteen GCM models, in two scenarios (A1b
and A2) for the period 2079 - 2099 (IPCC, 2007) is used. In comparison with
today, the minimum temperature will be higher whereas the maximum
temperature is higher mostly in winter but will not increase considerably in
summer. The total annual precipitation is thought to decrease from 635 mm to
619 mm (scenario A1b) or 596 mm (scenario A2) and relatively more rain will
fall in winter. The humidity is predicted to be higher, the winds less strong in
the future.

Fig. 2. Summer water deficit (mm) for present and for scenarios A1b and
A2.

Discussion and conclusions
This study shows that air humidity and wind velocity has a large influence on
(crop) evapotranspiration and evaporation of open water in the Quinto Basin.
It is a parameter that is not often discussed in future climate studies but needs
more attention. Summer water deficits will increase and therefore agricultural
practices including planting dates should be reconsidered. Although we have
an estimate of Pine tree transpiration, not much is known about current or
future evapotranspiration of natural areas.

Results
The annual ETc values decrease under the future climate scenarios used for
this study. However, since relatively more rain falls in winter (up to 64% for
A2), the summer (April-September) water deficits increase considerably.
Whether or not this results in an increase of irrigation requirement depends
also on the soil type and planting date. All the crops on all types of soil will
need more irrigation under A2 except Peaches and Wheat. Evaporation of open
waters, wetlands and bare soil is decreasing since the futures higher humidity
compensates for the higher temperatures.
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Fig. 1. The difference in annual net irrigation requirement between today and
the future (scenario A2) for agricultural land, and the difference between
current and future deficit (precipitation minus evapotranspiration) for the
other areas.
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TENEURS EN HYDROCARBURES DANS DIFFERENTS PORTS DU GOLFE DE TUNIS, TUNISIE
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Abstract
Dans le cadre d’un projet de recherche de l’INSTM, une étude sur l’état des lieux de la contamination par les hydrocarbures - sous
ses différentes formes aliphatiques et aromatiques polycycliques (HAP) - dans différents ports selon leurs activités (passager,
commerce, pêche et plaisance) a été réalisée. La collecte de trois échantillons d’eau de mer et de sédiments de chaque port a été
réalisée au mois de mai 2008 et ce, dans différents ports du golfe de Tunis. Les concentrations les plus élevées en hydrocarbures dans
les sédiments et dans l’eau sont enregistrées dans les ports de Radès et de Sidi Bou Saïd qui ont une activité maritime importante.
Keywords: Ph, Sediments, Pah
Les résultats des analyses effectuées ont révélé que les concentrations sont
variables, entre 4,1 et 37,5 µg/g pour les hydrocarbures aliphatiques et entre
0,3 et 7 µg/g pour la somme des HAP dans les sédiments. Les teneurs trouvées
dans les échantillons d’eau varient entre 0,25 et 5 µg/L pour les hydrocarbures
aliphatiques et 0,15 et 7,1 µg/L pour les HAP. Les concentrations les plus
élevées en hydrocarbures dans les sédiments et dans l’eau de mer sont
enregistrées dans le port de Radès qui présente une activité commerciale
importante et celui de Sidi Bou Saïd qui est caractérisé par ces activités de
plaisances maritimes. L’analyse des données a montré une prépondérance des
composés à 4 et à 5 noyaux par rapport à ceux à 2 et à 3 noyaux dans les trois
ports. Cette différence peut être expliquée par la volatilité des composés à
faibles noyaux aromatiques dans la zone d’étude, par l’évolution de la matière
organique dans les sédiments et également par la courte durée de dégradation
des précurseurs biogéniques. De manière générale, la présence ou non des
hydrocarbures dépend de la géochimie du milieu et des structures chimiques
(réactivités, volatilité, poids moléculaires, etc.) des composés.

Fig. 2. Somme des hydrocarbures aliphatiques (HA) et aromatiques
polycycliques (HAP) en µg/g dans des échantillons de sédiments prélevés des
trois ports de la Goulette (G et P), Radès (Rd) et Sidi Bou Said (Sb).

D’une manière générale, l’augmentation de la concentration des hydrocarbures
aliphatiques peut être expliquée par la production de ces composés (Digenèse)
dans un milieu dépourvu d’oxygène.
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Fig. 1. Somme des hydrocarbures aliphatiques (HA) et aromatiques
polycycliques (HAP) en µg/L dans des échantillons d’eau prélevés des trois
ports de la Goulette (G et P), Radès (Rd) et Sidi Bou Said (Sb)

La figure 1 montre des concentrations variables en hydrocarbures, les teneurs
les plus élevées sont observées dans la station G3 de la Goulette et les trois
stations de Radès. La concentration des hydrocarbures aliphatiques est la plus
prépondérante dans les sédiments des trois ports étudiés (figure 2). Cette
prépondérance ainsi que la présence des complexes non résolus (UCM)
obtenus dans les chromatogrammes des différents échantillons montre l'origine
pétrolière de ces hydrocarbures [4].
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ETUDE DU RYTHME LOCOMOTEUR D'ORCHESTIA MONTAGUI, ISSU DE LA LAGUNE DE BIZERTE
(NORD TUNISIEN) EN CONDITIONS D'ENTRAINEMENT ET EN LIBRE COURS
Karima Nasri-Ammar 1* and Raja Djelassi 1
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Abstract
Le rythme de l’activité locomotrice de l’Amphipode supra littoral Orchestia montagui a été enregistré au niveau de la population de
Bizerte (Nord de la Tunisie). L’étude de la variation saisonnière des caractéristiques du rythme locomoteur a montré une période
circadienne et un temps d’activité plus longue et plus étendu en été qu’en hiver. Par ailleurs, l’étude du rythme de l’activité
locomotrice des animaux expérimentés a révélé l’existence d’une composante ultradienne de période égale à 12h et ceci quelle que
soit la saison.
Keywords: Crustacea, Behaviour, Lagoons
Introduction
Les rythmes biologiques constituent une réponse adaptative permettant aux
organismes vivants de maximiser leur gain d’énergie et d’optimiser leur chance de
survie, d’où l’importance de la synchronisation de l’activité locomotrice par les
facteurs environnementaux, considérés comme des entraîneurs. En effet,
plusieurs recherches ont montré que la photopériode constitue un puissant
synchroniseur de ce comportement [1], [2] et [3]. Le but de ce travail est
d’analyser et d’étudier la variation saisonnière des caractéristiques du rythme de
l’activité locomotrice d’Orchestia montagui, Amphipode vivant en sympatrie
avec sept autres espèces d’Amphipodes dans l’étage supra littoral.

DD), les animaux sont plus actifs en été qu’en hiver (Tableau1).
Tab. 1.

Matériel et Méthodes
L’activité locomotrice d’Orchestia montagui a été enregistrée dans une
population issue des berges de la lagune de Bizerte (Nord de la Tunisie), au mois
de juin (photophase naturelle = 14h37) et au mois de décembre (photophase
naturelle = 9h39). Les individus adultes, collectés manuellement ont été
transférés, au laboratoire, individuellement, dans des actographes placés dans
une enceinte climatique permettant de contrôler aussi bien la température que la
photopériode. Les spécimens d’Orchestia montagui, maintenus sous une
température constante de 18 ± 0.5°C, ont été soumis, durant la première
semaine à la photopériode naturelle du jour de la collecte puis ont été maintenus
durant la deuxième semaine, en libre cours (obscurité continue).
Résultats et discussion
L’analyse des actogrammes en double plot, ainsi que les courbes d’activité
locomotrice moyenne par heure et par jour ont permis de mettre en évidence une
sensibilité plus importante des individus testés vis-à-vis de l’aube expérimentale
et ceci quelle que soit la saison considérée (Figure1).
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Fig. 1.

L’étude des caractéristiques du rythme de l’activité locomotrice (période
circadienne sous cycle nLD ; période circadienne en libre cours; stabilité du
rythme [SNR] ; pourcentage de rythmicité, rapport temps d’activité/temps de
repos) a montré que quelle que soit la saison, été ou hiver, le taux de rythmicité
circadienne d’Orchestia montagui est beaucoup plus important en présence de
synchroniseur (alternance lumière / obscurité) qu’en obscurité continue (DD).
De même, ce taux de rythmicité est plus important durant la saison estivale
qu’hivernale. Cette rythmicité, bien marquée en été, permet aux animaux d’éviter
la déshydratation pendant les heures où la température est élevée. D’autre part,
l’analyse statistique montre que le rythme locomoteur d’Orchestia montagui est
statistiquement plus stable en été qu’en hiver et ceci en présence de
synchroniseur. Enfin, quel que soit le régime photopériodique imposé (LD ou
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APPORT DU PROJET D’AMÉNAGEMENT DE LA VALLÉE DU BOU REGREG SUR LA QUALITÉ
ENVIRONNEMENTALE DE L’ESTUAIRE
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Abstract
L’estuaire de Bou Regreg a été progressivement délaissé, n’offrant que quelques rares activités de loisirs. Le développement des
deux villes riveraines, Rabat et Salé, s’est accompagné d’une multiplication et d’une intensification des impacts anthropiques, surtout
après l’installation du barrage Sidi Mohammed Ben Abdellah en 1974 à 23 km de son embouchure. Cette étude compare l’état
environnemental de la vallée du Bou Regreg avant les travaux d’aménagement et trois ans après.
Keywords: Coastal Management, Sewage Pollution
Introduction
Le projet de dépollution de l’estuaire et du littoral, considéré comme prioritaire,
entre dans le cadre du projet d’aménagement de la vallée du Bou Regreg [1].
Cette vallée constitue un élément d’union entre les deux villes historiques et
s’étale sur une superficie de 6 000 ha, allant de l’embouchure de Bou Regreg
jusqu’au barrage Sidi Mohammed Ben Abdellah.
Projet de dépollution de l’estuaire et du littoral
Ce projet a accordé un intérêt particulier à l'environnement et à la préservation
de l’écosystème [2]. La dépollution de la vallée et du fleuve, la réhabilitation et
le reboisement des carrières, la sauvegarde du site naturel dans son ensemble
étaient les premières démarches entamées. Ainsi, plusieurs actions visant la
généralisation de la haute qualité environnementale ont été progressivement
entreprises notamment dans les domaines suivants :
- Assainissement solide, avec l’ouverture de la décharge d’Oum Azza en
remplacement de la décharge de l’Oulja réhabilitée et définitivement fermée en
2006 et de celle d'Akreuch, en cours de réhabilitation, permettant ainsi de mettre
fin à toute forme de pollution qu’elles engendraient y compris les rejets de
lixiviats dans l’estuaire.
- Assainissement liquide, qui consiste en l’installation d’un réseau
d’assainissement liquide couvrant toute la région de la wilaya de Rabat - Salé. Il
doit conduire, à terme, les effluents vers deux stations de prétraitement à Rabat
(station de Youssoufia bas) et à Salé. Durant ces trois années de travaux, en
plus de l’élimination de plusieurs rejets des eaux usées localisés le long de
l’estuaire (Figure 1) - surtout dans la partie aval du pont My El Hassan qui
correspond à la première séquence de ce projet - il y a eu : - réhabilitation du
site par la fermeture de la décharge d’Oulja, - transformation de la décharge
d’Akreuch en centre de transfert, - réhabilitation des carrières et reboisement des
collines, - construction du nouveau pont My Hassan, - creusement d’un tunnel
sous la colline des Oudayas, - réalisation du projet de tramway de Rabat Salé.

Etat de l’estuaire avant et après le lancement des travaux
d’aménagement :
Avant le commencement du projet d’aménagement de la vallée du Bou Regreg et
en absence d’un système de dépollution, l’estuaire du Bou Regreg et le littoral
recevaient une pollution essentiellement organique estimée à 200 000 m³/j d’eaux
usées. En comparant avec les normes des eaux de baignade marocaines du point
de vue qualité, les eaux de l’estuaire sont très polluées et généralement
impropres à la baignade [3], [4]. Dans la partie située en aval du pont My El
Hassan, les eaux de l’estuaire restent très polluées avec des fortes concentrations
de coliformes fécaux (CF) bien qu’ils aient subit une diminution de 4 x106
CF/100ml en 1999 [4] à 2,1 x106 CF/100ml en 2008. Leurs concentrations
restent toujours supérieures à celles des streptocoques fécaux (SF). Le rapport
CF/SF est supérieur à 4 ce qui nous permet de conclure que la pollution est
d'origine fécale humaine.
Conclusion
Après trois ans de travaux d’aménagement, seule la partie située en aval du pont
Moulay El Hassan a connu une dépollution presque totale, mais le problème
persiste toujours parce que cette partie subit l’influence des eaux polluées de
l’oued à basse mer et des eaux du littoral à haute mer.
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Fig. 1. Localisation des sources de pollution de l’estuaire du Bou Regreg
avant le plan de dépollution (A) et après trois ans des travaux
d’aménagement (B)
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RISK OF INUNDATION CAUSED BY SEA LEVEL RISE ALONG THE BULGARIAN BLACK SEA COAST
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Abstract
Over recent decades the increased frequency of natural hazards resulting from global climate change has become one of the most
severe problems affecting the sustainability of the coastal zone. In particular, low-lying areas which are strongly affected by flooding
pose the most serious consequences for the functions of coastal systems and public safety. Such areas are also most attractive and
productive environments both for settlements and human activities because they offer great variety of possibilities for better
livelihoods, easy access to the sea, and wide and vast beaches. These settings make even more important the efforts to identify
coastal areas with high priority of risks to sea flooding.
Keywords: Black Sea, Coastal Processes, Sea Level
Introduction
The Bulgarian Black Sea coast has a length of 412 km, as 58% of it is exposed
to progressive coastal erosion and landslide processes [1,2]. Such natural
hazards have been aggravated by increasing anthropogenic impacts associated
with accelerated urbanisation and human influence along the coast. There are
14 Bulgarian Black Sea coastal municipalities which embrace about 5.21 %
from the entire territory of the country and hosted about 8.85 % of the
national population. Coastal units potentially vulnerable to sea level rise
along the Bulgarian coast are firths, lagoons, sandy beaches and dunes often
being also under subsidence processes. Firths and lagoons are typical of the
Bulgarian coastal zone. Firth configuration almost repeats the contours of old
river valleys drowned during the Holocene. The number of firths and lagoons
are 26 and 5 respectively [3]. Long-term sea level changes along the Bulgarian
Black Sea coast have been traced for more than 100-year period. Based on the
records of two sea level gauges, located at towns of Varna and Burgas, a
continuous sea level increase has been found, particularly over the last few
decades. Natural and anthropogenic factors are pointed out as the main causes
for accelerated sea-level rise. The natural factors involved include changing
river discharge into the Black Sea, rainfall-evaporation balance and water
exchange through the straights linking the Black Sea to the Mediterranean [3].
The mean values of average sea level rise for the Western part of the Black Sea
vary between 1.5 mm/y and 3 mm/y [4]. Although such rates are not dramatic
for the Bulgarian coast there would be a case of sudden sea level rise under
certain meteorological conditions. In contrast to climate change-induced sea
level rise, which can be predicted over a middle-time scale, the extreme sea
level increase associated with storm surges, tsunamis and rain-storms could
have a short, but particular devastating impact on coastal areas. Significant
coastal changes typically occur during such extreme events. As a consequence,
functions and values of the coastal systems could be degraded, and public
safety and economy could be affected [5]. Coastal storms are extreme
meteorological events that mainly occur along the Bulgarian Black Sea coast in
winter with the strongest N and NE winds. There are some examples of
extreme events along the Bulgarian coast: the storm happened in February
1979 accompanied by sea level increase; and the storm in June 2006, also
combined with pour rains. Extreme wind waves are the main cause of flooding
in low-lying coastal territories.

Conclusions
Sea level rise along the Bulgarian Black Sea coast up to 1 m could cause
damages on 7% of the territory and population of the coastal settlements. Sea
level rise up to 5 m could cause damages on 21% of the territory and 16% of
the population of the coastal settlements. Expected damages in residential area
caused by inundation of 1 m would amount to 33% of territory and 42% of
population from those affected by inundation of 5 m. As the most risks zones
are defined the territories around of the towns of Varna, Burgas, Balchik,
Pomorie and Nessebar, Kamchia river region, Sunny beach and Albena resorts.
Totally, between 40 and 97 thousand local residence could be affected and
between 9 and 27 square km of settlements inundated in case of different
scenarios. Although the probability of casualties due to extreme storms is
quite high, in actual fact the economic losses in terms of hotel, transport and
other infrastructure damages are predominant. As a result of such events the
economy of a small municipality like Nessebar will be greatly affected due to
its high dependence on the tourist industry. Therefore, many potential users
and institutions interested in sustainable development, including local
government, civil protection authorities, stakeholders, coastal decision makers
and community would benefit from the results obtained for coastal hazards to
elaborate appropriate mitigation measures and adaptation policies.
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Analysis
To indicate low-laying territories potentially vulnerable to flooding due to
extreme sea level rise along the Bulgarian coast, medium scale 1:50 000
topographic maps were used [6]. Maps processing includes a series of steps:
scanning, geo-referencing and digitizing with help of Geographic Information
System (GIS) ArcInfo 9.2. The following approach was accepted: sea level
rise scenarios from 1 to 5 m with interval of 1 m were assumed on the basis of
historical background and data collected over a 100-year period (Fig. 1). The
performed analysis shows that 14 towns, 17 villages, 13 sea resorts and 7
small campsites would be potentially flooded by extreme sea level rise of 5 m.
Number of affected coastal population counts almost 100 000 from all 549
765 residents at these sites, according to last Census data [7]. Low-laying
areas around Varna Bay, Kamchia River resort, Burgas town, Sunny beach
resort, Pomorie town and coastal section between Albena resort and Kranevo
village were identified as most vulnerable to inundation (Table 1). The risk to
flooding is higher in summer presumably due to greater numbers of tourists
having their rest at the sea coast. In summary, about 20% (83 km) of the entire
412 km long Bulgarian coast are indicated as flood-prone territories or these
are coastal units most vulnerable to inundation due to extreme sea level rise of
5 m. Total number of local coastal residents at these sites constitutes 6.93% of
country's population.
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TROPHIC STATE AND NUTRIENT RATIOS IN A HELLENIC COASTAL MARINE ECOSYSTEM AFFECTED
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Abstract
Nutrient concentrations and their ratios in the north Lakonikos Gulf, a coastal marine environment affected mainly by agricultural
activities, were used in order to describe the ecosystem and to characterize it as an oligotrophic area. The agricultural activity in the
adjacent plain, the Evrotas River discharges as well as the small streams inputs in the area seems to have insignificant impact in the
marine environment. Nitrogen limitation was observed in the study area.
Keywords: Coastal Systems, Nutrients
INTRODUCTION
Measuring nutrient concentrations is a topical concern in many coastal systems,
since the anthropogenic nutrient enrichment may result in a change of the
trophic state of an ecosystem [1]. Excess nutrients (N and P) discharged from
anthropogenic activities have been identified as one of the major pollution point
sources leading to eutrophication in the coastal waters.
The coastal area of Lakonikos Gulf (36o44.06' N and 22o34.96' E) (Fig. 1) is
mainly used for agricultural purposes, with a few small towns and tourist sites
located along the coastline. Fishing activity is also developed in the area. The
industrial activities in Lakonikos Gulf are very few, thus in terms of pollution
sources, the aforementioned agricultural activities and untreated domestic
effluents are the most important. Nutrient samples were collected from a grid of
29 sampling stations in the northern sector of the Lakonikos Gulf during June
2008, in order to present the nutrient concentrations and their ratios in
Lakonikos gulf and to determine the trophic state in the area.

inputs in the area seems to have insignificant impact in the marine environment.
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Fig. 1. Study area location and sampling stations grid

RESULTS AND DISCUSSION
Low nutrient concentrations were measured in the study area (0.100 μΜ for
phosphate; 0.207 μΜ for nitrate; 1.274 μΜ for silicate; 0.051 for nitrite; 0.258
for ammonium). To determine the trophic state in the area, a concentration scale
proposed by Karydis [2] was used, dividing the area into 4 different trophic
levels: oligotrophic (<0.07 μΜ, phosphate; <0.62 μΜ, nitrate; <0.55 μΜ,
ammonium), lower mesotrophic (0.07-0.14 μΜ, phosphate; 0.62-0.65 μΜ,
nitrate; 0.55-1.05 μΜ, ammonium), upper mesotrophic (0.14-0.68 μΜ,
phosphate; 0.65-1.19 μΜ, nitrate; 1.05-2.20 μΜ, ammonium) and eutrophic
(>0.68 μΜ, phosphate; >1.19 μΜ, nitrate; >2.20 μΜ, ammonium). Inorganic
phosphorus at stations L04, L05, L07 and L17 corresponded to an oligotrophic
state according to the Karydis concentration scale, whereas at all the other
stations inorganic phosphorus corresponded to a lower mesotrophic state. The
nitrate concentrations measured in the study area showed higher mesotrophic
waters only for the deeper layers of stations L12 and L13 and oligotrophic for
all the other sampling stations. In general, higher nitrate concentrations were
observed in deeper water layers. Ammonium concentrations showed lower
mesotrophic water type for station L23 and oligotrophic water type for all the
other stations. The mean N:P ratio ranged between 1.49 and 11.8 with a mean
N:P ratio of 5.27. The mean Si:P ratio calculated 12.7 and the mean Si:N ratio
calculated 3.26. It is noteworthy, that the N:P ratio is significantly declined due
to very low nitrate concentrations at the upper layer of the water column.
According to Justic et al. [3], three criteria have been applied for P-limitation,
N-limitation and Si-limitation as follows: a) P-limitation, if Si:P>22 and N:P>22;
b) N-limitation, if N:P<10 and Si:N>1; c) Si limitation, if Si:P<10 and Si:N<10.
83% of our data indicated N-limitation whereas, 27% indicated Si-limitation. Plimitation was not found. According to these results, nitrogen controls the
functioning of Lakonikos marine ecosystem. In general, the study area was
characterized as an oligotrophic area indicating that the agricultural activity in
the adjacent plain, the Evrotas River discharges as well as the small streams
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Abstract
Results obtained during the SESAME program emphasize major changes in phytoplankton communities. The nutrient limitation is
characterized by an increased duration of limitation by phosphate which has gradually extended from January to all the first 6 months
of the year between 1996 and 2007. Taxonomic data collected since 1994 shows a high variability of phytoplankton developments.
Bloom seasonality is slightly marked although it tends to occur during winter and spring when the environment is replenished with
nutrients. A long-term of biodiversity loss is observed as well as a disruption marked by decreasing cell concentrations around 19961997. The evolution of a few phytoplankton species of diatoms and dinoflagellates indicates another change around 1998 -1999.
Results are interpreted with reference to the North Atlantic Oscillation.
Keywords: Phytoplankton, Biodiversity, Coastal Systems, Nutrients, Gulf Of Lions
We have analyzed datafrom the CNRS-INSU SOMLIT observation program at
three stations of the French Mediterranean coast, from Banyuls/mer to
Villefanche/mer. The 3 stations show different trends. With regard to nutrient
limitation, the time-series of Banyuls/mer and Marseille both show a gradual
change that results in an increased period of limitation by phosphate which has
gradually extended from January to the first 6 months of the year between 1996
and 2007. The situation appears more stable in the bay of Villefranche/mer. This
contrast partly reflects changes in river flows during the last decade in the Gulf
of Lions. Recently, Ludwig et al. (2009) documented a drastic increase of the
NO3/PO4 ratio of Rhône River freshwater from ~20 to ~80 in between 1990 and
2000. This trend is a general feature of the Mediterranean Sea and appears
related to mitigation strategies for urban pollution treatment targeting the
reduction of phosphorus emissions. Ludwig et al. (2009) also highlight the
increase of potential limitation of marine primary production by both
phosphate and silicic acid, the latter being more a problem for coastal
phytoplankton community changes (shift from diatoms to flagellates). An
examination of taxonomic data collected since 1994 on a fortnightly basis shows
a high variability of phytoplankton developments in coastal waters. Seasonality
of blooms is only slightly marked although they tend to occur during winter and
spring when the environment is replenished with nutrients after strong wind
(mistral) events. The data set shows a disruption marked by decreasing cell
concentrations of microphytoplankton around the years 1996-1997.

Changes in diversity showed a surprising contrast with changes in the NAO
index. The period 1999-2000, characterized by a positive NAO index,
corresponds to a large decrease in the Shannon index and the Pielou evenness
concomitant with evolution of the sentinel species mentioned above. The
decrease of diversity also matched the seasonal extension of potentially limiting
conditions for phosphate although available nutrient data do not offer a
sufficient background to describe accurately the evolution of the nutritional
environment of phytoplankton for the period prior to 1996. It is therefore
possible that anthropogenic changes have directly influenced the
microphytoplankton community structure, including the dissolved Si/P ratio
known to control the seasonal succession. However, the system does not
appear to have suffered from severe disturbance, as no proliferation of
flagellates has so far been observed over the study period. A second sharp
decrease of diversity was observed in 2004, particularly marked for the H index,
and occurring in parallel with an increase in phytoplankton bloom intensity (in
terms of biomass) in the Bay of Marseille. The accumulation of phytoplankton
biomass reflects the imbalance between the production processes and the
consumption processes including grazing by zooplankton and the shift in
phytoplankton species and biodiversity could be linked to changes in the
community of grazers (Katechakis et al., 2002). It is therefore possible that the
trend observed at the end of the series is a reflection of profound changes in the
pelagic ecosystem.

Fig. 1. Evolution of 4 sentinel species of the Bay of Marseille in parallel to that
of the monthly NAO (North Atlantic Oscillation) index (the green curve
represents 12 months central moving average of the monthly NAO index).

Fig. 2. Long-term evolution of the Shannon (1948) index (H) and of the Pielou
(1966) evenness (E) of microphytoplankton in the Bay of Marseille. The grey
curves show the variations of the 6 months central moving average of daily
interpolated data normalized against the average of each data set. The dotted
lines represent the trends of declining diversity for the 1994–2006 period.

Of the 228 taxa of diatoms and of dinoflagellates that were observed in the Bay
of Marseille, only a few show an interesting development that is manifested by
their appearance or disappearance from the ecosystem. The dinoflagellate
Prorocentrum minimum decreased sharply after 1999, while the genus
Gymnodinium seemed to find more favourable conditions for its development.
For diatoms, from the same period, Chaetoceros curvisetum became very
common while Thalassionema frauenfeldii almost disappeared in the records.
These species can be considered sentinel species whose presence or absence is a
reflection of changes in environmental conditions. It is interesting to note that
the period shift corresponds well to a persisting maximum in the monthly NAO
(North Atlantic OScillation) index temporal evolution.
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Abstract
As a step towards operational management of marine ecosystems SPECiMed will develop a predictive understanding of how marine
biogeochemical cycles and ecosystems respond to changing forcings, including how large-scale climatic variations impact regional
ecosystem functioning through the changing physical dynamics and the alteration of biogeochemical cycles. SPECiMed relies on the
joint expertise of oceanographers from the fields of physics, chemistry and biology to comprehend the ecosystem response to forcing.
The 3-yearproject relies on the existing SOMLIT coastal stations of Marseille (SOFCOM) and Banyuls/mer (SOLA) and will
implement the two shelf stations JULIO (SE entrance of the GoL) and MOLA (SW exit).
Keywords: Phytoplankton, Zooplankton , Nutrients, Mesoscale Phenomena, Monitoring
SPECiMed was designed as a component of the INSU-CNRS "Chantier
M éditerranée" under the framework of the MERMEX project in its mediumterm strategy of Enhanced Observing Periods (EOPs). In comparison with Long
Observation Periods (LOPs) implemented in the framework of MOOSE
(Mediterranean Ocean Observation multi-Sites on Environment), SPECiMed
positions itself as an EOP designed to meet its specific scientific goals. Within
MERMEX, SPECiMed will be more focused on the studies of ecological
processes (biogeochemistry and food-web interactions).

GoL, and a coastal current, the Northern Current (NC), which separates the
land-to-ocean aquatic continuum from an oligotrophic gyre. SPECiMed aims at
establishing a three-year observation platform of plankton communities incl.
bacteria, phyto-, microzoo- and mesozooplankton, associated biogeochemical
cycles of major elements (C, N, P, and Si), as well as monitoring the physical
environment impacting the pelagic communities.

Fig. 1. SPECiMed will combine the classical methodologies and the new
investigation tools for exploring the pelagic ecosystem of the Gulf of Lions.

The rapid development of the Mediterranean basin had significant positive
impacts on living standards of people but it was largely achieved at the expense
of environmental balances essential to human well-being. With increasing
anthropogenic pressure, the Mediterranean basin has now become an endangered
environment both in terms of its ecological balance and exploitable resources and
of the water systems that sustain human activities. Regarding the marine
environment, despite the intensive research efforts undertaken in the
Mediterranean Sea for over a century, an integrated vision of how its
ecosystems function is still lacking. Yet this knowledge is indispensable to meet
the expectations of the Mediterranean basin development and sustainable
management issues it raises.
In the northwestern Mediterranean (NWM), studies on the impact of climate on
plankton communities are limited by the small number of long-term series.
Nevertheless, few studies have addressed the question of the long-term drift in
composition and dynamics of plankton. A long-term evolution of
phytoplankton communities has been at least detected in several places of the
French NWM coast, e.g. at DYFAMED station and especially in the Gulf of
Lions (GoL), during the research projects EC2CO/GolPhyZ and the ongoing
EU/SESAME partly devoted to plankton series data mining. The decadal
variability of coastal phytoplankton in the Bay of Marseille from 1994 to 2006
suggests a close link to the North Atlantic Oscillation (via processes that still
need to be assessed at the mechanistic level), a possible regime shift in the years
around 1999, as well as signs of biodiversity loss.
The Mediterranean Sea is often compared to the world ocean given its
thermohaline anti-estuarine circulation. It is also characterized by an eastward
gradient of oligotrophy associated with a succession of different plankton
communities. Therefore it is difficult to observe the evolution of the
Mediterranean as a whole. Even if trends can be predicted using numerical
models, these must be validated continuously in view of ongoing climate change.
Therefore, the regional level appears appropriate. At first glance, the NWM
basin is a mosaic of nested ecosystems offering similarities with the general
situation of the World Ocean: An estuary at the mouth of a great river, the
Rhône River, which brings locally large nutrient loads on a continental shelf, the

Planktonic organisms generally are classified on the basis of size, nutritional, and
physiological characteristics or phylogeny. Regardless of the criterion used,
broad diversity is revealed, as illustrated in Figure 2. Thus, the planktonic
organisms include several size-classes, from < 1 μm to several cm, so that
sampling as well as quantitative observation of SPECiMED will take advantage
of the use of several complementary means of investigation, each appropriate to
one part of the size spectrum. SPECiMED will also develop the parallel use of
in situ sensors like Lase Optical Plankton Counter (LOPC), Laser In Situ
Scaterrometer and Transmissiometer (LISST) mounted on tracted Moving
Vessel Profilers (MVP) in conjunction with hull-mounted ADCP to explore the
mesoscale field of phyto- and zooplankton. While continuous measurements of
currents will be performed by bottom ADCP moorings, integration between
biology, geochemistry and physics will be provided by the coupled physicalbiogeochemical multi-element multi-species model Eco3M.

Fig. 2. Representative classification of planktonic organisms by size showing
the diversity of various autotrophic and heterotrophic groups (modified from
Karl, 1999). The dark area corresponds to the compartments for which
historical time-series data are available in the Gulf of Lions, the light grey area
corresponds to the compartments for which detailed information is lacking.
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Abstract
Le Maroc constitue l’une des régions du pourtour méditerranéen où l’érosion est la plus importante. Dans cette étude nous avons
dressé, à partir de la cartographie des paramètres et facteurs de l’érosion (lithologie, géomorphologie, relief, occupation du sol), une
carte de sensibilité à l’érosion dans le bassin versant de l’oued Laou. Le résultat montre une forte érodabilité des terres dans les
secteurs Sud-est et Nord-ouest du bassin qui sont des terrains à fortes pentes.
Keywords: Erosion, Sediment Transport
Le Maroc constitue l’une des régions du pourtour méditerranéen où l’érosion
est la plus importante. Ce fléau touche plus particulièrement la région du Rif
constitué essentiellement de formations friables, où les précipitations sont de
type torrentielles et dont la couverture végétale a connu une forte dégradation
ces dernières décennies. Dans cette étude, nous nous sommes intéressés au
bassin versant de l’oued Laou qui se situe dans des provinces de Tétouan et de
Chefchaouen entre 35°29’22” N et 35°00’54” N, et 05°04’16” W et 05°
26’05” (NW du Maroc). Il couvre une superficie de 939,242 Km² et un
périmètre de 168,335 km. L’objectif de ce travail est d’évaluer la sensibilité
des sols au niveau du bassin versant de l’oued Laou. La méthodologie consiste
à cartographier les paramètres les plus significatifs intervenant directement
dans l’érosion : la topographie, la lithologie, la géomorphologie et l’occupation
du sol. Une base de données a été constituée pour chaque facteur et intégrée
dans un système d’information géographique.
Paramètres d’évaluation
Lithologie : La lithologie du bassin étudié présente une forte résistance au
niveau de la dorsale calcaire et les dépôts paléozoïques et une très forte
érodabilité pour les dépôts du Quaternaire et les alluvions. Relief : À
l’exception de la plaine côtière, la zone étudiée montre un relief accidenté avec
des pentes abruptes. L’utilisation du Modèle Numérique de Terrain (MNT)
au pas de 10 m, généré à partir de la numérisation des courbes de niveau, nous
a permis d’extraire la carte des classes de pentes. Occupation du sol : le
couvert végétal du bassin de l’oued Laou induit une forte érodabilité au niveau
des terrains non boisés et une diminution au niveau des forêts de feuillus qui
sont plus résistants à l’érosion. Géomorphologie : présence de zones de
glissements de terrain et d’éboulis surtout dans les bords de l’oued, du barrage,
et dans les zones à fortes pentes.
Superposition cartographique
La couche d’information est d’abord rastérisée selon la maille de base du MNT
pour homogénéiser les échelles des sources de données et pouvoir ainsi les
croiser spatialement. La superposition numérique des différents paramètres de
l’érosion nous a permis de dresser une carte d’érosion potentielle au niveau du
bassin versant de l’oued Laou. La carte obtenue (figure 1) est une information
qualitative de 5 classes (très faible, faible, moyenne, élevée et très élevée), qui
renseigne sur le degré de sensibilité des sols à être mobilisé par les facteurs de
l’érosion hydrique [1]. La carte montre une forte érosion dans les secteurs
Sud-est et Nord-ouest du bassin qui sont des zones à relief très accidenté et à
pente élevée, expliquant leur grande sensibilité à l’érosion malgré des terrains
des plus résistants. Cela peut également être expliqué par l’exposition de ces
versants aux précipitations, aux vents dominants et à une plus longue durée de
l’ensoleillement. Dans les autres zones du bassin, malgré une couverture
végétale peu importante et des terrains peu résistants, la sensibilité à l’érosion
reste de faible à moyenne. Ceci montre que la pente constitue, en plus du
facteur climatique, est le facteur principal de l’érosion dans cette région.

Fig. 1. Carte de sensibilité

CONCLUSION
L’approche multisource, combinant le relief, la lithologie, la géomorphologie et
l’occupation du sol dans un SIG nous a permis d’identifier et de cartographier
les surfaces de terres arables nécessitant la plus grande priorité d’interventions
pour la protection du patrimoine sol et pour réduire les apports solides au
niveau des retenues des barrages.
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Abstract
In order to assess spatial distribution and temporal trends of pollution, response of different biomarkers of exposure were measured at
three stations in Slovenian coastal waters included in long term biomonitoring MED POL programme and at two stations in
Montenegro. Biomarkers response showed no differences between stations with different ecological status.
Keywords:
biomonitoring, Adriatic Sea, Mytillus galloprovincialis
Keywords: Adriatic Sea, Mollusca, Monitoring
Introduction
A suite of biomarkers were used to measure effects of pollutants at northern
and southern Adriatic, two regions with different pollution loadings and
ecological characteristics. Both examined areas are still under high
anthropogenic pressures with emphasizing urban and industrial wastewaters,
tourism and agriculture. Both examined coastal area is highly pressured by
building and reconstruction, small shipyards and maritime transportation. The
coastal sea is intensively exploited by fishery and aquaculture. Chemical
monitoring of sediments and sea water was mostly focused to persistent
aromatic hydrocarbons and heavy metals. Distribution of certain heavy metals
showed most pronounced difference between areas; stations in northern
Adriatic being more loaded with mercury (1) and southern stations are more
loaded with lead. The stations received different pollution loadings mostly
from point sources. Ecological status of sampling stations was yearly
evaluated in northern stations according to guidelines WFD (2).

Strunjan. Frequencies of MN were followed in the period of one year at
northern stations. Higher frequency was detected during the May at the same
station in Bay of Koper and in caged mussels exposed in Slovenian marinas
with poor circulation and higher level of pollutants. Station in Bay of Tivat
(Bijela) was exposed to higher concentrations of Cu, Pb, Zn; especially Cu can
act as genotoxic agents. Condition index should be used in biomonitoring to
adjust the metal concentration in mussels and to eliminate the effect of trophic
differences between stations. Spatial distribution was evident in condition
index among stations which corresponds the trophic conditions at sampling
sites. Most pronounced difference between northern and southern stations
was in MT concentrations. Three times higher MT concentration was found
at northern stations comparing with southern stations in wild mussels
collected and analysed at the same time. The level of MT concentration at
northern stations was in the same range through ten years period (5). The level
of Cd in mussels is up to 1,0 mg kg-1 and Hg 0,3 mg kg -1 with trend to
decreased in last years as established through monitoring programme (6).
Substantial difference in heavy metals pollution among northern and southern
stations was in concentration of some metals. Station Bijela (Bay of Tivat)
have higher levels of some heavy metals (arsenic and lead) with low binding
capacity to MT. On the other side, the concentration of total Hg was
determined to be ten times higher in northern Adriatic than in other parts (1).
The higher level of MT in northern stations could be a consequence of high
binding affinity of Hg to MT, even though its low induction ability. The MT
concentration showed decrease from northern to southern Adriatic. Results on
MT concentrations obtained in mussels from eastern coast of Istria and
Kvarner (Croatia) were between 50- 100 µg/g w.w. (7). Activity of AChE was
measured in whole mussel tissue and was in the same range at northern and
southern stations as measured in September 2009. Lower activity of AChE
was found in May at stations in Bay of Strunjan and Bay of Piran.

Results and discussion
Biomarkers responses were measured in mussels (Mytillus galloprovincialis)
collected from their natural beds at three sites along Slovenian coast and at two
sites at Boka Kotorska Bay. Reference sites were Bay of Strunjan (SLO) and
Bay of Kotor (MNE). Metallothionein concentration (MT) and micronuclei
frequency (MN) was analysed and evaluated according to the recommended
methodology (3), acetylcholinesterase activity (AChE) was determined using
Ellman colorimetric method (4) using the whole viscera in crude homogenate
and acetycholin as substrate. The statistical differences among samples from
different sites were tested by the analysis of variance (ANOVA Tukey-posthock HSD test).
Table 1. Response of biomarkers from sampling sites at northern and southern
Adriatic Sea.

References
Slovenia
Montenegro
Biomarker
Bay of
Bay of
Bay of
Kotor
Bijela
Koper
Strunjan
Piran
Ecological
status Moderate Very good Good
/
/
after WFD
Condition index
0,12
0,14
0,12
0,09
0,09
Micronuclei
5±1
3±1
3±1
3±1
4±1
frequency (‰)
Metalothioneins
135±16 144±13
117±7
48±5
39±5
(μg/g w.w.)
Acetylcholin
8,34±1 10,7±3,2 9,46±1,4 9,45±5 12,63±1,2
esterase
activity
(nmol/min mg)
Differences in circulation regime and ecological characteristics between
sampling stations at northern part (SE Gulf of Trieste) with stations at
southern Adriatic (closed Bay of Kotor and Bay of Tivat) make comparison
and analysis of biomarkers very valuable and interesting in terms of pollutants
distribution and their effect to mussels. Adoption of pollutans such as heavy
metals in caged mussels at northern and southern stations revealed almost
equal concentrations of Hg, Pb, Ni, but twice higher amount of Cr in Bay of
Koper comparing with other stations (project Mytiad 2008). Slightly higher
amount of PAH were determined in mussels from Bay of Kotor during the
same experiment comparing with northern reference site Bay of Strunjan. Ten
times higher content of organochlorine pesticides was found in mussels from
reference site in Bay of Kotor comparing with reference site at Bay of

1 - Horvat, M., Kotnik, J., Fajon, V., Logar, M., Zvonaric, T., Pirrone, N.,
2001. RMZ-Mater Geoenviron, 48:241-252.
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EFFECTS OF OCEAN ACIDIFICATION ON JUVENILE CLAMS RUDITAPES DECUSSATUS
P. Range 1*, L. Chícharo 1, M. A. Chícharo 1, R. Ben-hamadou 1, D. Piló 1, D. Matias 2, S. Joaquim 2 and A. P. Oliveira 2
1 Centro de Ciências do Mar, Universidade do Algarve, 8005-139 Faro, Portugal - prange@ualg.pt
2 Instituto Nacional de Recursos Biológicos (INRB-IPIMAR)
Abstract
We report the preliminary findings of a 3 month-long experiment aimed at investigating the effects of elevated pCO2 and reduced pH
on the juvenile stages of the clam Ruditapes decussatus. The concentration of CO2 in seawater was manipulated by diffusing pure
CO2, to attain two reduced pH treatments (-0.4 and -0.7 pH units), which were compared to seawater with natural pH levels. We
found no differences among treatments in the size or weight of the clams. The natural pH treatment showed significantly larger
mortality than the acidified treatments. The peak of mortality coincided with the occurrence of sporadic spawning events, which were
not observed in the most extreme acidification treatment. This suggests that the increased survival under acidified conditions may be
associated with a delay in the reproductive cycle of the clams.
Keywords: Carbon, Bivalves, Coastal Waters, Physiology, Ph
Introduction. Anthropogenic emissions of carbon dioxide (CO2) are changing
the carbonate chemistry of seawater, causing decreases in pH and in the
saturation state of carbonate minerals, which are major components for
biological calcification. Whether and how this process of “ocean acidification”
will affect marine organisms is currently a topic of great concern. The
detrimental effects of acidic waters on bivalves have long been identified (1)
and a critical pH value (<7.0) has even been proposed in relation to marine
bivalves (2). More recent studies indicate that future CO2 concentrations,
predicted by the IPCC scenarios, can significant reduce calcification (3) and
growth (4,5) of bivalves. Other aspects of bivalve physiology previously
shown to be affected by reduced pH include acid-base regulation (4),
respiration (4) and reproductive output (6). Here we report the preliminary
findings of a 3 month-long experiment aimed at investigating the effects of
elevated pCO2 and reduced pH on the juvenile stages of the clam Ruditapes
decussatus.
Methods. The experiment started on 09/06/2009 and ended on 23/10/2009.
The rearing system was open, supplied with a continuous flow of filtered
natural seawater to minimize the interference from the metabolic wasteproducts of the organisms. Seawater chemistry was manipulated by diffusing
pure CO2, to attain two reduced pH treatments (-0.4 and -0.7 pH units),
which were compared to seawater with natural pH levels. Each level of pH
had 3 replicate tanks with clams, each stocked with 100 juvenile clams.
Temperature and salinity were not controlled, but were continuously
monitored, along with pH. Combined with measurements of total alkalinity
and dissolved oxygen, taken at regular intervals, these variables allowed the
estimation of the amount of carbonates in the seawater. The bivalves were fed
in continuous flow with an adequate mixture of microalgae. The response of
the juvenile clams was measured in terms of mortality, growth, biochemical
composition, calcification and microstructure of the shell. The physiological
response was also evaluated, in terms of feeding behaviour and metabolic
rates.
Results and Discussion. Values of pH recorded during the experiment were
maintained within the planned intervals (Mean ± SD): pH -0.7 (7.50 ± 0.12);
pH -0.4 (7.81 ± 0.06); pH CT (8.14 ± 0.09). During the first 75 days the
clams grew from 10.2 ± 2.29 mm to 12.4 ± 2.51 mm (shell-length, mean ±
SD). We found no differences among treatments in terms of the average size or
weight of the clams. After 75 days there was a significant difference in
survival between the natural pH and the two acidified treatments: pH 0.4 = pH -0.7 > pH CT (Figure 1). In contrast, the RNA/DNA condition
index revealed an opposite pattern: pH CT > pH -0.4 > pH -0.7.
Considering the reported effects of acidic seawater on bivalves, the decreased
mortality of R. decussatusjuveniles under reduced pH conditions was an
unexpected result. Some earlier studies (1,7) did not specifically addressed
increasing CO2 concentrations and other methods of acidification were used,
so their results should be interpreted with caution. The peak mortality in our
experiment occurred in the same tanks where a spawning event was observed,
just a few days before. No spawning was observed in the pH -0.7 treatment,
which suggests the increased survival in that treatment may be associated with
a delay in the reproductive development of the clams. The pattern of reduced
growth under experimental conditions of reduced pH, previously reported for
other species of bivalves (4,5), was also not apparent in our study. It is
important to note, however, that the pH reductions imposed in our
experiment, although within the range of values projected by IPCC, were not
as severe as in those previous studies. Further clarification and interpretation
of the preliminary findings reported here is expected when the full dataset is
available.

Fig. 1. Mean (+ SD; n=3) survival after 95 days for each of the 3 pH levels
considered; letters identify groups of means that are significantly different
(SNK tests, p<0.05)
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Abstract
Sediment remobilization induced by the passing of commercial tankers and cargo vessels in the Venice Lagoon, Italy was investigated
during two sampling campaigns in March and July, 2009. A suite of instruments was utilized to measure suspended sediment
concentration (SSC), water depth, and water velocity on the shoals alongside the shipping canal. SSC concentrations above 500 mg L1, much higher than the background concentration of 7 mg L -1, were recorded at 50 cm above the sediment surface for several
minutes after the passage of large ships. A threshold based on the Froude number and the size of the ship was calculated below which
large waves directly linked to large SSC events do not form, thereby preventing previously isolated contaminated sediments to be
reintroduced into the marine environment.
Keywords: Estuaries, Coastal Management, Sediment Transport, Waves
Introduction/Methods
Given their geographical orientation as a natural barrier to the open seas, coastal
lagoons provide prime locations for shipping ports. Although the shipping
industry is beneficial to the world’s economy, it is important to discuss the
possible negative impacts shipping can have on local ports, such as pollution
from ship ballast water, introduction of invasive species and sediment
resuspension and redistribution [1]. Herein, we investigate how shallow water
waves produced by ships influence suspended sediments upon extended shoals
in the Venice Lagoon, Italy. The sediments in the vicinity of the shipping
channel are contaminated and therefore we aim to ascertain which parameters
(i.e. vessel velocity, draft, width, tidal level etc.) influence the formation of
powerful waves from shipping vessels outside the channel in the Venice Lagoon,
and how much resuspension these waves produce. Among the variables that
determine the formation of large waves, only vessel velocity and the timing of
transit in relation to tidal levels can be controlled.

can help in the management practice of the lagoon.

As the vessel velocity increases and as the size of the vessel increases the
amplitude of the wave increases and therefore the probability for the formation
of a shallow-water wave increases. When the shallow water wave breaks it
generates high near-bottom current velocities (Umax; m s-1) along the sediment
surface leading to re-suspension events [2].

Fig. 2. SSC event magnitude versus the modified Schoellhamer parameter. Large
resuspension events do not occur below the threshold of 0.75.

Pressure sensor data shows the length of wave propagation along the
shoals. Though there was significant dissipation of energy with distance from
the channel, large waves are still recorded at least 1000 m onto the shoal, and are
likely to be the one of the primary cause of extensive subsurface erosion seen in
the central lagoon over the last 30 years [4].

Fig. 1. Equation 1

(1) where H is the wave height (m), T the wave period (s), h the water depth
(m) and λ the wavelength (m). The larger the Umax, the greater the amount of
resuspension will occur. Therefore, as expected, larger resuspension events will
develop in the presence of high waves. An acoustic Doppler current profiler
(ADCP) was utilized to measure SSC in the canal while two optical backscatter
sensor (OBS) arrays were placed 50 m onto the shoals alongside the canal at a
mean depth of 1.5 m. An S4 electromagnetic current meter with an internal OBS
was also placed alongside one of the OBS arrays to measure water depth and
velocity. Meanwhile a canal-normal transect of pressure sensors was spaced at
100 m intervals away from the canal to reproduce the propagation length and
shape of the shallow water waves. An automated identification system (AIS)
was used to collect vessel size, velocity and heading data.
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Results
More than 100 ships generated waves associated with SSC change as recorded
by the OBS arrays, however only 10 waves were sufficiently large and steep to
cause extensive resuspension events. An extensive SSC event was considered to
be one in which the change in SSC was over 300 mg L -1 and in which the
sediment remained in suspension longer than 6 minutes. Schoellhamer relates the
product of the Froude number and the size of the ship to wave height [3]. Using
a modified version of the Schoellhamer relationship including the water level on
the shoals, we are able to determine a critical threshold of these parameters
below which the shallow water waves will not attain the height or steepness
necessary to create large SSC events (Figure 1). The knowledge of this threshold
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SPATIAL DISTRIBUTION OF ZOOPLANKTON DURING SUMMER IN THE NORTH COAST OF SFAX
(EASTERN MEDITERRANEAN SEA, TUNISIA)
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Abstract
Copepods were the most abundant zooplankton on the North coast of Sfax, contributing to 61.29% of the total zooplankton. A total of
12 copepods families were identified in all stations, with an overwhelming abundance of Oithonidae (76.70% of copepod abundance),
which were characterized by neritic r-strategy-type species dominated by Oithona nana (55.85% of the total copepod abundance).
Keywords: Zooplankton , Coastal Management, Copepoda
Introduction
The North Coast of Sfax is one of the main ports in the Gulf of Gabes. The
coast has rich aquatic resources contributing about 65% of the national fish
production in Tunisia [1]. Several findings have provided evidence that
zooplankton such as copepods make a major contribution to optimal growth
and fish survival. The distribution of copepod assemblages in Tunisian coastal
waters has been studied in the Bay of Tunis [2], in the Tunis North Lagoon [3]
and in the Gulf of Gabes [4].

other zooplankton contributed only a small proportion of the total zooplankton
(38.71%).
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Materials and methods
2.1. Sampling
Sampling was carried out in July 2007. Samples were collected from forty five
stations located between 0.5 and 4.5 m along the North Coast of Sfax.
2.2. Biological parameters
Zooplankton was sampled by a cylindro-conical net. Zooplankton samples
were preserved in 4% borax buffered formaldehyde solution. They were stored
with pink Bengal to improve their identification and also to facilitate dissection
of copepods. The enumeration was performed under a vertically mounted deepfocus dissecting microscope (Olympus TL 2).
2.3. Statistical analysis
The potential relationships between variables were tested by Pearson’s
correlation coefficient.
Results and discussion
Zooplankton assemblages in the North Coast of Sfax were dominated by
copepods with a total of 21 species, accounting for 61.29% of the total
zooplankton abundance (Fig. 1A). The spatial distribution of total zooplankton
illustrates a high copepod density (61.39 × 104 individuals m-3) in station 13
associated with Oithonidae aggregations. We observed great numbers of nauplii
ranged between 0 and 38.86 x 104 individuals. m-3. Copepodid stage ranged
from 0 to 15.89 × 104 individuals m-3 and adult stage varied between 0 and 105
individuals m-3. Cyclopoids contributed the largest fraction (76.70%) followed
by harpacticoids (11.91%) calanoids (11.10%) and Poecilostomatoids (0.29%)
(Fig. 1C).

Fig. 1. Relative contribution of zooplankton abundance (A), copepods
demographic class abundance (B) and copepods groups’ abundance (C) in
sampled stations.

A total of 12 copepod families were found in all stations, Oithonidae dominating
the total abundance of copepods (76.70%), among which Oithona nana was the
most abundant species representing 55.85% of the total copepod abundance.
Species translated into a highly significant correlation between copepod and
Oithona nana abundances (r = 0.712, n = 45, p < 0.05) and between total
zooplankton and Oithona nana abundances (r = 0.604, n = 45, p < 0.05). The
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ASSESSMENT OF AN OPERATIONAL SYSTEM FOR FORECASTING HYPOXIC EVENTS IN THE EMILIAROMAGNA COASTAL AREA (NORTHERN ADRIATIC SEA)
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Abstract
Hypoxic/anoxic events affect quite frequently the northern Adriatic Sea during the warm season, especially the Po delta and the
Emilia-Romagna coastal areas of south of it. Such events derive from a combination of physical, chemical and biological processes. A
hydrodynamic model with a biogeochemical flux module has been producing daily 72 -hour forecasts of the northern Adriatic area
since June 2007. Available data have been compared to model forecasts. Computed statistics demonstrated a good model skill in
forecasting hydrodynamics of the area, while skill in forecasting dissolved oxygen resulted much lower; the latter has been improved
by correcting the forecast for the mean bias computed using buoy measurements of the previous 7 days.
Keywords: Adriatic Sea, Coastal Models, Anoxia, Oxygen, Coastal Waters
Anoxic and hypoxic events are observed quite frequently in the northern
Adriatic Sea during the period from late spring until autumn, especially in the
Po delta and the Emilia-Romagna coastal areas south of it [1]. Anoxic events
are observed also in the Gulf of Trieste and, rarely, in the much wider area
between the Po delta and the Istrian Peninsula. Such events negatively affect
environmental conditions, fisheries, tourism of the area. In the northern
Adriatic Sea, some key factors for development of hypoxic conditions are
related to river runoff (influencing phytoplankton bloom, stratification of the
water column, light penetration) and coastal inputs, hydrodynamics,
atmospheric conditions, reactivity of the seafloor.

The forecasting system is based on a 3-D hydrodynamic model, the Regional
Ocean Modeling System (ROMS; [2]) integrated with the Fennel (a Fashamlike) biogeochemical fluxes module (which includes dissolved oxygen and
carbon dynamics). The model grid covers the whole Adriatic Sea with an
horizontal resolution of 2 km and 20 s-levels [2] in vertical. The fluxes of heat,
water and momentum through the air-sea interface are interactively computed
(using the ROMS SST ) from the COSMO-I7 operational atmospheric model
forecasts, managed by the Hydro-Meteo-Clima Service of the Emilia-Romagna
Region (ARPA-SIMC) in the framework of the Limited Area Model Italy
(LAMI) agreement. Real time Po river runoff is considered by the model as a
source of both freshwater and nutrients, while climatologic values are used for
other rivers (as real time data are presently not available). Nutrient inputs
from Emilia-Romagna coast, particularly relevant during the summer season,
are simulated with 13 additional point sources. From June 2007 the system is
being producing every day the forecast for the next 72 hours (according to the
present time span of COSMO-I7 forecast); the current ROMS forecast is
initialized by a restart file produced by the ROMS run of the day before.
Forecasts produced by the model are compared to several kind of data:
temperature, salinity, dissolved oxygen time series measured by moored
buoys (E1 in particular); sea level time series measured by coastal tide gauges;
vertical profiles of temperature, salinity and dissolved oxygen acquired during
oceanographic surveys and regular monitoring; sea surface temperature and
chlorophyll measured by satellite. Statistics have been computed in order to
assess the forecasting skill. It results that temperature and salinity forecast are
being maintaining for over two years of integration a good correlation with
measured data and a quite low Root Mean Square Error (rmse), with any data
assimilation or insertion in the model. Performance of dissolved oxygen
forecast is worst, with a lower correlation and a higher rmse, but most of the
rmse derives from a mean bias. This should be mostly due to processes
unresolved by the biogeochemical module, like benthic respiration. Work is in
progress aiming to improve the system, also by including in the model
simplified benthic processes; meanwhile dissolved oxygen forecasts in the
Rimini area show a good performance by removing the mean bias computed
from the data measured by E1 buoy during the 7 days preceding the new
forecast.
To our knowledge, this is the first operational system able to produce shortterm forecast of hypoxic/anoxic events in a Mediterranean Sea area.

Fig. 1. Map of the study area with the E1 buoy position and the main
bathymetric lines; the insert show the wider northern Adriatic area.

The European LIFE project EMMA (contract LIFE04/ENV/IT 000479) was
devoted to define an observing-forecasting system, plus a Decision Supporting
System relying on the information provided by the latter, in order to help local
authorities in the management of such events. The project focused on the
Rimini area (fig. 1), where the meteo-oceanographic buoy E1 has been
deployed and it is being transmitting near real time data since August 2006
(data are showed online at http://e1.bo.ismar.cnr.it). The observing system
was complemented by regular monitoring of "Daphne II" vessel of ARPA SO
Daphne along the Emilia-Romagna coastal area. Additional, non-periodic
cruises were being held with R/V Dallaporta and R/V Urania in order to assure
the buoy maintenance and to provide in-situ data in a wider area (also for
model initialization).
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SELECTION OF THE PRIORITY AREAS ON THE WEST COASTS OF MERSIN USING GIS TO ASSESS A
MARINE CONSERVATION PLANNING
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Abstract
The subject of this study is selection of priority areas for marine conservation planning along western coasts of Mersin, by
incorporating biological and socioeconomic data through geographical information system (GIS). The geographical borders of the study
area were determined by the data availability from previous surveys, which were designed to investigate Mediterranean Monk seal
habitats and populations. Consequently a reserve system composed of three segments were found to be the best selection where the
patches were located at west of Anamur (Mellec), surroundings of Kizilliman and Between Akkuyu and Ovacik. Along with the
recommendation of priority areas for conservation, the methodology used in this study was recommended for further studies in
selection of areas for protection.
Keywords: Conservation, Coastal Waters, Levantine Basin
As the important fish stocks continue to decline the need of improving
protection and management of marine areas is becoming more evident and marine
protected areas are viewed as important tools (Côté and Finney, 2006). The
coast of Turkey holds considerable marine biodiversity and marine resources.
On all along the Turkish coasts many critical habitats are sheltering endangered
species and commercially important species. Despite the more
noticeable efforts for the protection of the marine environment within last years,
increasing exploitation of coastal regions and degradation of marine resources are
emerging as important environmental threats in Turkey. Nevertheless there is
still important difficulties in creating the MPAs due to the interference of
different institutions in decision making and enforcement of the regulations
(Okumus,2002) and lack of methodology for assessment of the coastal areas for
producing conservation plans and zonation. The core issue of this study is to
generate a methodology on measuring, mapping and analyzing of available
marine biodiversity data and surrogates in the study area including the
perturbation sources and socioeconomic conflicts, for selection of new priority
areas and optimization of the borders of the present protected area.
Incorporating all the available information through GIS and prioritization of the
sites is the main objectives of this research.
The base data used for this study were derived from field surveys carried out on
the coastal area, between Bozyazi and Ovacik. Taking into consideration of the
supplementary data, the study was extended the area between Mellec and
Bogsak which constitutes a 181km coastline at west of Mersin. The offshore
extent of the study area was defined by the trawl data availability, which is
limited within 2 nautical mile distance from coastline.
The fish assemblage of shallow coastal area within depth of 0-10m was assessed
by visual census survey, covering the whole area where the stations distributed
in near equal longitudinal distance. Assemblage of the demersal species of deeper
waters (10-100m) was assessed by trawl sampling. Considering the difficulty of
measuring whole biodiversity of the area, surrogates were used to represent
biodiversity. Surrogates were coastal habitat types, endangered species habitats
and some certain fish species data derived from trawl and visual census data
sets. Socioeconomic information was also collected during the surveys which
were combined with the information extracted from Google Earth satellite
images later on. All the obtained data was combined under a geo-database and
mapped using GIS. After creation of the data layers Marxan was employed for
site selection. Marxan is software designed for selection of the areas for creating
marine reserves. With Marxan, it is possible to include socioeconomic
information and optimize borders of the reserve system to provide
compactness. The strength of the software is the simulated annealing algorithm
by which Marxan finds optimal solutions. Several different tests were applied
to find suitable values for settings of the software. Afterwards 8 different
scenarios were created by changing the representation targets for each
conservation feature. Finally a set of different sized but similarly located reserve
systems were defined.
Consideration of multiple factors including cost, socioeconomic environment of
the area is required along with the ecological factors. The biggest problem is to
find an optimal solution that provides the best balance of biodiversity and
socioeconomic concerns. The Kizilliman Marine Protected Area is designated to
restore the marine ecosystem deteriorated by excess fishing pressure. Since the
ultimate goal of this work is to optimize the conservation measures in the MPA
analysis have basically focused on the fish communities and use it as a tool for
supporting conservation site prioritization. Moreover considering the
insufficiency of fish data for site prioritization, supplementary information such
as critical habitats and coastline structure were used. As being one of the basic
components of the decision making process the socioeconomic structure of the

area was also assessed and incorporated in the analysis.
The framework was constructed to place two predefined critical zones at core of
reserve system, which are most effective whelping sites of the Mediterranean
monk seals in Turkish seas. With the aid of GIS and Marxan this aim was
achieved by including the rest of the available biologic and socioeconomic
information where the size and borders were optimized. Additionally a new
zone located at neighborhoods of Akkuyu and Ovacik was identified as priority
area. Finally two kinds of results were generated: best solution and
irreplaceability. While decision of locating the protected areas was accomplished
by best solutions, the irreplaceability values were essential for classifying the
importance of the zonation and identifying the hotspots.

Fig. 1. Best scenario with irrepleacebility values
Consequently a reserve system was selected consisting of three regions. The
regions were located at Anamur, Bozyazi and Ovacik. Moreover Akkuyu region
where the nuclear power plant construction is on focus , found to be located in
one of the core area of the reserve system assessed by this study. This result
shows that a need for reassessment for the location of power plant need to be
done, considering the possible negative effects of the nuclear power plants, over
ecosystems.
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REPARTITION DES POLYPLACOPHORES DANS LE LAC NORD DE TUNIS ET CARACTERISATION
MORPHOMETRIQUE DE L'ESPECE DOMINANTE LEPIDOCHITONA CAPREARUM (SCACCHI, 1836)
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Abstract
Cette première étude écobiologique sur les Polyplacophores de Tunisie met en évidence la présence de trois espèces sur le substrat
rocheux de la digue centrale du lac Nord de Tunis après son aménagement en 1988. L’analyse en composantes principales des
paramètres métriques de l’espèce dominante L.caprearum révèle l’existence de deux groupes d’individus. Cette ségrégation reflète
l’influence des paramètres abiotiques, en particulier des teneurs en sels nutritifs, sur la morphologie de ces Mollusques.
Keywords: Mollusca, Rocky Shores, Lagoons, Growth
Introduction
Les Polyplacophores présentent une large répartition en Méditerranée [1]
mais n’ont pas fait l’objet d’études en Tunisie. Ce travail est une contribution
à la connaissance de leur écologie en particulier au niveau de la digue centrale
du lac où leur abondance a augmenté après l’amélioration des conditions
hydrodynamiques de ce milieu lagunaire.

montre deux nuages de points (Fig. 2).

Matériel et méthodes
L’étude a été réalisée entre octobre 2007 et juillet 2008. Six aires, d’une
profondeur maximale de 50 cm, ont été sélectionnées sur la digue. Les aires
A1, A2, A3 sont situées sur la frange côtière Nord et sont soumises aux
apports d’eau de mer alors que A4, A5, A6 sont situées au sud et sont
représentatives d’un milieu lagunaire dont les eaux, sortantes vers la mer, sont
chargées en sels nutritifs. Des prélèvements mensuels, dans chacune des aires,
de l’espèce dominante L. caprearum ont permis de réaliser une étude
morphométrique dont le but est d’identifier l’influence des paramètres du
milieu sur la distribution et les caractéristiques morphologiques de l’espèce.
Résultats et discussion
Sur les trois espèces identifiées Lepidochitona caprearum, Lepidochitona
cinerea et Chiton olivaceus, L. caprearum est la plus représentée en terme
d’abondance à l’intérieur de chacune des aires. La répartition de ces espèces
sur la digue centrale du lac montre que L. caprearum est présente dans
l’ensemble des sites prospectés à l’exception de la 4e aire (Fig. 1).

Fig. 2. Représentation graphique des différents échantillons de Lepidochitona
caprearum sur les deux premiers axes de l’ACP des paramètres métriques

Le premier super groupe met en évidence une forte agrégation entre les
différents spécimens des aires 1, 2, 3 et 6. Le nuage de points de la 5e aire est
indépendant de ces échantillons. La largeur et l’épaisseur sont les variables les
plus discriminantes dans la séparation de ces deux groupes. L’aire 5 est
caractérisée par une charge trophique supplémentaire liée à la présence de
pêcheries d’anguilles. Baxter et Jones [4] ont souligné le rôle de la charge
trophique, en particulier sur les Polyplacophores. D’autres facteurs physicochimiques peuvent expliquer par ailleurs les variations observées et confirment
cette influence déjà bien mise en évidence par Boolootain [5]. Les individus
présentent en effet une croissance optimale dans l’aire 5.
Conclusion
L’étude des Polyplacophores dans le lac Nord a mis en évidence les limites de
tolérance de ces espèces vis-à-vis des conditions abiotiques ainsi que
l’influence des facteurs trophiques dans la croissance morphométrique de L.
caprearum de l’aire 5.
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Fig. 1. Répartition des espèces recensées dans les différentes aires d’études sur
les deux premiers axes de l’analyse en composantes principales (ACP)

En effet, au niveau de l’aire 4, les valeurs moyennes de la matière en
suspension (30,3 ± 9,81 mg/l) et du phosphore total (35, 65 ± 7,87 µg/l) sont
les plus élevées et celle de l’O2 (8,54 ± 5,5 mg/l) est la plus faible. Ces
résultats confirment l’influence de la turbidité sur la répartition des
Polyplacophores, mise en évidence par Zavodnik et al. [2]. L. cinerea est
l’espèce la mieux repartie sur l’ensemble des aires étudiées. Chiton olivaceus
est au contraire une espèce à affinité marine, présente seulement dans l’aire 1.
La répartition de ces espèces, obéit, comme toute espèce lagunaire [3], à
l’influence de la salinité, de la profondeur et du degré de confinement. L’ACP
des données relatives à la longueur antéro-postérieure, à la largeur et à
l’épaisseur et, portant sur un effectif total de 652 individus de L.caprearum,
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Abstract
The feeding preferences of 823 juvenile fishes belonging to five species of the Mugilidae family from Strymonikos Gulf estuarine
systems were analyzed. A similar feeding strategy pattern was found for all species, except M. cephalus, which had one dominant
food category.
Keywords: Diet, Estuaries, Fishes
Strymonikos Gulf is one of the richest fishing grounds in North Aegean Sea. The
fish biodiversity observed in Strymonikos estuaries is among the highest
recorded in the Mediterranean Sea [1]. Many studies have been conducted
concerning fish fauna [1] and other aspects of the area [e.g. 2]. This is the first
study of feeding habits of Mugilidae species in the Greek area.
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Materials & Methods
Samplings were carried out, using a bag seine net (12 m length, 3 mm bar mesh
size), on a monthly basis from September 1997 to May 1999, in two sampling
stations in each estuarine system of Strymonikos Gulf (Rihios and Strymon).
Stomach content was analyzed using the percentage volumetric composition and
the percentage of frequency of occurrence of each food category [3]. The
vacuity index was also estimated for each species as VI% = (number of empty
stomachs) / (total number of stomachs examined) *100. To determine the
feeding strategy of the species the modified Costello graphical method [4] was
used. Analysis of covariance (ANCOVA) was performed to compare the
volume of gut content among sampling sites and seasons.
Results & Discussion
A total of 823 specimens (Total Length: 14–130 mm) belonging to species
Chelon labrosus, Liza aurata, L. ramada, L. saliens and Mugil cephalus were
examined for their diet composition. The total vacuity index was 28.19%. L.
aurata had the lowest vacuity index (18.15%) and M. cephalus the greatest
(41.21%). The main food categories that were found in volume contribution of
individual species diet included: phytoplankton (33%), amphipods (26%) and
detritus (19%) for C. labrosus, mysids (40%), copepods (17%) and amphipods
(16%) for L. aurata, phytoplankton (28%) and aquatic vegetation (20%) for L.
ramada, phytoplankton (39%) and amphipods (31%) for L.saliens and
phytoplankton (88%) for M. cephalus. A similar feeding strategy pattern, with
varying degree of specialization, was followed by all species, except M.
cephalus, which had one dominant food category (phytoplankton) (Fig. 1).

Fig. 1. Relationship among prey specific abundance (Pi%) and frequency of
occurrence (FO) of food categories of Mugilidae species. Plots based on the
modified Costello method [4]. (amp: amphipoda, cop: copepods, mys: mysids,
anim: other animals, ins: unidentified insects, clad: cladocerans, det: detritus,
chir: chironomids, phyt: phytoplankton, veg: aquatic vegetation, pol:
polychaets, worm: other worms, dec: decapods, chaob: chaobors, cir: cirripedia).
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RUN-UP ALONG EMBAYED BEACHES DURING STORMS (BARCELONA, NW MEDITERRANEAN)
Amanda Sancho garcía 1* and Jorge Guillén 1
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Abstract
In this study, we analyze the displacement of the waterline associated to the run-up produced during storms at three beaches of
Barcelona city. Video images measurements of the run-up were carried out during the most energetic storms between 2001 and
2008. Wave run-up observations are then compared with a run-up related parameter, which takes into account wave characteristics
and beach foreshore slope, in order to obtain an equation that can be used to predict the run-up along these beaches.
Keywords: Beach, Shoreline Evolution
A significant portion of the population lives in coastal areas that are exposed to
different hazards such as flooding and coastal erosion. Flooding at the emerged
beach during storm conditions is very common in Mediterranean coasts. In
Barcelona beaches (NW Mediterranean) these events produce important
damages in the coastal structures (i.e. promenade, showers, etc). In this study,
three Barcelona beaches have been studied: La Barceloneta, Somorrostro and
Nova Icaria (Fig. 1). These are artificial embayed beaches with steep slopes, and
are protected with coastal structures. In order to quantify the run-up, the effect
of the most energetic storms on theses beaches was evaluated from 2001 to
2008. In total, fifteen storm events were analyzed, all with Hs higher than 3 m
during the peak of the storm.
Fig. 2. Picture of La Barceloneta beach on 25th December 2008. The line shows
the waterline position at the peak of the storm (27/12/2008). Coordinates are
given in metres measured from a local zero

In conclusion, video-monitoring provides detailed information of run-up during
storm events. This data can be used to improve the predictive character of the
general run-up equations and give useful information for coastal management.
Acknowledgments : This work was funded by the Spanish Ministry of Science
and Technology within the SEDMET project (CTM2006-06919). The first
author is supported by a JAE-predoc scholarship from the CSIC. Video images
were provided by the Coastal Ocean Observatory (ICM-CSIC).
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Fig. 1. Localization of Somorrostro, La Barcelona and Nova Icaria beaches(NW
Mediterranean)

For each storm event, the hourly waterline position of each beach was obtained
from the 10-minute time exposure images by means of an Argus video system
[1]. The video system is located atop a building close to the Olympic Marina at
a height of around 142 m, and it is composed of five cameras pointing at the
beaches and offering a 180° view of the coast (images available at:
http://elb.cmima.csic.es). A reference waterline was defined for each beach and
storm as the result of the averaged position from all available waterlines of each
storm event. The horizontal component of the run-up was obtained using lines
perpendicular to this reference waterline. The results show values of the
maximum about 50 m in emerged beach area of La Barceloneta (Fig. 2), 30 m in
Somorrostro and 40 m in Nova Icaria are flooded during storms. However
flooding is not homogeneous along the beach.
In order to obtain a predictive tool for the run-up in Barcelona beaches, the
observed displacement of the waterline at each profile along the beach during the
storm (D), was related with a runup-related parameter (F), which includes wave
characteristics (significant wave height, Hs, and wave length, Lo), mean sea level
(MSL) and beach foreshore slope (tanβ) and represents the horizontal
component of the run-up as:
In general, a significant correlation was found between both parameters. The fit
is better in Somorrostro (best fit, R2 = 0.50), than in La Barceloneta (best fit, R2
= 0.40) and Nova Icaria (best fit, R2 = 0.27).
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MEDITERRANEAN MARINE AND COASTAL ECOSYSTEMS: AN ECONOMIC VALUATION
Didier Sauzade 2*, Anaï Mangos 2 and Jean-pascal Bassino 1
1 University Montpellier III
2 Plan Bleu - dsauzade@planbleu.org
Abstract
This study proposes a first exploration at the scale of the 22 Mediterranean countries of the economic value of sustainable benefits to
society provided yearly by marine and coastal ecosystems. The methodology is adapted from the System for Environmental and
Economic Accounting of the United Nations. Using available data at national and regional level, total benefits for all the riparian
countries are estimated at 29.4 billion €, i.e. 15% of Greek Gross National Income (GNI), or 130 % of Tunisian GNI.
Keywords: Coastal Management, Economic valuation, Ecosystem services, Eastern Mediterranean, Western Mediterranean
Blue Plan (UNEP/MAP), whose mission is to inform stakeholders for
sustainable development in the 22 Mediterranean countries, has been entrusted
to assess the economic value of benefits provided by Mediterranean marine
and coastal ecosystems. The objectives are to enhance awareness of these
benefits to society and offer policy makers a common metric for better
management [1].

i.e. 15% of Greek GNI or 130% of Tunisian GNI. A focus has been made on
two countries, Greece and Tunisia, giving respectively 3,2 and 0,6 billion € or
2% and 3% of their GNI.
Discussion and conclusion
Results of this exploratory study show that the restriction to sustainable uses
of ecosystem services leads to underestimation of benefits. Full application of
the SEEA framework to marine and coastal ecosystems would require an
extensive data base not presently available. Future extension of the work may
concern coverage to additional sectors such as marine transportation or sand
extraction. Benefits provided by remarkable ecosystems like Posidonia
meadows could be also investigated, beyond the coastal protection service.

Materiel and methods
Benefits provided by ecosystems to people are obtained from ecological
services (Tab. 1), following a widely accepted classification. The economic
valuation method used is adapted from SEEA [3] and is restricted to
sustainable and direct benefits (e.g. fishing excluding over fishing and seafood
processing). Estimation of benefits is based on computable substitutes, or
proxy values (see Tab. 2) computed for the reference year 2005 using available
ecosystem characteristics and national or regional level data extracted from
various public databases (Fishstat, Labor-stat, UNdata, AQUASTAT,
Eurostat…) such as fish catches, value added (VA), labor force... Various value
transfer methods had been used when necessary. All calculations are available.

Tab. 2. Estimated values of the benefits provided by Mediterranean marine and
coastal ecosystems

Tab. 1. List of the estimated benefits, adapted from [2]

References
1 - CIESM., 2008. Economic valuation of natural coastal and marine
ecosystems, Workshop Monographs n°37, Bodrum (Turkey), 22 - 25 October
2008, 112 p.
2 - Beaumont, N.J., et al., 2007. Identification, definition and quantification of
goods and services provided by marine biodiversity: Implications for the
ecosystem approach, Marine Pollution Bulletin, 54, 253–265.
3 - United Nations., 2003. Handbook of National Accounting: Integrated
Environmental and Economic Accounting.
4 - CGPM, 2008, General Fisheries Commission for the Mediterranean, report
of the eleventh session of the Scientific Advisory Committee, Marrakech,
Morocco, December 2008.
5 - Huertas, I.E. et al, 2009., Anthropogenic and natural CO2 exchange through
the Strait of Gibraltar, Biogeosciences Discuss., 6, 1021–1067.
6 - Mariotti A. & al., 2001, The Hydrological Cycle in the Mediterranean
Region and Implications for the Water Budget of the Mediterranean Sea,
Journal of climate,15.
7 - Margat, J., Plan Bleu., 2008. L’eau des Méditerranéens: situation et
perspectives. France. L’Harmattan.
8 - Bouhia, H., 2001. Water in the Macro Economy, Integrating economics and
engineering into an analytical model, Ashgate Publishing Limited, Burlington
USA, pp 35-52 and 90-94.

In short, the resource rent of fisheries and aquaculture was estimated on the
sector VA, overfishing and other non sustainable practices being expressed by
an overall coefficient valued to 80% derived from [4]. Resource rent for
tourism, hotels, restaurants and real estate was evaluated at 5% of their VA in
coastal areas through a multiple regression analysis of the coastal attractive
effect computed on NUTS-3 Eurostat data. Erosion protection was appraised
on the basis of the avoided coastal protection expenditures for approximately
1000 km of coast length, this figure being derived from available data on coastal
erosion, protections in place, and presence of Posidonia meadows. Global
climate regulation was estimated from recent data on the amount of
anthropogenic CO2 sequestrated by the Mediterranean sea [5] and the average
value of the carbon market. Value of the rainfall water evaporated from the
Mediterranean Sea was estimated on the basis of quantities derived from [6],
[7] and a shadow price for the agricultural water in Morocco given by [8].
Sustainability constraint was specially constraining for the estimation of the
waste treatment, the benefit of which was valued considering the consumption
of domestic water and the amount of a pollution compensation fee deducted in
a real French situation considered as sustainable.
Results
Main results are summarized in table 2, giving a total amount of 29,4 billion €,
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ASSESSMENT OF CHEMICAL CONTAMINATION OF MALTA AND LAMPEDUSA COASTAL WATERS BY
MEANS OF ACTIVE MUSSEL WATCH
A. Scarpato 1*, G. Romanelli 1, E. Azzurro 1, M. Amici 1, V. Perini 1, A. Cozzolino 1, F. Novelli 1, R. Di mento 1, R. Parravano 1, P.
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Abstract
In the frame of Italia-Malta community initiative program (the ‘MonItaMal’ project), the active mussel watch was used to evaluate
the chemical contamination of Malta, Lampedusa and Linosa coastal waters. This study was carried out during 2006-2007 together
with analysis of sediments. The concentration of heavy metals, TBT, PHs, DDTs,PCBs, and pesticides was assessed, providing a
snapshot of the contamination levels in the Sicily channel.
Keywords: Bivalves, Chemical Analysis, Monitoring
Introduction
The mussel watch methodology is a widely used technique to monitor the
levels of a large array of contaminants and biochemical parameters in marine
coastal waters [1]. It is based on the ability of the mussels to concentrate
chemical contaminants in their tissues in relation to their presence in the
environment. Monitoring the quality of the coastal marine environment is an
action recommended by the European Union, together with the preservation
of habitats and their biodiversity. Malta and Lampedusa belong to different
countries, but these two islands are located in the same geographical sector,
the Sicily channel, and the adoption of common methodologies for
environmental control is strongly advised by the UE.
Materials and methods
During 2006-2007, according with a standardized mussel watch protocol, a
total of 43 mussel cages were deployed in 11 locations subjected to a different
anthropogenic impact. In Malta, the mussel locations were in proximity of the
marine protected area of Gnejna, close to sewage outfalls of Cumnija and
Xghajra; in Lampedusa, locations were in proximity of the main harbor and
within the protected area (A zone); in Linosa, an island characterized by a
minimum anthropogenic pressure, 2 locations were considered (Fig.1).
Sediments and water samples were analyzed in order to fully characterize the
study areas. Analyses ofPAHs (16 EPA), PCBs (10 congeners), OC
pesticides (pp’-DDT and its metabolites, HCHs, HCB, Aldrin, Dieldrin),
heavy metals (Hg, Cd, Pb, Cu, Zn), TBT on mussel and sediment were
realized by means of standardized laboratory methods.
Results and Discussion
Mussel cages recovery was of 70%. Results of heavy metals analysis were
generally comparable between the three island, with no significant differences
between Lampedusa Malta and Linosa. However, high levels of contaminants
were found in correspondence of Xghajra (Malta), were metals, especially Hg,
Pb e CU, had higher concentrations (up to ten times higher) with respect
to background levels [1].
Mean TBT levels resulted of 2.53ng Sn/g w.w. In Malta, 0.43ng Sn/g w.w. at
Lampedusa whilst in Linosa these compounds were not detected. Their
degradation products (DBT e MBT) resulted to be significantly higher in
Malta than in Lampedusa and Linosa.
PCB and pesticide contamination appeared to be low in both islands with
levels comparable to the ones of Linosa. The maximum concentration of PCBs
was of 30 ng/g d.w..
As for DDTs, the metabolites DDD and DDE were the main components. On
the whole, the mean DDTs levels of Malta and Lampedusa (the maximum
value was of 13-14 ng/g d.w. on both islands) confirmed those obtained from
other mussel watch projects that used the same methodology in the same
study area [1]. Nevertheless in correspondence of Xghajra, concentrations of 8
ng/g d.w. were detected. Similar levels of DDTs are known for highly polluted
areas such as Naples, Barcelona and Marseille (Scarpato, unpublished data).
Sediment analyses confirmed the mussel watch results, with the area of
Xghajra presenting the highest values for metals (especially Hg and Cu), TBT
and related degradation products (DBT and MBT).

Fig. 1. Sampling stations
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EFFECTS OF THE LOSS OF PARAMURICEA CLAVATA (RISSO, 1826) FORESTS ON CORALLIGENOUS
ASSEMBLAGES
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Abstract
Arborescent benthic species, both algal and animal, define the architecture and functional ecology of certain “forest” structures. Such
ecosystem engineers (foundation) species are declining throughout the world due to anthropic activities and/or global warming, leading
to introductions and outbreaks of pests and pathogens. The case study of Paramuricea clavata here reported shows how the loss of
the biggest foundation species of coralligenous assemblages may compromise the accretion processes of coralligenous reducing the
presence of some calcifying species such as coralline algae and bryozoans.
Keywords: Biodiversity, Global Change, Mortality
Introduction
During recent years climate warming and thermal anomalies are negatively
affecting the survivor of marine benthic species, resulting in diseases and
pathogens spreading, whose effects, always sudden and dramatic, lead to
reductions in biomass of several filter feeders, sponges and gorgonians ([1],
[2]). Considering gorgonians as engineering species able to shape the
architecture and increase the complexity or influence the biogeochemistry of
habitats, it is evident that a decrease in the population negatively affects
habitat heterogeneity and biodiversity [3]. Here we investigate the effects of
the loss of P. clavata colonies on coralligenous accretions focusing mainly on
coralline algae and bryozoans.
Method
Six plastic panels 15x10 cm2 size were positioned inside and outside a
gorgonian forest on the Portofino Promontory cliff (Ligurian Sea, Italy) to
evidence possible effects of sea fans on the dynamics of colonization of a
substratum. After the collection of the panels, four months after positioning
(from May to September 2009), they were dry preserved and analysed at the
stereomicroscope by a grid with a mesh of 1cm2. Data were arc-sin
transformed and analysed with Cochran’s Test, ANOVA and SNK Test.
Results
Regarding coralline algae, four different morphotypes of newly settled
Corallina species and three of Peyssonelia have been separated (Fig.1). Algae
showed different frequencies in panels inside and outside gorgonians
populations (20.3±2.8 and 18.2±2.4 inside and outside respectively)
(ANOVA, P=0.0041) and the unique morphotype that presented differences
in frequencies between inside and outside is the one we call Corallina sp. 2
(SNK, P<0.01), more abundant inside (15.1±5.3 and 1.6±0.9 respectivaly) ,
while the other species showed similar frequencies. Regarding Bryozoa, inside
gorgonian forest seven species of Bryozoa have been found, three of them
exclusively inside (Fig.2). The Shannon diversity index underlines a major
diversity in species inside the gorgonian forests (2.9±0.1 and 2.7± 0.04 inside
and outside respectively) (One-way ANOVA, P=0.02).

Fig. 2. Different species of bryozoans observed inside and outside of the
Gorgonian forest

Discussion
The loss of foundation species changes the local abiotic and biotic
environment on which a variety of other species depend [3]. One of the most
dramatic example in the Mediterranean Sea is the rapid loss of sponge gardens
and gorgonian forests [1]. The decrease of P. clavata colonies from
coralligenous accretions will lead to a shift from a dim-light environment
(optimal for some Corallinales) to a light exposed one. The negative effect we
noticed towards some bryozoans may be also due to the reduction of a sort of
physical protection played by sea-fans on rigid colonies. The studied area
host high touristic fluxes of scuba divers, whose activities can have an impact
on some sessile species.
These dynamics are rapidly changing shallow (0-40 m) coastal habitats
seascapes, with unpredictable effects on marine trophic webs.
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Fig. 1. Different Corallina and Peyssonelia unidentified species inside
and outside the gorgonian forest
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COMMUNAUTÉ ACTUELLE DE CRABES (BRACHYURA, DECAPODA, CRUSTACEA, ARTROPODEA) DE LA
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Abstract
Nous avons réalisé des prospections durant la période s’étendant de mois de juillet à novembre 2009 au niveau de la lagune de Bizerte
visant les crabes présents. Ainsi, ces compagnes ont révélé la présence d'Eucrate crenata et son installation définitive dans cette
lagune. Ces mêmes prospections révèle la présence des espèces Parthenope angulifrons et Xantho poressa, au coté la persistance
des quatre autres espèces classiques de ce milieu à savoir; Carcinus aestuarii, Pilumnus hirtellus, Maja squinado et Ilia nucleus.
Enfin, on signale la présence du crabe de roche Pachygrapsus marmoratus au niveau du canal de Bizerte et de son goulet, sa
présence lagunaire reste très probable.
Keywords: Decapoda, Crustacea, Lagoons, Zoobenthos, Gulf Of Gabes
Introduction
La lagune de Bizerte est directement reliée à la mer méditerranéenne via le canal
de Bizerte, ce qui lui doit ses caractéristiques biotiques et abiotiques plus
proche du milieu marin que le milieu lacustre ; Elle est constamment soumise
aux différents flux hydro-biologiques. Ainsi, ce milieu connaît depuis
longtemps des flux d’échanges d’espèces animales et végétales, qui sont
accélérés par les bouleversements hydrologiques (mise en place de plusieurs
ouvres et barrages sur les affluents de la lagune) et surtout par le trafic
maritime caractérisant le canal de Bizerte, son port commercial ainsi que la
lagune où séjourne à longueur de l’année les navires de toutes les provenances
attendant leur tour pour des travaux de carénage et de réparation, au niveau de
la rive Sud-Ouest de la lagune.
Matériel et méthode
Au cours de cette étude, nous avons pu capturé les différentes espèces de
crabes, au moyen de filets trémails conventionnelles, dont les mailles sont de
26mm/80mm/26mm. Les filets ont été mises à l’eau pendant 24h00, avant de
les tirer à bord de l’embarcation et de repêchés les différentes espèces de
crabes. Ainsi, nous avons réalisé des points de pêche de façon à couvrir le
maximum de la superficie de la lagune et durant la période s’étendant de juillet
à novembre 2009. Enfin, nous avons été aidés par les témoignages des
pêcheurs locaux, en ce qui concerne ’existence l et l’apparition des espèces de
décapodes recensées. Résultats des prospections Cette investigation ciblant
la communauté de crabes dans la lagune de Bizerte nous a permis de confirmer
la présence des espèces suivantes; Carcinus aestuarii (Nardo, 1847); C’est
l’une des espèces littorale et sublittorale de crabes les plus caractéristiques de
la méditerranée et en particulier les lagunes saumâtres tel la lagune de Bizerte.
L'abondance de ce crabe dans les eaux littorales peu profondes peut être
considérée comme indicatrice de pollution [3]. Ainsi, cette espèce se révèle la
plus abondante au niveau de la lagune de Bizerte, ce qui confirme l’état de
anthropisation et d’eutrophisation de ce milieu, en particulier au niveau de
zones de balancement des marées et les zones à forte urbanisation. Pilumnus
hirtellus (Linnaeus, 1761); Cette espèce remarquable par sa pilosité été
capturée dans nos filets, mais en très faible nombre. En effet, c’est le crabe le
plus commun de tout le littoral Tunisien (Com.per, 2009). Son caractère de
refuge sous les pierres et entre les algues [3], explique peut être sa timide
apparition et sa faible abondance.
Eucrate crenata (De Haan, 1835); Ce crabe de mer Rouge est présent dans les
eaux tunisiennes depuis près d'une quinzaine d'années. Observé en premier
dans le golfe de Gab ès (Zaouali, 1992), il est aujourd'hui, présent sur
l'ensemble des côtes tunisiennes. Sa présence et son abondance mettent bien en
évidence l'influence du réchauffement climatique global sur les eaux côtières de
cette partie sud de la Méditerranée [1]. Après l’avoir observé au niveau de la
lagune de Tunis, le voila aujourd’hui présent au plus au nord des côtes
tunisiennes, au niveau de la lagune de Bizerte. Cependant, et après une
vérification de nos données sur les décapodes de la lagune de Bizerte, nous
pouvant dire que cette espèce est présente dans la lagune de Bizerte, au moins
depuis 2005 (Com.pers, 2009). Ainsi, son ré-observation en 2009 et (en Avril
2010) confirme son installation définitive dans la lagune de Bizerte et la persistance des conditions abiotique et biotiques au niveau de ce milieu lagunaire
favorablesà son existence.
Xantho poressa (Olivii, 1792); Cette espèce de roche est très souvent
confondue avec sa cousine Xantho incisus (Leach, 1814), espèce atlantique
présente en méditerranée [3], recensée déjà en Tunisie, au niveau du golfe de
Gabès (d’après Zaouali, anonyme).
Cependant, et d’après les témoignages des pêcheurs locaux, cette espèce ne
leur pas habituelle et malgré que ses effectifs demeurent très inférieurs à ceux

de Carcinus aestuarii ou d’Ilia nucleus, elle se manifeste régulièrement dans
leurs filets.
Parthenope angulifrons (Latreille, 1825); Cette espèce méditerranéenne [3] n’a
pas été mentionnée précédemment au niveau de la lagune de Bizerte
(Com.pers, 2009). Ainsi, et d’après les témoignages des pêcheurs recueillis, les
effectifs de cette espèce seraient considérables, si on se réfère à la
manifestation de cette espèce dans leurs filets. D'autre part, l’année 2008
serait marquée par l’observation de cette espèce de crabe dans la lagune.
Actuellement, il serait toujours présent, mais avec des abondances nettement
moins inférieures qu’en 2008.
Ilia nucleus (Linnaeus, 1758); Ce petit crabe, à la forme de noix et aux pattes
longues et fragiles, est connu dans la lagune de Bizerte de depuis une dizaine
d’années. Cependant et d’après le témoignage des pêcheurs et des
observations personnelles, ces effectifs ont pris de l’importance depuis le
début des années 90e. Ainsi, on peut considéré que cette espèce de crabe, vient
dans la deuxième position après Carcinus aestuarii, en terme d’abondance.
Cependant, cette espèce se trouve à des profondeurs plus importantes
(généralement au delà de 5-6m) que celles caractérisent le crabe vert.
Maja squinado (Herbst, 1788); Cette espèce est l’une des espèces
caractéristiques de la lagune de Bizerte et sa présence date depuis longtemps,
malgré ces effectifs limités par rapports aux autres espèces ; En effet, l’espèce
Maja squinado a une ex igence via à vis de son milieu puisqu’elle se trouve
préférentiellement au niveau des substrats rocheux et difficiles d’accès, avec un
net comportement de camouflage (couverture d’algues) [3], à la différence des
autres espèces moins exigeants vis -à-vis du substrats et se trouvant dans la
majorité des biotopes qu’offre cette lagune. La possiblité de présence de Maja
crispata (Risso,1827) n 'est pas exclue (Com.pers, 2009).
Pachygrapsus marmoratus (Fabricius, 1787); Cette espèce a été péchée au
niveau du canal de Bizerte, ainsi que le goule t qui connecte le canal à la lagune.
Cependant, et malgré qu’aucun spécimen n’a été pêché au niveau de la lagune,
sa présence lagunaire reste très possible. En effet, ce crabe de roche de la
famille des Grapdidae se caractérise es par manifestations s nocturnes et son
absence pendant le jour. Ainsi, quelques pêcheurs visant ce crabe l'appâtent et
l'attirent durant la nuit moyennant une source de lumière (torche, lampe à
pétrole, etc...). D'autre part, le confinement de cette espèce dans les zones
rocheuses explique peut être son absence durant nos compagnes de
prospection.
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HYDROCHEMICAL SPECIFICS OF THE KAMCHIA RIVER MOUTH AND THE ADJACENT BLACK SEA
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Abstract
The aim of the study is assessment of water quality (WQ) of the biggest Black Sea River (Kamchia River) and coastal waters on the
base of chemical parameters. The results reveal that the nutrients content in river and mixing zone do not correspond to the Bulgarian
WQ Standards. The transformed river waters are characterized with high nutrients concentrations and low salinity, pH and
transparency.
Keywords: Black Sea, River Input, Nutrients, Metals, Oxygen
According to conceptual framework DPSIR (Driving forces –Pressure –State –
Impact -Response) the main drivers (industry, agriculture and urbanization) in
Kamchia River region (catchment and coastal zone) cause a significant pressure
on the aquatic systems. The river collects urban effluents of many settlements
in the catchment area, including untreated sewage discharges. The state of the
river environment under long-term pressure/impact was already presented [1, 2].
The aim of the study is assessment of water quality of Kamchia River and
coastal waters on the base of chemical parameters.
The study is based on monthly monitoring in Kamchia River during the 20062007 period of following parameters: pH, dissolved oxygen (DO), biochemical
oxygen demand (BOD5), nutrients as dissolved phosphorus (P), nitrogen (N),
silica (Si) and metals. The investigation of water column in the coastal zone in
front of the river mouth was carried out on the same parameters including
salinity, transparency and metals in addition during the high flow period.
Long-term data of NIMH reveals monthly river discharge variability from
10.5 % to 17 % of annual discharge during the high flow period from January to
May. In contrast to the historical data the recent period is characterized with
similar mean monthly values of water quantity of discharge. An increase of the
river discharge in autumn was established in relation to increased precipitation
totals in Kamchia watershed. Average nutrients concentrations in the river for
the investigated period are presented in Fig. 1.

Fig. 1. Average nutrients concentrations in Kamchia River

Tab. 1. Range of chemical parameters in coastal area in front of Kamchia River
mouth

Nutrients distribution in mixing zone reveals high nitrates and nitrites content
exceeding PC [5]. The average concentration of DIN for all sampled area is
64.2 μM/l with maximum reached in coastal waters -165 μM/l. Relatively higher
content of metals Fe and Mn are found in samples collected in and near river
mouth. Heavy metals concentrations in waters of coastal zone correspond to
WQ standards according Regulation 8 [5].
The sediments with dominated coarse-grained fraction are characterized with
low organic carbon content and low concentrations of metals. They are located
near the river mouth, where the sedimentation is more active due to the sudden
changes in hydrological conditions. The concentrations of metals in surface
sediments are characterized by the following order of spreading:
Fe>Mn>Zn>Pb,Cu>Ni>Cd.
The Kamchia River discharge impacts the coastal zone in an area located less 1
mile eastward and southward from the river mouth. Most significant influence is
found in the upper surface layer which is characterized by higher nutrients and
particulate material content and lower transparency, pH and salinity.
Acknowledgements: The study was supported by National Scientific Fund
(Research project No 1504/2005).
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values of precipitations and high value of water quantity of the river discharge.
Sometimes our results reveal “poor” and “bad” status relative to National
classification system for WQ. It means that there is a distinct pollution by
nitrogen compounds largely due to agricultural activities and runoff from soil
pollution. Deviation from normal distribution of nutrients content during some
periods was established in consequence of anthropogenic pressure domination
along the river stream. The factors, which influenced the nutrients content in the
river at the downstream locality, is more numerous and complex. The results for
the river WQ show that the nutrient content exceeds the permissible
concentration (PC) maximum determined by the Bulgarian WQ Standards.
The river discharge directly influences the coastal waters near the mouth [3, 4].
Dissolved oxygen (saturation) is very important quality parameter indicating
“health” of water environment. The data for coastal zone influenced by the river
discharge reveal decrease of DO and OS, especially in bottom layer. The mixing
zone of coastal area is characterized by salinity<7.9‰, pH<8.22 and very low
transparency (Table 1).
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EFFECTS OF THE RECENT CLIMATE CHANGES TO THE WATER BUDGET OF A SEMI-ENCLOSED GULF
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Abstract
An analysis of available rainfall data for the period 1955-2008 was performed to assess changes in rainfall frequency and intensity in
an Aegean island, Eastern Mediterranean. A statistically significant decrease was observed for the annual rainfall height and the
number of wet days, whereas no trend was observed for the occurrence of extreme events. The effects of the changes in
precipitation for the functioning of a semi-enclosed gulf were then assessed using a watershed model and a water budget analysis.
Keywords: Aegean Sea, Coastal Systems, Global Change, Eastern Mediterranean
The recent climate changes probably constitute the main environmental
concern facing mankind in the twenty first century [1]. The effects of changes
in precipitation on the functioning of coastal systems, are probably more
pronounced for small Eastern Mediterranean watersheds and the receiving
water bodies that undergo rapid hydrological cycles characterized by a rather
short rainfall period during winter and a dry summer.
In the present work, a time series of rainfall data (provided by the Hellenic
National Meteorological Service, HNMS) were analyzed covering the period
from 1955 to 2008 for the island of Lesvos, in the North-eastern Aegean and a
large number of climatological indices was calculated [2] to assess local trends
in precipitation. The effects of possible changes on the functioning of the Gulf
of Kalloni, a semi-enclosed shallow water body surrounded by a watershed of
about 413 Km2 [3], were then analyzed using a watershed model and applying
water budget analysis.
A statistically significant decrease (R2=0.1022, p=0.018) was observed for
annual rainfall height (Figure 1) and the number of wet days (R2=0.1384,
p=0.006) from 1955 to 2008, whereas the frequency and intensity of extreme
events has shown no trend. Overall a significant trend towards dry conditions
was sought for the study site, especially during the winter period.

runoff was predicted by the model (Figure 2) influencing remarkably the water
budget of the gulf, although it is still functions as a dilution (during winter) and
concentration (during summer) basin. However the excess of the sum of
precipitation and river input over evaporation during winter has almost halved
during the last decade since the decade of 1960, resulting to a remarkable
decrease in the water renewal time in winter being 86 days for 1961 and 50
days for 2005.

Fig. 2. Annual runoff for a typical wet (1961) and a dry (2005) year.

In conclusion a trend towards dry conditions is observed in the islands of
Northern Aegean in Eastern Mediterranean affecting the water budgets of both
the river basins and the receiving water bodies. These changes need to be
always taken into account by policy makers in the framework of integrated
coastal zone management.

References
1 - Brunneti M., Maugeri M., Nanni T. and Navarra A., 2001. Droughts and
extreme events in regional daily Italian precipitation series. Int. J. Climatol.,
22: 543–558.
2 - Kostopoulou E. and Jones P.D., 2005. Assessment of climate extremes in
the Eastern Mediterranean. Meteorol Atmos Phys, 89: 69–85.
3 - Spatharis S., Danielidis D.B. and Tsirtsis G., 2007. Recurrent Pseudonitzschia calliantha
(Bacillariophyceae)
and Alexandrium insuetum
(Dinophyceae) winter blooms induced by agricultural runoff. Harmful Algae,
6: 811-822.
4 - Arhonditsis G., Tsirtsis G. and Karydis M., 2002. The effects of episodic
rainfall events to the dynamics of coastal marine ecosystems: applications to a
semi-enclosed gulf in the Mediterranean Sea. Journal of Marine Systems, 35:
183-205.

Fig. 1. Trend of annual rainfall height from 1955 to 2008.

Typical years of wet (year 1961) and dry (year 2005) conditions were used as
an input to a watershed model calculating the amount of runoff on a daily
basis [4]. The model output and available data were then used to analyse the
water budget of the receiving reservoir. A threefold decrease in the amount of
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THE EFFECTS OF A WASTEWATER TREATMENT PLANT ON NUTRIENT AND CHLOROPHYLL A
VARIATIONS IN IZMIR BAY (EASTERN AEGEAN SEA)
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Abstract
The aim of this study was to determine the effects of the Izmir Big Channel Waste Water treatment plant oninorganic nutrients,
physico-chemical parameters, (such as pH, dissolved oxygen, water temperature, salinity) and chlorophyll a levels of Izmir Bay. The
variation of inorganic nutrients and chlorophyll a were investigated weekly during one year (2003-2004) in Izmir Bay.
Keywords: Aegean Sea, Nutrients, Chlorophyll-a, Coastal Waters, Pollution
Introduction
The Bay of Izmir is located in the Western part of Turkey and surrounded by
a densely populated community (Fig. 1). The Bay is divided into inner, middle
and outer bays from the standpoint of topographical and hydrographical
characteristics. The inner bay is considerably small in area (57 km2) and
shallow in depth (max. 15 m). It received the majority of domestic and
industrial wastewaters before the construction of wastewater treatment
plants. This part of the bay still receives some inflow of freshwater from
several creeks which are mostly polluted by industrial wastewaters. Because
of limited water exchange with the outer bay and the Aegean Sea, pollution of
the inner bay reached unacceptable levels. For this reason, the Izmir
Municipality decided to construct the Izmir Big Channel Wastewater Project
in 1969. Unfortunately, the construction of the plant could not be completed
until the end of 2002. At the end of the plant construction in 2002, the
pollutant levels of the inner bay water decreased gradually and the recovery
period began. The aim of this study is to determine the effects of Izmir Big
Channel Waste Water treatment Plant to the inorganic nutrients and
chlorophyll a levels of Izmir Bay.

ground water to the surface. This shows that the Inner Bay is often subject to
a ground-water-based nutrient enrichment. c) The phytoplankton blooms
caused by the inflow of nutrients to the Inner Bay in turn result in the uptake
of nutrients by the phytoplankton (especially diatoms) which are then
exported to the bottom waters and constitute the source for future
phytoplankton blooms.
Tab. 1. Ranges and mean (± s.e.) values of physico-chemical parameters

Thus, the horizontal export of the nutrients out of the Inner Bay remains
limited. It is only due to the winds that the wastewaters flow outwards from
time to time. Silicate, coming with the rainfall from the shore in non-point
sources (i.e. creek, river) and point sources, is of great importance for the
Inner Bay. Silicate is essential for the diatoms to compete effectively with
dinoflagellates and it plays an important role in the increase in species
diversity in the bay. We believe that unless the nutrient levels in the rivers are
decreased, the Bay will continue its current state for a long time. Although a
decrease in nitrogen has been observed after the start of the wastewater
treatment plant, former studies showed that phosphate concentrations have
not changed and that the plant has been ineffective regarding this subject.([4],
[5],[6],[7]). The effective removal of phosphate will be an important
precaution against the new strategy that the phytoplankton might take up
against the decreasing TIN. A study of the N/P relations shows that for the
biggest part of the year the ratio is below 16 and that nitrogen is the limiting
nutrient. As a result, with the start of the wastewater treatment plant a
decrease in the nitrogen and chlorophyll-a levels has been found, however
there is no such evidence regarding the phosphate levels.

Fig. 1. Locations of the stations

Materials AND Methods
In this study, three stations were chosen for sampling, two in the inner and
one in the middle part of the Izmir Bay (Figure 1). Physico-chemical
parameters, nutrients, and some biological parameters were measured weekly
during a one-year period. The samples, collected from three different stations
and water depths, and nutrients were analyzed by standard methods ([1], [2],
[3]). Chlorophyll a analyses, were carried using a UVD spectrophotometer
(Bosch-Lomb Spectronic 21) following the method by [1]. Seawater
temperature was recorded by an electronic thermometer with a sensitivity of
±0.1 °C. The pH of the samples was also measured on-site using a pH-meter
(Hanna Ins.). The dissolved oxygen (DO) was measured with a DO-meter
(YSI, Model 55). The salinity of seawater was determined by the Harvey
method.
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Results and Discussion
The minimum, maximum and average values of the physico-chemical
parameters belonging to the water samples from Izmir Bay are given in Table
1.The fact that the processes affecting Reactive Phosphate (RP) and TIN
occur at different times indicates important differentiations in the temporal
distribution of these two nutrients in the Inner Bay. From the distribution of
the nutrients and their percentages, important evidence regarding the process
have been gathered: a) Inflow with the creeks is especially evident during
rainfall and there is a big increase in Si, Nitrogen forms; and b) the winds,
although increasing fresh water inflow and water columns, frequently carry the
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Abstract
Solid Marine Wastes present on the seabed and floating on the sea surface were investigated in the Aegean Sea. Compared to other
locations in the Mediterranean, litter concentration on Northern to Mid Aegean Seabed is moderate even in populated gulfs, whereas
floating marine debris concentrations are low and dominated by recreational items, probably restricted to summer season.
Keywords: Aegean Sea, Plastics, Pollution
Solid waste materials (SMW) in the marine environment have become an
important pollution issue with impacts on marine life and negative economic
impacts. Only one study on litter has been conducted in the Aegean Sea [1]. The
Aegean has, isince 1st May 2009, the status of “Special Area” under Regulation
5 of Annex V (MARPOL) which prohibits any discharges of garbage in sea.
Regarding land-based pollution, the Barcelona Convention and its relevant
protocol is the most effective international instrument.
SMW present on Northern to Mid Aegean Seabed were investigated in August,
October and December 2008 (Fig. 1). Litter items were collected by trawling in
depths ranging from 65 m to 880 m. Litter items caught in nets were collected,
dried, separated, counted and weighted. The swept area method was applied for
the calculation of the amount of litter on seabed. Floating Marine Debris (FMD)
sightings were also recorded during August 2008 cruise by an observer with a
handheld GPS and binoculars. The strip transect method (width=60m; length=
distance of legs in km) was used in order to determine the abundance of FMD.

Accordingly bottom ML were mainly abundant in gulf areas (299,98-211,75
items/km2; 27,6-2,85 kg/km2) whereas the abundance of SMW was very low
(48 items/km2 and 2,26 kg/km2) in the open sea location between Lesbos
and Chios (Sakiz) Islands. Litter pollution in gulfs is significant and similar to
other sites in the world but lower than other locations in the Aegean Sea [1] and
Black Sea [2]. SMW pollution is not very high compared to the value of 1935 ±
633 Items/km2 which is estimated for the NW Mediterranean [3].
The highest values of FMD reported in this study are considerably low
compared to other locations in the Mediterranean (2000 items/km2, [4]; 1,5-25
items/km2, [5]) and in the world (1-250 items/km2, [6]). It is interesting to find
such low values for the Aegean Sea which is an enclosed sea within the
Mediterranean and an area of recreation and fisheries. ML tufts observed in
gulfs make 1/3 of all litter items and could be the result of convergence zones of
wind induced Langmuir cells. This natural collection system could facilitate the
removal of ML in high season when FMD values arise.
Plastics were the dominant material type among both bottom (84,13%) and
surface (75%) SMW. Most of litter items on seabed were nylon bags and
wrappings whereas FMDs consisted of recreational items such as plastic sea
beds and sea balls, followed by plastic bags, PET bottles and food wrappings.
The recreational origin of most FMD items indicates a probable restriction to
the summer season. Litter items seem to have mainly land-based origin
considering their types and usage categories. Other litter sources could be fish
farms (items such as fish feed bags and sacks were found) and pleasure boats.
Only 5 items had labels readable on and 2 of them were overseas garbage.
This study reports low to moderate levels of bottom and floating ML pollution
for some locations in the Aegean Sea. Although this result is promising, the
limited number of stations and transects of this preliminary study does not
allow to make a general conclusion on Aegean Sea ML pollution. More studies
and monitoring programs are necessary in order to estimate pollution levels and
develop appropriate mitigating solutions in the Aegean Sea.
Support from East-Med Turkey project fund of I.U. Fisheries Faculty and field
assistance of R/V Yunus-S Crew and Tughan Turan is acknowledged.
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Fig. 1. Map of the study area. Small circles = FMD observations (n= 140).
Triangles = trawling stations (1-6). Large circles = FMD tufts.

FMD were observed mainly in areas close to land (1,75–3,52 items/km2)
whereas offshore areas were generally clean of litter (0–0,18 items/km2).
However we should specify that one of the offshore transects was run under
poor weather conditions. There is a significant correlation between the number
of items and distance from land (rs=-0,86). FMD were widespread in gulfs and
some places seemed particularly concentrating litter items causing tufts of litter
(Fig. 1). The highest abundances were found in the Dikili Strait located between
Lesbos (Midilli) Island and Madra Stream-Altinova.
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ARE HIGHER TAXA ADEQUATE SURROGATES FOR SPECIES LEVEL RICHNESS IN MARINE BENTHIC
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Abstract
The higher-taxa richness as a surrogate of species richness in macrobenthic mollusc communities was explored in Thermaikos Gulf,
north Aegean. Statistical analysis showed significant correlation between richness at the species level and richness at the genus as
well as the family level. In addition, an increase in correlation values over the years of study was observed, implying an increase of
anthropogenic impact in the area.
Keywords: Aegean Sea, Biodiversity, Bivalves, Gastropods, Mollusca
Introduction
Species richness is considered as the most appropriate measure to assess
biodiversity in a specific area [1]. However, in many cases the use of higher-taxa
levels as surrogates for the species level can produce a reliable faunal
distribution pattern provided that there is a strong correlation between species
richness and genus and/or family richness [2]. Such an approach has the
advantages of being expense-reducing and time saving for biomonitoring studies
([3], [4]). The present study examines the genera and families levels of
gastropod and bivalve molluscs for their suitability as surrogates of species level
in abundance and species richness assessment of macrobenthic molluscan
communities, in Thermaikos Gulf, north Aegean.
Materials and methods
Sampling was carried out for three successive years (summer 2001 - winter
2004). Three vertical transects along the NE coasts of Thermaikos Gulf were
selected in the area around the construction site of the new air corridor of
Thessaloniki Airport. Six stations - two on each transect were sampled for
benthic macrofauna with corer samplers at depths between 3 and 10 m. The
Spearman rank correlation coefficient was used to determine whether there was
a statistically significant correlation (rs values) between richness at different
taxonomic levels.
Results and discussion
In total, 6931 gastropods were collected belonging to 62 species and 920
bivalves belonging to 39 species. Genus and family levels provided adequate
surrogates, for gastropod and bivalve species richness, in the three annual
samplings (Figure 1). The correlation between species and family richness was
lower (rs=0.81) in the first sampling period (2001) than in the other two periods
(2002, 2003). These results are in accordance with those of Chintiroglou et al.
([5]) for the same area concerning the mollusc fauna as a whole. In areas where
anthropogenic impact is extensive, higher taxa are represented by a small number
of species and their use as surrogates of species richness is more reliable than in
non-disturbed areas ([1],[6]). In the study area an increased anthropogenic
perturbation has been recorded over the years ([7]).
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Fig. 1. Degree of correlation between richness for the species level and richness
for higher taxonomic levels of molluscs as well as for gastropods and bivalves
separately in the three sampling periods
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Abstract
This study examines total mercury levels in coastal and lagoon surface sediments (n= 55) from the Aegean and Ionian Sea. The
results obtained were compared to bibliographic data from the Greek marine environment and spatial and temporal trends were
evaluated.
Keywords: Mercury, Sediments, Aegean Sea, Ionian Sea
Introduction
Mercury is one the most toxic pollutants in the environment and in the last
years several policies for the limitation of the use of this metal are coming into
force. Thus, continuing monitoring studies can prove a useful tool in order to
evaluate such initiatives. The aim of this study was to: a) determine Hg levels
in sediments from 5 regions in the Aegean and Ionian Sea, b) compare these
data to previously reported ones and obtain an overview of mercury
distribution along the Greek coasts and c) identify main sources of pollution.

Korinthiakos (area 13), Argolikos (area 14) and Pagasitikos Gulf (area 4). As
far as it concerns temporal trends, in two occasions, Western Saronikos Gulf
and Larymna Bay, an increase over time has been observed.

Study areas
The study areas of our research were the coastal areas of Western Saronikos
Gulf (area 1a), Larymna Bay (area 2) and Maliakos Gulf (area 3) at the central
Aegean Sea and two lagoons of the Corfu Island, Antinioti (area 17) and
Korission lagoon (area 18) at the northern Ionian Sea (Fig. 1).
Results and discussion
Total Hg in sediments was determined with microwave assisted-extraction
with HNO3 followed by CVAAS analysis [1]. In the Aegean Sea, the
concentrations determined ranged from 0.06 to 0.32 μg/g in the Western
Saronikos Gulf, 0.14 - 0.54 μg/g in Larymna Bay and 0.12 - 0.34 μg/g in
Maliakos Gulf. The higher concentrations were found at areas impacted from
industrial activities, and more specifically in the vicinity of a crude oil refinery
(Saronikos Gulf) and a ferro-nickel smelting plant (Larymna Bay). Higher
levels (0.48 - 3.89 μg/g) were determined in lagoon sediments from the Ionian
Sea. We believe that mercury in the two lagoons of the Corfu Island may have
a natural origin, since no intense sources of pollution are recognized in these
areas. Currently, additional research is conducted by our team, in order to
determine sources and forms of mercury in surface and subsurface sediments.

Fig. 1. Locations of the examined areas.

Summarizing the above results, the higher levels of mercury were found close
to industrial sites and harbors, while urban runoff was recognized as a
secondary source. Thus, we can conclude that mercury contamination in Greek
coastal areas is mostly related to fossil fuel combustion and crude oil leakages
from ships and washing from the urbanized sites.

Tab. 1. Total mercury content in Greek coastal areas in μg/g dry weight
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The results of our study were compared with previously published data from
other Greek coastal areas [2] - [6]. Some of these data are presented in Table 1;
Figure 1 shows the locations of the areas. Elevated mercury levels were found
in sediments of the Gulf of Thessaloniki (area 5) and Gulf of Kavala (area 9) in
the northern Aegean Sea. These levels were attributed to industrial and
municipal wastewaters. Sediments from Elefsis Gulf (area 1b) in Saronikos
Gulf, Patraikos Gulf (area 19) in central Greece and Stratoni (area 8) in the
northern Greece were moderately enriched in Hg and were comparable to the
estuarine sediments of the transboundary Rivers of Strymonikos (area 7),
Nestos (area 10), Axios (area 6) and Evros (area 11) in the northern Aegean
Sea. The lower levels were found in the coasts of Crete Island (area 15),
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FACING GLOBAL WARMING IN TRANSITIONAL AREAS: CHARACTERIZATION OF VARIABILITY IN SIX
MEDITERRANEAN LAGOONS BY MEANS OF NUMERICAL MODELING
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Abstract
The Global Warming strongly affects coastal areas and can deeply change the status of transitional areas like lagoons. Numerical
modeling is presented as a tool to characterize lagoons and to quantify their rate of change. The SHYFEM model has been applied to
six Mediterranean lagoons and a comparison study between the lagoons has been carried out. The lagoons are the Venice lagoon and
the Marano-Grado lagoons in the Adriatic Sea, the Taranto basin in the Ionean Sea, The Cabras lagoon in Sardinia, the Mar Menor in
Spain and the Nador lagoon in Morocco, giving a representative picture of the lagoons situated around the Mediterranean basin. The
numerical study of each lagoon is the baseline from where the different responses to climate changes, in terms of temperature and
salinity variation, are studied.
Keywords: Lagoons, Models, Coastal Systems, Global Change
Introduction
Lagoons are fragile systems in an unstable equilibrium due to their
characteristics, in transition between land and sea. Abrupt changes in terms of
increasing temperature and major water supply due to global warming and sea
level rise, can strongly modify these environments, particularly for those around
the Mediterranean Sea. Monitoring permits to study the variation of the lagoon
characteristics from measurements. Numerical Modeling allows the investigation
also of future scenarios. The application of a model in a number of lagoons
around the Mediterranean Sea and the inter-comparison of the responses of the
lagoons to different forcings, in terms of temperature and salinity variation, can
help both for the general characterization of lagoons and for the future scenarios
of global warming on the areas of transition.
Description of Sites
The lagoons we chose are located all around the Mediterranean, and are part of
very different environments, interacting both with shallow coastal areas, like the
Venice [1] and the Marano-Grado [2] lagoons in the North Adriatic, or deep
seas, like Mar Menor [3] and the Nador lagoon [4]. The lagoons range from a
leaky type of lagoons (Venice) to a choked type (as for the case of the Cabras
lagoon [5]). The number of inlets ranges from just one in the Nador lagoon [4] to
6 in the case of the Marano-Grado lagoons. Lagoons normally communicate
directly with the sea, but, in the case of Taranto, a semi-enclosed basin between
the sea and the lagoon is present [6]. Tidal range is from micro-tidal to mesotidal. The depth ranges from an average depth of 1 m to up to 6 meters.

dynamic lagoons could show different vertical configurations. The exchange rate
depends mainly on the inlet configuration, but also on the wind regimes in the
case of multi-inlet lagoons. The exchange rate is also an important factor that can
determine the residence time distribution inside the lagoons.
Methods
The model (SHYFEM) is a finite element model, especially suited to shallow
water basins with complicated geometric and morphologic variations [1]. It
solves the well known hydrodynamic equations with the semi-implicit algorithm
on a flexible grid made of triangular elements. It has been applied in its 3D
version in order to study the dynamics of lagoons introducing vertical variability
and to properly describe the precipitation, evaporation and the river runoff
effects in these areas. The model can compute the basic hydrodynamics,
dispersion of tracers, temperature and salinity evolution, sediment transport and
ecological parameters.
Results and Discussion
Temperature and salinity mean values and variability have been computed for
the six lagoons, serving as the reference simulations. The A1B global change
scenario has been applied to the lagoons, in terms of air temperature and
evaporation increase, precipitation decrease, sea level rise and river runoff
variation. In all lagoons higher residence times are registered, compared to the
reference simulation, also caused by the major lagoon water volume, due to sea
level rise. Lagoons become more saline partially due to the negative value of
precipitation-evaporation. The 6 Mediterranean Lagoons have been classified
using the division in choked, restricted and leaky. Leaky lagoons, as MaranoGrado Lagoons, are mainly governed by the exchange with the open sea and
response to climate change is comparable with the open sea. On the other hand,
chocked lagoons (Mar Menor) show more severe variations and experience the
highest changes in temperature and salinity fields. Restricted lagoons show
intermediate behaviour.These results are important also for other disciplines,
like biology and ecology, to handle the global warming effects in transition areas.
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Fig. 1. Location of the six Mediterranean lagoons studied.

All lagoons show strong impact of wind forcing. In most lagoons fresh water
input is small, but it is relatively strong in the Marano-Grado case [2]. Wind and
tidal stirring normally prevent the lagoons from developing stratification but less

807
Rapp. Comm. int. Mer Médit., 39, 2010

Powered by TCPDF (www.tcpdf.org)

UNDERSTANDING FLOWS OF ECOSYSTEM SERVICES: THE INTERCONNECTEDNESS OF
TERRESTRIAL, COASTAL, AND MARINE SYSTEMS
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Abstract
ARIES is a new methodology and web application meant to assess ecosystem services and illuminate their values to humans in order
to make environmental decisions easier and more effective. In this contribution, we discuss the use of ARIES to understand how
marine, coastal, and terrestrial ecosystems are linked in the provision of ecosystem services. We illustrate perspectives for integration
of such thinking into coastal management and decision-making.
Keywords: Coastal Processes, Ecosystem services, Coastal Management
The benefits that our societies receive from ecosystems in the form of services
such as water purification have a dynamic nature in that they are carried from
source of origin to areas where they are used. Matter, energy or information
serves as carriers that transmit the benefits through space and promote its
transfer to humans. For example CO2 is the vehicle for carbon sequestration
and storage, floodwater for disturbance regulation, and scenic views for
aesthetic value. Tracking the spatial flow of benefits can be help highlight the
interconnectedness between terrestrial, coastal, and marine ecosystems,
providing decision-makers and managers a way to assess the propagation of
potential impacts and the opportunity of protecting or enhancing existing
functions. ARIES (ARtificial Intelligence for Ecosystem Services) is a new
methodology and web application (Villa et al., 2009) meant to assess
ecosystem services (ES) and illuminate their values to humans in order to
make environmental decisions easier and more effective. By creating ad-hoc,
probabilistic models of provision, use and flows of ecosystem services in a
region of interest, ARIES helps discover, understand, and quantify
environmental assets, their likely beneficiaries, and what factors influence their
value according to specified needs and priorities. Thanks to a grant from
UNEP, the coverage of ARIES is being extended to include coastal and marine
systems, which are the focus of this contribution. Ecosystem services
dynamics can be seen as a generalized source-sink problem, where ecosystems
are the source of benefits that meet the needs of specific human beneficiaries.
Modeling ES in a given spatial and temporal context requires: (1) determining
the currencies of these benefits, such as water, CO2 etc; (2) determining likely
surfaces of both provision and usage relative to the area and time of interest;
(3) quantifying the rates of flow of the correspondent benefits. It is the rate of
flow (current or potential) that can be directly related to the value of the ES,
both in abstract and in economic terms. Most of the many difficulties of
modelling ES depend on the high heterogeneity of behavior exhibited by the
benefits they produce. Among these: 1.
Provision and usage happen at
entirely independent scales in space and time. Therefore, a scale-explicit
approach needs to be taken, and theoretical instruments that can tackle multiscale systems are lacking. Recognizing the spatial and temporal decoupling
between source and use, between benefits and their carriers has important
implications for management, mitigation efforts, and policy actions. 2.
The
“currency” of benefit provision is rarely an easily modelled biophysical
quantity. Easier cases include, e.g., CO2: quantification of its exchange from
vegetation to atmosphere may be all that’s needed to assess benefits of carbon
sequestration. Things are much more complex with currencies like sense of
identity or avoided risk of flooding. 3.
Little clarity exists in the literature
about quantifiable definition of ES, their benefits, and the modalities of their
propagation from ecosystem to human beneficiary. The ARIES methodology
is based on explicit conceptualizations that lay out first of all a novel vision of
ES, based on the breakdown into individual benefits, each of which is modeled
independently, then linked to the others. Domain ontologies in ARIES result
from a large-scale expert consensus. Artificial intelligence techniques (machine
reasoning, pattern recognition) examine source data and extract from the
ontologies models that best represent the situation at hand. ARIES builds adhoc, probabilistic Bayesian Network models that inform the users of the full
probability distribution of the outcomes of their decisions (Villa, 2009). The
result of an ARIES user session is a set of GIS maps that describes in depth
the spatial distribution of benefits produced the area, their potential and
realized values, and the causal relationships that link the values to each other,
to their likely beneficiaries, and to actual or potential policies. Users can enter
a scenario explorer module to explore the likely changes in ecosystem service
provision and usage engendered by changed environmental conditions,
consequent to either natural change or their own actions. We will discuss the
ARIES methodology and demonstrate the software toolkit to highlight its

potential in informing ES-centric decision-making in coastal and marine
decision-making.
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Abstract
This paper presents geo-scientific characteristics of a beachrock-type calcarenitic tsunamite from the Bay of Aghios Andreas
(Peloponnese, Greece). Geomorphological, sedimentological, micromorphological, geochemical and geochronological studies were
conducted to clarify the depositional processes and the post-sedimentary evolution. We found sedimentary structures such as basal
unconformities, rip-up and intra-clasts, evidence of fining upward, thinning landward and upward increase in sorting as well as bi-to
multimodal deposits all of which are described as features typical of recent or historic tsunami deposits. It is concluded that in the Bay
of Aghios Andreas, Olympia’s ancient harbour site was destroyed by tsunami impact.
Keywords: Beach, Coastal Processes, Eastern Mediterranean, Geomorphology, Sea Level
Tsunami hazard in the eastern Mediterranean is among the highest worldwide.
This is mostly due to the high seismic activity along the Hellenic Arc where
the African Plate is being subducted under the Eurasian Plate inducing
numerous strong tsunamigenic earthquakes. In addition, the Arabian Plate,
moving northward at fast rates, is a serious source of seismically-related
hazards. Paleotsunami research in the eastern Mediterranean has been strongly
intensified during the past decades, in order to improve our understanding of
the dimension and the dynamics of tsunami landfalls, and to gain reliable
background information for future risk assessment. In addition to archival
studies based on ancient accounts and historical data, an increasing number of
geo-scientific field studies have been carried out to detect palaeotsunami
deposits.
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A new type of event deposit, beachrock-type calcarenitic tsunamites, has
been described for the first time, based on three case studies from western
Greece ([1], [2]). Here, we present details from beachrock studies at ancient
Pheia, the harbour site of Olympia, which is located in the Bay of Aghios
Andreas in the western Peloponnese. The archaeological remains of Pheia are
almost completely submerged and lie in water depths down to 5 m below
present sea level. The harbor is said to have been destroyed by earthquakes in
the 6th century AD, most probably in 521 AD and/or 551 AD ([3]). The
modern beach of Aghios Andreas is characterized by thick beachrock layers.
In former studies, this beachrock was used as sea level indicator thus
explaining the submergence of ancient Pheia by a complex sequence of gradual
subsidence (6.5 m) and following minor uplift (1.5 m, [4]).
We carried out geomorphological, sedimentological, geoarchaeological and
geochronological studies. The basal section of the beachrock, up to 3 m thick,
is lying on top of an erosional discordance and consists of abundant coarse
gravel. The mid-section of the beachrock is clearly laminated and shows
several fining upward sequences out of fine sand from the littoral zone.
Further sedimentary structures found are convolute bedding and load casting,
both untypical of littoral environments. Such characteristics rather indicate
gravity-induced flow dynamics in a water-saturated suspension-like matrix. In
some areas, large ashlars were found incorporated into the calcarenite. These
man-made blocks, still angular, do not show any signs of being moved or
altered in the littoral zone; one block is even coated with original white plaster.
Moreover, vibracoring revealed clear thinning land- and sideward of the
beachrock, and the beachrock was discovered up to 40 m distant from the
coast and up to 2.60 m above present sea level. It is, however, known from
previous studies that during the Holocene, the relative sea level in the area has
never been higher than at present ([3], [5], [6]).
Based on our results, the beachrock sequence at Aghios Andreas does not
reflect at all sedimentary characteristics typical of a (lithified) beach but rather
represents high-energy event deposits. Convolute bedding and load cast
structures are assumed to document intermittent backflow shortly after highenergy deposition of thick allochthonous sand deposits onshore. We thus
suggest that Olympia’s harbor site was hit by tsunami associated to strong
earthquakes. Submergence of Pheia’s archaeological remains seems to be of coseismic nature such as observed during the southeast Asia tsunami in 2004.
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Abstract
The goal of the study was to understand rapid change of benthic communities in the Turkish Mediterranean infralittoral, from dense
algal forests to barrens. We conducted caging experiments in three sites and observed that macroalgae grew rapidly inside the cages
but not outside. Juvenile rabbitfish invaded the cages at the end of the experiment and removed all algae within. These results suggest
that the large abundance of Lessepsian herbivorous fishes may be a major cause for the desertification of the Turkish Mediterranean
infralittoral. The restoration of the ecosystem may require the removal of Lessepsian fish species.
Keywords: Algae, Biodiversity, Eastern Mediterranean, Monitoring, Lessepsian migration
Introduction
The Turkish Mediterranean infralittoral was dominated by abundant algal
forests, dominated by the genus Cystoseira and Dictyotales, only a decade ago
(pers. obs.). Current observations along the Turkish coast revealed that
macroalgae have disappeared from many locales, and been replaced by extensive
barrens with virtually no macroalgae. Sea urchins, which are the main cause of
barrens elsewhere in the Mediterranean [1], were also absent in these barrens;
but the alien herbivore from the Red Sea, the rabbitfish (Siganus luridus and S.
rivulatus), was very abundant. In contrast, on Greek islands of the Dodecanese,
where environmental conditions are very similar but rabbitfish were much less
abundant, Cystoseira forests dominated infralittoral communinities. We thus
hypothesized that the desertification of the Turkish Mediterranean infralittoral
is due to the grazing activity of the abundant Lessepsian rabbitfish. To test this
hypothesis, we conducted visual censuses of fish and benthos, and a caging
experiment, in several locales of the Turkish coast.
Materials and Methods
To determine the extent of barrens and the structure of the herbivore
community, we conducted underwater visual belt transects using scuba at a
depth of 10m in five sites of the Turkish Mediterranean. We counted, identified,
and estimated the size of all fishes within 15 replicate 25x5m transects per site,
and calculated the biomass of algae by scrapping 20 25x25cm quadrats per site.
We counted sea urchins using 150 50x50cm quadrats per site. In three sites with
extensive barrens (Kas, Fethiye, and Bodrum) we conducted caging experiments
to test wheter the absence of algae was due to the grazing by fish. We installed
12 60x40x25cm cages with plastic mesh on each site. Once a month, cages were
lifted, and cages and nearby control quadrats were photographed. Algal cover of
each taxa was estimated using Photogrid. A subsample of algae were collected to
calculate the relationship between cover and biomass. In addition, pH, salinity,
oxygen and turbidity were measured, and fish surveys were conducted around
the cages.

Tab. 1. Algal biomass inside and outside the cages during the experimental
period (g m-2)

In contrast, Cystoseira spp and Dictyotales were observed in the mediolittoral,
near the surge zone, where fish grazing activity is more limited.
These results suggest that herbivorous fishes, not sea urchins or environmental
factors, are responsible for the creation of infralittoral barrens in the Turkish
Mediterranean coast. This is the first documented case in the Mediterranean sea
where herbivorous fishes create barrens, and where Lessepsian fishes have
dramatically transformed the ecosystem, from one dominated by lush and
diverse brown algal forests to another dominated by bare rock.
Restoration of algal assemblages ocurred at first successional stages and within
small enclosures. The question is whether restoration efforts could be conducted
at large scales. Based on our results, such restoration efforts may have to be
based on overfishing of the introduced rabbitfishes Siganus spp.
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Fig. 1. Monitoring the algal growth within a cage at Kas during three months in
2009: 1) April, 2) May, 3) June

Results and Discussion
Macroalgae grew very rapidly inside the cages (Fig. 1) - in some cases from 0 to
200 g m-2 in four months - but not outside the cages (Table 1). Sea urchins were
very rare in the study areas, and were not observed grazing around the cages.
The native herbivorous fish Sarpa salpa was rare, but rabbitfish were very
abundant throughout the study period. In September and October, rabbitfish
recruitment was very high, and rabbitfish juveniles entered the cages and
consumed every alga within.
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ECO-HYDRODYNAMIC MODELLING OF EUTROPHICATION AND NUTRIENT CYCLES USING DELFT3D
MODEL FOR THE CILICIAN BASIN
V. çaglar Yumruktepe 1*, Baris Salihoglu 1, Temel Oguz 1 and Süleyman Tugrul 1
1 Middle East Technical University Institute of Marine Sciences - caglar@ims.metu.edu.tr
Abstract
Major rivers and domestic wastewater discharges from the cities of Mersin and Iskenderun exert a severe stress on the Cilician Basin
ecosystem. Recent studies show that the coastal regions of the basin show eutrophic characteristics, where on the contrary, the
offshore waters of the Eastern Mediterranean Sea show oligotrophic characteristics[1-2]. This study aims to model the
hydrodynamics coupled with the ecosystem of the Northeastern Mediterranean Sea. The coupled model used for the study is
DELFT3D of Delft Hydraulics Labs. Europhication is being observed in the hot spots of the region, and using these data specific
limiting nutrients and their cycles are modelled including the life cycles of several phytoplankton and zooplankton species.
Keywords: Models, Nutrients, River Input, Primary Production, Phytoplankton
Physical, chemical, and biological properties of the basin is observed by six field
surveys conducted by R/V Bilim of Middle East Technical University, Institute
of Marine Sciences, within the framework of TARAL (TÜBITAK) project
during September 2008 – August 2009. These cruises were conducted to
observe the seasonal variations in the region, so there are winter, spring and
summer data available for every field. We also collected chemical data from the
related rivers. In order to analyse the eutrophication processes, a coupled
physical-biological model was used. Observations were used to set the models
initial and forcing fields. Two open water boundaries were included in the
domain of the model being the south and west part of the basin, where the
discharge of the major rivers, Seyhan and Ceyhan, and also a local river of
Mersin Bay, Berdan are included. To show the effects of the domestic
discharges, the discharge from the city wastewater plant of Mersin was included
as inflow to the model. The studies show that the Northeastern Mediterranean
Sea is phosphate limiting, but the effect of discharges show a shift in N/P ratio,
especially in spring seasons.

Fig. 2. Circulation model result of Mersin Bay showing the open water
circulations and their effect on coastal regions

Regarding the eutrophication, four nutrients are taken as sources, NH4, NO3,
PO4 and Si. Three phytoplankton species are parameterized with respect to
these nutrients being, flagellates, diatoms and dinoflagellates, and also general
zooplankton species. Dissolved oxygen is modelled in conjunction with the
eutrophication process, and biochemical oxygen demands results are observed
respectively.
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Tot. Environ. (Special Issue). In: Marine Coastal Eutrophication (Vollenweider,
R.A., Marchetti, R., Viviani, R., eds.) Elsevier, Amsterdam, pp: 705-717.

This result is clearly seen by the model as major impacts of the river discharges.
At certain times of the year, the Mediterranean is under high level deposition of
nutrients from the Sahara Desert, and for that reason, atmospheric calculations
are included in the model. As physical forcing functions, varying heat fluxes
and wind data are used in the model to force circulation and stratification and
mixing of the water column in varying
seasons.
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ANTHROPISATION ET ÉROSION BIOLOGIQUE : CAS DU GOLFE DE TUNIS
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Abstract
La comparaison faite entre l’état environnemental du golfe de Tunis dans les années 70 et l'état actuel met en évidence une
«dévégétalisation» sur quelques 150 km2 et une profonde déstructuration de tout l’écosystème du golfe.
Keywords: Algae, Posidonia
Le golfe de Tunis, situé à la jonction entre les bassins occidental et oriental,
occupe une position clé en Méditerranée méridionale. Avec la concentration
sur ses rives de près du cinquième de la population nationale (2 millions
d’habitants), de l’essentiel du tissu industriel national (85 %) et l’essentiel de
l’activité portuaire aussi bien touristique que commerciale, ce milieu subit
de très fortes contraintes. Le poids grandissant des stress environnementaux
au niveau du golfe a suscité l’attention des autorités qui ont mis en route un
vaste programme de surveillance environnementale devant aboutir à des
mesures de réhabilitation. Les observations faites dans les années 70 sur l'état
des phytocénoses benthiques de l’ensemble du golfe (1) nous ont permis de
caler un point « zéro écologique ». A des fins de comparaison, une campagne
de surveillance environnementale a été faite en juin 2008. Elle a concerné 43
stations réparties sur l’ensemble du golfe (eau, sédiments et macro benthos).
L’ensemble des résultats obtenus, a permis de connaître les principales
réponses de l’écosystème aux stress, à savoir :
- la remontée générale de la frange basse de la végétation (fig1), celle-ci étant
nettement plus forte dans toute le secteur ouest du golfe sous influence du seul
fleuve tunisien pérenne, à savoir la Mejerdah, et moindre dans le secteur est où
la pression anthropique directe, en dehors de celle exercée par les arts
traînants, est très faible.
- l’importante diminution des surfaces occupées par les herbiers de posidonies
et, dans de nombreux cas, leur disparition, notamment dans la portion ouest de
la baie de Tunis - sous influence directe des contraintes liées au voisinage de la
capitale-.
- engendrée par la progressive opacification des eaux chargées de particules en
suspension, l'éradication sur près de 150 km2 des prairies de Caulerpa
prolifera qui, dans les années 70 succédaient aux herbiers. Pour la même
raison, la remontée des éléments de la biocénose coralligène, très importante,
est passée de 50 à 10 m.

Fig. 1. Golfe de Tunis- profondeur (en mètres) de la frange basse de la
phytocénose infralittorale en 1972 (trait plein) et 2008 (pointillés).

Cette déstructuration de l’écosystème littoral, sous les contraintes accrues
liées au réchauffement climatique global, a laissé place à une large colonisation
par des espèces exotiques tropicales et plus spécialement par Caulerpa
racemosa qui, à l’heure actuelle, est présente tout au long du littoral du golfe.
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