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PANEL REPORT BY THE MODERATOR
Ferdinando Boero
Universita del Salento, Italy - boero@unile.it

Keywords : Biodiversity, Gis, Eastern Mediterranean, Western Mediterranean.

Information systems are the new powerful tool to collect, integrate and
analyse data from different sources and to make them readily accessible
to the scientific community worldwide. This panel focused on issues con-
cerning the management of biodiversity databases on the internet (data
integration, accessibility, quality control) and their scientific and educa-
tional applications.

The session started on time, all speakers where sharp in their presentations,
leaving an hour for discussion with the audience. The first two contribu-
tions focused on patterns and trends in the introduction and distribution of
alien species based on the analysis of datasets from the CIESM Atlases
of Exotic Species. Daniel Golani showed the abrupt increase in exotic
fish in the Mediterranean Sea in recent years, with 18 newly introduced
species since 2002, mainly through the Suez Canal. Many established
species extended considerably their range of distribution and for some
species real population explosions occurred in just few years time. As the
rate of invasion is likely to increase in the future, D. Golani discussed the
need for more research on the impact of exotic fish on native assemblages.
In particular, he stressed the importance of long-term monitoring of fish
invasions and the need for comparative studies between exotic fish and
ecologically similar native species for more reliable assessment of im-
pacts on local diversity.

The rate of invasions in the Mediterranean Sea is steadily increasing also
for other taxa, as was clearly shown in the communication by Bella Galil.
To date, 66 exotic crustacean decapod and stomatopod species have been
recorded in the Mediterranean Sea and the number of introductions in-
creased in the last decade. The Eastern basin is the most affected by
species introductions, which have been five times higher than in the West-
ern basin. Marked differences between the two basins in the origin and
way of introduction were also outlined. B. Galil finally examined poten-
tial determinants of the establishment success of tropical species in the
Mediterranean Sea, with special reference to climatic changes.

Marc Verlaque introduced the forthcoming CIESM Atlas on Exotic
Macrophytes, which is the first inventory of macroalgal species introduced
in the Mediterranean Sea. The Atlas provides comprehensive, referenced
information on the morphological features, ecology and biogeography of
110 exotic macroalgal species. The Atlas, soon accessible online, will
be regularly updated, dynamically integrating records on new introduced
species. Since the Mediterranean Sea harbours the greatest number of
exotic macrophytes in the world, and since new species introductions are
increasing exponentially mainly due to shellfish farming, this Atlas repre-
sents a unique benchmark to assess past and future changes on macroalgal
diversity.

Giuseppe Notarbartolo di Sciara presented the joint project between
CIESM and ACCOBAMS to develop, in cooperation with the Pelagos
Sanctuary, a database on cetacean sightings covering the Mediterranean
and Black Seas. The database will integrate historic datasets collected
and archived by the CIESM Marine Mammals Task Force with current
and future records on the presence, distribution, abundance and habitat of
cetaceans. The importance of building a scientifically rigorous cetacean
sightings database was underlined by the author, who stressed the need
for basin scale observations to further scientific understanding of marine
mammals and improve conservation measures.

Key issues concerning data integration, accessibility and ownership in
web-based information systems were presented by Christos Arvanitidis
on behalf of the panellist Edward Van Berghe (excused). As he pointed
out, one of the main problems related to integration of several datasets is
the lack of a common taxonomic nomenclature. He then described the
European Register of Marine Species, an initiative of the EU Network of
Excellence MARBEF to provide a standard taxonomic list of European

marine species. This list is available online and should serve as a refer-
ence guide when integrating datasets using different terminology. A brief
presentation of the MedOBIS database on Mediterranean and Black Sea
species was given by her colleague Sarah Faulwetter.

Data integration, however, does not only imply the use of a common
terminology. The need to adopt an ecosystem-based approach to study
biodiversity has prompted the development of information systems which
host datasets of numerous biological and environmental variables.

The new CIESM GIS-based application developed at CIESM Headquar-
ters was presented in a joint paper authored by Paula Moschella and
Kaveh Rassoulzadegan. It will integrate CIESM datasets on biodiver-
sity, environmental variables and bibliographic resources into one single
information system. The multilayer architecture of the application and
the partitioning of the Mediterranean into subregional zones allows an at
glance visualization of several datasets in a particular area of interest. P.
Moschella also explained that the system was specially conceived to make
it accessible and easy to use on both shores of the Mediterranean, and
to provide scientific information that would equally serve scientists and
non-specialist end users.

The last presentation was given by Stéphane Pesant, who highlighted the
importance of integrating datasets that provide information on the dif-
ferent levels of biological diversity (e.g. taxonomy, genetics, ecology)
to better understand the functioning of marine ecosystems and the bio-
geochemical fluxes. The problems of data aggregation, quality control,
and metadata standardization were also addressed using examples from
EurOcean, SESAME and MARBEF initiatives.

The following is a summary of the main questions, answers and comments
raised during the general Panel debate.

Comment: Databases are too difficult to use, and not exactly user-friendly,
with the exception of that of CIESM.

Answer: Databases are available through the internet, and so are acces-
sible to all those who can take advantage of a connection with the world
wide web. Most databases, however, are just for the scientific community
and are often not even available without permission.

Question: Are there biological parameters that can be used to show long
term changes, as it happens with oceanography?

Answer: It is possible with the fossil record over the long term. Then
there are middle term information, like with alien species, where we can
reconstruct the recent history of the Mediterranean in terms of arrival of
new species from both Gibraltar and Suez. EurOceans and SESAME are
working with this aim in mind, collecting past information and assembling
it into a single temporal framework. Long term series have been set up at
several places (Naples, Villefranche-Sur-Mer, Plymouth, Helgoland) but
are being abandoned because they are costly and not scientifically reward-
ing over the short term (the term that determines scientific careers and
funding availability). They should be fostered because they reconstruct
the history of biota and are conducive to the understanding of present-day
situations.

Question: There is not enough knowledge of the biodiversity of the south
shore. No more taxonomists. What about the species living in the southern
shore and that have never been recorded due to lack of observation? If
they will widen their distribution range, they will be considered as aliens,
and they are not. We have to convince the decision makers that taxonomy
is important.

Answer: this is correct. We have information from the northern shore,
and sometimes we produce floras and faunas, but they do not cover the
situation of the southern shore. The exploration of the Mediterranean is
far from having been accomplished. The problem does not reside with
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decision makers, though. The problem rests with the scientific commu-
nity. The perception of taxonomy as an obsolete discipline comes from
within the scientific community. Even Nature publishes articles stating
that taxonomy is extremely important, but then the money allocated to
taxonomy mostly goes to information and technology for the building of
databases that provide information. This is necessary but it is not suffi-
cient. Taxonomists cannot find jobs because they do not attract proper
funding. Taxonomists produce the knowledge that makes information
available. Information without knowledge is not very useful, even if it
gives the impression of great achievements. We have to convince the rest
of the scientific community that taxonomy is important, so to give proper
inputs to decision makers.

Question: Why is the Sicily Channel not a biogeographic region on its
own on the map of CIESM?
Answer: good question, it will be taken into consideration.

Comment: The southern shore is going through the most spectacular
change throughout the Mediterranean and it is not appreciated enough
because there are no trained people to witness it.

Answer: Even fish are not covered very well because there are many mis-
takes. If there are no specialists, it is almost impossible to have reliable
records. The issue is extremely important and calls for proper effort in
building new taxonomists.

Comment: Virtual libraries with pdf papers will help people to identify
organisms.

Answer: taxonomy is not identification. If people think to be able to
identify specimens just from a key or an atlas, there will be a great risk
of misidentification, as it is happening even for fish. Floras and faunas
have to be developed, but they are important tools for identification only if
novel cases (e.g. of records new for the basin) are inspected by specialists.
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ALIEN DECAPODS IN THE MEDITERRANEAN SEA - WHICH, WHEN, WHERE, WHY?
Bella S. Galil
Israel Oceanographic & Limnological Research, POB 8030, Haifa 31080, Israel - bella@ocean.org.il

Abstract

The presence and the spatio-temporal spread of 66 alien decapod and stomatopod species in the Mediterranean Sea were studied. The
majority of aliens in the eastern Mediterranean entered through the Suez Canal, whereas mariculture and shipping are powerful means of
introduction in the northwestern Mediterranean and in the Adriatic Sea. Most aliens are thermophilic species. The possible causes for the
epic scale of invasion in the Mediterranean Sea are discussed in relation to a complex of stressors and climatic factors.

Keywords : Species Introduction, Crustacea.

Introduction

Growing awareness worldwide that bioinvasions constitute one of the
most significant components of global change, with often harmful effects
on biodiversity, economy and human health, coupled with the opportune
misfortune of a handful of invasive aliens noted for their conspicuous
impacts on the native Mediterranean biota, have drawn the attention of
scientists, management and media. It was widely perceived that the lit-
toral and infralittoral biota of the sea had been undergoing a rapid and
profound change. A series of CIESM Atlases summarize the extant
knowledge of the scale and impact of 'Exotic species in the Mediter-
ranean’ (www.ciesm.org/atlas/).

Discussion

WHICH? A geographic classification of the alien decapods and stom-
atopods shows that their native range is most commonly the Indo-Pacific
Ocean, the Indian Ocean, and the Red Sea (80%). Caution should be ex-
ercised: the true origin of Mediterranean populations of a species widely
distributed in the Indo-Pacific Ocean may be its population in the Red Sea,
or much further afield, or secondarily from established southern Levantine
populations. However, it is quite clear that most of the alien crustaceans
are thermophilic, originating in tropical seas. This flies against the widely
held assumption that successful bioinvasions originate in similar latitudes
[1]. A classification according to the means of introduction shows that
the majority of alien crustaceans entered through the Suez Canal (73%),
followed by vessels (15%). Here too, caution should be exercised when
using this data: only rarely the means and route of introduction are known
from direct evidence.

WHEN? The number of alien crustaceans has been increasing steadily.
A surge in the records in the 1920s reflects the publication of the results
of 'The Cambridge Expedition to the Suez Canal’. There seem to be
more introductions recorded in the first years of the 215t C than in the
1980s and 1990s. Since the 1950s major political, economical and so-
cietal changes have occurred in the peri-Mediterranean countries. Their
impact on the rate and means of introduction is apparent: though the
Suez Canal remained the main access route for alien species, the rate of
introductions by vessels and mariculture has been higher. The increase
in vessel-transported aliens may be attributed to the increase in shipping
volume throughout the region, the changing trade patterns that result in
new shipping routes, improved water quality in port environments, aug-
mented opportunities for overlap with other introduction vectors, and
rising research effort. Similarly, the increase in intentional and uninten-
tional mariculture introductions.

WHERE? The bulk of the alien species recorded in the Mediterranean
are littoral and sublittoral benthic or demersal species. Since the shallow
coastal zone has been extensively studied, the chances that new arrivals
will be encountered and identified are higher. Also, the species most
likely to be introduced by the predominant means of introduction (Suez
Canal, vessels, mariculture) are shallow water species. A comparison of
alien decapods and stomatopod species between the Mediterranean coasts
of Spain and France, and an equivalent coastline from Egypt to Turkey,
shows marked differences in their numbers, origin and means of introduc-
tion. There are five times as many alien species along the Levantine coast
(49) as in the westernmost Mediterranean (9). The majority of aliens in
the Levant entered through the Suez Canal (92%), whereas mariculture
(78%) is the main means of introduction in the western Mediterranean.
Consequently, the native ranges of the western Mediterranean aliens are
spread over ’the seven seas’, while the Levantine aliens mostly originate
in the tropical Indo-Pacific or parts thereof (IP 61%, 10 14%, RS 5%).

WHY? The extraordinary physiography and climatic history of the
Mediterranean left it with vast vacant "climatic" niches. Modern ship-
ping, the Suez Canal, and mariculture breached the biotic isolation of the
sea and provided the major pathways for alien marine organisms to enter
and occupy those niches. Most alien species in the Mediterranean had
not originated in similar latitudes like marine bioinvasions elsewhere, but
are thermophilic, mostly tropical, species [2, 3]. Rising seawater temper-
ature may change the pool of species which could establish themselves
in the Mediterranean, enable the warm stenothermal species (native and
alien) to expand beyond their present distributions, and may impact on a
suite of population characteristics (reproduction, survival) that determines
interspecific interactions, and, therefore, the dominance and prevalence
patterns of both native and alien species, and provide the thermophilic
aliens with a distinct advantage over the native biota. However, concurrent
alien invasion and rise in the sea surface temperature do not themselves
imply causation: the complexity of the ecosystem and the difficulty in
assessing and understanding the biological response to climate forcing
caution against simplistic unidimensional interpretations. The epic scale
of invasion in the Mediterranean Sea may be explained as the consequence
of a synergetic complex of stressors - pollution, eutrophication, destruc-
tion and fragmentation of habitats, fisheries overexploitation, and climate
change - a catastrophic anthropogenic ecosystem shift - superimposed on
a unique physiographical and climatic history.
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Fig. 1. Number of alien crustaceans in the Mediterranean, presented by
means of introduction, before and after 1950.
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FISH INVASION OF THE MEDITERRANEAN - RETROSPECTIVE AND PROSPECTIVE
D. Golani ! *, L. Orsi-Relini 2, E. Massuti 3, J.-P. Quignard *, J. Dul¢i¢ °
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Abstract

The rate of fish invasion into the Mediterranean has continued without showing any sign of deceleration. Since the publication of the
CIESM Exotic Fish Atlas in 2002, 18 new exotic fish species have been recorded and many species have extended their distribution
range. Two distinct periods (1977-1982 and 2000-2005) of population explosion were documented for nine cases of invasive fish species
just following initiation of invasion. In light of the supposition that the rate of invasion will continue steadily, it is suggested that future
research should concentrate on comparative studies of the ecology and life history strategies of the invasive species and their closely related
Mediterranean indigenous species as well as application of population dynamics and genetics.

Keywords : Fishes, Species Introduction, Western Mediterranean, Eastern Mediterranean.

Bio-invasion is considered to be one of the main factors influencing alter-
ation of species diversity and faunistic structure. The Mediterranean Sea,
as an enclosed sea heavily affected by anthropogenic actions such as in-
tense fishing activity, pollution and tourism, is pervious to the invasion of
alien species. The bio-invasion of the Mediterranean encompasses nearly
all the major marine taxonomic groups. Three of these, namely, Fish,
Crustaceans and Molluscs, have been the subject of recent publications
of CIESM (www.ciesm.org/atlas/). The scientific study of fishes has an
advantage over the other groups, since commercial fishery exploitation
provides extensive quantitative and qualitative data in "samples from the
local marine environment, in addition, the taxonomy of fishes is relatively
clear.

Fish invade the Mediterranean via three pathways: 1) via the Straights
of Gibraltar; 2) via the Suez Canal and 3) via direct human activity (e.g.,
ship-mediated transport, mariculture, etc). Unlike other groups, the third
way of direct human activity is of lesser importance regarding fishes.

Since the publication of the CIESM Fish Atlas in 2002 [1], 18 new ex-
otic fish species have been recorded, reaching a total of 108 representing
61 families, of which 37 were new to the Mediterranean ichthyofauna.
This represents an increase of 20% within only four years (Fig 1). In
addition, many established species extended their distribution range. The
most substantial range extensions were observed for Etrumeus teres,
Sphyraena flavicauda, Petroscirtes ancylodon, Callionymus filamentosus
and Lagocephalus suzensis from Rhodes [2], Upeneus pori and Scombero-
morus commerson from Tunis [3], Fistularia commersonii [4] and Siganus
luridus from the Tyrrhenian Sea; Pseudupeneus prayensis progressed to
the northwestern Mediterranean while Seriola fasciata reached the eastern
Mediterranean.
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Fig. 1. Cumulative number of alien species in the Mediterranean by ori-
gin.

Invasive fish species succeeded in colonizing almost every available niche,
including sandy and muddy bottom, pelagic and rocky, the first two of
which were considered to be the most vulnerable to colonization [5]. The
deepwater environment has been invaded to date only by Atlantic species;
deepwater Red Sea species have been unable to reach the Mediterranean
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due to the shallow Bay of Suez. The general pattern of population growth
of invasive fish species in the Mediterranean is characterized by a small
founder group that gradually expands its population. However, there
have been some instances of invasive fish species experiencing a popu-
lation explosion shortly after invasion initiated. Two distinct periods of
population explosion were observed. Between 1977-1982 four species,
Pempheris vanicolensis, Sillago sihama, Oxyurichthys petersi and Spho-
eroides pachygaster expanded their populations rapidly. Another wave of
population explosion occurred between 2000-2005 regarding the species
Fistularia commersonii, Plotosus lineatus, Hippocampus fuscus, Lago-
cephalus sceleratus and Decapterus russelli.

The impact of invasive fish on the Mediterranean indigenous species has
been addressed by several authors who have noted cases where alien fish
displaced, replaced or out-competed native species. However, except
for the individual cases of Mullidae and Synodontidae, no other direct
comparative studies of invasive fish species and their closely related in-
digenous species sharing a similar niche have been reported; thus, such
sweeping conclusions regarding the vast majority of invasive fish species
are of a speculative nature only. Future directions in research will need to
deepen our knowledge of the impact of invasive species in the Mediter-
ranean. One of the main challenges to future research on invasive species
is to conduct comparative studies on the ecology and life history strategies
of invasive versus that of their closely related indigenous species with
similar ecological life traits. Another important research topic is to mon-
itor the rate of invasion, since there is no sign that this rate will lessen
in the foreseeable future. Other subjects for future studies may include
the causal relation between population dynamics and species invasion,
including genetic studies at the molecular level.

References

1 - Golani D., Orsi-Relini L., Massuti E. and Quignard J.-P., 2002. CIESM
Atlas of Exotic Species in the Mediterranean. Vol. I. Fishes. (F. Briand,
ed.) CIESM Publisher. Monaco, 256p.

2 - Corsini M., Margies P., Kondilatos G. and Economidis P.S. 2005.
Lessepsian migration of fishes to the Aegean Sea: first record of Tylerius
spinosissimus (Tetraodontidae) from the Mediterranean, and six more fish
records from Rhodes. Cybium, 29: 347-354.

3 - Ben Souissi J., Golani D., Mejri H., Zaouali J. and Capapé C. 2006.
On the occurrence of Scomberomorus commerson Lacepede, 1800 (Oste-
ichthyes: Scombridae) off northern Tunisia (Central Mediterranean). Cah.
Biol. Mar., 47: 215-218.

4 - Micarelli P., Barlettani M. and Ceccarelli R. 2006. Prima segnalazione
di Fistularia commersonii (Ruppell, 1838) (Fistularidae, Pisces) nel Tir-
reno settentrionale. Biol. Mar. Medit., 13(1): 887-889.

5 - Golani D. 1993. The sandy shore of the Red Sea - launching pad for
Lessepsian (Suez Canal) migrant fish of the eastern Mediterranean. J.
Biogeogr., 20: 579-585.

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

A JOINT CETACEAN SIGHTING DATABASE: A COOPERATIVE EFFORT AMONG CIESM, ACCOBAMS
AND THE PELAGOS SANCTUARY
Giuseppe Notarbartolo Di Sciara ! * and Caterina Maria Fortuna 2
! Tethys Research Institute, Viale G.B. Gadio 2, 20121 Milano, Italy - disciara@tin.it
2 Blue World Institute of Marine Research and Conservation, Kastel 24, HR-51551 Veli Losinj, Croatia

Abstract

The organization of a cetacean sighting database has been started by CIESM in cooperation with ACCOBAMS and the Pelagos Sanctuary.
Aims of the database are to support the conservation and scientific goals of the participating organisations by providing a readily accessible
body of knowledge, collected across time (past, present and future), concerning the occurrence, distribution, abundance and habitat use of
cetaceans in the Mediterranean Sea, the Black Sea and contiguous Atlantic Ocean.

Keywords : Cetacea, Black Sea, Eastern Mediterranean, Western Mediterranean.

For several decades CIESM has been concerned with the progress of
ecological knowledge of Mediterranean cetaceans, and such efforts and
interest have resulted, among other things, in recent years in the publica-
tion of a preliminary Atlas on cetacean distribution [1], and of a Workshop
Monograph [2] on the roles of cetaceans in marine ecosystems. Further-
more CIESM actively supports the functioning of ACCOBAMS - an inter-
governmental organisation for the conservation of the region’s cetaceans
- by nominating five independent members in its Scientific Committee.
Collecting and organising cetacean sighting data from the Mediterranean
and the Black Seas has been a CIESM activity for a long time [1, 3]. Now
ACCOBAMS and the Pelagos Sanctuary - another intergovernmental en-
tity established in 2002 by France, Italy and Monaco to protect cetaceans
in a large area of the NW Mediterranean basin - have decided to join
efforts with CIESM to create a cetacean sightings database. A joint ad hoc
meeting was organised in Monaco in September 2006 for this purpose.

Aim of the database will be to support the conservation and scientific goals
of the participating organisations by providing a readily accessible body
of knowledge, collected across time (past, present and future), concerning
the occurrence, distribution, abundance and habitat use of cetaceans in the
area of interest, i.e., the Mediterranean Sea, the Black Sea and contiguous
Atlantic waters.

A better understanding of the distribution and occurrence of cetaceans in
the area of interest is important for many reasons. First, although cetacean
ecology is beginning to be reasonably well known in parts of the Mediter-
ranean and Black Seas, knowledge is completely lacking from major
portions of the area, and even where such knowledge exists, it is mostly
limited to summer observations. Second, even if we were to succeed in
securing state-of-the-art information (i.e., completion of a measure of ef-
fort and of the concurrent environmental co-variates) on future sightings
over the whole area of interest, and across seasons, past details on the
abundance and distribution of cetaceans in the region, not to speak of time
series, are very scarce and difficult to find, making the detection of trends
in an epoch of rapid change an arduous challenge. Third, creating a cen-
tralised database will facilitate the application to the data of increasingly
sophisticated analytical techniques which will ensure that management
and conservation decisions will rest on robust science and become more
effective. Finally, a shared database will facilitate the creation of a net-
work of like-minded scientists cooperating on a regional scale so as to
better understand the ecology of cetaceans, and improve the conservation
status of their populations.

In order to proceed with the establishment of the common database, the
following priority objectives were identified:

1.0rganising a single, accessible, scientifically credible and robust
database, integrating relevant and validated existing datasets forfuture
information. Such dataset will contain information collected within the
area of interest.

2.Gathering data that can be analysed to obtain effective and predictive
distribution and abundance maps for all cetacean species within the area
of interest.

3.Implementing new spatial analysis tools, in order to define ad hoc mod-
els for the region that will allow the correct use of new baseline and
monitoring data.

The database will be hosted in Monaco. A "Data Availability Group" shall
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be created soon, including representatives from the three organisations and
scientists holding the datasets. In recognition of the fact that data represent
a significant temporal and financial investment by scientists and research
institutes, the use of their data by third parties shallbe accompanied by
appropriate safeguards. The following general principles will constitute
the base of the working approach: (1) data owners maintain ownership;
(2) data owners are offered co-authorship in any relevant technical report
of the involved Organisations; (3) publication rights remain strictly with
the data owner.

The following basic Terms of Reference were indicated for the "Data
Auvailability Group":

To clearly identify all procedures for:

A.1 database accessibility policy, by establishing rules on:

a.data transmission to potential users(deciding on the applicants’
eligibility);

b.submission of data access proposals;

c.evaluation of data access proposals.

A.2 data quality control, by defining rules on data validation methods (for
example, on the eligibility of datasets and data providers, methods and
protocols for data collection, data verification system).

In practice, the main work of the Data Availability Group will include:

1.Definition of data to be collected, and what fields are obligatory (e.g.,
latitude, longitude, time, date, group size, distance, angle, speed and
height of the observation platform, sea and wind state, linear km covered
or tracks, sampling design, etc.);

2.Criteria to define acceptable data, and definition of basic research meth-
ods considered reliable (for example, one dedicated/ experienced observer,
GPS position, picture, etc.); this would include a procedure for data qual-
ity control;

3.Establish different levels of accessibility (data providers, "third parties",
public/website);

4.Data use (validity of aims of the proposed use of data by third par-
ties), including the format and "temporal validity" for the distribution of
documents;

5.Data providers must be selected and data should be made available based
on clear rules;

The term "data owners" shall be clarified (e.g., data collector, data holder,
data owner, opportunistic vs. systematic, experienced vs. opportunistic).
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Abstract

Biodiversity is helpful to assess the impacts of climatic and anthropogenic perturbations on marine life; it can be assessed at various levels
and requires data from various fields of research, including genetics, taxonomy and ecology. Our challenges are (i) to quality check,
authenticate and aggregate data from the different fields; and (ii) to agree on networking solutions and metadata standards.

Keywords : Global Change, Biodiversity, Food Webs, Geochemistry.

The Mediterranean Sea is subject to several perturbations, some of which
are linked to short-term events or long-term trends in the regional and
global climate and in human activity. Biodiversity is helpful to assess the
impacts of these perturbations on marine life. For that reason, several
European initiatives [1- 4] are gathering biodiversity data, with the aim to
model and predict changes in marine systems.

Traditionally, biodiversity is assessed at the taxonomic level of species
and leads to the study of biogeography and species diversity, which is
of significance for the conservation of our natural heritage. Besides that
interest, biodiversity also plays an important role in the functioning of
marine ecosystems and their associated biogeochemical fluxes. Notably,
biodiversity can be assessed at several levels of organisation including ge-
nomic diversity at one end of the spectrum and ecosystem diversity at the
other end (Figure 1). Intermediate levels of organisation include the di-
versity of functional groups and food webs, which are being progressively
incorporated into ecosystem and biogeochemical models. These various
levels are complementary to species diversity and require additional data
from the fields of genetics and molecular biology, and from other biologi-
cal and environmental sciences.
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Fig. 1. Levels at which biological diversity is of interest and their respec-
tive data requirements.
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Historically, the fields of genetics, taxonomy and ecology are segregated,
such that each field has developed its own European Network of Excel-
lence [4, 3 and 1, respectively] and its own databases. These have yet to be
merged to successfully address the functioning of marine ecosystems and
biogeochemical fluxes, but fortunately they all share, at minimum, com-
mon geo-references that allow us to assemble the puzzle. The challenges
are thus (i) to quality check, authenticate and aggregate data from the dif-
ferent databases; and (ii) to agree on networking solutions and metadata
standards.

To address the first challenge, International and European initiatives are
developing authoritative taxonomic lists of marine species [5, 6] that are
augmented by the scientific community and reviewed by experts. Be-
sides nomenclature issues, traditional and emerging methodologies must
be rigorously validated and corrected when necessary, e.g. systematic
vs. targeted counts, expert-to-expert validation; and manual vs. imag-
ing identification. Similar attention must be given to other biological
data such as the abundance of plankton functional groups estimated from
light and epifluorescence microscopy, HPLC and remote sensing. This is
particularly relevant for time series analyses involving indicator species.
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Finally, the conversion of abundances into biomass is particularly relevant
to modellers.

To address the second challenge, at least partially, European networks of
marine databases were created by the different fields of research [4, 7, 8].
Besides establishing common metadata standards and exchange protocols,
the proper integration and use of marine data will require that database
architectures refine their granularity. Coarse granularity implies that meta-
data are attached to pre-assembled datasets (e.g. per project, per taxon or
per geographic area), whereas fine granularity implies that metadata are
attached to each datum. The latter must be achieved in order to aggregate
data into customised, cross-fields data products [9].
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Abstract

One of the objectives of the EU Network of Excellence "Marine Biodiversity and Ecosystem Functioning” was to bring together existing
datasets in large databases, to facilitate analysis on long term, and on the European scale. Data integration proved to be a non-trivial and
labour-intensive task. Good standard lists (vocabularies/ontologies) for both taxonomy and geography are essential tools. Vastly different
sampling equipment and design often precludes quantitative analysis on the level of the integrated database. Sampling bias, resulting from
the objectives of the projects that generated the individual data sets, needs special attention.

Keywords : Analytical Methods, Biogeography, Ocean History.

Scientific data are often collected in the framework of relatively small
projects; the resulting datasets are usually relatively small-scale, and fail
to inform on the scale of global environmental problems with which hu-
mankind is confronted. This has prompted a multitude of data integration
activities, to try and assemble several of these smaller datasets in larger,
interpretable databases. One of the objectives of the EU Network of Ex-
cellence "Marine Biodiversity and Ecosystem Functioning’ was to bring
together existing datasets in large databases, to facilitate analysis on long
term, and on the European scale.

Older datasets are transcribed from paper to electronic forms in data ar-
chaeology and rescue projects. The digitisation of historical data from
paper files can cost <0.5% of that of the original field surveys [1]. While
these integrating and rescue activities are extremely useful, they are often
labour-intensive, they often cause a certain degree of loss of detail in the
information, and they introduce an inherent danger of data duplication.
Very often, essential metadata (such as sample size) are not immediately
available with the dataset, and have to be traced in literature based on the
data. Lack of standard protocols results in variations in sampling equip-
ment, and makes quantitative comparisons difficult. Often sample size
is missing, and abundances are only given as densities per unit area or
volume - but this precludes the use of rarefaction, which is an essential
technique when dealing with samples from different sizes.

To facilitate integration, reference should be made as much as possible
to standard vocabularies of terminology: standard taxonomic names, ge-
ographical names and parameter names. For parameter descriptions, a
dictionary developed at the British Oceanographic Data Centre is used
[2].The reference for taxonomic names used within MarBEF is the Euro-
pean Register of Marine Species (ERMS) [3, 4, 5], a synonymised list of
names of organisms that have been reported from European marine wa-
ters. ERMS contains not only valid names, but also invalid synonyms and
documented misspellings; this way, ERMS forms a guide to the correct
application of taxonomic names. ERMS provides an online tool for data
integration. A gazetteer of marine place names was compiled, based on
several existing lists of place names (e.g. from IHO and FAO), and on the
basis of literature on an ad-hoc basis [4]. The purpose of the gazetteer is
to improve access and clarity of the different geographic, mainly marine
names such as seas, sandbanks, ridges, bays or even standard sampling
stations used in marine research. Maritime boundaries and Exclusive
Economic Zones in particular are important concepts for a lot of bio-
geographical applications. As no global public-domain cover of such
information was available, the Flanders Marine Institute (VLIZ) decided
to develop it: treaties between countries were gathered and the coordinates
that were published herein were imported in a GIS. Where no treaties were
available, maritime boundaries were calculated in ArcGis as 200 nautical
mile buffer lines or as median lines, according to the regulations of the
United Nations Convention on the Law of the Sea.

Where standard protocols were used in generating the observations or
where there is an opportunity to make a priori agreements with the sci-
entists about minimal required metadata, the integration process can be
simplified and the loss of detail can be minimized. In all cases, extensive
documentation is essential. Some controlled vocabularies exist, such as
those provided by the Global Change Metadata Standard (GCMD), ISO
19115 and the Federal Geographic Data Committee (FGDC), but urgently
need to be expanded for management of marine biology and ecology data.
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Most data are collected using public funding of some kind; it is only
reasonable to assume that these data would ultimately be available in the
public domain. Unfortunately, that is not always the case; for example,
NODC:s contain less than half of the oceanographic data collected in their
countries [6]. Few of the marine papers in top journals publish raw data.
The concerns of data owners, and reasons why not to make data publicly
available, were reviewed by Froese [7]. Incentives are needed for data
custodians to share their data. One possible mechanism would be to make
datasets citeable; contributing data to on-line datasets, and having the data
cited by others, should be treated in the same way as publishing research
papers and being cited. To facilitate this, authors of scientific papers could
be requested to deposit their raw data in a public, well-managed archive. It
is the expected practice in taxonomy to lodge type specimens in museums
and, in genetics, to deposit sequences in GenBank, prior to publication.
There should be a similar requirement by journals that ecological data
be made publicly available prior to printed publication [8]. Apart from
making data more widely available, this has the advantage of increasing
the level of possible peer-review.

References

1 - Zeller D., Froese R. and Pauly D., 2005. On losing and recovering
fisheries and marine science data. Mar. Policy 29: 69-73.

2 - Lowry R., Bird L. and Haaring P., 2004. A semantic modelling ap-
proach to biological parameter interoperability, In: Vanden Berghe E.
(ed.), Ocean Biodiversity Informatics, Hamburg, Germany: 29 November
to 1 December 2004: book of abstracts. pp. 14.

3 - Costello M.J., Emblow C. and White R., (ed.), 2001. European reg-
ister of marine species: a check-list of the marine species in Europe and
a bibliography of guides to their identification. Collection Patrimoines
Naturels, 50. Muséum national d’Histoire naturelle: Paris, France. ISBN
2-85653-538-0. pp. 463.

4 - Vanden Berghe E., Bouchet P., Boxshall G., Costello M.J. and Emblow
C., 2004. European Register for Marine Species version 2.0: data man-
agement, current status and plans for the future. In: Vanden Berghe E.
(ed.), Ocean Biodiversity Informatics, Hamburg, Germany: 29 November
to 1 December 2004: book of abstracts. pp. 29.

5 - Costello M.J., Bouchet P., Boxshall G., Emblow C. and Vanden Berghe,
E., 2004. European Register of Marine Species. Available online at
http://www.marbef.org/data/erms.php.

6 - Deckers P. and Vanden Berghe E., 2006. The VLIZ Maritime Bound-
aries Geodatabase as a biogeographical tool. In: Abstracts of the 2006
ICES Annual Science Conference 19-23 September; Maastricht, pp. 228.
7 - Kohnke D., Costello M.J., Crease J., Folack J., Martinez Guingla R.
and Michida Y., 2005. Review of the International Oceanographic Data
and Information Exchange (IODE). Report submitted to the Intergovern-
mental Oceanographic Commission (IOC) of UNESCO, 23rd session of
the assembly. Available at http://ioc3.unesco.org/iode/files.php?action=
viewfile& fid=501& fcat_id=124.

8 - Froese R., Lloris D. and Opitz S., 2004. The need to make scientific
data publicly available - concerns and possible solutions. In: Palomares
M.L.D., Samb B., Diouf T., Vakily J.M. and Pauly D. (eds), Fish biodi-
versity: local studies as basis for global inferences. Fisheries Research
Report 14, ACP-EU, Brussels, pp 268-271.

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

CIESM ATLAS OF EXOTIC MACROPHYTES IN THE MEDITERRANEAN SEA
Marc Verlaque ! *, Sandrine Ruitton !, Frédéric Mineur ? and Charles Francois Boudouresque !
1 UMR 6540, COM - Université de la Méditerranée, Campus de Luminy, 13288 Marseille, France - verlaque @ com.univ-mrs.fr
2 Queen’s University of Belfast, Belfast, U.K.

Abstract

The CIESM Atlas of Exotic Species covers the marine macrophytes. A total of 110 species (22 Chromobionta, 71 Rhodobionta, 16
Chlorobionta and 1 Magnoliophyta) are listed. Several other exotic species only known on the NE Atlantic coast are listed in the Annex.
The kinetics of species introduction into the Mediterranean Sea is exponential since the late 19'" century. As far as the number of
introduced macrophytes is concerned, the main donor area is the Indo-Pacific region, and the main vectors of introduction are the shellfish
aquaculture, followed by the ship traffic and the Suez Canal. Diagnostic features, biological information, references and a distribution map

are given for each species.
Keywords : Algae, Species Introduction, Suez Canal, Aquaculture.

The CIESM Atlas of Exotic Species is the first attempt to provide a com-
prehensive, group by group, survey of recent marine "immigrants" in the
Mediterranean Sea, which is witnessing drastic and rapid changes in its
biota. The present volume, which follows the publication of the first
three Atlases (Fish, Crustaceans decapods/stomatopods and Molluscs),
covers the marine macrophytes. As far as Macrophytes are concerned,
the Mediterranean is the sea harbouring the greatest number of exotic
species worldwide. In this volume, we drew a list as broad as possible
of the exotic macroflora on the basis of recent checklists and unpublished
data [1-6], considering as "exotic" a species being a relative newcomer to
the Mediterranean Sea (e.g.: not having appeared before 1869, date of the
opening of the Suez Canal, for species originating from the Red Sea). Sev-
eral species reported before this date and assumed to be native by some
authors [2] (e.g.: Asparagopsis taxiformis) have nevertheless been in-
cluded because recent and fast changes in their Mediterranean distribution
give evidence to a recent introduction of either a cryptic species similar to
the Mediterranean one or an exotic genotype from remote population. A
total of 110 species (22 Chromobionta, 71 Rhodobionta, 16 Chlorobionta
and 1 Magnoliophyta) constitute the main core of this CIESM Atlas. Con-
sidering the high risk of secondary introduction into the Mediterranean
Sea of exotic species present on the NE Atlantic coast, 12 other exotic
species until now unknown in the Mediterranean are briefly listed in the
Annex. Each species is classified within the following categories accord-
ing to the likeliness of being introduced: very high (introduction with
no doubts); high (introduction likely); medium (introduction debatable).
Presumed not-established and established species in the basin are distin-
guished as having either only one record in the scientific literature, or
self-maintaining populations (minimum of two published records from
either different localities or in different periods).
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Fig. 1. Arrivals of exotic macrophytes species in the Mediterranean
through the late 19th and the 20t century according to the first year of
collection (by default, year of publication).

In the Mediterranean Sea, the introduction of macrophytes may result
from a variety of causes (vectors): transportation of species on the hulls
of ships and offshore structures (fouling) (e.g.: Antithamnionella spp.),
deballasting of waters and solid matters transported by ships, opening of
the Suez Canal (e.g.: Stypopodium schimperi), importations of aquacul-
ture species from native regions, then transfers between basins (e.g. the
exotic flora introduced along with the importation of Crassostrea gigas
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from Japan in the 1970s), accidental escapes from public and private
aquaria (e.g. Caulerpa taxifolia), and releases of species used as packing
material of fishing baits (e.g. Fucus spiralis). Lastly, some epiphytic
species have certainly arrived on their exotic host (e.g.: Acrochaetium
spp.). Once introduced, an exotic species can spread by one or several of
the previous vectors but also via other human activities as fishery and ship
traffic, entangled with the anchorages and fishing engines (e.g. Caulerpa
spp.). Transportation of fixed organisms on ship hulls is certainly the most
ancient vector of species introduction in the marine realm. The relative
importance of this vector has actually decreased with time and, nowadays,
one might suppose that most of the macrophytes that were potential can-
didates for introduction via fouling have been already introduced. Ballast
waters seem to play a minor role as a vector for introduction of macro-
phytes but not as a secondary dispersal vector (e.g. Caulerpa spp.). The
main vector of introduction is shellfish aquaculture, followed by ship traf-
fic and the Suez Canal. Multiple introductions via different vectors (e.g.
fouling, ballast waters and aquaculture) are probable for several species
(e.g.: Codium fragile).

The kinetics of species introduction into the Mediterranean Sea is expo-
nential since the beginning of the late 19t century, and the main donor
area is the Indo-Pacific region (Fig. 1). The marked upsurge in the intro-
ductions in the 1970s results from accidental introductions along with mas-
sive importations of Japanese Oysters from Asia. This exponential trend
was probably also accented by the intensification of research efforts in ma-
rine invasions since the Caulerpa taxifolia event. In the future new records
will need to be added to those presented in this volume. These changes
will be documented in the electronic version of this Atlas, to be found on
the CIESM website at <w.w.w.ciesm.org/atlas/macrophytes.html>.
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Panel 2, which was held on Tuesday 10 April, discussed recent advances
in Black Sea research. The forum placed particular emphasis on the fol-
lowing subjects:

1. ecosystem functioning and food web structure;

2. biogeochemical cycles;

3. pollution and biodiversity;

4. climate-induced changes;

5. prediction and future scenarios of the Black Sea ecosystem functioning.

Particular attention was given to the current status of the ecosystem, its
possible state within the next few decades, and missing critical research
information.

The panel started with presentations by five Black Sea experts.

Nicolae Panin presented an overview of the current state of Black Sea
coastal areas and of the threats arising from global change and regional
variability. Antje Boetius described the latest findings on the biogeochem-
istry and microbiology of the anoxic Black Sea environment, which is
recognized worldwide as a natural laboratory for such research activities
that were made thanks to the recent German cruises in the region. The
major motivations behind this research project were to understand the
characteristics and driving forces of the geological structures that harbour
anoxic microbial ecosystems, to define the unique key microorganims, di-
versity of fauna and biogeochemical pathways present in anoxic habitats,
to discover how these ecosystems interact with geological structures that
host them, and how they are affected by environmental change, and to
carry out long term observations of gas vents, mud volcanoes and hydrate
systems in the Black Sea. Iolanda Osvath touched another interesting
issue, i.e. the existence of links between radiotracer observations and fate
of contaminants within the basin. The major focus of her presentation was
the capacity building in the region to measure, monitor and assess marine
radioactivity and apply tracer techniques. An overview on the status of
radioactive contamination as identified by various radiotracers was also
given.

Andrei Zatsepin presented an overview of high-resolution, interdisci-
plinary field surveys carried out along the eastern coast of the Black Sea
during the last five years, in relation to the basin mesoscale dynamics and
its impact on plankton, fish eggs and larvae communities. An important
finding of these studies is that intense Rim Current can restrict cross-slope
exchange and cause the uneven plankton distribution identified for differ-
ent species on both sides of the shelf-break front, whereas the weakening
of the Rim Current gives rise to more even plankton distribution and in-
tense cross-slope transport. Finally, Ahmet Kideys summarized existing
knowledge regarding the role of models for ecosystem-based fishery man-
agement. His presentation was centered on the description of different
factors that, at different degrees, have the potential of affecting ecosys-
tems and fisheries and are subject to both spatial and temporal variability.

Approximately, 50 scientists from the region and beyond actively par-
ticipated in the panel discussion after the individual presentations. The
debate was on a) the major factors controlling the re-organization of the
ecosystem during the past several decades, b) whether or not the present
status of the Black Sea shows signs of recovery, and c¢) what could be
the fate of gelatinous carnivores and anchovy populations within the next
ten years. It was agreed by the audience that anthropogenic perturbations
are decaying and the ecosystem is now more strongly regulated by natural
climatic variations. Some robust features of the Black Sea ecosystem were
identified:

- decrease of nutrient content in the water column and shift of the system
towards oligotrophy;

17

- apparent reduction in the biological production as compared to the 1980s
due to the persistence of warming since the mid-1990s;

- comparable level of present day anchovy catch with that of the mid-
1970s;

- domination of gelatinous carnivore population by Beroe ovata, which
suppressed the Mnemiopsis population and helped sustain greater anchovy
stocks.

It was however agreed by the audience that it is still too soon to talk
about ecosystem recovery, as the system continues to be in transient
post-eutrophication state. The Black Sea ecosystem fate is expected to
critically depend on future environmental conditions, most importantly
the degree of exploitation of fishery stocks. In this respect, a careful fish-
ery management may help shifting of the system to a healthy state, which
otherwise would regress to the conditions that prevailed in the 1980s and
early 1990s.

Two additional issues discussed in the panel were related to the current
efforts devoted to operational oceanography and end-to-end, holistic mod-
elling approaches, to enhance the understanding of ecosystem functioning
and sustainable management of resources.

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

THE BLACK SEA AS NATURAL LABORATORY FOR BIOGEOCHEMISTRY AND MICROBIOLOGY OF
ANOXIC HABITATS
Antje Boetius * and The MICROHAB Team
Max Planck Institute for Marine Microbiology, Celsiusstr. 1, 28359 Bremen, Germany; International University Bremen, Campusring,
28759 Bremen, Germany - aboetius @mpi-bremen.de

Abstract

The Black Sea is the largest anoxic basin on earth and provides unique conditions for the study of microbial habitats and controls on key
anaerobic microbial processes in the element cycles. Recent studies of European research programs carried out in situ measurements of
fluxes and turnover of methane and sulfur at seep systems of the Black Sea, and investigated the microbial diversity in permanently anoxic
settings, especially those associated with fluid flow and gas seepage. This presentation will summarize recent work on shallow and deep
continental margin settings northwest of Crimea and in the Sorokin Trough and present first results of the expedition MICROHAB with

RV METEOR (HERMES project).
Keywords : Bacteria, Biodiversity, Black Sea, Mud Volcanoes.

Currently, the global inventory of fluid seeps at passive continental mar-
gins is growing rapidly, but geological, chemical and biological processes
operating at those fluid seeps remain poorly understood. In the North-
ern Black Sea, a variety of active methane seeps have been identified at
depths from 100-3000 m, including actively gas emitting mud volcanoes,
and unique microbial reefs. The total area influenced by gas seepage and
hydrate deposition is currently not known, but it is likely that a significant
part of the methane released into the Black Sea hydrosphere comes from
methane release from subsurface sediments [1]. The main objectives of
the recent expedition METEOR M72/2 “MICROHAB”was to map spe-
cific methane-driven microbial habitats at high resolution, to quantify the
composition, distribution and development of microbial communities in
the anoxic Black Sea, and to obtain insight in element cycling and export
at different types of fluid seeps in the Black Sea. This expedition carried
out in Feb. and Mar. 2007 contributes to the GEOTECHNOLOGIEN
program MUMM II studying the microbiology and biogeochemistry of
methane and sulfur turnover by in situ technologies, as well as to the EU
FP6 Integrated Project HERMES which deals with the biodiversity of hot
spot ecosystems at Europe’s continental margins.

Methane is produced in ocean margin sediments as a consequence of the
microbiological degradation of organic matter buried below the zone of
sulfate penetration. As methane builds up, it migrates upwards and may
reach the sediment surface, where it leads to the formation of complex
geostructures such as pockmarks or carbonate chimneys and platforms,
caused by methane ebullition and oxidation, or of large scale topographies
on the deep sea floor such as mud volcanoes and carbonate mounds. The
microbiological key process of sub-surface methane oxidation accounts
for perhaps 90% of the entire methane flux in the sea floor and, therefore,
plays a critical role as a barrier against methane emission to the sea and
atmosphere [1].

hERE -

Fig. 1. Methanotrophic reefs of the NW Crimea margin. Left: Sampling
of escaping gas. Right: Measurement of microbial methane turnover in
the microbial mat. Source: MARUM, Exp. MICROHAB M72/2.

The formation of carbonate nodules, chimneys and crusts can be related
to methane oxidation at fluid seeps, and the responsible methanotrophic
communities can be traced via analysis of biomarker isotope signatures
even in fossil carbonates. Key players in this process are some enigmatic
archaeal/bacterial communities, which use sulfate for the anaerobic oxi-
dation of methane (AOM) or for the oxidation of higher hydrocarbons. In
the Black Sea, unique microbial habitats of previously unknown biomass
accumulations form above gas seeps, because oxygen is absent and thus
any higher life [2]. This affects the biogeochemistry of methane and sul-
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fur turnover considerably, making the Black Sea an interesting natural
laboratory to study anoxic microbial processes and their signatures in the
geosystem.

For the research during the expedition with RV METEOR M72/2 "MI-
CROHAB" with the remotely operating vehicle QUEST (MARUM) the
following target areas have been selected (Fig. 1): 1) In the northwestern
Black Sea, hundreds of active gas seeps occur along the shelf edge west
of the Crimea peninsula at water depths between 35 and 800 m. At some
of the shallow Crimean seeps, microbial mats were found associated with
isotopically light carbonates. Aspects of the microbiology, sedimentol-
ogy, mineralogy, and selected biomarker properties of these deposits were
recently described [2,3]. 2) Abundant mud volcanoes and near surface gas
hydrate occurrences were found in the Sorokin Trough (Fig. 2; [1]). The
mud volcanoes have diameters of up to 2.5 km and heights of up to 120 m
above the surrounding sea floor. We have focussed on the Dvurechenskii
mud volcano, a flat-topped and very active mud volcano in the Sorokin
Trough with a highly interesting geochemistry
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Fig. 2. Mud volcanoes of the Sorokin Trough. Source: after [4]
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KNOWLEDGE FROM THE BLACK SEA: A ROLE MODEL FOR ECOSYSTEM MANAGEMENT
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Abstract

There has been substantial accumulation, particularly during the last two decades, of accessible information about the Black Sea ecosystem.
Major natural and anthropogenic factors (i.e. pollution, eutrophication, overfishing, invasive species, climatic changes) have all been shown
to have impact on the overall ecosystem dynamics of the Black Sea, often collectively. Successful models encompassing all these factors
simultaneously are needed as an indispensable tool in overall ecosystem based management in the Black Sea. The information gathered
on the abrupt ecosystem changes seen in the Black Sea could be invaluable in solving the similar problems of other ecosystems.
Keywords : Black Sea, Global Change, Species Introduction, Fisheries, Models.

With its specific limited characteristics such as (a) biodiversity and rel-
atively short food chains, (b) exchange of water with world oceans, and
(c) benthic pelagic coupling, the Black Sea ecosystem could serve as
a large laboratory, with strong reactions to tested parameters due to its
high productivity. The major threats for pelagic marine ecosystems are
(1) pollution and eutrophication, (2) overfishing, (3) human-accelerated
climate change, and (4) invasive species. Almost all these threats have
been shown to have had impacts on all main components of the Black
Sea ecosystem. This is not surprising as can often these factors closely
affect each other and any affected component would cause a domino effect
through top-down or bottom-up control mechanisms. The role of these
factors or components mainly affected may change spatially or temporally.

Trends in the catch of small pelagics reveal much about how these factors
and mechanisms affect the Black Sea. The catch of small pelagics in the
entire basin, and of anchovy from the southern Black Sea in particular,
rose from the 1960s till 1988. The steady increase observed regarding
the anchovy catch of the Turkish fishery (that is confined to the southern
Black Sea) is not solely due to the use of modern fishing gear, but also
to increased fertility (i.e. mesotrophic) of this region and a decrease in
predation pressure [1]. Increases in small pelagics for most of the other
regions of the Black Sea were only evident until the 1980s when the eu-
trophication and pollution levels along with accelerated habitat destruction
were reported to be strongest for the shallow northwestern shelf regions.
The impact from climate change in this period seems low when the system
was warm (causing decreased fertility due to limited vertical transport
of nutrients) and relatively stable. During the period between 1988 and
1992 the sudden collapse of small pelagics along with zooplankton for
all regions of the Black Sea occurred, undoubtedly caused by the invasive
ctenophore Mnemiopsis leidyi, a voracious mesozooplankton and ichthy-
oplankton predator. However, the sudden explosion of this ctenophore,
which reproduces at higher temperatures, must be closely correlated with
the temperature increase in the late 1980s, following one of the coldest
periods in the early 1980s in the Black Sea. It should be noted that an
overall high productivity level of the basin is the main prerequisite for the
success of this ctenophore, which poses no threat to oligotrophic regions.
The sharp decrease in temperature during the early 1990s was beneficial
for the small pelagics, through (a) increasing the overall productivity due
to vertical mixing and (b) decreasing levels of the competing Mnemiop-
sis. During the warming period of the mid 1990s, Mnemiopsis peaked
again, causing sharp decreases in zooplankton and fish but high chloro-
phyll levels (due to decreased grazing). Field observations and modeling
studies unquestionably underline the key importance of this ctenophore
in the ecosystem dynamics [2,3,4]. The appearance of another invasive
ctenophore Beroe which feeds exclusively on Mnemiopsis has resulted
in a much lowered preassure on fisheries (and ecosystem) from the latter
during the last decade, emphasising the importance of top-down control
in the food web of the Black Sea [3]. Based on observations from the
Black Sea, timely warnings and mitigations have already been put forward
for similar ecosystems (i.e. Caspian Sea, Baltic Sea etc) which are also
suffering from the invasion of Mnemiopsis.

Trophic models encompassing the major components of the Black Sea
ecosystem have been refined during the last decade [4,5]. Future models
would benefit from integrating the rates of changes in all major threats to
the ecosystem, the main ecosystem components, along with detailed fish-
eries parameters. The accumulated knowledge gathered from the Black
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Sea may facilitate the application of such a holistic ecosystem approach
towards better management of its resources.
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Abstract

It is commonplace that radiotracers are time clocks for environmental processes: they can be used to trace water masses, to quantify
mixing, to assess sedimentation rates, to fingerprint sources, to study transfer of contaminants in the food chains. The application and
applicability of radiotracers, combined with other markers, to the study of sources and pathways of contaminants in the Black Sea are

critically reviewed.
Keywords : Radionuclides, Models, Pollution.

Due to its particular oceanographic features, scientists often term the
Black Sea “a natural laboratory”. As a side-effect of human activities, this
over-sized experimental tank received two major inputs of anthropogenic
radioactive tracers: (1) the global fallout, peaking in the early 1960s,
following the atmospheric nuclear tests, and (2) atmospheric fallout and
riverine input following the 1986 Chernobyl nuclear power plant accident.
The latter event created public concern for the potential radiological ef-
fects on humans, which were finally estimated as negligible for marine
exposure pathways [e.g. 1], and was at the origin of much scientific work
carried out and published over the last 2 decades [e.g. 2-5, to quote only
a few publications]. In addition natural radionuclides and stable isotopes
have also been applied in a variety of studies [e.g. 6, 7]. The published
results increased considerably the knowledge on Black Sea oceanography
and on the fate of contaminants (see example in Fig.1), being of particular
value due to the environmental and ecological problems facing this marine
basin.
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Fig. 1. The radiotracer-based reconstruction of the geochronology of

PCB input to bottom sediments of Sevastopol bay, in a core collected at
Pavlovskiy Cape - Southern Bay, 44°37.06 N; 33°32.13 E indicates a non-
uniform input rate [8], attributable to various levels of economic activity
in the area. Post-depositional migration of PCBs is equally observed.

20

References

1 - Aarkrog A., Baxter M. S., Bettencourt A. O., Bojanowski R., Bologa
A., Charmasson S., Cunha I., Delfanti R., Duran E., Holm E., Jeffree
R., Livingston H. D., Mahapanyawong S., Nies H., Osvath 1., Pingyu Li,
Povinec P. P., Sanchez A., Smith J. N. and Swift D., 1996. A comparison
of doses from 137Cs and 210Po in marine food: A major international
study. Journal of Environmental Radioactivity, Vol 34, No 1, 1997, p
69-90

2 - Buesseler K. O., Livingston H. D., Honjo S., Hay B. J., Konuk T. and
Kempe S., 1990. Scavenging and particle deposition in the southwestern
Black Sea - evidence from Chernobyl radiotracers. Deep Sea Research
Part A. Oceanographic Research Papers, Vol 37, No 3, March 1990, p
413-430.

3 - Buesseler K.O., Livingston H.D. and Casso S.A., 1991. Mixing be-
tween oxic and anoxic waters of the Black Sea as traced by Chernobyl
cesium isotopes. Deep-Sea Research, 38, S725-S746.

4 - Egorov V. N,, Povinec P. P, Polikarpov G. G., Stokozov N. A., Gulin
S. B., Kulebakina L. G. and Osvath I, 1999. 990Sr and 137Cs in the Black
Sea after the Chernobyl NPP accident: inventories, balance and tracer
applications. Journal of Environmental Radioactivity, Vol 43, No 2, April
1999, p 137-155

5 - Gulin S. B., Polikarpov G. G. and Martin J. -M., 2003. Geochronologi-
cal reconstruction of 137Cs transport from the Coruh river to the SE Black
Sea: comparative assessment of radionuclide retention in the mountainous
catchment area. Continental Shelf Research, Vol 23, No 17-19, November-
December 2003, p 1811-1819

6 - Gulin S. B., 2000. Seasonal changes of 234Th scavenging in surface
water across the western Black Sea: an implication of the cyclonic cir-
culation patterns. Journal of Environmental Radioactivity, Vol 51, No 3,
December 2000, p 335-347

7 - Rank D., Ozsoy E. and SalihoAflu AL, 1998. Oxygen 180, Deuterium
and Tritium in the Black Sea and the Sea of Marmara. Journal of Environ-
mental Radioactivity, Vol 43, p 231-245

8 - Zherko N.V., Egorov V.N., Gulin S.B. and Malakhova L.V., 2001.
Polychlorinated biphenils in components of ecosystem of the Sevastopol
bay. Environmental safety of coastal and shelf areas and the multiple use
of resources of the shelf, Vol. 2, Sevastopol, MHI, 2001, p153-158

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org
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Abstract

The total length of the Black Sea coastline is over 4 400 km and it belongs to 6 states: Bulgaria, Turkey, Georgia, Russian Federation,
Ukraine and Romania. The proposed zoning of the Black Sea coastal zone evidences 17 main zones characterised by different geology
and morphology, as well as specific littoral water circulation, sediment drift systems and sedimentary budget. These zones belong to three
main morphodynamic categories: (1) low, accumulative coasts mostly related to the rivers mouth zones (mainly sandy complex barrier
beaches with strong longshore sediment drift systems); (2) Erosive coasts within lowstanding plateaux and plains, with active cliffs with
very narrow beaches in front of the cliffs; (3) Mountainous coasts, with cliffs, marine terraces, land slides, sometimes with sandy or gravely
beaches. An overview of the coastal erosion in the Black Sea and of factors controlling these erosional processes is given. The threats
to the coastal zone generated by global changes and anthropogenic pressure are analysed. The most vulnerable sections of the Black Sea

coastal zone exposed to environmental risks are presented and analysed.
Keywords : Coastal Processes, Erosion, Black Sea, Global Change.

The Black Sea coastline

The total length of the Black Sea coastline is over 4 400 km and it belongs
to 6 states: Bulgaria, Turkey, Georgia, Russian Federation, Ukraine and
Romania. The Black Sea coastal zone can be divided in 17 main zones
characterised by different geology and morphology, as well as specific
littoral water circulation, sediment drift systems and sedimentary budget
[1].

In a more general approach, the Black Sea coast zone could be subdivided
into three main morphodynamic categories, with very specific character-
istics and behaviour:

1. Low, accumulative coasts mostly related to the main rivers mouth
zones. This type of littoral zone consists of sandy complex barrier beaches
with strong longshore sediment drift systems; these zones are generally
characterised by isostatic adjustments of overloading by rapid accumu-
lation of sediments (subsidence). To this type belongs the Danube Delta
front with a very exposed to erosion littoral of about 240 Km; two sec-
tions of the River Dnieper liman - Karkinit Bay unit: the Kinburn spit
- Dolgyi Island section (~ 20 Km) and the Tendra spit - Dzharylgatch
Island section (~ 137 Km); the Taman - Anapa unit (about 200 Km long);
the Kolkhida (Rioni) Lowland where the rivers Chobi, Rioni, Inguri and
Supsa have built up their deltas; on the Turkish coast there are the deltas of
Kizilirmak, Yesilirmak and Sakaraya rivers, and finally, in Bulgaria, sandy
accumulative beaches related mainly to the rivers Diavolska, Kamchya,
Provadyiska and Batova, summing about 100 Km.

2. Erosive coasts in front of lowstanding plateaux and plains, with active
cliffs in leess and leess-like deposits, sometimes underlyed by older de-
posits as Pontian limestones, Meotian clays and Sarmatian lumachelles,
with very narrow beaches in front of the cliffs. To this type of coasts could
be distributed the north-western unit of the Ukrainian coastal zone (from
the northern limit of the Danube Delta to the town of Ochakov or the
western limit of the Dnieper liman, summing 232 Km), the southern unit
of the Romanian coastal zone (Cape Midia - Vama Veche at the Bulgarian
border - about 75 Km long), and the northern part of the Bulgarian coast,
from the Romanian border to Caliacra Cape (about 50 Km long) [2].

3. Mountainous coasts, with cliffs, marine terraces, land slides, sometimes
with sandy or gravely beaches. This type of coasts is generally subject
of isostatic and orogenic uplift. To this type are belonging the coasts of
Crimea, Caucasus, Pontides, Strandza and Staro Planina Mountains, as
well as of Frangensko and Avrensko plateaux [1,2].

Coastal erosion in the Black Sea: factors controlling the erosional process
The coastal erosion in the Black Sea represents one of the main environ-
mental concerns of the riparian countries. The erosion is controlled by:

a) Global and natural factors. The Black Sea coastlines erosion is strength-
ened as everywhere in the World Ocean by the global changes and the
general sea level rise. The coast erosion will depend on synergetic effect
of factors controlling the littoral processes (meteorological regime, wave
energy regime, water circulation, sediment supply and drift etc.), global
changes and the consequent modification of the energetic level of the
coastal sea, general sea level rise and regional characteristics as shoreline
morphology, elevation and geologic constitution, subsidence or/and neo-
tectonic regime.
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Fig. 1. Erosion of the Danube delta.

b) Anthropogenic factors.The coast zone erosion and the state of the
coastal sea ecosystems are strongly affected by anthropic activities, the ef-
fect of which is added to the impact of natural factors. The anthropogenic
changes of large rivers hydrologic characteristics (water and, especially
sediment supply, regularisation of floods etc.), men-made littoral struc-
tures as breakwaters, dykes, groins, harbours etc., which are modifying
the littoral circulation cells, the uncontrolled use of beach sand, dredging
of sand too close to the beaches or within the river mouth bars and many
other activities are causing an enhancement of coastal erosion and endan-
gering of the coastal ecosystems.

The low, accumulative coasts (first category of coasts described above) are
the most influenced by global change, specifically by the sea level changes
and by the changes in the river sediment inputs [1, 3-5]. The decreasing
sediment supply and changes in littoral sediment drift due to anthropic
activities (river damming, hydrotechnical regularisation, littoral structures
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etc.), especially when the sandy beaches are low, added to the rising of
the sea level and the increasing of littoral sea energy could determine in
certain conditions a very active and almost continuous recession of the
beach line (up to 20 m/y, as it happens in some sections within the Danube
Delta littoral - Fig.1) [1,5,7].

The coasts in front of lowstanding plateaux and plains (2-nd category of
coasts) could be also affected by erosional processes but the rates of coast-
line regression do not reach the same values as within the first category
(only 1-2 m/y). In this case the erosion affects mostly the narrow beaches
in front of the cliffs or the stability of cliffs [2,7].

The mountainous coasts (third type of coasts) are the least affected and
transformed by the erosional processes. Generally, the littoral of this type
is constituted of consolidated rocks, resistant to the eroding process. In
front of such rocky littoral there are no beaches or they are very narrow
and coarse grained (coarse-grained sand and pebbles).
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Abstract

The peculiarities of interactions between the Black Sea basin- and mesoscale dynamics and their dependences on wind forcing and
continental slope topography are considered on the base of the ship-borne, drifter, satellite data analysis and laboratory modeling results.
It is shown that the dynamical regime of currents considerably affects the cross-basin exchange and the spatial distribution of plankton

biomass.
Keywords : Black Sea, Plankton, Deep Sea Processes.

The Black Sea is a semi-enclosed basin with complicated ecological con-
ditions, which are a result of its limited water exchange with the adjacent
seas and enhanced contamination/eutrophication caused by river dis-
charges, city and tourist resort wastes, oil and other pollution from inten-
sive shipping and oil terminals. Most of the contamination/eutrophication
comes from the shore and near-shore regions, and hence the horizontal
exchange, which strongly depends on the Black Sea dynamics, should be
important for the shelf zone self-purification and nutrient supply into the
open basin.

The classical scheme of the Black Sea basin scale circulation includes the
Rim current (RC) cyclonically flowing along the continental slope. Broad
oceanographic application of satellite remote sensing revealed energetic
mesoscale eddy-like structures that produce an effective cross-basin ex-
change (Fig 1) [1]. Although the satellite images give an idea on the
mechanism of the horizontal mixing it is hardly possible to obtain its reg-
ular features by using the satellite data only.

Fig. 1. The Black Sea mesoscale dynamic activity: AVHRR sea surface
image (combination of channels 1 and 2) from NOAA-11 (23 June 1993 at
13:10 GMT). Light (dark) shades correspond to high (low) backscattering,
consequently.

New quantitative information on basin- and mesoscale circulation and
horizontal exchange processes in the Black Sea upper layer was obtained
from the international drifter experiment. During 5 years (1999-2003),
more than 50 SVP and SVPB Lagrangian satellite tracked drifters were
deployed in different parts of the sea. Drifter trajectories indicated the
general cyclonic circulation, the presence of RC and the existence of in-
tensive mesoscale eddies (mostly anticyclonic) both over the continental
slope and in the deep part of the sea. Using the drifter data an estimate
of the horizontal eddy diffusivity was obtained and the timescale of the
exchange between the central part and coastal zone of the sea was deter-
mined. The latter turned out to be 3-6 months that is nearly the same as
a timescale of drifter round-trip in the RC. So it is reasonable to propose
that the RC basin-scale advection and cross-basin exchange induced by
mesoscale eddies are interrelated [2, 3].

Physical interrelations between the basin -and mesoscale water dynamics,
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cross-basin exchange and their dependences on wind forcing and bottom
topography were studied with the help of field observations and laboratory
modelling [4]. It was shown that in the northern-eastern Black Sea where
continental slope is very narrow, the topographic control of RC is not
strong. Position and stability of RC are governed by wind forcing (Ekman
pumping). Under high positive Ekman pumping, RC is a coherent and
strong jet located over the continental slope. In that case "shelf-deep sea"
exchange is rather weak: coastal and deep waters are separated by the
dynamical front. In the opposite case, RC becomes unstable, meandering
and breaks up into eddies. Some of the eddies penetrate into the central
basin producing strong lateral exchange. It should be pointed out that, due
to variability of Ekman pumping, transition from jet-dominating regime
of RC to the eddy-dominating regime occurs several times a year. In the
north-western Black Sea with wide continental slope, both the RC and the
mesoscale eddies should be topographically controlled.

In case of narrow shelf, the RC regime strongly affects the distribution of
plankton species. Intense RC restricts cross-slope exchange and causes
the uneven plankton distribution. The weakening RC is accompanied by
intense cross-slope transport and causes more even plankton distribution
[5]. Eddy-induced cross-slope transport affects the abundance and com-
position of benthos species (by removing the larva from shelf to deep sea).
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Abstract

Five years after its launching, the CIESM HydroChanges hydrological monitoring program (see www.ciesm.org/marine/programs/hydroch
anges.htm for full partnership and details) has become routinely operational in most selected sites. An overview of the first scientific results

is presented here.
Keywords : Hydrology, Time Series, Monitoring.

HydroChanges was initiated in 2002, following a dedicated workshop
organised by CIESM. At each site, § and S time series such as the ones
shown on Fig. 1 and Fig.2 (S not shown for clarity) are collected, most of-
ten completed by current measurements. Even though the program is in its
early stage, several papers partly or entirely based on HydroChanges data
are presently under review or published by individual partners.At Gibral-
tar, Millot et al [1] first compared the Jan 2003-Apr 2004 6 and S time
series sampled at 270 m in the deepest part of the Camarinal sill (Fig.1b)
with all the historical data collected there since the *60s.They concluded
that the deepest outflowing waters have been continuously changing from
the mid-1990s, 6 and S now being much warmer and saltier (+0.3°C and
+0.06) than 20 years ago. They ascribed these changes to modifications of
the outflow composition from [LIW-TDW-WMDW] to [LIW-TDW] only
(TDW being a varying mixture of eastern EOW and western WMDW) and
invoked the EMT as a possible cause for this dramatic evolution.
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Fig. 1. 6 time series collected in the western basin.

Analysis of the remaining Apr 2004-Oct 2005 data showed that the dens-
est part of the outflow markedly changed near mid-Apr 2005 becoming
again "more western than eastern" (Fig. 1b) [2]. Millot [2] also notes a
significant increase of the inflow’s salinity (at 80 m) of ~0.05/year over
the 2003-05 period and points out that salinification of AW was rarely
considered for explaining the long-term historical trends observed in the
whole sea. Another mooring maintained by UM at Gibraltar’s Espartel
sill, the "last gate" of outflowing waters to the Atlantic, has been operating
since Oct 2004. It supports a SBE37 at 355 m, coupled with an upward-
looking ADCP. According to Garcia-Lafuente et al [3], the Oct 2004-Oct
2006 6 and oy time series show a seasonal cycle with relatively warm
and light waters outflowing in winter (with maximum volume transport
in April). These features are linked by the authors to WMDW formation,
supposed to replenish the deep western basin by the end of winter and thus
to rise the interface between WMDW and the above waters. The saw-tooth
pattern observed on the records (rapid cooling in winter and subsequent
slow warming) is found consistent with this interpretation.

In the NW Med, the SBE37 and currentmeter deployed at 1875 m by
ICM-CSIC recorded effects of WMDW formation and shelf-cascading
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during winter 2005. From Oct 2003, 6 and S were found almost constant
without any seasonal signal. They suddenly increased at the end of Jan
2005, dropped again in early Mar 2005 and displayed rapid fluctuations
during ~1 month before reaching new stable characteristics in Apr 2005.
According to Font et al [4], the resulting water is a mixture of newly-
formed anomalously warm and saline WMDW ("B" on fig. la) and of
water resulting from an intense and persistent shelf cascading process
("C"). Font et al also note that the sudden variations in late January and
early March preceded the dramatic changes in the structure of deep CTD
profiles observed in the NW Med in spring 2005 by Schroder et al [S] who
found a clear correspondence between this evolution and the propagation
of the EMT signal from Sicily to the NW Med (Fig.2).

14.3

M M

Feb(3 Feh04 Jan0s Janoe

Fig. 2. 6 time series collected at 450m in the western sill of the channel of
Sicily by ISMAR-CNR. The highest 6 and corresponding S (not shown)
evidence a remarkable input of heat and salt in the western Med [5].

We trust that links between time series collected in the western basin can
be established. We will present a preliminary analysis during the congress,
as a starting point for further discussion among HydroChanges partners.
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Abstract

Collection of historical multidisciplinary time series and spatial datasets is actually undertaken in the SESAME (Southern European Seas:
Assessing and Modelling Ecosystem changes) EU program. Data are collected from existing national and international sampling sites and
from different cruises in the Mediterranean and Black seas. The aim is to analyse the changes in the ecosystems and forcing variables.
Emphasis is given on the data collection on pelagic biodiversity and biomass of bacterio-, phyto- and zooplankton and nekton. Geochemical
data related to sequestration of carbon and to the temporal evolution of the Mediterranean basin’s river systems will be collected as well.
Typical marine habitats will be defined and mapped. The data will be used for trend analyses and for model validation.

Keywords : Hydrology, Food Webs, Time Series, Geochemistry, Models.

Introduction

The scientific objectives of SESAME are to assess and predict changes in
the Mediterranean and Black Sea ecosystems (SES) and in their ability to
provide goods and services. Both seas will be approached as a coupled cli-
matic/ecosystem entity, with links and feedbacks to the world ocean. The
assessment of ecosystem changes will be based on the identification of the
major regime shifts that occurred during the last 50 years. Mathematical
models validated and upgraded using existing and new observations will
be used to predict ecosystem responses to changes in climate and anthro-
pogenic forcings during the next five decades. SESAME will provide an
integrated, ecosystem based approach, with a coupled climatic/ecosystem
modelling.

Scientific objectives

1- Identify the major changes and/or regime shifts and the natural and
anthropogenic forcings responsible for these changes for the last 50 years.
2- Assess the current ecosystem status that represents an important land-
mark from which future evolution of the SES ecosystems can be estimated.
3- Collect historical and current multidisciplinary datasets, including new
observations, in order to analyse the signals of environmental changes in
the past and validate the models.

4- Collect new information through multidisciplinary, multiship oceano-
graphic cruises in the SES.

Assessment of past changes in the Mediterranean and Black seas

The resilience of ecosystems depends on the levels of functional diversity.
For a given ecosystem, functionally diverse communities are more likely
to adapt to climate change and climate variability than impoverished ones.
The conservation of biodiversity and functional types, along with the re-
duction of habitat loss, fragmentation and degradation, may promote the
long-term persistence of ecosystems. Therefore, in order to assess impact
of the climate change and anthropogenic activities we will collect his-
torical multidisciplinary and time-series data from: published databases,
grey literature, reports and observations, cruise data, unpublished existing
datasets as well as from re-treatment of historical samples, where nec-
essary. Comprehensive datasets will be organised and introduced into
SESAME databases. Data on phytoplankton biomass and biodiversity
will be collected from various areas reflecting the diversity in the pho-
tosynthetic production. Zooplankton species associations will be used
as indicators to evaluate long-term changes in the marine environment,
related to the climate change and to increased anthropogenic pressure. An
effort will be devoted to construct a zooplankton research and monitoring
network (i.e. MedZoo built in the framework of the CIESM Zooplankton
Indicators program) that will include the Black Sea and Mediterranean
countries. Existing long time zooplankton and environmental data se-
ries (figure 1) collected at several sites of the SES, will provide a unique
database for assessing trends and shifts in pelagic ecosystems [1,2,3].
MedZoo is a CIESM initiative that will act within the project and may
become a legacy of SESAME to the SES community.

Data concerning fish stock biomass parameters, species diversity and
composition will be collected and occurrence and abundance of invasive
species will be investigated. Information on the habitat types will be
ranked according to features regarding resistance, resilience and vulnera-
bility. Quantitative and qualitative information on water column charac-
teristics related to the carbon cycling including remotely determined sea
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temperature, colour and sea level fluctuations will be provided. Seafloor
biogeochemical processes related to the marine carbon fixation will be
monitored and changes in the quantity of organic matter and analysis
of time dependent changes in macrofauna composition will be carried
out. Information will be given on the effects of the variability of river
discharges on the evolution of plankton communities in the estuaries im-
pacted by anthropogenic activities. The controlling factors influencing
variability in river discharge at decadal and centennial scales will be as-

sessed.
Coastal Zooplankton Time Series

0 12 14 16 18 20

Fig. 1. Coastal zooplankton long term series. The gap in the data from
southern Mediterranean is to be completed through the activities of the
MedZoo CIESM group (axes: longitude and latitude).

Data collected in the different fields will be used first for the simulation of
major changes in ecosystems functioning in the last 50 years in response
to natural and anthropogenic forcings. In the second phase, future sce-
narios as outcomes of predictive models will be validated against the past
observations.
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Abstract

The purpose of this paper is to highlight the changes that characterize the river discharges of water and nutrients of Mediterranean and
Black Sea rivers during recent decades, giving them an important role in the control of the productivity and distribution of the marine
ecosystems that depend upon these inputs. In particular the fluxes of inorganic nitrogen and phosphorous species evolved very differently,
and the nutrient availability in the coastal zones may have been altered significantly, not only quantitatively, but also qualitatively.
Keywords : Eastern Mediterranean, Western Mediterranean, Black Sea, River Input.

The influence of river basins on the coastal zone and even on the open part
of enclosed seas as the Mediterranean has been recognized since the early
1970s as a key driver in sediment, water, nutrients and pollutants bud-
gets when UNEP launched a series of Regional Seas Programmes on the
Caribbean, Gulf of Guinea and Mediterranean, among others. These first
studies pointed out the great heterogeneity of Mediterranean and Black
Sea rivers in terms of water runoff, sediment discharge, and associated ni-
trogen and phosphorus fluxes, mainly due to the great climatic variability
in this region and the related differences of land use and socio-economic
practices in the corresponding drainage basins.

Also at temporal scales, the evolution of the river inputs is character-
ized by great differences. Several reasons can be cited for this. First of
all, the river inputs directly translate the effect of climate change on the
Mediterranean and Black Sea regions. A first state of the art evaluation [1]
indicates that freshwater inputs by rivers might have considerably changed
during the last century, at least for the Mediterranean Sea. Precipitation
rather increased in the high latitudes, whereas it tended to decrease in the
lower latitudes. This should have strengthened the contrast between the
water inputs from the north and from the south.
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Fig. 1. Evolution of the annual fluxes of nitrate (A) and phosphate (B) in
three major Mediterranean rivers [1]

Moreover, the river inputs directly reflect the intensification of human ac-
tivities in the corresponding drainage basins. Certain nutrient fluxes, such
as the fluxes of dissolved inorganic nitrogen (DIN), are closely linked to
anthropogenic controlling factors like population densities and/ or fertil-
izer spreads. As a consequence, DIN fluxes in the great Mediterranean
rivers, such as the Po and Rhone rivers, increased since the *70s at least
by a factor of two or three, mainly because agricultural practices changed
(Fig. 1A). But nutrient levels in rivers are also sensitive to policy changes
and other changes that affect societal behaviour, and not all human re-
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leased nutrients followed this increase. An illustrative example for this
is the riverine flux of dissolved inorganic phosphorous (DIP), which, as
DIN, also strongly increased from the ’70s on, but then decreased drasti-
cally during the eighties or nineties because of the banning of phosphate
detergents and the improvement of wastewater purification in the drainage
basins (Fig. 1B).

Finally, the river inputs are strongly affected by dam constructions. Since
the second half of the last century, dam constructions rapidly increased
in the Mediterranean and Black Sea countries, which had a considerable
impact on the rivers. On the one hand, water extraction for irrigation and
drinking water could be intensified, which also contributed to the decrease
of the freshwater inputs especially by the southern rivers. On the other
hand, dams strongly reduced the riverine transfer of particulate and dis-
solved nutrients (e.g. silica) to the sea.

Up to now, the forcing of the marine ecosystems through rivers has not
been evaluated on the scale of the Mediterranean and Black Sea on the
whole. This issue was the focus of a recent CIESM Workshop [2] and it
is one of the objectives of the EU project SESAME (Southern European
Seas: Assessing and Modelling Ecosystem changes). Reconstructions and
modelling data for the riverine nutrient fluxes will be combined with a
variety of biological models in order to test whether the river discharges
can explain the major changes in productivity and compositions of marine
biota that were observed during the last decades, and, together with cli-
mate and anthropogenic change scenarios for the future, whether they may
affect the ability of the marine ecosystems to provide goods and services
in the near future.
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Abstract

Human activities on rivers discharging into the Mediterranean Sea have affected annual as well as seasonal discharge, annual sediment
loads, and the quantity and character of dissolved constituents. As population pressures increase, these trends undoubtedly will accelerate.
Present and future environmental changes and their impacts require a more concerted monitoring effort as well as an efficient dissemination

of data and observations.
Keywords : River Input, Coastal Systems, Monitoring.

Rivers discharging into the Mediterranean and Black seas have long been
influenced by human interference to the landscape and to the rivers them-
selves through such activities as mining, deforestation, agriculture and
urbanization. As a result, erosion in Mediterranean watersheds tends to be
higher than in other global watersheds (Fig. 1A), and historically sediment
delivery to the coastal zone has been elevated.

Over the past century, however, dams and irrigation have reduced dis-
charge from many rivers, including the southern, northeastern and north-
western Mediterranean [1] , far more than what one might predict from
reduced precipitation (Fig. 1B). In fact, other than French and many Italian
rivers, in fact, fluvial discharge to much of the Mediterranean has declined
by >50%. The present-day Nile, for example, discharges only a fraction
of its pre-Aswan levels, and during this same period Ebro discharge has
declined by ~50%.

Dams also have affected the seasonality of river discharge, not only in
those rivers in which annual discharge has decreased but also those rivers
in which annual discharge appears to have changed little. It is not sur-
prising, for instance, that the winter and spring peaks in Ebro discharge
have muted (Fig. 2A), but the decreased seasonality in the Dniepr, which
discharges into the NW Black Sea, is more surprising since between 1952
and 1984 its annual discharge remained relatively unchanged (Fig. 2B).
This presumably reflects water removal for hydroelectric power in the
winter and for irrigation in the summer.
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Fig. 1. (A) sediment yield versus runoff for Mediterranean rivers, 1000-
5000 km? in basin area), compared with similar-sized mountainous rivers
in New Zealand, Indonesia, Taiwan and the U.S.A. For any given runoff,
Mediterranean rivers generally have 2-10x greater sediment yields, pri-
marily the result of long-term poor land use. Data from Milliman and
Farnsworth (in preparation). (B) trends in precipitation and runoff (vs.
latitude) of selected African and European rivers, 1951-2000. Note the
relatively close correlation between the two parameters in sub-Sahara and
northern Europe (including the Black Sea: B.S.), but the mostly negative
correlation for rivers discharging into Mediterranean (M.S.), reflecting the
impact of dams and irrigation.

Changing landuse patterns, particularly land conservation, have meant
that many northern Mediterranean watersheds are less farmed and more
forested than they were 50-100 years ago. Combined with the trapping of
fluvial sediments in reservoirs, sediment delivery to the coastal Mediter-
ranean has declined, often dramatically - even in those rivers whose
discharge has remained unchanged (Fig. 2C and 2D). Exacerbating the
problem of understanding and managing Mediterranean rivers, the impact
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of industrial activities, use of artificial fertilizer, as well as the "ageing" of
waters in reservoirs have changed the quantity and character of dissolved
solids [2].
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Fig. 2. (A) changing seasonality of Ebro at Tortosa before and after major
dam construction. Note the decreased annual discharge as well as season
variation. (B) Dniepr annual discharge at the river Hydro Dam changed
little between 1952 and 1994, but seasonal patterns did change, presum-
ably in response to wintertime use of hydroelectric power and summertime
irrigation. (C) and (D) upstream damming of the Danube has led to >50%
decline in sediment load despite no change in discharge.

Whether or not such anthropogenic changes are as significant as generally
believed (e.g. [3]), the discussion has been considerably compromised
by the limited database for many rivers, their estuaries, and surround-
ing coastal areas. What are the recent changes in discharge, solid and
dissolved loads for the rivers draining into the Mediterranean and Black
seas? How have these changes affected coastal accretion or erosion, the
ecosystem of coastal waters, etc? What has been the effect on coastal
fisheries? The answers to some, perhaps many, of these questions may
be contained within local and regional databases, but until they are more
readily available to the scientific community, a comprehensive regional
understanding may remain limited.
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Abstract

A three trophic levels prey-predator model investigates the nonlinear dynamics of the long-term (1960 - 1999) changes in pelagic fish
stocks of the Black Sea. The equilibrium analyses first explore the quasi-steady state dynamics of the system under various combinations
of the consumption, harvesting and mortality rate values. This knowledge is then used to study the time-dependent nonlinear dynamics
and to describe the progression of stocks under temporally varying harvesting conditions. Despite the idealized structure of the model,
the simulations reproduce the observations reasonably well. The solutions indicate multiple equilibria of the system and successive
"discontinuous" and "smooth" regime shifts between the alternate states controlled by a delicate balance of the consumption and harvesting

rates.
Keywords : Black Sea, Models, Fisheries.

Recent studies [1,2] noted the inevitable role of the trophic cascade pro-
cess under marked changes in the higher trophic level structure of the
Black Sea in response to the excessive and continual harvesting of stocks
at different periods of the recent past. The quantitative understanding of
the likely response of pelagic fish stocks to over-exploitation thus consti-
tutes one of the key issues to gain a deeper insight into the mechanisms
that govern the long-term organization of the ecosystem. For this pur-
pose, a simple deterministic model is developed to explore the nonlinear
dynamics associated with the long-term stock variations under differing
harvesting conditions.

The model is composed of the small pelagic (resource), medium pelagic
(consumer) and large pelagic (top predator) groups; the latter involving
both large pelagics (with size >90 cm) and dolphins. The small pelagic
group grows using resources provided by the lower trophic level, and
is consumed by both medium pelagic and top predator groups. As the
top predator and the consumer groups compete for a single resource, the
predator group feeds on the consumer group as well. For simplicity, de-
mersal stock variations and their interactions with small pelagics are not
explicitly taken into account because of their negligible role in the Black
Sea fishery after the 1960s. All groups are subject to linear harvesting, and
the system is closed by the quadratic mortality terms for the top predator
and medium pelagic groups. Further details on the model are given in [3].
The simulated stock and catch variations agree well with the observations
despite the simplicity of the model dynamics (Fig. 1).
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Fig. 1. Temporal variations of the observed (bold circles) and simulated
(open circles) stock biomass (ktons), and the observed (bold squares) and
simulated (open squares) catch (ktons) for small pelagics. The straight
line represents the fishing mortality of small pelagics (yr—') used in the
simulations.

The small pelagic stock possesses three distinct successive transitions be-
tween its low regime (<350 ktons) and high regime (>950 ktons). The first
transition (TR1) comprises the period from 1969 to 1973, during which
it switches to the high stock regime. The shift occurs at the large pelagic
fishing mortality threshold rate of f3~ 0.55, at which the top predator
stock drops below the threshold value of 40 ktons. Upon increasing f3
to 0.7, the top predator stock decreases further and vanished by the mid-
1970s, which coincides with the transitional period from the low to high
stock regime of small pelagics. The transition of the medium pelagic stock
from the low stock regime (less than 60 ktons) to the high stock regime
(greater than 180 ktons) follows that of small pelagics with some time lag.

The high stok regime of small pelagics persists until 1982, after which the
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second transition (TR2) during 1983 - 1986 brings the stock back to its
low stock regime. TR2 begins at the small pelagic stock harvesting rate
Jf1~ 0.6. Above this threshold f1 value, small pelagic stock is continually
depleted at the expense of maintaining a steady catch level around 600
ktons. As the stock approaches the low stock regime for f1>0.6, the catch
then drops dramatically down to ~ 150 ktons within a few years. The
medium pelagic stock increases up to 250 ktons until 1984 under low
fishing mortality rates around 0.3 - 0.4. Thereafter, as the fishing mortality
rate gradually rises to ~ 0.6, the stock starts declining within the high
stock regime and finally switches back into the low stock regime during
1988 - 1989 concurrently with small pelagics. At the medium pelagic
stock harvesting rate fo~ 0.6, the catch becomes as high as 120 ktons and
then drops abruptly to less than 60 ktons as the stock tends to approach the
low stock regime. Thereafter, the medium pelagic stock remains within
the low stock regime until the end of the simulation period for decreasing
fishing mortality rate to 0.4.

The low stock regime of small pelagics lasts only four years. Once its
fishing mortality rate falls below the threshold value of 0.6 by 1993, the
stock starts increasing linearly (i.e., the third transition, TR3) and moves
into the high stock regime at 1998 when f1 ~ 0.3. Although the range of
f1 between 0.45 and 0.60 during the transition governs the ultimate stock
size of small pelagics in the high stock regime, the crucial factor which
promotes the switch is the specific choice of fo values. Values greater than
0.4 support the increase in the small pelagic stock but keep the medium
pelagic stock depleted. Smaller values force the transition of small pelagic
stock to take place at the lower fi threshold values and to accompany a
certain increase in medium pelagic stock. The latter case presents a stock
recovery option with the existence of balanced stocks of both small and
medium pelagics in the system.
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Abstract

On the eve of a new EU Maritime Strategy, scientific modeling and socio-economics are increasingly combined, promising a more ef-
fective and reliable approach towards sustainable use of marine resources. Presently, several integrated approaches to marine governance
are designed and tested within international research consortia. Their research strategy is generally based on the understanding and quan-
tification of the links between (ecosystem) functions and (human) uses, (nature’s) services and (societal) well being. This paper aims at
highlighting the main issues involved and offers a specific framework for integrating scientific modeling and socio-economic analysis.
Topics to be discussed include: a) functions and servises b) scale mismatch, c) coping with non-linearities, d) evaluation of policies and
societal objectives.

Keywords : Environmental Economics, Models.

Seas are notoriously complex and scientifically unexplored systems, en- think of three possible ways to understand underlying preferences for
compassing highly variable biotic and abiotic components. On the eve environmental goods and services [4]: First, through observed choice,
of a new EU Maritime Strategy, scientific modeling and socio-economic second, through verbal expressions and conversation, and third through
approaches are increasingly combined, promising a more effective and observed adaptations due to learning. All three options have been to a
reliable approach towards sustainable use of marine resources. Presently, lesser or greater degree utilised in the literature, spawning a variety of
several integrated approaches to marine governance are designed and methodologies [5]. Analysts have investigated a wide range of valuation
tested within international research consortia. Their research strategy is problems and contexts including, for example, the mismatch between ex-
generally based on the understanding and quantification of the links be- pert and public perceptions of environmental quality in coastal areas; the
tween (ecosystem) functions and (human) uses, (nature’s) services and differences between perceived and actual quality levels and their links to
(societal) well being. What is the role of socio-economic approaches in actual policy making and objectives setting; and the potential to combine
informing marine policy and governance? And what does the recognition quantitative and qualitative data using stakeholder focus groups.

of marine ecosystem complexity entail for such approaches? The fact remains that complexity of both ecosystems and societies does
The term "socio-economic" approaches encompass a wide range of not cancel out the need for hard choices in the face of both natural and
methodological tools and often quite diverging standpoints. "Speaking societal uncertainties. As generally understood, environmental evaluation
truth to power" means communicating to decision makers the appro- of projects and policies is a generic term relating to the identification,
priate mix of "facts and values" necessary for designing and assessing measurement and assessment of environmental impacts. Evaluation is a
environmental policies; in this respect, neither pure scientific data nor complex and multifaceted process involving a mixture of scientific and
subjective presumptions alone would be appropriate in informing pub- non-scientific approaches, a multitude of criteria and metrics. Evaluation
lic policy agencies. We limit the present discussion to four, we believe, is both a cognitive process as well as an institutional practice. It consists
central themes within environmental socio-economic approaches: a) func- of a prior, analytical phase and a consequent synthetic phase. Analysis
tions and services, b) scale mismatch, ¢) coping with non-linearities and here means scientific identification and quantification of natural trends
d) evaluation of policies and societal objectives. Ecosystem functions and impacts whereas synthesis is reserved for socio-economic and policy
are processes describing physical, biological and chemical interactions assessment of the impacts. The term valuation on the other hand is usu-
in nature. Thanks to joint efforts with natural scientists, our ’production ally reserved for comparisons between objects while economic valuation
functions’ linking natural and engineering processes with economic goods refers to assigning relative values to mutually exclusive objects. Economic
and services are far better understood. But functions are not to be confused values are relative, because they assess the importance of objects/policies
with (ecosystem’s) services: services are the end-products of functions, always in relation to foregone possibilities for alternative objects/policies.
direct or indirect, influencing human well-being and therefore valued by Economic objects/policies valued in this context are mutually exclusive
humans in market or non market settings [1]. A first step towards a better because they are scarce, i.e. one cannot have all of them at the same time.
communication between ecologists and social scientists depends crucially Accordingly, economic values are practically trade-off coefficients denot-
on clarification of terminological issues referred to ecosystem services. ing the quantity of a good a person is willing to give-up (usually income)
Social sciences have a very limited use for the problem of (spatial) scale. in order to secure the consumption of another (environmental quality).

In economics the problem resolves around the aggregation of individual

data (microeconomics) into institutional ones (macroeconomics). Still, References

economics are quite flexible in accommodating different spatial scales by 1 - Boyd J. and S. Banzhaf (2006), What are ecosystem services? The
upscaling data from individuals to local, regional, national, supranational need for standardized environmental accounting units. RFF working paper
scales. Political science takes a different stance, since its main units of DP 06-02

theorizing are stakeholder groups (families, trade unions, parties, admin- 2 - Karageorgis A., Skourtos M., Kapsimalis V., Kontogianni A., N.
istrations, etc). The problem is facilitated by appropriate scoping analysis. Skoulikidis, K. Pagou, N. Nikolaidis, P. Drakopoulou, B. Zanou, H. Kara-
The methodological framework DPSIR (Drivers-Pressures-State-Impact- manos, Z. Levkov and Ch. Anagnostou (2005) An integrated approach
Response) offers a convenient platform whereby scale mismatches are to watershed management within the DPSIR framework: Axios River
made transparent [2]. catchment and Thermaikos Gulf, Regional Environ Change 5,138-160
With respect to economic valuation, two main conclusions can be drawn. 3 - Randall A. Farmer MC (1995) Benefits, costs, and the safe minimum
Firstly, since we are forced to act in the face of potentially irreversible standard of conservation. In: Bromley D (ed) The handbook of environ-
ecosystem change, we have to be proactive and, consequently, conser- mental economics. Blackwell, Oxford pp. 26-44

vative in our management plans. A sustainable use of resources has to 4 - Smith VK (1990) Can we measure the economic value of environmen-
take into account the existence of thresholds and other irregularities in the tal amenities? South Econ J 56: 865-878

functioning of ecosystems under what is widely known as "safe minimum 5 - Freeman A. M. III (2003), The measurement of environmental and
standards" (SMS) approach ([3]). The above recognition enhances the resource values. 2% edition, RFF: Washington DC

relevance of ex ante economic valuation studies. However, it is plausible
to assume that present societal preferences for environmental goods and
services are fuzzy and lack articulation. The act of eliciting environmen-
tal preferences is therefore criticised as blurring the process of eliciting
existing preference structures with that of constructing them. We can
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During the introductory session, the Panel Moderator noted that at a sim-
ilar CIESM Congress some 35 years earlier, the famed explorer Jacques
Cousteau had drawn international attention to the health of the Mediter-
ranean by stating his observations had led him to believe that the Mediter-
ranean Sea was “dying”and in fact could be “dead”in a few decades if
nothing was done to stop the problems of increasing pollution and over-
fishing. Fortunately 35 years on, the Mediterranean Sea is far from dead
but his comments did more to raise public awareness about the problems
of protecting the marine environment and spur international actions to
stem pollution in the Mediterranean than much of the sound scientific data
being produced by scientists studying the problem at that time. Although
over the ensuing years much effort has been put into assessing the degree
and extent of chemical contamination in the Mediterranean Sea, an over-
all lack of baseline information still exists for a broad area of its eastern
and southern coasts, as well as for new classes of chemical contaminants
that are just now coming to light. It was therefore the task of this Panel
to probe and analyze those two aspects in detail and finally debate and
suggest approaches and mechanisms for better assessing the overall health
of the Mediterranean Sea. To accomplish this the panelists, composed of
scientists from both leading national and international institutions, gave
seven presentations which dealt with measurement and monitoring of con-
ventional and emerging chemical contaminants in the Mediterranean Sea
as well as the ways and means to better integrate ongoing studies, and to
build analytical capabilities and monitoring expertise in areas where they
are lacking.

With respect to contaminants, a presentation by Francesco Regoli dis-
cussed the distribution and bioaccumulation of heavy metals in certain
sentinel (bio-indicator) species that have been used to assess metal pol-
lution in both industrialized and relatively clean areas of the Mediter-
ranean. He highlighted the fact that mercury appears to be higher in
certain Mediterranean species of top predator fish than in similar species
from the Atlantic, and that while the reasons for this observation are far
from clear, the increased concentrations might be due in part to the natural
mercury anomaly that is present off the northwest coast of Italy. Moreover,
his presentation stressed the utility of integrating chemical analyses with
determining molecular, biochemical and cellular biomarkers in the species
analyzed in order to assess biological effects in the different areas. In one
example, using caged mussels placed beneath an offshore drilling plat-
form in the Adriatic Sea, it was demonstrated that early warning signals of
environmental stress could be readily detected through specific biomarker
analysis. The source and origin of petroleum hydrocarbons along the west
coast of Algeria was highlighted in the presentation by Sellali et al. These
authors reported the presence of heavy oil contamination in sediments in
this sector, most likely derived from the petrochemical complex in the
Gulf of Arzew. The very high levels of PAHs noted near Oran were be-
lieved to originate from industrial and domestic wastes released from the
city, whereas near the outflow of various oueds entering the sea, the hydro-
carbons contained a land-based, pyrolytic signal. Their dataset represents
one of the first reported for an area of the southern shore where data have
consistently been lacking, and it clearly indicates a land-based rather than
maritime shipping origin of the contamination.

As concerns emerging contaminants in the Mediterranean, the report of
Hélene Budzinski highlighted the need for basic information on the vari-
ous classes of pharmaceutical substances that have been recently identified
in seawater. Her studies have focused on developing analytical techniques
for their quantitative measurement in seawater, in particular the use of
semi-permeable membrane devices for carrying out integrative sampling.
Using these techniques her group has found concentrations of a wide vari-
ety of pharmaceuticals in seawater collected off Marseille ranging from a
few nannograms to several micrograms per liter, with most of the contam-
ination residing in the dissolved phase.
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In terms of strategies for undertaking integrated monitoring studies on
contaminants, Hervé Thebault and Alessia Rodriguez y Beana presented
results of the first phase of the CIESM Mussel Watch monitoring study of
radionuclides using the Mediterranean mussel Mytilus galloprovincialis.
Some 20 laboratories from 15 countries were involved in the study, and
from that network a regional map for '37Cs has been produced showing
generally very low concentrations in mussels, viz. on the order of 1 Bq
kg~! or less. Somewhat higher levels were found in mussels from the
Black Sea and northern Aegean Sea indicating residual concentrations
from Chernobyl fallout. During Phase II the programme will be extended
to cover the natural radionuclide 2'9Po as well as include some emerging
trace contaminants. In connection with the Mussel Watch monitoring
approach, Mai Khanh Pham et al. reported that the quality of the data
have been verified by ensuring that all laboratories involved participated
in a Quality Assurance intercomparison exercise for radionuclides in mus-
sels. The IJAEA Marine Environment Laboratories produced a mussel
reference material that was analyzed by all the participating laboratories.
During the exercise various analytical problems in some laboratories came
to light, and capacity building needs were thereby identified. Based on
these results and those from nine additional laboratories located outside
the region, information values for 37Cs and several other radionuclides
were determined. Further work is presently underway to certify this inter-
comparison material as an IAEA Reference Material.

Concerning regional programme activities, Michel Warnau presented a
concrete proposal for linking and integrating on a basin-wide scale many
of the similar monitoring programmes that are underway in the Mediter-
ranean region. Difficulties in project implementation often arise owing to
the participating countries having major industrial, agricultural, cultural
and regulatory differences. Furthermore current programmes are sup-
ported by several different entities including national, regional, European,
and international funding bodies, a fact which often leads to overlap in
both scope and efforts. These programmes often run in parallel with little
or no information exchange amongst them. The proposal aims to better in-
tegrate all these projects having similar objectives by coupling, reinforcing
and equipping them in a similar fashion which would ultimately result in
a synergistic effect thereby enhancing the overall output. Within this inte-
grated effort, key international organizations with expertise in organizing
training and capacity building would furnish similar support to all the pro-
grammes involved thus making the entire monitoring effort far more cost
effective. Furthermore such an approach would lead to enhanced quality
assurance of monitoring data since all parties’ analytical techniques and
methodologies would be unified through inter-comparison exercises of
the various analyses. In support of such of obtaining such an integrated
monitoring network, Oscar Acufia from the IAEA Technical Cooperation
Department explained how IAEA could support such a proposal through
its current and future technical cooperation programmes in the Mediter-
ranean and West Asian regions. The overall goal would be to eventually
enhance the level of expertise in trace contaminant measurements in par-
ticipating groups from the southern and eastern rim, in order to bring it up
to par with that available in the more developed Mediterranean regions.

Following these formal presentations, the panel was open to comments
and discussion and the panelists were queried on a number of points raised
by the participants. Regarding conventional contaminants such as metals
and hydrocarbons, some participants felt that many contaminant data had
already been gathered from a large portion of the Mediterranean and that
perhaps it was time to synthesize what is now known before proceeding
with more monitoring surveys. There was general agreement that much
information had already been obtained through some 30 years of monitor-
ing within MedPol and other programmes, but it was also acknowledged
that the geographical distribution of those data was “patchy”at best, and
that reliable data still lacked for large areas of the eastern and southern
shores of the Mediterranean. It was in these areas that the group felt
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capacity building was most needed, and that any proposal for an inte-
grated monitoring network should concentrate on reinforcing capabilities
in those two areas. In addition to that aspect, other on-going programmes
should concentrate more on examining certain emerging contaminants
(e.g. pharmaceuticals and caffein, inter alia) for which little information,
particularly on their biological effects, is presently available. One further
suggestion on contaminant priorities, to ensure that sewage wastes were
included in any future contaminant monitoring network, was strongly
supported by the group and panelists. It was recognized that sewage is
considered by international expert groups and public health specialists as
one of the top priority marine pollutants needing global attention.

The panel concluded that the first phase of the CIESM Mussel Watch
project has been successful, and a reasonably good synopsis of the ge-
ographical distribution of 137Cs was now available. The merits of con-
tinuing the project on radionuclides and extending it to other trace con-
taminants using caged mussels were debated. The levels of 137Cs found
in mussels were very low and it was agreed that, given the low limits of
detection for measurements, a 10-50% variation around reported levels
would be acceptable. Participating laboratories were therefore urged to
continue measuring 37 Cs in mussels, and they were strongly encouraged
to analyze 210Po as well since this natural alpha-emitting radionuclide
is responsible for most of the radioactive dose received by humans con-
suming seafood. The main areas of future focus should be the southern
and eastern shores, as well as the entire coast of Italy since routine ra-
dionuclide monitoring there had ceased a few years ago. Some questions
arose about the use of synthetic indicator materials rather than live “bio-
indicator’mussels to measure contaminant levels; however, the group
concurred that mussels were the preferred choice as long as obtaining
information on the bio-available fraction of the contaminant in seawater
was the desired endpoint. Finally it was noted that while information on
the levels and distribution of trace contaminants is desirable, some effort
should be put into transforming these data into fluxes of contaminants
through the ecosystem as this type of data is very sparse for the Mediter-
ranean Sea. Such data are extremely important for modelling contaminant
transfer and eventually predicting impacts on the marine environment and
on public health.

In order to move to a new level of measurement capability and scientific
understanding of chemical contamination in the Mediterranean Sea, it was
recognized that capacity building was an urgent need for certain areas of
the Mediterranean region. Participants enquired how countries could ob-
tain information on technical assistance from international organizations
such as the IAEA. It was pointed out that international organizations work
strictly through national focal points, and for that reason end users often
do not receive potentially useful information because they are not dealing
with the proper national counterpart. Countries were therefore encouraged
to get in touch directly with the focal points for relevant international or-
ganizations (e.g. TAEA) which offer technical assistance and training in
trace contaminant analyses. If basin-wide programmes such as the CIESM
Mussel Watch do become fully-integrated with other similar initiatives in
the Mediterranean sponsored by the European Union and various national
bodies, capacity building efforts could be offered to all participants at the
same time and thus be made far more cost-effective.

36


http://www.tcpdf.org
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Abstract

Beside classical chemical contaminants (PAHs, PCBs, pesticides, ...), we find substances such as pharmaceuticals in coastal waters. This
communication will deal mostly with the development of analytical protocols in order to analyze different classes of pharmaceuticals in
aquatic systems. These developments involve both extraction and purification methods but also analytical developments for identification
and quantification by GC or LC coupled to MS or MS/MS. The use of semi-permeable membrane devices (Polar Organic Chemical
Integrative Sampler type) to get access to integrative sampling procedure has been also investigated. All analytical developments have
been applied to in situ studies in various French estuaries, pointing to the dissolved phase as the most contaminated.

Keywords : Pollution, Monitoring, Sampling Methods.

Beside classical chemical contaminants (PAHs, PCBs, pesticides, ph-
talates, trace metals, dioxins ...), we find pharmaceutical substances in
coastal environments [1,2]. They can be classified according to their ther-
apeutic action: hormones, antidepressant, analgesics, antibiotics, lipid
regulators, ... Important quantities of these molecules are consumed in
our occidental society and are rejected in fine in coastal waters via sewage
treatment plants (incomplete destruction) [3]. They are increasingly stud-
ied as they represent a non negligible environmental risk, considering on
one hand the potentially important quantities introduced in aquatic sys-
tems and on the other hand the fact that they have been synthesized in
order to be biologically active. These compounds could have important
toxic effects [4] towards marine organisms but to estimate environmental
risks there is a crying need for data documenting the effective contamina-
tion of marine environments by these molecules.

Our focus here concerns the development of analytical protocols to an-
alyze different classes of pharmaceuticals in aquatic systems (dissolved
phase, particulate matter, and biological tissues). These developments
involve both extraction and purification methods such as SPE, SPME and
microwave assisted extraction but also analytical developments for identi-
fication and quantification by GC or LC coupled to MS or MS/MS.

‘We have developed an extraction procedure that allows measuring at trace
level (ng.1~1) many pharmaceuticals belonging to very different chemical
classes: anti-inflammatory drugs, antidepressants, hypolipidic drugs, etc.
Reliability and sensitivity have been tested on 18 different compounds
(7 neutral compounds and 11 acidic drugs) extracted simultaneously and
analyzed with two GC-MS methods. Different applications demonstrate
the multi-residue but also multi-matrix characteristics of the developed
method.
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Fig. 1. Comparison of calculated (POCIS) and measured (discrete sam-
pling) concentrations for three days of exposure.

The use of semi-permeable membrane devices (Polar Organic Chemical
Integrative Sampler, POCIS type) [5] in order to get access to integra-
tive sampling procedure (necessary, considering the variability of aquatic
contamination) has been also investigated. The aim of the study was to
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determine the sampling rates (Rs; expressed as effective volumes of water
extracted daily) of POCIS device for 14 pharmaceuticals in several condi-
tions of temperature, salinity and analyte concentration. These values are
influenced by significant changes in water temperature, salinity. Overall
POCIS Rs values were independent of aqueous concentrations. Follow-
ing laboratory experiments, field surveys were undertaken for qualitative
application of POCIS devices in contaminated systems: the Seine Estuary
and the Mediterranean coast near Marseilles (Figure 1).

All analytical developments were then applied to several in sifu case stud-
ies. Various French estuaries (Seine, Loire, Gironde, Adour) have been
studied as well as marine locations (Arcachon Bay and Marseille coast).
In all cases it has been possible to detect quite important concentrations of
pharmaceutical substances. Measured concentrations fluctuate between a
few nanograms per litre and dozens of micrograms per liter depending on
compounds, sampling stations and seasons. The results have shown that
while the dissolved phase is the most contaminated, the particulate phase
could have a large part in the pharmaceuticals spread in coastal systems.
When pharmaceuticals occurrence in solid phase is observed, expressed
in ng.g~1> some phenomena can be highlighted. High contents have been
measured in the upper part of the Seine estuary system (Dam of Poses),
with concentrations up to 1,220 ng.g~! for ketoprofen or 260 ng.g~! for
naproxen. The solid phase can participate to a quite important extent to
the water column contamination.

Understanding the transfer of these compounds to marine organisms and
their toxicity, as well as their impact on human health in relation to envi-
ronmental contamination, is under progress [6]. There are very few data
at this moment on this aspect and investigations are really needed to gain
a better knowledge.
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Abstract

An intercomparison exercise for natural and anthropogenic radionuclides was organized using a material prepared from the soft tissues of
mussels collected in the vicinity of the Grand Rhone river mouth. Seven out of the 15 laboratories participating in the CIESM Mediter-
ranean Mussel Watch Program reported results. Based on these results and on those received from 9 additional laboratories worldwide,
recommended values were derived for “°K, 234U and 2397249Py and information values for '37Cs, 21OPb(Po), 226Ra, 228Th, 232Th, 23°U,
238U and 2*! Am. Further work is underway for the certification of this intercomparison material as IAEA Reference Material.

Keywords : Radionuclides, Monitoring, Pollution, Instruments And Techniques.

The International Atomic Energy Agency’s Marine Environment Labora-
tory (IAEA-MEL) conducted 44 intercomparison exercises and produced
39 marine Reference Materials (RMs) over the past three decades [1].
This programme responds to an increasing interest of data producers in
the quality of analytical data, which parallels the increased public in-
terest in environmental issues and the statutory quality demands placed
by governmental institutions on food and environmental data producers.
The trends in marine environmental contaminant levels, the emergence
of new contaminants and, consequently, of new or improved analytical
techniques, set new and rigorous quality criteria in the running of inter-
comparison exercises and the production and certification of RMs.

A recent intercomparison exercise for radionuclides in Mediterranean
mussel, IAEA-437 [2], was organized by IAEA-MEL in response to the
request received from CIESM in the framework of its Mediterranean Mus-
sel Watch Program. Around 1080 kg of mussel ( Mytilus galloprovincialis
species) were collected in Anse de Carteau, Port Saint Louis du Rhone
(43°20’S, 5°10’E), France, by the Institut de Radioprotection et de Streté
Nucléaire (IRSN, France) in June 2003. The soft part of the sample was
freeze-dried (0.4 dry/wet mass ratio), ground, sieved to 200 pm, then
homogenized and bottled in 200 g aliquots under a nitrogen atmosphere.
Preparation, storage and conservation for long shelf-life were carried out
according to ISO recommendations. Homogeneity tests [2] indicated that
the material is homogeneous for the suite of six alpha and betta/gamma
emitters and for the range of weights tested. One sample of 200 g was
distributed to each of 35 laboratories in November 2004. The exercise was
expanded to a world-wide coverage, beyond the group of 15 laboratories
participating in the Mediterranean Mussel Watch Program, in order to in-
crease the likelihood of reaching the minimum number of results required
for deriving recommended values for an intercomparison material. This
was particularly required given the low levels of anthropogenic radionu-
clides in the sample. The deadline for reporting was extended to allow
time for more reports to be submitted and the exercise was finally closed
in March 2006, with a total response rate of 68%, respectively 47% for
the CIESM Mussel Watch participating laboratories. The data, consist-
ing in massic activities (Bq kg~ dry) decay-corrected to the reference
date 1 November 2003, reported for 17 natural and 8 anthropogenic ra-
dionuclides, were treated according to the standard procedure applied at
TAEA-MEL, described in [3] and references therein. Following the IUPAC
and ISO recommendations for assessment of laboratory performance, the
Z-score methodology was used for the evaluation of results. A prelimi-
nary certification of IAEA-385 was carried out according to the ISO Guide
35, the certification as RM remaining to be completed when more data
from expert laboratories participating in the certification procedure will be
available. For data sets comprising 5 or more accepted laboratory means,
median values and confidence intervals (95% significance level) were cal-
culated as estimations of true massic activities. The median values of the
data within the confidence interval were considered as the recommended
values when:

1. At least 5 laboratory means were available, calculated from at least 3
different laboratories.

2. The relative uncertainty of the median did not exceed + 5% for activi-
ties higher than 100 Bq kg~ !, £ 10% for activities from 1-100 Bq kg !
and = 20% for activities lower than 1 Bq kg ~1.

An activity value was classified as an information value when at least 5
laboratory means calculated from the results of at least 2 different labora-
tories were available. The median activities for the sets of accepted values
were chosen as the most reliable estimates of the true values and were
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given as recommended and information values. A summary of the pre-
liminary values with confidence intervals for the most frequently reported
anthropogenic and natural radionuclides is given in Table 1.

Tab. 1. Preliminary results of the IAEA-437 intercomparison exercise,
designed to determine anthropogenic and natural radionuclides in a mussel
sample from the Mediterranean Sea. The data received from 24 labora-
tories were evaluated. All the values are given for the reference date 15%
November 2003 and expressed in Bq kg—! dry weight. 219Po data are
still under evaluation, therefore they were not included here. *The values
should be corrected for in-growth from 241 Pu.

Radionuclide Median Confidence interval
(o = 0.05)
Recommended value
0 381 352-405
234 234 220-244
232M0py 0.0076 0.0071-0.0087
Information value
ey 018 007-0231
ng 028 0.11-0.37
257 08 03-20
2321 0.09 008-016
25 008 003-012
23 19 1.70-202
1 amr 0.006 0.004-0022

This material provides an adequate test to laboratories confronted with
reporting radioactivity data on Mediterranean marine samples. In this
mussel sample anthropogenic radionuclides are for many laboratories
near the limit of detection of combined radiochemical and (especially)
radiometric methods. This is the case in particular for 137(Cg, the certifi-
cation of which will involve measurements in underground laboratories,
equipped beyond the technical capabilities of usual laboratories. Simi-
larly, transuranics would be certified including reports from laboratories
using mass spectrometric techniques. CIESM Mussel Watch laboratories
could consider adopting periodic intercomparison runs and profficiency
tests using a set of materials covering both low, typical Mediterranean,
activities and medium activities, above the limit of detection of all the lab-
oratories participating. This approach will allow a more comprehensive
assessment of laboratory performance. At the same time, the results from
this first intercomparison point to the capacity building needs necessary to
address through national and international programmes in case the Mussel
Watch Program is planned to continue running in the long term. The RM
certification of TAEA-437 is expected for 2007.
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Abstract

Marine organisms are widely used in the Mediterranean for monitoring the presence, diffusion and deleterious effects of trace metals
of both natural and anthropogenic origin. Different species can be used as bioindicators and the integration of chemical analyses with
ecotoxicological responses allows a better assessment of environmental condition. Such an approach is particularly useful in industrialized
areas, for management of harbour activities and to evaluate the impact of off-shore exploitation.

Keywords : Metals, Bio-indicators, Western Mediterranean, Eastern Mediterranean, Monitoring.

Investigations on trace metals in the Mediterranean Sea are a matter of
growing importance for a better assessment of chemical fluxes, anthro-
pogenic impacts and environmental health perspectives. Mediterranean
surface waters contain higher basal concentrations of metals compared
to those of the open Atlantic, a feature partly related to the oligotrophic,
nutrient-depleted conditions of this semi-enclosed basin, but also to the
inflow of Altlantic metal-enriched waters through the Strait of Gibraltar
[1]. However, direct inputs represent the major source for trace metals
in Mediterranean sediments and biota, with highly different situations
according to environmental conditions, the origin, kind and duration of
the exposure.

Among the natural sources, the geological anomaly of mercury in the
Northern Tyrrhenian Sea is responsible for an elevated accumulation of
this element by marine organisms and a consequent biomagnification
in food webs; in this respect, Mediterranean top predators (i.e. sharks,
swordfish and tuna fish) are characterized by significantly higher tissue
concentrations of mercury compared to Atlantic counterparts [2].

The Mediterranean coastline is also exposed to a marked human pressure,
being highly populated and subjected to increasing tourism, industries,
agriculture, fishery, aquaculture, shipping and harbour activities, to cite
only a few. Due to the spatial and temporal heterogeneity of such an-
thropogenic impacts, it is not possible to generalize the environmental
condition in the Mediterranean where pristine environments can be very
close to highly polluted sites. Marine organisms are widely used to assess
the presence and deleterious effects of chemical pollutants and several
species have been characterized for their capability to accumulate both
organic and inorganic compounds. The choice of the more appropriate
sentinel species depends on the aim of the investigations, with examples
reported for algae and plants, sponges, bivalves, gastropods, polychaetes,
crustaceans and fish [3]. The utility to integrate chemical analyses with
molecular, biochemical and cellular biomarkers has been validated in dif-
ferent environmental conditions, including management and remediation
of highly polluted petrol-chemical sites, monitoring of harbours during
dredging operations, off-shore activities, oil-spills and accidental releases,
sustainable use and protection of coastal environments [4-6].

As examples of ongoing applications, we used various organisms as
bioindicators in an industrial site. Besides chemical measurements, mus-
sels (both native and translocated), and various fish species (with different
feeding habits and trophic positions) were analysed for a wide spectrum
of cellular biomarkers, i.e. specific detoxification systems (cytochrome
P450, metallothioneins, peroxisomal proliferation, acetylcholinesterase
activity), lysosomal destabilization, oxyradical metabolism and antiox-
idants, oxidative damages and genotoxic effects. An extremely critical
environmental condition was demonstrated with the highest mercury con-
centrations ever measured in Mediterranean organisms, independently of
size, diet and trophic position. Contamination was particularly marked in
the proximity of a chloro-alkali plant and analyses of biomarkers allowed
to reveal also the exposure to hexachlorobenzene. Two years after the
closure of the chemical plant, Hg bioavailability was still elevated, but
with different effects in mussels and fish according to the feeding strategy

[4].

Another hot issue in the Mediterranean is the management of harbour
activities which have a great socio-economic importance, but also rep-
resent a major environmental concern as potential sources of chemical
contamination. In the last ten years, the intensive dredging operations in
harbour areas made it necessary to biomonitor both diffusion of contami-
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nants and biological effects in marine organisms. In this respect, mussels
are currently used through active caging procedures, carried out before,
during and after the dredging and disposal activities; the combined use
of chemical analyses and biomarkers allows to characterize differently
impacted areas within the harbour basins, generally revealing a complex
temporal variability of such disturbance related to the interaction of en-
vironmental, anthropogenic and biological factors. A recent investigation
in the harbour of Piombino demonstrated that bioaccumulation of trace
metals and polycyclic aromatic hydrocarbons significantly increased with
the beginning of dredging operations, causing also marked biological al-
terations in caged mussels; after the end of such activities bioavailability
of trace metals showed a different temporal trend compared to PAHs, and
the biological disturbance still remained evident [5-6].

A monitoring protocol with caged mussels has been developed also to
evaluate the potential impact of off-shore activities and waters discharged
in the Adriatic Sea. Native mussels are seasonally collected from a refer-
ence site and transplanted to the investigated platforms. Bioaccumulation
of trace metals (As, Ba, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn) in mussel
tissues is integrated in a multimarker approach for the early detection of
biological responses at several cellular targets. Chemical analyses gener-
ally revealed increased levels of Cd and Zn and only limited variations for
other elements, partly related to natural fluctuations. Among the biological
responses, some antioxidants and lysosomal stability were confirmed as
sensitive early warning signals of environmental disturbance, although the
overall results allowed to exclude marked biological effects by off-shore
activities in the Adriatic Sea [5].

The presented protocols, integrating chemical analyses with a wide array
of biological responses in marine organisms, seem to offer a useful and
realistic approach for monitoring both the presence and the impact of trace
metals and other contaminants in the Mediterranean.
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Résumé

Les polluants pétroliers ont été analysés par GC-FID dans les sédiments superficiels du littoral ouest algérien. Outre la détermination des
concentrations en hydrocarbures, cette technique permet de caractériser leurs sources. Les sites étudiés ici sont caractérisés par des rejets
industriels (complexe pétrochimique dans le Golfe d’ Arzew) et domestiques (dans le Golfe d’Oran). Une source d‘apport en hydrocarbures
biogéniques terrestres a été mise en évidence dans les zones ou se déversent les oueds.

Mots cles : Petroleum, Sediments, Pah, Western Mediterranean.

Introduction

Les franges cotieres algériennes, particulierement celles de 1’ouest (500
km environ), ont été 1’objet d’une urbanisation et d’une industrialisation
importante cette derniere décennie. Dans le cadre du programme MedPol
III, la contamination par les hydrocarbures a été évaluée dans les sédi-
ments superficiels de 3 golfes (Golfe d’ Arzew, d’Oran et de Ghazaouet).

Matériels et Méthodes

Les échantillons ont été collectés en 1998 dans 10 stations (Fig. 1A
et B). Les hydrocarbures sont extraits du sédiment lyophilisé pendant 8
h par un mélange hexane:dichlorométhane (dispositif soxhlet); tous les
échantillons ont subi un ajout d’étalon interne (nC32, C18.1 et dihydroan-
thracene) afin de déterminer le rendement de I’extraction. La purification
et le fractionnement se font par chromatographie sur colonne ouverte avec
gel de silice alumine comme adsorbant et selon le protocole I0OC [1].
Les fractions 1 et 2 recueillies sont analysées a I’aide d’un GC-FID doté
d’une colonne capillaire et d’un injecteur POC (programmed on-column).
Un blanc de procédure et un échantillon de référence (IAEA 383) sont
analysés avec chaque série d’extraction et les résultats sont exprimés en

nelg PS.

+ @
1

Fig. 1. Localisation des stations appartenant A) au golf de Ghazaouet , et
B) aux golfes d’Arzew et d’Oran.

Résultats et discussion

L’analyse des hydrocarbures aromatiques polycycliques (HAP) dans les
sédiments superficiels de la cote ouest algérienne a révélé que la région
oranaise est les plus contaminée. La station “hot spot ”(Oran 1 ; soumise
aux activités portuaires et industrielles d’Oran, ainsi qu’au principal émis-
saire d’eaux usées de 1’agglomération) présente une concentration en
HAP de 2340 pg/g PS. De facon surprenante, la teneur en HAP la plus
élevée enregistrée dans notre étude (6240 pg/g PS) provient de la sta-
tion de référence d’Oran (Oran 2) qui semble étre un lieu d’accumulation
des rejets pétroliers et industriels de la ville d’Oran. L’analyse multi-
diagnostique suggere que la zone d’étude est sous I’influence de rejets
directs d’origine pétroliere dans les Golfes d’Oran et d’Arzew. Les sta-
tions proches des oueds qui déversent dans les régions de Mostaganem
(oued Chélif), Beni-Saf (oued Tafna) et Ghazaouet (oued el Marsa) sem-
blent quant a elles davantage soumises a des apports en hydrocarbures
d’origine pyrolytique.

La distribution générale des hydrocarbures totaux présentent la méme al-
lure que celle des hydrocarbures aliphatiques et aromatiques: une forte
contamination est observée aux stations Oran 1 et 2, suivie par la sta-
tion cotiere d’Arzew (1800 pg/g PS). Les autres stations présentent des
concentrations qui varient entre 109 et 734 pg/g (Fig.2A). Les valeurs
déterminées sont légerement supérieures a celles reportées par des études
antérieures dans la méme région [2-4]. La distribution du MOPI (Marine
Oil Pollution Index) présente des valeurs qui oscillent entre 9,4 a la station
cotiere de Mostaganem et 15,6 au niveau de la station Oran 2 (Fig. 2B).
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Fig. 2. A) Evolution des teneurs en hydrocarbures totaux dans les sédi-
ments superficiels des cotes ouest algériennes et B) du MOPI dans les
différentes stations.

De facon globale, I’ensemble des résultats de cette étude suggere que
toutes les stations étudiées sur la cote ouest algérienne subissent une forte
contamination d’origine pétroliere.
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Abstract

A regional monitoring program - the CIESM Mediterranean Mussel Watch (MMW) - has been running for a few years, using the mussel
Mpytilus galloprovincialis as unique bio-indicator species. The network consists of some 20 marine environmental laboratories from 15
different Mediterranean and Black Sea countries. As of today, more than 50 sites have been sampled to produce the first distribution map
of 137Cs in coast waters at the Mediterranean basin scale. After a successful MMW Phase 1, the objectives of Phase II include extension
of monitoring activities to other radionuclides and selected trace- and emerging-contaminants along with enlargement of the network via

the association of five additional Eastern Mediterranean countries.

Keywords : Monitoring, Bio-indicators, Nile, Pollution, Bivalves.

Introduction

In the aftermath of the Chernobyl accident, a coordinated research pro-
gram called GIRMED (Global Inventory of Radioactivity in the MEDiter-
ranean Sea) was launched by CIESM during its 31st Congress held in
Athens in 1988, with the objective to assess the regional impact of this
major accident. However, as the data collected were usually obtained
from various indicator specie, procedures and methods, this made direct
comparison of results on spatial or temporal scales difficult. In 2002,
a new program started aiming to organize the production of monitoring
data on a common basis and to set up an effective observation tool on an
extended scale. A dedicated workshop was called to design a permanent
Mediterranean Mussel Watch dealing with radionuclides and other trace
contaminants [1]. A common agreement was reached on the objectives
and the general framework of the monitoring network, including strate-
gies, procedures and methods.

Implementation phase

The main objectives are to develop an international trans-Mediterranean
infrastructure of cooperating scientists and laboratories aiming at moni-
toring levels of selected contaminants in coastal waters and to document
reliable baseline levels of radionuclides in the Mediterranean and Black
Sea coastal waters. Some 20 marine environmental laboratories from 15
different Mediterranean countries are now involved in this international,
dynamic network, the first in the region specifically designed to monitor
radionuclides before its extension to other selected pollutants.

The selected bio-indicator specie is the Mediterranean mussel Mytilus
galloprovincialis, widespread in the region and for which background
knowledge on biology and physiology is available. In sectors were natu-
rals populations are rare or absent, samples can be obtained from trans-
planted mussels [2]. More than 50 sites have been sampled so far, usually
before and after the spawning season, although the south and east coasts
are still poorly documented. Sampling procedures and treatment of sam-
ples is homogenous among the participants. Trace level measurements of
radionuclides are performed by direct gamma spectrometry as a routine
technique. Initial intercalibration of all participating analytical labora-
tories is a very important step in the implementation phase. This was
achieved with the making of a specific reference material (AIEA-437),
used to carry out a large inter-comparison exercise across the entire net-
work, financially supported and coordinated by the IAEA-MEL, Monaco
and IRSN, France.

Results

The MMW network has been able in 2005 to produce the first distribution
map of 137Cs atthe regional level. This artificial radionuclide mostly
originated from global fallout of former nuclear weapons is now detected
at very low level (usually less than 1 Bq.kg~! w.w.) in all Mediterranean
coastal waters. However, in the Black Sea and North Aegean Sea, 137 ¢y
activity in mussels is still over one order of magnitude higher than in the
Western basin, showing the remaining impact of Chernobyl accident.

Next steps

The main goals of the MMW Project Phase II are:

- To extend the survey and monitoring activities using the well-established
network developed in Phase One (15 countries, 50 stations) by adding up
to six additional countries and 36 monitoring stations in order to guarantee
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the monitoring coverage of the entire basin.

- To complete the '37Cs survey with data from the South and East
Mediterranean coasts to produce a more comprehensive overview of this
contaminant.

- To include the monitoring of the radioactive element Polonium-210 (P-
210) and the trace elements: arsenic, cadmium, copper, lead, zinc, silver
and mercury.

- To monitor emerging contaminants.

Polonium-210 is a radioactive element that occurs naturally in low
concentration in the marine environment. It is also a by-product of
phosphate fertilizers and phosphoric acid industries. High levels of
210po may represent a health hazard in marine coastal areas. The
other trace elements selected also occur naturally in the marine envi-
ronment, where human activities such as manufacturing, agriculture and
mining can dramatically increase their level. Phase Two will put a spe-
cial emphasis on emerging contaminants, an area of CIESM expertise
(see CIESM Monograph on “Novel Contaminants”published in 2004;
http://www.ciesm.org/online/monographs/Neuchatel04.pdf). These new
generations of pesticides, pharmaceutically active compounds (like tran-
quilizers, antibiotics, hormones), and industrial chemicals are discharged
by hundreds of tons in rivers before reaching coastal waters.

Within the framework of the program, an active collaboration (exper-
tise and/or funding) with the IAEA-MEL (Principality of Monaco), the
TAEA/TC (Vienna) and MED-POL (Athens) will be sought. Indeed, the
three above mentioned institutions will greatly contribute to the feasi-
bility of the MMWIL. For example, the IAEA-MEL will provide exper-
tise in implementing the monitoring program and assist in the AQCS
(e.g. by providing appropriate reference materials and helping with the
setup/coordination of the inter-calibration exercise).

Results obtained from Phase Two will reliably map the current distribution
of Polonium-210 and of the selected trace- and emerging-contaminants in
wild and transplanted mussels across the entire Mediterranean Basin. This
unique dataset will provide critical information on the particular issue
of seafood safety for human health, fishing and aquaculture. The scien-
tific outcomes of the project will be published in international scientific
journals, and be made accessible to broader audience as well. All data
produced by the participants will be synthesized in a CIESM database,
where they will be fully available on-line to all concerned parties.

References

1 - CIESM, 2002. Mediterranean Mussel Watch - Designing
a regional program for detecting radionuclides and trace con-
taminants CIESM  Worshop Series 1n°15, 136p., Monaco.
http://www.ciesm.org/online/monographs/Marseilles.pdf

2 - Andral B., Stanisiére J-Y., Damier E., Thébault H., Galgani F., Boissery
P., 2004. Monitoring chemical contamination levels in the Mediterranean
based on the use of mussel caging. Marine Pollution Bulletin 49 : 704-712
3 - CIESM, 2004. Novel contaminants and pathogens in
coastal waters .  CIESM Worshop Series n°16, 112 p., Monaco.
http://www.ciesm.org/online/monographs/Neuchatel04.pdf

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

IS THERE A NEED FOR DEVELOPING AN INTEGRATED BASIN-WIDE MONITORING NETWORK TO
ENHANCE SUSTAINABLE DEVELOPMENT IN THE MEDITERRANEAN SEA?

Michel Warnau ! * and Oscar Acuifia

2

! International Atomic Energy Agency - Marine Environment Laboratories (IAEA-MEL), Principality of Monaco - m.warnau@iaea.org
2 International Atomic Energy Agency - Technical Cooperation Department (IAEA-TCEU), Vienna, Austria

Abstract

This paper discusses how improving the expertise and capacity of a network at the Mediterranean basin scale would allow reliably sur-
veying and monitoring key pollutants in the coastal Mediterranean environment. This would enhance regional capacity to (1) answer the
pressing international demand for assessing the trends in land-based inputs of pollutants and (2) comply with seafood safety guidelines.
Keywords : Coastal Management, Pollution, Monitoring, Ecotoxicology.

Many natural and anthropogenic sources of chemical contamination oc-
cur within the Mediterranean basin (e.g., widely distributed petrol and
mining industries, bauxite processing and geothermal activity in the NW
basin, phosphate rock processing along African coasts, intense industrial
trans-Mediterranean shipping activities, domestic waste waters from large
coastal cities). In addition, the Mediterranean is undergoing striking de-
mographic increases during the summer tourist season, with consequential
striking increases in contaminants entering coastal systems through treated
and untreated sewage [1].

Although the Mediterranean is surrounded by countries with important
industrial, cultural, and regulatory differences, it is nevertheless charac-
terized by a relative geographical homogeneity regarding the use of the
coastal zone. Indeed, the tourism-related economy, welfare and fish-
ery activities of human populations rely substantially on the quality of
coastal waters. Hence, the aforementioned contamination sources rep-
resent threats to the quality of the marine environment and can therefore
entail major socio-economic impacts (e.g. tourism, marine resource safety,
public health issues). It is thus of prime concern to warrant the preser-
vation of the Mediterranean coastal water quality. This is clearly demon-
strated by the various international conventions and programmes (e.g.
Barcelona Convention, UNEP-MAP, EU Horizon 2020) and scientific ac-
tions (e.g. UNEP-MEDPOL monitoring activities, CIESM Mediterranean
Mussel Watch, IAEA Technical Cooperation Projects, EU/Ifremer Mytilos
and Mytimed Projects) that are specifically dedicated to the Mediterranean
region, some of which from as long as three decades.

These programmes substantially increase available information on the
Mediterranean coastal environment available to the scientific community
and decision makers. However, reliable field data remain sparse for wide
coastal areas, especially along the southern and eastern shores. Never-
theless, the emergence of new threats (hundreds of new molecules are
produced every year) and the evidence that those already well known may
be more seriously and globally affecting the environment than formerly
thought, stress the need to develop integrated strategies to protect both the
environment and human health. To do so requires the involvement of the
whole region. Indeed, hydrodynamics of the Mediterranean is such that
what is happening in the Northern, Western, Southern or Eastern areas will
be eventually transferred -even if "diluted" and delayed [2]- to any other
part of this semi-enclosed sea. Hence, trying to solve any pollution-related
problem requires considering the Mediterranean at the basin-wide scale.
This in turn requires the involvement of many partners, working in close
collaboration to reach common objectives.

As far as the Mediterranean is concerned, the common environmental
objectives to be met should be those set up by the European Union that is
undeniably the regulatory driving force in the region, with its long last-
ing existing legislative background on environment and seafood quality,
recently re-enforced by the Water Framework Directive (WFD). In partic-
ular, the WFD [3] is implementing EU resolutions to reach the ambitious
-but necessary- objective to drastically decrease pollution levels. This ob-
jective is also clearly articulated in the EU Horizon 2020 Action Plan [4]
aiming at de-polluting Mediterranean coastal waters by 2020. Monitoring
the long-term effects of EU environmental policy on the Mediterranean
coastal water quality requires, obviously, a large-scale, active network
using standardised methodologies and indicator end-points carefully se-
lected. In addition, the unique characteristics of the Mediterranean allow
for considering in parallel the bio-monitoring of one or several organisms
out of a set of nearly ubiquist bioindicator species such as the mussel
Mytilus galloprovincialis, the edible sea urchin Paracentrotus lividus, or
the endemic phanerogam Posidonia oceanica [5, 6].
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Meeting the ambitious environmental objectives of the EU would require
an equally ambitious prospective networking issue. Such a network should
have the capacity to reliably survey and monitor key toxic chemicals, bio-
toxins and pathogens in the environment and seafood. This structure could
be achieved rapidly and with high probability of success by coupling,
reinforcing and equipping existing networks, as those promoted and sup-
ported by the international organisations active in the Mediterranean, viz.,
UNERP (via its Programme for the Assessment and Control of Pollution in
the Mediterranean, MEDPOL), IAEA (via the activities of its Technical
Cooperation Department [7] and its Marine Environment Laboratories),
CIESM (via its Mussel Watch), and EU (e.g. via the Short and Medium-
Term Priority Environmental Action Programme, SMAP, and the National
Environment Agencies). Indeed, these organisations are already engaged
in bi-lateral collaborations (e.g. CIESM - IAEA-MEL; UNEP-MEDPOL
- IAEA-MEL; EU - UNEP-MEDPOL). Thus, the main requirement to
generate a multi-lateral, synergetic effort would be to intensify and cross-
cut current cooperations. Bringing together their long lasting experience
in collaborating with Mediterranean countries, sound expertise in trans-
fer of knowledge, in technical training and capacity building, as well as
in management of large inter-comparison exercises and databases would
result in a synergetic partnership able to generate the necessary task force
for building one basin-wide, integrated, multi-disciplinary and sustainable
network of teams.

Beside providing Mediterranean countries with technical expertise and
analytical capacity, the outcomes of such an operational network will (1)
provide End-Users (Mediterranean countries, EU, UNEP-MEDPOL) with
a unique, integrated and standardised tool (the network) equipped to as-
sess long-term changes/improvements in the quality of the Mediterranean
coastal environment (including seafood of commercial interest), (2) sub-
stantially improve the knowledge on the contamination of the coastal
environment with reliable and inter-comparable data on key pollutants
at the Basin-wide scale (key information for the assessment of temporal
trends and for the decision on actions to be taken and legislation to be
enforced), (3) consolidate a reliable and sustainable related database, (4)
improve multi-lateral communications among Mediterranean countries,
(5) improve national expertise to answer international demand on marine
pollution regulation (with potential socio-economic impact on export of
seafood complying with international guidelines) and (6) promote local,
more fundamental, applied or prospective pollution-related research that
can benefit from local enhanced expertise and/or equipment.
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Panel 5 was conceived with the objective of giving a brief but highly
interdisciplinary picture of present knowledge and recent advances in
Mediterranean deep-sea research, starting from the geosphere and hy-
drosphere settings, to microbiology and faunal diversity and ecosystem
functioning, to conclude with the presentation of Programmes on Mediter-
ranean biodiversity and ecosystem functioning.

The Panel started with a general overview on deep seas presented by the
moderator Roberto Danovaro. Deep-sea sediments, covering 65% of the
world surface, are the largest ecosystem on Earth. Here microbial pro-
cesses, driving nutrient regeneration and global biogeochemical cycles,
are essential to sustain primary and secondary production of the oceans.
Deep-sea ecosystems are also the largest reservoirs of biomass and key
elements/compounds. There are no direct estimates of the value of deep
seas. However, since the deep-sea floor covers an area ~100 larger than
that of shelf, even assuming a deep-sea dollar/ha/yr value 10 times lower
than that of shelf, the value of deep sea functions is 10 times higher than
that of shelves, and potentially higher than actual estimates of world total
ecosystem value. In addition, the census of life in the deep sea is just at
the beginning and the largest portion of its biodiversity is still unknown
(from 0.3 to 8.3x108 species to be discovered). The moderator illustrated
also the reasons why the deep Mediterranean Sea can be considered the
best existing model to investigate the impact of changes at global scale.
The main reasons can be summarized as follows:

1. The Mediterranean is a miniature Ocean (therefore a model of circula-
tion and processes occur at much smaller time scales);

2. There is a long-term history of investigations and impacts in the
Mediterranean basin (but not in the deep sea);

3. High deep-sea temperatures, which imply faster responses.

4. Susceptible and sensitive to climate changes (already evident in the
deep, relevance of episodic events; EMT, Gulf of Lion);

5. High biological diversity in coastal systems vs. very low biodiversity
in the deep.

6. Strong environmental and biodiversity gradients (e.g., West-East gradi-
ent in trophic conditions);

7. Complex paleo-ecological history, with periodic mortality events
(sapropel formation): scenarios of recolonization;

8. The Mediterranean is the ideal basin for testing factors forcing the evo-
lution of deep-sea life: large proportion of continental margins - source
sink hypothesis;

9. The deep-Med contains the most extreme environments for life (e.g.,
DHARBE:S);

10. The deep-Med is full of hot spot ecosystems at very short distance
(cold seeps, deep corals, canyons, slopes, slides, seamounts, anoxic etc).

Deep-sea ecosystems, and the Mediterranean in particular, are highly
vulnerable, and increasingly subject to direct and indirect anthropogenic
impacts (deep-sea trawling, dumping, oil, gas and mineral extraction,
other pollution sources). Moreover, recent findings have revealed that
climate change can exert also a significant and rapid impact on deep-sea
Mediterranean biodiversity.

The presentation of the first panelist (Miquel Canals) focused on the
description of the drivers of Mediterranean deep water sedimentation.
Recent observations suggest that the functioning of deep Mediterranean
benthic systems, as expressed by particulate fluxes and benthic variables,
are characterised by a large interannual variability, which is highlighted
by the evidence of episodic or stochastic events, or long-term climate
change. Two such large events - the Eastern Mediterranean Transient
and the Gulf of Lions cascading - affected significant parts of the eastern
and western basins respectively. M. Canals described in detail a highly
significant massive sediment transport and seafloor shaping process, not
previously documented, and illustrated how Dense Shelf Waters (DSW),
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flowing down submarine canyons and slopes, carried large amounts of
coarse sediment that eroded and shaped canyon floors (e.g. giant furrows).
The main conclusions coming out from this presentation were:

1. This is a mechanism of massive transfer of fresh organic matter, and
hence C sequestration, to the deep ocean;

2. DSW flowing down canyons may carry large amounts of highly nutri-
tive fresh organic matter that in intense events (twice from 1993 to 2005
in the Gulf of Lion) reaches the very deep basin thus massively injecting
C into the deep ocean;

3. Submarine canyons in the Gulf of Lion drive the deep Western Mediter-
ranean Sea;

DSWC in the Gulf of Lion imprints intermediate and deep waters, and the
functioning of the deep ecosystem in the Western Mediterranean Sea;

4. According to predictive models, climate change holds the potential to
significantly modify dense shelf water cascading;

5. Global warming will likely lead to a lowering in the frequency of dense
shelf water formation, thus reducing the frequency of cascading processes
which in turn will cause a severe reduction of the episodes of massive
injection of organic matter into the deep ecosystem. The example reported
here on the cascade event in the Gulf of Lion is providing new perspectives
of investigation and management of the Mediterranean.

Jean Mascle illustrated the geosphere component of the deep-
Mediterranean Sea and discussed the present knowledge on the topo-
graphic description of the deep Mediterranean seafloor, which is a pre-
requisite for any subsequent investigation on deep-sea life and ecosystem
functioning. He showed the recently published (2005) CIESM/Ifremer
high resolution multibeam maps which cover large portions of the seabed
morpho-bathymetry in both the Western and Eastern Basin. Additional
maps detailing specific areas of the Mediterranean Sea such as the Nile
Deep Sea Fan were produced under the same scientific collaboration.
J. Mascle also underlined the high scientific value of these maps which
provide detailed information on large scale geological processes of the
Mediterranean Basin and reveal specific features of the seabed (e.g. mud
volcanoes, gas and fluid seepages) which are extremely important to un-
derstand biogeochemical processes occurring in the deep.

Anastasios Tselepides illustrated some peculiar aspects of the biology and
ecology of deep-sea benthic biota in the Mediterranean, with a specific
focus on benthic community structure and function of the deep Eastern
Mediterranean Sea. High temperature, high salinity and the strong olig-
otrophy make this ecosystem very different from all other ocean deep-seas.
This difference is also reflected in the species diversity and functional role
of the macro- and microbiota of the deep Mediterranean, as illustrated by
the author. He also focused on main drivers and recent changes related
to climatic events such as the Eastern Mediterranean Transient, which
indirectly affected the deep benthic communities. The high vulnerability
of the Mediterranean deep sea ecosystem to environmental changes and its
close interactions with the upper water column and the coastal ecosystems
were underlined.

This talk was followed by a summary on the present knowledge and recent
advances in deep Mediterranean microbiology by Christian Tamburini
and Gerhard Herndl. They reported the key role of deep-sea prokaryotes
(DSP), which are a virtually untapped resource for industrial purposes.
Recently, a number of novel metabolic pathways have been discovered,
shedding new light on the dark ocean prokaryotes. Non-thermophilic
Archaea have been recently found to represent the major source of au-
tochthonously produced organic carbon in the deep sea and play a major
role in deep-water nitrification outnumbering bacterial nitrifiers in the
oxygen minimum zones of the mesopelagic ocean. Anaerobic ammonium
and methane oxidizers have been found in the dark ocean sediments and
even more recently, in the deep oceanic water column. The Mediter-
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ranean Sea offers unique opportunities to study these DSP as it repre-
sents one of the very few seas with warm deep-waters. Results from the
CIESM-SUB campaigns have begun to address some key issues in the
microbial oceanography, biodiversity and ecosystem functioning in the
deep-Mediterranean Sea. The speakers highlighted the large demand of
better knowledge of deep-sea processes and the associated microbiota. In
particular, there is a need for a Mediterranean Sea Deep Ocean Monitor-
ing Station to assess hydrological, chemical and biological dynamics and
for an adequate technology to determine actual metabolic rates under in
situ pressure conditions to allow full exploitation of genomic information
contained in organisms.

Inge Jonckheere illustrated the key-role of ESF in providing a common
platform for its Member Organisations (MOs) to advance European re-
search and explore new directions for research at the European level.
Through its activities, ESF serves the needs of the European research
community in a global context and in a variety of scientific domains. 1.
Jonkheere illustrated in detail the EuroDEEP programme (2007-2010),
which focuses on ecosystem functioning and biodiversity in the deep sea.

Eva Ramirez presented an outline of the recently ESF-EURODEEP
approved programme BIOFUN, which aims to characterize mid-slope,
bathyal and abyssal habitats to understand linkages between biodiversity
and ecosystem functioning in four key sites with contrasting environmen-
tal conditions.

An intense discussion followed the talks, with various interventions from
the audience. The main points can be summarized as follows:

a. There is a clear need for investing more in the deep-sea Mediterranean
research and to create opportunities for sharing facilities, equipments and
infrastructure;

b. There is a need for long time-series measurements, which are necessary
to understand natural processes exhibiting slow or irregular change;

c. There is a need to investigate more the southern part of the Mediter-
ranean Sea and to identify tools to involve the southern countries (north
African countries) in deep-sea research;

d. specific priority should be given to episodic events (such as the cas-
cade event of the Catalan margin and EMT) and their impact on deep-sea
ecosystems.

CIESM and ESF are establishing a very fruitful collaboration, which can
be extremely important not only to set up strategic scientific priorities, but
also to identify tools for sharing infrastructures and allocate new resources
and funding to carry on long term programs. There is a clear need for en-
gaging more the national Mediterranean governments on deep-sea issues
and to explain how important and strategic is to invest more in deep-sea
research.
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Abstract

This contribution is intented to show the relevance of dense shelf water cascading (DSWC) (i) as a sediment transport process able to carry
large amounts of sediment to the deep margins and basins in the Mediterranean Sea during short periods of time, and (ii) as an efficient

sea floor shaping process.
Keywords :

Deep Sea Sediments, Deep Sea Processes, Western Mediterranean, Eastern Mediterranean.

Sediment input to the Mediterranean Sea mostly comes from flu-
vial sources. Relatively large continental shelves, deep-sea fans and
channel-levee complexes have developed off the main river systems.
UNEP/MAP/MED POL [1] has estimated an overall sediment flux of
730 M Tm yr~! to the Mediterranean Sea, with about 75% entering the
eastern basin. The theoretical overall sediment yield is 175 Tm km—2
yr—!, which is close to the global average, and 580 Tm km~2 yr—1 if
the Nile River is not accounted. The later figure is very high compared to
other regions of the world.

While part of the sediment delivered by Mediterranean rivers has con-
tributed to the development of continental shelves, another part has been
exported to the deep margins and basins. The classical view is that turbid-
ity currents and associated processes are the main transport mechanisms
for sediment to be transferred from shallow to deep.

Megabeds (300-600 km?3) with distinct characteristics forming the Late
Pleistocene to Holocene sedimentary sequence in the Mediterranean
abyssal plains have been interpreted as megaturbidites [2, 3]. Those
in the Balearic and the Herodotus abyssal plains were formed during the
last sea level low stand at 22,000 and 27,000 cal. y. BP, respectively.
According to published interpretations, the megaturbidite on the Balearic
abyssal plain derived from the southern European margin that is mainly
fed by the Rhone river while the Herodotus abyssal plain megaturbidite
originated from the continental margin west of the Nile delta [3].

The megaturbidite in the Balearic abyssal plain (60,000 km?, 8-10 m
thick) has been interpreted as the result of one single event of catastrophic
slope failure evolving into a large turbidity current [2, 3]. However, a
relatively young event able to release such an amount of sediment should
have left a major scar or set of scars in its source area. More than a decade
of swath bathymetry mapping of the margins to the north of the Balearic
abyssal plain failed to identify such major headwall area. Instead, a large
number of deeply incised submarine canyons with their heads cut into the
continental shelf have been identified in the Gulf of Lions (GoL) and in
nearby margins [4].

Recent in situ measurements have shown that DSWC is able to carry large
volumes of coarse sediment that erodes shelf, slope and canyon floors [5].
Current speeds measured in the Cap de Creus submarine canyon, GoL,
during the year 2005 cascading event were as high as ~100 m s~ 1. Evi-
dence of energetic sediment transport, seafloor erosion and bottom-current
deposits associated to episodic DSWC has been described recently in the
Adriatic Sea as well [6]. The most striking evidence of sediment transport
and erosion by cascading waters is canyon floor sand-filled axial channels,
in-canyon sand beds, contourite drifts, sediment waves, fields of giant
furrows, giant comet marks, scours and erosion surfaces.

Therefore, it appears that DSWC is a highly significant process for mas-
sive off shelf sediment transport and seafloor shaping at specific locations
in the Mediterranean Basin. The three shelf areas of dense shelf water for-
mation in the Mediterranean Sea (i.e. GoL, Adriatic Sea and Aegean Sea;
Fig. 1) would then act as powerful drivers for deep-water sedimentation.
More frequent and intense cascading at specific intervals during the Pleis-
tocene climatic oscillations over successively shrinking and expanding
flooded shelves, associated to climatically controlled cyclic variations in
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sediment fluxes from river mouths, could provide an alternate explanation
to the turbidite hypothesis for the accumulation of megabeds in the deep
Mediterranean Sea. The combination of direct fluvial sediment discharge
on the outer shelf and canyon heads during low stands and DSWC has a
tremendous potential for transporting large volumes of sediment sthat may
eventually contribute to the formation of megabeds in the deep margin and
basin, at least in the western Mediterranean.
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Fig. 1. Sites of deep water (DW) formation and main path of deep water
circulation in the Mediterranean Sea (simplified from [7]). Dense shelf
waters form in the Gulf of Lions, the Adriatic Sea and the Aegean Sea.

References

1 - UNEP/MAP/MED POL, 2003. Riverine transport of water, sedi-
ments and pollutants to the Mediterranean Sea. MAP Tech. Ser. 141,
UNEP/MAP, Athens, 111 p.

2 - Rothwell, R.G., Thomson, J. and Kihler, G., 1998. Low-sea-level em-
placement of a very large Late Pleistocene "megaturbidite” in the western
Mediterranean Sea. Nature, 392: 377-380.

3 -Rothwell, R.G., Reeder, M.S., Anastasakis, G., Stow, D.A.V. Thomson,
J. and Kihler, G., 2000. Low sea-level stand emplacement of megatur-
bidites in the western and eastern Mediterranean Sea. Sedimentary Geol-
ogy, 135: 75-88.

4 - MediMap Group, 2005. Morpho-bathymetry of the Mediterranean
Sea, E: 1=2,000,000; CIESM/Ifremer Sp. Publ., Maps and Atlases, Brest/
Monaco, 2 sheets (Western Mediterranean and Eastern Mediterranean).

5 - Canals, M., Puig, P., Heussner, S., Durrieu de Madron, X., Palanques,
A. and Fabres, J., 2006. Flushing submarine canyons. Nature, 444: 354-
357.

6 - Verdicchio, G. and Trincardi, F. Short distance variability in slope bed-
forms along the Southwestern Adriatic Margin (Central Mediterranean).
Marine Geology, 234: 271-292.

7 - Millot, C. and Taupier-Letage, 1., 2005. Circulation in the Mediter-
ranean Sea; Handbook of Environmental Chemistry, vol. 5, Part
K: The Mediterranean Sea. Springer, Berlin-Heidelberg, p. 29-66
(http://dx.doi.org/10.1007/b107143).

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

NEW PERSPECTIVES AND CHALLENGES IN THE STUDY OF DEEP-SEA PROKARYOTES - THEIR ROLE
IN BIOGEOCHEMICAL CYCLES, AND THEIR POTENTIAL INDUSTRIAL APPLICATIONS
Gerhard Herndl ! *, Christian Tamburini 2 and Laura Giuliano >
! Department of Biological Oceanography, Royal Netherlands Instuitute for Sea Research, P.O. Box 59, 1790 AB Den Burg, Texel, The
Netherlands - herndl @nioz.nl
2 CNRS/INSU - UMR 6117. Campus de Luminy - Case 901. TPR2, 7eme étage. 163 avenue de Luminy. 13288, Marseille CEDEX 09,
France
3 CIESM, 16, Bd. De Suisse, MC 98000 Monaco; Institute for the Coastal Marine Environment (IAMC) 98122 Messina, CNR, Italy

Abstract

Deep-sea prokaryotes (DSP) adapted, diversified and evolved over billions of years and represent a virtually untapped resource for indus-
trial purposes. Recently, a number of novel metabolic pathways have been discovered shedding new light on the dark ocean’s prokaryotes.
Non-thermophilic Archaea have been recently discovered to represent the major source of autochthonously produced organic carbon in
the deep sea and play a major role in deep-water nitrification outnumbering bacterial nitrifiers in the oxygen minimum zones of the
mesopelagic ocean. Anaerobic ammonium and methane oxidizers have been found in the dark ocean’s sediments and even more recently,
in the deep oceanic water column. The Mediterranean Sea offers unique opportunities to study these DSP as it represents one of the very
few seas with warm deep-waters. Field results from the CIESM-SUB campaigns have begun to address some key issues in the microbial
oceanography of the Mediterranean Sea.

Keywords : Bacteria, Deep Sea Processes, Organic Matter.

Microbes are the main drivers of the energy and matter flux in the sea. Using a genomic approach, [6] detected a number of functional genes
Essentially all our knowledge on the functioning of the microbial food from prokaryotic communities of the deep North Pacific responsible for
web in the ocean originates from the surface ocean. However, more the expression of specific enzymes and the synthesis of polysaccharides
than 70% of the ocean’s volume is considered the deep ocean and this and antibiotics. Unexpected pathways for utilizing specific components
dark oceanic realm, particularly the bathypelagic water column has been of organic matter such as D-amino acids, chitin, pullulan and cellulose are
poorlystudied. Consequently, our knowledge on the vertical distribution mediated by DSP [7].

and functional variability of deep-sea prokaryotes in the ocean’s interior From all what we know thus far on deep-water microbial food webs, the
are still poorly known despite recent advances in elucidating their phylo- role of the highly diverse prokaryotic community and its interaction with
genetic and metabolic characteristics. the unexplained high viral abundance remains enigmatic and awaits in-
While the abundance of prokaryotes decreases from the sunlit surface vestigation. Since the deep waters of the Mediterranean Sea are besides
waters to the deep ocean by one to two orders of magnitude and their the Sulu Sea the only warm deep waters in the global ocean, the Mediter-
overall activity by at least two orders, the diversity of DSP is only about ranean Sea offers unique opportunities for microbial oceanography.

25% lower than in surface waters. Despite their overall low activity, DSP
are play a major role in the biogeochemical cycling of material due to the

sheer volume of the dark ocean. Heterotrophic DSP are responsible for References
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of the ocean remains to be shown, however. Generally, the richness of
archaeal phylotypes is only about half of the bacterial richness in the deep
ocean. Noteworthy, however, is the fact the bathypelagic Crenarchaea
are apparently not chemoautotrophs but heterotrophs, utilizing efficiently
D-amino acids commonly considered refractory for microbial utilization

[5].
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Abstract

The aim of the multidisciplinary EUROCORES Programme EuroDEEP (Ecosystem Functioning and Biodiversity in Deep Sea), coor-
dinated at the European Science Foundation (ESF, Strasbourg, France) is to further explore and identify the different deep-sea habitats,
assessing both the abiotic and biotic processes that sustain and maintain deep-sea communities in order to interpret variations of biodiver-
sity within and between deep-sea habitats, and the interactions of the biota with the ecosystems in which they live. The resulting scientific
data are a prerequisite for the sustainable use and the development of management and conservation options aiming at the sustainable use

of marine resources that will benefit society as a whole.
Keywords : Deep Sea Ecology, Biodiversity, Deep Sea Processes.

Established in 1974, the European Science Foundation (ESF, www.esf.org)
as a non-governmental organisation with 78 Member Organisations (re-
search councils, academies and other national science performing or
funding agencies) from 30 countries set up in late 2003 the European
Collaborative Research Programmes (EUROCORES) aiming to enable
researchers in different European countries to develop cooperation and
scientific synergy in areas where European scale and scope is required.

The EUROCORES Programme "EuroDEEP", Ecosystem functioning and
Biodiversity in the Deep Sea, focuses on the deep sea, the largest environ-
ment on Earth, which contains important mineral and biological resources
of interest for science, industry and society. The deep sea is a relatively
continuous and highly interconnected environment composed by a wide
variety of specific ecosystems, both pelagic and benthic, which sustain
particular, and often unique, microbial and faunal communities with a vast
yet largely unknown biodiversity [1].

The scientific goal of the various funded EuroDEEP collaborative research
projects is to further explore and identify the different deep-sea habitats,
assessing both the abiotic and biotic processes that sustain and main-
tain deep-sea communities in order to interpret variations of biodiversity
within and between deep-sea habitats, and the interactions of the biota
with the ecosystems in which they live [2]. The resulting scientific data
are a prerequisite for the sustainable use and the development of man-
agement and conservation options aiming at the sustainable use of marine
resources that will benefit society as a whole [3].

The different projects focus on three different aspect of the deep sea
biodiversity, namely firstly on biological characteristics and processes in
the deep sea, secondly on abiotic processes in deep-sea habitats driving
biodiversity variation, and finally on the human impacts and ecosystem
management. Each collaborative research project has a specific focus
which goes from variation in metazoan biodiversity (species diversity,
functional and food web diversity, niches) within and between habitats
and ecosystems, over the exploration of the biodiversity of specific deep-
sea habitats such as seamounts, deep-water coral reefs (fig. 1), vents,
gas and fluid seeps, large organic inputs (e.g. wood or whale falls), to
the understanding of the biogeochemical pathways that sustain microbial
systems and assessing the biodiversity of deep-sea microbes, their control
and their possible interactions with metazoans for example in hypersaline
anoxic lakes, while other projects will try to unravel population structure
and population connectivity in economically important deep-sea fishes.
Other investigators will focus on discontinuity layers (spatially confined
but pronounced density gradients) and mixing zones in the deep ocean,
generated at the border between two different water masses that can be
seen as persistent ’deep-sea ecotones’.

The field sites of the different projects are situated in the Mediterranean
area or along a trophic gradient, from Eastern Atlantic to the Western,
Central and Eastern Mediterranean, at the continental slopes, and at the
Mid-Atlantic Ridge (MAR).

The Programme aims at providing the necessary framework and funding
for the development of top-quality deep-sea research at the European level
in a global context (Census of Marine Life and SCOR/IGBP), particularly
building on sharing of national large-scale resources, which are essential
for deep-sea research (i.e. ships, ROVs, submersibles, AUVs, deep-towed

49

vehicles, deep-sea sampling equipment, new sensors, etc.) as well as the
coordination of efforts amongst scientists and laboratories from the coun-
tries involved and links with ongoing projects. EuroDEEP is a Programme
for deep-sea biology and ecology that strongly depends and requires col-
laboration between taxonomists, microbiologists, ecologists, physical and
chemical oceanographers and geologists [2].

The launch of the Programme is foreseen for June 2007 and the inter-
national, multidisciplinary collaborative research projects are supported
particularly by research funding agencies from Belgium, France, Ireland,
Italy, the Netherlands, Norway, Poland, Portugal and Spain, and by the Eu-
ropean Science Foundation through contract No. ERAS-CT-2003-980409
of the European Commission, DG Research, FP6. EuroDEEP is coordi-
nated by Dr. Inge Jonckheere at the ESF, Strasbourg (FR).

Fig. 1. A deep-water coral reef as an oasis for marine life.

For the latest information, please check the EuroDEEP Programme web-
site: www.esf.org/eurodeep.
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Abstract

Detailed morphology of the Mediterranean deep basin, based on swath bathymetric data, directly show the consequences of various active
geological processes which shape the present sea floor, including the results of geological hazards. They also provide opportunities to
study the impacts of such processes on the deep environments (sediment, biology, microbiology, etc..) and at some stage in the water
column. A synthesis of the most recent data is presented and briefly discussed.

Keywords : Swath Mapping, Western Mediterranean, Eastern Mediterranean.

For a decade systematic swath bathymetric mapping of the deep Mediter-
ranean Sea has been progressively conducted by several European oceano-
graphic and hydrographic Institutions, mainly from France, Italy, Spain,
Greece, the Netherlands, Israel and Germany.

Geosciences-Azur laboratory (Villefranche sur Mer) and Ifremer Geo-
science mapping office (Brest) have jointly conducted a project to compile
syntheses of all swath data made available in a cooperative framework
comprising most of the national Institutions involved.

This resulted first in the publication in 2000, under the sponsorship of
CIESM and Ifremer, of a Morpho-bathymetric Map (DTM at 500 m) and
of an acoustic Image of the Mediterranean Ridge and surrounding areas
[1], and, in 2005, of two new Morpho-bathymetric Maps (DTM at 500
m) of the Mediterranean Sea western and eastern basins, respectively [2]
(Figures 1 and 2). Detailed maps of the morphology of the Mediterranean
Egyptian Margin (DTM at 100 m), and of its acoustic signature, were
produced by Géosciences-Azur and CIESM in 2003 [3]. The same group
is now working on the most recent swath bathymetry synthesis of the
Mediterranean Sea (at a 4.000.000 scale, DTM 500 m), which will incor-
porate the most recent results made available (south of Spain, Balearic
plain, Calabrian ridge, Algerian margin and several areas from the Aegean
and Eastern Mediterranean seas).

SWATH BATHYMETRY OF THE MEDITERRANEAN SEA : WESTERN MEDITERRANEAN
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Fig. 1. Morpho-bathymetry of the Western Mediterranean Sea as in 2005,
from [2].

Based on 100 m (Nile Margin) or 500 m DTM, these various maps have
already revealed the importance of distinct active geological processes,
which are directly imprinted on the seafloor in absence of important ero-
sion. They also stress the drastic contrasts between the Neogene Western
Mediterranean Basin, which results from successive back arcs opening,
and the much older, Mesozoic, Eastern Mediterranean Sea, where subduc-
tion and collision processes, and huge sedimentary loading contribute to
generate widespread compressive tectonics and lead to massive mud and
fluid expulsions directly on the sea floor.

Beside their obvious geological values, the availability of these syntheses
appears quite significant with respect to most other oceanographic fields
of study in the Mediterranean Sea. For example a precise knowledge
of deep circulations cannot now be assessed without detailed bottom to-
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pography as extracted from swath mapping data. Recently the discovery
of numerous brines, fluid vents and mud volcanoes on several areas of
the deep Eastern Mediterranean basin has strongly modified our under-
standing of geochemical and biological processes operating in the water
column and on the sea floor. Gas plumes, delivering large quantities of gas
in the sea water, widespread bacterial mats growing nearby fluid vents,
associated worms, lamellibranchia, sea urchins, etc., are now frequently
observed and sampled on the basis of detailed bathymetric maps. More
recently scientists had even access to swath bathymetric data recorded
using an AUV equipped with swath system (Bionil expedition of the ESF
Mediflux.program).

SWATH BATHYMETRY OF THE MEDITERRANEAN SEA: EASTERN MEDITERRANEAN
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Fig. 2. Morpho-bathymetry of the Eastern Mediterranean Sea as in 2005
from [2].

This provides the possibility to obtain, for seafloor areas up to several km?
wide, DTM at 1 meter precision (and even 50 cm in some case!) and thus
to fill the gap in scales between direct in situ observation (from towed
cameras, submersibles or ROV) and geophysical data. Near bottom swath
bathymetry is opening a new era for the study of seabed processes whether
they are geological, geochemical or biological, and for the management
of seagoing operations.
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Abstract

What little we know of deep-sea ecosystems indicates that they host one of the highest biodiversities on the planet as well as important
mineral and biological resources, which are increasingly being exploited. Understanding deep-sea biodiversity and ecosystem functioning,
from viruses to megafauna, is essential to assess the impact of natural and anthropogenic factors and provide management options. The
Mediterranean, in particular, is a unique system for such studies, characterised by homeothermia and a steep gradient of increasing
oligotrophy towards the East. BIOFUN, a EuroDEEP project proposal, aims at investigating and comparing deep-sea sites across a trans-

Mediterranean transect and in the Eastern Atlantic.
Keywords : Abyssal, Bathyal, Biodiversity, Deep Sea Processes.

The bathyal and abyssal ecosystems are the largest habitats on Earth,
covering over 60% of its surface, and one of the least explored. What
little we know indicates that the deep oceans have biodiversity levels
amongst the highest on the planet [1, 2], much of which undescribed, as
well as important mineral and biological resources are increasingly being
exploited. However, the impact of deep-sea exploitation on the habitat
and its fauna, often including long-lived species with long recovery times
to disturbance, is still poorly understood [3, 4]. There is also accumu-
lating evidence to the effects of climate change in the composition and
structure of deep-sea communities and baseline studies are required to
provide initial data from which to detect long-term ecosystem changes
and their causes. The gap in knowledge of marine biodiversity has been
recognised by the Census of Marine Life programme, which was at the
origin of the EuroDEEP initiative to address the need for thorough de-
scription of species and understanding deep-sea ecosystem functioning,
its links to the global biosphere and potential long term changes caused
by natural and anthropogenic forces. The Mediterranean Sea is a unique
environment for deep-sea studies [5, 6]. It is a close sea with high salinity
and oligotrophy. Furthermore, one of the most important characteristics of
the deep Mediterranean Sea is that it is homoeothermic below 200-300 m
depth, with temperatures of 13-14°C reaching abyssal. This homeother-
mia has two major implications: first, there is no thermal barrier to the
bathymetric distribution of the deep fauna; second, the high temperature
increases the rate of degradation of the sinking particles, resulting in a
higher refractory index of the organic matter reaching the seafloor. This is
especially important in a sea that is characterised by a strong longitudinal
trophic gradient with increasing and intense oligotrophy towards the East.
However, our knowledge of Mediterranean deep-sea communities below
1000 m is poor, the effects of homeothermia and oligotrophy mostly un-
known and the relationships with Atlantic fauna yet to be established.
With increasing anthropogenic and natural (climate change) impact on
deep-water communities [3, 7, 8], it is timely and critical to investigate the
deep-sea ecosystem biodiversity and functioning, providing the necessary
baseline information to propose management and conservation options.

The aim of BIOFUN is to characterise, under an ecosystem approach,
two deep-sea habitats - the mid-slope and abyssal plain - including for
the first time the analysis from viruses to megafauna, to understand the
linkages between biodiversity patterns and ecosystem functioning in rela-
tion to environmental conditions along a gradient of increased oligotrophy
from West to East. The BIOFUN team proposes a multidisciplinary coor-
dinated research programme to investigate the Algerian-Balearic Basin
(1000-3000 m), the Ionian Sea including the Messina Abyssal Plain
(1000-4100 m depth) and the Levantine Basin (1000-3100 m depth) in
the Mediterranean and the Galicia Bank in the Atlantic. The programme
is organised around a coordination workpackage (WPO) and 4 scientific
workpackages: WPI1- Physicochemical characteristics of the habitats;
WP2- Community structure: census of biodiversity and biogeography;
WP3 - Ecosystem functioning: food web processes and life-history pat-
terns; WP4- Linkages between ecosystem functioning and biodiversity:
tools for disturbance evaluation. The sampling programme is based on
3 major multidisciplinary BIOFUN cruises to be conducted in 2008 (de-
pending on shiptime and funding): two trans-Mediterranean cruises using
the new Spanish RV Sarmiento de Gamboa and the Italian RV Urania
and a cruise to the Galicia Bank with the Dutch RV Pelagia. Other asso-
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ciated cruises will also provide samples for BIOFUN, such as the Italian
trans-Mediterranean VECTOR cruise on board RV Universitatis, French
geophysical investigations of the W Med, German cruises on board RV
Meteor and M.S. Merian for Central Mediterranean and Greek shiptime
on board RV Philia for East Mediterranean. The cruises will use a variety
of sampling equipment, including CTDs, sediment traps, current-metres,
long-term moorings, benthic trawls, sledges, corers, landers and direct
observation systems to sample both the habitat and its associated fauna.

The BIOFUN Collaborative Research Project proposal comprises 7 indi-
vidual projects (CSIC, Spain; CNR, Italy; NIOO and NIOZ, Netherlands;
UGent, Belgium; CEFREM, France; NUIG, Ireland) and 3 associated
projects (UNIVPM, Italy; HCMR, Greece; SNG, Germany) with a wide
range of expertise and strong history of collaborations. The project also
aims at interacting with a number of major European and international ini-
tiatives, such as the deep-sea CoML projects COMARGE and CeDAMar,
the EU funded HERMES project, CIESM-SUB and MarBEF, to max-
imise the results from the efforts conducted internationally. BIOFUN also
proposes interactions with EurOBIS as a depository for taxonomical data
and with CoOML-DESEO (Deep-Sea Education and Outreach) to share the
project’s results with society. The BIOFUN project proposal has received
positive evaluations by the international EuroDEEP Review Panel and
is currently in the phase of budget approval by the respective National
Funding Agencies. At this stage, no guarantees concerning funding or
final project decision have been made yet.
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Abstract

During the last 20 years, new technological developments and the application of advanced environmental monitoring methods in concert
with a proliferation of multidisciplinary research programmes have gradually changed our perception of the structure and function of the
deep Mediterranean deep Sea. It is now considered a dynamic environment linked to upper water column processes and also influenced
by major geo-morphological features (abyssal basins, seamounts, submarine canyons, etc.) that shape its benthic community structure.

Keywords : Deep Sea Ecology, Zoobenthos, Deep Sea Processes.

Reviews on the biology and ecology of the Mediterranean deep sea have
been published in recent years [1-3]. Studies of the Eastern Mediterranean
bathyal and abyssal fauna have revealed significant correlations between
faunal abundances and biomass, and factors indicating food availability,
all being at very low levels compared to temperate regions [4]. The abyssal
basins of the Eastern Mediterranean are extremely unusual deep-sea sys-
tems. With water temperatures at 4000 m in excess of 14°C (rather than
<4°C for the deep oceanic basins) the entire benthic environment is as hot
as the water around a hydrothermal vent system, but lacks the vents rich
chemical energy supply.

The Mediterranean also differs from other deep-sea ecosystems in terms
of its species composition [S]. Acanthephyra eximia appears to have
functionally replaced Eurythenes gryllus, the dominant deep-sea scav-
enging crustacean throughout most of the world’s oceans, while Chal-
inura mediterranea (a much smaller grenadier) has retained the role of
Coryphaenoides armatus. Typical deep-water groups, such as echino-
derms, glass sponges and macroscopic foraminifera (Xenophyophora) are
absent in the deep Mediterranean, while other faunistic groups (fishes,
decapod crustaceans, mysids and gastropods) are poorly represented com-
pared to the NE Atlantic.

Barriers to colonisation of the Mediterranean include the differences in
temperature, salinity, and food supply between the Atlantic and Mediter-
ranean, as well as the existence of shallow sills. Despite these difficulties
and the relative youth of the system a deep-sea fauna has developed, al-
though it is impoverished compared to that of the oceans. Even if the
deep Mediterranean is generally considered a "biological desert", times
do come when certain areas display such high benthic activity as to be
characterised as "benthic hotspots" [4]. These areas are in most cases
located at the mouth of submarine canyons that transport, through flush
flooding, sediment failure and dense shelf water cascading, large amounts
of sediment and organic matter to the deep sea [6]. Large-scale hydro-
graphic changes (Eastern Mediterranean Transient, EMT) have also been
implicated in enhancing the productivity of the euphotic zone and indi-
rectly the structure of the underlying deep benthic communities [7].

Recently it was concluded that deep-sea fauna is highly vulnerable to envi-
ronmental alteration, and that deep-sea biodiversity can also be affected by
very small temperature changes [7]. Thus the potential large-scale conse-
quences of climate change are already evident in the structure of deep-sea
communities. The impoverished "energy-thirsty" deep-sea benthic micro-
bial community in the Eastern Mediterranean has been found to respond
rapidly to inputs of fresh organic matter [8]. Microbial communities have
been investigated at several sites around the deep Eastern Mediterranean
Sea [9] and found to be characterised by the existence of a well developed
(consisting of several levels) benthic microbial loop.

The use of molecular-based techniques and the construction of large clone
libraries of the 16S rRNA genes have revealed that the total sequence
richness of bacterial communities inhabiting the energy poor sediments of
the Eastern Mediterranean is extremely high (Figure 1) and comparable
to estimates obtained from microbiota inhabiting terrestrial ecosystems
[9]. This could be an adaptation that has evolved so that a system under
starvation stress is able to utilise any quantity or quality of organic matter
available.
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Fig. 1. Rarefaction analysis of 16S rDNA sequence heterogeneity in clone
libraries from deep-sea sediments worldwide. Total numbers of screened
clones are plotted against unique operational taxonomic units (OTUs).
Library 1 derived from the deep Eastern Mediterranean Sea from a depth
of 2970 m [9]. Libraries 2 and 5 originated from the Japan Trench at a
depth of 6400 m (Li et al., 1999. Mar. Biotechnol. 1: 391-400). Library 3
derived from the Suruga Bay at a depth of 1159 m and library 4 from the
Japan Trench at a depth of 6379 m (Li et al., 1999. Biodivers. Conserv. 8:
659-677).
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Our environment is exhibiting changes at an unprecedented rate. Some
of these changes involve ecosystem shifts with serious consequences for
ecosystems and society. It is thus imperative that we develop a series of
indicators to detect significant changes that are easy to measure and repre-
sentative across scales. This panel consisted of six presentations followed
by a debate on multi-disciplinary, international programs and initiatives
and on scientific tools to detect significant physical, hydrological and bio-
logical signals of climate change and ecosystem shifts.

Dov Rosen presented the CIESM/IOC MedGLOSS Programme, con-
ceived to provide data on absolute and relative sea level change using
an array of field stations. Between 2001 and 2006 sea level rise in the
Mediterranean was about 4mm per year, and the projected sea level rise
may be higher than previously thought, as suggested by new data on the
fast melting of Arctic ice. Another program, MedAlert, will measure sea
level on a series of stations along the North African shores. The main
objective of this program will be to act as an early warning system for
tsunamis: the Mediterranean has suffered 10% of the world’s tsunamis
since 1901, and 25% of tsunamis in recorded history. The new warning
system will be of paramount importance for preparing local communities
to such events.

Isabelle Taupier-Letage highlighted the importance of continuous mea-
surements to further understand oceanographic features that occur at
mesoscales, such as eddies. Mesoscale eddies form everywhere in the
Mediterranean, and they have an important role in determining the pro-
ductivity of open waters, which in turn influences the distribution of ma-
rine mammals, pelagic fishes and thus fisheries. The CIESM Programme
TRANSMED aims at using ships of opportunity such as ferries to collect
data on basic variables (e.g., temperature, salinity, rainfall) along regular
routes. A pilot study conducted on two transects between Marseille and
Algier, and Marseille and Tunis illustrated the scale of a mesoscale eddie
north of Algeria. I. Taupier-Letage discussed the need for observation
networks across the Mediterranean, including moorings, ships of oppor-
tunity, gliders, and Argos profilers. She emphasized the need for a closer
interaction between oceanographers and meteorologists to provide more
accurate predictions of changes.

Many ecologists are concerned with precision and carry out small scale
studies, because detailed measurements at extensive spatial scales are
often impractical. Since experimental ecology focuses mostly on the mi-
croscale and since satellites deal with macro-scales only, intermediate
scales are often neglected. Ferdinando Boero presented some “macrode-
scriptors”that would act as warning signals at scales larger than most tra-
ditional scientific studies. These macrodescriptors are highly informative
of the state of an ecosystem, and are detectable even by casual observers.
For instance, most tourists are able to observe jellyfish or algal blooms.
The value of these observations lies in numbers: single observations are
considered anecdotes, but hundreds of consistent observations become
reliable information. The macrodescriptors are aimed at macroscopic
events such as ecosystem shifts, including the shifts from fish to jellyfish,
algal forests to barrens, and temperate to tropical biota. Macrodescrip-
tors include gelatinous plankton blooms, red tides, mucilages, seagrass
leaves and shells washed on the shore, vertical distribution of gorgonians,
sea urchin barrens, arrival of alien species, and disappearance of native
species.

Enric Sala synthesized the dramatic shift that Mediterranean coastal ma-
rine ecosystems have suffered, and proposed a minimum set of indicators
of human impacts. Major drivers of change of Mediterranean coastal
ecosystems are overfishing and fishing down food webs, destruction of
habitats, pollution, microbialisation of the water column, invasive species,
and global warming. These stressors act in synergy and have homoge-
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nized and accelerated the turnover of the ecosystem. On rocky coasts,
this means a shift from dominance of large vertebrates and native algal
forests to impoverished fish assemblages dominated by planktivores and
turf or barren benthic communities. The change has been general, across
habitats, and is typically understood as a reversal of ecological succession
that is associated with an increase of the turnover rate of the community.
Ecological theory can be used to develop easy-to-measure indicators of
human impact, such as proxies of the turnover rate. For example, on rocky
coasts good indicators of impact and ecosystem health are total vertebrate
biomass, and biomass of native algal canopy. Such indicators, however,
cannot be applied in the south shore, where most of the coastline consists
of soft-sediments.

The Mediterranean Sea now harbours more than 500 introduced species,
many of which have become invasive. Bella Galil stressed the importance
of using invasive species as a warning of global change. Alien species are
more likely to occur in environments that are already degraded by human
activities, and could thus be used as indicators of biological integrity.
Global warming is an added factor that changes the conditions and prob-
ably facilitates invasions, hence the value of CIESM surveys of invasive
species across the Mediterranean.

Adi Kellerman discussed the views and activities of ICES with regard
to invasive species. He presented some examples from northern Europe
where invasive species colonized substrates that had been historically oc-
cupied by native species, but vacant at the time of invasion. Many of
these species were introduced through aquaculture. Initially, the economic
benefits of aquaculture activities seemed to overweigh their environmen-
tal impacts, but quickly became conspicuous. A legislation is already in
place to prevent accidental introductions, but the problem is the lack of
enforcement. A. Kellerman stressed the need for better compliance and
regulations, implementation of technical measures, and better science for
risk and impact analysis.

After the presentations a lively discussion touched on several key is-
sues associated with change of Mediterranean ecosystems, and on how
to evaluate this fast change in relation to that which occurred through
evolutionary times. Our expectations of what is natural become lower
generation after generation. The lack of meaningful baseline information
on the environmental status of the Mediterranean Sea before the start of
modern marine science makes it difficult to assess the degree of human
impacts. Indeed, some even discuss whether the loss of biodiversity is
truly worrisome. However, the settlement of more than 500 alien species,
the collapse of fisheries throughout the basin, and the dramatic ecosystem
shifts are sufficiently clear signals of ecosystem degradation.

This discussion also reminded us how ineffective scientists typically are
when it comes to communicating scientific findings to the public. While
scientists discuss whether statistically significant differences represent
ecologically significant changes, the public is left confused and remains
ignorant of the change. More efforts are sought from scientists to improve
transfer of knowledge and raise public awareness.
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Abstract

Macrodescriptors inform in a simple way about the state of complex systems, and can help in detecting biological responses to global
change. Possible macrodescriptors are: gelatinous plankton blooms, mass mortalities, red tides, arrival of alien species, disappearance
or retreat of common species (such as gorgonian corals), changes in seasonal phenomena, increase in population size of species that
alter habitat features (e.g. sea urchins leading to sea urchin barrens), accumulation of shells or Posidonia leaves on beaches, state of
the populations of habitat forming species. These, and many other descriptors can be evaluated with no special instruments to obtain
easy-to-take and informative data on the state of changing environments.

Keywords : Biodiversity, Bio-indicators, Global Change, Monitoring.

In a period of fast change, it is important to understand if and how the bi-
ological components of ecosystems are answering to changes in chemico-
physical features of the environment. The evaluation of biodiversity at
species level is extremely important, but it inevitably requires specialized
expertise and long research programmes. Some macro-expressions of
biodiversity, however, can become macrodescriptors that sum-up the state
of ecological systems. These descriptors are evident, but they are often
neglected by scientific literature, or are treated in isolation, whereas proper
organization of their perception gives the opportunity to reconstruct the
history of particular systems, leading to better understanding of current
situations. The history of the Adriatic Sea, for example, is marked by a
series of macrodescriptors that might be linked with each other (Fig. 1) [1].
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Fig. 1. The macrodescriptors of Adriatic Sea history. The blooms of the
medusa Pelagia noctiluca are identified as the trigger of a series of events
that changed the ecological setting of the whole basin.

A "healthy" period characterized by high yields in fisheries was followed
by a series of events that, when seen as connected parts of a history, can
acquire greater significance than when considered one by one. These
events, here considered as macrodescriptors, were: 1 - massive blooms
of the medusa Pelagia noctiluca, probably exerting high predation pres-
sures on planktonic and nektonic populations; 2 - dinoflagellate red tides,
representing the biological response to the traditionally high nutrient avail-
ability of the Adriatic when a well structured carbon sink is absent (due
to Pelagia predation); 3 - benthic mass mortalities, often caused as a side
effect of toxic algal blooms; 4 - increased fisheries pressure, caused by
a decrease in the natural populations, leading to the disappearance of
common species (e.g. the clam Tapes decussatus); 5 - deliberate introduc-
tion of alien species (e.g. the clam Ruditapes philippinarum) to re-build
over-exploited natural populations; 6 - pelagic or benthic mucilages,
probably linked to huge carbon availability for bacteria; 7 - blooms of
gelatinous filter feeders, quickly exploiting microscopic primary produc-
ers. These events "describe" the history of the Adriatic and most were and
are recorded even in the local press whenever they occur. Each of them
has been studied in isolation, as if not part of a "history". At present, the
Adriatic goes through a mixture of multiple states that can be classified
within the macrodescriptors listed above.

A similar situation, with different actors, has been described for the Black
Sea [2], with a pristine period in the Sixties-Seventies, in which gelati-
nous plankton was dominated by Rhizostoma pulmo, a second period, in
the Seventies-Eighties, in which Aurelia aurita, became prevalent, a third
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period in the Eighties-Nineties when Mnemopsis leydi arrived and monop-
olized the system, with catastrophic impact, and a fourth period, from the
late Nineties to present, in which the arrival of Beroe ovata buffered the
impact of Mnemiopsis.

These changes in the biotic components of the ecosystems might be gen-
erated by shifts in the outcome of biotic interactions. In other cases, the
biota responds in a dramatic way to even very brief changes in physical
conditions, as happened with the mass mortality of gorgonian corals ob-
served in 1999 across the Ligurian Sea due to a sudden deepening of the
summer thermocline [3]. This event showed that some evident and long-
lived organisms, such as gorgonians, cannot bear high temperatures, even
for very short periods. The upper depth in their distribution thus might be
a sharp tool to measure changes of the summer thermocline, especially in
a period of global warming. Desertification is matter of great concern in
terrestrial habitats, but is less perceived as a problem in marine systems.
Desertification of marine habitats can be produced by human activities,
such as date mussel fisheries, or by the abnormal growth of sea urchins
that, with their grazing, lead to the so called sea-urchin barrens. Both
types of desertification often coexist [4]. The perception of desertification
is immediate, and its mapping through a network of observatories would
be highly informative of the state of marine systems.

Other possible macrodescriptors include the presence of alien species,
changes in the distribution, population size and activity of evident na-
tive species such as marine mammals and fish, and the accumulation of
Posidonia leaves and shells on beaches. The organization of a network
of observers that immediately detects evident change, recording its origin
and distribution, could provide a monitoring of the state of marine sys-
tems. Since macrodescriptors are reported even in the press, data mining
in journals and magazines, as a complement to scientific literature, might
lead to historical reconstructions that will be of great help in understanding
the present state of marine ecosystems and will also provide some hints to
depict future scenarios.
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Abstract

Mediterranean marine ecosystems are on an ongoing trajectory of degradation that equals a reverse ecological succession. Local and global
disturbances interact at different temporal and spatial scales, creating positive feedback loops that enhance biodiversity loss, simplify the
structure of food webs, diminish resilience, inhibit the recovery of biodiversity, and homogenize marine communities. Human activities
can homogenize marine biodiversity via three main processes: (a) by accelerating food webs (increasing the turnover of communities
via fishing down food webs and enhancing microbial activity), (b) by causing pollution- or warming-mediated mass mortalities of marine
organisms, and (c) by facilitating the dominance of invasive species. To restore ecosystem structure and all the services we are losing along
this trajectory of degradation we need to understand, among other things, how to restore food webs and enhance ecological succession.
Keywords : Food Webs, Coastal Systems, Bio-indicators, Biodiversity.

57

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org
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Abstract

Introduction and spreading of non-native species pose a major threat to ecosystems worldwide. Mariculture and increased trade and
shipping are the human activities contributing to the dramatic increase in recent years. Two ICES Working Groups were established to
develop the expertise necessary to provide advice on the problem. One of the products is a Code of Conduct for shipping and ballast water.
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Global activities in marine aquaculture began to increase dramatically in
the 1950s and 1960s. This included the search for fish, shellfish, and plant
species whose biology was well known and which already had achieved
or could achieve success in extensive cultivation. These species were
potential candidates for movement to new locations in the world for the
purpose of establishing new fisheries and new aquaculture resources. Such
animals and plants that are not native to these new locations are defined
as species transported intentionally or accidentally by a human-mediated
vector into aquatic habitats outside their native range. In addition to the
intentional or accidental introduction of non-native species from aqua-
culture, the release of exotic organisms via ships (ballast, hull fouling,
etc.) has become a pressing issue with profound implications for fisheries
resources, aquaculture, and other activities. Global trade has provided a
vehicle for many opportunistic and specialist species to vastly extend their
range. The shipping vector is probably one of the oldest means for the
introduction of marine species. Ballast water management guidance, and
for some areas required ballast water exchange, are intended to preclude
transfer. However, standards and governance regulation are still lacking
on a global scale. Other human-mediated vectors include recreational
water activities (boating, diving, fishing), commercial activities including
fishing, live seafood discards, etc. [1]. In addition, the extent of the vari-
ous contributions to overall introductions is poorly documented, although
the large number of species with planktonic life history stages suggests
that ballast is a significant source of species.

For many years, the economic benefits of aquaculture outweighed con-
cerns about secondary impacts. Unfortunately along with the success of
aquaculture, several challenges have surfaced over the past decades relat-
ing to the global translocation of species to new regions:

- environmental and economic impacts of introduced and transferred
species, especially those that may escape the confines of cultivation and
become established in the receiving environment;

- genetic impact of introduced and transferred species, relative to the
mixing of farmed and wild stocks as well as to the release of genetically
modified organisms;

- inadvertently coincident movement of harmful organisms or pathogenic
and parasitic agents associated with the target (host) species.

Molluscan aquaculture species cultured or once cultured in European
countries include the soft-shelled clam Mya arenaria (introduced by the
Vikings), the oyster Crassostrea gigas (and C. angulata), the Manila clam
Tapes philippinarum; and the American oyster Crassostrea virginica [2,
3]. These species illustrate unwanted consequences of unmanaged intro-
ductions. Crassostrea gigas brought with it is own parasites and a host of
associated species, including an oyster drill ( Ceratostoma inornatum) and
a parasitic flatworm ( Pseudostylochus ostreophagus). Diseases have also
been associated with several of the species. The Atlantic salmon Salmo
salar is susceptible to an infectious salmon anemia that spread throughout
aquaculture farms in Norway, Atlantic Canada and the U.S. and in Scot-
land. Although the source of the disease was unknown, the same virus
was involved in all the outbreaks.

An example of genetically modified organisms impacting local communi-
ties is the introduced smooth cordgrass Spartina alterniflora and the native
S. foliosa which have formed a hybrid that is more aggressive than either
species [4]. Spartina alterniflora is a native salt marsh grass in the north
western Atlantic that was deliberately introduced to stabilize California
coastal areas, but has proven to clog channels, outcompete native species,
threaten species dependent on native plants, and accelerated the loss of
mud flats that serve as a source of food for migrating shore birds.
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Ecological impacts: Although the American oyster has not been suc-
cessfully established as an aquaculture species, at least five species were
associated with its introduction, including the slipper limpet Crepidula
fornicata, a predatory snail Urosalpinx cinera, the false angel wing (bi-
valve) Petricola poladiformis, the polychaete Clymenella torquata, and
the ostracod Eusariella zostericola. Of 23 species or taxa associated with
G. gigas introductions, at least 5 species and 4 possible species or rep-
resentatives of taxa were present after 15 years [2]. Not included in the
previous survey is the alga, U. pinnatifida that is believed to have come
into southern France and Italy with C. gigas and deliberately farmed in
northern France where it has spread to the U.K., Belgium, Spain, Nether-
lands and possibly Portugal by shipping, recreational boats and/or oysters
[5]. This large kelp has a wide temperature and salinity tolerance and has
become the dominant species in some areas during its growing season.

The Chinese mitten crab Eriocheir sinensis has damaged river banks
in Europe and the US, threatens native communities as it feeds on
native plants and animals, causes a nuisance through mass migra-
tions, interferes with fishing activities by ruining nets, feeding on
bait and captured fish, and carries a parasite (lung fluke) that can be
transmitted to humans (http://www.nhm.ac.uk/nature-online/life/other-
invertebrates/chinese-mitten-crabs/assets/18feat_mitten_crab.pdf). ~ The
crab has been reported in several European countries as well
as the Russian Federation, Iran, and North America (USA)
(http://www.issg.org/database/species/distribution.asp?si=38). ICES has
adressed these concerns early through its Working Group on Introduc-
tions and Transfers of Marine Organisms (WGITMO), and through its
ICES/IOC/IMO Working Group on Ballast and other Ship Vectors (WG-
BOSV). In 1973, Council adopted the first version of what was to become
an internationally recognized "Code of Practice" on the movement and
translocation of non-native species for fisheries enhancement and mari-
culture purposes. The Code (updated last in 2005) takes a precautionary
approach to introductions and focuses on principles designed to limit im-
pacts and support environmentally sound introductions and transfers.
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Abstract

MedGLOSS was established by CIESM and IOC/UNESCO a decade ago, to monitor sea level in the Mediterranean and Black Sea. After
a process of stations upgrading to GLOSS standards until 2005, the disasters induced by the Indian Ocean tsunami and the Katharina
hurricane raised awareness for the need to upgrade MedGLOSS stations to be able to detect a variety of sea level induced hazards, some
relatively frequent (seasonal, yearly, every few years) others rare (decades, centuries). The February 2007 IPCC climate change assessment
report further confirms this need to upgrade MedGLOSS to provide low latency data and early alerting of extreme events detected.
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The MedGLOSS sea level monitoring network was established jointly by
CIESM and IOC/UNESCO a decade ago, to serve as a densified regional
sub-system of the global GLOSS network of sea level stations and enable
provision of data for long-term relative and absolute sea level variation
for national, regional and global operational oceanography models and
for monitoring tectonic movements and rates at the sea level stations.
Progress has been achieved during 2002-2005 by joint work with the Eu-
ropean Sea Level Service in the ESEAS-RI research infrastructures project
partly funded by the EC FP5 research program via establishing common
standards of data processing and analysis methods, stations upgrading to
near real time monitoring and Continuous GPS stations installations at the
key sea level stations. However, following the dramatic encounters of the
Indian Ocean tsunami event on 26 December 2004 and of the Kathrina
hurricane over the New Orleans coastal area in September 2005, it became
clear that the MedGLOSS stations can and must assume additional duties,
by low latency detection and alerting of signals of multi hazard types of
sea level variation. Among these we note the occurrence of tsunami events
(the Mediterranean inducing fast rising/lowering sea level changes), more
frequent meteo-tsunami atmospheric pressure fluctuations induced events
(few minutes - to be monitored with a low latency of 10 to 30 seconds),
anomalous sea level rise at the coasts from storm surge induced by strong
and/or prolonged onshore winds as well as by high storm wave heights
via radiation stress growing in the surf zone towards the shoreline or
set-down by strong offshore winds (few hours to days - to be monitored
by a latency of minutes to hourly), plus a combination of the latter with
spring or neap tides and climate change-induced sea level rise and other
oceanographic circulation processes in the Mediterranean and the Black
sea by world wide processes such as the North Atlantic circulation and the
El Nino/La Nina. To meet increasing funding needs, the MedGLOSS fo-
cal center, at the Israel Oceanographic & Limnological Research (IOLR)
coordinated the preparation and submission of research proposals. One
of these, named MedAlert [1] was submitted to the Mediterranean region
commission of the Global Climate Observing System (jointly established
by WMO, UNEP, IOC/UNESCO and ICSU) and was included in its new
Action Plan for the Mediterranean. Sea level rise assessed by the new
IPCC report is lower than its previous 2001 assessment (although the cli-
mate warming is even more dramatic), but a number of contributions were
not taken into account. Based on the previous warming forecast scenarios
and applying a new indirect assessment method, Stefan Rahmstorf [3]
assessed higher sea levels by the end of 2100. Given the higher warming
assessed by the new IPCC report, and applying Rahmstorf method, one
reaches even higher sea level rise by the end of the century. The sea level
rise, together with the forecasted climate warming-induced increased fre-
quency of extreme storm events, make MedGLOSS an important tool for
the monitoring, detection and early warning of sea level induced hazards
at various time scales.
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Operational oceanography in the Mediterranean and the Black Sea has
been evolving rapidly in the last decades. Despite recent initiatives, the
inter-disciplinary monitoring and modeling of the Marmara Sea and Turk-
ish Strait System (including outflows) still remains a challenging task and
deserves increased attention due to the systems role in limiting exchanges
and interactions between the basins and various environmental, naviga-
tion, and security considerations.

Panel 7 was devoted to recent advances in understanding this complex
hydrodynamic and bio-geochemical system and in improving our corre-
sponding prediction skills in the area. It was also meant to strengthen
ongoing scientific efforts and to set the grounds for future international
collaboration.

The session started with a general introduction by the panel moderator,
emphasizing the complexity of the Turkish Strait system, which com-
prises the Marmara Sea, a buffer zone, and two very narrow straits, the
Bosphorus and the Dardanelles respectively, and stressing its maritime
and ecological importance. Standard monitoring and modeling techniques
do not apply in the area and require the development and implementation
of ad-hoc approaches to the problem: trawl-safe moorings, high resolution
models, etc.

Sukru Besiktepe presented a general introduction to the circulation, hy-
drography, biology and chemistry of the area and highlighted the impor-
tance of the Mediterranean inflow as the only major source of dissolved
oxygen input for the Black Sea.

Villy Kourafalou reviewed the interactions between the Dardanelles out-
flow and the Aegean and its implications on the basin-wide circulation and
operational modeling and stressed the importance of a real-time monitor-
ing of the Dardanelles outflow area for reliable predictions in the Aegean.

Tulay Cokacar presented recent modeling results of the Bosphorus flow
dynamics, the role of hydraulic control of the sills in the strait, and the
potential contribution of friction in controlling exchanges in the strait.

Vassilis Zervakis contrasted two major climatic regimes found in the
Aegean, controlled by the estuarine state of the Dardanelles outflow, its
impact on the Aegean ecosystem and various trophic levels up to fisheries
stocks.

Birol Kara presented the analysis of wind speed variability over the Mar-
mara Sea derived from Quickscat and stressed the importance of appropri-
ate resolution in forcing fields for interdisciplinary modeling efforts.

Sulyman Tugrul presented a detailed analysis of nutrient fluxes in the
Turkish Strait System and stressed the importance of the area in recycling
most of the Black Sea input, concluding that there is a net dissolved nutri-
ent export from the Marmara Sea to the Black Sea.

Ewa Jarosz reviewed present and future scientific efforts in the Turkish
Strait System advocating the importance of using ad hoc mooring and
unstructured grid techniques to improve our forecast skills for the area.

The panel discussions addressed many inter-disciplinary issues for a suc-
cessful environmental management of the Turkish Strait System, which
are summarized below with their recommendations:

- observational efforts in the area should focus on near-real-time cost ef-
fective, low maintenance sensors and instrumentation;

- there is an increased need for long-time series of inter-disciplinary
measurements for climate studies purposes. Long-lasting operational
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oceanography efforts may directly contribute to these requirements;

- the area is ‘tsunami’ sensitive and the monitoring networks should be
integrated accordingly;

- appropriate resolution for atmospheric forcing is needed to ensure reli-
able prediction of the hydrodynamic and coupled bio-geochemical models;
- the Turkish Strait System and corresponding outflow are highly inter-
connected, which requires a joint coupled observational and modeling
effort;

- in-depth turbulence studies are required to achieve successful model-
ing in the straits because of their particular hydrodynamic and hydraulic
flows;

- many research resources are available in the area but they should be
better advertised and integrated.
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Abstract

A comprehensive set of data collected during 1986-2000 and satellite observations reveal seasonal and interannual variability in the phys-
ical, chemical and biological properties of the Marmara Sea. Incoming Black Sea and Mediterranean Waters with contrasting properties

set-up the basin characteristics.
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1. Introduction

The Sea of Marmara, the central feature of the Turkish Straits System
(TSS) linking the Black Sea through the Bosphorus and Dardanelles
Straits to the Aegean Sea, is a relatively small, intercontinental basin with
a surface area of 11500 km? and a volume of 3378 km?3. The Marmara Sea
is occupied by two water masses of distinctive physical and biochemical
properties, separated by a permanent halocline. An upper layer, 15-20m
deep, of brackish water flows in from the Black Sea and a lower layer of
the saline water of Mediterranean origin.

2. Physical structure

The mean upper layer circulation is anti-cyclonic, mainly driven by the
southward flowing Bosphorus jet in the enclosed domain. However, this
anti-cyclonic circulation is altered by local wind forcing. For example,
during periods of low influx from the Bosphorus, strong winds from the
south can disintegrate basin-scale gyres into smaller scale eddies. The
Bosphorus inflow is well defined, except during the periods of low dis-
charge in autumn and winter, when the jet becomes weaker and tends to
flow along the west coast [1].

As the upper layer of the Marmara Sea is occupied by brackish Black Sea
water flowing through the Bosphorus, and the renewal time of the upper
layer is short (/=4 months), the biochemical structure of Marmara Sea
surface waters reflects Black Sea coastal water characteristics. (Figure 1)

3. Chemical structure

Mediterranean water, entering from the Dardanelles, supplies the sub-
halocline layer. The negatively buoyant plume of well-oxygenated water
is the only means by which deep waters are renewed and partially compen-
sates for the oxygen consumed through the degradation of organic matter
sinking from the upper into the lower layer. Yet the sub halocline waters
remain permanently deficient in oxygen, as a result of the internal balances
of diffusion, advection and consumption. The depth to which the plume
penetrates is a function of the seasonal characteristics of the inflow density
(modified in the Strait) and the weak interior stratification. As shown by
observations, the paths of the Dardanelles inflow in the Marmara Sea play
a crucial role in the distribution of the biogeochemical variables.

The saline Mediterranean waters entering through the Dardanelles, ini-
tially poor in nutrients and almost saturated with oxygen, become enriched
10-fold with dissolved inorganic nutrients while oxygen decreases to 1-
2 mg/l. These Mediterranean waters with modified chemical properties
eventually leave the Marmara basin through the Bosphorus.

The oxygen utilization in the water column occurs mainly due to the
sinking of particulate organic carbon generated by biological production
at the surface. The sinking of large organic particles leads to a decrease
in dissolved oxygen below the pycnocline. However, the sub-halocline
waters of the Marmara Sea are due to the oxygen-rich Dardanelles inflow
and thus the decrease in DO is not sufficient to cause anoxia.

4. Biological properies

In the Marmara Sea, incoming solar irradiance can penetrate to the lower
limits of the pycnocline and the light is reflected at around 500 nm, with
very low reflectance (2 %) at surface. In addition, the Marmara Sea is a
typical example of the Case II waters, as the light absorbance is driven by
the presence of particulate matter and the yellow substance is relatively
high.

Light penetration is limited to the depth of the pycnocline and thus both
phytoplankton biomass and primary production are always confined within
the upper layer. Annual primary production occurs in the upper 10 meters
of the water column and is estimated to be 500-550 g C m? year!. The

annual cycle of phytoplankton (as inferred from satellite chlorophyll mea-
surements) in the Marmara Sea includes biomass peaks in winter-spring
and fall, which is characteristic of Black Sea coastal waters.
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Fig. 1. Distribution of salinity in the Marmara Sea during September 1995.
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Abstract

A 3D dimensional, bottom-following sigma-coordinate Princeton Ocean Model of the Bosphorus Strait is used to reproduce the observed
flow and stratification characteristics. The simulations are extended to several oil spill scenarios to explore their impacts along the strait.
The model successfully reproduces the typical two-layer, quasi-steady exchange flow system, which is shown to experience another

hydraulic control at the northern sill near the Black Sea entrance of the strait.
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The Bosphorus Strait is a long (~ 30 km), narrow (<3.0 km), and shallow
(<80 m) waterway between the Black and Marmara Seas. It consists of
two oppositely flowing currents: the upper layer coming from the Black
Sea with a salinity ranging from 18 to 20 psu, and the lower layer coming
from the Aegean Sea with a salinity ranging between 36 and 38 psu. It lies
along the high oil tankers traffic route from the Black Sea, which makes
the strait a high risk area for oil spill accidents.

The three dimensional, time dependent, primitive equations, bottom-
following sigma-coordinate Princeton Ocean Model is used to reproduce
its observed flow and stratification characteristics. The simulations are
extended to several oil spill scenarios to explore their impacts along the
strait. The model resolves the strait with a grid distance of 100 m in both
along and cross-channel directions. It extends 7 km into the Black in
order to simulate the underflow structure along the underwater channel
at its northern end. There are 21 sigma levels in the vertical with finer
resolutions near the surface and the bottom. The maximum vertical grid
spacing is about 5 m within the deepest section (~ 80 m) of the channel.
Forced radiation open boundary conditions are imposed on both sides for
the normal velocity component, whereas the tangential velocity compo-
nent is set to zero. The forced radiation open boundary conditions are
adjusted to provide the flow conditions consistent with the observed sea
level elevation difference of 30 cm along the strait.

The model successfully reproduces the typical two-layer, quasi-steady
exchange flow system that is to be hydraulically adjusted by a series of
morphological features (Fig. 1). Three successive hydraulic controls occur
within the southern 10 km zone: first near the southern exit due to convex
bending of the channel, then at the southern sill and at the constriction
section of the strait. The exchange flow system is shown to experience
another hydraulic control at the northern sill near the Black Sea entrance
of the strait.
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Fig. 1. Simulated Sigma-t (kg m—3) and horizontal current (m s~ 1) distri-
butions versus depth along the main axis of the channel. Sigma-t contours
(black lines) are plotted at an interval of 1 kg m—3. The color bar gives the
current speed with negative (positive) values for the upper (lower) layer.
Triangles denote supercritical flow conditions identified by the Richardson
number less than 0.25.
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Abstract

Large bodies of water are often interconnected through narrow channels or sea straits. The exchanges of water, heat, salinity, and regional
biochemical properties through these straits influence the larger regional scale oceanography and are governed by complex physical
processes. Thus, two new Naval Research Laboratory (NRL) programs focus on strait dynamics and their impact on the dynamics of
adjacent seas. The area of interest for these two programs is comprised of the Turkish Straits System (TSS) and adjacent seas (Black
and Aegean Seas). The observational program is primarily focused on the Bosphorus and Dardanelles Straits. During the one-year field
work, current, salinity, temperature, and microstructure measurements will be carried out within and near these two straits. The modeling
effort will encompass the TSS, Black, and Aegean Seas by combining a structured grid, high-resolution regional hybrid coordinate ocean
model with a baroclinic finite element-based model. The Black and Aegean Sea basins will adopt implementations of the structured
grid, HYbrid Coordinate Ocean Model (HYCOM). In the TSS, the unstructured grid, finite element ocean model (DG-ADCIRC) will be
applied. DG-ADCIRC is the newly developed, baroclinic ocean model based on an inherently conservative, discontinuous Galerkin, finite
element methodology, and is well-suited to represent the complex dynamics of the narrow and shallow TSS.

Keywords : Black Sea, Aegean Sea, Models, Hydrology, Remote Sensing.
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Abstract

Between 2000 and 2006, wind speed measurements were collected over the Marmara Sea by the SeaWinds scatterometer on the QuikSCAT
satellite, at a spatial resolution of 0.25 x 0.25 degree. Relatively small inter-annual variability was noted in the monthly mean wind speeds.
Typically, wind speed during summer was weaker (by approximately 2 m/s) than that observed in winter. This remotely-sensed wind data
set is intended for various air-sea interaction studies and modeling efforts in the region.

Keywords : Marmara sea, Wind/font, Remote Sensing, Models.

1. Introduction

The Marmara Sea is an inland sea, connected to the Black Sea and the
Aegean Sea through the Bosphorus and the Dardanelles straits, respec-
tively. It therefore represents the only linkage between the two basins. Al-
though the Maramara Sea is greatly influenced by various oceanographic
features (e.g., ocean currents, temperature, and salinity) of the Black Sea
and the Mediterranean Sea via the Aegean Sea, detailed information on
local physical and dynamical processes is sparse. This is mainly due to the
lack of fine resolution ocean models and near-surface atmospheric forcing
products over the Marmara Sea.

Given the reasons mentioned above, in the Marmara Sea there is an urging
need for fine spatial resolution oceanographic data. Thus, we will present
herein the inter-annual variability of wind speed, which is one of the
key atmospheric variables driving ocean circulation. This will be accom-
plished by using satellite-based wind measurements, which are gridded at
a resolution of 0.25 x 0.25 degree over the region.

2. Changes in Monthly Wind Speed

The measurements of wind speed and direction over the ocean surface
were obtained from the SeaWinds scatterometer on the QuikSCAT satel-
lite. The SeaWinds scatterometer is an active microwave sensor, providing
an average of two observations per day. A scatterometer measures the
strength of signals returned from each location at several angles. These
backscatters are then used to determine the wind direction and speed,
calibrated to the neutral stability at a height of 10 m above the sea surface
[1].The gaps in the coverage are filled by using a variational method.

(a) Neutral wind speed (m s7') at 10 m above the sea surface in February
2005 2006

41°15'N | 415N ]
41I"N o 41I'N
APA5'N -t"' /’ 40°45'N
% =
A0°30'N + By = A0°30°N
40°15'N | ¢ - . | arisN
o TN
W°E TR BE 29 0°E 2%°E
5 8 T8

(b) Neutral wind speed (m s™') at 10 m above the sea surface in August
2005

2006

Fig. 1. Equivalent neutral wind speeds processed from the 0.25 x 0.25
degree resolution QuikSCAT measurements.

As evident from Figure 1, the 10 m wind speed does not change sig-
nificantly for a given month, i.e., could be considered uniform over the
Marmara Sea. However, it can change from one year to another (e.g., 2005
to 2006) for a given month and is especially evident in August. Winds
are relatively strong from November through February during 2000-2006
(Fig. 2). Overall, the variability in wind speed is small. This is partly
due to the fact that a resolution of 0.25 degree is still not sufficient to
exhaustively describe wind trends over the small Marmara Sea.
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Fig. 2. Areal averages of monthly mean neutral wind speeds at 10 m above
the sea surface over the Marmara Sea from 2000 through 2006.

3. Conclusions

Wind data from QuikSCAT are not very accurate near coastal regions
involving the Bosphorus and Dardanelles Straits, as the satellite footprint
may include land areas near the coast. To overcome this problem, there is
a need for new technology (available, but not currently in place, as of this
writing). QuikSCAT is characterized by unique, specific biases which are
partially due to sampling artifacts.
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ON THE DARDANELLES OUTFLOW IN THE AEGEAN SEA:IMPLICATIONS ON THE BASIN-WIDE
CIRCULATION AND OPERATIONAL MODELING
Villy Kourafalou
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Abstract

The Mediterranean Sea and the Black Sea are connected through the Turkish Straits System and the biophysical processes that control the
Aegean Sea circulation and ecosystem dynamics. The outflow of waters of Black Sea origin in the Aegean Sea through the Dardanelles
Strait is a key mechanism in the coupling of the two basins. Results from observational and modeling studies will be employed to
highlight the critical role of the outflow in the Aegean Sea dynamics, with implications on basin-wide Mediterranean flow and water
mass characteristics. Improvements on operational forecasting in the Aegean and Eastern Mediterranean regions require comprehensive
measurements of the Black Sea waters outflow to be used in the understanding and numerical representation of the Straits dynamics.

Keywords : Aegean Sea, Dardanelles, Danube Delta.

The Dardanelles outflow contains waters of Black Sea origin (BSW) that
are generally cooler and with higher nutrient content than those of the
oligotrophic Aegean Sea [1]. This allows the outflow to be detected in
sea surface temperature (SST) and ocean color imagery [2]. The BSW is
also fresher and responsible for the overall lower salinities in the northern
Aegean; in this area, the frontal zones are related to the spreading of BSW
above the saltier modified Levantine Intermediate Water (LIW), which
originates in the southern Aegean [3-7].

A recent study of the Aegean Sea circulation, based on drifters deployed
at different seasons [8], reveals the presence of an intensified rim current
system that is consistent with the buoyancy introduced by the Dardanelles
outflow and the prevailing along-axis wind forcing from the north. The
overall tendency of the buoyancy forcing is to lead a cyclonic circulation
around the Aegean. The dominant northerly winds favor downwelling
along the western Aegean coast that tends to enhance the buoyancy driven
current system; both buoyancy and wind forcings seem to contribute to
a jet-like flow along the Evia island, which forms the major pathway for
BSW waters to reach the southern Aegean, thus bridging the Black Sea
and the Eastern Mediterranean. Implications on larger scale circulation
and decadal time variability have been discussed in [5].

Based on a network of oceanographic buoys and a set of atmosphere and
ocean numerical models, the Hellenic Center for Marine Research has
developed the operational POSEIDON system, which has been providing
regional sea monitoring and short term (72 hour) forecasts of meteorolog-
ical and oceanic conditions in the Aegean Sea since 1999 ([9],[10]). The
nesting in larger scale models and new environmental components of the
system (pollutant and nutrient transport modeling) allow predictions as-
sociated with ecosystem functioning and dispersion forecasts of oil-spills
or other pollutants in case of accidents in the Aegean Sea or the Eastern
Mediterranean. As the POSEIDON operational system enters a new phase
of development with substantial improvements in both its observational
and modeling components, a new parameterisation of the Dardanelles
outflow is essential to minimize current uncertainties in exchange rates
and water properties, a result of observational limitations and the lack of a
coupled Aegean and Black Sea modeling system.

Numerical experiments will be presented that highlight changes in the
simulation of Aegean circulation features, depending on different repre-
sentations of the Dardanelles plume. Analysis of hydrographic data [11],
along with model and drifter computed particle trajectories will elucidate
the influence of the Dardanelles outflow on Aegean circulation features
and the sensitivity of model predictions on subtle changes in the represen-
tation of the development and evolution of the Dardanelles plume.
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Abstract

A comprehensive set of data collected between 1990 and 2001 allows us to estimate the volume and nutrient fluxes in the Turkish Strait
System (Bosphorus, Marmara Sea and the Dardanelles), which is characterized by contrasting hydrochemical properties originating from
the adjacent seas, viz. the salty Northeastern Mediterranean and the brackish Black Sea. Nutrient exchange fluxes in the straits vary
markedly with season, due to changes in both the concentrations and volume fluxes. The majority of the Black Sea nutrient input to the
Marmara Sea accumulates in the lower layer of the latter and is then exported to the Black Sea via the salty Bosphorus underflow of

Mediterranean origin.

Keywords : Eastern Mediterranean, Black Sea, Bosphorus, Dardanelles, Hydrology.

The Black Sea is connected to the Mediterranean through the Turkish
Strait System, which has a two-layer flow regime and distinctly differ-
enth ydro-chemical properties during the year [1]. The Blak Sea inflow
is nearly two-fold greater than the volume of the salty Marmara water
flowing into the Black Sea on an annual basis [2]. The counterflows in
the straits increase in spring-early summer and then weaken markedly
during autumn, depending upon water balance conditions in the adjacent
seas, especially fresh water input to the Black Sea [3]. Similarly, the
nitrate and phosphate concentrations in the brakish Black Sea surface
flow in the Bosphorus display drastic seasonality [4]. The concentrations
increase by 10-50 fold from summer to late autumn and winter months;
e.g., during the summer-early autumn period, when the consumption of
nutrients via photosynthes greatly exceeds their supply from external and
internal sources, nitrate concentrations reach as low as 0.1-0.2 M whilst
phosphate values drop to 0.02-0.05 pM.. During the bloom in the Western
Black Sea, the inflow to the Marmara basin is poor in DIN and DIP.

The salty Mediterranean water enters the Marmara basin with very low
nitrate and phosphate concentrations for most of the year; however, it is
enriched by about 10-fold (nitrate: 8-12 puM; phosphate: 0.7-1.2 pM)
during its stay in the basin and reaches as far as the Western BlackSea
with modified chemical properties.

The seasonal volume fluxes and associated nutrient concentrations com-
piled in Table 1 and 2 have been used to estimate seasonal DIN and DIP
fluxes in the Straits. Comparison of the seasonal chemical fluxes reveals
that the DIN fluxes in the straits vary markedly with season, due to changes
in both the DIN concentrations and volume fluxes. The winter DIN input
from the Black Sea to the Marmara basin is about 4.64 x 108 moles, 20
times the autumn influx. A similar but less pronounced seasonality ap-
pears in the Marmara DIN input to the Aegean Sea via the Dardanelles.

Tab. 1. Seasonal & annual nitrate fluxes in the Bosphorus and Dardanelles
straits.

BOSFHORIIS DARDANELLES

Flow type| Season | Volume |MO;conc | MO, flux | Volume [NO;cone | N, flux
(layer) *10%m® | Gmmolim®)| *10%moles| (10%m% |tmmolim3)| *108 mot
Upper Spring 200 132 264 307 0,2 0,61
Tpper ummer 158 0,42 0,66 194 0,12 0,23
Tpper | Autumn 105 0,22 0,23 142 0,3 042
Upper | "Winter 145 220 4,64 234 0,36 0,84
Upper | Annual 608 1,29 8.17 877 0,24 2,1
Lower Spring 94 817 3,62 202 1,14 23
Lower | summer 75 10,46 795 112 047 0,52
Lower | Autumn 49 8,34 4,58 37 0,88 0,76
Lower Winter 63 9,81 6,67 158 1,62 2,95
Lower | Annual 287 9,7 27.8 559 1,03 5.13

On an annual basis, the Black Sea influx to the Marmara Sea is about four
times greater than the DIN outflux to the Aegean basin via the Dard-
anelles, indicating that a large fraction of the DIN input from the Black
Sea is converted to particulate and dissolved organic nitrogen compounds
by photosynthetic activity in the Marmara Sea. DIN loads carried by the
Bosphorus and Dardanelles undercurrents to the adjacent seas, however,
display an opposite behavior. Indeed, on an annual basis, the Aegean DIN
input (6.13 x 103moles) to the Marmara lower layer is much less than the
outflux (27.8 x 108moles) to the Black Sea through the Bosphorus. In
other words, the observed large stock in the Marmara deep basin is pro-
vided by particle snows (21.7 x 108 moles of nitrogen/year in the form of
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labile PON) from the productive Marmara surface layer waters. Seasonal
variations in the DIP fluxes via the exchange flows in the Straits are less
pronounced than those estimated for DIN (Table 1). The Black Sea DIP
input to the Marmara basin increases by nearly four times from autumn to
winter (4.02 x 107 mol-P). A similar seasonal flow can be generated from
the DIP input to the Aegean Sea via the Dardanelles Strait. On an annual
basis, the Black Sea DIP input to the Marmara basin is comparable with
the DIP outflux from the Marmara upper layer via the Dardanelles. On the
other hand, the annual DIP outflux (27.9 x 10”mol-P) from the Marmara
lower layer to the Black Sea via the Bosphorus is about 10-fold the input
(2.57 x 107mol-P/year) from the Aegean Sea.

Tab. 2. Seasonal & annual phosphate fluxes in the Bosphorus and Dard-
anelles straits.

BOSFHORIS DARDANELLES
Flowtype| Season | Wolume | PO, cone. [ PO, flux | Velume PO, conc. | PO, Hux
dayer) 1% | (mmolion®) | *10%meles| (10%m? |(mmolinn® | *106 mol
Upper | Spring 200 0,05 1,00 307 0,06 1,34
Upper | summer 158 0,03 047 134 003 0,58
Upper | Autumn 105 0,05 0,52 142 0,05 071
Upper TWinter 145 0,14 2,03 234 0,08 2,10
Tpper | Annual 608 0,07 4,25 877 0,06 5,26
Lower Spring 94 0,92 3,60 202 0,05 1,01
Lower | summer 76 0,99 7,52 112 0,03 0,34
Lower | Autumn 49 0,91 4,46 27 0,05 0,43
Lower “Winter 4R 1,07 7.7 158 005 075
Lower | Annual 287 097 27,84 559 0,05 2,79

In conclusion, estimates of DIN and DIP exchange fluxes in the straits in-
dicate that there is net DIN and DIP export from the Marmara to the Black
Sea via the Bosphorus undercurrent. The Marmara upper layer acts as
a sink for DIN input from the Black Sea and a large fraction of labile
nutrients is accumulated in the lower stratum, with a nearly constant N/P
ratio of about 8-10. Interestingly, the DIN input from the Aegean Sea to
the Marmara basin exceeds the importation from the Marmara Sea via the
Dardanelles Strait.
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Abstract

The Dardanelles outflow of Black Sea-originated waters plays a major role not only in the thermohaline functioning of the North Aegean
Sea, but also with regard to its ecological character. The buoyancy input from the Dardanelles significantly influences the North Aegean
buoyancy budget, while the input of organic matter determines its ecological functioning. The variability of the Dardanelles outflow
induces shifts of the North Aegean ecosystem from a state driven by the microbial food web (during periods of estuarine functioning) to
another driven by the new production of organic matter (after periods of dense-water formation) The implications of such shifts can be

traced up to the higher trophic levels.

Keywords : Aegean Sea, Dardanelles, Water Convection, Primary Production.

The North Aegean thermohaline functioning is greatly influenced by the
buoyancy input from the Dardanelles [1], which in turn is controlled by
the volume exchange through the Turkish Straits [2] and the density of
the outflowing Black Sea waters. During periods of high buoyancy in-
flow (which is the norm), the North Aegean behaves as a dilution basin.
Anomalously low buoyancy inflow from the Dardanelles combined with
winter cooling result in episodic, massive dense water formation. Two
such incidents have been recorded, in 1987 and 1992-1993 [1].

The Dardanelles outflow also plays a critical role in determining the char-
acteristics of the Aegean Sea ecosystem. During the “normal”periods
of estuarine functioning, the Black-Sea originated waters enrich the
North Aegean with organic carbon and nitrogen [4], thus maintaining a
microbial-loop based production in the region, in contrast to a multivorous
food-web of the South Aegean [5, 6]. This enrichment of Northeastern
waters entails a gradient in the oligotrophic character of the ecosystem in
the Aegean Sea, which is also reflected in the fisheries and the distribu-
tion of the Greek fishing fleet [7]. During the long periods of estuarine
functioning, the decomposing organic matter results in a gradual depletion
of dissolved oxygen and accumulation of inorganic nutrients in the deep
basins of the North Aegean. Thus, during estuarine periods, the deep
basins progressively become nutrient reservoirs for the Aegean Sea.
When the estuarine periods are interrupted by episodes of massive dense
water formation, the ecosystem functioning of the North Aegean may
exhibit similar shifts. These incidents are aided by a reduction of the
buoyancy exchange between the Aegean and the Black Sea, which may
also be accompanied by a reduction in the inflow of organic matter to the
Aegean. Furthermore, the upwelling of the inorganic nutrients stored in
the deep basins throughout the estuarine periods may provide the basis for
extensive new production in the North Aegean. Thus, a transition from
a microbial loop-based to a new production-based ecosystem could be
taking place.
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Fig. 1. Time series of mackerel (gray) and anchovy (black) landings at

the port of Alexandroupoli, North Aegean. The triangles denote times of
massive dense water formation in the North Aegean Sea.

The ecosystem response to the dense-water formation events of 1987
and 1992 has not been studied in detail, mostly due to lack of data from
that period. While the response of the primary producers has not been
witnessed, a strong influence on the pelagic zooplankton [8] and benthic
community [9] in the Cretan and Levantine Seas has been recorded. The
magnitude of these findings cannot be explained by the nutrient upwelling
in the euphotic zone in these regions [10]. However, the overturning of the
water column of the Aegean (and the consequent nutrient upwelling) was
much more intense in the regions north of the Cyclades than the South
Aegean Sea [1]. In this work we assess the amount of nutrient upwelling
in the North Aegean during the dense-water formation period, and esti-
mate the organic carbon production that such an infusion could support.
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Due to the unfortunate lack of chl-c-monitoring space-borne sensor at
that time, we attempt to indirectly assess chl-a concentrations through the
monitoring of ocean colour, exploiting NOAA-AVHRR images. The re-
sponse of the pelagic zooplankton community cannot be studied, as there
are no measurements from the Aegean at that time; however, the response
of the higher levels of the food chain can be indirectly assessed through
the North Aegean fishery landings records. Analysis of the pelagic small
fishes (known to be most sensitive to changes in environmental condi-
tions), sardine and anchovy, as well as the anchovy predator mackerel,
reveal that the fishery landings increased significantly over the 1-3-year
period which followed the major dense-water formation events of 1987,
1992 and 1993 (Fig.1).

These findings suggest that the North Aegean food-chain, which under
mild conditions is based on a regenerated-production cycle fed by the
infusion of organic matter through the Dardanelles, may shift to a new-
production based regime through the upwelling of inorganic nutrients,
when the exchange with the Black Sea weakens in conjunction to severe
winter conditions.
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Résumé

La marge algérienne se différencie des autres marges méditerranéennes, par ses caractéres morphologiques, structuraux et sédimen-
tologiques. La nature des dépdts semble évoluer vers une régression progressive, mais rapide de la sédimentation carbonatée du pléistocéne

supérieur.
Mots clés : Sedimentation, Continental Margin, Algerian Basin.

La baie de Zemmouri El-Bahri se situe a I’est immédiat de la baie d’ Alger.
Tres largement ouverte vers le Nord, elle s’étale sur une cinquantaine de
kilometres.

L’oued Isser constitue le principal émissaire. Le plateau continental, trés
étroit, occupe entre 2 et 6 kms de largeur. Il est entaillé par deux canyons
sous-marins fortement encaissés débouchant sur de vastes vallées sous
marines, comme le canyon d’Alger et celui du cap [1] (Fig 1).

Fig. 1. Le plateau continental de la Baie de Zemmouri El-Bahri, entaillé
par les deux canyons sous-marins d’Alger et du cap Blanc.

On étudie la répartition des parametres sédimentologiques autour des tétes
de canyons et sur le plateau adjacent. La répartition de ces parametres
sédimentologiques sur le plateau et la marge permet de reconstituer la
dynamique du matériel détritique depuis les zones d’apports jusqu’aux
milieux de dépot. Dans les cas favorables, certains traceurs peuvent aussi
établir les chronologies de dépdts en différenciant les environnements
actuels des environnements passés qui ne sont plus alimentés désormais.

Le gradient d’envasement s’avere partout extrémement rapide, surtout au-
tour et dans 1’axe du canyon, tandis que I’environnement sur le plateau est
beaucoup plus silteux. Dans le secteur occidental de la baie, les isoteneurs
en lutites sont représentées par des liserés plus ou moins marqués qui
traduisent un gradient rapide vers I’envasement total (>a 90% des teneurs
en lutites). L’isobathe 50m marque le début de 1’envasement circalittoral.
Les teneurs en lutites dans le secteur oriental sont marquées par un envase-
ment plus progressif sur tout le plateau. Cet envasement est perturbé dans
la frange cotiere, prés de I’embouchure de 1’oued Isser par des auréoles
de concentration supérieures 2 50% entre 10 et 30m de profondeur. Cet
envasement précoce résulte de la floculation €lectrochimique du matériel
argilo colloidal a I’interface eau douce - eau salée a proximité des em-
bouchures [2] (Fig 2).

Il en résulte a court terme la constitution d’une formation prodeltaique;
ce phénomene se trouve au débouché de tous les €missaires autour de la
Méditerranée [3]. Les analyses granulométriques ont permis de définir
deux grands ensembles de faciés caractérisant la sédimentation actuelle
sur la marge; les faciés terrigénes constitués de faciés sableux, lutitique,
vaseux et le facies bioclastique formé par le coquillier.

Les grands traits du recouvrement sédimentaire des dépdts actuels et
récents de la plate-forme continentale algérienne font ressortir deux sédi-
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mentations, I’une organogene a la limite du plateau continental, 1’autre
constituée de dépot terrigéne.
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Fig. 2. Gradient d’envasement dans les différents secteurs de la Baie de
Zemmouri El Bahri. L’envasement précoce résulte de la floculation élec-
trochimique du matériel argilo colloidal a I’interface eau douce - eau salée
a proximité des embouchures.
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Abstract

Foraminiferal distribution, granulometric composition, carbonate and organic matter contents were determined in recent sediments of the
Kastela Bay. The results indicate that foraminiferal distribution strongly depends on organic matter content, which is in direct correlation
with granulometric composition and carbonate content.

Keywords : Sediments, Adriatic Sea, Foraminifera.

Introduction

The study performed at 9 stations in the KaStela Bay, which is located
in the central part of the eastern Adriatic coast. The Kastela Bay is oval
shaped, semi-enclosed bay, with surface of about 61 km? and 1.4 km3
total volume, separated from open sea by the Island of Ciovo and the Split
Peninsula. The Bay is the most populated area on the Croatian coast, with
develop industry in its eastern part.

Materials and Methods

Surface sediment samples(0-2cm) were collected using Van Ween grab
sampler during the summer 2005. Immediately after sampling, the sam-
ples were frozen, stored at a temperature of -20 °C and freeze-dried in the
laboratory.

Foraminiferal assemblages were studied from the fraction larger than 125
pm, on the aliquots containing about 300 foraminiferal specimens. The
granulometric composition, carbonate and organic matter contents were
determined too [1].

The aim of this study was to determine if there are any dependences be-
tween foraminiferal distribution and other investigated parameters.

Results and Discussion

According to foraminiferal distribution non metric Multi Dimensional
Scaling (MDS) algorithm shows dissimilarity relations between stations
[2]. Three groups are separated:

Station7 differs from all other stations having highest foraminiferal density
(number of foraminifera on 1 g dry sediment), coarse grained sediment,
highest carbonate and lowest organic matter contents. Epifaunal spesies
Asterigerinata mamilla, Cribroelphidium decipiens and Lobatula lobat-
ula dominate the assemblage. Stations 1, 3, 6 and 9 are characterised
by the lowest foraminiferal density (55-102 on 1 g dry sediment), lowest
carbonate content and higher fine grained sediment. At these stations
Textularia agglutinans, Ammonia tepida and Bulimina aculeata are dom-
inant species. Stations 2, 4, 5 and 8 represent intermediate conditions
concerning above mentioned groups, with Cribroelphidium decipiens and
Ammonia tepidaas dominant species. These results indicate that in the
Kastela Bay foraminiferal distribution strongly depends on organic mat-
ter content, which is in direct significant relationship with granulometric
composition and carbonate contents.
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Abstract

Bottom sediment characteristics and composition dynamics of foraminiferal assemblages in samples taken in front of the Cetina River
mouth indicate that this is stable envoronment with the occasional input of large amount of terrigenous material. In this sedimentary
environment relative large number of shallow water benthic foraminiferas was found (236) with prevalence of individuals from Quinque-

loculina, Ammonia and Haynesina genera.
Keywords : Adriatic Sea, Foraminifera, River Input, Sediments.

The sediment cores (up to 12 cm long) were collected at two stations (P1
and P2) in front of the Cetina River mouth (eastern shore of the Adriatic
Sea) over the period of one year (four sampling campaigns: May, August,
November 2003 and April 2004). The spring of the Cetina River is situ-
ated in non-carbonate rocks and its drainage basin is made of carbonates
(Cretaceous) and flysch deposits (Upper Eocene) [1]. The main reason
why Cetina River carries a large amount of material and deposits it at the
river mouth is the weathering of Flysch. The Cetina River has a torrental
character with big and rapid flow changes (the average flow at the river
mouth is 116 m3/s) [2]. The stratification of the water column is present at
the mouth, in the upper layer there is the low density fresh water, and at the
bottom there is the high density sea water [3], which shows characteristics
of the salt wedge estuay.

The granulometric analysis revealed sandy sediment at the P1 station (10
m depth) through the core length in all samplings. At the P2 station (30 m
depth) the bottom sediment type, found in the samples collected in May
and August 2003, was silty sand throughout the core, while the sediment
collected in November 2003 and April 2004 was sand. It is assumed that
the change of the sediment from the finegrained (silty sand) into the medi-
umgrained (sand) is the result of river Cetina’s hydrodynamic influence
and the input of new material during heavy autumn and spring rain, which
had preceded these two samplings.

The micropaleontologic analysis was performed on the total assemblages
at both stations due to a small number of stained individuals. The preser-
vation of foraminiferal tests was generally good. The biological diversity
of the foraminiferal assemblages at the P1 station was from 37 to 63
species in each sampling. At the P2 station the biological diversity was
somewhat higher with the number of species ranging from 56 to 75 in
each sampling. The seaward increase of species diversity is in accordance
with the change of sediment substrate. The more finegrained and richer
with organic detritus the sediment is, the more acceptable it is for the life
of shallow water foraminifers. Foraminiferal assemblages at both stations
(P1 and P2) were of moderate diversity (index S(H) - between 2.96 at
the P1 station and 3.83 at the P2 station in November 2003) and of small
domination (D - between 0.03 at the P2 station in May and November
2003 and 0.09 at the P1 station in November 2003). At the P1 station in
all samplings individuals from Quinqueloculina seminula and Ammonia
tepida species were the most abundant, but constituted only up to 20 %
of the total assemblage. On the other hand, at the P2 station the most
abundant individuals were those from Pseudoparrella exigua, Haynesina
depressula and Ammonia tepida which also constituted up to 25% of the
total assemblage. The abundance of P. exigua species decreased along
with the change of sediment type in the samples from November 2003 and
April 2004. This could indicate that this species is sensible to changes of
sediment substrate, which in this case means that it prefers the finegrained
sediment. Interesting enough, the abundance of H. depressula and A. tep-
ida species did not change significantly with the change of the sediment
type. The epifaunal species were more represented in the sand (up to 75
%), which is found at the P1 station (in all four samplings) and the P2 sta-
tion (November 2003 and April 2004). However, in the silty sand, found
at the P2 station (May and August 2003), the epifauna - infauna ratio was
in balance (35 - 50 % respectively). The ratio of infaunal and epifaunal
species was in accordance with the bottom sediment type. The unusually
high ratio of individuals of epifaunal species from the family Miliolida
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(up to 45 %) at the P1 station could partly be caused by the input of dead
individuals from the nearby meadows of Posidonia oceanica seagrass.
Although the samples were taken from the river mouth area, the mea-
sured bottom water salinity was ~ 38, which is in accordance with the
normal marine environment. However, this does not exclude the salinity
decrease during high river water input. In summary, the moderate diversity
of foraminiferal assemblages (236 species) indicates that this is a stable
environment with occasional stress (most probably periodical salinity de-
crease). This can be related to the fact that in almost all samples there was
a constant occurrence of individuals from Quinqueloculina, Ammonia and
Haynesina genera, which are described as euryhaline genera typical of the
environment with variable salinity [4].
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Abstract

The Island of Stromboli is the emergent summit (about 12 km?) of a large and steep-sided edifice, rising over 3000 m above the surrounding
seafloor, comparable in size to the Etna volcano. In recent years, new surveys have been carried out in the area, and the acquisition of
multibeam swath bathymetry have greatly enlarged the knowledge of the morphology of the submerged portions of Stromboli down to
its base. A new bathymorphologic map of Stromboli and surrounding seafloor is presented, where the main volcanic and erosional-
depositional features are mapped, enhancing the role of mass wasting and dismantling processes in the evolution of the volcanic edifice.

Keywords : Aeolian Arc, Tyrrhenian Sea, Bathymetry.

Stromboli, together with Panarea and minor islets, represents the emerged
portion of a 45 km-long volcanic belt of the eastern Aeolian Archipelago,
lying on thin continental crust on the Southern Tyrrhenian margin. Al-
though most (95%) of the areal extent of the Stromboli volcano lies
underwater, the knowledge on its evolution is mainly based on studies on
the very tip of the cone. Recent surveys, carried out in 2002-2006 aboard
the oceanographic Italian ships Urania, Universitatis and Thetis and po-
sitioned with GPS and differential GPS, allowed to obtain a complete
high-resolution multibeam bathymetric coverage of the submerged flanks
of Stromboli and surrounding areas. Multibeam Seabat models 8160,
8101, 8111 and 8125 have been used. Data processing was performed
with nonconventional procedures, to recover the maximum possible preci-
sion and resolution. Bathymetric data were integrated with the acquisition
of high-resolution seismic and side scan sonar data; surficial sea-bottom
sampling was also performed through grab and dredge operations.

The Stromboli composite volcano is broadly symmetrical about a NE-SW
trending axis, along which the major vents and eruptive fissures are lo-
cated, likely controlled by regional tectonic stresses. This is still more
evident in the submerged setting of the volcanic edifice; inparticular, the
early development of Stromboli along a NE-SW alignment is witnessed
by the shallow-water NE and SW portions of the volcanic edifice, show-
ing well-developed abrasion platforms, likely related to Late-Quaternary
sea-level fluctuations and covered by reworked terraced volcaniclastic se-
quences. The new bathymetric data set depicts the Stromboli submerged
flanks from the coast down to the base of the volcanic edifice; the Strom-
boli Canyon surrounds it to the East and to the North. This is a huge
erosional feature originating from the northern Sicilian margin and col-
lecting sediments from the Calabrian slope and the central-eastern Aeolian
Islands down to the bathyal plain (Marsili Basin), to over 3000 m of depth.
To the Southwest, a saddle (with a minimum depth of 1275 m) connects
Stromboli with the nearby Panarea volcano. Northeast of Stromboli, about
one nautical mile from the island, the sea-stack of Strombolicchio is the
remnant of an earlier volcanic center, whose conical summit has been
dismantled and deeply abraded down to 100-180 m, leaving a wide sub-
circular abrasion platform.

Mass wasting and dismantling processes are widely diffused at all possible
scales along Stromboli submarine slopes, indicating that flank instability
is a very common process on island volcanoes.

One of the most relevant new results, apart from the general improvement
in the definition of main volcanic, erosional and depositional features, is
in fact the discovering of several megablocks at the foot of the eastern sub-
merged Stromboli flank. They are present below 1000 m of depth and are
mostly concentrated around 1550-1750 m, being likely the result of one or
more large-scale debris avalanche events occurred on the eastern side of
island. This evidence enlarges the knowledge on the volcanological and
structural evolution of Stromboli, where a sequence of lateral volcano-
tectonic collapses is known to have affected mainly the western side of
the island, the relevant features being recognized on land [1] and in the
offshore [2]. The recurrence of large-scale destructive events along both
the western and eastern flanks of the edifice suggests that structurally-
controlled instability occurs at both sides of the main NE-SW oriented
axis of intrusion, likely due to a combination of slope unbuttressing and
oversteepening and to magmatic dilation effects.
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Résumé

La minéralogie du faciés sableux superficiel a défini un cortége minéralogique lourd et 1éger correspondant essentiellement a la frac-
tion granulométrique comprise entre les tailles 400-160 et 160-63 um.L’interprétation des cartes minéralogiques nous a permis de mettre
en évidence plusieurs directions de transits littoraux:.- L’association minérale est constituée de:-minéraux transparents : quartz -calcite-
dolomite- aragonite- micas- sphéne - tourmaline- pyroxéne- barytine.-minéraux opaques : pyrite- marcasite- hematite- goethite. La dis-
tribution de la phase minérale (lourde et légeére) devant le principal oued (mazafran) et les oueds secondaires (larha- ridja- sidi- menif et
ain- ezzebda) montrent que ces minéraux sont probablement originaires de la fragmentation continentale (plaine de la Mitidja et 1’atlas
blidéen) et par le démantelement des affleurements rocheux de Sidi Fredj et du massif de Chenoua.

Mots cles : Coastal Processes, Infralittoral, Mineralogy, Sediment Transport.

L’étude minéralogique de la zone infra-littorale de la baie de BOU-
ISMAIL (Algérie) a été réalisée en fonction de la morphologie littorale,
sous marine et de la dynamique sédimentaire. Géologiquement, une étude
des formations rencontrées au niveau du bassin versant nous a permis de
déterminer les différents minéraux susceptible d’étre transférés en milieu
marin et participer ainsi a la sédimentation marine.

En effet, les minéraux rencontrés dans la plaine de la Mitidja (sédimen-
taire), a Sidi Fredj (métamorphique), ou au Chenoua (éruptif) confirment
la présence de ces derniers au niveau du plateau continental tels que les
Micas, Tourmaline, Zircon, Pyrite,et Hématite. Certains de ces minéraux
peuvent étre transformés lors du transfert du milieu continental vers le
milieu marin [1]

Le régime hydrologique de 1’oued Mazafran fortement lié au climat semi
aride de la région avec des périodes seches et des périodes pluvieuses
détermine des érosions intenses au niveau des bassins versants suivis
d’apports fluviatiles (solides et liquides) assez conséquents (mois de
mars) ce qui explique les fortes teneurs lutitiques (rapprochements des
lignes d’isoteneurs) au front de ce dernier [2].

L’étude hydro climatique de la zone concernée a fait ressortir :

Une prédominance des vents de secteur occidental en période hivernale et
des vents de secteur oriental en période estivale

En mer, et en période hivernale les houles provenant de 1’ouest sont plus
puissantes que les houles est et nord-est de la période estivales qui elles
sont plutot plus fréquentes.

Mineralogie

La minéralogie du faciés sableux a défini un corteége minéralogique “lourd
“et “léger “correspondant essentiellement a la fraction granulométrique
comprise entre les tailles 400-160um et 160-63m, suivant les coupures
adoptées par les laboratoires de sédimentologie[3].

Figl:Répartition de la fraction minérale lourde 160-63um
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Fig. 1. Répartition de la fraction minérale lourde 160-63um.

La fraction minéralogique lourde se concentre plut6t dans les tailles fines
(160-634m) que dans les tailles plus importantes ( 400-160m).pour cela
nous nous sommes intéressés uniquement a la premiere coupure; ce qui

77

expliquerait également 1’usure de ces minéraux avant leur dépot (fig.1) .

Du fait des difficultés rencontrées, dues a des problemes techniques dans
I’enrobage des minéraux en grains et n’ayant pu estimer les pourcentages,
nous avons opté pour une estimation globale des minéraux. On notera
toutefois la présence de quelques minéraux légers dans cette fraction :
ceci serait di a leur entrainement dans leur chute par d’autres minéraux,
ou en agglomérats malgré les différents lavages et séparations.

Conclusion

L’interprétation des cartes minéralogiques nous a permis de mettre en
évidence :

Un transit latéral des minéraux parallelement a la cote, résultant des
courants de dérive littorale induits par les houles de direction est nord-est
(été), et ouest (hiver)

Un transit transversal des minéraux de la cote vers le large (vu la dis-
continuité des rides d’avant cote) résultant des courants de retour, engen-
drés par la houle Nord-ouest qui redistribue le matériel vers le large par
I’intermédiaire des chenaux inter rides creusés par ces derniers.

La distribution de la phase minérale lourde et légere devant le principal
oued (Mazafran) [2] et les oueds secondaires (Larha, Bridja, Sidi-Menif,
et Ain Zebda) montrent que ces minéraux sont probablement originaires
de le fragmentation continentale (plaine de la Mitidja et atlas blidéen) et
par le démantélement des affleurements rocheux de Sidi Fred;j et du massif
du Chenoua.
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Abstract

EMCOL is a new research centre at Istanbul Technical Universtiy, housing a group of earth scientists and state-of-the-art laboratory
and field infrastructure in the fields of natural hazards and environmental changes in marine and lake basins. It is specialized in high-
resolution core analysis for the stratigraphic records of paleoclimatic and paleoceanographic changes, and engaged in various geological
and geophysical surveys in marine and lake basins. EMCOL is interested in carrying out with other groups international collaborative

projects in the Eastern Mediterranean region.

Keywords : Eastern Mediterranean, Paleoceanography, Geochemistry, Geophysics, Global Change.

EMCOL (Eastern Mediterranean Centre for Oceanography and Limnol-
ogy) at Istanbul Technical Universtiy is established with the following
objectives:

1. To set upstate-of-the-art laboratory and field infrastructure that will be
used extensively in marine and lake studies, including natural hazards and
environmental changes, so that the output will be comparable with that
from European, American, and other worldwide centres of excellence,

2. To develop highly qualified first- and second-generation researchers in
interdisciplinary marine and lake studies at ITU, covering a wide range
the fields such as under water earthquake geology, tsunamis, submarine
land slides, floods, climate change and environmental pollution, and

3. To enhance interactions in projects and idea exchanges between ITU
researchers and those in the EU countries. EMCOL is presently being sup-
ported by 3-year EC FP6 SSA-2 project (Contract No. 17490). It has
started serving the needs of researchers working in the Eastern Mediter-
ranean regions in the areas of Natural hazards and environmental changes,
involving imaging of sea and lake sediments and analyzing important
proxies in sediment cores. With the EMCOL facilities it is now possible
to map active faults and submarine landslides, determine high resolution
records of past earthquakes and tsunamis that are essential for earthquake
and tsunami risk assessment. The same facilities can also be used for
determination of the high resolution sediment records of sea-level, climate
and ecological changes. The EMCOL'’s laboratories and field facilities
include:

1. Core Analyses Laboratory housing: (i) ITRAX Core scanner for sub-
mm-scale resolution XRF multi-element analyses, digital X-ray radiog-
raphy and colorscanning of cores (Figs. land 2), (ii) MSCL core logger
with gamma-ray density,magnentic susceptibility, p-wave and electrical
resistivity sensors.

Fig. 1. EMCOL’s ITRAX core scanner does XRF analysis,digital radiog-
raphy and colour scanning of sediment cores at sub-mm scaleresolution.
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Fig. 2. ITRAX analysis of a core from the Black Sea showing climatic-
variations of 25-30 year period.

2. Sedimentology Laboratory, with laser grain size analyzer and mechani-
cal sifter, smear slide preparation and optical microscopy.

3. Geochemistry Laboratory with TOC/TICanalyzer (total organic and
inorganic carbon analyses) and fossil separation facility for isotope analy-
ses.

4. Wet Core laboratory for sample description,digital photography, ge-
omechanical tests, descrete sampling, and wet-sieving for microfossils.

5. Cold Core Storage Room for storing and archiving sediment cores at
4°C.

6. Field Equipment Storage facility with sub-bottom profiler (chirp-type),
a platform with Uwitec tripod for lake coring and sediment sampling, 6 m
boat with engine, various corers, such as submersible vibrocorer, piston
corer, Kajak corers, Livingstone piston corer, grab, and equipment for
shoreline drilling.

In addition to the EMCOL facilities, Sample Preparation, GIS, Remote
Sensing and Tree Ring laboratories of the Eurasian Institute of Earth Sci-
ences will be available for research projects. EMCOL has already started
carrying out its own research projects and collaborative research projects
with European and American research groups. All developments on the
EMCOL can be followed on its web-site (http://www.emcol.itu.edu.tr),
concerning the laboratories, equipment and training courses and employ-
ment opportunities for young scientists.
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Abstract

In June and July of 2006 a research program was undertaken to investigate areas of suspected hydrothermal venting at the Greek islands of
Milos and Santorini. This program utilized the HCMR Thetis research submersible equipped with a navigation tracking system and in-situ
chemical sensors. This integrated sensor payload successfully mapped and chemically characterized hydrothermal venting in real-time.
Keywords : Aegean Sea, Chemical Analysis, Instruments And Techniques, Mapping, Hellenic Arc.

The 2006 project PHAEDRA investigated Aegean Sea hydrothermal vent-
ing near the islands of Milos and Santorini. In order to conduct field work
at these sites, the authors developed novel technologies into the HCMR
Thetis human occupied submersible, including an Ethernet communi-
cation system, navigation tracking system, and in-situ chemical sensors
-including a Gemini in-situ mass spectrometer, CTD, dissolved oxygen
sensor, and manipulator arm triggerable Niskin bottles for post-dive gas
chromatographic analysis. A total of three dive missions were conducted
with Thetis and the payload sensors; two at Milos, and one inside the
Santorini caldera. The first dive was an operational test of the instru-
ment systems at a depth of approximately 60 meters in a hydrothermally
inactive area near the southern coast of Milos. Submersible sensor data
collected during the dive mission did not reveal any anomalous temper-
ature spikes (temperature deviating no more that 0.02 °C about a mean
of 14.82 °C) and no mass spectrometer values indicative of hydrothermal
venting activity. Visual inspection of the ocean floor by the submersible’s
crew corroborated the in-situ data. Post-dive gas chromatographic analysis
of water samples did not reveal any increases in dissolved gas concentra-
tions associated with hydrothermal venting. The second dive mission
was conducted in an area southeast of the Fyriplaka volcano contain-
ing hydrothermal vents to depths of 115 meters [1]. Examination of the
site revealed filamentous white microbial mats, possibly Thioploca [2],
along with sulfurous mineral deposits, and water column chemical anoma-
lies at a depth of approximately 100 meters. In-situ mass spectrometer
measurements at the site indicated significant concentrations of sulfides
(in the presence of dissolved oxygen) and elevated carbon dioxide. Mi-
nor increases in methane were also recorded. Post-dive processing and
merging of chemical data with navigation data indicated highly localized
hydrothermal venting on horizontal length scales of approximately A;
meter (Figure 1).

CTD records indicated temperature increases of up to 0.12 °C in the over-
lying water column at the venting sites. Gas chromatographic analysis of
water samples collected during the dive indicated significantly elevated
carbon dioxide, and methane concentrations up to 0.18mM, but did not
indicate the presence of sulfides. However, decreased dissolved oxygen
of approximately 270mM were measured, suggesting that any sulfide col-
lected in the Niskin bottles may have reacted with the dissolved oxygen.
In comparison to the first dive site, the second site exhibited a 104%
carbon dioxide concentration increase and a 15.3% dissolved oxygen
decrease. Methane concentrations were below the gas chromatograph’s
detection limits at the first dive site. The increased carbon dioxide, hy-
drogen sulfide, and methane concentrations correspond well with vent gas
composition found at nearby shallow water sites [3], suggesting that they
are part of the same vent system.

The third dive mission using the integrated chemical sensor/navigation
system was conducted in the Santorini caldera in an area of suspected
active volcanic or hydrothermal venting at a depth of approximately 350
meters. Real-time data collected during this dive did not indicate any sig-
nificant variation in methane, oxygen, or carbon dioxide concentrations,
nor any sulfides or other dissolved gases associated with volcanic venting.
Despite the absence of apparent venting activity, areas of small (approx-
imately 0.5 m high) flocculent seafloor mounds with yellow-orange col-
oration were observed, suggesting high concentrations of oxidized iron.
Post-dive GC analysis of water samples did not indicate any significant
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variation in gas concentrations, suggesting that these sites were not hy-
drothermally active. The authors would like to thank the Hellenic Center
for Marine Research and the United States NOAA Office of Ocean Explo-
ration for their support of this research program.

m

!
6008 608 091 6a1E 614
X im)

Fig. 1. Map of hydrogen sulfide concentrations measured during Milos
Dive #2 using the Gemini mass spectrometer. Lighter coloration indicates
increasing sulfides.
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Abstract

Pollen analysis was carried out on three cores collected from the Marmara Sea. Pollen assemblages display slightly different composition
in the eastern and western parts of the Marmara Sea. Artemisia exists in the cores KL 97 and DM18 but does not occur in core DM
13. In addition, Picea points to woodland vegetation more like the present moister mountain forest in the Southern Black Sea where it
occurs on the north slopes of the mountains. Cores DM 18 and DM 13 from the Central basin, show different stratigraphic distributions of
major pollen species.The pollen records of the sediment cores include several types of vegetation, from step to semi-desert taxa, to those
of upland broad -leaved deciduous and coniferous forests. Quercus is the most common tree pollen all of cores, reflecting the eastern
Mediterranean warm-dry summers and mild-wet winters. Total AP and NAP percentages, and changing abundance of individual tree and
herb taxa allowed us to distinguish four different zones in studied cores.

Keywords : Deep Sea Basins, Sea Of Marmara, Sapropel.

The intracontinental Marmara Sea is a unique waterway situated between
the Black and Mediterranean Seas to which it is connected by the Turkish
Strait System (TSS: Bosphorus and Dardanelles) The Marmara Sea in-
cludes various types of several depositional environments such as shelves,
slopes, deep basins and ridges. The shelf area is subject to accumulation
of mainly coarse-grained siliciclastic terrigenous sediments with biogenic
sediment contribution, particularly in the southern part where it widens
and receives large riverine input [1-4]. The sediment deposits of this
small basin provide excellent records for determining the water exchanges
between the twomarine realms during the Late Quaternary in relation to
the paleoceanographic evolution of the region. Previous investigations
indicate the occurrence of sapropelic layers [5-6].

Pollen analysis was carried out on three cores collected from the Marmara
Sea.The gravity cores DM 13, DM 18 and KL 97 were collected during
the cruises of R/V Sismik1 and R/V Meteor, respectively. The core DM
13 and DM 18 were collected from the western ridge of the Marmara
Sea at a water depth of 710 m, with sediment recoveries of 300 cm and
420 cm, respectively. KL 97 was collected from the Eastern Basin of the
Marmara Sea at a water depth of 1094 m and it has a length of 540 cm.
The sediment samples for pollen analysis (~1 cm 3fresh material) were
treated using standard methods [7-9]. This method includes HCI, HF, and
KOH digestion, before staining with safranine and mounting with glycer-
ine jelly. After HCI digestion, Lycopodium spores were added to obtain
estimates of palynomorph concentration per cm®. The pollen percentages
are based on total pollen, excluding spores. Ages of the pollen zones were
obtained by AMS and 14C dated methods.

The pollen records of the sediment cores include several types of veg-
etation, from step to semi-desert taxa, to those of upland broad -leaved
deciduous and coniferous forests. Quercus is the most common tree pollen
all of cores, reflecting the eastern Mediterranean warm-dry summers and
mild-wet winters (Davis 1965-1985). Total AP and NAP percentages,
and changing abundance of individual tree and herb taxa allowed us to
distinguish four different zones in studied cores.

Core DM 13 was collected from the western ridge of the Marmara Sea
at a water depth of 710 m, with a recovery of 3 m. The oldest sediments
are found in core DM 13. two units are identified in core DM13 highest
total pollen count between 80 and 100 cm, which reaches about 900 grains
cm~1, is coeval with the sapropelic layer in this core. Pollen zone D at
the base of the core (from 200 to 290 cm) is characterized by a high value
of AP (arboreal pollen), ranging between 80 and 90 % of total pollen, and
consequently, the percentage AP is low. Quercus is the dominant arboreal
pollen type, followed by irregularly increasing amounts of Pinus and Ju-
niperus. Chenopodiaceae is the most abundant in nonarboreal pollen. In
Zone C,between the 120-190 cm, the arboreal pollen sum increases against
non-arboreal pollen (up to 91%). The percentage of Quercus does not vary
but Pinus increases. Chenopodiaceae dominates the NAP (non-arboreal
pollen), but decreases at the base of the zone C. In Zone B (120-60 cm),
the pollen sum increases and corresponds to a sapropelic layer. Quercus,
Pinus and Juniperus increase and reach maximum values whereas the
Chenopodiaceae start to decrease. In Zone A, the distributions of the most
abundant AP species, such as Quercus and Pinus, do not show significant
fluctuations.

In core DM 18, the highest pollen count is between 245 and 355 cm,
reaching about 800 grains cm™—! and corresponding to the sapropelic

80

layer. Zone C between 400 and 245 cm contains high arboreal pollen
sums. Pinus and Abies increase and reach their maximum values whereas
Artemisia decreases. In Zone B, between 245 and 90 cm, Quercus in-
creases whereas Pinus and Abies decrease. Zone A is characterized by the
lowest value of total pollen.

Core KL 97 from the deep eastern basin shows high variable sedimenta-
tion rates. The total pollen sum displays the highest value at around 260
cm, corresponding to the sapropelic layer. Zone D, located between 400
and 500 cm, consists of high values of AP. Artemisia reaches a maximum
value in zone C. Between the intervals 140 and 280 cm in zone B, Quer-
cus pollen fluctuation in this core. Pollen distributions do not fluctuate
significantly in zone A.
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Abstract

Sedimentation rate in the Krka River estuary was calculated from vertical **” Cs distribution in sediments. Calculated sedimentation rate
was 2 mm/a upstream of the Prokljan Lake, 4-5 mm/a at the Guduca River mouth in Prokljan Lake and 3-4 mm/a in other parts of the lake.
In the lower part of estuary, sedimentation rate was very small, less than 1 mm with exceptions in deepest parts of estuary in front of city

Sibenik where sedimentation rate was approx. 3 mm/a.

Keywords : Adriatic Sea, Estuaries, Radionuclides, Sedimentation.

The Krka River estuary was formed during the Holocene transgression.
Located between Skradinski Buk waterfalls (calc-tufa barrier) through the
Prokljan Lake to the St. Nikola fortress, the estuary has a total length of
22 km (Fig 1).
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Fig. 1. Krka River estuary, with sampling locations and four different sed-
imentation areas recognized. Inset: Characteristic 137Cs activities in
sediment profiles at investigated locations.

The hydrogeologic drainage area of the Krka River is approximately 2427
km2. The estuary bottom gradually deepens from 2 m, below the wa-
terfalls, to 42 m in front of Fort St. Nikola. It is typical karstic highly
stratified estuary with fresh/brackish surface layer flowing seawards and
bottom seawater counter-current moving upward. Input of terrigenuous
clastic material into the Krka river estuary is relatively small [1], with
main input of the particulate material in the Krka River estuary via small
Guduca River (Fig 1) inflowing into the Prokljan Lake [1], [2]. The Krka
River carries larger quantities of fresh-water (on average 55 m3/s) than
the Guduca River (on average less than 1 m3/s). However, a number of
calc tufa barriers along the Krka River, upstream of the town of Skradin,
significantly reduce suspended material transport [1], [2], [3].

The bottom sediment samples were collected by a scuba diver using hand-
driven plexyglas corers, at 6 locations in the Krka River Estuary. Prior to
the gamma-spectrometry measurements, the sediment samples were dried

81

at 106°C during 24 hours, counted in a special vessels, sealed and stored
for at least 4 weeks in order to allow a radioactivity disintegration of a
gaseous 222Rn. The samples were counted on an HPGe detector with an
8192 channel analyzer. The system was calibrated using the standards
supplied by Amersham International, IAEA-306 and IAEA-314. Sedi-
mentation rate was calculated using the vertical distribution of 37Cs, (Fig
1 inset).

Sedimentation rate in the estuary was found to be very low (0,27 mm/a)
based on *C measurements [1]. First attempts using 37Cs distribution
indicated sedimentation rate higher than 2 mm/a ([4]). According the
prevailing origin of accumulated material and sedimentation rates, four
main sedimentation areas in the Krka River Estuary were recognized [5].
Anthropogenic radionuclides may be released in the environment owing to
nuclear explosions, testing of nuclear weapons and discharge of effluents
from nuclear facilities. Anthropogenic radionuclide 137Cs with half life
of 30,18 a first time entered in the environment as a product of atomic
explosions in 1945. Since the Second World War, more than 2400 nuclear
weapon experiments have been conducted worldwide [6] and as a result
137Cs spread around the world and become good sediment marker.

In the III sedimentation area where most of the deposited material is car-
ried by the Krka River, calculated sedimentation rate was 2 mm/a, while
in the Prokljan Lake where recent sediment consists mainly of particles
of terrigenous flysch transported by the Guduca River (IV sedimentation
area) was 3-4 mm/a. The highest sedimentation rate was measured at the
Guduca River mouth (4-5 mm/a). In the II sedimentation area deposited
material is mixture of particles from two main sources: marine carbonates
and terrigenous flysch, and the sedimentation rate is less than 2 mm. In
the I sedimentation area where carbonate marine sedimentation prevails,
sedimentation rate is probably less than 1 mm/a, with an exceptions in
the deepest parts of estuary where sedimentation rate is approximately 3
mm/a. This deepest area is located at the center of the lower part of the
estuary and acts as a kind of sediment trap (Fig 1).
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Abstract

In this presentation, we give a first overview of the strain pattern of the north Algerian margin from a new set of high resolution swath
bathymetry and seismic data acquired during the 2003 and 2005 MARADAIJA cruises led in the frame of a French-Algerian research
Project. We produce the first tectonic sketch of the Algerian margin and show evidences for recent (mostly Quaternary) deformation on the
slope and the deep Algerian Basin, resulting in the formation of perched basins on the slope and at the foot of the margin. Folds frequently
develop in response to the the play of thrust ramps and flats, triggering slides, turbidity currents and debris flows that are observed all
along the margin. Several places display paleodislocations at the sea floor. We attempt to link these observations to historical earthquakes,
typically covering the 6.5-7.5 magnitude range, as depicted by the 2003 Boumerdes earthquake.

Keywords : Algerian Basin, Bathymetry, Continental Margin, Geomorphology, Tectonics.

Although severely shaked by historical and recent earthquales (e.g.,[3]),
North Africa did not receive much attention until now concerning natural
threats from the sea. The recent Boumerdes earthquake has dramatically
recalled that this area represents the outer limit of a wide deforming zone
that encompasses the Tell and Atlas domains on landand that accommo-
dates much of the 4-8 mm/yr of relative plate convergence between Africa
and Europe, from west to east.

In this paper, we first report on the area off the 2003 Mw 6.9 Boumerdes
earthquake, where we have identified about 5 main fault-propagation folds
20-35 km long, leaving prominent cumulative escarpments on the steep
slope and in the deep basin [1]. Fault activity creates Plio-Quaternary
growth strata within uplifted areas such as a rollove rbasin on the slope
and piggy back basins in the deep ocean. Most thrusts turn to fault-
propagation folds at the sub-surface and are organized as overlapping
ramps and flats, although the fault dips are not easy to image. The two
main slip patches of the 2003 Boumerdes earthquake are spatially corre-
lated to two segmented cumulative scarps recognized on the slope and at
the foot of the margin. The overall geometry indicates the predominance
of back thrusts inverting the previously passive margin and implying un-
derthrusting of the Neogene oceanic crust.

Then we have tried to map the offshore boundary between the external and
the internal zones of the Maghrebides [2]. The internal zones are relics of
the so-called Alkapeca block that is assumed to belong to the former Eu-
ropean plate and is found onshore in the Kabylies for instance, and further
west in the Moroccan Rif. We identify major changes in the morphology
that could correspond to transitions in the lithology or to faulting.
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Fig. 1. Map of the 19 main fault segments identified off Algeria during the
MARADIJA 2003 and 2005 cruises, together with the onland main faults
known, plotted on shaded bathymetry and topography.

We finally present a study of the breaks in the seafloor topography, cor-
relate them to seismic lines (Chirp, high resolution, or 6- or 24-channel
seismics) in order to determine their rooting and relative activity through
time. We identify about 19 main faults (Figure), often associated to folds,
and interpret them as parts of a large zone of transpression that shaped
the Algerian margin during the Neogene. Most of them represent thrusts
striking nearly perpendicularly to the present-day maximum stress di-
rection. Especially, 3 large faults systems, striking ENE-WSW to E-W,
rather similar to those found off Boumerdes, have been identified off
Mont Chenoua, Annaba and the Great Kabylie. Other fault systems seem
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deeper off Skikda and Djidjelliareas: although less expressed in the mor-
phology, they clearly fold and tilt recent sediments at depth, including
pre-Messinian layers, and trigger large-scale slumps of recent deposits, in
connection with Messinian salt movements towards the deep basin. From
the position and geometry of the recent and active structures reported,
we explore their link to the instrumental and historical seismicity, discuss
their possible space and time evolution, and try to correlate the strain evo-
lution (apparently, from Pliocene to Upper Quaternary) to other tectonic
events found in the Betics or in the Tell-Atlas mountain belts. It appears
that the length of faults reported matches quite well the magnitude range
(6.5-7.5) of historical earthquakes.

We conclude that a significant part of the Africa-Eurasia plate motion
may indeed be absorbed in recent times by an active, complex thrust fault
system located near the foot of the Algerian margin, which has to be con-
sidered for better assessing seismic hazards in the future.
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Résumé

Ce travail, basé sur I’analyse et I’interprétation de prélevements (carottes kullenberg et calypso) calibrées avec des données acoustiques
(sismique 3,5 kHz et multifaisceaux), propose une reconstruction du fonctionnement sédimentaire récent (derniers 250 ka) du systeme

turbiditique profond du Nil (STPN).
Mots cles : Eastern Mediterranean, Nile, Deep Sea Processes.

Une étude stratigraphique détaillée et basée sur plusieurs outils a éténéces-
saire pour dater des séries sédimentaires riches en événements gravi-
taires et s’étendant sur plusieurs cycles glaciaire/interglaciaire. C’est
I’établissement d’une écostratigraphie basée sur les assemblages de
foraminiferes planctoniques et calibrée avec des outils isotopiques et
téphrochronologiques qui a permisd’atteindre une résolution d’étude
proche de 2000 ans.

Les résultats obtenus ont permis d’interpréter I’ensemble des éventails
localisés ausein de la marge comme un systeme multi-source. En effet,
contrairement la majorité des grands STP vaseux modernes, alimentés par
une source ponctuelle, le domaine profond de la marge nilotique com-
prend plusieurséventails de taille réduite dont certains ont été alimentés en
mémetemps.

L’ analyse détaillée des facieés et séquences sédimentaires apermis de met-
tre en évidence un fonctionnement sédimentaire li€ auxconditions en-
vironnementales affectant le bassin versant du fleuve Nilet son delta.
Ainsi, dans le STPN, le forgage climatique nuance leforcage glacio-
eustatique classique et 1’origine des modeles stratigraphiques actuels [1].
Les contrastes climatiques de 1’ Afrique nord orientale permettent notam-
ment I’alimentation d’éventails turbiditiques pendant des périodes de haut
niveau marin. Les cruesmajeures du Nil sont également I’origine de pro-
cessus de transport et de dépot jusque-1 peu documentés.
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Abstract

Living deep-water coral ecosystems are far more prominent in the central Mediterranean as previously known. New sites of living corals
have been identified and challenge the existing ideas of cool-water coral community distribution within the Mediterranean.

Keywords : Biogeography, Biodiversity, Cnidaria, Continental Slope, Eastern Mediterranean.

Europe is surrounded by huge deep-water build-ups mainly formed by
Lophelia pertusa and Madrepora oculata [1]. These cold-water reefs form
almost a barrier reef type system in a water depth from 1000 m in the south
up to 200 m in the north. The Mediterranean so far has been known as
a site of mainly dead cold-water coral assemblages dating from different
glacial times. Occurrences of living corals are mainly restricted to isolated
spots [2].

During R/V METEOR cruise M70/1 starting from La Valetta/Malta and
ending in Heraklion/Crete in fall 2006 investigations concentrated on the
central Mediterranean bathyal communities and their fossil left-overs.
This cruise was a milestone cruise for the EU’s FP-6 HERMES Project.
Bathyal coral ecosystems were investigated along the steep margins of
selected continental slope and seamount settings in the central Mediter-
ranean Sea. New sites of cold-water corals ( Lophelia pertusa, Madrepora
oculata, Dendrophyllia cornigera, Corallium rubrum) have been iden-
tified using deployments of the deep-sea work-class ROV QUEST of
MARUM, Bremen along the slopes of Malta Trough, Sicily Strait, Palin-
uro Seamount, off Santa Maria di Leuca, and Bari Canyon. With this ROV
we were able to obtain high quality samples, video footages and stills to
produce geo-referenced habitat maps.

After the Messinian Salinity Crisis, bathyal coral communities re-entered
the Mediterranean Sea during the Late Pliocene. While the modern sys-
tems are poorly known, an excellent documentation of submerged Late
Pleistocene and emerged Early Pleistocene fossil coral communities exists
especially in southern Italy. Conducted radiocarbon-dating on Pleistocene
corals indicate a former distribution peak during the Marine Isotope Stage
3, both in the central NE Atlantic and Mediterranean Sea. Since then, the
bathyal coral ecosystem is in decline, at least in the Mediterranean Sea.
The causes for this decline seem to be linked with the warming of the
intermediate and deep Mediterranean water masses and with - episodic -
strongly reduced amounts of dissolved oxygen in the water column. Next
to the better understanding of the bathyal ecosystem response to global
change, we produce habitat maps of present-day coral communities, their
associated biodiversity and analyse geochemical signatures of the skeletal
biota, as well as sedimentary and physical oceanographic environment.
Our new findings require a re-evaluation of the controlling factors so far
described governing the distribution of living deep-water coral ecosystems
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Abstract

Fluid-escape structures of a large variety of types are found all over the Nile Deep Sea Fan. Mud volcanoes and authigenic carbonate
crust structures were first identified from multibeam bathymetry and backscatter data. Recent in-situ geological observations, geochemical
sampling and analyses, and new high resolution geophysical records provide further constraints on the type, distribution, intensity and

functioning of these structures.
Keywords : Nile, Geophysics, Tectonics, Volcanology.

Fluid escape structures on the Nile Deep Sea Fan, including large mud
volcanoes located above gas chimneys, pockmarks and carbonate crust
structures [1], were investigated during the NAUTINIL (2003), MIMES
(2004) and BIONIL (2006) expeditions (EUROMARGINS-MEDIFLUX
project). Explored and surveyed with the Nautile submersible [2] and the
EdgeTech DTS-1 high resolution deep towed side scan sonar [3] (operated
at a frequency of 75 kHz and coupled with a 2-8 kHz chirp sediment
sounder), these structures were found to be characterized by an intense
seepage activity, principally dominated by hydrocarbon gas emissions
(mostly methane) [4]. Several gas plumes were detected in the water col-
umn from side scan data above Isis and Amon mud volcanoes, as well as
above pockmark fields.

Seafloor mapping analysis combining multibeam data, high resolution
backscatter imagery and detailed geological maps based on in situ obser-
vations provide accurate information on the distribution and activity of
seep-related structures [5]. Shallow depth subbottom sediment profiler
records reveal wipe out and disturbed areas explained by ascending fluids.
Acoustic mosaics and geological observations point to broad seafloor areas
covered with carbonate crusts. The amplitude of the acoustic backscatter
presents spatial variability, which we relate to the type and intensity of
present or past seepage activity, e.g. the presence of a variable distribution
and thickness of carbonate crust pavements. The feeder channels of the
mud volcanoes do not exceed a few tens of metres in diameter near the
seabed. Lateral extents of ascending fluid channels in carbonate covered
areas, as shown by wipe out dimensions, may reach a maximum of several
tens of meters. The full set of collected surface geophysical data indicate
that the distribution and functioning of seep-related structures is controlled
by the local and regional tectonics in connection with a complex fault net-
work including deep crust-rooted faults and shallower ones associated
with salt tectonics and slope instabilities.
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Résumé

L’application de méthodes appropriées a des cartes telle que I’analyse des caracteres anomaliques et graphiques du réseau d’entailles,associés
aux études de surface, peuvent se révéler tres intéressantes. Dans le cas du plateau continental atlantique marocain elles ont permis de
définir cinq domaines. Les limites séparant ces domaines ne paraissent pas avoir la méme importance.

Mots clés : Bathymetry, Continental Shelf, Geomorphology, Passive Margins, Tectonics.

Le domaine Nord (Tanger-Sebou) correspond aux zones rifaines et préri-
faines avec des directions structurales sensiblement NO-SE, auxquelles
sont associés des axes de plis a grand rayon de courbure. La moitié sud de
cette zone serait I’expression de la continuité de la grande subsidence du
Rharb (Jaaidi E.B., 1981) [1], d’autant plus que le réseau hydrographique
et les conditions climatiques permettent un transport et des apports vers
I’océan d’une fraction solide relativement importante.

La Meseta septentrional (Sebou-El Jadida), domaine trés tectonisé, se
caractérise par une orientation générale hercynienne (N20 a N40) et des
changements de directions forts nombreux. Deux directions semblent
marquer particulierement la région. La premiere, orientée E-O, local-
isée au-dela de I’isobathe 100 m et qui serait la manifestation en mer de
I’accident décrochant Rabat-Tiflet (Michard A. 1976) [2]et la seconde,
orientée NE-SO et localisée en deca de I’isobathe 50m s’intégrant par-
faitement dans I’anticlinorium de Casablanca.

La Meseta méridionale, avec une présence simultanée des directions E-O
et NE-SO et qui sont probablement la manifestation d’une surimposition
des accidents atlasiques sur les accidents hercyniens de la meseta maro-
caine donnant a la région un aspect en mosaique. Par ailleurs, 1’aspect
tourmenté du plateau, semble étre lié€ a des irrégularités topographiques
ou/et lithologiques dues vraisemblablement a des crétes qui pourraient étre
des gres littoraux ou des dunes lithifiées (El Foughali et al., 1985) [3]. La
nature salifere des séries géologiques secondaires ne sont pas étrangeres a
cet état. Enfin, la région est caractérisée par la présence d’une discontinu-
ité importante au large de Safi celle-ci se trouve dans le prolongement en
mer de la faille de Safi, cette faille est décrochante avec un jeu senestre.

De Oued Tensift a cap Rhir, et malgré des données fragmentaires, on
note la présence de directions E-W a NE-SW, expression probable des
contraintes alpines ayant abouti a la formation du Haut Atlas (El Foughali
A., 2002) [4].

La derniere zone comprise entre Cap Rhir et Oued Souss est caractérisée
par des directions N 80 a N 100. Ces directions semblent bien repar-
ties sur I’ensemble de la région avec cependant une densité plus élevée
juste au sud de Tarhazout. Cette région comporte par ailleurs, deux axes,
grossieérement paralleles 1’un juste au large de la ville d ‘Agadir, I’autre
constitue pratiquement le prolongement de oued Souss. Ces axes orientés
Est-Ouest pres de la cote, changent de direction vers les deux tiers du
plateau. Le 1°7 a tendance a devenir ESE-WNW et semble entamer la
direction du canyon d’Agadir, le second, devient ENE-WSW et semble
prolonger I’accident sud atlasique. En outre, ce secteur semble tres affecté
par des accidents décrochants.

Références

1 - Jaaidi E.B., (1981) -les environnements sédimentaires actuels et
pléistocénes du plateau continental atlantique marocain entre Larache
et Agadir. These 3¢ cycle, Univ. Bordeaux I, n°® 1712, 189 p.

2 - Michard A. (1976) -Eléments de géologie marocaine. Serv. géol.
Maroc, Rabat, 252, 408p.

3 - El Foughali A. et Griboulard R., 1985.- Les grands traits structuraux
et lithologiques de la marge atlantique marocaine de Tanger a Cap Cantin.
Bull. I.G.B.A. Bordeaux, n® 38 pp. 179-211.10 fig., 12 cartes en dépliants
4 - El Foughali A., 2002 Apport de I’analyse motphostructurale et des
sédiments cotiers dans la connaissance de la marge atlantique marocaine
entre I’oued Oum-Er-Rbia et oued Souss. Thése d’état, Université Cadi
Ayyad-Marrakech 202 p., 150 fig., 5 Tab.

86

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

GEOCHEMISTRY OF SHELF SEDIMENTS FROM THE GULF OF ANTALYA, TURKEY, EASTERN

MEDITERRANEAN SEA
Mustafa Ergin ! *, Handan Giinel ! and Seref Keskin 2

! Ankara University, Faculty of Engineering, Department of Geological Engineering/Geological Research Center for Fluvial, Lacustrine
and Marine Environments (AGDEJAM), Tandogan, Ankara 06100 Turkey - ergin @eng.ankara.edu.tr
2 Nigde University, Faculty of Engineering, Department of Geological Engineering, Nigde, 51100 Turkey

Abstract

Investigation of Holocene sediment cores from the Gulf of Antalya, southern Turkey revealed that low carbonate siliciclastic mud derived
from the coastal hinterland is the dominant sediment type deposited in this region. Terrigenous components in sediments were represented
not only by higher organic carbon contents but also higher Cr, Ni and Mg concentrations. Anthropogenic influences can be recognized by

slightly higher Pb and Zn contents in uppermost core sections.

Keywords : Continental Shelf, Eastern Mediterranean, Sedimentation, Geochemistry.

To study the geochemical characteristics of shelf sediments in the Gulf
of Antalya, in 1999, 7 gravity cores were collected (with 20 to 149 cm
sediment recovery) onboard R/V Bilim of METU at water depths of be-
tween 18 and 101 meters. Selected sediment samples were then subjected
to grain size. carbonate, organic carbon and multielement analysis. Avail-
able seismic profiles [1] suggest that the sediment cores studied here must
have been deposited during the Flandrian transgression, following the
lowstand of sea level since 18.000 yrs B.P.

Sediments covering the shelf seafloor in the gulf are mainly composed of
siliciclastic silt and clay, the mud with percentages of between 2 and 99.
Sand and gravel is contained 1 to 98 %. Although most of these clastic
material is derived from the weathering of geological source rocks [2] on
coastal hinterland, coarser-grained constituents are indicative of relatively
higher energy and benthogenic conditions in inner- to mid-shelf areas.
The carbonate contents with values from 20 to 80 % can be explained
by the presence of both fine-grained terrigenous and carbonate mud and
planktonic-benthic organism remains. Therefore variation in both grain
size and carbonate distribution down the cores reflect changes in deposi-
tional environmental and terrestrial conditions with space and time.

The organic carbon contents fall in the range of 0.16 to 3.29 % and
usually do not exceed 2 %. These values can not solely be related to
higher organic productivy in the shallow-water areas, they rather indicate
land-based sources. Of course, the finer-grained the sediments the higher
contents the organic carbon.

The concentrations of Al, K, Na, P, Ti, Fe, Mn, Li and some other
lithophile elements measured in sediments are largely comparable with
those of average crustal rocks [3]. However, the slightly higher concen-
trations of Cr (10-114 ppm), Ni (3-144 ppm) and Mg (1.1-2.5 %) are
indicative of a particular geological source, the land-based ophiolites of
the gulf [2]. The ophiolites and associated mineral deposits are known
for their higher Cr, Ni and Mg contents [4]. The levels of Pb and Zn
concentrations in the sediments varied between 7 and 100 ppm and 12
and 69 ppm, respectively. Nevertheless, the highest contents of these two
elements particularly in the topmost core sections could be explained by
other than the geological sources (i.e., anthropogenic).
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Abstract

An innovative approach is here proposed, to use governing equations of a turbidity current (TC) to infer the hydrodynamic ignition
conditions ( sensu [1]) for velocity, height, and concentration of the current. All this is made through the comparison between analytical
solutions for change in bed elevation and field data measured in the Messinian turbidite deposits of the Central Apennines, Italy.
Keywords : Currents, Inverse Methods, Sedimentation, Analytical Methods.

In order to provide a simple model which take into account the features
of a TC described in several tank experiment [2-3], a three layers model
for a TC is here introduced (Fig. 1). The dynamics of the three layers are
represented as a function of the Richardson number Ri. From this analy-
sis results that, into the basal layer (Layer 1, Fig.1), under conditions of
severe density gradient, damping of the turbulence occurs ( Ri >1). This
condition causes a net loss of sediments during the current deceleration.
All this allows an analytical definition for the change in bed elevation A(
x), where x is the downstream coordinate. In order to provide an analytical
solution for i( x), the governing equations of a steady-depletive deposi-
tional TC [4] has been analytically solved. The analytical solution for /(
x) will allow us to infer, as an inverse problem, the ignition condition for
velocity, height and concentration (namely Ug, ko, and Co respectively)
of a depositional TC. All this is made through the comparison between
such analytical solution and stratigraphycal field observations carried out
in the Messinian turbidite deposits (Central Apennines, Italy). Practically,
it is possible to search for a best-fit of bed elevation field values with those
provided by the analytical solutions, varying the ignition conditions Up
and /p. As an example, the shape of a single bed elevation as a function
of the ignition condition Uq and hg is shown in Fig. 2, for a grain size D
= 0.2 mm. In synthesis, the thickness decay as a function of the ignition
conditions Uy, ho can be summarized as: i) for fixed Up and D, increasing
ho gives an increase of the length of the deposits; ii) for fixed /o and D,
increasing Up gives an increase of the length of the deposits; iii) for fixed
Uop and ho, increasing D gives a decrease of the length of the deposits.
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Fig. 1. Three layer model for turbidity current where d «ha<h3. The stick
diagrams represent the velocity u( z) and the line represents the density r(
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Fig. 2. Analytical decays of the sedimentary body as a function of the
ignition condition Ug and hq for the case D = 0.2 mm.
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Abstract

In-situ temperature measurements and geochemical porewater data from Isis mud volcano were obtained during the Nautinil and Mimes
cruise in 2003 and 2004, respectively. The observations show a high level of recent activity and reveal significant changes in both the
temperature and chlorinity profiles from the center of the mud volcano. Coupled geothermal and geochemical models demonstrate that the
changes cannot be explained by simple variability of upward fluid flow and suggest the presence of an additional, effective cooling and
mixing process, which could be related to gas ebullition or seawater circulation.

Keywords : Mud Volcanoes, Eastern Mediterranean, Models, Temperature, Geochemistry.

The Nile deep-sea fan is the most important sedimentary accumulation
in the eastern Mediterranean. Two geophysical mapping campaigns con-
ducted in 1998 (Prismed IT) and 2000 (Fanil) resulted in a first detailed
morphostructural description of this deep-sea fan [1-4] and led to the dis-
covery of several circular and sub-circular sedimentary structures on the
upper slope of the eastern province. Up to a few kilometers in diameter
and generally showing a low relief of a few tens of meters, these mud vol-
canoes or so-called "'mud pies’ have been described as surface expressions
of deep-seated gas chimneys [4]. Isis mud volcano (Isis MV) is located at
a water depth of approximately 1020 m. In contrast to the more complex
structure of the neighboring Osiris and Amon mud volcanoes, Isis MV
shows a very distinct camenbert-shaped morphology with relatively steep
flanks and a gently domed top elevated between 20 and 40 m above the
surrounding seafloor.

Detailed geothermal and geochemical investigations of Isis MV have
been carried out during the Nautinil (2003) and Mimes (2004) cruises
within the framework of the Euromargins/Mediflux project [5]. Sediment
temperatures of more than 40 °C at 10 m below the seafloor at the cen-
ter of the mud volcano indicate an exceptionally high level of activity.
Rapidly decreasing temperature gradients away from the center support
the hypothesis of an axisymmetric dynamic functioning of Isis MV. At the
center, pore water profiles show a rapid decrease of chlorinity within the
uppermost meter of the sediments, whereas the chlorinity of cores taken
at short distances away is equal to bottom water values.

The data obtained during the two cruises reveal significant changes in
both the sediment temperature profiles and the geochemical porewater
profiles of cores from the center of the mud volcano. In 2003, in-situ
measurements revealed a slightly convex-upward temperature profile with
a gradient of up to 2.78 °C/m at depths between 2 and 7 m below the
seafloor. When the measurements were repeated at the same location
in 2004, the sediment temperatures had decreased by more than 5 °C
at approximately 7 m below the seafloor and the previously observed
convex-upward curvature of the profiles had disappeared. The tempera-
ture gradient did not exceed 2.3 °C/m, corresponding to a decrease in heat
flow of about 17 percent with respect to the measurements in 2003. The
chlorinity profile of the piston core that was sampled during the Nautinil
cruise in 2003 showed a rapid decrease from the seawater concentration
of about 608 mmol/kg to less than 170 mmol/kg less than 1 m below
the seafloor. An equally sharp transition was observed in the chlorinity
profiles of the cores that were sampled during the Mimes cruise in 2004.
However, at this time the chlorinity decrease was shifted to a sediment
depth of 0.5 to 1 m and the transition zone was overlain by normal seawa-
ter concentration in the upper part of the cores.

A one-dimensional coupled model of heat transfer and solute transport in
the upper sediment column has been developed to analyze the observed
changes and to characterize the associated processes. The model results
indicate that the variations in the temperature and chlorinity profiles ex-
ceed the effects that may be expected from simple heat conduction and
solute diffusion. Neither the rapid temperature decrease nor the downward
shift of the chlorinity step observed between 2003 and 2004 can be ex-
plained by varying rates of upward fluid flow. Instead, the model suggests
the presence of an additional process that leads to cooling of the sediment
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column and flushing of the upper meter of the sediment with seawater at
the same time. In order to identify this process, the role of gas ebullition
and the possibility of seawater circulation within the upper meters of the
sediment column are currently investigated. New insights into the dynam-
ics of the activity of Isis MV are expected from the Bionil cruise in 2006.
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CONTAMINATION STATUS OF FLYSCH-DRAINING RIVERS OF CROATIA AND SLOVENIA, FLOWING TO
THE NORTH ADRIATIC SEA
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Abstract

Stream sediments from flysch rivers Rizana, Dragonja, Mirna, Rasa and Rjecina, flowing to the North Adriatic Sea, have been studied
by detailed mineralogical, chemical and geostatistical methods. Levels and sources of major and trace elements determined by ICP-MS
method in sediment fraction <63 um were used as a data set for statistical analysis. Cluster analysis of Q-modality showed that according
to geochemical composition of sediments RiZana forms a separate cluster. RaSa, Dragonja and lower stretch of Mirna belong to the second
cluster, while Rjecina and upper stretch of Mirna belong to the third cluster. Sediments reflected anomalous concentrations of 20 elements,
when using the same data set and two dimensional scatter box diagrams from program STATISTICA 6.0. Most anomalous values were
found in RiZana and Rjecina rivers, what can be of concern because they are used as sources of drinking water. RaSa, Mirna and Dragonja
present clean environments.

Keywords : Adriatic Sea, Sediments, Pollution.

Introduction and Rjecina are used as drinking water supply. RaSa, Mirna and Dragonja
The region of flysch-draining rivers is presented in Figure 1. There are represent clean environments.
some papers describing Rasa River from different aspects [1, 2]. In these
papers, trace metal transport was studied from land to sea and sedimenta- Tab. 1. Elements with extreme and/or outlier values in particular locations.
tion processes were studied accordingly. Geochemistry of sediments was
studied by us in RiZana and Dragonja Rivers [3] and also in Rjec¢ina River Element |Extreme sample | Outlier sample |Flement | Extreme sample | Outlier sample
[4]. Geochemistry of sediments from Rasa and Mirna Rivers studied in Na 23, 113,105 5h 12 05, 06, 07, 98
this work have not yet been reported. P 12 Ba 107
5 23, 105 La 18
Ca 20,22 Ce 18
“\ Mn 13 Tl 13
SLOvENIA Cu 05, 06, 97 Ph 18 08
Zn 07, 08 Bi 18
B Se 18 Th 05
Cd 13 97 u 13
SRRGIE Sn 19 Hg 24 18, 22
Conclusions

Geochemical and statistical investigations of flysch-draining rivers flow-
ing to North Adriatic are of supraregional interest.

-Q-modality cluster analysis has shown that, with respect to element dis-
tribution, Dragonja and lower stretch of Mirna are similar to RaSa; upper
stretch of Mirna is similar to Rjecina, while RiZana is completely different
from other rivers.

-The most contaminated is RiZana River, follows Rjecina, while Mirna,
Rasa and Dragonja represent clean environments.
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REMOTE SENSING INVESTIGATING OF COASTLINE AND LAND USE CHANGES IN KIZILIRMAK DELTA
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Abstract

Deltas are very important systems due to their unique features which is very vulnerable. Remote sensing has been widely used in various
applications for ocean and coastal investigation. In this study focused on applying remote sensing technology to monitor the rapid varying
of coastline and land-use changes of Kizilirmak Delta. Which are very difficult to be measured timely and quantitatively. LANDSAT TM,
LANDSAT ETM+ and ASTER data were used to in this study to obtain the information about coastline and land-use change.

Keywords : Black Sea, Remote Sensing, Gis.

Kizilirmak Delta is the biggest deltas along the southern margin of Black importance in particular sciences which is essential to understanding their
Sea. It is approximately 21,700 ha area. The Kizilirmak Delta was formed interconnectedness. The repetitive acquisition and synoptic capabilities
by sediments deposited by the Kizilirmak River which is the longest river of remote sensing technologies can be exploited to provide timely spatial
in Turkey and drains an area of 78 646 km?, 1355 km length, 5.9 (km3/y)3 data for coastal GIS, enabling detection and monitoring of coastal zone of
water input to the Black Sea. Average annual sediment load and water deltas. GIS for coastal zone is used to store information with a geographic
inputs of the Anatolia rivers are estimated at 24 million t/y (ca 20 of the parameters to investigate interactions among different parts of systems,
total sediment carried into Black Sea) and 40 km3/y. The delta as a whole which is described by collected data and information, and to manage com-
is 56,000 ha in extent and wetland area is 16.110 ha. Shallow lakes found plex and delicate environmental structures of coastal zone. A standard
on delta area. Large parts of the site are flooded during winter and spring. GIS is a computer based decision support system for the manipulation
The average annual rainfall is 719 mm. It contains dunes, beaches, sea- and analysis of spatial information in which there is an automated link
sonal marshes, wooded areas and shallow lakes (the depth of the lakes is between data and their geographic position. A standard GIS also consists
on average 1.5 m. max. 3 m. in spring). All the lakes are fresh (except of hardware and software for entering, storing, transforming, measuring,
Balik Lake which is brackish as a result of its connection to the sea). combining, retrieving, displaying and performing mathematical opera-
tions on thematic data that have been registered to a definite coordinate
system [1].

In this study, satellite data (LANDSAT TM ,1980; LANDSAT TM ,1987;
Kizilirmak LANDSAT ETM, 1999 and ASTER, 2004) and DTM (ASTER data) (Fig-
ure 1) data was used for coastline and landuse change.

Reference
Gazioglu, C., Yiicel, Z.Y., Burak, S., Dogan, E., and Miiftiioglu, E. "Geo-
morphological Features of Kizilirmak Delta" MEDCOAST 2005.
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Fig. 1. Perspective view of KIZILIRMAK Delta (Aster, 2004).

The statement that remote sensing application on Deltaic areas and wet-
lands has a complex character. Delta and Wetland are complex systems
themselves due to the fact that physical, chemical, biological, hydrolog-
ical and geological processes interact there. Moreover, there are strong
connections between delta and its surroundings, which link delta and wet-
land and adjoined areas to unique systems. The spatial distribution and
linkages among land and water of environmental parameters is of key
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Abstract

We present the results of phosphorus analyses in sediments from Core SIN97 01-GC retrieved on the Cretan Ridge. Because the only
source of this element to the oceans is the runoff from the continents, the relation of this element with climate is straightforward. The
sedimentary phosphorus record provides also information about anoxia, circulation, water stratification, and represents a powerful tool to
trace paleocirculation changes and possible connections between the Eastern Mediterranean and the Black Sea in the last 30.000 years.

Keywords : Black Sea, Levantine Basin, Sea Level, Paleoceanography.

Sea-level changes are a topic of considerable scientific interest and in-
creasing economic and social importance for their impact on epicontinen-
tal seas and semi-enclosed basins. In particular, they have a tremendous
impact on coastal areas, the boundary between land and sea, with impor-
tant consequences for ecosystems and populations living there. Thus, the
study of past sea-level changes in these areas is essential to understand
how far the environment has changed and how far the response of the
environment would go.

The Mediterranean Sea, a complex system subdivided in several basins
interconnected by straits and sills, is a natural laboratory for studies on
climate and sea-level changes. In the past, many areas of this basin have
experienced variations in sea level, which, as a feedback, have influenced
its oceanography and geochemistry. Presently connected to the Eastern
Mediterranean are the Marmara and Black Seas.

Despite the extraordinary number of researches dealing with the paleo-
ceanographic history of this region [e.g., 1], there are still hotly debated
topics concerning the evolution of the area. They deal with:

1 - The nature and mechanisms that controlled the Mediterranean - Black
Sea connections.

2 - The exact timing of the connection re-opening.

3 - The environmental interplay between the Black Sea and the Eastern
Mediterranean Sea.

Solving these paleoceanographic and paleoenvironmental issues will bring
new insights into the evolution of this sensitive region and will provide
new information on the behavior of inter-connected and semi-enclosed
basins under the impact of sea-level and climate changes.

Using a multi-proxy study of sediment from the Cretan Ridge, we try
to reconstruct the history of the opening and closure of the connections
between the Eastern Mediterranean and the Black Sea, in relation to sea-
level (regional and global) and climate variations. Our research focuses
on the last 30.000 years, from the dawn of human civilization to present
days. The Cretan Ridge was chosen as it represents the gateway that could
intercept the signals of possible in/out-flows between the Black and the
Mediterranean Seas.

Our approach will include (1) paleontological studies of benthic and
planktonic foraminiferal assemblages, (2) AMS-14C and U/Th dating,
and (3) geochemical studies of sediments (oxygen and carbon isotopes
of foraminifers shells and serpulids, alkenons, phosphorus and organic
matter, XRF).

We present here the preliminary results of the phosphorus content in sedi-
ments from Core SIN97 01-GC retrieved on the Cretan Ridge. Because the
only source of phosphorus to the oceans is the runoff from the continents,
its relation with climate is straightforward. The sedimentary phospho-
rus record provides also information about anoxia, circulation, water
stratification [2], and represents a powerful tool to trace paleocirculation
changes and possible connections between the Eastern Mediterranean and
the Black Sea.

This study is funded by the Swiss National Foundation Ref. 20001-
111694.
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MULTI CHANNEL HIGH RESOLUTION SEISMIC REFLECTION SURVEY IN SIGACIK GULF (IZMIR) AND
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Abstract

High resolution seismic reflection data were collected onboard R/V K. Piri Reis, research vessel of Dokuz Eyliil University, in Sigacik
Gulf (Seferihisar-Izmir) and surrounding regions in August-2005. On 17 October 2005, a series of earthquakes occurred in the same area
just two months after the cruise. Seismic cross-sections indicate fault zones which probably caused earthquake series.

Keywords : Aegean Sea, Seismics, Tectonics.

Introduction

Sigacik Gulf (Izmir) and surroundings have significant seismic activities.
There are few articles about the area that illustrate the tectonic activity in
the bay.

Previous Multi-channel seismic reflection study shows that Izmir Gulf and
surrounding regions are widely deformed by N-S to NE-SW trending ac-
tive transpressional strike-slip faults, reverse faults and some E-W normal
faults. Normal faults are cut by strike-slip faults [1], [2].

The study area and surrounding regions are under the effects of seismic
activity. This seismic activity is concerned under Western Anatolia and
general Aegean tectonic regime. The seismic activity seen in the region
continues as earthquake series. These earthquake series are earthquake
forms which are usually observed at fault zones that have lots of minor
faults and also such forms were observed in different regions in our coun-
try in past years. Earthquake series can continue for days and months at
such fault zones [3].

Seismic data acquisition and processing

During the sea trial survey, approximately 370 km of multi-channel seis-
mic reflection data were acquired in August-2005 (Fig. 1). To produce and
collect the seismic data the GI Gun (Generator-Injector Air gun) and 48
channel digital seismic streamer were used, respectively. Data processing
flow was applied as follows:

Data load, geometry load , band pass filter, water bottom time pick, water
bottom top mute, bottom mute, true amplitude recovery, decon before
stack, stack, velocity analysis, radon velocity filter, time migration. The
multiples due to the shallow seafloor and basement reflector were elimi-
nated as much as possible by radon velocity filter techniques.

Fig. 1. The study area and seismic profiles.

Conclusions

The seismic data were collected during a sea trial survey, just two months
before the Sigacik earthquake series which occurred between 17 and 21
October 2005. The epicenters of the earthquake series present at the same
area with our seismic profiles. The Miocene age basement can easily
be determined on seismic sections and the basement outcrops to the sea
bottom. Earthquake series probably occurred on shear zone. One of the
most important strike-slip faults occurred by means of this shear zone is
the Tuzla Fault Zone and the component of this fault zone can be seen on
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seismic sections. Multibeam Echosounder Survey and Side Scan Survey
have been planned to make a detailed map of active faults.
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STATUS OF THE IHO-1I0C IBCM-II 0.1’ BATHYMETRIC GRID FOR THE MEDITERRANEAN
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Abstract

This note gives the status of the effort by the IHO-IOC IBCM program (International Bathymetric Chart of the Mediterranean - and Black
- Seas) to produce a new digital bathymetric and topographic grid at 0.1° spacing. The new compilation will consist of the 0.1’ SRTM data
on land, clipped at a coastline derived from navigational charts, and merged with shoal-biased hydrographic soundings on the shelves and
slopes, and presumably with the multibeam data for the deeper basins already acquired for 45% of the Mediterranean.

Keywords : Bathymetry, Black Sea, Coastal Waters, Topography, Swath Mapping.

The International Bathymetric Chart of the Mediterranean (IBCM) is the
oldest of the IHO-IOC regional bathymetric mapping projects. Over
the past three decades it has produced charts at 1:1 million scale of
the bathymetry of the Mediterranean and Black Seas as well as geo-
logical/geophysical overlay sheets of the Bouguer Gravity (IBCM-G),
Seismicity (IBCM-S), Magnetics (IBCM-M), Plio-Quaternary isopachs
and structural contours (IBCM-PQ), and Recent Unconsolidated Bottom
Sediments (IBCM-SED). Each of these chart series now has a published
explanatory brochure, available as pdf files. All the published maps, some
70 sheets at 1:1 million, and seven sheets at 1:5 million, have now been
scanned and are available digitally at different resolutions.

Over the past decade, work has continued on a digital IBCM-II bathymet-
ric compilation on a 0.1” grid. Data at 0.05’ from the 2000 Shuttle Radar
Topographic Mission (SRTM) is available for the land areas around and
in the Mediterranean and Black Seas. Well over a million soundings have
been extracted from more than 1500 navigational charts for the Mediter-
ranean and Black Seas. In recent years multibeam swath surveys have
been carried out in the deep basins and on some of the slopes and shelves,
and now cover some 45% of the Mediterranean, and a smaller percentage
of the Black Sea.

The task now is to clip the terrestrial SRTM data with digitized coastlines
for the 46,000 km of coast in the Mediterranean, and merge these onshore
grids with grids to be built up from the shoal-biased soundings of the in-
shore navigational charts, together with digitized shelf contours. Existing
spot soundings and contoured ’postage stamp surveys’ will be used to
extend out to areas covered by seamless multibeam coverage. The grids
from earlier piecemeal coverage will be replaced with multibeam grids
wherever it becomes avalable.

This Sisyphysian work has been ongoing in Israel since the Seventh IBCM
Editorial Board meeting in Kaliningrad in 1999, and it will continue in
parallel with the recent efforts to have 100% multibeam coverage for the
Mediterranean and Red Sea areas offshore of Israel, and in the Dead Sea.

Postcards are available from the first author, printed with the various
bathymetric, geological, and geophysical compilations.
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Abstract

Riser-drilling of the Messinian evaporites is crucial to test the following hypothesis: Young salt giants are intrinsically highly dynamic in
terms of structural, chemical and biogenic evolution, even without any external tectonic trigger. On a regional scale, we propose that the
basinal Messinian evaporites represent the key archive for understanding of rapid environmental changes of the pan-Mediterranean realm

in the Messinian.
Keywords : Evaporites, Levantine Basin, Messinian.

Salt giants are a global phenomenon and both indicators and generators
for significant environmental changes. Salt layers of some kilometres
thickness strongly affect the structural, chemical and biological evolution
of sedimentary basins. Fluid inclusions within the salt represent ice-core-
like microbial habitats of so far unknown importance. The world’s most
significant hydrocarbon traps are related to salt structures. Quantitative
understanding of salt dynamics and associated fluid flow is further nec-
essary in order to assess the geohazard exploration and production risk.
Because evaporites may cause mass wasting and sink holes, they are an
important source of geohazards. However, in spite of their global occur-
rence and general importance within the Earth system there is a significant
lack in our knowledge about the early evolution of all salt giants on Earth.

The petroleum industry regularly drills through thick evaporite succes-
sions in the Gulf of Mexico, the North Sea and the South Atlantic, but
always in positions where the evaporites have been massively remobilised
by protracted phases of salt tectonics. There is no complete record of
any major evaporite basin in a relatively young and undeformed state.
Drilling through the complete Messinian succession represents perhaps
the only opportunity to understand the stratigraphy, biosphere and fluid
dynamics of a global salt giant in a state close to its original depositional
configuration, because the present state of Earth system does not form salt
giants. This is a novel concept for scientific drilling in sedimentary basins
beyond the IOPD Initial Science Plan and one of the last scientific frontier
challenges in sedimentary basin research.

In a global context, drilling a young salt giant is a unique chance to
advance our understanding of gravity tectonics on basin evolution in the
presence of a mobile layer. The specific role of a thick salt layer on basinal
fluid dynamics and its interrelation with the deep biosphere adds further
to the potential scientific implications of a future proposal. A single and
preferable continuous core from the seafloor down to beneath the evapor-
itic layers will calibrate the extensive 2D-and 3D-reflection seismic data
sets from the geometrically well defined Levantine Basin [1-2].

A complete core of the Messinian evaporites would open an outstanding
archive of environmental changes since the Messinian. The discovery that
the Mediterranean experienced a catastrophic desiccation phase during
the Messinian has since proven to be one of the major achievements of
the DSDP program. In the 35 years after completion of that leg, over
1000 papers have been published on the Messinian Salinity Crisis. In
spite of all this research activity, one fact remains: we have no complete
calibration of the stratigraphy of the most complete record of the MSC,
because no scientific drilling has been able to venture into deep water and
drill through the thickest succession of the deep basin. A huge amount
of descriptive and analytical work has been conducted on the sequences
preserved in marginal basins, producing elaborate and often conflicting
correlation schemes aimed at a pan-Mediterranean synthesis based on
these marginal stratigraphies. It has been estimated that 95/100 of the total
volume of the Messinian evaporites is now preserved in the deep basins,
and the lack of knowledge of deep basinal stratigraphy is thus fundamental
to the entire field. Finally, unraveling the Pan-Mediterranean environment
during the Messinian desiccation period is also a possible prospect on the
future, since the closure of the gateway to the Atlantic is expected get
closed due to the African-Eurasian convergence in some million years.
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Riser-drilling of the Messinian evaporites in the Levantine Basin is cru-
cial to test our hypothesis that in contrast to generally accepted models,
emerging salt giants are intrinsically highly dynamic in terms of struc-
tural, chemical and biogenic evolution, even without any external tectonic
trigger. On a regional scale, we hypothesise that the basinal Messinian
evaporites represent the key archive for understanding of rapid environ-
mental changes of the pan-Mediterranean realm in the Messinian.

References

1 - Bertoni C. and Cartwright J.A. 2006. Controls on the basinwide ar-
chitecture of late Miocene (Messinian) evaporites on the Levant margin
(Eastern Mediterranean), Sedimentary Geology, 188-189: pp 93-114

2 - Netzeband G., Hiibscher C., Gajewski D., 2006. The structural evolu-
tion of the Messinian Evaporites in the Levantine Basin. Marine Geology
230: pp 249-273.

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

TOWARD A RISK ASSESSMENT OF THE SANTORINI-AMORGOS VOLCANIC COMPLEX
C. Hubscher ! *, M. Hensch !, T. Dahm !, A. Dehghani L 1. Dimitriadis 2, M. Hort , T. Taymaz 3
! Institute for Geophysics, University of Hamburg, Bundesstrasse 55, 20146 Hamburg, Germany - Christian.Huebscher @zmaw.de
2 Geophysical Laboratory, School of Geology, University of Thessaloniki, PO Box 352-1, GR-54124, Thessaloniki,Greece
3 Istanbul Technical University, Department of Geophysics, Maslak-Tr34390 Istanbul, Turkey

Abstract

The Santorini-Amorgos Volcanic Complex has been investigated in spring 2006 by means of profiling geophysical data. More than 1500
km of multichannel seismic and magnetic data as well as 2500 km of gravity data have been collected. The data allow the identification of
active tectonics; the budgeting of pyroclastic deposits around Santorini and the Columbo volcano as well as in the SAZ; the interpretation
of individual eruption events of the Columbo and Santorini volcanoes; and the detection of fluid migration paths and reservoirs associated

with magmatic intrusions.
Keywords : Aegean Sea, Volcanology, Seismics.

Active tectonic processes along the African-Eurasian collision zone are
associated with catastrophic events including earthquakes, major volcanic
eruptions, and tsunamis. Understanding how these processes can affect the
eastern Mediterranean is of increasing scientific and public interest. The
region includes a frequently crossed international sea traffic corridor and
dense population centers. Furthermore, most of the small volcanic islands
in the Aegean are major tourist attractions that contribute significantly
to the wealth of this region. One of these Aegean islands is Santorini,
which is a major explosive volcano and possibly one of the most danger-
ous volcanoes in Europe. During the past 150 million years, Santorini
has had 12 major eruptions, and several of them ejected large columns
of ash and debris high into the atmosphere. It is widely believed that the
eruption of Santorini about 3600 years before present (B.P.) destroyed the
Minoan civilization of Crete. In addition to the volcanic island, there are
several submarine volcanic seamounts in the Aegean Sea. One of them,
the Columbo seamount, is about eight kilometers northeast of Santorini,
and recently has attracted attention due to the high earthquake activity
of the Hellenic subduction zone. This activity is concentrated in an area
northeast of Santorini, within the so-called Santorini-Amorgos zone.

According to previous findings, the Santorini-Amorgos zone (SAZ) marks
a major structural boundary in a dextral transtensional regime that subdi-
vides the Hellenic volcanic arc into a seismically and volcanically quiet
western and an active eastern part. The highest earthquake activity has
been observed beneath the submarine Columbo volcano and northeast of it
along the Santorini-Amorgos Ridge, which terminates south of the island
of Amorgos [1].

The activity close to the Columbo seamount is considered to be linked
directly to a magma reservoir and to be influenced by the migration of
magma and fluids toward the surface. Earthquakes northeast of the vol-
cano also may result from magma and associated fluid migration toward
the surface, according to some suggestions. The Santorini-Columbo
volcanic complex includes one caldera at Santorini and one crater at
Columbo. The caldera of Santorini is formed by four deep basins (from
290 to 390 meters deep). The Columbo volcano has a well-defined crater
with a single basin (depth 500 meters). Until now, only a single underwa-
ter eruption has been reported for the Columbo volcano in 1650 A.D. [2].
However, evidence for previously undiscovered activity in Colombo’s was
expected on the seafloor surrounding the seamount.

The general scientific objectives of the already completed first phase of the
so-called Inspecting Columbo project included the investigation of shal-
low expressions of deep-rooted tectonic or magmatic intrusions, which
may result in active faulting or fluid migration, respectively [3]. During
the research cruise, the Santorini-Columbo complex as well as the SAZ
were mapped in detail by means of multichannel reflection seismics as
well as magnetic (1500 kilometers each) and gravity (2500 kilometers)
profiling. For the active seismics, a bubble free airgun with about 100-
hertz main frequency served as the seismic source. In the sediment basins,
the signal penetrated to a depth of more than one kilometer beneath the
seafloor. Data were received by two seismic sensor cables (streamers) of
600- and 150-meter length, respectively. The seismic data will help with
(1) the identificationof active tectonics; (2) the budgeting of pyroclastic
deposits around Santoriniand the Columbo volcano as well as in the SAZ;
(3) the interpretation ofindividual eruption events of the Columbo and
Santorini volcanoes; and (4) the detection of fluid migration paths and
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reservoirs associated with magmatic intrusions. The gravity and magnetic
data will help to correlate shallow tectonic signals with deeper magmatic
intrusions, and therefore determine the distinction between main faults
above an intrusion or side branches.

Seismic cross-sections of the Santorini-Amorgos Ridge where the earth-
quake activity is highest indicate that its sediment cover is highly and
actively faulted. The presence of magnetic anomalies at the ridge’s south-
eastern escarpment suggests that the earthquake activity and the active
faulting are caused by magmatic processes. Initial modeling results sug-
gest that the magnetic source body, such as a magma chamber, lies at
a depth of five kilometers. This is consistent with previously published
epicenter depths of a few kilometers. Seismic lines across the Columbo
volcano elucidate the primary building blocks of the volcano. Two cone-
like volcanoclastic deposits show that the Columbo volcano evolved from
atleast two eruptions. A bright spot about 200 meters beneath the calder-
aprovides evidence for gassy and/or fluid charged sediments. The strong
magneticanomaly (450 nanoteslas) above the caldera can be assumed to
be caused by a magma chamber beneath the caldera. In addition, a depth
for the magnetic body has been estimated at five kilometers. Southeast
of the volcano, along theso-called Kameni line, an elongated dike intru-
sion, named the Poseidon Ridge, has been discovered about 100 meters
beneath the seafloor. The ridge, six kilometers wide and more than 10
kilometers long, is characterized by a small magnetic anomaly of about
40 nanoteslas. An active extensional fault can be seen on the seafloor. A
second extensional fault lineament is present northwestof Columbo, where
initial faults already pierce the seafloor. Both of these examples prove that
the Santorini-Amorgos zone is tectonically active and deserves constant
monitoring.
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Abstract

Sedimentation rates were determined for the inner part of Izmir Bay, close to a heavily industrialized Turkish coast of Aegean Sea. The
highest sedimentation rates were found at 0.278 cm y-1 in station 8 and the lowest at 0.104 cm y-1 in station 9 in the shallower area of the

bay.
Keywords : Aegean Sea, Sedimentation.

Izmir bay (Fig.1) is located on the western coast of Turkey and surrounded
by a densely populated community. The bay has been divided into three
sections (outer, middle and inner) according to physical characteristic of
the different water masses.

The inner bay is small (57 km?) and shallow (max. depth 15 m). A 13
m deep sill (Yenikale Strait) separates the middle bay from the inner bay.
Aegean Sea waters enter the inner bay through the narrow Mordogan strait.
The water depth in the outer bay is about 70 m and decreases towards the
inner bay, the coast of which is intensely industrialized compared to the
middle and outer parts of the bay.
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Fig. 1. Sampling locations in Izmir Bay.

Core samples were collected from different stations in the inner bay using
core sampler during January-June 2004. Sediment cores were subsam-
pled at 4 cm intervals using plastic tools and each layer was oven-dried
to constant weight at 80°C, disaggregated and passed thought a 250 zm
sieve. The water content of samples was determined by weight loss after
oven drying: water content (W in %)=(water weight/wet sediment weight
x 100). The analyses of 219Pb were determined by alpha spectroscopy
of its daughter 219Po according to the methodology described by Flynn
(1968).
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Fig. 2. Profiles of 219Pb vs. depth in sediment cores.
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For 3 stations (station numbers 8, 9 and 10 in Fig.1) the 210Pb profile
distributions were obtained in exponential form as expected so that it was
possible to determine sedimentation rates (Fig.2). Various numbers of
cores taken from each station at different times were analyzed and sedi-
mentation rates were found to vary in the range of 0.104 cm y—1-0.278 cm
y~—1. Relatively high average sedimentation rates as 0.210 cm y—! and
0.184 cm y—! were observed at the stations number 8 and 10 respectively
that are closer to the coast.
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Abstract

The hemipelagic sediments from a gravity core retrieved from the Anaximander Mountains, Eastern Mediterranean were analysed for
isotope, palynological and micropaleontological composition. The multiproxy data records provided the palaeoclimatic and palaeoceano-
graphic evolution of the studied area during the late stageof Last Glacial period and Holocene.

Keywords : Dinoflagellates, Eastern Mediterranean, Foraminifera.

Introduction. The Mud Volcanoes (MV) in the Anaximander Mountains
(Mts) Eastern Mediterranean were sampled during the cruises of the’
Anaximander’ project with the R/V Aegaeo in May 2003 and October
2004. The target of the project, funded by EU, is the examination of the
Gas Hydrates (GH) and the associated deep biosphere occurring at the
area [1]. The aim of the present work is to present the results from the
micropalaeontological and the palynological studies of the hemipelagic
sediments sampled from the gravity core AN11GC1 collected from Kula
Mud Volcano in order to interpret the palaeoenvironmental conditions in
Anaximander area.

Materials. The core AN11GC1 (lon.35° 43’ 712, 1at.30° 27’ 589, water
depth 1644m and 200cm length) retrieved in Kula MV. Twenty-six sam-
ples were used fo rpalynological analysis (pollen, terrestrial spores and
dinoflagellatecysts), for microfauna analysis, for the determination of the
oxygen and carbon isotopes on the tests of the planktonic foraminifera
Globigerinoides ruber. The dating of the events was based on two AMS
14 dates and a tephra chronology.

Results-Discussion. The core AN11GCI consists of eight lithological
units. Sapropel S1 occurred between 23 and 29cm. Two lithological
units (29-71cm and157-200cm) consist of mud with abundance of clasts
Both these units indicate reworked sediments and enhanced activity of the
related mud volcano. Almost during the former interval the microfauna
associations were absent. A fine grey ash layer is present between 102
and 109cm and is correlated with the Y2 ash layer (Cape Riva eruption of
Santorini).

The downcore variation of the 180 in core AN11GC2 together with the
downcore variation in abundance of the three main group of the planktonic
foraminifera are shown in Fig.1. Group A consists of the warm planktonic
species Gs. ruber, Globigerinoides spp, Globigerinella spp and Or. uni-
versa. Group B consists of the cold species Gr. scitula, T. quinqueloba,
N. pachyderma (d), N. dutertrei, G. glutinata and G.bulloides. The Group
C consists of Gr. inflata, Gr. crassaformis and Gr. truncatulinoides and is
associated with cool and deep mixed waters in the Mediterranean [2].
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Fig. 1. Downcore variation of isotope and micropalaeontology data. The
lithological sequence of AN11GCl is presented.

Between 200 and 85 cm the heavy §'80 values together with the dom-
inance in the planktonic associations ofthe Groups B and C suggest the
prevalence of cold climatic conditions during the last glacial period. The
most severe conditions prevailed around 90cm suggesting that this interval
corresponds to Last Glacial Maximum. At the same time the increased
abundance of the N on Alboreal Pollen (presented in Figure 2) dominated

by Artemisia suggests increase in aridity. The microfauna and microflora
deduction for this period is in agreement with similar results from sed-
iments of the eastern Mediterranean [2, 3]. Noticeable is the increased
participation of Group C during the deposition of the reworked sediments
between 200 and 140cm and the peak in the planktonic and benthonic
productivity curves at130cm which mark the end of the lihtological unit.
Between 85and 35cm the deglaciation is characterized by the high pres-
ence of Artemisia and the low presence of Quercus. The climate in the
pollen source area was arid, cold in winter, briefly warm in summer and
substained the vegetation. Throughout the deglaciation from 18 to 11 kyrs,
the aridity progressively increases but it is interrupted by a more humid
event (presence of Quercus). Maximum aridity occurs around 70cm and
probably corresponds to Younger Dryas chronozone (12-10.5 kyrs) [2, 3]
interrupting the regional expansion of deciduous trees.

During the upper 35cm of the core the light 180 values accompanied
with increased abundance of Group A suggest the permanent climatic
amelioration during the Holocene. The most depleted 5180 values oc-
cur during the deposition of S1 and are attributed to the establishment
of warm and low salinity waters. In the pollen records the Holocene is
characterized by warm mixed and temperate deciduous forest association
[3]. During the deposition of sapropel S1 the records of palynomorphs
are characterized by high increases of Quercus, accompagnied by the in-
creased abundance of Spiniferites, Lingulodinium machaerophorum and
Operculodinium centrocarpum. The above indicate an increase in humid-
ity and pollen productivity and a reduction in surface water salinity during
the deposition of S1 [2,3]. In the planktonic data records the end of S1 is
marked by the increase of Group C suggesting winter water mixing and
recovering of the watercolumn circulation.

Tol.Non Arb. Taial
preridophyies

Pallen Tot. Arb.

AMS T, ages Corgl*s) concentration Pollen Pollen

Sapropel 51 |

Fig. 2. Downcore variation of organic carbon percentage and palynologi-
cal data.
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Abstract

The aim of this study is to examine the bathymetric changes taking place in the bottom relief of the area surrounding the harbour of
Alexandroupolis, after its recent expansion. Qualitative and quantitative changes of the bottom relief have been based upon the comparison
of the bathymetric maps of 1960 and 2004, with the use of GIS. The results show that most of the area is characterised by sediment
accumulation (average rates up to 4mm/yr), whilst their origin has been related to the nearby R. Evros sediment fluxes, wave activity and

offshore patterns of water circulation.
Keywords : Aegean Sea, Bathymetry, Sediments.

Introduction

The harbour of Alexandroupolis was first constructed in 1870, used as
a small piscatorial shelter. After a series of reconstructions and expan-
sions it is now functioning as a big commercial harbour, having a major
significance for northern Greece. Following harbour works, remarkable
bathymetric changes have occurred associated with extraction and deposi-
tion of dredged material and/or the modification of nearshore hydro- and
sediment dynamics, caused by the seaward prolongation of harbour piers.
The scope of this investigation is to assess qualitatively and quantitatively
the above mentioned seabed morphological changes.

Study area

The harbour of Alexandroupolis is located in the homonymous Gulf
which belongs to the inner continental shelf of the NE Aegean (Samoth-
raki Plateau). The relief of the seabed is smooth with very low gradients
(<1%), which extend several kilometres offshore. The seabed consists of
fine-grained sediment, whilst offshore there are relict sand deposits. To the
east, the river Evros (drainage basin=52.500km?) debouches, discharging
some 3,2x106 t/yr (Pehlivanoglou, 1989). The gulf is exposed to waves
caused predominately by S and SW winds, while coastal sediment trans-
port has a dominant east to west direction, especially for the region to the
east of the harbour (Pehlivanoglou, 1989). Wave heights induced by aver-
age wind speeds (4-5 B) are in the order of 1,3 m, reaching values of 5 m
during storms (Athanasoulis & Skarsoulis, 1992); these wave heights are
expected to break in water depths of about 2,5m and 6.5 m, respectively.
Furthermore, the above mentioned wind-induced waves are capable to
resuspend the surficial bottom sediments (Karditsa, 2006). This highly en-
ergetic and sediment rich marine environment not only has caused serious
problems by infilling the harbour basin, but has also changed bathymetry
in association with harbour works (dredging, pier extension etc).

Methodology

The study of the bathymetric changes of the gulf, focused on the neigh-
bouring area of the harbour, was based on the comparison of bathymetry
charts (scale 1:10.000) produced and published by the Hydrographic Ser-
vice at 1960 and 2004. Digitized ground models were built according to
these maps, which were subsequently compared by abstracting the digi-
tised bathymetric surface of 2004 from that of 1960, with the use of GIS
(ArcMap 8.3) function, named "cut and fill".

Results and Discussion

Following the conclusion of harbour works (in 2004) the dredged harbour
basin and the associated navigation channel present depths between 6 m
and 7 m. In the contrary, the comparison of the bathymetric charts of 1960
and 2004 show that the nearby off-harbour area is characterised by depo-
sition (figure 1). According to calculations, the depth inside the harbour
has decreased on average by approximately 1.7m since 1960 whilst the
water depths outside the harbour have increased about 0.9m.

Sediment accumulation is obviously related to the seaward prolongation
of harbour piers (e.g. the W pier, directed to the ESE, has today a length
of 1.5 km) that has modified nearshore hydrodynamics and associated
sediment dynamics and transport pathways.
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Fig. 1. Bathymetric changes, after the comparison of the bathymetric
charts of 1960 and 2004. (1): Position of bathymetric profiles (figure 2).

In addition, the comparison between the bathymetric profiles of 1960 and
2004 (figure 2), to the west of the harbour, shows a general accretion and
two distinctive bathymetric changes at about 3m and 6m of water depth.
The depth of occurrence of these two underwater terraces coinciding with
the calculated depths of wave breaking, under most frequent and extreme
wave conditions, indicate the importance of the local wave regime.
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Fig. 2. Cross-shore (N-S) bathymetric profiles for the 1960 and 2004.

In conclusion, the observed bathymetric changes have been attributed to
and/or partially caused by the expansion of the harbour, while the shal-
lowness of the inner shelf and its fine-grained composition along with the
sediment influx of the R. Evros, some other smaller torrents, and the wave
regime (breaking zone of storm waves very close to the harbour) make the
position of the harbour rather unsuitable, at least from a sedimentological
point of view.
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Abstract

Benthic and planktic foraminiferal fauna were identified in six cores from the deep basins of the Marmara Sea. We determined seven local
biostratigraphic zones based on quantitative distribution patterns of foraminifers and species diversity. These zones reflect the changing
environmental conditions in the Marmara Sea, from lacustrine to marine, during the last 25 ky BP.

Keywords : Foraminifera, Sapropel, Sea Of Marmara.

The Marmara Sea is a land-locked sea between the peninsulas Thrace and
Anatolia and constitutes an oceanographical link between the two large
semi-enclosed basins; the Mediterranean and Black Seas. It is connected
to the brackish (18-22 ppt) Black Sea via the Istanbul Strait (Bosporus)
and to the normal marine water (37.5-38.5 ppt) of the Mediterranean Sea
via the Canakkale Strait (Dardanelles) with permanent two-layered water
stratification [1] at about 25 m water depth.

The sea floor of the Marmara Sea presents a complicated morphological
system, including shelves, slopes, ridges and deep basins [2]. The four
basins, namely Cinarcik (1270 m), Silivri (820 m), Central (1268 m) and
Tekirdag (1133 m) are separated by ridges, occurring at water depths be-
tween 360 and 650 m. During a cruise of the Research Vessel Sismik-1 in
1998 and M44/1 cruise of the Research Vessel Meteor in 1999, six cores
were collected from the Central and Cinarcik basins of the Marmara Sea,
in changing water depths from 703 to 1203 m (Table 1).

Tab. 1. The locations, water depths and lengths of the studied cores.

Core number  Latitude (N)  Longitude (E)  Water depth (m)  Core length (em)
32MC 40°45.612 27°44.942 711 48
DML 40°49.8452 27°52.6262 895 424
DM22 40°48.6212 27°58.3712 1203 422
KL40 40°47.122 27°46.312 703 901
KL89 40°45.42 28746362 1156 622
KL97 40°51.212 28°46.532 1094 540

In this study, Micropaleontological and geochemical analyses were car-
ried out in the cores. Benthic foraminiferal fauna observed in the cores
displays high diversity compared to planktic fauna. A total of 99 species
of benthic foraminifera and 11 species of planktic foraminifera were iden-
tified. Benthic foraminiferal species are represented by predominantly
calcareous forms. Planktic foraminifers are abundant in spite of the low
diversity. A sapropelic layer deposited at about 10.3-6.2 ky BP and having
>1.5 % Corg contents were found in some of the cores. Micropaleon-
tological examination of the cores provided to distinguish seven local
biostratigraphical zones, reflecting distinct changes in paleoenvironmental
conditions before, during and after the sapropelic deposition. These zones
can be summarized into three main sections; Pre-sapropelic (Pr1-2 zones),
Sapropelic (Sapl-2 zones), and Post-sapropelic (Pol-2-3 zones) sedi-
ments. The lake stage of the Marmara Sea, when it was isolated from both
the Black and Mediterranean Seas, was determined at the basal section
of the cores (Prl zone), and characterized by the absence of foraminifers.
First colonization of benthic and planktic foraminifers at about 11-10.4
ky BP indicated the starting of marine conditions, after the entrance of
Mediterranean waters through the Canakkale Strait (Pr2 zone). Benthic
foraminiferal assemblages of the sapropelic sediments showed that the
sapropelic deposition started under anoxic-close to anoxic bottom wa-
ter conditions (Sapl zone) and continued in dysoxic-suboxic conditions
(Sap2 zone). Foraminiferal distribution allowed to determine three zones
within the post-sapropelic sediments, possibly indicating relative changes
in the Marmara Sea during the Late Holocene.
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Abstract

Gokceada (formerly Imbros) Island lies in the northern Aegean Sea in close proximity of the Saroz Tough along the seismically active
North Anatolian Fault (NAF). Fault segments including those in NE-SW orientation parallel to the NAF truncate the sequence in the island
that comprises 2 km thick Tertiary sedimentary strata and the underlying metamorphics. Evidence of many morphological, coastal and
geological/tectonic features suggests a component of reverse dip-slip within extensional tectonic setting of the strike-slip North Anatolian
Fault (NAF). Tectonics along the NAF does include both modes of dip-slip along with strike-slip movements.

Keywords : Aegean Sea, Geomorphology, Sea Level, Tectonics.

Gokceada (formerly Imbros) is one of the few islands in the northern
Aegean Sea. The island is situated in close proximity of the North Ana-
tolian Fault (NAF), that occupies a NE-SW orientation off-shore to the
west along a rugged bathymetry and a deep channel known as the Saroz
Trough [1] (Fig. 1). The NAF, accommodating the westerly movement of
the Anatolian Plate, extends through northern Turkey into depressions of
the NW Turkey such as the Marmara Sea and the Gulf of Saroz.
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Fig. 1. Seismo-tectonic features of Turkey and Gokceadalsland. Dashed
contours top of the Middle Eocene age unit in metersbelow sea level [2].

In the Gulf of Saroz, the NAF is considered to exhibit an extensional
character attributed to releasing fault bend geometry, and the region is
considered to have been undergoing a subsidence in association with the
development of the fault. Gokceada Island is a terrain in the northern
Aegean Sea that allows this fault system and its tectonic characteristics to
be investigated in relation to morphological and coastal features.
Gokceada has a high and rough topography along its western shore that
diminishes towards the north and east with a depression in the middle. The
peaks reach up to 673 m in the western half of the island and the island has
a water division line in a NE orientation asymmetrically proximal to the
western coast.The island possesses a variety of morphological and coastal
features such as paleo-coastal notches, hanging valleys, waterfalls, springs
and travertine formation [3] (Fig. 2a). Along the northern coast near Mavi
Cove, a distinct paleoshore structure is seen at an elevation of 12 m on
a steep slope. This paleo-coastal notch has a width of 6 m and length of
200 m (Fig.2b) and it occurs in stiff volcano-clastics on the steep cliff.
There are also occurrences of prominent water-falls in the northern half
of the island. One of these is located at the northern side of the village of
Derekoy with a height of 35 m.

Morphological features of Gokceada are evidences of active tectonics. A
history of uplift in this transtensional tectonic setting of the NAF is evident
in uplifted wave-cut notches, uplifted terraces, hanging valleys and water
falls. The paleo-shoreline at northwest of the island in stiff volcanics
(andesite) at the foot of a steep cliff is of importance.

Further strong support for tectonic uplift is evident by the exposure of the
basement rocks along the western coast of the island. There, the exposure
of the metamorphics occurs at the base of Tertiary strata that have a thick-
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ness more than 2000 m in the SW Thracian basin (Fig. 1). Considering
these rocks presently lie at a water depth of more than 1000 m in the Saroz
Trough, we could suggest a few kilometers of vertical displacement must
have occurred for the metamorphics to acquire their position on the island.
This uplift may be attributed to the collusion tectonics in the early Tertiary
along the intra-Pontid ocean. However, the occurrence of basement rocks
under a very thick sedimentary cover of the Thrace basin, their total ab-
sence on the surface in the Thrace, but their exclusive occurrences along
the North Anatolian suggest an alternative setting of strike-slip transpres-
sional fault as a significant parameter in this process. In Gokceada, the
northern Aegean Sea, the uplift is affiliated with interaction of faults in a
strike-slip fault system and supported by the fault geometry, displacement
of the units, and fault lineations. This is consistent with the thrust and
normal-slip components observed in the seismic events of the region [4].

Hanging valley or water fall
Travertine formation
Steep cliff
Uplifted terrace
Fault

Fig. 2. a) Principal morphotectonic features of the island; b) Paleowave-
cut notch occurs at 12 m elevation in the north of the island.
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Abstract

ASSEMBLAGE was an integrated pan-European study of the northwestern Black Sea sedimentary system from the continental shelf to the
deep sea. The Black Sea being a unique feature characterised by the only particularly wide shelf in the northwestern sector is the drainage
basin of some major European rivers.The Black Sea is also characterised by high sedimentation rates presenting favourable conditions for
paleoclimatic studies. The project itself has increased the knowledge of the Southern European Ocean Margin and facilitate access to and
use of the Black Sea seafloor and exploitation and exploration of its resources, and preservation of its environment. This was achieved
through the examination of existing and collected geomorphologic, geophysical, stratigraphic, sedimentological data permitting progress
in deciphering the past climatic and environmental changes of the Black Sea.

Keywords : Black Sea, Sedimentation, Sea Level, Stratigraphy.

ASSEMBLAGE was a European collaborative project focused on the as-
sessment of the North-western Black Sea sedimentary systems from the
continental shelf and slope down to the deep-sea zone. The Black Sea is
one of the largest marginal seas 1 and one of the largest receiving basins
for important European rivers (Danube, Dniepr, Dniestr). ASSEMBLAGE
project proposes a preliminary Quaternary stratigraphy for this region.
ASSEMBLAGE project has realised a complex marine research pro-
gramme in the Black Sea using modern scientific equipment and technol-
ogy and high expertise by unifying the efforts of scientists from Western
Europe and Central-Eastern Europe. As the Black Sea is characterised by
high sedimentation rate, this water body presents favourable conditions
for paleoclimatic studies, in particular its preferential location being in the
immediate vicinity of the ice-cap during the last Glacial period.
ASSEMBLAGE marine research programme objectives were to contribute
to have a complete sedimentary record of the past climatic changes over
least 20,000 yr in this region and to compare it to the Global record. This
has been achieved as an integrated approach of the Black Sea sedimentary
system through the examination, the processing and the interpretation of
first existing data and secondly of geomorphologic, geophysical, strati-
graphic, sedimentological, paleomagnetic and geochemical data acquired
during the ASSEMBLAGE project.

aims to advance at the optimum achievable level the assessment of the
Black Sea sedimentary system. This has been done through integrated
studies on the sedimentary processes and sequences since the last Qua-
ternary period of the Southern European Ocean Margins. The Black Sea
represented a unique laboratory in the world and the project was there-
fore a case study for a better understanding of sedimentary processes in
semi-enclosed anoxic basins. The project results now form a basis for
extrapolation to other sedimentary systems as well as other closed basin
in Europe and elsewhere in the world.

The specific scientific ASSEMBLAGE project outcomes realised are the
following:

(1) geomorphologic and stratigraphic studies from the shelf to the deep
sea. ASSEMBLAGE project has greatly contributed to the study of the
thickness distribution and the analysis of the internal geometry of impor-
tant depocentres dated from the last 20,000 years of shelf deposits. This
geomorphologic studies allowed to determine ages and extension of the
connected Danube-Dniepr/Dniestr deepAASsea fans. This was correlated
to the study of the hydrates potential of this region. To achieve these re-
sults ASSEMBLAGE project has used seafloor surveying systems (multi-
beam, high-resolution seismic such as CHIRP-sonar profilers equipment).
The 1-m resolution of swath mapping sonars combined with very-high-
resolution seismic profiles enabled to recognise relict shorefaces formed
by successive water level fluctuation, deep-sea fan extension and seeps
localisation;

(2) during ASSEMBLAGE first cruise carried out onboard the RV "Marion

Dufresne", a series of long cores were retrieved from the North-western
shelf and the deep-sea fans of that cover the Late Pleistocene lacus-
trine phase and the Holocene marine phase of the Black Sea. Stable
isotopes, pollens, molluscs, foraminifers, diatoms, and clay mineralogy
of these cores were analysed and the history of climate change at a cm
core-resolution was deduced for some specific chosen cores using precise
proxies. In hydrates recognised areas, combination of microbiological
studies were also carried out with the tools of molecular biology and or-
ganic geochemistry;

(3) modelling of the paleo-evolution of the Black Sea level during the
Lateglacial-Holocene transition was approached and new estimates for
that period based on the analysis of water budget were also provided. Hy-
drological conditions in the Black Sea catchment area were reconstructed
using water balance equation, available data, and constraints based on sim-
ple theory relating the runoff ratio with climatic characteristics. In order
to estimate the impact of the aridity of climate two alternative scenarios
were considered: (3.1) climate change under constant in time gradient in
precipitation and evaporation over land and sea, and (3.2) climate change
accounting for changes in the horizontal distribution of precipitation and
evaporation. Hydrological data were compiled from available present-day
data and paleo-observations. A number of sensitivity experiments were
carried out revealing that the hydrological conditions in the Black Sea
watershed should have evolved towards a very arid climate (similar to the
present-day climate in the Caspian Sea area) in order to initiate a drop
of sea level of -100 m below the sill depth of the Bosporus Straits, as
speculated in some recent research. Estimates of sea level changes reveal
a qualitative agreement with the coast-line evolution inferred from paleo-
observations;

(4) building out a comprehensive database and a GIS for the sedimentary
systems of the North-western Black Sea as a support of any interpretation
and modelling of such sedimentary systems for in-land sea basins. The
database and the GIS offer a scientific base for scientists and decision-
makers in taking decisions concerning the Black Sea environment and
especially the coastal sea and coastal zone protection and rehabilitation
and by;

(5) All these information are easily accessible through ASSEMBLAGE
web site (http://www.ifremer.fr/assemblage) for informing the scientific
world and the mass media about the work carried out in the frame of the
project as well as for demonstrating the main scientific results obtained.

Reference

Ross, D. A. & Degens, E. T. in The Black Sea - Geology, Chemistry and
Biology (eds. Degens, E. T. & Ross, D. A.) 183-199 (Amer. Assoc. Petrol.
Geol., Tulsa, 1974)

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

HIGH RESOLUTION DELTA 80 AND DELTA !2C PROFILES IN BIVALVE SHELLS FROM EAST
MEDITERRANEAN COLD SEEPS
Cécile Lietard * and Catherine Pierre
LOCEAN, Laboratoire d’océanographie et du Climat, UPMC, case 100, 4 place jussieu 75252 Paris cedex 05 -
lietard @locean-ipsl.upmc.fr

Abstract

Cold seeps ecosystems from deep sea environments are characterized by venting of methane-rich fluids. High resolution isotopic studies
on bivalve shells from Mediterranean cold seeps provide informations on changes of environmental parameters as venting activity during

the growth of the animals.
Keywords : Bivalves, Carbon, Eastern Mediterranean, Oxygen.

Methane-rich fluids venting at cold seeps from deep sea environments
fuel an intense biological activity where anaerobic oxidation of methane
by archaea and eubacteria provide the energy necessary to sustain life of
invertebrates. Methane contained in fluids is characterized by low delta
13C values (-40 to -110 parts per mil V-PDB for biogenic methane and
-35 to -60 parts per mil V-PDB for thermogenic methane) [1].

Previous studies on bivalve shells from hydrothermal vents and cold seeps
[2,3] have shown that delta'3C and delta'®O values reflect environmental
conditions experienced during their life (venting system variability, tem-
perature, water composition, methaneflux...).

The aims of this study were to determine which signals are recorded by
bivalve shells from Mediterranean cold seeps and what are their signifi-
cance in terms of variability of environmental parameters as well as on the
metabolism activity.

This study focuses on eight specimens of Myrtea aff. amorpha, bivalve
Lucinidae. The shells were collected dead, by submersible dives during
MEDINAUT cruise in November 1998 (Kazan Volcano at 1706 m) and
during NAUTINIL cruise in September 2003 (Pockmarks area at 1600 m
and Amon volcano at 1100 m), in Eastern Mediterranean. The carbonate
mineralogy of Lucineshells is aragonite (96 %) and calcite (4 %).

The isotopic compositions of carbonate shells exhibit characteristic values
depending on the site location: in Amon volcano: 2.1 <delta’®0 parts per
mil V-PDB <2.2 and 1.4 <delta'3C parts per mil V-PDB <2.1; Pockmarks
area: 1.8 <delta’®0 parts per mil V-PDB <2.5 and -1.8 <delta’3C parts
per mil V-PDB <2.2; Kazan volcano 2.1 <delta'®O parts per mil V-PDB
<3.4 and -10.2 <deltal3Cparts per mil V-PDB <1.9. Moreover, the stable
isotope compositions display a large dispersion in shells from a same lo-
cation: delta'®0 vary by about 1.3 parts per mil V-PDB whereas delta'3C
vary up to 12 parts per mil V-PDB.

High resolution delta'®0 and delta’3C profiles of bivalve shells consist
in doing successive micro-sampling (= 100 pg) of calcium carbonate
following the growth increment direction.

Isotopic profiles of the two shells from Amon volcano show similar
delta'®0 and delta'C values. They both vary by about 1.5 parts per
mil. Moreover, in these two shells, deltal®0 and deltal3C values decrease
with age. The two shells collected from the active pockmarks zone show
two different delta’C profiles. One shell records a variation of delta’3C
values by about 9 parts per mil whereas the other shell displays moderate
deltal3C variations by about 1.3 parts per mil. As shells were collected
dead, it is possible that they didn’t experience the same events.

The four shells collected from Kazan mud volcano also present different
isotopic profiles. Three of them show small but significant variations 1 to
2 parts per mil for deltal3C and 1 parts per mil for delta'®O values. The
fourth shell exhibits carbon isotopic profile with an important change of
delta3C values along his life (from -10 parts per mil to 0 parts per mil).
In conclusion, this is the first high resolution isotopic study carried out
on bivalve shells of Mediterranean cold seeps. Bivalves shells from cold
seeps are exposed to venting fluids containing methane with low delta'3C
values which probably explains the pulses of deltal3C values recorded
in shells. In addition, metabolism processes seem to influence deltal3C
evolution with age. Variations of the oxygen isotopic compositions of
bivalve shells might also be explained by metabolism processes, although
local temperature variability could be due to higher heat flow.
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Abstract

The seafloor and subseafloor of the Barcelona continental shelf (NW Mediterranean Sea) records its Late Quaternary history and the
imprint of the factors controlling this sediment-dispersal system. Two main morphosedimentary domains have been recognized: (i) a
relict, sediment depleted area, and (ii) a modern, river-influenced area. Both domains are affected by a variety of anthropogenic impacts
such as the enlargement works of the Port of Barcelona, sewage pipes, dredging, anchoring and trawling.

Keywords : Continental Shelf, Geomorphology, Sea Level, Swath Mapping, Western Mediterranean.

The Barcelona continental shelf, off the city of Barcelona (NE Spain), is
a relatively narrow canyon-bounded shelf in the northwestern Mediter-
ranean Sea [1]. Two medium-size rivers (Besos and Llobregat) and sev-
eral ephemeral rivulets flow into this margin. A detailed geomorphologic
study based on multibeam bathymetry and backscatter data, high resolu-
tion seismic profiles, and surface sediment samples allowed mapping and
interpreting the main distinctive seafloor features on the Barcelona shelf.
Two main domains have been identified in the Barcelona shelf: (i) a relict
area mostly lacking recent sedimentary coverage, and (ii) a modern area
influenced by recent rivers discharge (Fig. 1). Both areas show the imprint
of various human impacts.

A large part of the study area is sediment-depleted where relict (Late
Pleistocene-Holocene) morphosedimentary features such as beach ridges
and beachrocks crop out (Fig. 1). These paleo-coastal indicators form two
different sets that follow N090 and NO30 orientations. Their morphosedi-
mentary arrangement is interpreted as a 45° shift of the seashore direction
between MIS 4 and MIS 2. Multibeam and seismic reflection data allowed
mapping a complete set of NE-SW seafloor normal faults in the Barcelona
sediment-depleted area (Fig. 1). The faults resulted from reactivation of
the deep Neogene extensional structures of the margin [2].

Fig. 1. A) Swath bathymetry shaded relief map of the Barcelona conti-
nental shelf and onland orthophotomap. White lines correspond to river
courses. Numbers mark some examples of the interpreted seafloor fea-
tures. 1: Faults. 2: Beachrocks. 3: Relict coastal sand bodies. 4: Large
submarine step. 5: Finest sediments depositional areas. 6: Wavy prodelta
front. B) Stretch showing the general zonation of the Barcelona shelf. a:
Severely anthropogenically impacted area. b: Modern, river-influenced
shelf domain. c: Relict, sediment depleted shelf domain. Map projection
is UTM 31N WGS84.
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Modern sedimentary features reveal that the Llobregat River is the main
sediment source of the Barcelona prodeltaic shelf. The Llobregat and
Besos adjacent prodeltas are the main Holocene depocenters in the study
area. However, the continental shelf reaches its minimum width off
the Llobregat River mouth as most of the sediment inputs are deviated
southward by the dominant coastal circulation. The wavy nature of the
Llobregat prodelta front (Fig. 1) may result either from hyperpycnal and
bottom currents or from soft sediment destabilization [3].

Anthropogenic impacts are widespread on the Barcelona inner and mid-
dle shelf, especially along the Besos-Llobregat coastal stretch (Fig. 1).
Coastal infrastructures already have a major impact on sediment dispersal
patterns, that will likely increase in the near future. The Port of Barcelona
directly affects a large part of the Llobregat prodelta and has the potential
to disrupt the natural paths of sediment transport. The seafloor sediment
cover is largely reworked by dredging, anchoring, and trawling activities.
Fluvial water and solid discharge are equally affected by the anthropogenic
pressure.
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Abstract

Series of reverse faults in the upper part of the sedimentary sequence in the Levant Basin deform only the Plio-Quaternary series and
the upper part of the Messinian evaporites. The faults suggest that the Messinian salt flows basinwards, carrying along the overlying
sediments. The flow pulled the salt away from the edge of the Levant Basin, where it pinches out and the overlying sediments slumped.
Seawater penetrated along the normal detachment faults of these slumps, dissolved the salt, and enhanced the collapse of the overlying

Plio-Quaternary sequence.
Keywords : Messinian, Salinity.

Reverse faults that dip to the SE, that were discovered in seismic sur-
veys of the Levant Basin off Israel presented evidence of basinwards flow
of the Messinian salt. The faults offset the upper part of the Messinian
evaporites and the Plio-Quaternary sequence while the lower part was
not deformed. The basinward flow of the Messinian salt was probably
initiated by the subsidence of the Levant Basin due to sedimentary load.
The faults suggest the structural evolution of a series of complex and enig-
matic structural features in the subsurface at the base of the continental
slope of the Levant, which were described by Neev [1] off Israel and by
Tapponnier et al. [2] off Lebanon. Neev [1] presumed that the structures
are a part of a global shear zone, and Tapponnier et al. [2] correlated the
feature with possible eastward subduction. Comprehensive and systematic
multichannel seismic surveys (e.g. [3]) enabled us to shed new light on
these structures.

Already the early explorations of the eastern Mediterranean found out that
the lower part of the continental slope of the Levant is characterized by
extensive slumps and landslides, and Plio-Quaternary sedimentary strata
that overlie enigmatic structural features of Messinian evaporites proved
unstable. Complex structural features of the Messinian series were traced
along a strip 20 km wide that stretches along some 250 km parallel to the
coast of Israel and Lebanon. Although these structures have been known
for more than 30 years, their origin was considered unresolved.

Recent discovery of numerous reverse faults that offset only the Messinian
evaporites and the overlying strata in the Levant Basin seems to illumi-
nate the process that formed the enigmatic structures. We show that the
complex structures are associated with the wedging out of the Messinian
evaporites. The initial deposition of the Messinian evaporitic sequence
took place in a hypersaline lake that covered the deeper parts of the
Mediterranean Sea, where the configuration of the bottom of the lake is
represented by seismic reflector N. The top of the evaporitic sequence,
reflector M, was deposited in the proximity of the lake level. The shoaling
of that lake is represented by the wedging out of the evaporites and the
merging of reflectors M and N, which can be discerned at reflection time
of 2.5 seconds, or 2 km. It seems that slight basinal subsidence during
the late Pliocene due to sedimentary loading initiated westwards flow of
the Messinian salt, as indicated by numerous southeastwards-dipping re-
verse faults. This flow tapered off at the eastern edge of the salt deposit,
where the flow of the salt was compensated by subsidence of the overlying
strata. This subsidence generated geotechnical faulting that enabled the
penetration of water into the evaporitic layer and partially dissolved it.
The dissolution removed additional portions of the evaporites, and left
behind irregular relicts of the evaporitic layer, further enhancing the sub-
sidence of the overlying strata. Thus the dissolution of the edge of the salt
layer dropped the basis of the Plio-Quaternary series further and led to its
slumping and collapse along the distal slope.
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Abstract

Recent study of the distal continental shelf of the Black Sea off western Turkey obtained sediment cores where layers bearing shells of
recent marine fauna were underlain by strata containing brackish water fauna. Preliminary, uncalibrated and apparent *“C dating suggest
that the age of the base of the marine layer is circa 7,000 years while the top of the brackish layer, some 2 cm below, is ca. 28,000 carbon
years. It seems that when the marine invasion took place, the level of the Black Sea was approximately 100 m below its present level.

Keywords : Black Sea, Sea Level, Sediments.

Conflicting interpretations of geological, geochemical and geophysical
data regarding the variable water composition of the Black Sea and its
changing water level during the latest Pleistocene and the early Holocene
were presented during the last 12 years in the scientific literature. While
it is generally agreed that a fresh-brackish water lake existed in the Black
Sea basin after the Last Glacial Maximum, when global sealevel was
approximately 125 m lower than its present level, there is disagreement
on the rate in which the Black Sea changed to obtain its present marine
environment. In an effort to shed some light on the debate, a geological
and geophysical marine investigation was carried out along the distal con-
tinental shelf off the northern edge of the Bosporus Strait in the southern
Black Sea in summer 2005 on board R/V Mediterranean Explorer. The
study was carried out at depth of 100-120 m. at 3 areas of 4X6 km, and
a network of high-resolution chirp profiling, spaced 150 m apart, were
used to image the seafloor, the shallow unconformities and the geological
structures. Based on these chirp profiles gravity cored were obtained in
the studied areas. The chirp survey confirmed previous observations of a
regional depositional unconformity in the upper part of the sedimentary
sequence along the distal continental shelf. Earlier studies that encoun-
tered these features in their broadly-spaced profiles attributed them to
coastal ridges. Aksu et al. [1] suggested that these coastal ridges indicate
the slow ascent of the water level of the Euxenic Lake, the water body that
preceded the present Black Sea.

Preliminary paleontological observations of the sediment cores displayed
the unconformity encountered in the seismic profiles. The fossil fauna
show evidence of brackish water fauna below the unconformity and ma-
rine shells above it. Uncalibrated measurements of *C attribute an
apparent age of ca. 25,000 years to the layer right below the unconformity
and ca. 7,000 years to the layer above it. These findings suggest that
there was a depositional break before sediment deposition under marine
conditions started, and that the unconformity indicates subaerial erosion.
Since the present depth of the Bosporus Strait is 33 m, the Mediterranean
water breaching the Strait dropped to the brackish lake some 60 m below.
Consequently we suggest that the glacial lake that prevailed in the Black
Sea after the LGM desiccated in the early Holocene, like many other con-
tinental lakes, and when the Mediterranean water breached the Bosporus
Strait a large waterfall of more that 60 m was formed, and the Black Sea
was filled abruptly. Such a violent event has probably left its mark on
human mythology [2].
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Abstract

Less than 10 years ago the Egyptian continental margin off Nile delta was an almost unknown margin segment, only investigated, along
its uppermost continental slope and shelf, by oil/gas companies, and crossed in its deepest part by sparse data. In the frame of the French
margin program the marine team of Geosciences-Azur has initiated, in late 1998, a systematic study of this area with the aims to better
image and understand the various tectonic, sedimentary, geochemical and environmental processes which have shaped this margin segment

and are still operating on the sea floor.
Keywords : Continental Slope, Nile, Eastern Mediterranean.

An initial survey, Prismed 2, in 1998, provided the first detailed swath
bathymetric maps based on data recorded by an EM 12D swath system, of
the Nile deep sea fan, huge sedimentary construction which results from
the deposition, trough Plio-quaternary times, of thick clastics transported
by the Nile, the world’s longest river [1-2]. After Prismed 2, 8 successive
marine geophysical/geological/biological cruises have been carried out
between 2000 and 2006.

In 2000 Fanil cruise operating an EM300 swath system, was chiefly
devoted to investigations of active sedimentary processes (turbidites, un-
stabilities), salt gravity tectonics, and allowed to discover many fluid-
releasing features such as pockmarks, gas chimneys, and at the foot of the
continental slope tens of mud cone and mud calderas. The data completed
the systematic morphological mapping of the Nile margin [3-5].

In 2002, a MCS survey, Medisis, has recorded using a long offset digital
streamer (4.5 km) and an array of 10 air guns, about 2000 km of regional
lines; these data have imaged the deep geological structures of different
morphological provinces up to depth of 25 km [6]. Interpretation of the
data and modelling of gravity anomalies, support that the deep fan is built
on a stretched continental crust covered by an excess of 12 km of sedi-
ment, including thick Messinian evaporites which may locally reach up to
3 km in thickness.

In 2004 Simed cruise has completed the sytematic swath bathymetry,
gravity and magnetic mappings of large areas of the margin now almost
entirely covered from water depth between 600 meters to the deep abyssal
plain (circa 3100 meters). The same year a short cruise, Vanil, recovered
11 giant Calypso cores for a total sedimentary section up to 350 meters
completing a set of 60 Kullenberg cores previously obtained.

In 2003 the first step of the ESF Euromargins Mediflux program coopera-
tion between German, Dutch and French institutes, has lead to the Nautinil
cruise using the scientific submersible le Nautile. 19 deep dives were per-
formed on several fluid vents to investigate their activities and study their
impacts on the deep sea geological and biological environments. Spec-
tacular observations and sampling of active vents where brines and fluids
are mixed were made on a deep mud caldera (3000 m water depth), upper
slope gas bubbling chimneys were sampled and a few pockmarks were
visited. In 2004 the Dutch Mimes survey provided near bottom sonar
records on gas chimneys and some of the pockmarks, and demonstrated
the presence of active gas plumes in the sea water. Bionil, conducted on
the German RV Meteor has chiefly been devoted to in situ geochemical,
microbiological and biological sampling using an ROV on targets mapped
in details using an AUV equipped with a swath bathymetry system.

We present here the main results of the different surveys, made in an in-
terdisciplinary approach, on the Nile continental margin.
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Abstract

Mud volcanoes (MV’s) are structures that can be found on land and on the seafloor at passive and continental margins. Eruptions are
triggered by overpressure occurring at depth and resulting from decomposition of organic matter. Gas, fluids, and sediments are then
mobilized and migrate along the sedimentary column, building mud domes [1,2]. Here, we present results of gas, carbon and hydrogen
isotopic composition of migrating hydrocarbons as well as some essential elemental and isotope pore water data in order to highlight the
processes involved, and to assess the origin of gases and water. Results will be presented from water and sediment samples collected at
N.Alex and ISIS mud volcanoes during the NAUTINIL (Sept. 2003), and the MIMES cruise (May 2004) to the Nile deep-sea fan.
Keywords : Eastern Mediterranean, Geochemistry, Nile, Mud Volcanoes, Passive Margins.

At all mud structures investigated, enhanced concentrations of hydrocar-
bon gases, namely methane, ethane, and propane, have been observed in
the water column. These gas plumes can extend up to several hundreds
meter above the seafloor and at shallow sites such as at North Alex MV, in
the central part of the Nile fan (Fig. 1) [3,4]. Moreover, these gas plumes
are associated with enhanced light scattering, which can be associated to
the release of gas bubbles and/or sedimentary particles.

The original signature of the gases can be found in the deepest core sam-
ples. The gas content presents various wetness ratio [>(Cga-Ce/(X(Cq-
Ce)], a parameter giving indications on the origin of the methane (bacterial
vs. thermogenic). In association with the carbon and hydrogen isotopic
composition of the hydrocarbons, these ratios indicate that at all mud
volcanoes, methane is a mixture of bacterial and thermogenic origin, with
a thermogenic contribution up to 65% in the eastern part of the Nile fan.
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Fig. 1. Methane concentration and light scattering at North Alex mud vol-
cano, central Nile fan.

At Isis MV, a camembert-like mud structure in the eastern Nile fan, large
quantities of hydrocarbons appear to be recently released into the over-
lying water column. Commonly, the methane flux into the water column
is controlled by anaerobic oxidation of methane (AOM) occurring in the
sediment. During AOM, the anoxic methane oxidation and sulphate reduc-
tion, light methane is preferentially oxidized, leading to residual methane
enriched in 13C and 2H.methane. This process is clearly visible at Isis
MV at about 50 cm below the seafloor, where methane is enriched in 13C
and 2H, and sulfate is depleted. But interestingly, beside AOM, oxidation
of heavier hydrocarbons also occurs. Indeed, propane and n-butane are
also enriched in 13C and this enrichment occurs at the same depth as for
AOM. Those hydrocarbons seem therefore to be efficient electron donors
for sulfate reducing bacteria. Moreover, relatively to methane, propane
and n-butane seems also to be preferentially oxidized, as suggested by the
larger 3C enrichment observed in the AOM zone. Further analysis and
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investigations are needed to better assess the processes occurring at gas
seep related sites and will be one of the aims of the Bionil expedition in
November 2006.
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Abstract

During the Malisar-1 cruise, a new structural map was established from detailed bathymetric survey and an extensive set of high-resolution
seismic reflection or mud-penetrator profiles along the northern Ligurian margin between 7°25W and 9° 10W of longitude. The preliminary
results shows evidences of tectonic activity in the prolongation of active faults identified onshore, as well as along the major epicentral
zones offshore, specially on the toe of the margin, in good accordance with the concentrations of present (1962-2002) seismicity.

Keywords : Bathymetry, Seismics, Ligurian Sea.

The present seismicity along the northern margin of Ligurian Sea is
moderate, but permanent, and several big earthquake (M>6) have been
recorded in modern times (M=6.5, 1887, M=6, 1963 ; Larroque et al.,
2001). Most of the epicenter have been localized offshore, on the margin,
and could not be easily related to the known active or potentially active
fault identified onshore. One of the major goal of the Malisar-1 cruise
(swath bathymetry, high resolution seismic reflection, mud-penetrator)
was to collect evidences of recent deformation offshore along the margin,
at different scales. The preliminary results shows evidences of tectonic
activity in the prolongation of active faults identified onshore, as well as
along the major epicentral zones offshore, specially on the toe of the mar-
gin, in good accordance with the concentrations of present (1962-2002)
seismicity.

- In the Western part of our study area (west of 8°15”), the continental
slope of the northern Ligurian margin presents a sharp and contrasted mor-
phology, with numerous deep rectilinear canyons crosscutting the slope.
Frequent oblique structures across these canyons could explain some of
the great gravity sliding. The tectonic morphology of the toe of the slope
is specially interesting, for example close to the canyon of Taggia : active
or recent fault have been identified along this limit, geographically related
to the concentration of epicenters (magnitude >5) of a 1985-1986 crisis.
(Figure 1 : profile MR06-1, mud-penetrator). These faults could be inter-
preted as normal and possibly strike-slip faults. However, we have to take
into account the significative presence of Messinian salt below this region,
that could represents an important bias for the tectonic interpretation of
the identified deformations.

Chirp
8OO

metres (profondeur)

Fig. 1. Mud-penetrator profile MR06-1, at the base of the continental slope
off Ventimiglia. West is at the left of the image, line oriented N80°W. Note
the metric offset of the last horizons, below a 5m thick debris-flows.
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- In the Eastern part of our study area (E of 8°15”), the continental slope
is characterized by the presence of a massive NE-SW elongated promon-
tory, off Albenga and Savona. The geographic pattern of the submarine
canyons with a systematic eastward or northeastward deviation suggests
that this promontory is recently uplifted. The base of the promontory is
strongly deformed in the eastern part of the area, and crosscutted bt major,
rectilinear N60° faults (Fig.2 : bathymetric map of the northern Ligurian
margin). This recent, possibly active deformation is recorded in the sedi-
mentation as imaged in our high-resolution seismic profiles ans appear to
have occurred mostly during the Plio-Quaternary time.

4430

4800

43°30°

73

800" 830 500
Fig. 2. Bathymetric map (shaded relief) of the North Ligurian margin be-
tween 7°25W and 9°10W of longitude. Note the major N60° rectilinear

fault at the base of the deformed margin.

This data together allow us to propose a better tectonic framework to ana-
lyze the distribution of seismicity of this area.
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Abstract

The MALISAR cruise acquired in august 2006 new high-resolution data, including EM300 bathymetry and backscatter imagery, 3-5 kHz
and seismic-reflection profiles, on the Ligurian margin, between Nice (France) and Genova (Italy). These data revealed the presence of
numerous small- and large-scale failures related to high sediment supply coming from the Var and Paillon rivers or related to the presence

of active faults.
Keywords : Ligurian Sea, Continental Slope.

Submarine landslides are the one of the major mechanism of sediment
remobilisation and transfer from the slope to deep-sea environment [1-
3]. Their main triggering mechanisms are usually earthquakes, fluid
seepages or anthropogenic activity [4]. Submarine landslides occur pref-
erentially in areas that present conditions prone to failure: sediment under-
consolidation, high-slope gradient, high sedimentation rates, variability in
the texture and physic-mechanical state of the sediment strata. When land-
slides occur in shallow water depth, they can also have a strong impact on
coastal environments by generating tsunamis [5-6].

The Ligurian Basin experienced recently such a mass-wasting event: on
October 16t 1979, a failure involving about 8 x 106 m3 of material
occurred in shallow-water depth during infilling operations related to the
construction of the new Nice harbour [7]. Since 1975, at least 25 x 106 m3
of aggregates were deposited on the narrow shelf, at a water depth ranging
from 10 to 15 m, to increase the surface of the airport in a seaward di-
rection. The failure affected both under-consolidated silty-clayey deposits
of the upper continental slope and some of the landfill aggregates. Eight
minutes after the failure occurred, three successive waves, 2-3 m height,
were generated and broke along the coastline between Nice and Antibes.

The Ligurian Basin has been frequently affected by earthquakes (four his-
torical earthquakes in 1564, 1644, 1817 and 1887), and tsunamis (1564,
1817, 1887, 1979). Based on the 1979-event experience, earthquakes
might have generated tsunamogenic failures on the Ligurian slope in the
past.

To analyse the distribution of failures on the slope, and to study their trig-
gering mechanisms and their relationship with tsunamis, the MALISAR
cruise (august 2006) acquired EM300 multibeam bathymetry in the area
between Nice and Genova, from about 100 m to 2500 m water depth,
as well as 3-5 kHz profiles, and 24- or 72-multichannel seismic profiles.
The dataset reveals numerous fresh scarps and mass-transport deposits
involving several km® of sediment. The second part of the cruise will take
place in 2007, and will collect SAR (side-scan sonar) and AUV data, as
well as cores over the whole area.

Offshore the Nice city (France), mass-wasting events mainly affect the
upper part of the slope, in areas close to the Var and Paillon river mouths,
where volume of fresh sediment delivered by rivers is the highest. Small-
scale failures (<100 m wide) are mainly located near the shelf break; they
are the most abundant type of failures and are restricted to the uppermost
layers (up to 10 m) of slope sediment. Larger-scale failures (up to 400 m
wide) are located deeper on the slope and they affect deposits over greater
thickness (up to 40-50 m). Smaller failures mainly result from the under-
consolidation state of slope sediment during periods of high sedimentation
rate, while the triggering of larger failures probably requires an external
constraint such as an earthquake-induced acceleration of the seafloor.

Between Nice (France) and Imperia (Italy), failures are several kilometres
wide and affect slope deposits over 100 to 300 m. They are located near
the base of the slope, between 1300 and 2000 m of water depth. One of
the most impressive scarp is located in the epicentral area of the 1887
earthquake. The location of failures is controlled by the presence of nu-
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merous active faults related to the salt tectonic affecting the basin or of
deeper crustal origin.
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Abstract

Pentapora fascialis bryozoans, collected from 3 different sites in the Adriatic sea, were investigated by x-ray diffraction and scanning
electron microscopy. Their skeletons consist of calcite and aragonite, in differing percentages. Compositional variation reflects possible

differences in habitational environment.
Keywords : Adriatic Sea, Bryozoa, Mineralogy.

Pentapora fascialis [Pallas 1766] is the largest and most conspicuous cal-
cified bryozoan in the Adriatic Sea. It is common in current-swept coarse
bottoms. Colonies are mostly red, erect, rigid and heavily calcified (Fig.
1).

Three different samples of bryozoan P. fascialis were collected at three
different localities in the North, Central and South Adriatic: in the Velebit
Channel (Zdralova cove) from 10 to 20 m depth, on Jabuka shoal from
40 to 50 m depth and at Korcula Island (Lucnjak Islet) from 20 to 35 m
depth. The samples were collected by scuba diving and dredging between
August 2001 and April 2004.

Colonies of collected bryozoans are different in shape and size, but there
is no visible difference in the structure and morphology of zooids from
different colonies.

Along the coast of the Velebit Channel in the North Adriatic, large colonies
of P. fascialis were particularly abundant. There, P. fascialis colonies grow
only in the vicinity of submarine freshwater springs on sandy-detritic
bottom, between 1 m and 35 m depth. Those colonies are always wide-
branched and are, without any doubt, the biggest colonies ever found in
the Adriatic, up to 200 cm in diameter [1].

On Jabuka shoal, in the Central Adriatic, only small and narrow-branched
colonies (10 to 20 cm in diameter) were observed, within the depth range
from 20 m to 50 m.

But large colonies of P. fascialis were also observed in the South on Kor-
cula Island where the location was narrow passage between small islands
Badija and Lucnjak characterized by constant and very strong currents.
There, large and numerous colonies of P. fascialis (50 to 80 cm in diame-
ter) grew in both forms, as wide- and narrow-branched colonies.

Every sample was cleaned from organic matter and investigated by X-ray
powder diffraction combined by scanning electron microscopy.

Fig. 1. Colony of Pentapora fascialis from the Adriatc sea.

All three samples show that their skeletons are built of a mixture of calcite
and aragonite. The sample from the vicinity of Jabuka shoal contains
the highest percentage of aragonite while two other samples show very
similar and lower aragonite to calcite ratios. The reason for these differ-
ences probably derive from differences in the habitat environment or from
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specific differences in organic production.

Unit cell parameters for calcite show that the purest end member cal-
cite is formed in bryozoans from the Jabuka shoal colony (a = 4.945(2)
and c= 16.92(2) A), while unit cell dimensions of the other two samples
Zdralova (a = 4.941(3) and ¢ = 16.83(2) A) and Korcula (a = 4.943(1)
and ¢ = 16.851(9) A) indicating significant substitution of calcium for
magnesium.

These differences in mineralogical composition of recent skeletons of
bryozoans can be most probably attributed to different physical-chemical
conditions pertaining to their habitat environment. The differences may
also originate from the geological environment, since the Jabuka shoal is
built of igneous rocks which are not very common in Adriatic Sea.

The differences in temperature and salinity probably caused different
forms and sizes of colonies.
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Abstract

Ongoing arguments about the origin of the reconnection of Black Sea and Mediterranean Sea with the rising sea level after the last glacial
period raised scientific interest at Black Sea and Marmara Sea. The opening of Bosphorus played an important role on the present day
sea level of Black Sea. There are many scenarios about the history of Bosphorus. Relative sea level changes in Black Sea are affected by
Bosphorus Strait passage, exchanges in fresh water supply and neotectonic factors so it is important to investigate the connection point of

Bosphorus and Black Sea both geologically and geophysically.

Keywords : Bathymetry, Continental Slope, Mud Volcanoes, Bosphorus.

In recent studies, it is assumed that a rapid flood could occurred in
Holocene [1]; [ 2]. In 1997 Pitman and Ryan suggested that the Black
Sea became a giant fresh water lake during the last glacial maximum, with
water level standing at -150 m, and that during the post-glacial sea level
rise at  7.15 ka and Mediterranean Sea breached the strait of Bospho-
rus catastrophically re-filling the Black Sea basin [3]. This hypothesis is
contradicted by Aksu et al , who suggested that it was instead the Black
Sea that first breached the Bosporus and overflowed into the Marmara sea
during early Holocene [4]. The most prominent physical evidence of the
controversial Outflow hypothesis is the existence of 9-10 ky aged delta
lobe at southern exit of Bosporus in Marmara Sea [5].

In August 2002 on board R/V Le Suroit a survey provided bathymetric
data (Figure 1) using EM 300 multibeam echosounder and 3.5 kHz Triton
Elics Chirp Sonar data. The purpose of the survey was the investigation
of the effects of Bosporus strait, changes in fresh water supply and neo-
tectonic factors on sediments depending on relative sea-level changes.
Acoustic imaging of sea floor allowed to identify continental shelf inci-
sion and continuation of the Bosporus strait to the Black Sea. A tributary
canyon system, composed of many feeder canyons merging with one or
two main canyons, was revealed. Two or more recent canyon heads can be
traced landward on the shelf which are trending in W-E direction probably
following tectonic direction.

A prominent retrogressive submarine canyon dissects the continental slope
together with numerous smaller canyons and gullies, giving the impression
that it was once linked to the Bosphorus (Figure 1). Two or more recent
canyon heads can be traced landward on the shelf. Erosional surfaces at
the upper parts of the canyon walls indicate recent activity. Retrogressive
erosion on the steeper V-shaped sections of canyon head cause landward
expansion of the canyon head. The canyon heads are directed west-east
and the paths of canyons are probably guided by local tectonic structures.
Chirp Sub-bottom Profiler profiles demonstrate paleochannels which indi-
cate that the canyon heads were located in an area of high sediment supply
during the last low levelstand of Black Sea. In the northwestern part of
the study area profiles show some interesting features which have been
interpreted before as mud volcanoes [5]. They exist only on the western
shelf at 100 m waterdepths. Gas and fluid-related features observed on the
shelf, include acoustic turbidity, acoustic columns. First 6m of the piston
core, that was taken from the northwestern part of the same canyon area
during Assemblage survey on board R/V Marion Dufrense was totally de-
formed by gas existence. Besides, gas and fluid-related features observed
on the shelf.

Also TTR 15 cruise in June provided 5.1 kHz Sub Bottom Profiler data
and 9.5 kHz Long Range Sonar data (Okean) acquired at northwestern
toe of the canyon system of the previous study. An unnamed new mud
volcano was discovered. And for the first time at Bosporus outlet gas
hydrates were recovered in the cores. High backscattering lineaments
indicate the canyon axes which are the continuation of the canyon system
in the previous study. In addition, some high backscattering zones are in-
terpreted as recent mud breccia. Also mud breccia recovered in the cores
indicate that the feature is a mudvolcano.
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Bosphorus channel

Bospharus Outlet
Recent submarine canyon

Fig. 1. 12 kHz Multibeam Echosounder data showing 3D bathymetric map
of continental slope.
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Abstract

A new poster, based upon high resolution multibeam sonar surveys, shows the bathymetry of the Mediterranean continental shelf and slope
off northern Israel. The image reveals in detail many features of the offshore. On land, hill shading of an orthophoto image allows visual

continuity between the terrestrial and submarine morphology. The posterscale is 1:50,000.
Keywords : Bathymetry, Continental Margin, Eastern Mediterranean, Levantine Basin, Swath Mapping.

The bathymetry of the Mediterranean off northern Israel is shown in this
poster at 1:50,000 scale. The offshore is based upon over 850million
soundings from multibeam sonars. Water depths from about 8 m toover
900 m result were mapped by the Israel National Bathymetric Survey,
a joint undertaking of the Geological Survey of Israel (GSI), the Israel
Oceanographic & Limnological Research Ltd. (IOLR), and the Survey
of Israel (SOI). The survey was carried out between 2001 and 2006 by
the IOLR’s 48’ vessel R/V Etziona using a Kongsberg Simrad EM1002
multibeam sonar. The EM1002 has 111 2° beams operating at 96 kHz
spread over an arc of up to 150°, giving maximum swath coverage of up
to 7.4 times the water depth. The survey involved some 4,218 km of track.

Further offshore F.S. Meteor Cruise 52/2 in 2002 obtained partial coverage
in deeper waters with an Atlas Hydrosweep system operating 60 beams
at 12 kHz over a 90° arc. Additional data was available in detailed (5
m) contour maps of the landing of the SEA ME WE 2 fiberoptic cable
extending from Ayia Napa, Cyprus, to Nahariya in Israel. Ifremer’s ves-
sel N.O. L’ Atalante surveyed this route in 1992 with a Simrad EM12D
system. Other holes were interpolated using soundings from the 1970s
reconnaissance work of the GSI. The vertical exaggeration of the gridded
bathymetric data is 6 times.

On land Global Mapper software used the Survey of Israel’s 4 m Digital
Terrain Model (DTM) to shade their 1 m orthophoto. The illumination
is from the northwest (N315°E) at 45°altitude with a vertical exaggera-
tion of 2. Image scale is 1:50,000 on the Universal Transverse Mercator
(UTM) Projection (Zone 36), withWGS-84 datum.

The image shows the sweep of the northern Israel coast from HaHotrim
in the south to Rosh Haniqra in the north. The low-lying Zevulun Valley
and its extension, Haifa Bay, separate the western promontory of Mount
Carmel, cut by numerous ravines, from the Coastal Plain of the western
Galilee. This coastal plain is crossed by a number of rivers whose contin-
uations can be seen in the offshore.

The continental margin off northern Israel shows the interplay between
past global sea-level changes, long-shore sedimentation, and tectonics.
The coastline is paralleled by a number of carbonate-cemented quartzsand-
stone (kurkar) ridges. In the north these rise above sea-level and form eight
small islands. In deeper waters there are several raised platforms, some
exhibiting curving dune-like bedforms, perhaps of current or eolian ori-
gin. The shelf-break occurs at around 100 m depth, and beyond this many
canyons carry sediment out to the deep sea. The prominent Carmel Nose
is an extension of Mount Carmel across the shelf. The Western Galilee is
cut by a number of E-W trending faults. Offshore these define a series of
raised and sunken blocks, and appear to provide preferential courses for
the rivers as they breach the kurkar ridge system. A number of straight
or curvilinear trends appear to result from tectonic activity, and may be
related to normal faulting. Opposite Haifa Bay, in water depths of 30 m, a
broken-up area called the "Brittle Sheet" was mapped, and may also have
a tectonic origin. In the far north, the steep Akhziv Canyon cuts deep into
the continental margin. The entire shelf and slope is marked by numerous
shallow pits and slightly raised mounds.
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Abstract

A new poster shows the acoustic backscatter as determined by innovative analysis of the returns from high resolution multibeam mapping
of the Mediterranean continental shelf and slope off northern Israel. The backscatter received by a Simrad EM1002 sonar system was
reanalyzed using the new Geocoder software developed at the Center for Coastal and Ocean Mapping (CCOM) at the University of New
Hampshire in the USA. The poster is at 1:50,000 scale on a UTM projection. This poster appears on the backside of a laminated poster
showing the bathymetric results.

Keywords : Acoustics, Swath Mapping, Continental Margin, Levantine Basin, Bathymetry.

A new poster prepared for mass distribution presents an image of the NNW of the Carmel Cape, high backscatter is associated with the lows,
acoustic backscatter of the Mediterranean continental shelf and slope off and low with the upraised blocks. The topography here is around 2-3 m.
northern Israel. Note the distinct NNE trending demarcation between high backscatter on
Technical Details the west and lower backscatter on the east.

Offshore: This grayscale image of the seafloor is based upon the acoustic Bulls’ Eyes: Northwest of the Brittle Sheet area, within a triangular zone,
backscatter at 95 kHz obtained with a Kongsberg-Simrad EM 1002 multi- more than 100 circles of high backscatter are visible. These are from
beam sonar system. On each swath, the EM1002 measures around 4,000 30 to 120 m in diameter; a few are associated with a subdued crater-like
samples of the backscattered acoustic energy returning from the 111 2 topography. These may be areas of gas or fluid seepage.

degree beams impinging on the seafloor. Thus the 840 million soundings Man’s activities: Opposite Haifa Port at depths of 10-12 m, just south of
in the bathymetric survey represent about 7.5 million swaths, with over 40 the kurkar ridges, brighter areas stand out. These are likely dumpsites of
billion backscatter samples. material dredged from the port. East of the Brittle Sheet area, a mottled
The Geocoder software package (Fonseca and Calder, 2006), introduced zone may show much older material dumped during major port expan-
at a two-day workshop (23-24 August 2006) at the Center for Coastal and sions. Parallel low contrast brush-like strokes farther to the west may
Ocean Mapping at the University of New Hampshire (CCOM-UNH) in indicate the marks of fisherman’s bottom trawls.

Durham, NH, USA, was used to process these measurements to produce a

uniform representation of the acoustic backscatter in reproducible decibels Reference

(db). Fonseca, L. and Calder, B., 2006. Geocoder: An Efficient Backscatter
Geocoder corrects the original backscatter time series registered by the Map Constructor. Center for Coastal and Ocean Mapping, University of
sonar for angle, varying gains, and beam pattern. It filters out speckle New Hampshire. Available at www.thsoa.org/hy05/08_3.pdf.

and corrects for slant range. Every backscatter sample is geocoded using
several algorithms, which apply anti-aliasing, mosaicking, and blending
between swaths. The final mosaic exhibits low noise, few artifacts, re-
duced seams between parallel acquisition lines and reduced clutter in the
near-nadir region, while still preserving regional data continuity and local
seafloor features. The mosaic resolution here is 5 m, tied to the underly-
ing bathymetric grid. Resolutions as high as 25 cm are possible inshore.
Lighter regions represent higher backscatter. The original mosaic image
has been contrast-stretched using Adobe PhotoShop, but this is reflected
in the accompanying decibel scale.

Land: The Survey of Israel’s 1:50,000 scale topocadastral map sheets are
reproduced on land in Hebrew. They are texturized with the Survey’s 4 m
digital terrain model (DTM) using Global Mapper software with the sun in
the northwest (N315E) at 45 degrees altitude and a vertical exaggeration
of 2.

Map Projection: The image is at scale 1:50,000 on the Universal Trans-
verse Mercator (UTM) Projection (Zone 36), on the WGS-84 datum.

Acoustic Characterization of the Offshore:

Kurkar ridges: The kurkar ridges show the higher backscatter. This is a
result of their relative hardness, as well as the roughness of the biologi-
cal growth that blankets them. Of note are the meanders and inter ridge
areas with lower backscatter, representing channel bed deposits, softer
sediments, and generally smoother seafloor.

Sedimentary facies: Areas of higher backscatter in deeper waters beyond
the kurkar ridges on the shelf south and west of the Carmel may be related
to the higher percentage of coarser sand within the sediments. Opposite
the Zebulun Valley and beyond the ridges within Haifa Bay the backscatter
is lower, likely related to the finer silt and mud fraction. Farther north,
higher backscatter appears to be related to the slightly uplifted platform.
Dune-like bedforms on the outer shelf: The areas of dune-like bedforms
and the northernmost Shaal Ridge have slightly higher backscatter, possi-
bly related to induration and roughness.

Brittle Sheet Area: Within the so-called broken ’Brittle Sheet’ area 8 km
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Abstract

Herewith we report the first discovery and sampling of a field of fossil, non volcanic, carbonate chimneys at the coasts of Neapolis, Lakonia
region in South Peloponese, Greece. Several hundreds of weathered but still erosion-resisting, pipe like chimneys, up to 2.5m high, rise
vertically through marine Lower Pleistocene sediments. X-ray diffraction and X-ray fluorescence analyses yielded calcite composition
for the chimneys tubes and siliceous composition for the orifices infill. Although the origin of the chimneys is not yet clear, we strongly
suggest that they are associated with methane related cold seepages in the extensional basins of the Hellenic Forearc.

Keywords : Hellenic Arc, Mud Volcanoes.

Introduction

Cold seepages and related features (mud volcanoes, gas chimneys, authi-
genic sedimentation) have been reported and studied from modern subma-
rine environments worldwide and the Mediterranean region particularly.
Onshore active mud volcanoes occur in the northern Apennines while an-
cient seep/vent formations of various ages are known from the Appenines,
the Moroccan Rif Belt, Algeria and the Middle Atlas[1]. Herewith we
report the discovery of a vast field of carbonate chimneys and related
structures, possibly associated with fluid seepages of non volcanic origin,
in marine Pleistocene deposits of Southern Peloponese, Greece. The field
is located along the shoreline of Agia Marina bay at the southern coast of
Maleas Peninsula, south west of Neapolis town.

Field Observations and Laboratory Analyses

Marine pelites of Lower Pleistocene age form the low coastal area of the
Agia Marina bay and are being locally overlain by biogenic carbonate
formations or stromatolites. The Quaternary deposits may be as thick as
250-300m and cover unconformably alpine deformed, Triassic-Jurassic
limestones [2]. On flat wave-cut terraces, developed parallel to the bed-
ding planes of the pelites at 1-2m above the sea-level, pipe-like, upright
standing, up to 2.5m high and 1m in diameter chimneys show a wide
range of morphological types (cylindrical, conical, mushroom-like and
mounded) and form a spectacular field, which covers an area of about
200x2000m or more (Fig.1& 2). Similar morphological types of chim-
neys have been reported from the Gulf of Cadiz [3]. Local people call
Agia Marina field petrified forest but the positive structures are of carbon-
ate composition and there is no evidence supporting this characterization.
The chimneys are composed of hard but weathered, several cm thick,
whitish, carbonate tube. The central orifice of the chimneys is filled up
with dark grey, argillaceous material with numerous whitish, mm-thin,
carbonate veins. Concentration of fossil biogenic communities composed
of cm-large bivalves, echinoids and worm tubes occur together with the
chimneys.

Fig. 1. View of cylindrical chimneys in Lower Pleistocene pelites of Agia
Marina, Greece

Fig. 2. Close view of conical carbonate chimney in the Agia Marina field.

The latter are commonly aligned on vertical E-W or NE-SW trending
fractures sealed also by carbonate material and mm-thick veins, indicating
that tectonic elements may have controlled the development of the chim-
neys and have been used as conduits for the upward fluid flow. Samples
were taken from the least weathered chimneys and veins which seal the
fractures. The bulk mineralogy was determined using X-ray diffraction
(XRD) on powdered samples. The bulk rock chemical composition and
major and trace elements were analyzed by X-ray fluorescence. The tube
of the chimneys and the thin veins are mainly composed of calcite with
subordinate quartz, while the significantly weathered fill of the orifices
displays siliceous composition and muddy character.

Discussion

The impressive Agia Marina field of carbonate chimneys provides insights
into the geodynamic regime of the sedimentary basins developed along
the Hellenic Forearc in Lower Pleistocene. It implies new considerations
on the importance of cold seepages and eventually the role of possible
mud volcanism in post-alpine basins of the Hellenic Orogenic Arc.
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Abstract

It is being carried out a systematic study of the Spanish Continental Shelf and Slope seafloor characteristics (ESPACE project) with
multibeam (EM-3000D), very high resolution seismic profiles (TOPAS), sediment samples and video-TV record. The work methodology
and standards have been designed from a Geographic Information System (G.L.S.) point of view, to help the management and interpretation
of data. The main result has been the first Systematic Cartographic Series about this area with very high resolution information. This
Cartographic Series consists of 171 sheets at 1:50.000, with land and marine information. Each sheet is made up of 3 series: a) description
of the marine environment, b) management of the marine environment and c¢) 3D models and geomorphology. At this moment have
been published 7 sheets at SE of Spain. This work presents the first cartographic results of ESPACE project, that help to know and to
characterize the geomorphological, lithological features, etc. as well as to help marine activities in this area.

Keywords : Swath Mapping, Geomorphology, Alboran Sea.

Since 1999 the Instituto Espafiol de Oceanografia (IEO) and Secretaria
General de Pesca Maritima (SGPM) has been carried a systematic study of
the Spanish Continental Shelf-and-Slope seafloor characteristics with the
ESPACE project [1], with the objective of having appropriate information
with high precision to carry out a good management of this area that has a
great economic importance, as well as to know possible natural risk zones
and the recent variation with human activities or climatic change.

Between 2000 and 2005 the SE and part of NE Continental shelf and upper
continental slope of Spain has been explored at 100 %, from -8 m to 140
to 160, with multibeam echosounder (EM3000 dual) to collect the bathy-
metric and backscatter data, as well as with seismic of high-resolution
(TOPAS PS-040) and has been collected sediment samples, photo and
T.V. submarine, to investigate the stratigraphy, geomorphology, thickness
of the recent sedimentary deposits, phanerogames meadows, etc. A spe-
cific methodology [2] has been designed from the collecting, organization
and management of the data to the incorporation in a Geographic Infor-
mation System (G.I.S.) [3], being defined the name of the files in each
moment the acceptable tolerances in the treatment and the output formats
adapted for its integration in the G.I.S.

Main results

a) The design of a high resolution cartographic marine project, from the
point of view of their administration and handling with GIS, it has implied
to define a detailed work methodology and standards from the planning of
the marine survey, to data acquisition, processing, management, organiza-
tion and presentation.

b) The development of a working methodology that allows comparing
phenomena and characteristics in the time and the space.

¢) Generation of a high quality and standardized database of the seafloor
of the Spanish continental shelf and slope, organized in the Marine G.L.S.
(S.GPM.-1E.O,)

d) To elaborate a thematic cartography about the Spanish continental shelf
and upper slope, in which are integrated the characteristics of the terrestrial
and marine environment. This cartography plan consists of 171 sheets, in
WGS84 reference system and UTM projection, each one presents 3 series:
Serie A. (Descriptive of the marine environment, scale 1:50.000). This
map shows 2 meters-equidistant isobaths, textural classification of the
seabed and a schematic bionomic cartography. On land show the recent
quaternary deposits classified by sedimentary environment, topography
equidistant 100 meters, beaches, hydrography, administrative limits, the
situation of lighthouses, highway and urban nucleus (Figurel).

Serie B. (Management of the marinates environment, scale 1:50.000),
This map show 5 meters equidistant isobaths, to aggregated textural clas-
sification of the seabed, seagrass meadows classified by species, fishing
areas, Marinate you Reserve, LICS (Comunitary Interest Sites), Natural
protected Sites, artificial reefs, devices of traffic separation, anthropogenic
elements (jetties, pipelines, cables, dredged areas, shipwreck, etc.). The
situation of lighthouses and beaches, land topography equidistant 100 me-
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ters, the recent quaternary deposits classified by sedimentary environment,
hydrography, highway, administrative limits and urban nucleus are shown.
Serie C. (Models and geomorphology), it presents 3 maps to scale
1:100.000, geomorphology, model of illumination or 2.5D and slopes,
and 4 figures of 3D- view.

e) This cartography will help at all sectors with interests in these areas 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 su-
perficial geology, different types of sediments, and sedimentary bedforms
generated, etc..

& LA PLATAFORMA CONTINENTAL ESPANOLA 5 )

ALMERIMAR mcos2
MAPA BATIMETRICO Y DE LA NATURALEZA DEL FONDO e

Fig. 1. Example of sheet MC052, Serie A (Description of the marine en-
vironment)
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Abstract

A detailed acoustic geophysical survey has been performed on R/V Universitatis, covering a part of the Hyblean-Malta plateau few miles
offshore south-eastern Sicily, during the first cruise within the framework of the National Prin project MESC (Mud volcanoes Ecosystem
study - Sicily Channel). The survey was carried out to map several shallow seafloor features with acoustical proprieties such that they
could be interpreted to be Mud Volcanoes (MVs). Their morphologies, peculiar arrangement on the seafloor and geological setting are

here presented.
Keywords : Acoustics, Mud Volcanoes, Continental Shelf.

MVs are the morphological expression of a process initiated deep in the
sedimentary succession and resulting in the emission of gas, water and
sediment on the earth’s surface or the seafloor [1, 2]. Research on MVs
in Mediterranean sea had focused mainly along the Mediterranean Ridge
accretionary complex in deep sea water [3, 4], while our study investi-
gates a relative flat area at shallower depth (between -140m and -170m)
hosting numerous recently discovered [5] high backscattering seafloor
features settled on the Hyblean-Malta plateau. The survey track lines were
performed by different types of geophysical devices (100-500 kHz side-
scan-sonar, 50 kHz multibeam echosounder, 2-9 kHz chirp sonar, 27-200
kHz echosounder and a multi-tip sparker) providing a detailed topography
and a wide range of acoustical proprieties of the explored area.
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Fig. 1. Multibeam map of a part of the study area, with some details from
side scan sonar (A, B) and echosounder data (C) showing the backscatter-
ing proprieties and the different morphologies of the investigated seafloor
features.

The investigated seafloor features revealed different morphologies, in par-
ticular they are few meter high (no more than 10m) and are arranged on
the seafloor in two main different styles: 1) several conical features of 50
- 200m in diameter, preferentially aligned along the isobaths 2) numerous
close-set small cones up to 10m in diameter, settled within well defined,
flat, elongated areas (the largest one reaches 2000m in its long axis and
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500m in its short axis) rising up to 10m form the seafloor. Furthermore,
their raw acoustic reflection data (mainly from the singlebeam echo-
sounder) show evidence of (gas?) plumes rising into the water column.
Their morphologies, their strong acoustic scattering and their possible gas
plumes are foremost distinctive proprieties that liken them to MVs.

Their easy accessibility, in comparison with deep-sea MVs, makes them
an excellent natural laboratory to study in detail the ecosystem response to
such geological phenomena. Their detailed acoustic mapping allows the
planning of a focused future sampling, aimed to the collection of valuable
geochemical, sedimentological and biological data.
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Abstract

The dynamic evolution of the Cilician-Adana salt-sediment system and structural development is affected by salt tectonism and halokinetic
regimes. Gravitationally unstable and asymmetric uneven overloading of frictional-plastic delta sediment progradation (Plio-Quaternary)
above a viscous salt substrate (Upper Messinian salt) in the basin resulted in halokinesis and delta progradation-controlled prominent
structures. Analyzing and parameterization of salt dynamics such as regional destabilization of salt, upward mass transport, dissolution,
mobilization, migration, withdrawing, evacuation of salt, emplacement mechanisms of diapir growth, delta deformation pattern in the
basin, and the resultant architecture of salt-sediment body styles are vital to understanding the history of salt structure formation, its
geodynamic effects on structural evolution of the basin. Some quantifications of the dynamics controlling viscous-plastic regime of salt
at the Cilicia back-arc region improved seismic data interpretations on basin analysis, and lead to critical research parameters among

halokinetic processes.
Keywords : Diapirs, Evaporites, Messinian, Seismics.

The dynamics of salt tectonics in the Cilicia-Adana Basin has been re-
cently investigated using seismic reflection profiling of a viscous substrate
underlying a frictional-plastic sedimentary overburden of laterally varying
thickness by ([1], [2]), geologically by [3]and seismic stratigraphically
by [4]. Seismic reflection data collected by Graham Evans during the
years of 1974-1977 and briefly reported by [2] illustrated a wide range
of halokinetic structures and their evolutionary stages such as salt pillows
and diapirs, salt dissolution structures, collapse-solution depressions, rim
synclines, peripheral sinks, mini depocenters, secondary basins driven by
salt-related thin-skinned tectonic processes.

The Cilicia Basin is tectonically unstable, due to halokinesis, back-arc
sedimentary region with considerable evaporite deposits, and hence, dy-
namic modeling of delta sedimentation above a viscous salt layer in the
basin consists of critical research parameters. Clues to the regime of
halokinetic processes are found in these measurable parameters of the
Cilicia basin. Based on a critical appraisal of the seismic survey and
dynamic geology of salt systems, some parameters are also estimated for
each of modern salt tectonic zones in the world. This work represents
only a small part of research concept within salt-sediment dynamics and
indicates the next investigations of margin tilting, basement and salt layer
geometry, sediment-salt rheology, the hydrostatic pressure in the subma-
rine environment, localized stress-strain fields, fluid overpressure within
the sediments, isostatic effects, thermo-mechanical structure, low density
mass transport, subsequent convectional properties of diapirism and evap-
orates. The conceptual and observational basics of all these important
parameters can effectively influence the stability of regional halokinetic
regime, delta overburden deformation, thus organizing a complete frame-
work of salt-sediment system dynamics in the basin as follows;

Geomechanical Analysis; basement geometry and basal slope, the Plio-
Quaternary delta overburden and upper Messinian salt layer geometry,
salt withdrawal compensation (SWC), salt-sediment overburden rheology
(friction, cohesion, strain softening etc.,).

Sedimentation and Sediment Physics; compensatory sediment loading
(CSL), differential sediment thickness, delta progradation and its defor-
mational effect on salt-sediment body architecture, the velocity and input
ratios of episodic sedimentation, mini-depocenters, and physical proper-
ties of sediments.

Chronization and Distortion in Folding Styles; syn-/diachronized folding
of salt-sediment body styles and time relationships between sediment in-
flux and the main salt stock (mother salt) as feed back process.
Thermo-mechanical and Hydrological factors; thermal evolution of
halokinetic structures, salt-pore water convectional process, deformation-
fluid flow interaction, salt upwelling rates (low density mass transport),
salt dissolution-karstification and correlative basin dating with other salt
basins and hydrocarbon maturation.

Buoyancy Factor and Deformation Styles; brittle or viscous deformation
of buoyant diapirs (the controversial problem of buoyant salt diapirism),
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viscosity contrast, differential stresses (stress state-strain rates), and creep-
ing or faulting. Buoyancy levels (positive, negative, neutral) of diapirs,
subsurface erosion and removing of topographic relief induced by diapir
swells.

Abnormal Pore Water Pressure; pore water overpressure fluctuations both
in salt deposits and also sediments, spatial and temporal variations in
fluid overpressures, the strong effect of diapirism as pressure seals (or
trap/confinement mechanism) on basinal stress, strain and strength rela-
tions and local mapping of differential high strain fields in the basin.
Hydrodynamics; high density-salinity brine pools on the sea bottom and
their residence, indicating deep water current system and saline conditions
(stagnant or unstagnant).

Regional Tectonism; superimposed and contrasting regimes of thin and
thick-skinned tectonism. Isostasy; flexural isostatic compensation (e.g.,
Adana flexural delta platform system), and rapid graben subsidence as
a regional response to extensional block faulting or vertical differential
movements in the basin. Eustasy; effects on delta sequence stratigraphy,
facies analysis and tectono-/sedimento-eustatic relations between fluctu-
ating sea level and upward diapir growth-lateral salt flow.

As petroleum exploration becomes increasingly focused on the Mediter-
ranean deepwater evaporite basins, insight into these parameters driving
salt-sediment dynamics will be useful in constraining the timing of salt
development and also the implications this has for overburden deforma-
tion, salt-sediment distribution patterns and hydrocarbon maturation.
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Abstract

The Gokova region is a part of the western Anatolia-eastern Aegean Sea area, which is under the N-S regional extensional tectonic system.
This tectonic framework of western Anatolia comprises E-W and WNW-ESE oriented grabens, associated with the regional north-south
extension of the Aegean plate. These active faults are generating numerous great earthquakes for many thousand years. Epicentral
distribution of the earthquakes extending in the Gokova region shows a relatively high seismic activity in the northern part of the Gulf.
Younger active faulting, which was never mentioned before in literature except Ulug et al. (2005), called Gokova Transfer Fault trends NE-
SW direction in the central part of the Gokova Basin and records sinistral strike-slip motion broadly parallel to the convergence direction

of the Aegean-Anatolian and African plates.
Keywords : Aegean Sea, Seismics, Tectonics.

Introduction

The Gulf of Gokova lies in a very important region by the reasons of the
seismicity and morphotectonic features in Tiirkiye (see Fig. 1). The Gulf
is located in one of the geologically most active parts of southeast Aegean
Sea - southwest Anatolia that includes the major rifts and grabens. The
Gulf of Gokova is bordered by Datga Peninsula to the south, the island of
Kos to the west and Bodrum Peninsula to the north. The Gokova region
is a part of the western Anatolia - eastern Aegean Sea area which is under
an N-S regional extensional tectonic system [2]. The imprints of this
extensional regime are clearly seen in the geology and geomorphology of
western Anatolia.

ol ® o

Fig. 1. Seismotectonic map of Gékova Region.

Results

High resolution seismic reflection data from the Gulf of Gokova (south-
east Aegean Sea) were interpreted in this study and suggested the late
Quaternary tectonic subsidence in the northeastern slope of the basinis
about 0.3-0.4 m/1000 yr and is probably related to basement graben struc-
tures [3]. The Gulf of Gokova is opened mainly by the E-W-oriented,
buried Datga Fault located at the south and its antithetic faults located
at the north. The Datca Fault might have begun to work in the Latest
Miocene-Pliocene. In terms of local rather than regional effects, its activ-
ity has been decelerated, possibly since the Pleistocene. The continuing
extension in the area may have initiated a second phase of faulting, e.g.,
WNW-ESE-oriented sub grabens in the central gulf and major WSW-ENE
normal faulting at the northwest margin.

Opverall fault pattern of Gulf of Gokova shows an important difference be-
tween the western and eastern parts of the basin. It is proposed that central
trough and a submarine canyon are the part of a probable NE directed left
lateral strike slip zone, called Gokova Transfer Fault (GTF) [3]. WNW-
ESE trending central trough and E-W directed Datca fault correspond to
an-apparent left-lateral offset of the continental slope edge. Left lateral
offset is also clearly visible in Lower Miocene rock and this is probably
the continuation of NE directed GTF on land. A recent proposal is that a
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series of earthquakes was produced by GTF zone.

This fault pattern convenient to seismic reflection profiles indicating the
major faults can explain the occurrence of great historical earthquakes
creating destruction on many ancient cities. Gokova Basin has been tec-
tonically subsiding as a result of fault shift inside this fault zone. The
seismic risk of Gokova Gulf in the northern part is higher than in the
southern part and this active basin associated with strong earthquakes may
continue producing widespread destruction and coastal subsidence.

By now, about 70 serious earthquakes in the southwestern Anatolia oc-
curred beginning at 2100 BC. Some of these earthquakes occurred between
Kos and Rhodes Islands. Likewise, earthquakes may have been respon-
sible for the final abandonment of the Cnidus city lying in a seismically
active area [1]. Over 25 earthquakes causing damage occurred in the area
between 1400 and 1990; in addition, 1493 earthquake destroyed Bodrum
town. It was assumed that earthquake activity of the Gulf of Gokova
and surrounding region occur on the E-Woriented faults. On the con-
trary, earthquake activity began at 03/04/2006 developed NE-SW oriented
Gokova Transfer Fault zone and not on the E-W direction fault system.

The continuous tectonic movement of the southeastern Aegean Sea and
its surrounding area was always important and it is necessary to keep on
research on the subject to determine characteristics of the area.
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Abstract

The efficiency of river sediments to scavenge heavy metals released from industrial waste (slag) was tested in this work. Sediments and
water were sampled from the River Defllle canal (northern France). The concentrations of Pb, Cd, Zn and Cu measured in river sediments
were 10 to few hundreds times higher than the background values. Slag particles were composed mostly of Al, Fe, Ca, Mn, Zn, Pb, Cd, Cu
and Cr and in contact with river water they released high concentrations of Pb, Cu and Cr. When sediments were added to the river water
- slag mixture, the remobilization of those metals was not so expressed. As it were, in spite of the high metal pollution level, sediments
have shown the ability to adsorb metals released from slag under the conditions provided.

Keywords : Sediments, Metals, Pollution.

Introduction

Metallurgical industries in northern France produce thousands tons of
metals yearly and consequently, large amounts of potentially dangerous
wastes. This material, improperly stored, can spread to the environment
and affect the quality of the water, soil and air, and endanger the health
of the population. In such cases, the role of sediments in removing toxic
metals from water is of great importance.

Experimental

Sediments and water used in experiments were sampled from the river
canal, about 2 km downstream from the lead and zinc smelter, and slag
was obtained from industrial waste depot. Prior to experimental work, sed-
iments were dried under laminar flow and river water was filtered through
a 0.45 p membrane. The total concentration of metals in sediments, water
and slag was measured with ICP-AES or ICP-MS.

Three sets of remobilization experiments were then performed: 40 g of (i)
sediment, (ii) slag and (iii) slag/sediment mixture was dispersed in 4 dm>
of river water. The rate of metal release was checked in different time
intervals during 48-hour experiments. For that purpose, 10 ml of suspen-
sion was taken from the bulk suspension and concentration of metals was
measured.

Results and conclusion

The total analysis of metals in sediments, water and slag revealed high
concentrations of lead, cadmium, zinc and copper. The concentrations
of Pb, Cd, Zn and Cu measured in river sediments were 300, 800, 50
and 15 times higher, respectively, than the background values (1). The
concentrations in water were also much higher than the world average (2),
while slag contained 59, 22, 0.64 and 0.005 g kg~ of Zn, Pb, Cu and Cd,
respectively.
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Fig. 1. Pb remobilization from slag, sediments and slag-sediments mix-
ture.
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The results of remobilization experiments showed that slag, in contact
with river water, released high concentrations of Pb, Zn and Cu. Com-
pared to the concentrations of metals released from slag, concentrations
desorbed from sediments were not very high. On the contrary, sediments
adsorbed some of the metals initially present in river water. When slag
and sediment were mixed together, the concentrations of metals measured
( i.e. released) were higher than those released from sediments only, but
much lower than those released from slag. The results obtained (Fig.
1.) presents the case of lead) indicated that sediments, although highly
polluted, seemed to be capable of adsorbing metals released from slag.
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Abstract

The Atlantic water circulation in the eastern Mediterranean is still debated. Using a high horizontal resolution (~5 km) numerical model,
we found that mesoscale eddies control significantly the general circulation in the basin. Two main behaviours of the Atlantic water
eastward paths in the Levantine basins are observed. One consists on a permanent alongslope current and the other one is a recurrent

mid-basin current.

Keywords : Eastern Mediterranean, lonian Sea, Levantine Basin, Mesoscale Phenomena, Circulation Models.

Introduction

In the eastern Mediterranean Sea, a large-scale cyclonic circulation [1]
was widely accepted until 1980s. Then a new circulation scheme showed
permanent features of cyclonic/anticyclonic gyres separated by the Mid-
Mediterranean Jet (MMJ) mainly carrying the Atlantic Water (AW) [2].
At the same time, Millot [3] claimed the similarity of AW pathway in
the western and the eastern Mediterranean basins. Recently, analysis of
IR-AVHRR images [4] shows a cyclonic alongslope circulation dominated
by recurrent mesoscale eddies and thus that denied the MM]J existence.
In this study, we analyse the surface circulation from a high resolution
numerical model outputs [5].
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Fig. 1. Levantine Basin 2-days mean Temperature/Velocity fields inte-
grated over the upper 50 m depth a. on October year 20 and b. on
December year 21 of MED16-07 simulation.

Results

The simulated patterns suggest that the model reproduces successfully
all the main general circulation characteristics in the eastern Mediter-
ranean basin as described in the literature. Model outputs exhibit recurrent
mesoscale eddies which propagate eastward except in the southern Ionian
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near the Libyan coasts, where they propagate westward [5]. Depending on
the position and development of these eddies, different circulation regimes
were observed. In the Levantine basin, the simulation shows a permanent
alongslope AW current. Offshore AW advection (Fig.1a) driven by the
growing of the Egyptian eddies (EEs) produces a strong jet similar to the
MMLJ, but it is not the continuity of the Atlantic Ionian Stream (AIS).
Fig.1b shows that the Ierapetra Anticyclone generates the retroflexion of
the Asia Minor Current forming a Central Levantine basin Current which
also looks like MMJ, but mainly transports the Levantine Surface Water.

Conclusion

The eddy signatures are in agreement with observations of [2] and [4] that
leads us to be confident in the model results. The model in all the cases
reproduces a permanent alongslope cyclonic current but a recurrent MMJ.
The simulated MM]J is not the continuity of the AIS and is not always
associated to the AW as proposed by the POEM group [2].
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Abstract

The three-dimensional structure of the eastern Mediterranean mesoscale eddies was studied using a combination of a high horizontal
resolution numerical model (~5 km) outputs, in-situ and satellite data. Most of these eddies show good similarity between model results
and observations. The structure, formation, development and propagation of each feature were studied separately and the results were then
compared. Westward propagation in the southern Ionian Sea and eastward propagation in the southern Levantine Basin were observed

with lifetime of more than two years.
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Introduction

The POEM program [1] was the first to highlight many stationary and
permanent mesoscale eddies in the eastern Mediterranean Sea (EMed).
Recently, the propagation of these eddies was well documented using
SST-VHRR imagery [2]. For the first time authors observe the southward
propagation of the Ierapetra eddy and the eastward propagation of eddies
in the southern Ionian Sea (S-IS) and southern Levantine Basin (S-LB).
Our analysis of a 24-year simulation [3] focuses on the mesoscale activity
in four key areas of the EMed (Pelops, Ierapetra, S-IS and S-LB) (Fig.1a,
b).

38N
36N
34N
3N |

30N

10E 12E 14E

m‘;ﬁ e

38N

26E

28E 30E 32E 34E 36E

Fig. 1. a. IS eddy trajectories: Pelops Anticyclone (PA), Libyan Eddies
(LEs), b. LB eddy trajectories: Ierapetra Anticyclone (IPA) and, Egyptian
eddies (EEs).

Results and discussion

Tonian Sea: We call the S-IB eddies (below 35°N) Libyan Eddies (LEs).
The LEs have a diameter of 75-150 km and a vertical extension of 1000
meters. Maximum swirl speeds reach ~80 cm/s and their propagation
speeds are of ~1-2 km/day. Surprisingly and contrary to what we pre-
viously believed, the LEs are generated in the south-eastern part of IS
and they propagate westward (Figl.a) [Recently observed by EGYPT
program, personal comm.]. LEs lifetime can reach 2 years [3]. Pelops An-
ticyclone (PA) displays the smallest diameter of 50-75 km and the deepest
vertical extension of 2000 m in good agreement with the literature. The
PA is generated in summer or autumn, which supports the consideration
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of wind-induced eddy. Depending on its generation position, it propagates
northward or westward and its lifetime varies from 3 to18 months.

Levantine basin: The most striking feature, which the model reproduces,
is lerapetra Anticyclone (IPA) of 75-150 km diameter and vertical exten-
sion of 1000 m. It seems to be generated by the Etesian winds in late
summer. IPA lifetime is ranged from 4 to 11 month. Its propagation paths
(Figlb) are in good agreement with SST-AVHRR observations [2]. We
call the S-LB eddies Egyptian Eddies (EEs). The EEs can reach 250 km
of diameter and swirl speeds of about 50-100 cm/s. Their vertical signa-
tures are limited to the upper 700 m depth. Tracking EEs shows eastward
propagation (Figlb) with speeds of 1-2 km/day and lifetime ranged from
few months to about one year.

Conclusion

The model resolution allowed us a detailed investigation of the mesoscale
eddies in the EMed. The eddy characteristic analysis reveals a good sim-
ilarity between the model results, the SST (AVHRR) images and in situ
measurements.
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Abstract

For the first time, a very high resolution numerical model has been used to investigate the three-dimensional structure of the hydrodynamics
of the Strait of Messina. In particular, the role of climatologic as well as anomalous stratifications in the generation and evolution of tidally

induced currents is investigated.

Keywords : Strait Of Messina, Circulation Models, Stratification, Tides.

A very high resolution, 3D numerical model based on curvilinear,
boundary-fitted coordinates is used to investigate in detail the three-
dimensional structure of the hydrodynamics in the Strait of Messina for
different climatic scenarios. Firstly, superficial as well as internal currents
are investigated and compared to observed features for a stratification
within the strait similar to that observed climatologically in the area. In
particular, the generation and propagation of tidally induced internal dis-
turbances and the vertical structure of submesoscale whirls are discussed.
Secondly, tidally induced surface and subsurface water jets are studied
for a stratification characterized by a reverse in the horizontal gradients
of temperature and salinity along the strait, which resembles an observed
anomalous stratification. The strait of Messina separates the Italian Penin-
sula from the Italian island of Sicily. It is a narrow channel (its smallest
cross-sectional area is 0.3 km?) connecting the Tyrrhenian and the Tonian
seas. In the approaches to the Strait of Messina very strong tidal phenom-
ena take place [1]. This is due to the fact that, although tidal elevations
are in general small in the Mediterranean, a very strong gradient of tidal
displacement is present along the Strait of Messina as the semidiurnal tide
north and south of it are approximately in phase opposition [1].
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Fig. 1. Model domain.

Mainly through the interaction of the predominantly semidiurnal tide with
bathymetric features within the Strait, large, sometimes jet-like distur-
bances are produced in the stratified fluid, which may evolve into trains of
southward as well as northward propagating internal solitary waves [2, 3].
There is, however, a large asymmetry between northward and southward
propagating, tidally induced disturbances, which is mainly due to the mor-
phological asymmetry of the Strait, and to the structure of the local vertical
stratification [3]. In order to investigate realistically the behavior of such
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tidally induced phenomena, we implemented a 3D numerical model. A
boundary value problem was considered for the three dimensional equa-
tions describing the dynamics of the local density field and turbulence
characteristics in curvilinear coordinates and in sigma-coordinate in the
vertical, fitted to the geometry of the Strait of Messina.

depth (m)

8- t=5TH2

Fig. 2. Evolution of the main interface for 6 selected times within a semi-
diurnal period.

The numerical method used is based on composite schemes for split
operators. The schemes allow one to control numerical viscosity and so-
lution smoothness in regions of steep gradients. The Strait of Messina is
discretized in 33x83 cells on the horizontal and 40 vertical levels. The
maximum resolution (55 m) is achieved at the Strait sill, the minimum one
(670 m) at the southern open boundary (Figure 1). The model is forced
at the two open boundaries imposing there the semidiurnal tidal displace-
ment. In Figure 2 the evolution of the main interface as a function of the
semidiurnal time is depicted for a climatologic stratification. Note that
the model is able to capture the development of hydraulic disturbances
at the Strait sill, which evolve in propagating internal waves. Associ-
ated with these disturbances are near-surface and intermediate water jets:
in particular, with the given stratification a near-surface jet is produced
which transports Tyrrhenian surface water toward the Ionian sea, and an
intermediate jet arises that transports Ionian water toward the Tyrrhenian
sea. Assuming, instead, an anomalous stratification characterized by a
near-surface reverse in the horizontal gradients of temperature and salinity
along the strait, a near-surface jet emerges thath transports Ionian water
toward the Tyrrhenian sea, whilst an intermediate jet transports Tyrrhenian
water toward the Ionian sea. This anomalous tidally induced dynamics
is characterized by features which correspond to features observed in the
strait of Messina [3] in a period characterized by a large inflow of Atlantic
Water in the southern approaches to the Strait of Messina caused by an
anomalous path of the Atlantic-Ionian Stream.
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Abstract

An investigation, including repeated CTD casts (more than 90 profiles), seasonal deployments of surface drifters (31 units) and satellite SST
images, was carried out between September 2005 and fall 2006 in the Sicily Channel. Preliminary results, particularly those concerning
the spatial and temporal variability of the AW and its dynamics, are presented.

Keywords : Temperature, Salinity, Remote Sensing, Circulation, Sicilian Channel.

Introduction

It is well known that the Sicily Channel general circulation consists of
a two layer system: the surface layer with Atlantic Water (AW) flowing
eastward into the Eastern Mediterranean basin, and the subsurface layer
of Levantine Intermediate Water (LIW) outflowing westward into the
Western Mediterranean basin. The AW circulation is characterized by a
substantial mesoscale variability [1]. Recently [2] have described quali-
tatively the general circulation of the area characterized by a main path
of the AW as Atlantic Ionian Stream (AIS) which is strongest and most
widely spread in summer. In winter this current is weaker and presents
a different meandering while on the other side of the Channel the At-
lantic Tunisian Current (ATC) becomes more energetic [3]. In general,
the ATC has not been very well studied because of the scarcity of data
in the Tunisian side. As a part of the EGYPT/EGITTO project, seasonal
experiments were carried out in the Sicily channel, and particularly in the
Tunisian side, in order to study the surface circulation features. A compar-
ison between in situ sea surface temperature (SST), satellite-derived SST
images and Lagrangian drifter trajectories between September 2005 and
October 2006 is presented.

Data and Methods

The present work is based on a total of 90 CTD casts (Fig.1), measured
with high spatial resolution during 4 cruises (November 2005, May, Au-
gust and October 2006) carried out onboard the R/v Hannibal, 31 surface
drifters equipped with a drogue centred at 15 m depth released between
Cap Bon (Tunisia) and Mazzara del Vallo (Sicily, Italy) during 5 deploy-
ment episodes (September 2005, November 2005, February 2006, May
2006 and October 2006). The timing of these deployments, from research
vessels (R/V Hannibal, R/V Urania) and ships of opportunity (Medmar
fand GNV ferries) was chosen to explore the seasonal variability of the
surface currents in the area. Daily SST composite images of the Sicily
Channel were created using AVHRR data collected by a TeraScan satellite
System located at OGS (Trieste, Italy).

o Deployemaent Location
& CTD Stations

Fig. 1. The location of CTD measurements and drifter deployments in the
Sicily Channel from September 2005 to October 2006.

Results

The distribution of temperature and salinity shows the presence of AW
close to the Tunisian coast with absolute minimum of salinity equal to
37.1. The temperature is characterized at the surface by a larger variability
due to the atmospheric forcing but we can identify the permanent presence
of cold water at 150 m depth (Fig.2) close to the Tunisian slope [4], which
is the signature of the Winter Intermediate Water (WIW) identified by [5].
The comparison between the spatial distributions of temperature, salinity
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and density in 50 m depth obtained in August and October 2006 shows a
strong north-south gradient, which confirms that the AW features change
greatly all along the Tunisian coast and between the seasons. The analysis
of hydrographic data, satellite SST, and Lagrangian drifter trajectories
between September 2005 and October 2006 shows that the surface cir-
culation in the Sicily Channel is under the influence of strong variability,
and that the path of the AW current follows several cyclonic structures.
Indeed, the instability of the surface current at the entrance of the Sicily
Channel is confirmed. The AW path presents different scenarios. This
variability is not only explained in terms of the atmospheric forcing and
the complexity of the bathymetry, but also by the path of the LIW. Indeed
we were able to demonstrate interference between the two water masses,
very influenced by wind forcing in this area [6]. This preliminary analysis
of combined data confirms the existence of the ATC flowing along the
Tunisian coast, and shows a change in its hydrological characteristic along
the coast.

Putirial Temp e "C)

Fig. 2. 6-S diagram from the August 2006 hydrographic data.
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Abstract

We are presenting a study of the interannual variability of the oceanic winter convection in the Gulf of Lion in the western Mediterranean
Sea with a high resolution oceanic numerical model (5 km) forced by ECMWF analysis (50 km). The experiment concerns the period
1998-2007. The results were compared to recent climatology based on observations. Time and space variability have been quantified in

relation with the local atmospheric forcing.
Keywords : Gulf Of Lions, Water Convection.

Introduction

In the western Mediterranean Sea, the Western Mediterranean Deep Water
(WMDW) forms in the Gulf of Lion in winter. Using a high resolution
numerical Mediterranean model [1] forced by ECMWEF analysis (50 km),
the interannual variability of the convection was studied from 1998 to
2007. The convection occurs in the region centered on 42°N and 5°E in
agreement with the observations [2]. The three phases described in [3] for
the deep water formation processes are well noticed in the experiment:

- the doming structure and an initial cooling of the surface waters down to
200 m in fall,

- another cooling of surface waters down to the upper part of the Levan-
tine Intermediate Waters at 400-500 m at the beginning of winter, which is
followed by a violent mixing down to deep layers at the end of February
or at the beginning of March and that is represented by several chimneys
whose diameter is of several kilometers,

- the restratification starting at the beginning or middle of March.

The WMDW temperature is generally higher by 0.1-0.2°C in our experi-
ment than in the literature based on observations [2, 3]. Timeseries of the
maximum depth reached by the convection illustrate the high interannual
variability in the model with values ranging between 600 m and 1300 m.

Winter convection

For each winter, maps representing the area where the vertical mixing has
been at least once deeper than 450 m, have been displayed. The results
are in good agreement with those reported in [4] from data analysis. The
mean spatial coverage of this area ranges between S g1, =4,000 km?2 and
Sdeptn=21,000 kmZin good agreement with the observations reported in
[4]. Time-series of the area where the vertical mixing was deeper than
450 m during each 5-day interval (inside each S ¢4 ) were calculated to
characterize the intermittency of the preconditioned and deep convection
processes during each winter. The results show two different regimes
corresponding to:

- Regime 1: only one convective event with a large spatial coverage (75%
of Sgeptn) and a short duration (20 days to one month) -which was the
case in winters 1999 and 2003 -,

- Regime 2: several convective events with a lower spatial coverage (25%
of Sgeptrn) but occurring successively during a longer period (2 to 3
months) - which was the case in winter 2000-.

Then we have correlated the 5-day mean spatial coverage to the 5-day
mean atmospheric forcing for each winter. It appears that regime 1 seems
to be triggered by local heat loss larger than 750 Wm™—2 associated with
strong winds, while regime 2 is triggered by local heat loss of the order of
400 Wm ™2 associated with moderate winds.

Conclusions

According to this numerical study, the strong mixing phase of the con-
vection during winter depends on several regimes mainly triggered by the
local atmospheric forcing. We present the results for the1998-2007 period,
the later three years being rich in in situ measurements, which helps the
model validation.
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Abstract

During the EGYPT-1 campaign in April 2006, two mesoscale eddies, a Libyan eddy and the Ierapetra 2005, have been sampled in detail
mainly with CTD casts. The goal of this study is to compare these hydrographic measurements with results of two simulations done
with high resolution models developed in the framework of the Mercator project. Focus is on the generation, the vertical water mass

distribution, and the drift of these eddies.
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Introduction

During the EGYPT-1 campaign in April 2006, two mesoscale eddies have
been sampled by CTD casts (~ 10 km apart): (1) a Libyan eddy (LE)
included in a transect from the Libyan to the Cretan shelves and (2) the
Ierapetra remaining from the summer 2005 (I-2005). Two simulations are
compared with in situ measurements. One simulation was done with the
operational Mercator model running with assimilation [www.mercator-
ocean.fr] and another simulation was done with a similar model running
without data assimilation [1]. A preliminary comparison of the general
circulation in April 2006 is made. And then the characteristics of the
observed and modelled eddies are investigated.

Observations versus models

As observed in situ in April 2006, the surface layer of the sampled LE is
mainly composed of recent Atlantic Water (AW) that has been transported
along-slope there from the West. Recent AW signature with a different
origin than those of the sampled LE, was not observed on the section from
the Libyan to Cretan shelves, highlighting thus the absence of the Mid
Mediterranean Jet (MMJ). The sampled LE had a large signature at depth
(>1000 m), a diameter of about 100 km and it was centred near 33.5°N-
23.5°E. Simulations show LE with a vertical distribution of water masses
in agreement with in situ data. But in April 2006, modelled LE was not at
the position of the observed LE. The observed LE was later tracked during
its westward drift at least from April to October 2006. Such a long west-
ward drift for LEs had not been observed yet. But according to a recent
modelling work [2], LEs could be generated in the south-eastern part of
the Ionian basin near 19°E-21°E and could propagate westwards along
the 1000-2000 m isobaths with a speed of ~ 1-2km/day and a lifetime
ranging from few months to more than 2 years.

According to measurements, the I-2005 had a diameter of 150 km and a
vertical extent larger than 1000 m. It was centred near 33.5°N-26°E that
is well south of its summer position. It finally merged with the I-2006
being created in early summer. This behaviour was already observed [3]
but was not so well reproduced by the simulations [2].

Conclusion

This study of the circulation and the hydrology of the southern Ionian and
Cretan basins in 2006 helps validating models. These first results assist
the circulation schemes provided by models and observations that show a
circulation along the slope, and the absence of MM1J.
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Abstract

Data driven simulations in the Cilician Basin based upon observations during May-August 2005 and a coupled 3-d physical model have
been carried out. The circulation features of the Cilician Basin and connected bays were investigated. Circulation features of the region
are complex with elements of sub-basin scale gyres, meso-scale eddies and jets. Quantitative and qualitative comparisons of the model

fields with ADCP measured currents are given.
Keywords : Circulation, Circulation Models, Levantine Basin.

The Cilician Basin coastal system occupies the northeastern part of the
eastern Mediterranean Levantine Basin between Cyprus and Turkey. The
system includes the wide continental shelf of the Mersin and Iskenderun
Bays.

Three oceanographic surveys with mesoscale grid resolution were con-
ducted in the Cilician Basin during May-August 2005 to investigate the
circulation features of the basin. The data set collected during the cruise
consists of temperature and salinity profiles at stations and ADCP mea-
sured currents throughout the cruises.

Data driven simulations in the Cilician Basin based upon above observa-
tions and coupled 3-d physical and biochemical models have been carried
out to understand the dynamics of the circulation in the region. The model
was initialized with the data obtained during May 18-26, 2005 and run till
August. The data obtained during summer cruises were assimilated into
the model.

The physical dynamical model employed here is the 4-d primitive equa-
tion (PE) model of Harvard Ocean Prediction System, which is based on
the GFDL integration algorithm. The model grid covers the entire Cili-
cian Basin at a resolution of 3 km with 25 terrain-following levels in the
vertical.
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Fig. 1. Model initialization

A cyclonic circulation in the Eastern Mediterranean has long been pro-
posed as the dominant mean current system. Accordingly, the steady
surface current follows the coast of Israel, Lebanon and Syria and turns
west to follow along the southern Turkish coast.

While mean currents appear to have a relatively simple pattern, the ac-
tual time-dependent currents in any part of the eastern Mediterranean are
far more complex, and this complex pattern is impressed on the coastal
regions. The current systems with elements of sub-basin scale gyres,
meso-scale eddies, jets and oscillatory features have a determining role in
the transport of materials in the sea. The shallow and wide shelf region
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adjacent to the Gulf of Iskenderun implies local characteristics of currents,
and mixing and exchange mechanisms of the Gulf waters, which impact
its biochemical structure and variability.

ADCP measurements carried out during the cruises indicate the existence
of a jet with 60 cm/s velocities with the core located at the 200 m depth
contour in the Mersin Bay. This jet separates coastal and open sea waters
and its spatial variability affects the replenishment of the coastal waters of
the Mersin Bay. The model simulated circulation features are consistent
with ADCP measured currents both quantitatively and qualitatively.

The interactions between northeastern Mediterranean shelf area and the
open waters drive the circulation within the Iskenderun Bay. The strong
local wind in Iskenderun region is also effective on the short term variabil-
ity of the Iskenderun Bay circulation.
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Abstract

During both a winter and summer period of 2006, SEPTR moorings were used for real-time monitoring of velocity, temperature, salinity,
waves, and optics in a dynamic frontal zone of the central Adriatic Sea. From the trawl-resistant barnacle like shaped SEPTR housings,
velocities were measured acoustically. Other water column parameters were measured four times a day through a CTD profiler that was
released to the surface and winched back into the protective mooring housing. Thus all variables of dynamic significance were monitored

synoptically across a heavily fished coastal frontal zone.
Keywords : Fronts, Adriatic Sea, Instruments And Techniques.

A Cooperative Agreement was established between the NATO Under-
sea Research Centre (NURC) and the U.S. Naval Research Laboratory
(NRL) to establish the feasibility of carrying out real-time environmental
assessments over longer time periods in shallow seas where commer-
cial fishing is often intense. The work under this agreement built upon
NRL/NURC past success of improving trawl-resistant bottom mounts for
Acoustic Doppler Current Profilers (ADCP) [1] and NURC work on pro-
totype systems for bottom-mounted profiling systems [2]. The result was
five production units of Shallow water Environmental Profiler in Trawl-
resistant Real-time configuration moorings (SEPTRs) that were tested
and used during the winter and summer experiments of the Dynamics
of the Adriatic in Real-Time (DART) international collaborative project.
The moorings were used to study the frontal dynamics of the Western
Adriatic Current (WAC) in the Gulf of Manfredonia area of the Adriatic
Sea. Throughout three cruises, the moorings measured profiles of velocity,
temperature, salinity, chlorophyll concentration, and backscattering at two
wavelengths. The velocity profiles were acoustically measured every 15
minutes while other parameters were measured every six hours during
CTD casts taken by a profiler that was released in the water column and
winched back into the protective mooring housing after the brief mea-
surement period. During these casts, an option was sometimes used to
pause near the surface and also measure the surface wave spectrum and
significant wave height. When at the surface, the profilers attempted to
send all data back to a land-station via the Global-Star satellite system.
During the summer cruises of DART, three SEPTRs deployed across the
WAC demonstrated the importance of synoptically measuring both the
thermohaline and velocity structure to gain understanding of frontal dy-
namics.
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Fig. 1. Temperature and velocity measurements for 18-August 2006 from
three SEPTRs deployed across the WAC. White arrows indicate 6-hour
averages of ADCP measured velocities where upward is flow into the
page, downward is flow out of the page, and horizontal is along-section
flow. Shading indicates the profiler measured temperatures.

Figure 1 shows an example of SEPTR measured dynamic variables for a
particular day. The profilers measured a relatively simple, but strong and
consistent offshore rise in thermocline depth during this time. However,
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the measured velocities reveal multi-level structures with significant time
dependence (tidal and inertial) and an interesting upper-layer flow at the
inshore mooring directed along the section towards the oscillating WAC
flow seen further offshore. Further analysis will be done using these di-
rect measurements to understand the relative importance of geostrophic,
advective, and other forces in determining the WAC frontal structure.
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Abstract

MedCLIVAR is an international programme which aims at coordinating and promoting the study of the Mediterranean climate. Med-
CLIVAR’s scientific priorities are: description of climate past evolution, assessment of climate variability, understanding the mechanisms
responsible for it, identifying trends and providing climate prediction in relation to future emission scenarios.

Keywords : Global Change, Models, Circulation, Air-sea Interactions, Paleoceanography.

The Mediterranean climate is characterized by the Mediterranean Sea,
which represents a relatively large mass of water, and its peculiar geo-
graphical location: at mid latitude, on the west side of a large continental
area, surrounded by three continents with high mountains ridges, and
with a restricted exchange with the Atlantic ocean. In general the climate
exhibits hot and dry summers, and mild and rainy winter seasons. How-
ever, within such a small spatial scale there are large climate contrasts
as the area includes Alpin regions in the north, with permanent glaciers
and relatively high precipitation rates, and subtropical semiarid regions
in the south where the extended Atlas mountains ridge also play a major
role. Moreover the Mediterranean is a transition zone between midlatitude
climate regimes, located at the border of the midlatitude storm track, and
the tropical climate, located under the descending branch of the Hadley
cell [1].

FPr, A2 (2071-2100) - Rel (1961-1390). OF

Fr. A2 (3071-2108) = Ref {1981-1400). MAM

Fig. 1. Multi Global Model Ensemble average change in precipitation for
the four seasons, 2071-2100 minus 1961-1990, A2 scenario. Units are
% of 1961-1990 value. DIJF is December-January-February, MAM is
March-April-May, JJA is June-July-August, SON is September-October-
November (Courtesy of F.Giorgi)

These characteristics make the Mediterranean region potentially very sen-
sitive to climate change. Indeed, simulations of future climate scenarios
tend to agree that a higher emission level could produce a temperature
increase larger than the global average value, further reduce summer pre-
cipitations and increase the interannual variability of both temperature
and precipitation. Progress in understanding of the Mediterranean climate
has important environmental, societal and economical implications. The
Mediterranean region is characterized by large cultural, economical, po-
litical, demographic gradients in a situation already under environmental
stress (heat waves, highly variable precipitation, limited water resources,
drought, floods), where lack of readiness and adequate adaptation strate-
gies could result in critical situations, in particular in connection with
the occurrence of extremes and inadequate evaluation of climate change
impacts [2].

The European Science Fundation MedCLIVAR Programme aims at as-
sisting scientists in developing coordinated research projects; favouring
the exchange of information and expertise; establishing a network of Eu-
ropean, Middle-East and North African institutes and scientists actively
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involved in regional climate studies; providing a source of information to
assist governments and local authorities in decision-making; and provid-
ing material and documentation to the public to inform them on climate
issues. The ESF MedCLIVAR will pursue these goals through:

- Annual workshops
- Summer schools

- Exchange grants, to offer MedCLIVAR scientists the opportunity to
spend up to 5 months in a host institution to exchange information, share
data and develop common work on the Mediterranean climate.

For the latest information on this Research Networking Programme,
consult the MedCLIVAR websites:  www.esf.org/medclivar and
www.medclivar.eu
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Abstract

The dynamical characteristics of the deep currents flowing over the KM4 site (36° 30°N; 15°50°E) measured, from July 2001 to March
2003, through two Aanderaa RCM 7-8 current meters set at 2700 m and 3050 m depth (230 m from the bottom) are here investigated. The
presence of 8 large scale slow barotropic vortices, clockwise rotating, is discussed.

Keywords : Abyssal, lonian Sea, Currents.

From the year 1999, within the NEMO project, a current meter chain has
been deployed at the KM4 site (at 36°30’N; 15°50’E, Ionian sea, Central
Mediterranean Sea, Fig 1) about 130 km south-east of Cape Passero, the
meridional tip of the Island of Sicily. This site is on a rather flat plane
3280 m deep, at 50 km from the oriental Sicilian sharp shelf break. The
velocity, temperature and density outputs from two Aanderaa RCM 7-8
current meters, set at 2700 m and 3050 m depth (the latter at ~ 230
m from the sea-bottom) have been analysed. The characteristics of the
KM4 site are: i) the mean measured salinities are consistent with those
of the Aegean water; ii) the deep sea current is mainly "barotropic”, with
an average current of ~ 1.89 cm/s towards north-north-west; iii) strong
inertial and tidal signals are present; iv) the baroclinic signal is concen-
trated around the inertial range. Its energies are ~ 5 % of those of the
"barotropic” velocities; v) 9 mesoscale large signals, crossing the site dur-
ing the measurements period, have been detected. Among them, one is
a crossing front and 8 are large scale clockwise rotating vortices (Fig.2).
Their crossing-time 10<7'<30 days and their chord (diameter, if the center
of the vortex crossed the current meter chain) 20<D<45 km can be esti-
mated: the crossing times of maxima velocities of these vortices is ~ T/2.
But other smaller signals appear as vortices sideways crossing the KM4
site.

Fig. 1. Geographical position of the KM4 moorings and time-averaged
vectors for both depths

From the termohaline characteristics of the water column we estimate the
internal Rossby radius R ~ 7 km, the Rossby number ~ 3 x 10™2, the
Burger number ~ 0.4-0.7, the Briint-Vaisala frequency ~ 3x1073s1,
the Richardson number Ri ~ 60. In synthesis the abyssal KM4 flow is
geostrophic, there is no evidence of turbulence, and L is about 3/2 the
Rossby radius of deformation. A spectral and a rotary analyses show three
"barotropic" kinetic energy peaks at periods of ~ 19.8 + 2 days, 15.2 &
1 days, and ~ 29.5 + 4 days. Over the entire spectral band, as that of the
mesoscale vortices, the rotary coefficient is always large and <0, so the
idea of persistent clockwise motion of these vortices is supported. The
possible dynamic origin of the mesoscale vortices has been investigated,
as due to: a) a local wind blowing over the site; b) a basin resonance
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with the wind, c) a ’cyclogenesis’ process [1, 2] generated along the dense
current down-flow, after the dense Aegean water crosses the Antikithira
strait and enters in the Ionian Sea [3]. Against hypotheses a) and b) there
are the lack of anticlockwise vortices and the positive rotary coefficient of
the winds at the peaks frequency range. The last hypothesis c) appears to
be the most reliable at the moment. At the light of these partial considera-
tions, only further measurements can verify these hypotheses.
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Fig. 2. Stick diagram of the "barotropic" low-pass filtered current in the
half-month running average frame

References

1 - Condie S.A.,1995. Descent of dense water masses along continental
slopes. J. Mar. Res., 53: 897-928.

2 - Lane-Serff G.F. and Baines P.G., 2000. Eddy formation by overflows
in stratified water. J. Phys. Oceanogr., 30: 327-337.

3 - Lascaratos A., Roether W., Nittis K. and Klein B., 1999. Recent
changes in deep water formation and spreading in the eastern Mediter-
ranean sea: a review. Prog. Oceanogr., 44: 5-36.

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

DENSE WATER SINKING IN THE BARI CANYON (SOUTHERN ADRIATIC SEA)
V. Cardin ! *, M. Turchetto 2, A. Boldrin 2, M. Gad&ié¢ 1, S. Miserocchi 3, L. Langone 3
! Istituto Nazionale di Oceanografia e di Geofisica Sperimentale - OGS, Borgo Grotta Gigante 42/c, 34010 Sgonico (Trieste), Italy -
vcardin @inogs.it
2 ISMAR-CNR, Sede di Venezia, Castello 1364/A, 30122 Venice, Italy
3 ISMAR-CNR, Sede di Bologna, Via Gobetti 101, 40129 Bologna, Italy

Abstract

In order to study the role of the Bari canyon system as pathway for sediment and water coming from the Northern Adriatic, three moorings
consisting of sediment traps and current meters, were deployed near the bottom, at 600 m depth, for one year. Two moorings were deployed
within the canyon (B and C) and one on the adjacent open slope (A). Principal Component Analysis (PCA) on current data indicates that
for moorings A and C the major variance occurs in the along- and the across-slope (along canyon axis) direction, respectively; while for
mooring B the variance was almost equally between both components. A very good correlation between the major variance component
and temperature was found showing 3-day and 10-day fluctuations mainly during the convection and spreading phase.

Keywords : Adriatic Sea, Continental Slope, Currents, Sediment Transport.

The Bari canyon is a morphological structure that incises the western
Adriatic shelf in the southern basin, 600 km away from the main fresh-
water input to the Adriatic. It is generally assumed to play an important
role in dense water sinking [1] and sediment transfer to the deep Southern
Adriatic basin, although no direct observations are presently available to
explain water dynamics and sediment transport associated with the canyon
system. In order to study the water characteristics, dynamics, and vertical
particle fluxes within the Bari canyon, three mooring lines equipped with
sediment traps, current meters and temperature recorders were deployed
near the bottom for one year (March 2004 - March 2005). One mooring
(A) was deployed as reference on the open slope ~10 km north of the
canyon, the other two were deployed within the canyon (B in the northern
branch and C in the southern branch), at a distance of 4.3 km from each
other (Figure 1).
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Fig. 1. Detailed multibeam (MB) bathymetry of the Bari canyon, mooring
locations and main current directions

From the Principal Component Analysis (PCA) of the current components
it resulted that at mooring A 89% of the variance is associated with the
along-slope component with an average direction of ~145°, and in moor-
ing C to the across-slope component, with a prevalent direction of ~80°,
along the axis of the southern branch of the canyon. Differently, currents
at mooring B showed two main directions: one southward, parallel to
the isobaths (~170°), and the other along the canyon axis (~110°) with
the variance divided in 60% and 40%, respectively. Velocity components
(higher than 15 cm s~ 1) indicate that those along the canyon axis occur
only during the mixing and convection period associated with a temper-
ature of 13.1°C, while those southward were measured during the whole
year with a mean temperature of 13.5°C. Vertical particle fluxes collected
inside the canyon were higher than those of the open slope, and peak val-
ues were recorded in correspondence to temperature minima. Time series
of current and temperature were smoothed by applying a 25-hour low-pass
filter and correlated with the temperature measured at each site (Figure 2).
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Fig. 2. Monthly moving correlation between a) along-slope current com-
ponent and potential temperature, b) across-slope (down canyon axis)
current and potential temperature in the three mooring sites

The highest correlation (r? =-0.60) was found during the late winter-early
spring (post-convection) period for the along-slope component in mooring
A, in contrast to what was found in mooring B and C, where the highest
values were found for the across-slope component showing a 3-day fluc-
tuation frequency. This fluctuation was confirmed by a spectral analysis
of the raw data of the same period, which showed also high energy in the
10-day oscillation. All observations in the Bari canyon system are consis-
tent with the presence of a vein of North Adriatic Dense Water (NAdADW)
flowing southward, intermittently, along the Adriatic shelf and sinking in
the southern Adriatic basin, both along the open slope and, in an enhanced
way, through the Bari canyon.
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Abstract

The main elements of the Mediterranean Operational Oceanography Network-MOON forecasting system were implemented as part of
several EU projects and national funding. MOON was established in 2005 for the further development of ocean forecast products in the
basin, and represents the EuroGOOS system in the Mediterranean Sea. The MOON observations, forecasts, and analyses are available in
real time on the MOON web site: (www.moon-oceanforecasting.eu). MOON is producing a monthly bulletin that contains the observation
collected in previous month, the air-sea fluxes, the anomalies and the climatic indices computed by the modelling system. On the basis of
this product MOON community is developing a customized monthly bulletin of the ocean state together with UNEP/MAP in support of

state of marine environment assesment.

Keywords : Circulation, Temperature, Salinity, Eutrophication, Ocean Colours.

MOON is based upon the demonstration of the real time functioning
of an integrated system composed of: a) the Near Real Time Observ-
ing system; b) a numerical forecasting system at basin scale and for
sub-regional and shelf areas; c) a product dissemination/exploitation
system. The latest updates of the system considers a model at 6.5 km
horizontal resolution, daily 10 days forecasts, weekly analyses with
assimilation of all available data, both from 2 satellites (SST, SLA)
and in situ (XBT, ARGO). Sub-regional (ADRICOSM-Adriatic Sea,
ALERMO-Levantine and Aegean, ESEOO-West Mediterranean, NW-
MED-West Mediterranean, POSEIDON-Aegean Sea, Sicily Channel) and
coastal forecasts (CYCOFOS-East Levantine, Gulf of Lyon, Israel coasts,
ROSARIO_Malta Shelf) up to 2-1 km resolution, in several open ocean
and shelf areas are produced as part of MOON.

The MOON observations and the forecast and analysis data are available
in real time on the MOON web site: (www.moon-oceanforecasting.eu).
The user community is composed of governmental and military agencies,
environmental protection agencies, research institutes, and private compa-
nies. MOON has developed and is implementing biogeochemical models
coupled to the forecasting system for future predictions of algal blooms in
different shelf areas. End-users applications involve oil spill forecasting,
real time observing and modelling system for commercial species fish
management.

The MOON Marine Core Services derived by the observing system com-
ponents and running operationally progressively since summer 2004 are:
1) a SOOP-VOS system composed of 9 tracks with 12 nautical miles’
resolution and full profile transmission [2]; 2) an altimeter RT data analy-
sis system using four available altimeter sensors for sea surface elevation
anomalies, RT analysis of AVHRR with the production of daily SST fields
and RT Scatterometer wind analyses blended with NWP products; 3) 23
MedARGO floats deployed at 350 m parking depth, 700 m profiles and
5 days cycle (every 5 cycles a 2000 m profile is collected); 5) a moored
buoy network (M3A) (E1-M3A and POSEIDON network in the south
Aegean Sea, W1-M3A in the Ligurian Sea, Cyprus Buoy in the Levantine,
W2-M3A in the Catalan Shelf and ESEOO buoys network in the Spanish
coast). The RT data dissemination network works properly on a daily time
scale.

The MOON MCS derived by the forecasting system component are com-
posed of:

1) 10-day basin scale forecasts done with an OGCM at 6.5 km resolution
and 71 levels. The forecasts is produced in real time on daily basis [1]

3) 5-days regional forecasts at 3 km resolution in 6 sub-regions nested in
the basin scale model: Western Mediterranean (ESEOO), North-Western
Mediterranean, Sicilian Strait, Adriatic Sea (ADRICOSM), Aegean Sea
(POSEIDON) and Levantine-Aegean Sea (ALERMO). 5-days shelf (1,5
km resolution) forecasts nested in the sub-regional models (Gulf of Lion,
Malta Shelf (ROSARIO), Cyprus Coastal Ocean Model (CYCOFOS),
Southern Eastern Levantine Shelf). In additino the ESEOO Sea level fore-
casting system (Nivmar) is available

4) operational weather LAM forecast at 10 km resolution used to force the
sub-regional nested models (SKIRON);

5) three-dimensional ecosystem model composed of a general Biochemi-
cal Flux Model-BFM coupled to the Adriatic Sea, Eastern Levantine and
Aegean Sea , and Mediterranean Sea models. The BFM is a new code for
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open ocean and coastal biochemistry based upon a biomass and functional
group representation of the marine food web;

The MOON Marine Downstream Services consist of end-user applica-
tions such as the oil spill drift model CYCOFOS, the Fishery Observing
System - FOS for fish catches observation in support of sustainable fish-
ery management and the User Visualization Tools for MCS model output
visualization and for particles drifting to be used for Search and Rescue
operation and for oil spill drift forecasting.

In addition MOON, on the basis of the above mentioned Marine Core
Services, is producing a monthly bulletin that contains the observation
collected in previous month, the air-sea fluxes, the anomalies and the
climatic indices computed by the modelling system. On the basis of this
product MOON community is developing a customized monthly bulletin
of the ocean state together with UNEP/MAP in support of state of ma-
rine environment assesment. This customized bulletin is actually under
development for UNEP/MAP and will contain the observing system data
for the previous month, including chlorophyll data from MODIS satellite,
True color data for dust event detection and CASE I/CASE II waters eval-
uation), maps of the mean ocean circulation, dedicated, high resolution,
data for pilot areas where Eutrophication is under evaluation, and ocean
state indicators such as: Sea Level fluctuation in different sub-portions of
the basin; Upwelling indexes for relevant sites in the Mediterranean Sea;
Eutrophication and Anoxia indexes; Anomaly fields correlated with NAO;
Flushing rates/residence time Ocean heat storage.
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Abstract

In recent years many Mediterranean ecosystem models have been published, but they were basically local of process-oriented. Now the
Mediterranean modelling community is moving towards more challenging goals that both science and society are asking for. The new
frontiers for ecosystem modelling set by operational oceanography include short term forecast and long term simulations. An overview
of state-of -the-art and future perspectives on these fields is presented in the light of ongoing projects and strategic guidelines for marine

research.
Keywords : Models, Food Webs.

Mediterranean Sea is an ideal basin to implement (and to challenge)
pelagic ecosystem models because of its physiography, the presence of
key oceanic processes, the variety of habitats and living communities.
In the past, a number of articles on Mediterranean ecosystem models
have been published but they used largely one-dimensional, sub-regional
or process- oriented models. Now the Mediterranean community seems
ready to respond to the request of environmental information for pol-
icy makers, the monitoring and prediction of environmental and climate
changes.

In operational oceanography, GMES (Global Monitoring for Environ-
ment and Security), a partnership of the European Commission and the
European Space Agency, asks for the demonstration of short term fore-
cast of marine ecosystems to monitoring the environment, preventing
and managing natural or industrial catastrophes. EU-funded Integrated
Projects MFS (Mediterranean Forecasting System) and now MERSEA
(http://www.mersea.eu.org/ ) and ECOOP develop and coordinate a sus-
tainable pan-European system that include the prediction of biogeochem-
ical and ecosystem parameters for some European regional seas including
the Mediterranean. This philosophy include a nesting strategy in order
to downscale the resolution and biological detail in selected coastal ar-
eas where the major practical applications are present. In this context,
a demonstration of short term forecast is going to be produced using an
innovative off-line coupling between INGV OPA 16° resolution opera-
tional forecasting system for Med Sea (http://www.bo.ingv.it/mfs/) and
OGS/OPA transport module embedding the Biogeochemical Flux Model
(http://www.bo.ingv.it/bfm/) [1]. This approach exploits the benefits of
state-of-the-art dynamical prognosis including extensive data assimilation
up-scaled to lower horizontal spatial resolution (1/16° to 1/8°) to keep
off-line dynamics files and computational load at affordable level for the
forecast. The OGS/OPA transport model does not include at the moment
any direct data assimilation techniques already applied in experimental
way in some Mediterranean simulations [2, 3]. Instead, the spatial es-
timates for the diffusive absorption coefficient obtained from SeaWiFS
490nm band is going to be implemented.

Further developments in data assimilation for biological variables are ex-
pected in the near future and will be the basis for a better integration and
exploitation of the information coming from satellite sensors in the visible
band.

Since large part of biogeochemical modules presently are run in data-
free conditions, they have the potential to be applied also in a long term
integration for hindcasting and for scenario analyses under different forc-
ing and anthropic pressure. SESAME, an EU FP VI co-financed project
started in November 2006, has as general scientific objective to assess and
predict changes in Mediterranean ecosystem through extensive usage of
mathematical modelling in order to provide ecosystem key variables for
the assessment of climatic impact on key goods and services provided by
the Mediterranean. The proposed numerical design includes again decadal
hindcasts and scenarios for the whole Mediterranean using similar numer-
ical tools as those used for the short term forecasts, or set up during MFS
in a nesting structure. IPCC scenario A1B will be used for testing the
biogeochemical cycles modifications with full 3D biogeochemical models
with different resolution, physical modules and domains. The improve-
ment in model complexity and parametrization will be beneficial also for
the short term forecast applications.
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Regarding the assessment of the predicting capabilities, even the most
advanced biogeochemical forcasting systems have often low skill score.
Ecosystem models are still in their infancy and their uncertainties are
higher than physical variables and care must be taken not to release prod-
ucts prematurely, before full confidence can be stated.
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Abstract

Tide gauge records from different harbours in the Strait of Gibraltar area show events of short period oscillations (SPOs), with periods
ranging from some minutes to tens of minutes, that persist from several hours to one-two days. The numerical model developed to
investigate these oscillations shows that they correspond with harbour resonances, which are excited by the normal modes of the Strait of

Gibraltar (regional domain): coupled model of normal modes.

Keywords : Air-sea Interactions, Coastal Models, Strait Of Gibraltar, Sea Level, Waves.

The exchange of Mediterranean and Atlantic waters through the Strait of
Gibraltar is a complex phenomenon which responds to physical forcing of
different temporal and spatial scales [1]. The shortest time-scale actually
found in the Strait of Gibraltar corresponds to the SPOs (Short Period Os-
cillations), of few minutes of period, and that are known to affect the sea
level within the harbours in the Strait area (see tide gauge record at Fig-
ure 1). They are an interesting and striking phenomenon by themselves,
despite the fact that observations do not support any dynamical relation of
the short period oscillations with the water exchange in the Strait.

The amplitude of these SPOs ranges from 1 cm to 10 cm, that is, they are
one or two order of magnitude below the predominant tidal signal (around
0.5 m). It is also noticeable that the SPOs are more frequently observed in
summer, pointing to a certain seasonal variability. Spectral analysis show
relevant peaks between 7 and 30 minutes, and highlight a clear relation
between the geographical location and the typical excited frequencies in
a set of 4 bands, named here as A (~7-8 min, typical of Tarifa harbour),
B (~11-14 min, Algeciras and Ceuta), C (~17-21 min, Algeciras), and D
(~23-27 min, less clear than the rest) bands.

Fig. 1. Upper plot: tide gauge record in Tarifa from 21 to 31 of May, 1999.
SPOs of large amplitude are present the 30 and 31 of May although they
are observed from 25 of May. Lower panel shows the tide gauge record in
Algeciras from 11 to 30 of June, 1999. The thick line remarks the obser-
vations on June 28, when SPOs of considerable amplitude were registered.

The selective frequency response at the different harbours, suggest that
observed SPOs are a very local phenomenon, basically an excitation of the
normal modes of the different harbours. The resonant modes have been
calculated using a model that solves the two-dimensional periodic linear
barotropic equations of continuity and moment (depth averaged-shallow
water equations), without friction nor rotation [2, 3]. Boundary conditions
are: 1) no flow in the solid boundary, 2) no oscillation in the harbour’s
mouth (open boundary) [4]. The proposed harbour resonance explanation
for the SPOs is quite satisfactory for the A frequency band at Tarifa and
the B band at Ceuta and Algeciras. However, C and D band at Algeciras,
are not properly modelled.

Despite the fact of a different frequency response at Tarifa than at the other
two ports, we have found that the SPOs appear often simultaneously at the
three ports. A straightforward calculation shows that half-wave stationary
oscillations between North and South coasts (L~15km) would produce
SPOs of O(10min) for a bottom depth of H~400m, in the same range that
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the observed and modeled SPOs. The most probable mechanism would
be some type of atmospheric disturbances that would excite sea level os-
cillations (at least) all over the Strait (at regional scale), which themselves
would produce sea level co-oscillations within the harbours whenever the
fundamental periods of both systems match (resonant mechanism).

The possible normal modes of oscillation in the regional domain have
been constructed applying the former barotropic port’s model to the ge-
ometry of the Strait with opened contours located at different distances
[5]. The model found a set of normal modes: the higher periods ones
(T>18min) fit with observed modes of the bay of Algeciras (generating
SPOs in the bands C and D) whereas the lower periods (<14min) fit with
normal oscillations modes of the Strait. These, in turn, are subdivided in
normal oscillations of the broadest Eastern part (T>10min) and normal os-
cillations of the section of minimal width (T<10min), just in the frequency
range capable to excite harbours SPOs at B and A bands, respectively.

The similar frequency ranges of the regional and local normal modes is
the key factor in the process. A coupled model of regional SPOs-port res-
onances produces a profit that depends on model’s friction. For reasonable
values, the amplification factor ranges between 5 and 10. This is sufficient
to justify the observations if the regional SPOs are O(lcm), which only
happens if these in turn are generated by periodic pressure disturbances
or synthetic atmospheric disturbances with energetic content in the high
frequency.
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Abstract

A verification of the EBU-POM coupled model forecast is done by using satellite observations of SST (Aqua Modis) and surface winds
(QuikSCAT) over the Adriatic Sea. The verification is done over a period of 17 days during which a strong Bora event occurred for several
days. The idea was to test the model capabilities to perform simulation of such an extreme event as a Bora wind. This can be also an
indirect test for atmospheric turbulent fluxes parameterizations which are one of the crucial components in the air-sea interaction modeling

Keywords : Air-sea Interactions, Adriatic Sea.

EBU-POM is a two-way coupled model [1], with Eta/NCEP [2] limited
area model as its atmospheric part, and Princeton Ocean Model [3] as
its ocean part. In the present case the ocean model had the same setup
as AREG/INGYV [4] Adriatic model, but without river runoff parameteri-
zation. The centre of the atmospheric model was at 16E, 42.5N and the
horizontal resolution was 0.09 degrees.

Integration was seventeen days long without any interruptions, starting
at OOUTC 11th February 2003. Strong Bora wind was present over the
Adriatic during 17th, 18th and 19th. As initial conditions for the ocean
part of the model we used temperature, salinity and velocity fields from
the first day of AREG model simulations. These simulations are opera-
tionally produced by INGV-Bologna and they are ftp available through the
ADRICOSM-EXT project activities. As initial and boundary conditions
for atmosphere we used analyses of the ECMWF global model. Satellite
observed SST and surface winds were provided by CNR.ISAC Rome. Ex-
change of these satellite data are also part of ADRICOSM-EXT activities.
For verification of the model we used standard methods of evaluation such
as BIAS, RMSE and correlation scores.

First we present SST verification scores. Fig.1 shows the area averaged
values of the two RMSE scores (for day time and night time observations)
from 11th to 27th February. The mean RMSE value, for the whole period
of integration, is very close to 1 for both day/night observations. We must
keep in mind that area averaged RMSE is mean value over the area where
satellite observations were available, i.e. area free of clouds. High RMSE
is almost always connected with small number of observations (cloudy
days), especially when those observations are located close to the coast.
We can also see that values of RMSE don’t have tendency to increase
during integration, so we can conclude that SST forecast kept the same
quality for the whole period.
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Fig. 1. Night (upper panel) and day (lover panel) daily values of area av-
eraged RMSE for SST forecast in the period 11th -27th Feb. 2003.

Bora is a strong north-east wind that mainly affects the north-west part of
the Adriatic Sea. So, for wind verification we are only concerned with the
area north of 43N. The verification period was from 15th to 20th February,
during which the Bora event was present. Fig. 2 shows model vs. satellite
mean wind seed (upper panel) and mean wind direction (lower panel)
for this area. For every day there are two observations, at 6 am and at
6 pm local time. Problems with the scatterometer measurements are not
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connected with clouds but with rain and also with wind speeds lower than
3m/s. All points with any rain probability and all points with low speed
were excluded. We find very strong dependencies between these two pa-
rameters and the verification scores. For clear sky situations, correlation
coefficients between model and observed wind speed have high values,
around 0.8, while for rainy days coefficients were much lower, around
0.4. This is the reason why we have a big difference between observed
and simulated wind speed for 16th February at 6 am. During that day rain
occurred over almost all the Adriatic. For other days differences were not
so large. The mean bias for the whole period was -0.8.
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Fig. 2. Model vs. observation values of area averaged wind speed (upper
panel) and wind direction (lower panel) for the period 15th -20th Feb.
2003
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Abstract

Sea-level time series from 1955 to 2004 relevant to the northern (Rovinj), middle (Split-harbour) and southern (Dubrovnik) part of the
Croatian Adriatic coast have been analysed to make estimates of return sea levels for 100-years return period. This was done by fitting
observed annual sea level maxima and minima to an assumed parametric "Generalised Extreme Value" (GEV) distribution function with
three parameters. A little discrepancy in the predicted return sea levels estimates for 100-years return period exists in comparison with
previous studies, due to different methodologies used in the analysis and diverse length of the time series data.

Keywords : Adriatic Sea, Tides, Sea Level.

One of the most valuable applications of long-term sea level records is
the estimation of risks of coastal flooding. Typical questions associated
to the problem are: What is the probability that a sea wall of a certain
height is overtopped during one year? What is the height of a sea wall
that should be built so that it is overtopped with a probability 1/N in a
particular year (N - year return levels)? Therefore, estimates of the sea
level heights with an expected return period of 50, 100 or more years are
of a great importance.

Along the Croatian Adriatic coast long series (50-years) of sea level mea-
surements exist at three sites under the authority of the Hydrographic
Institute of Republic of Croatia (HIRC). These stations are Rovinj, Split-
harbour and Dubrovnik, enabling us to make a reappraisal of the height
of extreme sea levels measured from 1955 to 2004. Although previous
studies exist [1, 2], it is known that the return sea level estimates obtained
for 100-years return period may vary due to a number of mechanisms that
affect the components of sea level and because of different methodolo-
gies used in the analysis. These can contribute to changes in extremes
[3]. Therefore, if possible, the longest sea level series should be used
in determining the extreme sea levels expected within any given period.
This requires that a chosen distribution is fitted to available sea level data
and then extrapolated to the desired exceedance probability. However,
there are a large number of different approaches discussed widely in the
literature [4, 5, 6].

In this presentation, sea level data from HIRC tide gauge stations that
are working continuously since 1955 are used in the analysis. The co-
ordinates of these stations are: Rovinj (& = 45° 05.0’° N, A = 13° 37.7°
E), Split-harbour (& = 43° 304’ N, A = 16° 26.5" E) and Dubrovnik
(® =42° 39.5" N, A = 18° 03.8" E), representing northern, middle and
southern part of the east coast of the Adriatic respectively. Extreme sea
levels, annual maxima and minima are derived from sea level records [7].
In the analysis we applied the best known, simplest, and most widely
used method of analysis of extreme sea levels. It is the annual maxima
method considering the case where there is no trend and where the series
of annual maxima and minima are stationary [4]. In brief, the analysis
estimates the asymptotic distribution of sea level maxima through fitting
to a "Generalised Extreme Value" (GEV) distribution to the ranked annual
extremes, and uses this frequency distribution to estimate, by extrapola-
tion, the return levels and the associated return periods. We processed the
data by applying the Extremes Toolkit (extRemes) designed to facilitate
the use of extreme value theory in applications oriented toward weather
and climate problems [8].

One hundred years return values based on sea level data from three tide
gauge stations were analysed as shown in Fig 1. Return periods and return
levels of annual extreme sea levels show a consistent spatial distribution
with the maximum values found in the north Adriatic Sea (Rovinj). Model
GEV maxima return levels of 100-years return period above local "Mean
Sea Level" (MSL) are as follows: 1.2840.18 m in Rovinj (1.28 m ob-
served), 0.93+0.20 m in Split (0.88 m observed) and 0.6940.04 m in
Dubrovnik (0.68 m observed). Model GEV minima return levels of 100-
years return period below local "Mean Sea Level" (MSL) are as follows:
0.944-0.09 m in Rovinj (0.91 m observed), 0.63+0.20 m in Split (0.60 m
observed) and 0.58+0.09 m in Dubrovnik (0.52 m observed). Comparison
with previous works ([1], [2]) shows a small discrepancy of a few centime-
tres in the predicted return levels for 100-years return period, because of
different methodologies used and due to diverse length of annual maxima
and minima time series.
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Fig. 1. Return sea level plots for Rovinj, Split-harbour and Dubrovnik
calculated from associated GEV distribution (solid line) with 95% con-
fidence interval approximately. Left panel shows maxima sea level data
above local MSL while right panel shows minima sea level data below
local MSL. Return period are in years and return level are in meters.
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Abstract

We describe here the design, laboratory implementation and performance of an inexpensive yet reliable beam attenuation meter for coastal
ocean measurements. In its final operational form it is anticipated to be capable of measuring backscattering and fluorescence as well.
Given that these parameters are indicators of coastal ecosystem health, low cost optical instruments become valuable tools for activities
such as coastal engineering, fish-farming and water quality monitoring in recreation areas.

Keywords : Monitoring, Instruments And Techniques, Coastal Management.

Introduction

The use of optical instruments for monitoring the state of coastal wa-
ters has emerged as a common practice during the last decade [1]. It is
achieved by measuring specific inherent optical properties, such as scat-
tering, absorption, beam attenuation and fluorescence. Backscattering and
beam attenuation are resuspension proxies, while absorption and fluores-
cence are CDOM and chlorophyll indicators. In the project reported here,
the main goal is to build a cheap but reliable optical instrument using
widely available off the shelf components. It will be capable of measuring
beam attenuation, backscattering, and fluorescence. The instrument in its
final field version, will aim towards groups involved in activities such as
coastal engineering, water pollution monitoring in recreation areas and
fish-farming. At this stage the beam attenuation (transmittance) mode has
been implemented in the laboratory and we present here the first results.

Design and implementation

The configuration for the beam attenuation mode incorporates a GaAlAs
ultra-bright LED emitting 3000 mcd at 660 nm where gelbstoff absorption
is negligible. The emerging 20° light cone is focused via an f=+20 mm
biconvex to a ~ 1 mm pinhole for conditioning, and a collimated beam
with a diameter of 15 mm is shaped with the aid of an f=+50 mm lens.
The beam travels through an attenuation path 130 mm long and then is
refocused to a silicon photodiode which has an active area of 1.75 mm and
is fitted with a dichroic red filter. The LED is driven by a current modu-
lated at 1 KHz and electronically maintained to guarantee stability of light
intensity. The reverse biased photodiode is wired to a trans-impedance
mode operational amplifier and after that, the signal is further amplified
and filtered by a narrow second order band-pass filter. The effect of any
changes in ambient light intensity is eliminated by this stage of selective
gain. This signal is then passed through a low-power, precision, true
rms-to-dc converter. The output of the system provides a voltage which
is linearly dependent on the intensity of the incident modulated radiation.
The digital subsystem is responsible for the task of digitizing the dc output
voltage of the analogue subsystem. All the circuitry is powered by a single
battery by implementing a virtual ground technique.

Calibration and testing

The suspended particle concentration in coastal regions of Eastern
Mediterranean ranges from ~ 100 mg/l at river mouths to 5-10 mg/l
at typical coastal waters. For this reason the calibration and performance
testing of the instrument was carried out with suspensions of kaolin (a
pure scatterer [2]). The procedure involved the preparation of an initial
kaolin suspension at a concentration of 500 mg/l which was successively
diluted by adding distilled water to produce several samples. Prior to
each measurement, vigorous stirring ensured that the particulate material
remained in suspension.

Experimental results and a fitted calibration curve are depicted in Figure
1. The instrument’s response to concentrations up to 62 mg/l is notably
linear (correlation coefficient 0.997). Cross-calibration with commercially
available transmissometers is under way.
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Conclusions

The initial laboratory version of the instrument appears to be stable and
sensitive enough for typical field measurements. The value of the ma-
terials used does not need to exceed 100 euros. Laboratory experiments
are in progress for the pure scattering and fluorescence modes. Here the
same electronics are used, however the geometry changes. For chloro-
phyll fluorescence measurements, the sample excitation is achieved by
two opposite to each other ultra-bright LEDs placed at an angle of 40° to
the photodiode, and emitting a 20° light cone at 470 nm.

20 ¢

@® caolin

fitted (r 2=0.997)

0 10 20 30 40 50 60 70

Fig. 1. Beam attenuation coefficient as a function of suspended kaolin
concentration.
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Abstract

Simulations of both currents and waves for the entire year 2001 are performed in order to assess their statistical contribution to the erosive
potential over the shelf of the Gulf of Lion. Bottom circulation patterns are also analysed in response to wind forcing.

Keywords : Waves, Currents, Gulf Of Lions.

Models descriptions

The hydrodynamic processes are modelled using the MARS-3D code [1,
2], a three-dimensional model with reduced (s) vertical co-ordinates. The
model is forced by atmospheric conditions (modelled wind field and solar
fluxes given by Météo-France), diurnal river discharges, and lateral fluxes
and elevations at the open boundaries. The applied model has a resolution
of 1.2 km and 30 vertical levels. Wave fields are modelled in the Western
Mediterranean Sea with the resolution of 0.1° using the third generation
wind-wave model WAVEWATCH-III [3] forced by Météo-France wind
fields.

Statistics on bottom shear stress

In order to determine the origin of current induced bottom shear stress
(T¢) in response to wind forcing, an analysis has been done separating
continental winds (on-shore winds) and marine winds (off-shore winds)
for the entire year 2001. The probability of occurrence of high bottom
shear stress greater than 0.04 N/m? linked to one of these wind origins
has been calculated (figure 1). The 0.04 N/m? value corresponds to the
mean critical shear stress of erosion observed by Shaff et al. [4, 5] on the
superficial layer of fine sediment on the Gulf of Lion shelf. The bottom
shear stress in this study refers to the skin friction component of the total
bottom shear stress, considering that this study is applied to sediment
dynamics.

Fig. 1. Origin of bottom shear stress generated by currents. Probability
(%) of having, simultaneously, bottom shear stress greater than 0.04 N/m?
and off-shore winds (direction from 45° to 225°). The dotted line corre-
sponds to the iso-probability 7. >0.04 N/m? equal to 1%, the continuous
line corresponds to 0.2%. The white area corresponds to zero probability.
The 160 m isobath (slope) is plotted.

It clearly appears that on the top of the shelf break (circle c¢), strong cur-
rents may occur during south-eastern wind storms (bright area).

The probability for the shear stress to reach the critical value is never-
theless low (in the order of 0.1%) Near the coast, marine winds have a
greater influence (further from the shore). Continental winds are also able
to mobilise bottom water layers in some coastal locations. For instance,
upwelling cells, described by Millot [6] in front of the Petit Rhone, are
however mainly active during Mistral or Tramontane wind events (black
area, circle A). For that case, the probability of occurrence of erosion is
about 1%.

longitude

Fig. 2. Probability of having a wave induced bottom shear stress greater
than the stress induced by current when the total friction (7¢q) is greater
than the critical value of 0.04 N/m? (74 >7¢ and Tcw >0.04 N/m?).
Isobaths 30, 50, 100 and 160 m are plotted.

The analysis of wave induced bottom shear stress (7,,) for year 2001
shows that the effect of waves dominates the effect of currents on most
of the shelf when total skin friction (7¢q) is high (>0.04 N/m?2) (figure
2). Nevertheless, current seems to be dominant on the external shelf near
the top of the slope (between 100 and 160 m). At 100 m depth, swell can
exceptionally have an effect on the bottom during big storms. Waves with
significant height of 5 m and mean period of 12 s may also generate a
bottom shear stress of 0.04 N/m? in this relatively deep area.

Conclusion

This study has underlined the effect of winds on the bottom circulation
patterns of water and sediment. Marine winds are able to induce sediment
transport and erosion on most of the shelf because of simultaneous gen-
eration of strong coastal current and efficient swell. Continental winds
(Mistral and Tramontane) appear to have erosive potential exclusively
along the shore and essentially in the upwelling cells. These winds are
however associated to wind waves of low amplitude and, in this way, they
will probably not constitute the major forcing process of the sediment
transport on the shelf of the Gulf of Lion.

References

1 - André G., Garreau P., Garnier V. and Fraunié P., 2005. Modelled vari-
ability of the sea surface circulation in the North-western Mediterranean
Sea and in the Gulf of Lions. Ocean Dyn., 55: 294-308.

2 - Garnier V., Garreau P. and André G., 2005. Towards a realistic mod-
eling of the Northern Current and the circulation features in the Gulf of
Lions. J. Marine Syst., submitted.

3 - Millot C., 1990. The Gulf of Lions’ hydrodynamics. Cont. Shelf Res.,
10 (9-11): 885-894.

4 - Schaaf E., 2003. Dynamique de la matiére particulaire a I’interface
eau-sédiment en zone cdtiere: approches expérimentales et modélisation.
These de I’université de la Méditerranée. Aix-Marseille II.

5 - Schaaff E., Grenz C. and Pinazo C., 2002. Erosion of particulate
inorganic and organic matter in the Gulf of Lion. Comptes Rendus Geo-
sciences, 334 (15): 1071-1077.

6 - Tolman H.L., 2002. User manual and system documen-
tation of WAVEWATCH-III version 2.22. Tech. report 222,
NOAA/NWS/NCEP/MMAB.

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

TRANSFORMATION OF LEVANTINE INTERMEDIATE WATER TRACKED BY MEDARGO FLOATS IN THE
WESTERN MEDITERRANEAN
M. Emelianov * *, J. Font 1, A. Turiel !, C. Millot 2, J. Solé *, P.-M. Poulain 3, A. Julia *, M.-R. Vitria !
! Institut de Ciéncies del Mar, CMIMA-CSIC. Passeig Maritim de la Barceloneta, 37-49. 08003 Barcelona. Spain. - mikhail @icm.csic.es
2 Laboratoire d’Océanographie et de Biogéochimie. Antenne LOB-COM-CNRS, BP330, F-83507 La Seyne sur Mer, France.
3 Instituto Nazionale di Oceanografia e di Geofisica Sperimentale (OGS). Borgo Grotta Gigante, 42c. 34010 Trieste, Italy.

Abstract

A clustering methodology is applied to investigate the thermohaline structure of Levantine Intermediate Water (LIW) in the western
Mediterranean basin. Sixteen free-drifting hydrographic profilers were deployed in the framework of the MFSTEP project (EUK3-2001-
00174) from September 2003. A total of 925 CTD profiles collected up to the beginning of February 2006 have been used in the analysis.
The results are in good agreement with the general circulation scheme for intermediate waters in the basin and confirm the hypothesis of
a "discrete-continuous" thermohaline structure of LIW.

Keywords : Intermediate Waters, Salinity, Temperature, Western Mediterranean.

In 1985 the hypothesis of a "discrete-continuous” structure of LIW was Provencal and Algerian sub-basins marking the transition between less
proposed [1]. According to this idea, the LIW layer can be thought of as transformed LIW from the eastern part and more transformed LIW from
an "emulsion” of background water with high temperature and salinity, the western part (Fig. 2).

in which lenses and sheets of even more saltier and warmer waters are
dispersed. The background is initially formed by LIW, sunk down to the
corresponding isopycnal level in its formation region before circulating
at intermediate depths. New volumes of LIW, generated due to density
increasing by cooling in winter of water salinizied in summer due to evap-
oration in the surface layer, continue to sink down to the depth of the
isopycnal level of this background water [2]. These saltier and warmer
volumes of LIW are eventually broken into smaller ones by mixing pro-
cesses, mainly of double diffusion nature. The smallest lenses dissipate,
maintaining the high temperature and salinity of the background layer.

CTD data from 16 profiling floats (MEDARGO component of the MF-
STEP project) operating in the western Mediterranean from September
2003 until the beginning of February 2006 were analysed. Objective
cluster analysis [3] was used to classify the ensemble of 925 LIW 6-S
curves to unveil classes of differently transformed waters. A maximum
radius r=0.05°C was applied so that, to be included in the same cluster,
6-S curves may differ at most in 6 by 0.05°C or in S by 0.0125 from the
central 6-S curve. As a result seven clusters were obtained. In Fig.1 one
can see three main groups of clusters, represented by their centres of mass.

14.2
., .} Fig. 2. Float positions, marked according to the cluster they belong to.
e ’ }" The 6-S curves belonging to the largest cluster (number 6) are encountered
7 o [ ] everywhere west of Corsica and Sardinia, and they should be considered
o ! £ as the background LIW. Less transformed LIW from cluster 5 and more
= 138 2 & eroded one from cluster 7 are embedded into the area occupied by the
E Spﬁ background LIW from cluster 6. An interesting fact is that some floats
g sampled differently transformed LIW in consecutive casts. This means
g 136 that the floats did not park at the same portion of LIW and that their tra-
= S jectories were significantly affected by surface drift, during their periodic
T ¥ ascent, surfacing and descent motions to transmit data by satellite link.
< ¥ Ot The clustering method used to analyze the 6-S curves in the western
g 134 & St Mediterranean basin allowed classifying in a canonical, automatic wa
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& sl i the spatial distribution of differently transformed LIW. We have also
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g #f ; f:”:e”f basin. These results confirm the LIW "discrete-continuous” hypothesis.
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Fig. 1. Representative 6-S curves for 7 clusters.

Clusters 1, 2 and 3 are situated in the saltier and warmer part of the 6-S
diagram and correspond to the saltiest LIW located in the Tyrrhenian sub-
basin. Less saline clusters 5, 6 and 7 include the 6-S curves in the interior
of the Provengal and Algerian sub-basins (Fig. 2). 6-S curves included in
cluster 4 lie in the channel of Sardinia area and in the central part of the
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Abstract

Methods and principles of operational oceanography developed for the Black Sea basin investigations are described. The concept of a
modern Black Sea observing system is presented.

Keywords : Black Sea, Models, Remote Sensing.

Implementation of methods and principles of operational oceanography
could be considered as the dominant concept of the Black Sea basin in-
vestigations during the last 15 years. It was started by the formation of the
Black Sea international oceanographic community during the realization
of the HydroBlack and ComsBlack projects. Both projects were oriented
to the fulfillment of the basin scale multidisciplinary surveys, which were
carried out by the Black Sea riparian countries [1]. The concept of inter-
national cooperation and necessity of regular observations was recognized
as the real need to meet the challenges posed by the basin degradation.
The next important common efforts were done in the framework of the
NATO SfS project TU Black Sea. An efficient multidisciplinary data base,
which was built by the project team, was used then as the base of the
multidisciplinary modeling of the Black Sea dynamics and ecosystem.
The experience obtained during the HydroBlack, ComsBlack and NATO
SfS projects has shown that new observational technologies should be
adopted by the Black Sea oceanographic community to achieve success in
the development of an efficient regional observing system. The concept
of a modern Black Sea observing system was proposed as the outcome of
the NATO CCMS project in the mid of 90-ies [2]. The Black Sea GOOS
project was arranged then for the implementation of the elaborated strat-
egy [3].

An initial cost-efficient operational observing system was built in the basin
at the beginning of the second millennium based on space remote sensing
data, measurements from surface drifting buoys and profiling floats, and
a network of coastal observations [4]. The implementation of the initial
observing system stimulated the development of a nowcasting and fore-
casting system of the Black Sea dynamics and ecosystem. A successful
realization of the system and its pilot operation was carried out by the
consortium of scientists of the Black Sea riparian countries in 2005 in
the framework of the EC FP5 ARENA project [5]. Prof. Umit Unliiata
leaded the implementation of the oceanography principles for the Black
Sea basin during many years. Now we are ready to make the next step and
build an efficient tool, not only for investigation of the Black Sea basin but
also for management of its resources and achieve those dreams and hopes
discussed with Umit 15 years ago.
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Abstract

Recent changes in water mass characteristics of the Aegean Sea have considerably influenced the Eastern Mediterranean thermohaline
circulation since 1990 and vice versa. A combination of salinity increase and temperature drop in the Aegean Sea has caused massive
dense water formation, and a strong outflow towards the deep and bottom parts of the Eastern Mediterranean. In order to balance the dense
water outflow, LSW (Levantine Surface Water) and LIW (Levantine Intermediate Water) enter into the Aegean Sea. The eastern coast of
the Aegean Sea was mostly influenced by these newly entering warm water masses. The purpose of this study is to examine the warm and
highly saline Levantine waters LWs (LSW and LIW) in the vicinity of the Izmir Bay, where LWs were observed especially in winter and

spring.
Keywords : Circulation, Hydrology, Aegean Sea.

Izmir Bay is conventionally divided into three areas according to their
physical characteristics: Outer, Middle and Inner Bays. The depth in the
Outer Bay is about 70 m. It decreases significantly towards the Inner Bay
to about 10 m depth. The northerly wind that blows for most of the year is
a constant feature of the Izmir Bay area.

The Mediterranean circulation has shown changes due to climate changes
in recent years. Therefore, it is studied in two periods, as before and after
1990. During the latter phase, Aegean Sea has become the source of a new
type of Eastern Mediterranean Deep Water (EMDW) [1, 2, 3 and others].
Levantine Surface Water (LSW) occasionally entering into the Aegean Sea
before 90’s could be a main triggering mechanism for Eastern Mediter-
ranean Transient (EMT). Increasing salt content results in rising density
levels and therefore outflow of Aegean Sea Water through the straits at
both sides of Crete over the sills. The resulting outflow from the deep lay-
ers is fed back again, and causes an intensification of the inflowing waters
of Levantine origin (LSW and LIW). These water masses influence the
Outer Bay water in the vicinity of Izmir Bay. Therefore the purpose of this
study is to examine how the LWs change the water properties of the Izmir
Bay. For this purpose, data sets from 16 cruises and hourly wind data
between 1994 and 2005 are examined. A numerical model (Killworth’s
Ocean Model) is used to calculate the general circulation patterns.

In the bay, three distinct water masses exist: ASW (Aegean Sea Water),
IBW (Izmir Bay Water) and IBIW (Izmir Bay Inner Water). They affect
the thermohaline structure of the bay [4]. ASW is influenced especially
in winter and spring by LWs. After EMT LWs enter into the Aegean
through the Rhodes and Karpathos straits towards the north. Northward-
flowing Levantine surface current, carrying warm, highly saline LWs,
influences the coastal area along the western Turkish coast. LW masses
can be observed mainly in winter and spring in the vicinity of Izmir Bay
with a temperature of 16.3-16.5°C and salinity 38.8-38.95 (Figure 1). In
summer, the water mass that influences the Izmir Bay environment is the
dense and cold upwelling water formed along the eastern coastal area of
the Aegean Sea. This water mass is about 2°C colder (about 19°C) than
the water mass observed near the western Aegean Sea coastal area [5].
The origin of the upwelling water is the area near Cape Baba and Edremit
Bay. The northerly Etesians influence the waters off-shore of Cape Baba,
causing upwelling. Southeasterly winds, which are prevalent through the
year in the vicinity of Edremit Bay, force water masses to flow outwards
through Miisellim strait, and these two effects cause a surface current to
flow from Cape Baba towards the central Aegean Sea. This saline and
cold water, especially formed in summer, has a salinity of 39.0 and tem-
perature less than 19°C. The upwelled water flows southwards influencing
a big area from the west side of the Lesvos Island up to the Chios Basin,
forming two cyclonic eddies. One eddy is formed in the western coastal
area of Lesvos Island and the second one evolves in the Chios Basin off
the western off-shore side of Chios Island.
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Fig. 1. Surface temperature contours in Spring 1992
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Abstract

Some of the ideas and methods commonly used to study coherent structures in turbulent flows have been applied to analyse the role of
coherent vortices in the Mediterranean Sea. Results have provided for the first time a general picture of the evolution of mesoscale eddies
in the Mediterranean basins, and allowed analyzing in detail the relationship between their spatial structure and the transport and mixing
of tracers, as well as the impact of ocean structures in the statistical properties of the Mediterranean circulation. A remarkable novel aspect
is that the Mediterranean circulation is approached by extracting and isolating the dynamical role of the coherent structures.

Keywords : Mesoscale Phenomena, Remote Sensing, Turbulence, Circulation.

Coherent structures are recognized to be a key component to understand
the dynamics of turbulent flows, and to have a great impact on the mixing
properties of tracers. The quasi-bidimensional nature of the ocean flows
together with the view, as seen in satellite images, of an ocean surface
populated by mesoscale structures, lead to consider the two-dimensional
and geostrophic turbulence theories as a paradigm for understanding the
ocean dynamics.

Following these theories, the identification of vortices in two-dimensional
geophysical flows has been proposed in terms of the Okubo - Weiss pa-
rameter W [1], defined as the square of the normal component of flow
strain, plus the square of its shear component, minus the square of relative
vorticity. We use W to identify a vortex (in fact the vortex core) as the
simply connected region with W <- 0.2 o (the spatial standard deviation of
W), a useful threshold to establish the dominance of vorticity over strain.

Application of the method to altimeter sea surface anomaly maps [2] al-
lows computing a census of vortex in the Mediterranean Sea. We have
defined a coherent vortex as a vortex with amplitude (maximum of W
inside the vortex) higher than 2 o. Figure 1 shows the centers of coherent
vortices identified in altimetric maps for a period of seven years. The
different Mediterranean sub-basins do not have the same characteristics,
and the detected structures concentrate mainly in areas where mesoscale
eddies have been commonly observed by other means. The spatial dis-
tribution of most intense coherent vortices is correlated with the areas of
high levels of eddy kinetic energy [3].
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Fig. 1. Spatial distribution of the centers of observed intense vortices (a
>20yy ) for the period October 1992 - October 1999

An important outcome from 2D turbulence simulations is that coherent
structures are responsible for the non-Gaussian character of the statistics
on velocity fields [4]. Evidences on the non-Gaussianity of ocean ve-
locity fields have been signaled from altimeter data, currentmeters and
Lagrangian floats [5]. In the Mediterranean Sea probability density func-
tion (PDF) of velocity fields derived from Lagrangian buoys and from
altimetric maps exhibit similar characteristics: a Gaussian core with tails
separating from the Gaussian behaviour (Fig. 2). Using a field separation
based on W we can determine the field associated to intense vortices and
the contribution from the resulting background field. Fig. 2 shows that
the non-Gaussian part of the velocity PDF is due to intense vortices that
represent only 20 % of the total detected structures [6].
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Fig. 2. Probability Density Functions of the Mediterranean surface veloc-
ity field obtained from Lagrangian drifters (left), from coherent vortices
in altimetric maps (centre), and from the background altimettric velocity
field (right)

These results suggest that intense vortices play a major role in the Mediter-
ranean dynamics. To go deeper we have also performed an analysis of the
vorticity field for the same dataset, but following a completely different
technique for flow separation [7]. The flow is supposed to be separated in
a non-coherent and a coherent part extracted by wavelet projection of the
vorticity field. The velocity field associated with the coherent part, which
is built from a relatively small number of wavelet coefficients, accounts
for most of the enstrophy and energy of the original field.

This reinforces the idea that the small percentage of intense vortices dom-
inates the dynamics in the Mediterranean Sea. Indeed, these structures are
the main responsibles for the non-Gaussian velocity PDFs, which induce
anomalous dispersion, and then classical constant eddy diffusivity ap-
proaches should be discarded in favor of more complex formulations. To
account for the particle dispersion due to vortices, Lagrangian models may
be formulated through a two-component stochastic process separating the
dynamical contribution associated with the background non coherent in-
duced field and the vortex-coherent induced dynamics.
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Abstract

The effects of the cold, anomalously dry, and very windy winter 2005 in the deep water thermohaline properties are evidenced by a time
series of hydrographic data recorded by the ICM HydroChanges mooring in the deep slope of the NW Mediterranean. In late January 2005
intense dense shelf water cascading was observed in the Gulf of Lions’ submarine canyons, and almost simultaneously a dense deep water
mass, warmer and saltier than usual, reached the deep mooring site. After 30 days, the colder, fresher and even denser waters originated
on the shelf arrived at the mooring, and their signature could be detected for 35 days. By late spring 2005 the mixture of both dense water
masses reached new stable thermohaline properties with higher values than those that characterized the deep layer before 2005.

Keywords : Deep Waters, Continental Slope, Time Series, Hydrography, Balear Sea.

The NW Mediterranean Sea is the formation region for the dense West-
ern Mediterranean Deep Water (WMDW)), in a typical winter convection
process that involves the salty Levantine Intermediate Water (LIW). Over
the wide shelf of the Gulf of Lions and adjacent areas winter heat losses
and evaporation caused by cold and dry northerly winds induce cooling
and mixing of the low salinity coastal waters, which eventually become
denser than the surrounding waters and sink. These dense waters flow
down the continental slope, in a process known as cascading, until they
reach their density equilibrium at sub-surface. Sometimes these cascad-
ing waters can be denser, reach deeper layers, and interact with the saltier
LIW. In exceptional occasions, as the abnormally cold 1999 winter, waters
generated over the shelf have been traced down to 1000 m together with
intense down slope velocities [1]. During autumn and winter 2004-05
precipitation on the NW Mediterranean was very scarce. For some time
air temperatures were lower than the climatologic average, and northerlies
were dry, strong and persistent (values above 100 km/h recorded during 30
days, as reported by MétéoFrance). Winter 2005 was certainly anomalous
and very favourable for dense water formation in the region.

A mooring line with a SeaBird 37 CTD recorder and an Aanderaa RCM8
currentmeter near the bottom was installed by ICM-CSIC in the deepest
part of the continental slope (1890 m depth) off the Catalan coast (41°
28’N, 3° 40.4’E) as contribution to the CIESM HydroChanges program.
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Fig. 1. Potential temperature and salinity recorded by the ICM-CSIC Hy-
droChanges mooring in the NW Mediterranean at 1875 m of depth during
21 months, including the exceptional 2004-2005 winter.

A first deployment period lasted from October 2003 to July 2005. Some
120 km upstream of this location, other moorings installed in submarine
canyons to analyse sediment transfer processes recorded during winter
2003-2004 shelf water cascading events characterized by decreases in
temperature and increases in current speed for few days. During winter
2004-05, the persistent northerly winds and the reduction of river dis-
charges helped to dramatically enhance the intensity of the cascading
mechanism. From late January a major cascading event occurred contin-
uously until late March, as recorded in the Cap de Creus Canyon, with a
temperature decrease of the order of 3°C and down-canyon steady cur-
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rents between 40 and 80 cm/s at a depth of 750 m [2].

Potential temperature and salinity values recorded at the HydroChanges
station at 1875 m (Figure 1) were almost unchanged from October 2003
until the end of January 2005, indicating a water mass stable situation with
typical WMDW characteristics, without any seasonal signal. Then both
variables suddenly increased to 12.99°C and 38.50. In early March a drop
of more than 0.2°C and 0.05 occurred, both variables remained during
one month in a range of low values, and afterwards gradually increased
until reaching quite steady values above the initial ones. These sudden
variations precede or coincide in time with changes in the structure of deep
CTD profiles in the NW Mediterranean observed by other authors after
the 2004-05 winter [3, 4, 5]. These authors explain the 6 and S increase as
corresponding to an anomalous WMDW formed during this exceptional
winter, either by involving a larger amount of LIW than usual, or this LIW
having higher temperature and salinity values.

The important drop in both temperature and salinity in early March, to-
gether with an extraordinary increase in speed recorded by the moored
current meter (up to 60 cm/s), seems to be a clear indication of a very in-
tense shelf water cascading. The extremely low precipitation occurred in
the region during winter 2004-05 resulted in a strong reduction of river dis-
charges and then a remarkable increase of salinity in shelf waters [4]. As a
consequence, this year the cascading waters became extremely dense and
crossed our moored instruments at 1875 m with a o peak of more than
29.15 kg/m3, while spreading to the deepest part of the basin. Once this
cascading event finished, the densest cold and fresh water was replaced
and mixed with the new 2005 WMDW, until stabilizing around 12.88°C,
38.48, and 29.12 kg/m3. The resulting water was slightly warmer (+
0.03°C) and saltier (+ 0.03), and markedly denser than the previously
present WMDW, in agreement with the positive 6/S anomaly found in
deep CTD casts conducted in several areas of the western Mediterranean
during the first half of 2005 [3, 4, 5].
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Abstract

In order to investigate the contribution of Mediterranean Water (MW) in the warming of the Atlantic intermediate layer, we focused our
analysis on the ocean area closer to the Strait of Gibraltar, where the MW source water is well observed. Temperature and salinity data from
Medar/Medatlas II and MODB were used in order to correlate possible changes in the thermohaline characteristics of the Mediterranean
Sea with influences on the spreading of the Mediterranean Water outflow in the eastern North Atlantic, and to identify possible variations

and trend if any.
Keywords : Temperature, Salinity, Strait Of Gibraltar.

One of the key processes of the thermohaline circulation is the water mass
transformation due to external forces and the continued renewal and strat-
ification of the entire water column. In this context, the marginal seas like
the Mediterranean Sea, Arctic Sea and Greenland, Iceland, and Norwegian
Seas play a fundamental role by contributing on feeding the global ocean
with dense dense water.

In particular the Mediterranean water (MW) is one of the intermediate-
type water masses observed in the North Atlantic. It is composed by a
mixture of Levantine Intermediate Water (LIW) and deep waters produced
within the Mediterranean basin, and enters the Atlantic Ocean through the
narrow strait of Gibraltar with a mean volume exchange of about 1 Sv.

The MW lies between 800 and 1300 meter depth characterized, albeit
density compensated, by significant salt and temperature anomalies, with
AS~1 psu and AT=2°C with respect to the overlying North Atlantic
Central water. In most of the North Atlantic the core of MW is clearly
recognizable along the average isopycnal op~27.60 surface and at ~
1000 meter.

The Gulf of Cadiz, including also the Strait of Gibraltar, is the transition
sub-basin where the pure Mediterranean water undergoes for the first time
a strong mixing and entrainment with the Atlantic water. It can be con-
sidered as the sub-basin where the source water of the MW observed in
the Nord Atlantic is originated. In particular, for our study, we selected
the northern region of the Gulf of Cadiz, between 35.5°N and 37.0°N and
west of 5.9°W, where most of the water of Mediterranean origin flows and
is clearly observed.

Data were gathered from different data banks. Unfortunately, the collected
data are not uniformly distributed in time, making the analysis more suit-
able for the last fifty years, and moreover the data set can give a good
behaviour of MW properties within the last century.

Temperature and salinity observations in the Gulf of Cadiz area show
seasonal, interannual and decadal variations. Figure 1 shows salinity and
temperature records at a depth of 1200 m including the standard devia-
tion of the data. The standard deviation around the mean value can be
quite variable. It has been calculated by assembling the data from the
same month over the entire period; moreover it is obtained combining
data from different cruises and often from different parts of the basin.
Looking at the entire time series, the temperature shows a warming trend
of 0.11°C/decade, and salinity an increase of 0.035 psu/decade. These
results compared with those, for example, computed by Potter and Lozier
[1] (temperature 0.101 4 0.024 °C/decade and salinity 0.0283 + 0.0067
psu/decade), based on hydrographic data collected since 1955, confirm
that the Mediterranean outflow waters in the eastern North Atlantic show
a density compensated increase in both temperature and salinity.

Any possible mechanisms to explain the observed variability of MW,
certainly involve the variability of the Mediterranean water mass in con-
nection with the physics of the Strait of Gibraltar.

In particular, our analysis has taken into consideration those processes
occurring during the first stages of the spreading of MW in the North
Atlantic that are most likely to be affected by changes occurring inside the
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Mediterranean Sea, like hydraulic control and warming of the Mediter-
ranean source water.
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Fig. 1. Salinity and temperature records at a depth of 1200 m with linear
trends.
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Abstract

We study the hydrodynamic process that controls the water renewal of the Tunis South Lake at semi-diurnal time scales. In order to shed
light on the relation between tide amplitude and renewal time, we combine current and surface level observations at the lake locks with a
2-D analytical model that takes inTO account both the My tide forcing and the locks hydraulic effect. Then a numerical model, forced by
the surface level observations and based on the analytical model, allows us to simulate the filling, the slack and the emptying phases.

Keywords : Lagoons, Tides, Coastal Models, Analytical Methods.

Introduction

The South Lake (Fig. 1) is located southeast the city of Tunis (10°30’E,
36°47" N). After dredging works [1], its area was reduced to 7 km? and
its depth becomes uniform (H=2.2 meters). Two groups of locks allow
a water exchange between the Bay of Tunis and the lake: the "Rades
locks", which allow water inflow from the Bay of Tunis and the "Tunis
locks", from which the water outflows, via the "Tunis Channel". Thanks
to this hydraulic design, the lake water volume increases, when the sea
surface level is higher than the lake surface level, and decreases in the
opposite situation. In the Bay of Tunis, the surface level variations are
mainly forced by the semi-diurnal tide wave M2 [2]. Our goal is to verify
and establish analytically the relation between surface level variations and
currents observed at the locks, and then to numerically simulate the filling,
the slack and the emptying phases, by taking advantage from the observed
parameters.
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Fig. 1. Location of the Tunis South Lake (top) and sketch of the water
exchange between the lake and the Bay of Tunis (bottom).

Data and methods

First, a simultaneous monitoring of the incoming (Radés) and outgoing
(Tunis) currents across the 2 groups of locks and the surface level variation
was carried out during several semi-diurnal tidal cycles. Fig. 2 shows the
typical shapes of the surface level and currents time series. Then, we de-
veloped a simplified analytical model to understand the relation between
surface level variations and currents observed at the lock gates. The model
takes into account the alternate opening and closing of the locks that per-
mits only inflow at Radés and outflow at Tunis.
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Fig. 2. Water level variation (left) and velocity (right) recorded at the locks
during one tide cycle.

We assume that the time interval [0,TM2/2[ corresponds to the tide flood,
so the Rades gates are opened, while the Tunis gates are closed. At re-

147

verse, during the time interval [TM2/2,TM2[ corresponding to the ebb, the
Tunis gates are opened, while the Rades gates are closed. On the basis of
mass and momentum conservation and vertically integrated Saint-Venant
equations, one can show, after some calculus, that:

s__ 0 fOLg h(x,t)dx and uoy: = 0 during the tide flood (E.1)

Yin = Helelg o

Ttz o Jo ¢ hx.1)dx during the tide ebb (E.2)
U;p, and ueq¢ are the inflow and outflow currents respectively at the filling
(Rades) and the emptying (Tunis) locks,

S: Lake’s area, He: Water depth at the locks, Le: Locks width, Lg: Lake
length, h(x,t): surface level elevation along the longitudinal axis of the
lake, TM2: Period of the semi-diurnal Mz tide wave (12h24min).
Furthermore, it is possible to show that the residence time is:

TR= TM2.H.Lg /[ f““h(x,0dx]T M2 (E.3)

The numerical model is forced by equation (E.1) and (E.2), where h(0,t)
and h(Lg,t) are respectively the surface level at the Rades and Tunis locks.
For this purpose, we satisfy a Dirichlet type condition at the two groups of
locks and a Neumann type along the banks of the lake.

U;n=0and upyt = -

Main results

- The monitoring of the surface level and velocities (inflow at Radés and
outflow at Tunis locks) allows us to verify experimentally the relation:
Uin - Uoyut= f(6h/dt) (E.4), as it clearly appears from the two curves of
Fig. 2. The relation E.4 is in fact a combination of relation E.1 and E.2.
The correlation between (U, -Uoqy) and dh/dt is about 0.75. This results
means that the magnitude of the emptying or flushing fluxes, i.e. the
renewal time, is a function of the speed by which the surface level varies
with time.

- The renewal times deduced from current observations ranges from 6.9
to 9.3 days. Thanks to the mathematical model, that allows us to under-
stand the overall mechanisms that is governing the lake hydrodynamic,
by taking in account both the M2 tide forcing and the hydraulic control
processes due to the locks (E.3), we estimate that the water time renewal
varies between 6.7 and 8.2 days, depending on tide forcing condition.
These values are in a good agreement with the values calculated with
current observations.

- Thanks to the modelling of the hydraulic design that controls the in-
coming and outgoing fluxes, the model has the ability to reproduce the
transient state corresponding to the slack phase. During this phase, the
model shows a quick reversion of the 2D currents, which occurs during 20
minutes (not shown). It is the time needed, by the gravity wave, to cross
the lake along its longitudinal axis, from the Tunis lock gates to the Rades
lock gates. We have verified this phenomenon in site.
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Abstract

Recent observations of the outflow collected near the bottom in key points of the Strait of Gibraltar within the Spanish funded project
INGRES (REN03-01608/MAR), suggest the existence of a seasonal cycle of temperature and density with warmer and lighter waters
leaving the Mediterranean Sea in winter and cooler and denser waters in spring early summer. The amplitude of the signal is around 5
10~2 °C for potential temperature and 1.5 10~2 for potential density, salinity hardly showing any seasonal fluctuation. The outflow also
shows a seasonal cycle with maximum volume transport in April, in coincidence with the signal of potential temperature.

Keywords : Strait Of Gibraltar, Western Mediterranean, Monitoring, Deep Waters, Water Transport.

The experimental data of this study were collected in Espartel (ES, 35°
1.7’N, 5°58.6’W) and Camarinal (CS, 35° 54.8’N, 5° 44.70°W) sills in
the Strait of Gibraltar (Figure). The bulk of data come from ES station,
which started working in September 2004 and continues collecting data.
The station has an uplooking ADCP at 20 m above sea floor, a RCM9 and
a MicroCat CT at around 15 and 10 m above sea floor, respectively, all
instruments recording every 30 min. From February to May 2006 a second
mooring line with the same configuration as ES line was deployed in CS
with the aim of comparing simultaneous observations at both sills. ES
station is linked to Hydro-Changes initiative and is aimed to monitor the
properties of the Mediterranean outflow on the long term. Presently the
station has collected data over two years and has provided useful informa-
tion to investigate annual variability, which is analysed in this contribution.
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Fig. 1. Map of the Strait of Gibraltar showing the main topographic fea-
tures. CS and ES indicates Camarinal and Espartel sills, MB is the sub-
marine ridge of Majuan Bank, TB is the Tangier Basin and TN is Tarifa
Narrows. The plotted isobaths are 100 m, 290 m (the light-shaded contour
chosen to highlight CS, -297 m), 400 m (the medium-dashed contour),

and 500 m, 700 m and 900 m.

Hydrological observations are largely modified by semidiurnal tidal flow.
To remove tides, the original series were divided into pieces one semidi-
urnal tidal cycle long and the absolute minimum of potential temperature
(T-pot), and maxima of salinity and sigma-theta within each piece were
identified. The resulting series of extremes represent the properties of the
less-mixed Mediterranean water that is able to overflow the sills during
a given tidal cycle, and they are suitable for seasonal variability studies.
Extreme values in CS are mainly observed between 2 and 3 hours after
the maximum tidal outflow. This is an encouraging finding because the
flow over CS is able to suction water residing at the eastern side of the
Strait from depths of 700 m or more [1], where Mediterranean water is
less mixed and maintains purer T/S characteristics. Maximum suction will
coincide with maximum outflow and, from this time onwards, the water
crossing the sill will exhibit purer and purer Mediterranean characteristics
until the internal bore formed downstream of CS during the flood tide
[2] occurs. It happens around one hour before high tide, that is, nearly

three hours after the maximum outflow, which should be the time when
the less mixed Mediterranean water is expected to be overflowing CS. It is
also important to say that while the original series of T-pot and S behave
differently in both sills, the time series of extremes do not, thus ensuring
that low frequency signals can be analysed using data either from CS or
from ES.

The series of extremes and computed outflow from ADCP observations
in ES have been fitted to a harmonic function of annual and semiannual
frequencies in order to investigate seasonal variability. The clearest sea-
sonality is found in T-pot with warmer water flowing by the end of the
year. A non-negligible semiannual signal, arising from the fact that T-pot
drops rapidly after reaching the seasonal maximum and increases slowly
towards the next maximum, combines with the annual one to produce
the coldest flow around March. Salinity hardly has seasonal signal while
sigma-theta shows a signal induced by T-pot. The computed outflow
exhibits enhanced winter variability due to the stronger meteorological
forcing in this season but also a seasonal signal whose phase agrees with
previously reported values [3, 4] and coincides with the time of the year
when T-pot is at its lowest value.

The behaviour depicted above suggests that the seasonal variability is
closely related to the process of formation of WMDW in the manner put
forward by Bormans et al. [5]. Winter deep convection would replenish
the reservoir of WMDW (or WMDW plus other intermediate waters over-
lying this water mass, such as the Tyrrhenian Dense Water) in the western
Mediterranean basin, rising the hypothetical interface some tens of meters
and making colder water available for suction over CS. Coincidentally
with this fact, the outflow would increase, in agreement with the observa-
tions. Should this be the explanation, the seasonal cycle would be strongly
dependent on the winter conditions in the WMDW formation areas. Mild
winters would lead to a reduced seasonal signal (the case of the winters
in early 2000’s) while hard winters, like those of 2005 and 2006, would
produce noticeable signals.
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Abstract

Recent studies have definitively shown the high sensitivity of the Mediterranean Sea to the effects produced by the large-scale atmospheric
systems. The rapid response of this basin, when compared with the ocean time scales, makes the interannual variability of the circulation
an important signal that, in some regions, may prevail on the annual cycle. A long-term monitoring of the hydrographic properties of water
masses across the Sicily Strait, initiated in the second half of the 80’s, permitted the identification of the important interannual variations
in the water exchange between the eastern and the western basin and to follow the evolution of the water mass characteristics under the
influence of the so-called Eastern Mediterranean Transient (EMT). The well known changes in the deep thermohaline circulation of the
Eastern Mediterranean led to significant changes in the western basin, modifying the outflow characteristics through the Sicily Strait and
consequently those of other western water masses starting since early 90’s.

Keywords : Hydrography, Western Mediterranean.

The deep water of the Western Mediterranean Sea is known to have
become warmer and saltier since about the 1950s. Many authors have
attempted to explain these deep trends, attributing them to an increase in
surface salinity in both the Eastern and the Western Mediterranean and
speculating on connections to the changing environmental conditions, e.g.
the greenhouse effect, local atmospheric conditions, and river damming.
An acceleration of this trend was observed during the late 90’s and was
attributed [1, 2] to a first sign of the influence of the Eastern Mediterranean
Transient (EMT) in the Western Mediterranean.

The well known changes in the deep thermohaline circulation of the
Eastern Mediterranean Sea, the EMT, which modified the outflow charac-
teristics through the Sicily Strait, led to significant changes in the Western
Mediterranean Sea since the early 90’s [2].

It was possible to follow the evolution of the water mass characteristics
under the influence of the climatic transient. It is only after 1988 that a
clear change is observed in the central region of the Strait: the salinity
of the intermediate layer increases progressively until 1992, followed by
a sudden drop which lasts until 1997. During that period the EMT has
the maximum influence in the Strait. Subsequently, the new phase begins
and continues over the years to follow. The available observations also
allowed us to establish that the EMT reached the Tyrrhenian entrance
between April and May 1992 due to a huge, impulsive amount of salt and
cold water mass [2]. After a first modification in the deep layer, significant
changes have been observed in the intermediate layer.
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Fig. 1. 6-S diagram in the deep layer in 2005 and 2006
An important factor controlling the deep water formation process in the
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Gulf of Lions is the salt distribution in the water column and more specif-
ically the LIW salt content. The further enhancement of the salt increase,
present in the LIW layer for a long time, makes the western basin more
prone to produce warmer and saltier deep waters.

In the deep water formation area and in the "spreading region" of the
Western Mediterranean Deep Water (WMDW), in particular in the Gulf
of Lions, the Ligurian Sea, the Balearic Sea, the Algero-Provencgal Basin
and the Algerian Basin, peculiar 6-S shapes were found in spring 2005,
showing the presence of a recently formed layer of WMDW, spreading
at the bottom of the whole Algero-Provengal Basin (Figure 1). It was
characterized by unusual 6-S shapes, as its temperature, salinity and den-
sity were higher with respect both to the resident deep waters and to the
climatological values. The influence of the EMT on the western deep
water formation processes appears the most suitable candidate to explain
these observations [3]. If exceptionally severe weather conditions during
winter 2004-2005 were responsible for an extensive deep water produc-
tion [4], the highly saline and warm characteristics can be attributed to
the progressive salt and heat accumulation in the north-western Mediter-
ranean during the previous years. The persistency of that structure has
been confirmed during 2006, when similar deep water was detected in the
western basin. The deep water production during winter 2004-2005 and
2005-2006 confirms an enhancement of the interannual variability in the
WMED hydrographic conditions and suggests that the EMT influence on
the WMED is far to be concluded, especially if high levels of salt and
heat are maintained in the Eastern Mediterranean outflow. Investigation of
spreading of those new waters evidences how the EMT, beside modifying
the WMED hydrographic characteristics, was able to deeply influence key
processes characteristic for this basin, with significant consequence on the
exchanges through the Gibraltar Strait [5].
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Abstract

In the period spanning from September 2005 to October 2006, 81 Lagrangian drifters were deployed in the Eastern Mediterranean using
ships of opportunity or during oceanographic cruises. Surface circulation statistics, both Eulerian and Lagrangian, were performed using
data recorded until 18 August 2006. The main circulation features of the area, together with their variability, are well delineated. The
energy of the mean flow and of the fluctuating currents were also computed.

Keywords : Circulation Experiments, Eastern Mediterranean, Surface Waters.

As part of the EGITTO and EGYPT programs started in September
2005, the Eastern Mediterranean surface circulation was studied using
Lagrangian drifters. A statistical description of the circulation based on
the drifter data between September 2005 and August 2006 is presented.

Data and methods

A total of 81 SVP drifters were deployed from September 2005 to October
2006. In particular, 31 drifters were released in the Sicily Channel on a
seasonal basis and 50 drifters were deployed in the southeastern Ionian,
the Cretan Passage and the Levantine sub-basin during four oceanographic
cruises/transits. All the drifters were equipped with a holey sock drogue
centered at a nominal depth of 15 m to minimize the influence of the
local winds and with a radio transmitter emitting every 90 seconds to send
data (e.g., sea surface temperature) and be tracked by the Argos system
aboard the NOAA near-polar orbiting satellites. The raw Argos positions
provided until 18 August 2006 were edited for outliers and spikes using
statistical and manual techniques [1] and interpolated at regular 2-hours
intervals [2], filtered with a low pass Hamming filter of 36 hours to elim-
inate tidal and inertial currents and finally sub-sampled every 6 hours.
Surface velocity was calculated by central finite differencing the interpo-
lated positions.

Results

The drifters sampled adequately the Eastern Mediterranean with a maxi-
mum drifter density in the Cretan Passage and in the Sicily Channel, due to
the high residence time (also because of the drifters released and trapped in
the eddies) and to the large number of deployments in these areas (Fig.1).
The drifter operational life is about 3-6 months because of the high prob-
ability of being picked-up by seafarer or stranding. As computed until
18 August 2006, the maximum drifter lifetime is 278 days and the mean
half-life (the time after deployment for which 50% of the instruments
still provide useful data) is about 110 days. The processed data include a
total of 19.6 drifter-years and the maximum number of drifters operating
simultaneously (34 units) occurred on the 24 April 2006. The mean flow
and the variance were calculated for the whole period from the filtered
data using a spatial averaging scale of 1° x 1° overlapping bins. The
obtained surface currents show a strong flow of about 20 cm/s entering in
the Sicily Channel and bifurcating southeast of Sicily, one branch going to
the north and the other to the east. In the Ionian, the currents move south-
ward and then veer to the west off the Libyan coast. In the Cretan Passage
and Levantine Sub-basin the currents are strong (about 20-25 cm/s) and
flow eastward along the continental slope off Egypt, Israel and Lebanon.
Anticyclonic circulation features off the Libyan coast and in Ierapetra and
Mersa Matruh areas are striking. The mean kinetic energy of the mean
flow (MKE) (Fig.2a) and the mean kinetic energy of the fluctuations, also
called eddy kinetic energy (EKE) (Fig.2b), were computed rejecting bins
with less than 50 observation. The MKE is maximum southeast of Sicily,
east of Crete, and in the eastern part of the Levantine sub-basin, with
values that reach 500 cm2/s2, while the EKE, as expected, is maximum
(with values higher than the MKE) in correspondence to the major anti-
cyclonic eddies and in areas with well-known strong seasonal variability.
Calculating the ratio EKE/MKE, the higher values (velocity fluctuations
more energetic than the mean flow) are found in the Cretan Passage and
in the Ionian, while strong currents with low variance are evident in the
northern part of the Sicily Channel and along the slope, especially in the
eastern Levantine Sub-basin. Lagrangian statistics were computed after
the Eulerian mean flow had been subtracted from the drifter velocities.

Energy levels, diffusivity and integral time scales are larger in the zonal
direction. The covariance at zero time-lag is about 220 (200) cm?/s? in
the zonal and meridional directions respectively; diffusivity reaches an
asymptote after about 4 days with values about 3 x 107 (2 x 107) cm?/s.
Additional drifters will be deployed in the Eastern Mediterranean until
March 2007. The above-described statistics will be then re-computed
using the upgraded dataset.

Drifter Tracks : 1-sep-2005 to 18-aug- 2006
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Fig. 2. MKE (a) and EKE (b) for the period 1 September 2005 - 18 August
2006. Only bins with more than 50 observations were taken into account.
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Abstract

The degree of depression in the profile of potential density is proposed as a criterion of the anicyclonality at the cast location. This
criterion was calculated for profiles in the historical CTD data set from the Southeastern Mediterranean in order to map the region of
transient anticyclonic eddies. Most of the casts with a higher degree of anticyclonic activity are clustered in the region between Cyprus
and Haifa. The absence of anticyclonic depression in the potential density profiles outside of an intensive eddy suggest that the so called
"Shikmona Gyre area" is not an area of weak anticyclonic circulation, but rather is an area of general cyclonic circulation with the periodic

generation of energetic anticyclonic eddies.
Keywords : Levantine Basin, Circulation.

The climatological pattern of the Southeastern Levantine circulation has
been the subject of extensive investigation since the first evidence of en-
ergetic anticyclonic eddies in this region were discovered in CTD data
collected by the Israeli R/V Shikmona in the "Mediterranean Climate"
(MC) cruises during 1979-1984 [1, 2]. Prior to this, the commonly ac-
cepted picture of a general cyclonic circulation was based on sparse casts
(about 50 eastward of 30°E for the classical Ovchinnikov scheme [3]). In
an analysis of the CTD data collected by R/V Shikmona during the first
two POEM cruises (Oct 1985 and Mar 1986), Brenner [4] determined that
among several warm core eddies in the region of study, the most intense
eddy was located near 34.2°N, 34.2°E. He referred to this as the Cyprus
eddy. Using the same CTD data Oszoy et al, [5] defined a broad area
with a relatively high geopotential anomaly and referred to it as Shik-
mona Gyre. This area appeared to contain three small scale anticyclonic
eddies. In summarizing the POEM cruise data and supporting evidence
from numerical model simulation, Robinson and Golnaraghi [6] defined
the southeastern Levantine as a region with a "system of anticyclonic
eddies, among which is the recurrent Shikmona eddy south of Cyprus".
Pinardi et al, [7] described the southeastern Levantine circulation as being
dominated by an along shore cyclonic circulation with the presence of the
Mid-Mediterranean Jet (MMJ) south of Cyprus and the Shikmona gyre
area. This description (excluding the MMJ) was corroborated by Hamad
et al, [8] based on analysis of remotely sensed sea surface temperature
data. Using a unique set of CTD data (1995-2005), Zodiatis at al, [9]
demonstrated the persistence of the MMIJ south of Cyprus accompanied
by a complex structure of anticyclonic eddies south of the jet. To dis-
tinguish between anticyclonic eddies located west of and east of 33.5°E,
they used the names Cyprus eddy and Shikmona eddy, respectively.

One of the intriguing questions is how to interpret the Shikmona Gyre
area: as a region where anticyclonic eddies are generated and migrate or
as a relative large area with a slow anticyclonic circulation and periodically
generated energetic anticyclonic eddies? Unfortunately the historical CTD
data collected in the Southeastern Levantine is too sparse to resolve this
question. In order to estimate the presence of anticyclonic circulation at a
point where we have only CTD data, we calculate the degree of depression
of the vertical profile of potential density in the layer deeper than 250m.
We assume that the degree of the depression is proportional inversely to
the second derivative from the vertical distribution of the potential density.
Depression of the density profile is caused by downwelling resulting from
near surface horizontal convergence in an anticyclonic circulation. Fig.
1 shows the locations of casts where depression of the density profile is
significant. Most of the anticyclonic eddies are found in the region be-
tween Cyprus and Haifa. However stations with depressed profiles are
also found southwestward and northwestward of this region. This picture
supports the suggestion of Brenner [5] that antyclonic eddies are trapped
by topographic effects. Density profiles with a high degree of depression
are often adjacent with profiles typical of cyclonic activities (absence or
low degree of depression). This suggests that the area between Cyprus and
Haifa is not an area of weak anticyclonic circulation, but rather an area of
general cyclonic circulation with the periodic generation of energetic an-
ticyclonic eddies. Therefore the "Shikmona eddy generation area" would
be a more appropriate name for this area instead of the commonly used
"anticyclonic Shikmona Gyre".
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Fig. 1. Locations of casts with significant anticyclonic activity (shadowed)
in the South Eastern Mediterranean.

References

1 - Feliks Y., and Itzikowitz S., 1987. Movement and geographical distri-
bution of anticyclonic eddies in the Eastern Levantine Basin. Deep-Sea
Res., 34 (9): 1499-1508.

2 - Hecht A., Pinardi N., and Robinson A. R., 1988. Currents, water
masses, eddies and jets in the Mediterranean Levantine Basin. J. Phys.
Oceanogr., 18 (10): 1320-1353.

3 - Ovchinnikov 1. M., Plakhin A., Moskalenko L. V., Neglyad K. V., Os-
adchii A. S., Fedoseev A. F,, Krivosheya V. G., and Voitova, K. V., 1976.
Gidrologiya Sredizemnogo Moria. Gidrometeoizdat, Leningrad, 375 pp.
(in Russian).

4 - Brenner S., 1989. Structure and evolution of warm core eddies in the
eastern Mediterranean Levantine Basin. J. Geophys. Res., 94: 12593-
12602.

5 - Ozsoy E., Hecht A., and Unluata U., 1989. Circulation and hydrog-
raphy of the Levantine Basin. Results of POEM coordinated experiment
1985-1986. Prog. Oceanogr., 22: 125-170.

6 - Robinson A. R., and Golnaraghi M., 1993. Circulation and dynamics
of the Eastern Mediterranean Sea; Quasi-Synoptic data-driven simula-
tions. Deep-Sea Res. 11,40 (6): 1207-1246.

7 - Pinardi N., Arneri E., Crise A., Ravaioli M., Zavatarelli M., 2004.
The physical and ecological structure and variability of shelf areas in the
Mediterranean Sea, "The Sea", Vol. 14, Chapter 32.

8 - Hamad N., Millot C., and Taupier-Letage 1., 2005. A new hypothesys
about the surface circulation in the eastern basin of the Mediterranean Sea,
Prog. Oceanogr., 66: 287-298.

9 - Zodiatis G., Drakopoulos P., Gertman I., Brenner S., and Hayes D.,
2005. The Atlantic Water Mesoscale Hydrodynamics in the Levantine
Basin. In: CIESM 2005. Strategies for understanding mesoscale pro-
cesses. CIESM Workshop Monographs, 27: 71-80.

Rapp. Comm. int. Mer Médit., 38, 2007


http://www.tcpdf.org

ABRUPT CHANGE IN THE DEEP BALEARIC SEA 1IN 2005; A YEAR LATER
César Gonzdlez-Pola !, Pedro Vélez-Belchi 2 * and José Luis Loépez-Jurado 3
! Instituto Espafiol de Oceanografia, C.O. Gijén, Spain
2 Instituto Espaiol de Oceanografia, C.O. Canarias, Spain - pedro.velez@ca.ieo.es
3 Instituto Espafiol de Oceanografia, C.O. Baleares, Spain

Abstract

The properties of the Western Mediterranean Deep Water in a wide area located at the western boundary of the Mediterranean Sea revealed
intense changes when sampled in summer 2005 after the extremely severe winter 2004-05. The progressive warming trend observed since
1996 in deep waters north of the Balearic Channels reverted dramatically, and in the deepest levels nearby the Balearic Islands a complex
and unprecedented thermohaline structure appeared. In the following year, the temperature of deep water north of the Balearic Channels
experienced the highest annual cycle observed, ending by June 2006 with a weak interannual recovery. The new structure in deeper waters
persisted with some evolution, indicating that the change was not a short-term transient anomaly.

Keywords : Western Mediterranean, Deep Waters, Balear Sea.

Western Mediterranean Deep Water (WMDW) has been immersed in a
process of warming and salt-increase since, at least, the beginning of the
20th century. The net heat and salt gain values presented by different
authors are similar:

Béthoux et al. [1]; 1959-1997; 0.13 °C and 0.04 (PSS scale)

Rixen et al., [2]; 1950-2000; 600 dbar-bottom; 0.09°C and 0.035

A similar tendency was observed in the 10-year time-series of S proper-
ties at hydrographic stations in the Balearic Sea performed by the Spanish
Institute of Oceanography (IEO). Until 2005, the waters deeper than 600
dbar in station 33 (Figure 1c, 1360 m depth) suffered a progressive warm-
ing and salt-increase trend of 0.01140.004 °C yr—! and 0.003 4 0.001
yr— ! (salinity).

However, measurements in June 2005 revealed dramatic changes in the
deep waters at the area, as described in [3]. The warming trend observed
north of the Balearic Channels was disrupted with a drop in potential tem-
perature of 0.14 °C, higher than the accumulated increase observed since
1996, and higher than the reported net accumulated warming of the whole
WMDW during the last half century. At the same time, the deepest waters
that bound the Balearic Islands showed intense transformations presenting
a striking structure below 1400 dbar (see Figure 1abd). The changes were
related to the most intense heat loss in the area of formation of WMDW
(MEDOC area) since at least the last 50 years [3]. The formation of the
new structure was explained in terms of intense deep convection of salty
surface waters combined with strong cascading at the shelf-slope [4]. The
extension of the changes affected the whole Western Mediterranean basin
[5] and may be influenced by the Eastern Mediterranean Transient [3, 5].

The sampling of the Balearic Channels during the following year revealed
a variability not observed before at these levels in the area during the
previous 10 years. There was an annual cycle of nearly 0.10°C for water
temperature below 600 dbar, reaching a maximum in spring but ending
in June 2006 with a value hardly 0.02°C higher than that found in June
2005 (not shown). This finding indicates firstly that the change was not a
short-term transient anomaly, and secondly the existence of heterogeneity
in the spatial structure at these depths, causing the local alternation of wa-
ters with different properties as a response of the local advective regime.

After summer 2005, the deep structure with a clear fingerprint in the 6S di-
agram (Figure 1d) remained year round, but experienced some evolution.
The node of maximum salt and temperature increased slightly its values,
whereas the signature at the interface with newly formed waters and also
the bottom water seem to be less conspicuous (partially eroded) when
observed in summer 2006. The combination between diffusive mixing
and advection causing the observed evolution of the S diagram supposes
a future challenge for the models when trying to interpret this exceptional
event.
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Fig. 1. Western Mediterranean at the Balearic Islands area and stations
referred in the text (c). Potential temperature (a) and salinity profiles (b) at
a station C for summers 2004-2006 and #S diagram from the same profiles

(d).
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Abstract

While increased atmospheric CO» flux is assumed as a general warming factor, essential climatic influence in the Adriatic Sea comes
through the water exchange with the Mediterranean, that reflects an air pressure variability over the wider area. Based on the pressure
index and CO- time series we have examined the effects of climate shifts/changes to the Adriatic Sea ecosystem.

Keywords : Adriatic Sea, Primary Production, Atmospheric Input.

Introduction

Continuous increase of atmospheric greenhouse gases is the main factor
of the global temperature increase. We wanted to discover the changes
in the marine ecosystem triggered by climatic changes, and eventually
quantify the causes and the effects in the complexity of the feed back
processes of the atmosphere-sea system. Trends and fluctuations were
already observed in various biotic systems in the world seas, including the
Mediterranean and the Adriatic Sea [1]. Long term oceanographic records
from the Middle Adriatic enable better understanding of the ecosystem
response to changes of atmospheric and sea conditions through physical,
chemical and biological processes. In order to analyse ecosystem response
to climatic forcing, the changes and shifts of primary productivity and cli-
matic indicators were compared and analysed.

Datasets and methods

A sea level pressure index, taken as a climatic indicator, was defined
via Principal Component Analysis of the mean annual sea level pressure
data over the Northern Hemisphere from the area 30° W- 400 E and 30°
- 659 N, for the period 1948-2003, from the NCEP/NCAR reanalysis
(http://www.cdc.noaa.gov). The obtained index describes the mean annual
pressure variability over the central northern Atlantic [2]. A warming
index is defined through a detrended series of relevant CO2 fluxes in the
atmosphere. For the ecosystem index, the primary productivity data since
1962, collected monthly at the open sea station Stoncica (STS) and the
coastal station Kastela Bay (KBS) were analysed (unchanged method over
the analysed period). Regime shifts were detected via the SARS method
proposed by Rodionov [3]. The locally-weighted scatter plot smoothing
(LOWESS) method was used for displaying nonlinear trends.
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Fig. 1. Primary productivity regime shift and sea level pressure indexes.

Results and discussion

At a multi-decadal scale changes of productivity in the coast and the open
sea show a high degree of correspondence (r=0.70; n=41; p<0.001); al-
though coastal waters have few times higher productivity rate. Coherent
fluctuations point to the influence of a common external forcing. The
application of the LOWESS method on productivity reveals non-linear
relationships, and distinguishes the three different periods (1962-1979),
(1980-1997) and (1998-2005) in which the mean value and dispersion is
different in amount and sign from a normal period (Figure 1).

Till 1979, at open sea, there was no significant trend of primary productiv-
ity. In the same period an increase of primary productivity was observed
at KBS, but primarily due to an increase in the first ten years, which had
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huge anthropogenic load. An abrupt primary productivity regime shift was
observed in 1979 in the coastal waters and a year later at open sea. While
trends could be partly influenced by eutrophication, the abrupt change in
the atmosphere over the Northern Hemisphere probably caused productiv-
ity multi-decadal changes in the Adriatic Sea. The changes of climate and
the abrupt climatic shifts in the atmosphere could be the forcing factors
that controlled the Adriatic ecosystem dynamic. By the end of the first
normal period, the abrupt jump in primary productivity occurred at STS,
followed by a regime shift of the pressure index, connected to CO2fluxes
(Fig.2).
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Fig. 2. Mean annual primary productivity at the Middle Adriatic open
sea station (STS), RSI weighted values, and arrows indicating shifts in the
atmosphere.

The warming begun around 1978, accompanied by a decrease of precipi-
tation and an increase of the E-P value. The increase of the winter NAO
index in the period 1978-1992 was recorded. This period was charac-
terized by the shift of primary productivity. The question is, what has
caused such an abrupt increase of productivity? We believe that the in-
crease of primary productivity in the Middle Adriatic can be associated to
the climatic shift. The atmospheric response to CO2 flux jump resulted
in a temperature increase. The changed pressure distribution over the
northern Atlantic and wider, extending to the SE Mediterranean, has in-
fluenced the exchange between the Adriatic and the Mediterranean. This
has regulated the corresponding salinity fluctuation, nutrient enrichment
and consequently the primary productivity changes/shifts in the Adriatic.
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Abstract

The waters surrounding western Turkey contain a rich variety of mixing regimes owing to differing combinations of currents, stratification
and bathymetry. Examples from disparate situations observed between 1994 and 2004 will be compared while identifying and quantifying
the major mixing processes encountered.

Keywords : Bosphorus, Black Sea, Aegean Sea, Water Transport.

Meeting Umit Unluata at the 1991 IUGG nutured an interest aroused by a
recent paper [1] about the exchange through the Bosphorus into a broader
curiosity about the fascinating oceanographic environments feeding into
the strait. Working from R/V Bilim in 1994 with Emin, Latif and Sukru,
we examined hydraulics and turbulence of the Bosphorus in detail, dis-
covering that the exchange flow is far from the idealized case described
by analytical models [2]. In particular, the complex bathymetry and shape
result in the narrowest part of the channel, known as the Contraction, not
having the smallest cross-section and upper and lower parts of the ex-
change flow crossing the southern sill on opposite sides of the channel [3].
Owing to the intense turbulence, the regime appears to be at least partly
controlled by friction rather than being the simple exchange of ideal fluids
assumed in many hydraulic models.

During late summer we found very weak background mixing on the shelf
north of the strait [4,5], very different than on shelves adjacent to the open
ocean where tidal currents produce turbulence levels decades larger than
the nearly molecular diffusivities we observed. No so, however, during
late winter of 2003, when, working from R/V Knorr we found a strong rim
current flowing over sharp cliffs apparently produced by massive slumps
that removed portions of the continental slope. Where the slope is smooth,
e.g., just west of the Bosphorus, mixing was much weaker, but above the
levels found in late summer.

In the middle of the Black Sea’s western gyre turbulent dissipation rates
in the oxycline were moderately strong during a cold air outbreak that
cooled the overlying surface water to 6.1°C [6]. Owing to the very strong
stratification produced by the halocline, these dissipation rates correspond
to diapycnal diffusivities of only (1-4) x 10~6 m?/s, too low to resupply
the suboxic layer by vertical mixing. In spite of the winds accompanying
the cold air outbreak, turbulence in the weakly stratified water below the
halocline was so weak that we are reformulating the way we compute
dissipation rates to distinguish very weak turbulence from noise.

As we found while working on R/V Oceanus during late autumn of 2004,
the Aegean has a two-layer density structure similar to the Black Sea,
with equally weak mixing away from land. To our great surprise, in-
ternal tides, though weak, are significant and produce mixing signatures
near some bathymetry. Low-frequency flows along the continental slopes
seem to be the other process generating strong mixing close to the bottom.
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Abstract

Numerical weather prediction (NWP) products include possible errors near the coastal regions. Effects of such errors on near surface wind
speed, which is one of the critical variables for coastal applications are investigated over the Caspian Sea. For this purpose, a creeping sea-
fill methodology developed by [1] was applied to the coarse resolution (1.125° x 1.125°) wind speed data obtained from European Centre
for Medium-Range Weather Forecasts (ECMWF), and the results compared with the relatively fine resolution (0.25° x 0.25°) satellite
based wind speed data. It is shown that the applied methodology improved the accuracy of the wind speed near the coastal regions.

Keywords : Coastal Processes, Air-sea Interactions, Brackish Water.

Coastal applications (e.g regional ocean models, wave models etc.) need
accurate wind speed over the sea surface and proper representation of this
variable is important. However, atmospheric models do not have enough
resolution for inland waters like the Caspian Sea. Since many NWP mod-
els are generally designed for global or regional applications, small water
bodies are not considered in great detail. Also, because of the irregularities
in coastline the few grid points over inland waters can be contaminated
by land. For this reason, the wind speed field requires special treatment
before using it in coastal applications.

The Caspian Sea is an enclosed water body and very sensitive to the at-
mospheric forcing, thus improper representations of air-sea fluxes in a
regional ocean model could lead to unrealistic trends of total heat, mass,
and momentum. For this reason, special attention should be taken to prop-
erly represent the atmospheric forcing in this sea. The main goals of this
study are (1) to show the effects of land on the surface wind speed near the
coastal regions, and (2) to evaluate the success of the applied methodology
for reducing the effects of land contamination.
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Fig. 1. The land sea mask from a satellite-based product (QSCAT, right),
and ECMWEF interpolated to the 1/25° grid (left)

Land-sea mask values from ECMWF [2] (European Centre for Medium-
Range Weather Forecasts) (Fig. 1a) and SeaWinds scatterometer on the
QuikSCAT satellite (Fig. 1b) are shown. It is clearly seen that the rela-
tively coarse resolution ECMWEF land-sea mask is more contaminated by
land values effecting the interior of the sea compared to QSCAT land-sea
mask, which has relatively fine resolution. In this figure, a contour value
of 0.8 in the land-sea masks implies that the interpolated wind speed val-
ues are approx 80% contaminated by land values on the OGCM grid.

In this study, a creeping sea-fill methodology was applied to the wind
speed at 10 m obtained from ECMWF 40-year Re-Analysis (ERA40) data
for June 2000. The creeping sea-fill simply means that winds are post-
processed, so that only values over the ocean (or sea) are used. It replaces
the value associated with each land-masked point by using only nearby sea
values. For demonstration purposes, the original values were interpolated
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to a 1/25° x 1/25°, cos (lat) resolution Caspian Sea HYbrid Coordinate
Ocean Model (HYCOM) domain. HYCOM, described in [2], is a com-
munity ocean model (http://oceanmodeling.rsmas.miami.edu/hycom/). It
behaves like a conventional o (terrain-following) model in very shallow
oceanic regions, like a z-level coordinate model in the mixed layer or other
unstratified regions, and like an isopycnic-coordinate model in stratified
regions.

)
peed sea-fill June (2000)

a
401 wind speed |, June {2000)

T wind speéd, .June (2000

Fig. 2. Spatial variations of wind speed from ECMWF, QSCAT and sea-
fill field.

Performance of the creeping sea-fill methodology is evaluated using mea-
surements of wind speed magnitudes at 10 m above the surface from
QuikSCAT satellite. ERA40 (Figure 2a), QSCAT (Figure 2b) wind speed
data and the sea-filled field (Figure 2c) are plotted to examine wind speed
during June 2000. While ERA40 wind spped data shows abrupt features
along the southern and western coast of the Caspian Sea, QuikSCAT data
is more smooth over these regions. An improvement in the accuracy
in ERA40 wind speed data is seen after applying creeping sea - inAll
methodology, as these fields display more or less smiliar features com-
pared to QuikSCAT data.

This study shows that applying a creeping sea-fill methodology success-
fully reduces the error due to the land contamination associated with the
coarse NWP grid, and improves the accuracy of wind speed near the
coastal regions. To investigate possible effects of improved atmospheric
forcing on the dynamical features of the sea, a regional ocean model
should be used as a tool for a further study.
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Abstract

A strong open-ocean convection episode occured during winter 1986-87 in the NWMS (Northwestern Mediterranean Sea). Two numerical
3D simulations of 1968-87 have been performed using an eddy-permitting and an eddy-resolving model. The convection is reproduced
similarly in both simulations on a global scale. However, mesoscale structures are better reproduced by the eddy-resolving model, ex-

plaining most of the differences between both simulations

Keywords : Western Mediterranean, Circulation Models, Mesoscale Phenomena.

Open-ocean convection is one of the major dynamic processes in the
NWMS (Fig. 1a), where it plays an important role in the functioning
of pelagic planktonic ecosystems. It is therefore important to reproduce
correctly this process with 3D circulation models. Somot [2] performed
a realistic numerical study of winter 1986-87 using an eddy-permitting
model (EPOM). Given the importance of mesoscale structures during con-
vection episodes, it would be interesting to perform a realistic study of
this winter with an eddy-resolving model (EROM). In the present study,
we investigate the impact of model resolution on the representation of
the 1986-87 convection episode by comparing results of two realistic 3D
simulations performed with respectively an EROM and an EPOM.

A Mediterranean limited area version of the 1/8° resolution (~10 km)
circulation model OPA [2], and a 3 km-resolution model, SYMPHONIE
[3], are used. Since the Rossby radius in the NWMS is about 10 km,
the present version of OPA, resp. SYMPHONIE, is an EPOM, resp. an
EROM. The atmospheric forcing is provided by the air-sea fluxes coming
from the ERA40 reanalysis [4]. A correction of -130 W/m? is added to
correct the difference between the ERA40 heat flux and the observations
[5]. During winter 1986-87 five meteorological events (highlighted in grey
on Fig. 1) were observed.

Both models reproduce similarly the convection episode on a global scale:
position of the convection area (4°30° E - 41°30°N), timing consistent
with the atmospheric forcing (see the mean mixed layer depth (MLD)
evolution on Fig. 1a), total volume of newly formed deep water (DW, p
>29.10 kg/m3) exported from the NWMS (Fig. 1d).

Columnat
bucyancy |

g

egrated Busyarsy Aux

‘Inte graged buoyancy fh

Deep waler valume (10"
b

B

by
N
\
v
\
'
v
1
L

b

S e o R 8 ] S VNV O o
20 010110 20 020110 20080110 20 040110 20 1200110 20 010110 20 G201 10 20030110 20 040710 20
Tima (dey) Tine ey

T

Fig. 1. Water column characteristics from 12/01/1986 to 05/30/87. MLD
(a), columnar buoyancy and integrated buoyancy flux (b) and KE (c) av-
eraged over the LION area. DW surface formation, storage, net transport
and mixing in the NWMS (d).

The main difference between both models is the mesoscale structures
representation. We observe on sea surface density that mesoscale struc-
tures of scale smaller than 60 km are much more important, and in better
agreement with previous studies [1,6] in EROM than in EPOM. This is
confirmed by the kinetic energy (KE) analysis, where we observe the evo-
lution of KE associated to processes of scale larger (LSKE) and smaller
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(SSKE) than 60 km (Fig. 1c). These mesoscale processes are known
to be responsible for the lateral advection of positive buoyancy into the
convection area [1], as confirmed by a buoyancy analysis (Fig. 1b): the
difference between the columnar buoyancy and the integrated surface
buoyancy flux means that lateral advection of positive buoyancy, more
important in EROM than in EPOM, occurs. Consequently, the mesoscale
structures slow down the MLD deepening, help to the restratification and
limit the lateral extension of the convection area. This corresponds to the
difference both models. Indeed, in EROM, the MLD deepening is slower,
the restratification is faster and the convection volume, proportional to the
mean MLD, is smaller (Fig. la). The maximum MLD being similar in
both models, this volume difference is mainly due to a smaller convection
surface in EROM. Moreover these structures play an important role in the
mixing of DW formed at the surface with lighter surrounding water (Fig.
1d). This mixing is much more important in EROM (57%) than in EPOM
(8%), consequently less DW is stored in the NWMS in EROM. The DW
formation rate is 1.7 Sv for EROM vs. 2 Sv for EPOM. For more details
about these analysis, see [7].

In conclusion, EROM and EPOM reproduce convection similarly on a
global scale. However, EROM finer spatial resolution enables to repro-
duce mesoscale structures better.
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Résumé

La circulation tridimensionnelle de la baie de M’Digq, située en Mer Méditerranée marocaine, a été appréhendée a 1’aide du modele
hydrodynamique MIKE3-HD durant le mois de septembre 2001. La marée observée est de type semi-dirune et la circulation de surface de
la baie est, en outre, régie par les vents qui sont sur cette période d’observation de directions dominantes Nord-Ouest & Sud-Est.

Mots cles : Alboran Sea, Circulation, Coastal Models, Coastal Processes, Tides.

Introduction

De par son importance socio-économique pour la région et présentant de
fortes potentialités en aquaculture, la baie de M’Diq (35°40°N, -6°21°0) a
fait I’objet de diverses études visant la compréhension de son écosysteme
[1,2,3,4,5, etc]. Cependant, les études portant sur son hydrodynamique
sont quasi-inexistantes et I’objectif de cette étude est d’étudier par modele
numérique la circulation marine régissant cette baie.

Matériel et méthodes

La circulation tridimensionnelle des eaux de la baie de M’Diq a été étudiée
a1’aide du modele hydrodynamique MIKE3-HD. La période de simulation
a concerné le mois de septembre 2001 et le modele a été forcé localement
par la marée et les vents observés au voisinage du site. Des mesures de
courant, enregistrées sur une courte période d’observation dans la baie,
ont été utilisées pour calibrer et valider les résultats du modele numérique
de circulation.

Bathymetry
24 -
22 LT
R
20 ML --oli
50
18 l o
— 16 o
i 48' !
) B L N 4
E 14 4 Bathymetry [m]
= \ Bl iboe 0
c
£ 12 B 0- 0
2 L2l ] 20- -10
5 T AN ] 30- 20
= 10 51 [ ] -0- 30
R [ 1 &0- 40
8 Fo R R -100 - -50
. [ -150 - -100
,,,,, L1 [ 200 - 150
8 (=g B 250 - -200
\ [ -300 - -250
4 Ll N I 350 - -300
; 200 --350
= I 500 - 400
2 Ml 50- 500
I Gelow -560
0 : [ Undefined Value
0 5 10

(Units in kilometer)

Fig. 1. La baie de M’Diq (Maroc) et sa bathymétrie.

Résultats

La marée observée durant I’année 2001, au voisinage de la baie de M’diq,
est semi-diurne (de type M2), dont ’amplitude et la phase sont respec-
tivement de 0.30 m et de 50° (GMT). Les vents dominants durant I’année
2001 sont de secteurs Est a Sud-Est et Ouest a Nord-Ouest [6]. Durant
I’automne 2001, ils sont généralement de secteurs Nord-Ouest et Sud-Est,
d’intensités moyennes de 6 m.s~! environ. Etablis sur le mois de septem-
bre 2001 couvrant ainsi un cycle de marées de vive-eau et de morte-eau,
les résultats du modele montrent que la circulation de surface de la baie est
fonction de la direction des vents et permettent ainsi de mieux comprendre
I’hydrodynamique qui régit cette baie.
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Abstract

Three-dimensional primitive equation models including sea ice thermodynamics and air-sea interaction are used to study seasonal cir-
culation and water mass variability in the Caspian Sea under the influence of realistic mass, momentum and heat fluxes. The models
successfully simulate sea-level changes and baroclinic circulation and mixing features, partially verified with observed data.

Keywords : Sea Level, Currents, Circulation Models.

The isolated Caspian Sea, under the influence of large rivers and
atmosphere-ocean-land interactions, is extremely sensitive to regional
climatic variability. With a large catchment area extending towards the
Urals and Caucasia, river runoff dominates the water budget. Annual pre-
cipitation is about one third of the runoff or evaporation, which are roughly
comparable in magnitude and would individually account for about 1 m/yr
of sea level change. The water budget drives inter-annual, inter-decadal
and longer term variations in sea level [1,2].

The water budget variability, which depends on external factors as well as
on the atmosphere - sea interaction, most probably is the key phenomenon
influencing the physical state of the sea. Changes in water balance lead to
significant changes in stratification of the upper waters, which can result
in overturning or eutrophicated conditions in the deep basin, phenomena
known to have occured in the past [1,3]. Seasonal variation in sea level
is about 30 cm, while interannual variation in the twentieth century alone
has been in the range of 300 cm. The water input is either compensated
by surface evaporation (increased when flat areas are flooded) or balanced
by sea level changes.

The strategy for studying the Caspian sea thermo-hydrodynamics is based
on successive development of models capable to represent the physical
state of the sea from intra- to interannual timescales, to answer the fol-
lowing yet unresolved questions: What is the three-dimensional general
circulation of the sea? What thermodynamical processes are specific for
the Caspian Sea in controlling the seasonal sea level changes and how
sensitive is the energy transformation cycle to variations of atmospheric
forcing?

3D primitive equation models including sea ice thermodynamics and air-
sea interaction have been developed and applied to study the seasonal
circulation and water mass variability in the Caspian Sea under the in-
fluence of realistic mass, momentum and heat fluxes. River discharges,
precipitation, radiation and wind stress are specified in the model. The
evaporation rate, sensible and latent heat fluxes at the sea surface are com-
puted interactively by an atmospheric boundary layer sub-model, using the
ERA40 atmospheric data and model generated SST. The model simulated
sea surface topography is verified with observed sea level data. Model
heat and water budgets confirm climatological estimates. Experiments
performed with variations in external forcing suggest a sensitive response
of the circulation and the water budget to atmospheric and river forcing.
The most important issue from the model is connected with transforma-
tion of water and energy in sea - atmosphere system. In the warm period
solar energy is accumulated in the sea and transmitted to the atmosphere
through thermal radiation, sensible and latent heat fluxes. Latent heat flux
by evaporation is a stabilizing mechanism acting against sea level rise.

The seasonal cycle of wind stress is crucial in producing the basin circu-
lation, resulting in cyclonic gyres in December-January; west to south-
westward Ekman drift accompamied by an upwelling front in the east,
coastal jets along the western and eastern shelf regions in February-July,
and transitional types in August-November. Upwelling along the eastern
shelf is a persistent feature in summer, also confirmed by satellite data [4],
subject to active exchange and mixing across the front.

Considering the general lack of observational data of the Caspian Sea
currents the first drifter experiment hasstarted in October 2006, in the
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framework of the NATO SfP / MACE project. The three surface buoys
deployed in the cooling period indicate mainly cyclonic circulation in the
mid and south Caspian sub-basins, with smaller embedded cyclonic / an-
ticyclonic eddies, as predicted by models and also confirmed by satellite
data.
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Abstract

During the 1998-99 winter, the hydrodynamics of the Catalan continental shelf and slope was significatively altered. Pascual et al. (2002)
have reported the presence of a very energetic eddy (diameter >100 km) located in the northern part of the Balearic sea from september
1998 to March 1999. This structure altered the normal dynamics in the downstream region (the Catalan shelf-slope). In this paper, we show
the consequences of this atypical behaviour, in particular the effects of the eddy dissipation when a great amount of Winter Intermediate

Water accumulated over the northern shelf was released.

Keywords : Circulation, Coastal Waters, Time Series, Western Mediterranean.

The dynamics of the Catalan shelf-slope region (NW-Mediterranean) is
very influenced by the upstream processes [1]. The slope current, which
is part of the so-called Northern Current [2], advects dynamical structures
(i.e. eddies, filaments) and water masses downstream. This mechanism
allows the presence in the southern Catalan shelf-slope of eddies and water
masses generated in the Gulf of Lions.

In September 1998 a very intense and large (100 km) anticyclonic eddy
was generated in the northern part of the Balearic basin [3] (figure 1). This
structure remained almost in the same place until March 1999, when it
dissapeared. The authors proposed a combination of effects such as the
Mistral wind induced curl and the weakening of the Northern current to be
at the origin of the eddy formation. Such a strong and large structure had,
probably, an important impact over the circulation in the Balearic basin.
Nevertheless, until now, no evidence of that impact has been reported.

On the other hand, in the frame of the YOYO project (1998-1999), sev-
eral moorings were placed in the shelf-slope region near the Ebre delta,
downstream the large eddy position (figure 1). Those moorings were in-
strumented with current meters and thermometers at different depths as
well as with a thermistors chain between 100-200 depth.

When looking at the current and temperature data the main conclusion is
that the slope current was not altered by the presence of the eddy. The
differences found during the 1998-99 winter were similar to those found
in other years., showing the typical seasonal variability.

Fig. 1. Study region. The large eddy reported in [3] is represented as well
as the typical path of the Northern current (grey arrow). The stars show
the location of the mesurement points.

However, the temperature presented a striking feature. Between the 26
March and 6 April (days 1180-1190 in figure 2), the temperatures sud-
denly decreased by 0.6°C simultaneously between 100 and 500 m. This
is a variation much more important than all other variations observed
during the YOYO period and corresponds to the arrival of WIW (Western
Intermediate Water) advected from the North. What is very unusual is the
amount of such WIW filling the whole water column. In fact, this extraor-
dinary release of rich waters probably favoured the increase of seabirds
observed in 1999 (Daniel Oro, pers.comm.).

Our explanation to that phenomena is the following. The Catalan con-
tinental shelf in the north of Barcelona is a favourable place to generate
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WIW due to the cooling and convection of dense waters. Usually, the
waters generated by that process over the shelf are advected downstream
by the slope current, as it is done with the waters generated in the Gulf of
Lions. However the eddy blocking prevented them to leave the generation
place. The winter 1999 was especially strong and an important quantity
of intermediate waters was generated in the Gulf of Lions [4], so it is
expected that the same thing happened in the Catalan shelf. On the other
hand, due to the eddy blocking, this water mass didn’t displace and was
accumulated during the winter months over the shelf. When the eddy
dissipated in March, the current circuit was restablished and the cold and
rich waters accumulated began to be advected southwards filling the whole
water column and reaching the southern part of the Catalan shelf-slope in
several days.

1020 140 1060 1080 1100 1120 140 1180 1180 120 1z

Dapth{m]

1040 1060 1080 00 N0 1140 1160 110 |zoo”1m
Days from Jan'96

Fig. 2. Comparison of 100 m velocities (top) and temperature distribution
between 100 and 500 m (bottom) measured over the slope.
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Abstract

The atmospheric model grid from NWP (Numerical Weather Prediction) products tend to include land values over the ocean in near coastal
regions. This is due to improper land-masks of the NWP products, causing serious errors in wind speed for coastal applications. Possible

corrections are introduced to overcome such problems.

Keywords : Air-sea Interactions, Coastal Waters, Eastern Mediterranean.

Introduction

Wind speed differs greatly between ocean and land surfaces due mainly
to land-sea heterogeneity. For example, the land roughness can be sig-
nificantly larger than ocean roughness. NWP centers are commonly used
as sources for obtaining global coverage of winds. These NWP products
include (1) 1.0° x 1.0° Navy Operational Global Atmospheric Prediction
System (NOGAPS), (2) 1.125° x 1.125° European Centre for Medium-
Range Weather Forecasts (ECMWF), and (3) 1.875° x 1.875° National
Centers for Environmental Prediction (NCEP). A serious problem arises
when using these products, for example, for determining coastal upwelling
and in forcing fine-resolution ocean models. This is because winds over
water during interpolation to the finer ocean grid are contaminated by
values over land near coastal regions, mainly because of the much coarser
atmospheric computational grid [1].

QSCAT

ERA—4D

r e — |2 nd-sea
g 8 S & & & mask

Fig. 1. The land-sea masks interpolated to the 1/12°HYCOM grid.

Land-Sea Mask

The model near-surface grid in NWP products is divided into sea and land
points using a land-sea mask. The original land-sea masks can be repre-
sented as values O (for sea) and 1 (for land). Land-sea mask values from
the 40-year ECMWF Re-Analyses (ERA-40) and Quick Scatterometer
(QSCAT) products are formed to illustrate possible land contamination
issues in the Mediterranean Sea (Fig. 1). For demonstration purposes, the
original ERA-40 winds were interpolated to a 1/12° x 1/12°cos(lat)
resolution global HYbrid Coordinate Ocean Model (HYCOM) domain
(http://oceanmodeling.rsmas.miami.edu/hycom/) zoomed for the eastern
Mediterranean region. Unlike ERA-40, the daily mask is 1.0 for 100%
data void and 0.0 for valid QSCAT data.

The interpolated representation of the original land-sea mask on the HY-
COM grid clearly reveals that some of the ocean points are contaminated
by land values, as typically seen from ERA-40 (Fig. 1). For example, a
contour value of 0.4 in the land-sea masks implies that the interpolated
wind speed values are & 40% contaminated by land values. ERA-40
winds are therefore consistently weaker (e.g., 2 m s~ 1) than QSCAT near
the land-sea boundaries (Fig. 2).

Special action must be taken to ensure that wind speed over land value is
not contaminated by that over the sea surface. One possibility is to correct
winds from NWP products using satellite-based QSCAT winds. The left
panel in Fig. 2b shows the accuracy of such a correction, based on a linear
regression analysis. That means, assuming QSCAT winds are perfect,
monthly ERA-40 wind speeds were regressed against those from QSCAT
as there was high correlation (mostly > 0.8) between the two over the

seasonal cycle. Slope and constant values were calculated at each grid
point. The resulting corrected wind speeds (cERA-40) are almost identi-
cal to those from QSCAT. Another possibility for correcting NWP winds
is to apply a creeping sea-fill [1]. The creeping sea-fill simply means that
nearby sea values for winds are used at the coastal boundaries.

(a) Wind speed at 10 m above the sea surface during Aug 2001
QSCAT ERA—10

< B B B g < |
(b) Difference from QSCAT winds during Aug 2001
cERA-40 ERA—4D

5D
cD

Fig. 2. Spatial variation of QSCAT and ERA winds, and differences for
the corrected (cERA-40) and original (ERA-40) with respect to QSCAT.

Conclusions

A near optimal solution to obtain reliable winds near the land-sea bound-
aries would be to launch new satellites. That will provide a higher time
and space resolution than existing ones now.
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Abstract

Major atmospheric modes of variability can have a significant effect on oceanic variability. Environmental data that characterize the
climatic and oceanic conditions that dominate the Eastern Mediterranean were analysed using the Barnett-Preisendorfer Canonical Corre-
lation Analysis, to describe the mechanisms linking large-scale atmospheric phenomena to regional climatic and oceanic variation.

Keywords : Eastern Mediterranean, Air-sea Interactions.

Atmospheric, meteorological and oceanic data analyses suggest a strong
correlation between climatic and/or oceanic variability and the oscillations
of the prevailing global atmospheric patterns. Connections at a distance, or
teleconnections, can occur by the direct transfer of mass through changes
in regular circulations or by propagating waves initiated by a variety of
mechanisms.

Recent research efforts are oriented towards the identification of physical
mechanisms that characterize observed teleconnection phenomena and
could provide the basis for explaining them. The proposed mechanisms
either describe teleconnections as an internal oscillation of the coupled
ocean-atmosphere system [1] or suggest that they are modulated as prop-
agating Rossby-waves [2] and/or by solar activity [3]. The aim of the
present study is the description of teleconnection phenomena observed in
the Eastern Mediterranean and of their underlying mechanisms.

Data sets of environmental variables available for the Eastern Mediter-
ranean (atmospheric pressure, precipitation, wind speed and direction, sea
surface temperature, salinity, sea level height, chlorophyll concentration
and parity) were organized in a GIS database. Indices of atmospheric os-
cillatory patterns were either generated from atmospheric data or derived
from the literature. Barnett-Preisendorfer Canonical Correlation Analysis
(CCA) was used: CCA was applied on a number of Principal Components
(PC), derived from Empirical Orthogonal Function (EOF) analysis. The
EOF method decomposes spatiotemporal data into modes ranked by their
temporal variance and was therefore applied on each variable in order to
reduce the dimensions of the data, and identify physically interpretable
dominant spatial and temporal variability patterns. The EOF analysis is
in essence a type of filter that throws away much of the small-scale noise.
CCA is a statistical method for finding spatially coherent patterns in dif-
ferent data fields that have the largest possible temporal correlation. CCA
yields two sets of weights that give the combinations of the correspond-
ing sets of patterns with the maximum temporal correlation. In order to
determine possible relationships between the atmospheric indices and the
observed oceanic variability, the amplitude functions corresponding to
the most relevant PCs were selected and cross-correlation analysis was
applied. Pre-processing includes decomposition of the time series in order
to remove seasonality and thus avoid artificial cross correlations.

The surface pressure field in the Eastern Mediterranean is influenced by
the oceanic Azores High, the Siberian winter anticyclone, and the north-
western extension of the South Asian summer thermal low. The main
atmospheric pattern identified in the Mediterranean is the Mediterranean
Oscillation. The Mediterranean Oscillation has been suggested to be re-
lated to recent variability and trends of the Mediterranean precipitation
[4], to air temperature [5], cyclogenesis [6], sea surface temperature [7],
sea level height, salinity [8] and surface wind [9]. Altimetry and sea
surface temperature have been linked to the Southern Oscillation and
the North Atlantic Oscillation indices, while atmospheric regimes related
to the North Atlantic Oscillation seem to play a regulatory role in the
oceanic circulation regime, influencing eddy and deep water formation.
We present results on the spatiotemporal links between the various envi-
ronmental variables and on the proposed teleconnection mechanisms in
a region that is influenced by a large number of modes of atmospheric
variability.
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Abstract

A variational algorithm for data assimilation is considered. It is based on the minimization of a certain quadratic functional of the
prediction quality and the solution of the adjoint problem. Numerical model experiments demonstrating the potentialities of this approach,
and prospects of its application for solving practical problems, have been carried out.
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The need to conduct monitoring and prediction of the Black Sea ecologi-
cal state requires the elaboration of methods for identifying the sources of
pollution. A methodology to solve such problem may be based on mini-
mization of a quadratic functional of prediction quality, characterizing the
deviation of the model estimates from the observed data. The functional
minimum is found under the proviso that the model estimates are defined
as a solution of an equation of passive impurity transport. This approach
is based on the realization of direct and adjoint models of the process
being investigated. In this method, the solution of the adjoint problem is
the influence function. Information agreement between the model and the
measurements is attained by variation of the input parameters provided
by the extremum of the prediction quality functional. The form of the
latter depends on the modeling objectives. Computations of the required
function through the solution of the adjoint problem, yields a possibility
to solve numerous practical problems, including an estimation of the in-
fluence of the different initial field areas and of the model coefficient, on
the model prediction.

Computations aiming at the reconstruction of the initial field have been
performed using the variational algorithms. Data on 137Cs for the Black
Sea area for May - June 1986 were used as measurements of passive impu-
rity. Figures 1,2 shows the model field of concentration (Fig. 1) compared
with initial one (Fig. 2) with its maximum at the Caucasian coast, where
just after the Chernobyl accident intensive rains have fallen. The model
was integrated for 40 days.

Different aspects of the application of variational methods for data assim-
ilation in modeling the passive impurity propagation are considered.

Fig. 1. Modelled field of 137Cs concentration (Bk/m?).
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Fig. 2. Reconstructed initial field of 137Cs concentration (Bk/m?).
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Abstract

Variational assimilation of space imagery observations into a transport-diffusion model is applied to the study of surface currents in the
Black Sea basin. The processing of NOAA-AVHRR observations allows retrieving surface currents with a spatial scale of one kilometer
in areas of few hundred kilometers. The examples presented here show that surface currents induced by mesoscale features with typical
spatial scale up to few kilometers are very intense. The current speed obtained by processing satellite imagery sometimes exceeds twice
that retrieved from altimetry measurements, which assumes at least ten km spatial averaging.

Keywords : Black Sea, Mesoscale Phenomena, Remote Sensing, Inverse Methods, Currents.

In the last couple of decades many space missions launched a set of
visible and infrared (IR) sensors. They have spatial resolutions of few
hundred meters to one km and are able to resolve the manifestation of the
mesoscale ocean dynamics in the sea surface. The analysis of space im-
agery shows that a significant part of these phenomena have typical spatial
scales about one-two kilometers and are not resolved by a global marine
observing system based on the altimetry data, profiling floats, or ships
of opportunity. The quantitative formalisation of space imagery analysis
is capable of improving ten times the resolution of the marine observing
system, and make possible much more accurate mesoscale nowcasts and
forecasts by models of marine dynamics.

Contrasts on the IR or visible band space images due to mesoscale eddies,
jets, filaments or mushroom-like structures are transported by currents.
Therefore surface velocity is an important state variable of the marine sys-
tem that could be retrieved from the set of space images. There have been
many attempts to retrieve velocity information from satellite images [see,
for example 1,2, 3, 4, 5]. However, they are based on the application
of different kinds of formal regularisations that introduce uncontrolled
uncertainties in the final product.

‘We are using here a variational assimilation method [6] that allows retriev-
ing the sea surface velocity from a set of NOAA-AVHRR images with 1
km spatial resolution. Our method is also based on the assumption that the
evolution of image contrasts is described by a transport - diffusion model
[7]. We are assuming also that the surface velocity field varies much
slower than the temperature field observed by space imagery. This is the
real case for marine processes, as mesoscale eddies, that have typical tem-
poral variability scale of about 10 days, whereas space images obtained
even within one day interval show transport of contrasts.

A set of images of the Black Sea surface is processed to analyse surface
current scales and intensity. Geographic and radiation correction of im-
ages were carried out by the Remote Sensing Department of the Ukranian
Marine Hydrophysical Institute (NASU). The final files contain 11 pm
radiation temperature in 1.1 x1.1 km pixels.

The analysis is based on space observations of fine scale meandering of
the Rim Current Jet, fine structure of mesoscale eddy currents, and de-
tachment of wind-induced coastal upwelling.

The first set of images used to retrieve surface velocity shows a patch of
cold water detached from the coast and transported by currents to open
sea. The current field obtained from image processing is compared with
the velocity distribution obtained by assimilation of space altimetry in a
circulation model with 5 km grid mesh. The velocity field structure from
image processing corresponds in general to that retrieved from altime-
try. However, surface currents are much stronger. The maximal velocity
reaches 0.52 m/s, whereas altimetry assimilation shows a broad jet with
current speed about 0.1-0.15 m/s.

The next example concerns a mesoscale eddy situated South from the
Crimea peninsula. The eddy is about 120 km along the meridian and 100
km in zonal direction. The general anticyclonic circulation is contami-
nated by smaller scale features situated along the periphery of the main
eddy. It is possible to identify an anticyclonic eddy on the western side of
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the plot with diameter about 20 km, and a set of meanders of the anticy-
clonic jet that belts the main eddy. This anticyclonic jet is rather intense;
its average speed is about 0.35 m/s, while its maximum value reaches 0.44
m/s. The intensity of currents induced by the eddy well corresponds to the
general concept of oceanic mesoscale variability.

The next area of interest is the Rim Current structure above the convexity
of the Anatolian coast. The Black Sea Rim Current jet is rather narrow
and subject to strong meandering. The most intense meanders induce the
formation of cyclonic and anticyclonic eddies to the left and to the right
of the jet. The current speed of the jet is up to 0.45 m/s that fits with the
few direct measurements available in the Black Sea. Comparison with
independent measurements of surface currents by drifters indicates good
quality of the estimated velocity field.

The presented examples show that surface currents induced by mesoscale
features, with typical spatial scale up to few kilometers, are very intense.
The current speed obtained by image processing sometimes exceeds twice
that retrieved from altimetry measurements, which assumes at least ten
km spatial averaging.
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Abstract

A near-operational system has been developed in the framework of the EU FP5 ARENA project to continuously monitor and forecast the
state of the Black Sea. The results of an experiment on the operational functioning of the Nowcasting/Forecasting System, carried out for

the first time in the Black Sea region, are described.

Keywords : Black Sea, Remote Sensing, Circulation Models, Sea Level, Coastal Models.

A monitoring and forecasting system for the Black Sea was developed as
part of the European FP5 project ARENA (A REgional capacity build-
ing and Networking programme to upgrade monitoring and forecasting
Activity in the Black Sea basin), which was aimed at designing a pilot
nowcasting/forecasting system [1] in collaboration with the Black Sea
GOOS, as well as with other ongoing international projects interested in
the development of operational oceanographic services in the basin [2].

The elaborated strategy for the Black Sea nowcasting/forecasting system
is based on the evaluation of the available resources in the region. An
extended initial near-real time observing system exists in the basin. It
comprises remote sensing data of AVISO altimetry, IR AVHRR data,
JPL/QUIKSCAT scatterometry, and NASA SeaWiFS/MODIS sea color
data together with international surface drifting buoys and NICOP/ONR
profiling floats programs and NCEP atmospheric model data. The Black
Sea basin-scale circulation model of the Marine Hydrophysical Institute
(Ukraine) assimilates remote sensing data for the near-real time nowcast-
ing of three-dimensional temperature, salinity and current fields [3]. The
development of a nowcasting/forecasting system assumes the extension of
the regional atmospheric models supported by the Hydro-Meteorological
Institutes of Bulgaria and Romania in the framework of a Météo-France
ALADIN project for the entire Black Sea area, plus an improvement of the
ecosystem model of the Institute of Marine Sciences (Turkey) to a three-
dimensional, near-real time operating one. The use of high-resolution
regional atmospheric model makes possible a medium-range forecasting
of the Black Sea circulation.

Special attention is paid to the accurate prediction of circulation in the
coastal zone. As part of the Black Sea nowcasting/forecasting system a
set of high-resolution models is implemented for the six nearshore regions
of the Black Sea [4]. The models are nested in a basin-scale model. Two
regional models - for the Burgas Bay and for the Georgian nearshore
zone - are domestic models (Bulgarian and Georgian respectively) in
z-coordinates. The other regional models represent the version of the
Princeton Ocean Model for the Kalamita Bay near the western Crimea, for
the Romanian nearshore zone, for the North-Western Shelf zone and for
the Russian nearshore zone of the Black Sea. With the nesting technique,
velocity, temperature, and salinity along the boundaries are interpolated
from the relevant basin scale model variables. An integral constraint is
applied so that the net mass flux across the open boundaries is identical
to the net flux in the basin scale model. The main improvement is in the
simulation over the narrow shelf region, which is not adequately resolved
by the basin-scale model.

An experiment on operational functioning of the Black Sea Nowcast-
ing/Forecasting System has been carried out for the first time in the Black
Sea region and showed that the developed system can operate in near-real
time regime.
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Abstract

Changes in vertical distribution of dissolved oxygen and nutrients due to the Eastern Mediterranean Transient (EMT) evolution were
detected close to the Israeli coast since 2002 during ongoing seasonal cruises. Although the EMT has now relaxed, this is not yet reflected
in the vertical distribution of the chemical parameters in the area, and it remains in 2006 as in 2002, much different than prior to the EMT.

Keywords : Circulation, Oxygen.

Changes in the vertical distribution of the physical and chemical param-
eters in the Eastern Mediterranean basin following the EMT evolution
[1] were documented in the eastern Levantine Basin only since 1999 [2]
while the easternmost part of the basin close to the Israeli coast was not
surveyed. From 2002, seasonal oceanographic surveys are performed
along a 50 mile transect from Haifa, Israel, westwards (up to 1700 m
water depth), representing the easternmost part of the basin. While in
1991 there was no evidence of the EMT in the area, from 2002 there is an
extreme manifestation that is reflected in the physical parameters (Fig.1)
and on the vertical distribution of dissolved oxygen and nutrients (Fig. 2).
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Fig. 1. Long term changes in temperature and salinity properties of the
deep water mass near the Israeli coast, Levantine Basin.

If before the EMT there was no minimum-oxygen/maximum-nutrient
layer at mid depths, since 2002 it exists even at the station located only 16
miles from shore. Dissolved oxygen increased by ca. Su mol/ kg at the
deep layers pmol/ kg (Fig. 2). while silicic acid decreased by ca. 2.

The concentrations of nitrate and phosphate decreased as well (not shown)
creating a maximum layer at ca. 500 m depth. The changes influenced
primarily, but not only, the deep layers. While in the central Levantine
the influence of the EMT seems to be veering off, there are essentially
no changes in the vertical distribution at the stations occupied during this
study between 2002 and 2006. Continuing survey of the area will make
it possible to follow the influence of the relaxation on the chemical prop-
erties of the water masses as well as possible influence on the upper layers.
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Fig. 2. Vertical profiles of dissolved oxygen and silicic acid concentrations
before and after the EMT at stations close to the Israeli coast, Levantine
basin.
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Abstract

A very high resolution oceanic model forced by a regional atmospheric model is used to investigate, under realistic conditions, storm surges
observed in the Lagoon of Venice and scenarios of sea level variations related to local manifestations of larger scale climatic changes.
Keywords : Adriatic Sea, Lagoons, Tides, Circulation Models, Atmospheric Input.

The hydrodynamics induced by tidal, wind and atmospheric pressure forc-
ing, in an oceanic region including the Adriatic sea as well as the lagoon of
Venice, was investigated using an oceanic and an atmospheric numerical
model (Figure 1). The adopted approach is required in order to realis-
tically model those storm surge events in the Adriatic sea that, leading
to high water levels in the lagoon of Venice, pose a threat to the city of
Venice ("acqua alta"). In fact, these events are due to the simultaneous
occurrence of large astronomical tides, seiches, and strong atmospheric
pressure gradient in the region [1].

The atmospheric model (BOLAM) is a hydrostatic regional model based
on the primitive equations, which are solved on a regular horizontal grid
on 42 vertical sigma levels. The main forcing is provided by the ECMWF
TL511 model and the simulations are performed with two different dis-
cretizations, namely 20 km and 5 km grid step. In particular, the simula-
tions performed with the higher resolution permit an accurate description
of topographically generated wind intensifications, including Bora wind
events, which are known to exert a noticeable influence on the dynamics
of the northern Adriatic basin [2].

The oceanic model is based on curvilinear, boundary fitted coordinates
and, due to a technique for the treatment of numerical movable bound-
aries, allows one to simulate the coastal flooding and dry up with great
accuracy [3], as it provides a complete solution of the elliptic equations
for elevation in a morphologically complex domain. Since the curvilinear
discretization permits to vary the mesh size to focus on specific hydro-
dynamic features, the grid resolution was increased in the northern area
and in the lagoon of Venice (maximum grid resolution O(50m)), in order
to achieve a satisfactory description of small scale circulation features.
The hydrodynamical model was first optimized for the prediction of the
astronomical tides in a homogeneously spaced set of gauges.

The model results were compared with a dataset made by measurement
of the Italian APAT network and with literature data [4, 5]. The results
are in excellent agreement with the data, the error in prediction being of
the same order of state of the art models for the area [4, 6]. Different
numerical experiments were carried out in order to test the sensitivity of
the hydrodynamic model to the input provided by the atmospheric one.
In particular, the effect of different horizontal resolution of the meteoro-
logical model and the frequency at which the meteorological forcing is
updated in the oceanic model was investigated. The oceanic-atmospheric
model was then applied to the simulation of a series of exceptionally high
tides observed between November 25, 2005, and December 10, 2005 in
the lagoon of Venice. This period was characterized by the, almost daily,
occurrence of surges with maximum elevations higher than 80 cm, which
is considered the alert threshold for "acqua alta". Observed phenomena
induced by Bora winds inside the lagoon and in the outer coastal area were
captured. In particular, the strong horizontal gradient of the water level
inside the lagoon caused by the Bora wind was correctly reproduced as
well as the maximum difference in the sea surface elevation between two
locations on the main axis. Moreover, the model correctly reproduced the
current intensification and the evolution of the sea surface level along the
coast of the north Adriatic sea induced by the Bora.

Based on the above findings, the modeling approach was used for inves-
tigating the consequences of larger scale climatic changes on sea level
variation. This analysis was carried out by forcing the model with at-
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mospheric forcing intensification according to scenarios proposed by the
IPCC.

46
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Fig. 1. Hydrodynamic (gridded plot) and atmospheric (circle plot) model
domains.
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Abstract

The present study attempts to quantify the temporal and spatial variability of the seasonal sea level cycle in the Mediterranean and the
Iberian coasts on the basis of tide gauge data and to identify the changes in the forcing responsible for this variability.

Keywords : Sea Level, Air-sea Interactions.

The seasonal cycle, a prominent feature in all climatic parameters, has
widely been considered to be fairly constant in time. However, inter-
decadal and climatic changes are likely to affect the seasonal cycles as
well as the mean values of sea level.

In the Mediterranean Sea, the inter-decadal variability of the seasonal
cycle displays spatial coherence [1, 2]. Most part seems to be related with
atmospheric forcing, with the main factor being the wind rather than the
atmospheric pressure.

The data set consists on tide gauge monthly data from the Mediterranean
Sea and the Atlantic Iberian coast. The meteorological contribution to sea
level has been quantified using the output of a barotropic oceanographic
model forced by wind and atmospheric pressure [3]. Finally air surface
temperature, mean sea level atmospheric pressure, geostrophic wind and
air-sea heat fluxes available from ECMWF (European Centre for Medium
range Weather Forecasts) ERA-40 Reanalysis are used for comparison
with the sea level data.

The mean seasonal sea level cycle has amplitudes of 3-7 cm and 1-3 cm
for the annual and semi-annual signals respectively, with standard errors
of 0.5 cm. Annual cycle reaches its maximum values between October and
November, while the semi-annual cycle peaks in February. In average, the
mean seasonal cycle accounts for the 20% of the total variance of monthly
sea level records.
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Fig. 1. Mean seasonal cycles of the observations (solid lines), modelled
data (dashed lines) and residuals (dashed-dotted lines) for the tide gauges
in Marseille (upper plot) in the western Mediterranean and Antalya (lower
plot) in the eastern Mediterranean.

Atmospherically-induced seasonal sea level reaches up to 4 cm and 2 cm
for the annual and semi-annual signals respectively. Maximum amplitudes
take place in both cases in the eastern basin. Phases for the two harmonics
vary spatially more than three months over the domain.

The consequences of the direct atmospheric forcing on the mean seasonal
cycle are an increase and a sooner annual cycle and a decrease in the am-
plitude of the semi-annual cycle. The semi-annual cycle in the atmosphere
has roughly the same phase as the semi-annual cycle in the ocean in this
region, so the residuals (observations minus atmospherically-induced sea
level) have reduced semi-annual cycle in around 25%.

The seasonal sea level cycle is unsteady in time with large variations in
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amplitudes and phases. Decadal changes in annual and semi-annual sig-
nals are consistent among most stations, although regional differences are
also noted. After removing the atmospheric pressure and wind effects the
seasonal cycle of the residual records is primarily steric. Long term varia-
tions are now consistent between Adriatic and western Mediterranean but
show different patterns in the Atlantic and the Strait of Gibraltar.

The temporal variability of the atmospherically-induced seasonal cycle is
mainly related to changes in meridional wind, especially in the Atlantic
and Adriatic. On the other hand the variations of the seasonal cycle of the
residual series are related to changes in atmospheric variables.
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Abstract

The formation of Western Mediterranean Intermediate Water (WIW) in the Gulf of Lions and its later presence in the Balearic Channels
play a significant role in the regional circulation. The presence of WIW, given by the intermediate water temperatures in the Ibiza Channel,
has been related to air temperature in the Gulf of Lions, providing a continuous and long index of regional circulation.

Keywords : Balear Sea, Circulation, Hydrography, Atmospheric Input.

The multidisciplinary IDEA project (www.ba.ieo.es/idea) has analyzed
the population dynamics of demersal fishery resources in the Balearic
Islands from an ecosystemic perspective (i.e. taking into consideration
their natural fluctuations and the forcing factors). One of its objectives has
focused on the study of how the inter-annual variability of abiotic factors
(oceanographic structure and dynamics) could impact on the demersal
ecosystems, and to be more concrete, on the population dynamics of two
species exploited by bottom trawlers on deep shelf and slope bottoms:
hake ( Merluccius merluccius) and red shrimp ( Aristeus antennatus).

Historical oceanographic surveys carried out around the Balearic Islands
(western Mediterranean) suggest two different scenarios for the regional
ocean circulation during late spring-summer. In one scenario, occurring
after cold winters, cool water is formed at intermediate layers (100-300
m) in the Gulf of Lions. This Western Mediterranean Intermediate Water
(WIW) usually moves southward reaching the Balearic channels at spring,
deflecting the warmer Levantine Intermediate Water (LIW) coming from
the eastern Mediterranean, and even stalling the Ibiza channel. On the
other hand, during mild winters, less WIW is formed and then LIW flows
through the channels, appearing at their characteristic depths. The oceano-
graphic surveys around the Balearic Islands (1985-2004) have provided
a qualitative index, indicating the presence or not of WIW in the Ibiza
channel, based on the analyses of 6-S diagrams. A quantitative index
based on mean water temperature between 100 and 300 meters depth in
the channels may also be defined. Both indexes, the qualitative and the
quantitative, are well correlated for the period 1985-2004, however, both
are short in time and gapped.

In order to obtain a longer and continuous index of presence of WIW and
then of regional ocean circulation, sea-air heat fluxes at the Gulf of Lions
during winter months are obtained from the meteorological NCEP/NCAR
reanalysis dataset and compared with other meteorological data as surface
air temperature. The standardized air temperature anomaly at 1000 hPa
in the Gulf of Lions during winter (December-March) has been shown
to be the simplest and best indicator of absence/presence of WIW in the
Balearic Islands channels in late spring.

In general, correspondence between heat fluxes and air temperatures is
very high for the whole available period suggesting that surface air tem-
perature is a strong contribution to heat fluxes variability in this region
during winter (Fig. 1). Furthermore, it is particularly remarkable that
significant discrepancies observed between heat fluxes and air tempera-
ture for the period when oceanographic data are available (1985-2004),
are restricted to those years when heat fluxes seem not to reproduce later
WIW presence in the Balearic Channels (1991 and 1993). Also the fact
that no WIW was detected in 2001 seems to be better reflected in the air
temperature anomaly than in the heat fluxes. This suggests that air sea
temperature anomalies seem to be a better indicator for WIW generation
than heat fluxes themselves. The reason is not clear but it could be related
to the fact that heat fluxes involve many parameterizations and indirect
measurements which could cause some bias in its determination. Air tem-
perature is a variable much easier to compute in the reanalysis models and
is less subjected to any source of error than an indirect data as heat fluxes.
Results shown here seem then to suggest that WIW formation in the Gulf
of Lions is basically controlled by the air surface temperature anomaly,
at least for the interannual time scale. Other factors, obviously involved
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in the deep convection process, as surface water temperature and salinity,
cloud covering or winds, among others, seem to play, at least, a secondary
role in this formation.

Assuming that air temperature is the key factor for WIW formation in
the Gulf of Lions, the comparison with WIW presence/absence in the
Balearic Channels would suggest that an air surface temperature anomaly
larger than its standard deviation would imply non presence of WIW in the
channels the following spring. Standardized anomalies between 1.0 and
0.5 would suggest some uncertainty and values below 0.5 would indicate
clear presence of WIW [1].

The estimation of this index has allowed the analysis of the influence
of oceanographic scenarios on the population dynamics of hake and red
shrimp, two of the most important demersal resources in the western
Mediterranean. Recruitment of both species seems to be enhanced during
low IDEA index periods, when colder-than-normal winters, producing
high generation of WIW in the Gulf of Lions, which flow southwards,
reach the Balearic Islands channels in spring and reinforce the Northern
and Balearic slope currents, increasing the productivity in the area [2].
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Fig. 1. Time series of air-sea heat flux losses from the NCEP/NCAR re-
analysis data set averaged for the period December-March at the grid
point closest to the Gulf of Lions (dashed dark line) and standardized win-
ter (December-March) air surface temperature anomalies from the same
data base and at the same grid point (solid dark line). Data of in-situ mean
water temperatures at Ibiza channel region (grey line with small circles),
computed for the period
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Abstract

AVHRR data have been used to investigate the recent SST variability at basin and sub-basin scale in the Mediterranean Sea starting from
1985. The low frequency analysis has be carried out using historical in situ data available, at lower spatial and temporal resolution, from
the ICOADS database. Focusing on the two more recent decades both datasets show an increasing of the mean SST from the 19.4 °C of
the second half of 80’ ( to the 19.8-20.0 °C of the beginning of the new century. The analysis of the longer time series indicates that before
1940 the SST was between 0.5 °C and 1.0 °C lower than the 1961-1990 reference mean, from 1945 to 1990 the SST oscillates between
+0.3 °C and -0.1 °C respect to the 1961-1990 reference mean while after 1990 a continuous increase is observed.

Keywords : Remote Sensing, Air-sea Interactions, Global Change, Temperature, Time Series.

AVHRR SST data estimates permit to analyse SST trends from the be-
ginning of the 80’s to today. Within this time window it is possible to
investigate either the high frequency variability or the interannual vari-
ability but the analysis of lower frequency variations is not feasible due
to the relatively short time period. The study of decadal or longer periods
variability requires a longer time series not yet available from satellite
data only. This low frequency analysis can be carried out using historical
in situ data available, at lower spatial and temporal resolution, from the
ICOADS database. 1 degree resolution monthly time series are available
starting from 1960 while using 2 degree spatial resolution ICOADS it is
possible to extend the time series up to 1880.

Our strategy was to use the higher quality and space-time resolution satel-
lite POISST (Pathfinder Optimally Interpolated Sea Surface Temperature)
to investigate recent high frequency variability at basin and sub-basin
scale and to use 2 degree resolution monthly ICOADS to study the lower
frequency variability and to contextualize in a larger time window the
more recent satellite estimate.

The Pathfinder Mediterranean Forecasting System Toward Environmental
Prediction (MFSTEP) OISST are currently produced in on a daily basis
in the framework of the MFSTEP project . This time series consists of a
daily series of optimally interpolated SST maps over the regular grid of
the operational MFSTEP OGCM model of the Mediterranean basin from
1985 to today. A complete validation of this POISST product with in
situ measurements has been performed in order to exclude any possibility
of spurious trends due to instrumental calibration errors/shifts or algo-
rithms malfunctioning related to local geophysical factors. The validation
showed that satellite POISST is able to reproduce in situ measurements
with a mean bias of less than 0.1 °C and RMSE of about 0.5 °C and
that errors do not drift with time or with the percent interpolation error
(Marullo et al. 2006)

Focusing on the more recent decades (from 1982 to 2005) it results that all
the two datasets (Satellite and ICOADS) show an increasing of the mean
SST from the 19.4 °C of the second half of 80" (the mean Mediterranean
SST in the period 1961-1990) to the 19.8-20.0 °C of the beginning of
the new century. The analysis of the full ICOADS time series permits to
divide the analysed period in three distinct intervals: before 1940 when
the filtered SST was between 0.5 °C and 1.0°C lower than the 1961-1990
reference mean SST, from 1945 to 1990 when the filtered SST oscillates
between +0.3 °C and -0.1 °C respect to the 1961-1990 reference mean
SST and after 1990 when a continuous increase of the SST is observed.
The zonally averaged SST shows a tendency of isotherms to move north-
ward. This northward shift of isotherms was particularly evident from
about 1910 to 1950. During this time period the 19 °C isotherm (for
example) moved from 35 N to 39 N. After 1950 this isotherm continued
to oscillate around 35 N. Zonally averaged temperatures below 17 °C are
observed only before 1935. A second period of northward shift of the
isotherms is observed after 1995.
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INCOMING SOLAR RADIATION OVER EASTERN ADRIATIC SEA: A COMPARISON OF DIFFERENT
PARAMETERIZATIONS
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Abstract

Two commonly used formulas that estimate solar radiation were analyzed with data collected in the period 2000 - 2003. It was found that
Reed’s formula gives a correct mean value but significant seasonal error connected with different air masses that occur over the Adriatic
Sea during the year. Octa model was calibrated for the study area and was found that it shows significantly less seasonal error and is

appropriate for investigation of smaller scale processes.
Keywords : Air-sea Interactions, Adriatic Sea.

Heat fluxes for the Adriatic Sea are basically controlled by solar radiation
flux, cloudiness, and different atmospheric and marine properties at the
air-sea boundary. Regional heat flux estimation is available from several
authors with significant differences between them. Dispersion of the re-
sults is mostly caused by different selection of atmospheric and marine
data sets and parameterizations used in the bulk formulas. Solar radia-
tion is calculated using the formula proposed by Reed [1], and cloudiness
obtained from reanalysis of different meteorological models and using
stations monthly means [2, 3]. In order to minimize the error of one com-
ponent of the total heat flux, the incoming solar radiation will be analyzed
in detail in this paper. We will examine two formulas: the one proposed
by Reed [1] and a second one called "octa" model proposed by Dobson
and Smith [4].

The incoming solar radiation (SR) was measured in the period 2000 to
2003 with 10 minutes sampling using an Aanderaa sensor mounted on
a meteo-ocean station located in front of the Institute of Oceanography
and Fisheries (IZOR), Split, Croatia. The sensor was calibrated by the
manufacturer. Quality control was regularly performed. Cloudiness was
observed hourly by the Meteorological and Hydrological Service on the
meteorological station Split - Marjan located 2 km northeast from the
meteo-ocean station.

The original octa model was calibrated for the eastern Adriatic Sea using
linear regressions on the observed transmission factors grouped by cloud
categories form 0 to 8 octas. New coefficients and associated errors are
listed in table 1. The error is rising form lower to higher cloud amount.

Tab. 1. New coefficients A; and B; of the octa model [4]: Q,Pkta=],
(A;+B; cos z) calibrated for eastern Adriatic Sea.

(V] 4 B; | RMSE |
0 | 0.4456 | 0.3939 | 0.0604
1 | 04365 | 0.4026 | 0.0634
2 | 0.4149 | 0.4265 | 0.0773
3 | 0.3918 | 0.4267 | 0.0936
4 | 0.3796 | 0.4055 | 0.1110
5 | 0.3527 | 0.4033 | 0.1349
6 | 0.3224 | 0.3217 | 0.1556
7 | 0.2126 | 0.2668 | 0.1510
8 | 0.1198 | 0.1047 | 0.1069

Table 2 shows monthly means of measured and calculated SR using cal-
ibrated and original octa model and Reed’s formula. Usually Reed’s
formula slightly underestimates SR, opposite to the original octa model
that significantly overestimates SR. As expected, the calibrated octa model
does not show differences in annual mean, but all formulas show a signif-
icant seasonal error. A seasonal error also appears in estimated clear sky
radiation. Following [5] we can conclude that seasonal error is caused by
different air masses present over the Adriatic Sea. Also, overestimation of
SR for higher cloudiness (C>4/8) in July and August can be connected to
daily coastal circulation and cumulus cloud formation.
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Tab. 2. Monthly and annual means of incoming solar radiation measured
(first column) and calculated: using octa model with new and Dobson and
Smith [4] coefficients, and Reed’s formula.

Month | Mearsur. | Okta cal. | Okta Reed |
62.56 62.83 67.76 60.30
2 98.99 100.53 107.06 | 103.31
3 163.67 156.18 167.78 | 148.81
4 198.68 198.59 219.20 | 192.00
5 274.01 271.56 290.90 | 255.55
6 318.91 317.06 328.31 | 313.88
7 296.20 312.10 321.71 | 311.98
8 245.72 272.85 27R.51 | 278.97
9 191.18 190.83 202.21 | 181.26
10 119.24 118.57 127.79 | 111.72
11 71.35 6G8.64 75.13 63.50
12 53.25 51.22 55.55 49.17
Year 176.31 176.75 186.83 | 172.54 |

Using Reed’s formula with [5] correction is acceptable for annual means
of SR. However, SR has a seasonal error as a consequence of the constant
transmission factor used in the clear sky formula. Because the octa model
is calibrated for the Adriatic Sea, it has significantly smaller seasonal error
and is therefore suitable for smaller scale analysis.
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VARIABILITY OF THE ITALIAN COASTAL CURRENT IN THE CENTRAL ADRIATIC SEA
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Abstract

The Italian coastal current is studied form July 2002 to January 2005 using MODIS surface chlorophyll concentration images. The current,
marked by the sediment-rich water of Po River origin, has a strong signal in the visible wavelengths. Baroclinic instabilities protruding
out of the coastal current are present all year round along the Italian central coast, and have a temporal scale of 1-2 days. Some of the
instabilities expand offshore and evolve into filaments extending to the Croatian coast. Their temporal scale is longer (about 4 days). The
location of the expanded instabilities is controlled by the local bathymetry.

Keywords : Adriatic Sea, Circulation, Mesoscale Phenomena.

Introduction MODIS 04-Jul-2004
Coastal waters under Po River influence, rich in nutrients, dissolved R :
organic matter and chlorophyll, flow to the southeast along the Italian
Peninsula contributing to the Western Adriatic Current (WAC). This water
mass is easily traced in the visible during the entire year. The development
and evolution of particular baroclinic instabilities of the WAC are studied
during the period from July 2002 to January 2005 using satellite chloro-
phyll and surface drifter data as part of the DOLCEVITA project [1].

Materials and Methods

MODIS satellite data were downloaded from the NASA web site, pro-
cessed and extracted with the WIM software to provide maps of surface
chlorophyll concentration. Low-pass filtered (to exclude tidal and inertial a5l
currents) trajectories of the DOLCEVITA satellite-tracked drifters were <Chimg)

obtained and superimposed on selected MODIS images. The typical tem- o

poral scale of the instabilities was estimated using the autocorrelation 428 Drereredoliooneothonms

statistical method applied to all the images. R
Results

Daily images were analyzed to study the formation and the development Fig. 2. Same as Fig. 1 but for 4 July 2004.

of the baroclinic instabilities along the WAC. Particular focus was put
on specific locations where the instabilities evolve either into elongated
filaments extending offshore in the central part of the basin and eventually
reaching the Croatian coast (Fig. 1) or as a wide bulge (Fig. 2).

The autocorrelation method was applied to all the chlorophyll images to
compute the typical time scale of the chlorophyll variability. All along
the central coast the scale is around 1-2 days, with the exception of the
area southeast of Ancona, were the scale is longer (around 4 days) corre-
sponding to the persistence of the instabilities in this area. In general, our
results do not show any significant seasonal variations in the occurrence
and characteristics of the instabilities.

MODIS 30-Aug-2003
= o

a4t

References

1 - Lee C.M., Askari F., Book J., Carniel S., Cushman-Roisin B., Dorman
C., Doyle J., Flament P., Harris C.K., Jones B.H., Kuzmic M., Martin
P., Ogston A., Orlic M., Perkins H., Poulain P.-M., Pullen J., Russo A.,
Sherwood C., Signell R. and Thaler Detweiler D., 2005. Northern Adriatic
response to a wintertime Bora wind event, EOS Trans. AGU, 86 (16): 157,
163, 165.

2 - Poulain P.-M., 2001. Adriatic Sea surface circulation as derived from
drifter data between 1990 and 1999, J. Marine Syst., 29: 3-32.

Fig. 1. MODIS chlorophyll concentration in the Central Adriatic Sea on
30 August 2003. The 100 and 200 m bathymetric contours are shown.
Drifter tracks over 27-30 August 2003 are superimposed (with a white
circle showing the last day).

The region south of Ancona shows the maximum extension of the insta-
bility structures and the development of long filaments localised on the
northwestern flank of a bathymetric depression (the Middle Adriatic Pit -
MAP). Farther to the southeast, the MAP, and the typical cyclonic circula-
tion around it [2], hamper the offshore extension of the WAC instabilities.
The region southeast of Ancona and offshore of the WAC shows high
chlorophyll mean content and variance. The drifters reveal local cyclonic
circulation and enhanced variability of the surface currents.
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Abstract

3-year T+S time series are now available at the sill (270 m) and on the Moroccan shelf (80 m). The outflow, observed at both places,
displays a several-month non-seasonal variability; its denser part can clearly originate mainly from either the western or the eastern basin.
The inflow encounters a huge salinification that could explain all changes observed within the sea. Results are detailed in papers published

[1], submitted [2] and on hand [3].
Keywords : Strait Of Gibraltar, Hydrology, Monitoring.

Introduction

We first specify our basic understanding of the processes and our major
feelings. For the outflow, we focused during the CIESM 2004 Barcelona
HydroChanges Round Table on the fact that it originated, in 2003-2004
at least, mainly from the eastern basin with no recognisable western wa-
ter, as was the case in the early 1980s and before. Because the early
1980s were intensively covered and the few data collected thereafter not
analysed yet, it was generally assumed that the outflow’s denser part was
always composed of Western Mediterranean Deep Water (WMDW) from
the western basin. Our feeling was that not enough attention was generally
paid to the densest waters from the Aegean and Adriatic subbasins that
form the Eastern Overflow Water (EOW) in the channel of Sicily. Indeed,
EOW cascading down to 2000 m in the Tyrrhenian mixes with the resi-
dent waters (including WMDW) and forms the Tyrrhenian Dense Water
(TDW). Depending on the amounts and characteristics of EOW vs. those
of WMDW, TDW can be more or less different from WMDW, hence have
an origin more eastern or western. And WMDW can be identifiable at
Gibraltar only if produced in relatively large amounts; otherwise, it can
outflow just as part of TDW! In any case, the outflow must be considered
as composed of 3 different Mediterranean Waters (MWs): Levantine In-
termediate Water (LIW) always outflowing on the strait’s northern side,
TDW always present with changing characteristics and WMDW that can
be entirely included into TDW. For the inflow, the hypotheses published
about the sea warming and salinification assume that the water of Atlantic
origin (AW) has constant characteristics. Our feeling was that this should
be checked at first, furthermore worldwide long-term changes are now
specified.

Two moorings have been set on a small plateau at ~ 270 m and on the
outer continental shelf at ~ 80 m near Tangiers to monitor the MWs
and AW. They were initially deployed in mid-Jan. 2003 and serviced in
early Apr. 2004 and in mid-Oct. 2005 (actually providing 30-month time
series).

The results

About the outflow, we have first compared the 270-m time series in 2003-
2004 with other time series in the mid-1990s and with all available CTD
casts [1]. It is clear that the densest outflowing MWs have been continu-
ously changing from the mid-1990s at least; T and S have been increasing,
being in the early 2000s much warmer (~ 0.3°C) and saltier (~ 0.06) than
~ 20 years ago, a feature possibly related to the Eastern Mediterranean
Transient. This period is roughly period #1 in fig. 1 [2]. Points are very
different from those representative of WMDW and very few characterise
the MWs at 80 m. During period #2 (fig.1b), WMDW is still absent but
more numerous values are retained at 80 m, and they are denser than
at 270 m, an easily explainable feature [3]. In fig.1c, the outflow there
is clearly of western origin, in particular at 80 m, while it comes to be
composed mainly of TDW in fig.1d. There is clearly no seasonal variabil-
ity in the composition of the outflow [3]. Various quantifications of the
salinification at 80 m lead to ~ 0.05/year during these 30 months (fig. 2)
[2] which could explain alone both the salinification and the warming in
the whole sea. In addition to homogenisation of the AW layer [2], such
changes reduce the mixing with the MWs, hence leading to an outflow
less and less mixed with the inflow [3].
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Fig. 1. 6-S diagrams from a selection of data aimed to represent relatively
unmixed MWs at 270 m (.) and 80 m (+), separated in 4 periods (d#1 is
Jan. 1, 2003), with 29.08 and 29.09 isolines.
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Fig. 2. Variation with time at 80 m of S values aimed to represent rela-
tively unmixed AW.
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IMPACT OF OPTICAL WATER TYPES ON THERMOHALINE PROPERTIES AND DYNAMICS OF THE
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Abstract

Optical properties in the Adriatic show large variation in space and time. The effect of changed optical types was tested, with the simplified
assumption for the two optical types, via the Z-coordinate nonlinear levels model during the four cold months in 2005-2006, with the
available atmospheric forcing. Significant vertical and regional differences were observed in warming between the utilized optical types.
This indicate differences in stability of the water column between the two cases. The currents were also changed.

Keywords : Adriatic Sea, Temperature, Currents, Models.

Introduction

Solar energy propagation in the water depends on water transparency. Sea-
sonal differences of optical properties, and transparency decreasing trends
in some Adriatic regions cover a full scale of optical types, and hydrody-
namical modeling should take this into account. Recent PAR attenuation
measurements enabled the determination of present optical types in the
Adriatic, while historical measurements [1] allowed an assumption about
earlier types. Although a variety of types were found for different sites
of the Adriatic, especially in the coastal region, the simplified experiment
that utilized two optical types has already demonstrated significant dif-
ferences in results. Changes of optical water properties lead to different
warming of the water column and a different stability, causing changes of
other properties too.

Methods and data

A numerical experiment was performed with the Z-coordinate nonlinear
levels model developed by Bone [2, 3], exploring the effects of the differ-
ent optical water types. A description of the model and the source code
can be found at www.math.izor.hr. The integration area was the Adriatic
Sea from Otranto northward, and the integration time was four months, in
the cold period from December 1st 2005 to March 31th 2006. The wind,
cloudiness and other meteorological data were the Aladin model reanaly-
sis for 10 m height above the sea surface, at the spatial scale of 8 km every
3 hours, obtained from the Meteorological and Hydrological Service of
Croatia. In the numerical experiments a complex forcing included surface
fluxes (momentum, heat and evaporation), river runoffs (heat and salinity),
solar and backward radiation, and tides. Ane horizontally equally spaced
Arakawa E grid, with the vertical z-coordinate divided in layers of equal
thickness, was used in the model, split into external and internal mode
with some common variables insuring feedback binding. The horizontal
grid step was 10 km with 5 m level thickness. The heat fluxes in the water
from infrared and visible spectrum are introduced in the model via the
respective attenuation coefficients. The experiment was performed using
the coefficients for visible spectrum for optical water types I and II [4],
which enabled different heat transfer conditions.

Results and discussion

Consequences of introducing higher attenuation coefficients were ob-
served in all the layers. Changing the optical type, notable differences of
temperature through the integration time were obtained. Consequently,
the density field also changed. The corresponding currents also changed
considerably, and differences were observed down to the deepest layers
of the south Adriatic Pit. Different conditions of heat transfer changed
the Richardson number i.e. vertical turbulent exchange of momentum.
After the integration period, in the surface layer, the largest temperature
differences have been found in the Northern Adriatic and in the shallow
areas close to the Italian coast (Fig.1, left). The temperature differences
at 150 m depth (Fig.1, right) showed that the south Adriatic Pit becomes
slightly warmer while Jabuka Pit becomes slightly colder, after the optical
type was changed.
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Fig. 1. Predicted spatial distribution of temperature differences after in-
tegration period at 2.5m depth (left) and at 150m (right), for the Adriatic
Sea, resulting as a change in optical water type, after four months of inte-
gration.

The results demonstrate that thermal energy was trapped in the shallower
layer, producing higher vertical density gradients and increase of water
stability, i.e. decrease of turbulent energy. They also demonstrate that
there are considerable differences between the two optical types, pointing
to the need for better definitions of the water attenuation coefficients in
hydrodynamical modeling. This may be particularly important for seas
with high seasonal and regional variations of optical properties.

We have demonstrated that light conditions in the water influence thermo-
haline and dynamical properties, but light also influences photosynthesis,
metabolic processes, fluorescence, primary production rates etc. Changed
light conditions therefore, create complex feedbacks between biological
and physical systems, which should be further studied and taken into ac-
count in ecological modeling.
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Abstract

A climatological circulation analysis for the Ionian and Levantine Basins has been defined using the MEDATLAS grided data set for
temperature and salinity fields. This has been carried out by computation of the geostrophic current using the dynamic height method
with a 400 m as reference level. The Princeton Ocean Model has been implemented inorder to simulate at the climatological scale, the
mesoscale features of the area. Several simulations have been done with different model configurations and different atmospheric forcing.
Results obtained from the model are compared with the observed climatological circulation characteristics.

Keywords : Circulation, lonian Sea, Levantine Basin, Models.

The work aims at analysing the climatological general circulation of the
Ionian and Levantine basins by means of historical data (MEDATLAS
temperature and salinity monthly gridded data set )[1]. The MEDATLAS
data reveals the main water masses of the area and their seasonal variabil-
ity, in particular the Atlantic Water (AW) and the Levantine Intermediate
Water (LIW). From the MEDATLAS gridded data dynamic height has
been computed with the geostrophic method using 400 m as reference
level. The resulting geostrophic current gives a realistic picture of the
main circulation patterns in the area in agreement with previous analyses
[2, 3], as shown in Figure 1.

17 15°E

Fig. 1. Monthly average surface current in October: (A) Geostrophic cur-
rent according to the dynamic height method using 400 m as reference

level in m.sec—1; (B) OGCM perpetual year surface current in m.sec 1.

In order to get insight on the mesoscale characteristics of the Ionian and
Levantine basins, the Princeton Ocean model has been implemented with
a horizontal resolution of 1/12° and 1/24° with a vertical resolution of
25 sigma layers. Simulations of the general circulation have been carried
out under perpetual year monthly variables. The model is one way nested
with the Global Mediterranean General Circulation Model [4]. Several
simulations have been carried out using different model configurations
and different atmospheric forcing. The performed climatological runs of
the nested model have presented the complex dynamics of the interested
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area. Comparing the model monthly average net volume transport across
the open boundaries with the model monthly average water flux showed a
consistency to demonstrate the skill and robustness of the simulation.
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Abstract

Six years of Advanced Very High Resolution Radiometer (AVHRR) satellite data were acquired to study the spatial and temporal variability
of the sea surface temperature (SST) in the Gulf of Trieste between January 2000 and December 2005. Monthly, yearly and 6-yearly SST
statistics (mean, median and standard deviation) were produced. The Empirical Orthogonal Function (EOF) analysis was also applied to
the entire dataset. The results show that the seasonal cycle of the SST generally exhibits values ranging between 8 and 25 °C with a typical
standard deviation of 1.5 °C. The first EOF mode describes more than 80% of the total signal variance and its temporal amplitude provides

the seasonal SST cycle.
Keywords : Adriatic Sea, Temperature.

Introduction

The Gulf of Trieste [1] is located in the northeastern part of the Adriatic
Sea approximately between 13-13.8° longitude East and 45.4-45.8° lat-
itude North. The main riverine freshwater discharge is due to the Isonzo
River in the northern part of the Gulf. The maximal depth of the study
area is less than 25 meters. The main wind forcing in the Gulf of Trieste
is through intermittent events of northeasterly cold, strong and dry wind,
called Bora, that blows more frequently in winter. The spatio-temporal
SST variability is studied using AVHRR satellite data between 2000 and
2005.

Data and methods

AVHRR data of the NOAA satellite constellation were acquired by the
OGS receiving station and used to compute the SST. In order to exclude
the diurnal warming effect in our analysis we chose one NOAA-12 night-
time pass per day. Moreover, we only considered images with cloud
coverage less than 90% before performing the statistic analysis. Two steps
were conducted to minimize the effect of the non-uniform temporal distri-
bution of the data (there are less cloudy and more images in summer): (1)
the images were subsampled on a monthly basis, selecting a maximum of
ten images per month; (2) coastal areas with less than 45% of good data
(with respect to the maximum of 914 in the open sea) were discarded. We
produced monthly, yearly and 6-yearly composites of the mean, median,
standard deviation of the SST and the corresponding images with the data
density. The EOF analysis was then applied to the entire dataset.

Results
The seasonal cycle of the SST in the Gulf of Trieste over 6 years is well
described using the monthly spatio-temporal means [Fig. 1].

Monthly spatial mean of SST
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Fig. 1. Monthly mean of SST (& standard deviation) in the Gulf of Trieste
versus time between January 2000 and December 2005.

The minimal (in winter) and maximal (in summer) temperature values
are respectively about 8 and 25 °C, with a standard deviation of 1.5 °C.
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Winter 2001 and summer 2003 are warmer with respect to the other years
by approximately 1.5 °C. The 6-years mean of the SST [Fig. 2] reveals a
general meridional gradient of the temperature field with values ranging
between about 16 and 18 °C (the standard deviation is between 5.5 and
6.5 °C). The northern portion of the area is, on average, colder than the
southern part by about 1 °C. The near-coastal areas, and particularly the
Grado lagoon to the north, are warmer than offshore by 1-1.5 °C. The first
EOF mode describes more than 80% of the total signal variance and its
temporal amplitude provides the seasonal cycle of the SST.

Mean of the monthly means of SST 2000-2005 (NOAA-12 nighttime)
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Fig. 2. SST composite (mean of the monthly means during 2000-2005) in
the Gulf of Trieste.
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Abstract

The Ocean Forecasting System for the Adriatic Sea implemented within the framework of the ADRICOSM Project has recently been up-
graded in terms of resolution (both vertical and horizontal), parameterizations, and numerical schemes. The results of these improvements

are shown.
Keywords : Adriatic Sea, Circulation Models, Water Transport.

Within the ADRICOSM (ADRIatic sea integrated COastal areaS and river
basin Management system) partnership (http://www.bo.ingv.it/adricosm-
partnership/), near real time monitoring and basin-shelf marine forecasting
systems have been implemented, and are now being used in operational
mode for the Adriatic Sea. The numerical forecasting model used (AREG,
Adriatic REGional model) is based on the Princeton Ocean Model [1]. Its
implementation covers the entire Adriatic Sea and extends into the Ionian
Sea.

Every week the operational system produces 7 days of hindcast (from
noon of the previous Tuesday up to noon of the current week Tuesday)
and 9 days of forecast. The hindcast is forced at the surface by the Euro-
pean Centre for Medium Range Weather Forecast (ECMWF) atmospheric
analyses; it uses the Mediterranean Forecasting System (MFS) [2] analy-
ses as lateral open boundary conditions, and the observed daily Po run-off.
For the forecast the model is forced using ECMWF and MFS operational
forecast, while the last available Po values are persisted.

The operational runs take place every Wednesday morning and the results
of the forecast and hindcast are available on a dedicated ftp server, both
for research and commercial users. Furthermore, many images of all the
calculated fields are visible on the web (http://www.bo.ingv.it/adricosm).
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Fig. 1. Predicted Sea Surface Elevation anomalies (m) for 10 October
2006 by the previous operational system.

The AREG model has recently been improved in terms of resolution,
parameterizations, and numerical schemes. A detailed description of the
model implementation can be found in Oddo et al., 2005 [3]. The reso-
lution has been upgraded both horizontally and vertically. Horizontally it
changed from approximately 5 km to 2.2 km (the grid is regular in both
cases), while vertically it changed from 21 to 31-sigma levels.

The surface boundary condition for the vertical velocity has been changed
from the old standard POM kinematic condition [3] to the new dynamic
condition taking into account the water balance as follows:
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where 7 is the surface elevation; E, P, and R are evaporation, precipitation
and river runoff; w is the vertical velocity; and v is the horizontal velocity
field. In the new implementation a flux limiting advection scheme [4] has
been implemented allowing a better reproduction of the horizontal and
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vertical gradients. This change has the effect to mitigate some previous
model deficiencies related to the overestimation of numerical diffusion
[3]. After these major changes most of the model deficiencies [3] seem
to be fixed. In figs.1 and 2 the sea surface elevation anomalies for 10th
October 2006 predicted by the model are shown The new solution (fig.2)
indicates the model capability to reproduce smaller scales features and to
better represent the dynamics in the Southern part of the basin.
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Fig. 2. Predicted Sea Surface Elevation anomalies (m) for 10 October
2006 by the improved operational system.
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Abstract

Its highly energetic mesoscale-dominated circulation and complex shelf-deep basin interactions, together with an array of natural and
human impacts on a continuously changing perturbed ecosystem and biogeochemical structures, make the Black Sea a unique example.
Some observational and modeling efforts that have been performed within the framework of several international programs explored,
quantified, and predicted circulation, ecosystem and biogeochemical variability from the overall basin scale to coastal/shelf domains, and

over time scales extending from weeks to decades.
Keywords : Black Sea, Circulation, Paleoceanography.

The Black Sea, once relatively an unexplored and isolated site of global
oceans, has been a major focus of international and regional efforts since
the early 1990s. Following the collapse of the former Soviet Union, Prof.
Unliiata was the leading person who initiated and promoted these collab-
orative efforts by bringing key scientists from the region as well as the
international oceanographic community. Prof. Unluata’s scientific vision
and personality have been a key factor for successfull implementation of
the HydroBlack, ComsBlack and NATO-SfS and NATO-SfP programs
during the 1990s. Even though he moved to IOC during the late 1990s,
his interest on the promotion of Black Sea oceanography continued till
the last moment. The EU-funded projects, which are emerging during the
present decade, are surely based on the earlier achievements made on his
leadership.

Here, an overview of the progress achieved so far and the current state-
of-the-art on the Black Sea oceanography is presented in terms of its
circulation and ecosystem dynamics using a set of observational findings
and modeling products.

The hydrographic, and remotely-sensed altimeter and ocean color obser-
vations as well as the modeling studies, reveal a complex, eddy-dominated
circulation system with different types of structural organizations within
the interior cyclonic cell, the Rim Current flowing along the abruptly
varying continental slope and margin topography around the basin, and
a series of anticyclonic eddies in the onshore side of the Rim Current
[1, 2]. The interior circulation comprises several sub-basin scale gyres,
each of them involving a series of cyclonic eddies. They evolve contin-
uously by interactions among each other, as well as with meanders, and
filaments of the Rim Current. The Rim Current structure is accompanied
by coastal trapped waves with an embedded train of eddies and meanders
propogating cyclonically around the basin. Over the annual time scale,
westward propogating Rossby waves further contribute complexity to the
basinwide circulation system. The Rim Current jet has a speed of 50-100
cm/s within the upper layer, and about 10-20 cm/s within the 150-300 m
depth range. The mesoscale features evolving along the periphery of the
basin as part of the Rim Current dynamic structure apparently link coastal
biogeochemical processes to those beyond the continental margin, and
thus provide a mechanism for two-way transports between nearshore and
offshore regions.

Among marginal sea ecosystems, the Black Sea is of special interest be-
cause of dramatic changes that took place in its ecological properties from
the early 1970s to the 1990s under cumulative effects of excessive nutri-
ent enrichment, strong cooling/warming, over-exploitation of pelagic fish
stocks, and population outbreak of gelatinous carnivores [3]. The Black
Sea ecosystem was reorganized during this transition phase in differ-
ent forms of top-down controlled food web structure through successive
regime-shifts of distinct ecological properties. The Secchi disk depth,
oxic-anoxic interface zone, dissolved oxygen and hydrogen sulphide con-
centrations also exhibit abrupt transition between their alternate regimes,
and indicate tight coupling between the lower trophic food web structure
and the biogeochemical pump in terms of regime-shift events.

The first shift, in 1973-1974, marks a switch from large predatory fish
to small planktivore fish-controlled system, which persisted until 1989
in the form of increasing small pelagic and phytoplankton biomass and
decreasing zooplankton biomass. The increase in phytoplankton biomass
is further supported by a bottom-up contribution due to the cumulative
response to high anthropogenic nutrient load and the concurrent shift of
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the physical system to the "cold climate regime" following its ~20-year
persistence in the "warm climate regime". The end of the 1980s signi-
fies the depletion of small planktivores and the transition to a gelatinous
carnivore-controlled system. By the end of the 1990s, small planktivore
populations take over control of the system again. Concomitantly, their
top-down pressure when combined with diminishing anthropogenic nutri-
ent load and more limited nutrient supply into the surface waters due to
stabilizing effects of relatively warm winter conditions switched the "high
production” regime of phytoplankton to its backgroun "low production"
regime.

The Black Sea regime-shifts appear to be sporadic events forced by strong
transient decadal perturbations, and therefore differ from the multi-decadal
scale cyclical events observed in pelagic ocean ecosystems under low-
frequency climatic forcing. The Black Sea observations illustrate that eu-
trophication and extreme fishery exploitation can indeed induce hysteresis
in large marine ecosystems, if they can exert sufficiently strong forcing
onto the system. They further illustrate the link between the disruption of
the top predators, proliferation of new predator stocks, and regime-shift
events. Examples of these features have been reported for some aquatic
ecosystems, but are extremely limited for large marine ecosystems.
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Abstract

First results of extensive ADCP and CTD measurements, performed in the Adriatic shelf-break area between February and September
2006, are presented. Pronounced diurnal oscillations were observed, apparently related to internal tides and periodic upwelling and
downwelling events. Moreover, inertial oscillations were documented. Finally, summertime change of the east-coast inflow to the Adriatic
was recorded, lasting only one month at two ADCP stations, three months at one station.

Keywords : Adriatic Sea, Circulation, Upwelling, Tides.

The presentation focuses on the Adriatic shelf-break area. Previously,
it has been found that the along-basin flow there is oppositely directed
in the winter and summer seasons, that seasonally dependent circulation
contributes to a strong temporal variability of thermohaline properties, and
that barotropic-like currents reverse on a few-day scale [1]. More recently,
it has been shown that during the stratified season diurnal internal tides
are generated in the area by the interaction of diurnal barotropic tides
with topography [2]. As the previous detection of internal tides was based
on a limited data set, the project entitled "Internal Tidal Hydrodynamics
and Ambient Characteristics of the Adriatic ITHACA)" was initiated in
order to provide a more complete information. The aim of the project was
also to consider the way changes of background stratification and currents
modify internal waves, and vice versa - to address a possible influence of
internal waves on deductions based on measurements that are scattered in
space and time.
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Fig. 1. Depth-frequency plots obtained from (a) temperature time series
collected at Lastovo and (b) cross-basin currents recorded at a nearby
station and detided by allowing for seven barotropic tidal constituents.
Darker shadow implies higher spectral density. Also indicated are the
24-h, 12-h and 8-h periods as well as the local inertial period.

The field phase of the project lasted from February to September 2006.
During the experiment (1) ADCP measurements were performed at three
stations using trawl-resistant bottom mounts (called barnys), (2) thermistor
data were collected on the islands of Lastovo, Susac and BiSevo utilizing
3 x 10 sensors deployed on steep cliffs opened to the southeast, (3) ship-
board CTD surveys were carried out on four occasions at an along-basin
transect comprising 13 closely spaced stations, (4) optical surveys were
performed at thermistor stations while deploying and recovering them, (5)
surface tides were monitored at the permanent Split and Dubrovnik sta-
tions and at one of the ADCP stations, and (6) meteorological conditions
were documented by permanent stations in the area (Split, Dubrovnik,
Hvar, KomiZa and Palagruza).
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The project was successful, as all the instruments were recovered except
one of the thermistors. Preliminary analysis of the data collected has
shown that diurnal temperature oscillations were particularly strong at one
of the islands (Lastovo) and that corresponding baroclinic current vari-
ability was largest at a nearby ADCP station (Figure 1). Apparently, the
diurnal signal was related not only to internal tides but also to periodic up-
welling and downwelling events that were especially pronounced in July
2006. Inertial oscillations were also well visible in both the temperature
and ADCP time series. Lower frequencies were dominated by the east-
coast inflow to the Adriatic, which, however, underwent a summertime
change - recorded in July 2006 at two of the ADCP stations, between May
and July 2006 at one station.
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Abstract

Mixing in overflows may have a significant effect on the oceanic thermohaline circulation. The drastic separation between the scale
of mixing and horizontal grid size in climate models is spanned by dividing the problem into several sub-problems: direct numerical
simulation (DNS) is used to develop a subgrid-scale model of stratified mixing for large eddy simulation (LES); LES is used to develop
mixing parameterization for an ocean model (HYCOM); in-situ observations are used to validate regional overflow simulations with
HYCOM,; and finally, the so-called marginal sea overflow boundary condition (MSBC) is used as a parameterization of an entire overflow
for climate studies, on the basis of an ensemble of experiments using high-resolution HY COM.

Keywords : Stratification, Circulation Models.

The main objective of this effort is to develop parameterizations of over-
flow mixing for ocean general circulation models used in climate studies.
Given the challenging multi-scale problem of representing the net effect
of mixing taking place on the order of the overturning (Ozmidov) scale of
O(10 m) in climate models, with typically 100 km horizontal grid resolu-
tion, the so-called bootstrapping technique has been pursued. By noting
that most of mixing taking place near the density interface between the
gravity currents and the ambient fluid is carried out by overturning eddies,
and the smaller scale structures arising from the break-down of these ed-
dies into turbulence mainly play a role in energy dissipation, subgrid-scale
models have been developed for large eddy simulation (LES) using direct
numerical simulation (DNS) results as ground truth [1]. Then, LES of
gravity current simulations are used to provide testbeds and benchmarks
for ocean general circulation models [2]. HYCOM is a suitable OGCM
for this problem because it is designed to prohibit entirely all diapycnal
mixing, except for that prescribed by parameterizations. Benchmark LES
of bottom gravity currents are then used to develop parameterizations of
entrainment as a simple algebraic function of the layer shear Richardson
number [3, 4]. This parameterization is then tested extensively for regional
simulations of overflows, namely for the Mediterranean Sea overflow us-
ing the in-situ observational data from the Gulf of Cadiz Experiment, and
the Red Sea overflow [5] using the Red Sea Outflow Experiment. Both
of these studies indicated that these overflows were satisfactorily repro-
duced, and no further fine-tuning of the parameterization was needed. It
was noted that the Red Sea overflow appears to be more challenging than
the Mediterranean Sea overflow, because the former bifurcates into nar-
row channels and accurate representation of domain geometry becomes
as important as the representation of mixing. In order to make the final
step from regional overflows to climate model scale, the results from
the so-called marginal sea boundary condition (MSBC, [6]) and regional
Mediterranean Sea overflow simulations are compared under a variety of
climate conditions, represented by different combinations of changes in
the properties of the Mediterranean Sea overflow and the ambient North
Atlantic water. Consistent results are obtained from HYCOM and MSBC,
indicating that MSBC can be used as a well-founded parameterization of
the Mediterranean Sea overflow in climate models [7].

In summary, bootstrapping technique consists of using DNS as ground
truth for LES, LES as benchmark for idealized HYCOM, observational
data sets to validate regional simulations of overflows, and regional sim-
ulations to fine-tune and validate MSBC, such that the needed range of
scales from small overturns to climate model grid size could be spanned
for this particular problem.

In addition, LES of gravity currents have been used to conduct studies of
more delicate processes. In particular, the behavior of turbulent gravity
currents in the presence of ambient stratification is studied for cases in
which equilibrated product water masses are formed [8]. The main ob-
jective was to explore how the ambient stratification impacts entrainment
and the properties of product water masses, which are of ultimate interest
to climate modelers. Results also show that, for the case of constant slope
angle and linear ambient stratification, the gravity current separates from
the bottom such that the entrained mass flux is independent of the slope
angle. The product mass transport and product salinity then depend only
on the ambient stratification, and these quantities are approximated as sim-
ple algebraic functions of the ambient stratification parameter that modify
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the source properties. Also, by recognizing that oceanic overflows follow
the sea floor morphology, which shows a self-similar structure at spatial
scales ranging from 100 km to 1 m, the impact of topographic bumps on
entrainment in gravity currents is investigated [9]. It is found that in the
case of smooth bottom, the overturns can only dilute the upper part of the
overflow, and the densest water masses near the bottom escape dilution
and set equilibrium level of the product water mass. Bottom roughness
and in particular form drag exerted on the overflows are then recognized
as an important mechanism that needs to be considered.
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Abstract

Fine-resolution measurements of water pressure were performed along two elongated bays, where on several occasions extremely large,
high frequency sea level oscillations have occurred. The time series reveal spatial variability of the natural modes. At the eigenmode
frequencies, energy is strongly enhanced from the open towards the closed end. In the inner part of the basins, natural modes are being
excited, giving rise to high-frequency oscillations of large amplitude.

Keywords : Adriatic Sea, Sea Level, Coastal Processes.

Occasionally, some bays along the east Adriatic coast experience ex-
tremely large, high frequency sea level oscillations that may cause great
damage to the coastal infrastructure. Particularly vulnerable are westward-
open funnel-shaped inlets. The phenomenon has been observed also in
some other parts of the Mediterranean (e.g. Balearic Islands) and else-
where in the world. It is induced by atmospheric gravity waves which,
through the process of Proudman and successively harbor resonance, ex-
cite normal modes of propitious basins.

The most intense episodes at the Croatian coast have been documented
(Orlic, 1980) and closely studied using available sparse data and mathe-
matical modeling (Vilibic et al., 2004). However, until now, no specific
sea-level measurements at the exposed sites have been made to empirically
back up the findings. An experiment was therefore designed to investigate
spatial variability of normal modes of two harbors where the phenomenon
occurs most often, namely Vela Luka and Stari Grad bays. Hence at
each site several small pressure sensors with integrated data loggers were
placed on the sea bottom along the bay and one was used to measure the
air pressure. The pressure was recorded at 3 min sampling interval, during
three summer months of 2006.
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Fig. 1. Power density spectra of the water pressure adjusted for the air

pressure, recorded from 18 to 21 June 2006, at three sites along Stari Grad
(left) and Vela Luka bays (right), from the open (SG1/VL1) to the closed
end (SG3/VL3) of the basins.

During the experiment several intervals of intense seiche activity, partic-
ularly in the inner part of the basins, have been recorded. Power density
spectra for one episode that occurred simultaneously at the two locations
are shown in Figure 1. At both locations there is a general growth of
energy as we move from the open end towards the head of the basin. In
Stari Grad Bay, three distinct energy maxima, at periods of 25.7 min, 10.2
min and 8.6 min, are resolved, the latter two being observed only at the
two inner stations. In Vela Luka Bay, at the outermost station only a peak
at 20.0 min period is seen. As we advance towards the closed end, the
oscillations at this period become larger, but also natural modes of the
inner part of the basin are being excited; oscillations of 11.8 min period
are observed at both inner stations, the energy being largely enhanced at
the closed end. Moreover, the innermost part of the bay oscillates with an
eigenmode of 8.0 min.
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Abstract

High resolution meteorological fields over the Adriatic derived from mesoscale ALADIN/HR model for the Nov/2002 - Sep/2003 period
are compared with corresponding low resolution fields obtained from global ECMWF model. The analysis is performed on mean values
calculated over strong bora and strong sirocco episodes. It is shown that not only bora but also the sirocco-type weather is largely influenced
by local orography. The results suggest that use of mesoscale meteorological forcing can significantly improve oceanographic forecasting

in the Adriatic.
Keywords : Adriatic Sea, Atmospheric Input, Circulation.

In recent years significant effort is undertaken in the field of opera-
tional oceanography of the Mediterranean Sea (e.g. http://www.moon-
oceanforecasting.eu). Among other goals, a numerical forecasting system
at basin scale, but also on regional and shelf scales, is developed. The
Adriatic Sea in particular is covered by a regional hydrodinamical model
and several shelf models [1], where the necessary boundary conditions
are prescribed by simple one-way nesting between respective models [2].
Available at the time, the atmospheric forcing was taken from global
ECMWF model having 0.5 degrees longitude and latitude resolution
which is far from enough to resolve fine structure of the Adriatic weather,
known to be strongly influenced by local orography, e.g. [3]. To get
a better insight into deficiencies thus introduced, in the present work
the ECMWF fields are compared with the corresponding output of the
mesoscale meteorological model ALADIN/HR.

Sirocco episodes Bora episodes
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Fig. 1. Mean differences between the ALADIN and ECMWF modelled
air pressure (top) and the wind speed component along the main airflow
(bottom) for sirocco (left) and bora (right) episodes during the November
2002 - September 2003 period. Full lines show positive, dotted lines neg-
ative differences.

We used ALADIN output fields every 3 hours, having spatial resolution of
8 km, spanning over the period from 1 November 2002 till 30 September
2003. Respective ECMWEF fields that were available every 6 hours were
trilinearly interpolated onto the ALADIN space-time grid. The analysis
was conducted around two most prominent types of Adriatic weather,
namely those characterized by strong bora and strong sirocco winds. To
that end three characteristic grid points were chosen in the northern part,
and three in the southern part of the Adriatic. Bora (sirocco) episodes
were extracted as all instances (80 ones for bora, 63 for sirocco) where all
six grid points have wind from the first (fourth) quadrant stronger than 8
m/s. Mean differences between ALADIN and ECMWF modelled fields
were calculated over these bora and sirocco episodes, separately (Fig. 1).
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Due to the finer spatial resolution and consequently more realistic land-
sea mask and topography, in the discussion below, ALADIN modelled
fields are considered as referent. The air pressure differences between the
models (Fig. 1, top) show large contiguous areas of the same sign with
amplitudes up to 2 hPa. For the sirocco situations, ECMWF generally
underestimates the air pressure over the northern Adriatic and along the
middle and southern east Adriatic coast. On the other hand, almost all
along the Italian coast south of Ancona, the ECMWEF predicted pressure
is higher than the ALADIN predicted one. The region where this overpre-
diction is particularly wide as measured in the offshore direction extends
from Ancona to Gargano peninsula. For bora conditions, the air pressure
predicted by ECMWEF is lower over the major part of northern and middle
Adriatic, while south-eastward of Istria Peninsula and over the southern
Adriatic it is higher.

A comparison between the ALADIN and ECMWF predicted sirocco and
bora winds shows discrepancies generally oriented along the main air-
flow. Hence, Fig. 1 (bottom) presents mean differences of north-westward
component of sirocco and south-westward component of bora winds. The
ECMWEF sirocco speeds are generally lower than the ALADIN ones (in
some regions even more than 4 m s—1). Further, an interesting pattern
with alternation of jet-wake-jet structure is found north of Gargano. It
seems to be a consequence of the blocking and splitting of sirocco flow
upstream of Gargano, which is almost an ideal 3D obstacle. Accordingly,
downstream of mountain a typical pattern of the airflow around the 3D
obstacle emerges with the wake in the central part of the lee and jets
emanating from the obstacle edges. Additionally, the jet emanating from
the western flank of Gargano is amplified due to the channelling along
the valley between the Gargano and Apennines. A third amplifying effect
on the jet originates from the north-eastward downslope flow on the east
side of the Apennines. The three amplifying mechanisms seem to result
in airflow convergence northwest of Gargano above the Adriatic, which
is associated with the low pressure discrepancy (Fig. 1 top). The jet
penetrates far northward over the Adriatic. Over the eastern Adriatic, the
regions with underpredicted sirocco winds are also found downstream of
topographical obstacles, and they have similar values as over the greater
Gargano area. The discrepancies between the ECMWF and ALADIN pre-
dicted bora winds also show the expected alternation of jet-wake patterns
[3], thus confirming that ECMWF is not able to simulate the complex bora
structure.
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Abstract

The water mass and chemical properties of the Cilician Basin, the northeastern Levantine Sea, are described on the basis of three hydro-
graphic cruises. The hydrographic data reveal the presence of Levantine Surface Water (LSW) and Atlantic Water (AW) within the upper
90 m layers, Levantine Intermediate Water (LIW) between 90 and 250 m, and Transitional Mediterranean Water (TMW) further below.

Keywords : Eastern Mediterranean, Hydrography, Phosphorus.

Introduction

While the general features of the hydrology of the Eastern Mediterranean
are fairly well recognized [1, 2] a consistent representation of their charac-
teristics in the Cilician Basin is still lacking. Although the nutrient regime
of the eastern Mediterranean has been studied extensively in recent years
[3, 4] the physical, chemical and biological data are too limited to reach
reliable conclusions about the spatial and temporal variability of water
masses in the Cilician Basin. We present here data from three cruises
that can provide an exhaustive description of water mass properties and
nutrient charecteristics in the Cilician Basin.

Materials and Methods

The investigation was restricted to an area 180 by 80 km on the northern
Levantine part of the Eastern Mediterranean. The data were collected as
part of three cruises of the R/V K. Piri Reis in May 1997 (spring), July
1998 (summer) and October 2003 (fall). During each cruise, standard
CTD profiles were obtained at each station using a SBE-9 CTD, equipped
with pressure, temperature and conductivity sensors. Water samples were
collected from discrete depths using a General Oceanics Rosette sam-
pler attached to the CTD. Nutrient analysis were carried out according to
Strickland and Parsons [5].

Results and Discussion

The composite depth profiles of potential temperature, salinity and og in
the Cilician Basin display an apparent seasonality. In spring, the surface
mixed layer was separated from the deep water by a strong halocline at
25-50 m. Below the surface mixed layer, the LIW extends to 200-250 m.
During spring the water of Atlantic origin (AW) is hardly discernible as a
subsurface salinity minimum, probably due to mixing processes. In sum-
mer, the seasonal thermohaline, formed below the mixed surface layer,
appears at a depth of 50-75 m. In fall, the thermocline moved downward
to 75-100 m and the surface layer was saltier and cooler than in summer.
During summer and fall the surface layer was separated from the less
saline AW by a strong halocline. The AW layer was occupied by less
saline and warmer waters between 30 and 80 m than LIW between 90 and
200 m. Combined data concluded that the water properties below 300 m
were T=14°C, S=38.7-38.8 and oy =29.2 kg/m3(Tab1e 1).

Tab. 1. Water masses characteristics in the Cilician Basin.

DATE Lsw AW Liw TMW
May 1997 B(°C) 19-22 5 16 14
s 392 : 39.2 38.8
o (kg/m¥) 276 - 289 29.2
July 1908 8(°C) 26-28 18 16 14
s 392394 2389 3015 388
o (kg/m¥) 25526 283 289 292
October 2003 §(°C) 24-26 18 17 14
s . 3093306 387 391 387
o (kg/m®) 262270 278 288 29.2

The surface waters of the Cilician Basin are poor in nutrients for most of
the year compared to other areas of the Levantine Basin. The depth-
averaged values for the surface layer were 0.3 M for nitrate+nitrite and
0.03 1M for phosphate in May 1997 and July 1998. In October 2003, the
upper layer was even poorer in nutrients (NO3+NO2=0.16 uM, PO4=0.02
pM). The silicate values always remain near to 1 M in the surface layer
throughout the year. Concentrations in the TMW were recorded as 3.3
pM for nitrate, 0.14 uM for phosphate and 6.8 uM for reactive silicate
in May 1997. During the July 1998 cruise, dissolved nutrient concentra-

tions in the TMW (at a depth of 300 m) were 2.1, 0.10 and 5.7 uM for
nitrate, phosphate and silicate, respectively. In October 2003, the nutrient
concentrations of TMW increased (NO3+NO2= 5.3 uM, PO4=0.21 uM,
Si(OH)4=10 uM).

Conclusion

The synthesis of the three datasets revealed some new features. The LSW,
which is indicated by a seasonal trend, has high salinity and high tem-
perature as a result of the high rates of heating and evaporation. The AW
appeared to be poorly defined during spring however it became better
defined in summer and fall. There appeared to be no seasonal variations
in the LIW and TMW. The nutriclines appear at specific density surfaces
throughout the Cilician Basin even though their depths vary markedly in
space and time. As nutrient deep concentration is greater than Levantine
surface concentration, vertical movements in the Cilician Basin induce
nitrogen enrichment of the deep layer.
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Abstract

The effects of wind stress on the variability of the surface circulation in the Ligurian Sea are investigated by the analysis of a long time
series of marine currents and meteorological observations and by numerical model simulations. Observed currents in the upper 50 m are
mainly directed NW, according to the general circulation of the area and display the same pattern slightly attenuating the intensity with the
depth. Most of the sub-daily variability is due to the inertial currents, which occur at all the examined depths very often. The direction and
the intensity of the current in the near surface layer (0-8 m) is sometimes different from those recorded in the layers below. Observations
and model results indicate that the wind is able to modify significantly the currents in the upper 14-15 m, thus explaining a huge part of

the observed variability.

Keywords : Air-sea Interactions, Circulation, Ligurian Sea, Time Series.

Data and methods

In order to investigate the variability of the upper layer currents and the
relationships with surface atmospheric forcing, a mooring equipped with
an upward-looking ADCP (Acoustic Doppler Current Profiler) [1] RDI
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
ITALIAL. The ADCP sampled the upper 50 m of water column with 8
m vertical resolution and lh time interval from 13 September 2003 to
25 May 2004. 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.

The effects of the local wind were estimated by means of a 1-D numerical
model integrating the Ekman equations in the vertical plane up to a depth
of 100 m, where free-slip conditions were imposed. The vertical turbulent
coefficient was chosen constant (0.01), wind stress was computed from
the available time series according to [2]. Constant or linearly increasing
wind stress at surface was imposed considering some test-cases based on
the different observed wind regimes.

Results

Wind regime during the observed period was characterized by calm and
breeze for about 60% of the recorded data, strong winds, mainly blowing
from SW, occurred in 7%, moderate winds are concentrated in the north-
ern sector. Prevailing direction is SW/W while intensity -excluding the
calms- is 6.2 m/s.

Although the mean currents are mainly directed NW, according to the
general cyclonic circulation of the Ligurian Sea, currents alternate periods
with an almost constant NW direction and periods lasting few days char-
acterized by strong variability, particularly meandering. Only few short
events with southward component currents occurred during the studied
period.

Mean velocity was about 11 cm/s with hourly mean peaks up to 80 cm/s.
The vertical structure was characterized by highly correlated currents hav-
ing the same pattern, with intensity weakly attenuating with the depth.
Currents in the first layer differ from that of the layers below, in some case
being less intense and displaying more variability and meandering.

Low frequency variability was characterised by mesoscale and atmo-
spheric components because the 28 and 6 days components were among
the more energetic peaks. Rotary spectral analysis [3] evidenced the in-
ertial motions as the prevailing feature at sub-daily scale [4], whereas
tides on both diurnal and semidiurnal band were negligible. The resulting
average spectrum computed on 22 samples, 256 hours long, displayed
at all depths a net energy peak in the clockwise part centred around the
theoretical inertial period value for this latitude (17.3 h). Well developed
inertial currents, in some cases lasting for more than a week, were in fact
observed at all the examined depths for about 25% of the total period of
registration.

Even correlation between wind stress and kinetic energy of the surface
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currents was poor, thus indicating a minor role of surface atmosphere
forcing. The results from the simulated test cases gave some insight on the
local wind effect, explaining a huge part of the observed variability [5].

A constant wind stress of 0.2 N/m2, representing the mean observed value,
can drift a mean current in the upper 10 m of about 15 cm/sec; for a wind
stress of 0.35 N/m?, corresponding to a wind speed of 14 m/s, the velocity
increases up to 28 cm/s, comparable with the intensity of the geostrophic
components.
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Fig. 1. Stick diagram of daily mean currents at each depth.
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Abstract

Seasonal variability and interannual variations of the upper mixed layer in the western Black sea were studied from underway high-
resolution near-surface temperature and salinity data along 165 occupations of the Odessa-Istanbul transect in 1998-2000. Measured every
3 s at a depth of 2-3 m, these data are representative of the entire upper mixed layer. The seasonal cycle of T and S was resolved as well
as spatial differences between the Northwest Shelf and deep western Black Sea basin. Substantial year-to-year variations are noted from

these data and compared with long-term mean climatological data.
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Air-sea interaction over the northwest Black Sea is vigorous and results in
strong seasonal variability of the upper mixed layer (UML), whose long-
term mean annual T/S ranges are, respectively, 2 to 23°C and 13 to 18.
The northwest Black Sea also features strong spatial gradients between
the shallow Northwest Shelf and the deep basin. To resolve large temporal
and spatial gradients in the northwest Black Sea, frequent high-resolution
repeat observations of the UML characteristics (T and S) were made
from R/V Georgy Ushakov (UkrSCES) along a standard quasi-meridional
transect between Odessa (~46.3N) and Istanbul (~41.3N). During 165
occupations of this transect in 1998-2000, T and S were continuously
measured underway by a stationary shipboard throughflow thermosalino-
graph linked to a PC, with TS-sensors installed in the main engine’s water
intake system at a depth of 2-3 m. The UML’s T and S at this depth are
representative of the entire UML. The throughflow system has low thermal
inertia/fast response time, thus allowing frequent sampling (every 3 s) of
the UML characteristics. Under a typical cruising speed of 10-12 knots,
the 3 s sampling rate translates into a horizontal resolution of ~15 m,
which allows meso- and small-scale fronts and eddies to be resolved.

The Odessa-Istanbul transect extends across two different oceanographic
zones - the NW Shelf (NWS) and the deep basin. The NWS is subject
to strong winter cooling, when T(UML) drops to 1-2°C, whereas far-
ther south minimum winter T(UML) is fairly constant, 6-7°C, along the
Odessa-Istanbul transect. Timing of maximum winter cooling of the NWS
varies interannually from mid-December to late January-early February.
South of the NWS, maximum winter cooling occurs later, typically in
mid-February. Spring warming begins almost simultaneously between
46N and 41N and can be quite abrupt, especially in late May-early June,
when T(UML) increases from 15°C to 21°C in just two weeks, with
a maximum rate exceeding 0.5°C /day. Summer warming is spatially
uniform as T(UML) peaks at about the same time between 46N-41N.
From long-term mean climatological data, T(UML) has a single maxi-
mum, in mid-August. The Odessa-Istanbul transect data revealed a much
more complicated pattern of seasonal variability of T(UML), particularly
with regard to timing and number of summer maximums. Indeed, the
Odessa-Istanbul transect data show up to three or even four maximums of
T(UML), with the first maximum as early as June (in 1998), and the latest
maximum in August. Autumn cooling progresses from north to south,
although the north-south time lag between 46N-41N is relatively small,
1-2 weeks. The Odessa-Istanbul transect data revealed a discontinuous
nature of autumn cooling in 2000, when T(UML) dropped from 26°C to
15°C in three well-defined steps, particularly noticeable in the southern
part of the study area. These rapid cooling events were likely related to
synoptic atmospheric events such as frontal passages.

Salinity regime of the NWS largely depends on freshwater discharge of
three major rivers: Danube, Dnieper, and Dniester. Timing and extent of
spring freshets varies interannually. From long-term mean climatological
data, S(UML) drops below 13 north of 46N in April. This freshening
gradually spreads south, down to 44.5N in May-June. From the Odessa-
Istanbul transect data, the 1998 spring freshet’s influence was small and
short-lived, whereas spring freshets in 1999 and 2000 were much more ex-
tensive in time and space. The Dnieper spring freshet waters (S<14) reach
the Odessa-Istanbul transect in late March and remained there through
mid-May. The Danube spring freshet waters (S<15) reach the Odessa-
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Istanbul transect in mid-May, about six weeks later than the Dnieper
spring freshet waters, and remained there until late June. In the southern
part of the study area, over the deep sea basin, salinity is hardly affected
by river runoff and therefore varies within a relatively narrow annual
range, between 17-18, rarely exceeding 18.2-18.3 psu. In summer 1999
and spring 2000, local salinity maxima were observed over the southern
part of the transect, with S(UML)=18.2-18.3, that slowly drifted douth-
ward. These moving salinity maxima likely corresponded to meso-scale
cyclonic eddies that were advected along the Odessa-Istanbul transect by
the large-scale circulation of the Black Sea.

Underway continuous measurements of the UML characteristics allowed
correlation between T and S to be studied. The sign and the nature of this
correlation changes with season and location. Over the NWS in spring,
TS-correlation is negative. In summer (July-August) TS-correlation is
weak and variable. In autumn and spring, TS-correlation is strong and
positive, up to +0.97. Spatial scales of TS-variability over the NWS
(30-50 miles) are determined largely by river runoff accumulation from
Danube, Dnieper and Dniester. Smaller spatial scales, down to 8-10 miles,
are common over shelf areas and are probably caused by sub-mesoscale
surface-intensified eddies.

The Odessa-Istanbul transect data also contain valuable information on
a front over the mid-NWS, previously studied from satellite sea surface
temperature (SST) data [1]. This front is strongest in winter when it has
repeatedly been crossed by the Odessa-Istanbul transect near 44.5N, with
cross-frontal steps of up to 3°C and 1 in salinity. We are presently inves-
tigating this front from both the Odessa-Istanbul in situ data and satellite
SST frontal data archive assembled at the University of Rhode Island.
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Abstract

Ukraine oceanographers carried out large series of cruises in the Aegean Sea as well as Ionian and Levantine Basins at same time that
POEM cruises were carried out. The data collected in Ukrainian cruises contain unique information about processes of deep convection in
the Eastern Mediterranean during winter 1987 as well as about the structure of the most energetic anicylonic gyre, lerapetra. Merging the
Ukraine data with the POEM data collected in the Levantine Basin (summer 1990) produces a detailed pattern of the Mid Mediterranean
Jet during the early stage of the Eastern Mediterranean Transient (EMT). Most of the data set is available now for the oceanographic

community.
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Experimental research of the Eastern Mediterranean by former USSR
oceanographers led by Prof. I. M. Ovchinnikov (1931-1997) can be sub-
divided into two main stages. The first one is a series of basin wide cruises
on the R/V "Vityaz" (1949-1979) that resulted in a comprehensive mono-
graph "Hydrology of the Mediterranean Sea" [1]. The second one is a
series of cruises on research vessels belonging to the Odessa Branch of
the State Oceanographic Institute (1986-1991) and focused on investiga-
tion of sub basin circulation and processes. Unlike POEM results, which
are published widely and are the major knowledge sources about sub
basin Mediterranean circulation [3], the results of the second stage of the
Mediterranean investigation by Soviet oceanographers are almost entirely
unknown to the wide oceanographic community. The end of the second
stage coincided with the collapse of the USSR, and results of those inves-
tigations have not been fully processed and were published very scarcely.
However during the period from 1986 to 1991 Ukrainian oceanographers
carried out about 3000 CTD casts, mostly in the Aegean Sea, Ionian and
Levantine basins. The major contribution belongs to R/V "Jakov Gakkel"
(64% from the total cast number) and R/V "Vladimir Parshin" (16%).
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Fig. 1. Dynamic topography from merged data of Ukraine (Gakkel 38
and Parshin 06) and of POEM (LBDS02) cruises, summer 1990. Mid
Mediterranean Jet path is following the -0.5 dyn. m. contour.

Unfortunately, the accuracy of the Soviet equipment used in these cruises
(about 0.02° C for temperature channel and about 0.03 for salinity chan-
nel) was hardly sufficient to find out long-term changes of water mass
parameters in deep layers which were connected then with the EMT [5].
However, for investigation of the upper 1000 m layer processes as well
as of the intensive sub basin circulation (Fig. 1) one can neglect this data
problem [6]. The most important scientific results of these cruises are:
(i) first description of the deep sea convection event in the Rhodes Gyre
region (winter 1987 - cruise Gakkel 28, [4]); (ii) detailed quantitative
characteristic of the Aegean Sea water masses during the early stages of
the EMT (winters 1988 and 1990 - cruises Gakkel 31 and 36, [8]); (iii)
detailed description of genesis and development of the lereapetra anticy-
clonic eddy (summer 1990 - cruises Gakkel 38 and Parshin 06, [7]); (iv)
first detailed description of the intensive emission of the Cretan Sea water
in the Eastern Mediterranean interior (summer 1990 - cruises Gakkel 38
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and Parshin 06, [2]). Unfortunately, because of circumstances indepen-
dent of the authors, not all the data from these cruises is finally processed
and available to the oceanographic community. But now all efforts are
undertaken to solve this problem.
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Abstract

The temperature and salinity data collected by profiling floats throughout the Mediterranean Sea from 2000 to 2006 are used to study the
spatial distribution and temporal evolution of the Mediterranean thermohaline properties and compared them with climatological values
and ancillary ship-based hydrographic measurements published in the literature. Results indicate that the Mediterranean Sea is warmer
and saltier (most importantly in the western basin) with respect to climatology mainly based on observations of last century.

Keywords : Temperature, Salinity, Open Sea.

Introduction

Since 2000, more than 70 profiling floats equipped with CTD sensors
were deployed in the Mediterranean to monitor its thermohaline structure
for scientific and operational purposes. In particular, starting in mid-2004,
float operations were coordinated at the international level in the frame-
work of MedArgo, which is part of the EU-sponsored MFS project [1] and
is integrated into the worldwide Argo program [2]. The Mediterranean
float data, with profiles extending as deep as 2000 m and spreading most
areas of the Mediterranean, are analyzed to study the spatio-temporal vari-
ations of the thermohaline properties and compared with climatological
values and results of hydrographic surveys.
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Fig. 1. Potential temperature (6) and salinity (S) profiles in the northern
and central Tyrrhenian Sea as measured by the profiling floats in 2004-
2006 (black curves, 282 profiles). MEDAR MEDATLAS II annual mean
(white curve) with 3 standard deviations (grey envelope). The locations
of the CTD casts are shown in the insert.

Materials and methods

Both APEX and PROVOR battery-powered profiling floats equipped with
Sea-Bird pumped CTD sensors were operated in the Mediterranean Sea.
They were programmed to descent and drift at an intermediate parking
depth (between 350 and 650 m), to descend further down to depths of 650
- 2000 m before ascending to the surface while measuring pressure, tem-
perature and conductivity. Once at the surface, they transmitted the data
via the Argos satellite system and repeated the above-described sampling
cycle. The cycle length was 5 days for the majority of the floats and 10
days for some units. The float temperature (T) and salinity (S) profile
data were processed, quality-controlled and distributed by the CORIOLIS
Operational Oceanography Data Centre at IFREMER in Brest, France.
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The floats provided more than 5000 CTD profiles between March 2000
and mid-September 2006 . The T and D data were used to compute the
potential temperature (0). Diagrams of profiles versus depth, of the data
at selected depths versus time, and 6-S diagrams were created to describe
the spatio-temporal variability of the data.

Results

The 6 and S values measured by the floats were studied in most sub-basins
of the Mediterranean Sea. The area of the Tyrrhenian Sea locked between
Sardinia, Corsica and Italia is particularly interesting. Indeed, in this area,
the CTD profiles (271 to 700 m and 11 to 2000 m) show clearly that the
intermediate waters between 500 and 1500 m are slightly warmer and
significantly saltier when compared with values of the MEDAR MEDAT-
LAS 1II climatology [Fig. 1]. The maximal salinity is 38.77 near 500
m. Between 1000 and 1200 m, the salinity is typically 0.1 larger than
climatology, whereas potential temperature can be larger by about 0.5 C.
Deeper in the water column (near 2000 m), the floats measured salinities
spanning in 38.51-38.53 compared with the mean climatological value of
38.47, and potential temperatures in 13.07-13.11 C compared with 12.89
C. Since the MEDAR MEDATLAS II climatology is essentially based
on hydrographic observations collected in the 20th century, the above-
mentioned variations are thought to be related to long-term interdecadal
variability of the whole Mediterranean Sea, including changes known as
the Eastern Mediterranean Transient (ETM) [3] and the Mediterranean
Sea Transient (MST) [4].
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Abstract

The long-term annual and seasonal steric effect on sea level is estimated for the Bay of Trieste, in the North Adriatic Sea, using temperature
and salinity observations performed during several decades. Data availability allows evaluating the thermo-steric effect since the early 201"
century and the halo-steric effect for the second half of the century. Data gaps are partly filled by means of objective analysis. As a result,
during the period 1965-2004 the steric effect on Trieste sea level amounts to 1.0 mm/100 yr, where the thermo-steric and halo-steric
components are 8.3 and -5.9 mm/100 yr, respectively. The 1915-2004 correction due to the thermo-steric effect alone is about 2.3 mm/100

yI.
Keywords : Adriatic Sea, Sea Level, Time Series.

An important component of sea level variability is connected with changes
in sea water density, determined by temperature and salinity variability
induced by climate variability. The effects of such changes on sea level
can be quantified in terms of steric anomalies. In the Mediterranean Sea
the data availability is limited, particularly for salinity, and such estimates
can generally be made using temperature and salinity values averaged over
relatively large areas and long time periods. Moreover, the comparison of
steric changes with observed sea level is difficult because the former are
mostly estimated for open ocean areas and the latter is measured at coastal
sites [1, 2].

In this work annual and seasonal steric anomalies are estimated for the
Bay of Trieste, an area of approximately 500 km? and 20-25 m depth in
front of the Trieste sea-level station (North Adriatic). For this area multi-
decadal time series of marine data exist, as well as a centennial sea-level
time series, and its small size makes the steric sea-level change estimates
suitable to be compared with the observed sea level.

The steric effect is estimated for the second half of the 20*" century, when
a reasonable amount of both temperature and salinity profiles is avail-
able. Such observations come from MEDATLAS 2000 (www.ifremer.fr),
ADRICOSM (www.santateresa.enea.it), PRISMA and NADS (posei-
don.ogs.trieste.it) data sets. Time gaps are filled by means of objective
analysis of anomalies relative to climatology. The scarcity of salinity data
before 1960 does not allow a reliable estimate of the full steric anomalies
except for a few isolated years, and, therefore, prevents the assessment of
secular trends.

Taking into account only thermo-steric anomalies, the study can be ex-
tended backward in time to the early 20*" century. Monthly mean sea
temperatures at 2 m depth are available for Trieste harbour during the
periods 1899-1920 (with major gaps) and 1934-present (with few gaps).
The period 1921-1933 is reconstructed via linear regression between tem-
peratures measured at Trieste and Rovinj (Croatia) [3]. The few remaining
gaps are filled with objective analysis. As a result a 2-m temperature time
series for 1915-2004 is obtained. Temperatures at 0, 5, 10, 20 m depths
are estimated on a statistical basis using the climatological MEDATLAS
profiles.

From the analysis of 1965-2004 data, the annual steric effect has caused an
increment of sea-level with a trend of 1.0 mm/100 yr. This represents the
combined effect of increased temperature, which amounts to 8.3 mm/100
yr, and that of increased salinity, namely -5.9 mm/100 yr. In other words
the "true" sea-level trend (except for vertical crustal movements) is 1.0
mm/100 yr less than the observed one.

The average annual cycle of the steric effect, deduced from the period
1965-2004, exhibits a mean value of 2.0 cm, a minimum of -2.7 cm in
February and a maximum of 8.0 cm in August.

The long-term thermo-steric effect alone can be estimated for the period
1915-2004, giving a sea-level trend increment of 2.3 mm/100 yr.

On a seasonal basis, it is possible to estimate thermo-steric effects only,
since salinity data are insufficient, particularly in winter. Concerning
long-term (1915-2004) trends, winter and autumn have become warmer,
determining 3.5 and 4.8 mm/100 yr sea-level increments, respectively. By
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contrast, changes in spring and summer are much smaller, namely 0.0 and
0.5 mm/100 yr, respectively. During 1965-2004 the thermo-steric effect is
positive in all seasons, with minimum trend in winter, with 3.1 mm/100
yr, larger in spring and summer (5.9 and 7.0 mm/100 yr, respectively), and
particularly large in summer, with 16.9 mm/100 yr.

The results outlined above concern a specific area, characterized by very
shallow water and largely affected by continental air masses, and, there-
fore, cannot be generalized to the open sea. However, it is evident that
the sole thermo-steric effect cannot be representative for the observed
density-induced variability of sea level. In absolute terms, the shallowness
of the Bay of Trieste makes the steric trends almost negligible compared
to the observed sea-level trends, namely 1.1 mm/yr for 1915-2004 and 0.8
mm/yr for 1965-2004.
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Abstract

Multi-model Super-Ensembles (SE) aim at combining optimally different models. A dynamic Kalman Filter version of this technique has
been applied on a unique set of in-situ data and operational ocean models during the Dynamics of the Adriatic in Real-Time (DART) field

experiment and is shown to significantly improve forecast skills.

Keywords : Adriatic Sea, Models, Monitoring, Acoustics, Mesoscale Phenomena.

An increasing number of models are routinely providing operational
weather forecasts and climate predictions. The SE technique [1], which
uses an optimised combination of an ensemble of models, has previously
been demonstrated to improve forecast skills in atmosphericmodels. Ap-
plications in the ocean are promising [2, 3]. However, they suffer from the
lack of in-situ time series available in real-time.
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Fig. 1. Time series of sound velocity (m/s) profiles, from top to bottom
and left to right: SEPTR data, ADRICOSM, HOPS, NCOM and ROMS
models.

The trawl-safe bottom mounted SEPTR platform developed at NURC
(NATO Undersea Research Center), which is equipped with an ADCP and
a CTD profiling unit transmitting data in real-time through a dedicated
Globalstar link, now overcomes this limitation. During the DART (Dy-
namics of the Adriatic in Real-Time) field experiment in March 2006, 6
SEPTR were moored in the Gulf of Manfredonia in the Adriatic. In paral-
lel, a suite of atmospheric, wave and ocean models were run operationally
for the same period. This unique combination of data and models (Fig.
1) was used to derive SE products using a Kalman Filter-like Dynamic
Linear Model [4] to account for the rapid changes in individual model
skills and derive associated uncertainties. Our results suggest that the
combination of SEPTR and operational models may decrease the errors
on sound velocity profiles from 3-5 m/s down to 1-2 m/s (Fig. 2) at a
marginal cost.
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Fig. 2. Error on sound velocity for a 4-day forecast: (top) Standard Super-
ensemble (bottom) Kalman Filter Dynamic Linear Model.
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INTERDISCIPLINARY SCIENCE OF THE MEDITERRANEAN AND BLACK COASTAL SEAS IN A GLOBAL
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Abstract

Physical and biogeochemical processes and interactions of the Mediterranean and Black Seas are overviewed and the implications for the
health of this semi-enclosed sea system discussed. The interdisciplinary processes of the Mediterranean and Black Seas are integrated into
a discussion of similar semi-enclosed seas of the global coastal ocean in the context of the IOC/SCOR COASTS synthesis study.
Keywords : Coastal Systems, Infralittoral, Western Mediterranean, Eastern Mediterranean, Black Sea.

The western Mediterranean basin exchanges waters with the North At-
lantic through the narrow Strait of Gibraltar, which influences the Atlantic
circulation and drives the Mediterranean circulation together with winds
and buoyancy fluxes. The western and eastern basins are linked through
the Strait of Sicily, and the shallow Aegean Sea of the eastern basin is
linked through the Dardenelles and Bosphorus Straits to the Black Sea.
The generally narrow shelves of the Mediterranean are dominated by
open-ocean/shelf exchange processes and strongly influenced by riverine
inputs. Although coastal downwelling is prevalent, the shelf structures
and variabilities are a composite of site specific dynamic scenarios. The
Mediterranean is an oligotrophic system with relatively poor biologi-
cal production and average phytoplankton biomass decreasing eastwards.
The most productive regions lie along the coasts of France, Algeria, Egypt,
Turkey and in the northern Adriatic. The Black Sea shelves are very nar-
row in the south, east and northeast but there is a broad northwestern shelf
sea. An eddying Rim Current circulates around the basin on the continen-
tal slope which links importantly coastal and deeper sea biogeochemical
processes. River discharges particularly in the northwest have resulted
in eutrophication, which together with over-fishing, a severe increase of
gelatinous carnivores and decadal climate fluctuations have drastically
changed the Black Sea ecosystem. Modern multi-scale interdisciplinary
cooperative field research and modelling projects in both seas are con-
tributing to progress in understanding of dynamical processes and provide
the basis for advanced management methods.

The COASTS (Coastal Ocean Advanced Science and Technology Stud-
ies) of IOC-UNESCO and SCOR has recently published a comprehensive
global study and synthesis of sub-regional and pan-regional interdisci-
plinary ocean science [1, 2], which complements a multi-scale interdis-
ciplinary process study of the global coastal ocean [3]. Pinardi et al.
[4] overview the Mediterranean coasts and Oguz et al. [5], the Black Sea.
These studies are integrated into a pan-regional synthesis of semi-enclosed
seas and islands by Oguz and Su [6]. The Mediterranean and Black Seas
are categorized as nearly enclosed basins with limited exchanges with
open oceans, and analyzed together with the Baltic Sea, Red Sea, Arabian
Gulf, Bohai Sea, Sea of Okhotsk and Japan/East Sea. Together with the
other European semi-enclosed seas, Baltic and North, the Mediterranean
and Black Seas are considered to be generally among the most threatened
marine ecosystems, with serious over-exploitation of commercial fish
stocks, and endangered biotopes. Dr. Umit Unliiata contributed important
personal scientific advances to the knowledge of the Mediterranean and
Black Seas. As head of ocean science at IOC he enabled the comprehen-
sive interdisciplinary COASTS study of the global coastal ocean.
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COULD THE EASTERN MEDITERRANEAN TRANSIENT (EMT) HAVE BEEN PREDICTED?
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Abstract

The transient that has dominated the Eastern Mediterranean intermediate and deep waters since about 1990, generated by dense-water
output from the Aegean Sea, was of unprecedented magnitude and has had a rather complex cause. These features exclude an assessment

based on climate statistics and a prediction of hypothetical similar events in the future.
Keywords : Eastern Mediterranean, Aegean Sea, Hydrography, Circulation, Deep Waters.

The EMT (Eastern Mediterranean Transient) was brought about by ex-
tremely high outflow of enhanced-density waters from the Aegean Sea in
the 1990s, which induced a transient of unprecedented magnitude in the
hydrography and circulation of the entire Eastern Mediterranean [1]. No
previous such event of any similar magnitude, interrupting the prevailing
predominance of the Adriatic Sea as the source of the deep waters, has
ever been documented. The high densities of EMT-related Aegean out-
flow [2] resulted from a combination of greatly enhanced salinities in the
Aegean (maximum in 1992) and of excessive winter cooling in 1991-92
and 1992-93 [3]; the high salinities presumably resulted from a blocking
of upper-water exchange south of Crete, observed in 1991, that led to
excessive salinity storage in the Levantine Sea [4]. Peak outflow occurred
between mid-1992 and late 1994, with a maximum during 1993. The
total volume of Aegean dense water output over the mid-1992 to late 1994
period corresponded to about twice the total volume of the Aegean Sea.
Such fast turnover of the Aegean Sea requires that a large region beyond
the Aegean Sea proper was involved in the formation of the Aegean dense
waters. On the other hand, the maximum density effected by the EMT
in the Eastern Mediterranean waters was not higher than that of young
northern Ionian bottom waters replenished from the Adriatic previously.
Aegean dense outflow continued until at least 1998, and the hydrography
of the South Aegean Sea had not recovered a decade after the onset of the
EMT (in about 1990). It is argued that the EMT has been a matter of coin-
cidence of extreme events of rather unrelated cause, and that, furthermore,
the magnitude of the Aegean outflow required internal, non-linear forcing
within the Eastern Mediterranean system. The conclusion is that the EMT
cannot be related to climate statistics, such as correlation with climatic
indices, and that, particularly due to the internal non-linear feedback and
in view of the decades-long predominance of the Adriatic over the Aegean
previously, modelling is limited to hindcast assessments.
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Abstract

Results are presented from a long term monitoring program of the circulation on the Israeli Mediterranean continental shelf and slope
conducted using subsurface current moorings. The currents direction on the shelf and slope was found to be generally northward with
maximum monthly mean velocities observed during the summer and stormy winter seasons. Winters were characterized by downwelling
circulation while during summer a seaward increase in the magnitude of the along-shelf currents was observed. Both seasons also exhibited
an energetic along-slope northward jet, a finding supported also by results from numerical modeling studies.

Keywords : Circulation, Levantine Basin.

The Israeli Mediterranean continental shelf is narrow O (15 km) and has a
relatively simple bathymetric relief structure with isobaths roughly paral-
lel to the coastline. In 1987 the Israeli National Institute of Oceanography
started a 10-year observational study to investigate the circulation and the
thermohaline structure off the Israeli coast [1, 2, 3, 4, 5]. It was conducted
with subsurface current meter moorings on the shelf and at mid-slope as
well as with hydrographic across-shelf sections. Statistical and spectral
analyses of the currents over the shelf show almost no evidence of currents
at the semidiurnal tidal frequency; however, quite a strong signal (~0.1
cm/s) is found at a daily period during the warming season due to the sea
breeze. The most important part of the current energy is present in the
synoptic and seasonal time scales. The synoptic currents over the Israeli
shelf are mainly northwards and follow the bathymetry. The monthly
mean along-shore current over the inner or mid-shelf has a seasonal pe-
riod with a maximum northward velocity magnitude during summer and
winter seasons of O(0.1 m/s). During the stratified summer season, both
the monthly mean currents and synoptic velocity along-shore fluctuations
decrease with depth below the surface mixed layer. The decrease of the
mean velocity is in agreement with the strong stratification and sloping
isopycnals over the shelf, resulting in low velocities of only a few cm/s
near the bottom at the outer shelf. Characteristic for this season is an
offshore increase in the northward seasonal current within the upper water
layer. During winter the water over much of the shelf is homogenous and
the synoptic currents are highly coherent and vertically uniform. Although
occasional southward currents have been observed, the winter season is
characterized, mainly, by strong northward currents (O(0.6 m/s)) during
the winter cyclonic storms which exhibit a strong along-shore wind stress
component. These currents also imply, in addition to a large along-shore
transport, strong bottom friction and vertical mixing. The magnitude of
the along-shelf synoptic velocity component depends mainly upon the
along-shelf wind stress and pressure gradients. The direct response to the
wind is mostly confined to the inner and mid-shelf, whereas the shelf edge
sites show open sea influence [4]. The cross-shelf circulation during the
cooling season is characterized by onshore surface Ekman transport that is
compensated for by a seaward (downwelling) flow in the bottom boundary
layer. At the shelf break sites the seaward flow is also accompanied by an
intensification of the northward current. Current measurements, as well
as hydrographic cross sections, indicate the possibility that part of this
transport is also due to gravitational advection and downslope cascading
of dense shelf water, induced by winter cooling and evaporation.

Current measurements from a single mooring on the continental slope
off Hadera (water depth of 500 m) reveal, occasionally, during summer
and winter, the existence of a strong northward along-slope baroclinic jet
confined to the upper 50-200 meters (respectively) with monthly mean
velocities of 0.2-0.4 m/s. During winter storms the hourly velocities at
the upper layers of the jet may reach a magnitude of 0.9 m/sec, or be as
high as 0.3 m/s near the bottom, at the end of the winter mixing season.
The seasonal characteristics of the along-slope jet are supported by results
from numerical modeling studies [6, 1, 5]. These results suggest that
the permanent northward circulation observed during the summer on the
shelf, and the seaward increase in current intensity, are closely related to
a strong cyclonic jet flowing along the eastern rim of the Levant Basin.
In spite of the expected increase in the topographic steering effect during
the winter season, the daily MESTEP-OGCM reanalysis fields, as well
as high-resolution model simulations [7], suggest that the high velocities
observed on the slope are due to a local intrusion of an open sea, large-
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scale, meander. The observations during this season show no obvious
influence of the along-slope jet on the inner-shelf circulation during calm
weather conditions although it does seem to affect the outer- and mid-
shelf circulation.
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Abstract

In situ measurements and a numerical model for the description of bottom-arrested currents are used to elucidate aspects of the evolution

of the Transient of the Eastern Mediterranean Basin.

Keywords : Adriatic Sea, Aegean Sea, Strait Of Otranto, Abyssal, Stratification.

CTD measurements carried out in the southern Adriatic sea and in the
western Ionian basin (Eurafrican Mediterranean sea) during May 2003
by the German research vessel POSEIDON (POSEIDON cruise 298) and
numerical simulations are used to elucidate aspects of the abyssal circu-
lation of this oceanic region. The observations suggest that dense waters
of Adriatic origin were strongly diluted along their way on the Italian
continental slope, whilst their characteristics remained better preserved in
a region located further east. The very steep topographic slope along the
Italian shelf in the region of the Gulf of Taranto induces strong entrainment
of intermediate waters in the bottom layers. Instead, the bottom waters
of Adriatic origin which, along their path further east, encounter gen-
tler topographic variations, are weakly diluted by turbulent mixing and,
therefore, better preserve their original characteristics. The remarkable
differences in the mixing along these two different paths are accentuated
by the presence of a noticeable zonal gradient of potential density exist-
ing in the near-bottom layers of the northern Ionian basin. In order to
verify our observational hypothesis suggesting that different paths for the
southward spreading of ADW exist, which are characterized by different
entrainment rates, we performed numerical simulations using a nonlinear,
reduced-gravity plume model. In this model the only active layer is the
bottom layer, which, due to a simple entrainment parameterization, can
entrain prescribed ambient water over complex bathymetric features. Due
to this simplified structure, a very high spatial resolution can be reached.
In the simulations, a constant rate of ADW production (0.6 Sv (1Sv =
105m3s—1)) at the constant potential density of 29.21 was prescribed in
the northern part of the South Adriatic Pit. Near the bottom, the ambient
density structure was determined by interpolating the near bottom density
data of Levitus [1]. Moreover, from this dataset a vertical density gradient
was defined, which was used to determine the density difference of the
ambient water located between the top of the descending bottom-arrested
current and the bottom. Fig. 1 shows the area where the simulated bottom
plume is characterized by a potential density larger than 29.194 (i.e. the
part of the plume having density values not smaller than those of the ob-
served core of ADW), after 270 simulated days. The simulation evidences
that the ADW bottom vein flows towards the abyssal plain of the Ionian
basin following different paths. The flow along the Italian coast is charac-
terized by very pronounced mixing, with the consequence that virtually no
flow of ADW denser than 29.194 is able to escape the gulf of Taranto. The
complex flow along the eastern part of the Ionian basin, instead, is affected
by mixing in a less stronger extent, and, thus, it better preserves its original
characteristics. Thus, in our numerical simulations, bottom water masses
with characteristic