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REMOTE SENSING CAMPAIGNS OVER THE
MEDITERRANEAN

V.BARALE

Institute for Remote Sensing Applications, Joint Research Centre of the European
Commission, Ispra, Italy

In modern marine science, classical oceanographic campaigns are increasingly
accompanied by remote sensing missions, which extend observations beyond the in
situ platforms domain and sample the sea surface over a wide range of space and
time scales. Such diverse techniques collect mutually exclusive but complementary
data sets, all of which are required to properly assess marine phenomena (BARALE
and MURRAY, 1992). If surface observations of bio-geo-chemical and physical
parameters are performed simultaneously, process interactions can be addressed.
And if the processes that generate the observed surface distributions can be
determined, inferences based on in situ measurements can be made on subsurface
properties.

The main features accessible to remote observations of the sea are essentially
surface roughness and elevation, temperature and colour. In general, different
methodologies may be applied, depending on the objectives and boundary conditions
of the observations (ROBINSON, 1985). The structural properties derived from
measuremets of surface roughness can contribute to the assessement of dynamical
parameters such as winds, waves, wakes, and alterations of the water surface texture
due to circulation features, to bottom profiles, or to the presence of surface films (e.g.
hydrocarbons). Dynamical properties, expressed by the marine surface elevation with
respect to the geoid, provide information on water motion and circulation at large
planetary scales, or on deep geological features. Thermal properties, i.e. sea surface -
skin-temperature, are related to phenomena of physical, dynamical or climatic
nature. Currents, fronts, eddies, upwelling and vertical mixing events, as well as
surface slicks of certain kinds, are some of the features described by the parameter
temperature. Synoptic assessments of sea surface temperature are also important for
circulation modeling, and for balancing energy exchanges at the air-water interface.
Optical properties can be used to estimate ocean colour, i.¢. the visible spectrum of
upwelling radiance as observed at the sea surface. This radiance is related - by the
processes of absorption and scattering - to the concentration of water constituents
(i.e. planktonic pigments, degrading organic matter, such as the so-called yellow
substance, or total dissolved and suspended matter in general). The remote
assessment surface colour finds applications in the fields of marine biology and
ecology at large, water quality and sediment transport, water circulation and
dynamical processes - looking, e.g., at the evolution of pigment patterns and their
distribution as related to circulation features, plankton dynamics or coastal runoff
and river plumes - as well as in those of energy transfer, carbon cycling and
climatology in general. Optical parameters can be used in the evaluation of primary
production, which involves the combined knowledge of biomass estimates and a
suite of auxiliary data on plankton distribution, properties and physiological state.

As for the concept of remote sensing oceanographic campaigns, a number of
orbital sensors have shown their usefulness for providing information on the marine
environment on a continuous basis. New perspectives for monitoring dynamics are
emerging from the analysis of sea surface roughness data collected by the family of
microwave (active) sensors carried by the European satellite ERS-1 - which is the
heir of the extremely successful, but short lived, 1978 SEASAT mission and of the
GEOSAT mission of the mid 1980°s. Optical remote sensing, of coastal zones
primarily, has been based historically on high-resolution (pixels on the order of 10's
of meters) data collected in the visible/infrared spectral region - e.g. by sensors like
the Thematic Mapper (TM), on board the LANDSAT satellites, and the Haute
Resolution Visible (HRV), on board the satellite SPOT. However, remote sensing of
sea surface colour and temperature, conducted by means of low-resolution (pixels on
the order of 1000's of meters) data collected in the visible/infrared and thermal
infrared spectral regions, has provided the most interesting data sets for
oceanographic applications. Sensors like the Advanced Very High Resolution
Radiometer (AVHRR), on the NOAA/TIROS satellite series, and the Coastal Zone
Colour Scanner (CZCS), on board Nimbus-7, have assembled outstanding multi-year
time series of such data in the 1980's for most of the world's oceans and for the
Mediterranean basin as well.

The latest release of an historical archive, which can be considered an
oceanographic campaign in its own right, concerns the data set generated by the
CZCS, starting in late 1978. The sensor, designed for a proof-of-concept mission that
should have lasted only one year, continued to be operated and to collect data on
selected oceanic test sites until early 1986, ultimately generating a unique time series
of data on the optical properties of the world’s ocean surface waters. To this day, the
CZCS remains the only ocean colour instrument to have been successfully placed
and operated in Earth orbit. The exploitation of the CZCS historical time series is
still in progress and will continue to provide a significative statistical reference to
future ocean colour assessments.

A complete European CZCS historical archive has been generated in the
framework of the Ocean Colour European Archive Network (OCEAN) Project
(BARALE, 1994). The data set covering the Mediterranean Sea and the Black Sea
has been used 1o explore relatively clear, oligotrophic, pelagic regions as well as
dynamic, mesotrophic, at times even eutrophic, near-coastal areas and marginal
basins. Various fully processed data products are available, including water
classification parameters, marine and aerosol reflectances and pigment
concentrations systematically remapped, using an equal-area projection, to a standard
geographical grid with constant resolution of 1 km. The temporal coverage, in the
1979-1985 period, includes daily, monthly, seasonal and annual time scales. The bio-
optical data base collected by the CZCS is integrated by a number of ancillary data
sets (meteorological data, ozone concentration, etc.) used to derive value-added
information. Corresponding time series of sea surface temperature derived from
historical AVHRR data are also available. The data have been processed and
archived in support of current research activities, as well as with the aim of preparing
suitable tools and structures for the exploitation of future space missions with optical
instrumentation (BARALE and SCHLITTENHARDT, 1994).
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TWO DECADES OF DEEP-SEA DRILLING IN THE
MEDITERRANEAN : PAST, PRESENT AND FUTURE

Maria Bianca CITA
Dipartimento di Scienze della Terra dell’Universta di Milano, Italia

The geological history of the Mediterranean region is very complex and
articulated. The Mediterranean sea, as we know it now, consists of two major parts :
the western Mediterranean which was formed in post-alpine orogeny time and the
eastern Mediterranean which is much older and is considered a remnant of Mesozoic
Tethys.

Deep Sea Drilling had a fundamental impact in the scientific exploration of the
Mediterranean, with special reference to its evolution in the Neogene (last 24Ma).

The past.

1970. The first drilling campaigns (leg 13 of the Deep Sea Drilling Project) was
extremely successfull. Even though in the early days of the project core recovery was
not comparable to the present one, and site survey was primitive in many occasions,
fourteen drillsites were successfully drilled and cored to a subbottom penetration up
to 800 m. The most exciting result was the discovery that in all the major basins
explored (Alboran, Balearic, Tyrrhenian, Ionian and Levantine), under a one to
several hundred meters thick sedimentary cover consisting of oozes, marls and
turbidites of Plio-Pleistocene age, Messinian evaporites were present, indicating
subtidal, intertidal and even supratidal conditions. This discovery leads to develop
the concept of Mediterranean salinity crisis, and to the formulation of the so-called
“deep basin desiccation model”.

1975. The second drilling campaign (leg 42A od DSDP) provided additional
evidence for the desiccation model by (a) recovering pre-Messinian sediments
indicative of open marine deep water conditions both in the western Mediterranean
(DSDP site 372, Balearic Basin) and in the eastern Mediterranean (DSDP site 3735,
Levantine Basin), (b) documenting intertidal to supratidal facies in the Messinian
evaporites recovered from the deepest basin of the Mediterranean (i.e. Messina A.P. -
4200 m) and (c) recovering Messinian evaporites in the Aegean sea, north of Crete.
Among the most interesting results is the first recovery of basement rocks from the
Tyrrhenian sea (DSDP site 373, flank of seamount).

1986. The third Mediterranean drilling campaign (leg 107 of the Ocean Drilling
Project) was centered on the Tyrrhenian sea. A transect of seven holes aligned NW-
SE across the back arc-basin proved beyond any doubt that its evolution was quite
recent and fast, as fast as that of recently explored back-arc basins of the West-
Pacific. The main results include : recovery of basement rocks at four drillsites, one
with peridotites; first good paleomagnetic calibration of the Plio-Pleistocene
succession, discovery of a 500 m thick pile of subaqueous, but non marine
(lacustrine) Messinian sediments in the western Vavilov basin; demonstration that
the age of marine sediments overlying basement is progressively younger from the
western end of the transect (passive margin of Sardinia) to the eastern end (Marsili
basin).

Present and future.

A new phase of exploration will start soon and has three major objectives; two of
them essentially dealing with the tectonic evolution of the Mediterranean, the third
one with paleoceanographic circulation and evolutionnary patterns. One of the
tectonic themes deals with the Alboran basin. By drilling a series of holes it is hoped
to decipher the extensional history of this basin which is entirely surrounded by
orogenic chains. Another tectonic theme is concerned with the Mediterranean Ridge,
an accretionary complex in collisional context. The subducting sediment pile is
anomalously thick and contains at shallow subbottom depth the Messinian
evaporites. As a result of the combination of all these factors, mud diapirism is
highly developed.

The 1995 drilling plan includes a transect of (shallow) holes across an active mud
volcano, an experiment never undertaken so far. This tectonic objective will be
combined with a transect of holes across the Eratosthenes Seamount south of Cyprus,
of great geodynamic interest.

The third theme is focused on “Mediterranean sapropels”. Sapropels are pelagic,
organic-rich sediment layers well known from the late Quaternary of the eastern
Mediterranean, poorly known elsewhere. Their origin is controversial with basically
two alternatvie models : one relating them to the vertical stratification of the water
column, the other one oriented to changes in productivity. The experiment consists in
continuous coring (twice or three times, in order to guarantee a complete recovery) 7
drillsites along an E-W transect crossing the entire Mediterranean, where
temperature and salinity gradients are known.

The three scientific themes have been combined in two drilling legs (ODP
160+161) for logistic reasons,dealing respectively with the western Mediterranean
(the latter) and the eastern Mediterranean (the former). Never before four
consecutive months of shiptime were dedicated to the Mediterranean !

We look forward seeing the new results and we do hope they will bring the same
scientific excitement that the previous Mediterranean drilling campaigns brought
about. But this will by no means be the end of the scientific exploration of the
Mediterranean by deep drilling. Indeed, the present step of exploration only
comprises shallow targets. Deep targets are not obtainable with the present
technology which prevents the penetration of the Messinian avaporites without a
riser. If such technology will be made available in the future, a brand new scenario
for deep drilling will open ahead of us.
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EROS 2000 (EUROPEAN RIVER OCEAN SYSTEM) :
AN OVERVIEW

Jean-Marie MARTIN

Institut de biogéochimie marine, URA CNRS 386, Ecole normale supérieure,
1 rue Maurice Arnoux, 92120 Montrouge, France

The EROS 2000 project is an attempt to understand the biogeochemical processes
affecting chemical elements and compounds and their alteration by human activities
in European coastal waters. During the first phase of this project, eight major cruises
onboard research vessels belonging to seven countries of the European Union were
carried out in the western Mediterranean. Special attention was paid to the Gulf of
Lions, the Straits of Sicily anf Gibraltar and the central western Mediterranean.
Major rivers such as the Rhone and the Ebro have been monitored and a network of
atmospheric sampling stations has been implemented.

This lecture will mainly focus on results concerning trace metals (T.M.) and
artificial radionuclides. Key examples will be given so as to examply the following
aspects :

i. Relative importance of the various sources of T.M to the western Mediterranean.
The dissolved input of atmospheric trace elements (Pu-238 excepted) is larger than
the river input, however for most T.M, the fluxes at the Straits prodominate.

ii. Most T.M behave conservatively in the estuarine mixing zone, a result conflicting
with most observations carried out in macrotidal estuaries.

iii. Examples of T.M exceeding natural concentrations are given indicating some
clear perturbation of man-made origin. For some elements {Zn, Pb) the system is no
more at steady state. .

iv. The significance of total dissolved concentration measurements is challenged.
The role of colloidal phase is highlighted.

v. The distribution of mercury species gives some new insight in the understanding
of the very high mercury levels measured in some pelagic fishes of the
Mediterranean.

vi. Some examples of input-output budgets of T.M. show a remarkly well-balance
situation.
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THE “EGAMES” EXPEDITION IN THE EASTERN
MEDITERRANEAN SEA

S. RAPSOMANIKIS!, H. BANGE!, V. ULSHOEFER!, O. FLOECK!,
T. KENNTNER!, D. AMOUROUX?Z, O. F. X. DONARD?Z, J. ENGLEZOU3,
V. TSELENTIS# and 1. CIGLENECKL

! Biogeochemistry Depart., Max Planck Inst. for Chemistry, 55020 Mainz, Germany
21.ab. de Photophysique et Photochimie Moléculaire, CNRS, Univ. de Bordeaux,
351 Cours de la Libération, 33405 Talence Cedex , France
3 Depart. of Maritime Studies, Univ. of Piracus, Karaoli & Dimitriou 40, 185 32, Greece
4 Rudjer Boskovic Institute, Center for Marine Research, P.O. Box 1016, 41001
Zagreb, Croatia

The expedition EGAMES (Evasion of GAses from the MEditerranean Sea) took
place in the eastern Mediterranean Sea during July 1993 with the aim to study fluxes
of climatic relevant gases to the atmosphere, during a period of high insolation and to
establish the region's contribution to the global budget of these gases. A number of
physical and chemical parameters necessary for the calculation of these fluxes were
also measured.

The continuous CTD recordings during the cruise track indicate that four distinct
areas were studied. The northern Aegean, which is influenced by incoming Black
Sea waters, the open Aegean and Ionian Seas, an upwelling area and an enclosed
bay. The recorded meteorological data showed north westerly winds throughout the
cruise.

Surface waters fluorescence recordings suggest generally photobleached
Chromophoric Dissolved Organic Matter (exudates and humics). The CDOM
stratification depends on the mixed layer depth. Humic material was observed mainly
in the Black Sea influenced waters, whilst biogenic exudates were mainly observed
in the eutrophic bay and the upwelling waters (DONARD e al., 1989)

Results of the analyses of surface waters for H,O, indicate high photochemical
reactivity. The average [H,0,] was ca. 250 nmol/l, which suggests a high
concentration of reactive oxygen species (AMOUROUX et al., 1993)

Our measurements, of surface sea waters for carbonyl sulfide (COS)
concentration and in situ production, show that they were always supersaturated
with respect to the equilibrium concentration, based on the atmospheric COS
mixing ratio. The mean saturation ratio was 3.2. Average COS water
concentrations were 27 +/- 16 pmol/l and varied diurnally. With an atmospheric
mixing ratio of 523 +/- 107 pptv a positive sea to air flux of 55 nmol/m?/day could
be estimated for the area studied. /n situ production experiments using coliected
water samples indicate a photoproduction of COS with concurrent decline in
[CH3SH] (ULSHOEFER et al., 1994).

High CH, saturation ratios were observed in the Black Sea influenced north
Aegean and in the eutrophic bay waters (1.4 - 5.2). Saturation ratios of N;,O
were uniform throughout the cruise at 1.05. Atmospheric concentrations of both
CHy and N,O remained practically constant during the course of the cruise
(BANGE et al., 1994).

A number of different Se species were identified in surface sea waters and in the
atmosphere; namely (CHs),Se, CH3SeH, and (CHj;)ySe,. Their concentrations were
higher in the eutrophic bay than in the upwelling area which in turn were higher than
in the oligotrophic waters. The degree of saturation was on the average higher than
10.0 , giving an estimated, positive, sea to air flux for the area, of 20 nmol Se /m2/yr.

Sulphur dioxide atmospheric mixing ratios of eastern Mediterranean marine air,
ranged between 10 - 200 pptv. Surface sea water concentrations of (CHz)»S averaged
at 3 nmol/l (RAPSOMANIKIS ez al., 1994)

Surface water samples were also analysed, using an electrochemical method,
for surface active substances and their activity is expressed in units of “Triton-X-
100" mg/l (PLAVSIC et al., 1993). The mean surfactant activity for surface
samples was 0.122 mg/l as T-X-100 which is comparable with Adriatic Sea values
for the summer of 1992. The preliminary results show that more hydrophobic
organic material was present in the Aegean Sea than in the turbulent waters of the
Levantine or the open sea.

A number of other atmospheric and meteorological parameters were also
measured, to help us in our biogenic fluxes estimations.
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FLUXES OF DISSOLVED AND PARTICULATE TRACE
ELEMENTS AT THE STRAITS OF GIBRALTAR AND SICILY

R. WOLLAST!, D. BURTONZ, J.-M. MARTIN3, C. M. G. VAN DER BERG#
L. CHOU!, H. PAUCOT!, N.’MORLEYQ, S. TANKERE?Z, W. W HUANG?
Y. Y. YON3, M .H. COTTE3, E. P. ACHTERBERG# M. GLEDHILL#

I Université de Bruxelles, lab. d’Océanographie chimique, Brussels, Belgium
2 University of Southampton, Depart. of Oceanography, United-Kingdom
3 Ecole normale supérieure, Inst. de biogéochimie marine, Paris, France
4 University of Liverpool, Oceanography lab., Liverpool, United-Kingdom

During the European River Ocean System programme (EROS 2000), intensive
measurements of the distribution and fluxes of dissolved and particulate trace
elements were performed within the western Mediterranean sea as well as at the
boundaries of the system (river, atmosphere, sediment, straits). This exceptional set
of data allowed one to extablish a coherent mass balance for the system.

Two cruises performed during the Valdivia and Discovery were especially
devoted to the determination of the vertical distribution of dissolved and particulate
metals along small transects crossing the Straits of Gibraltar and Sicily. Various
hydrodynamical models were tested in order to evaluate exchange fluxes between the
western Mediterranea sea, the North Atlantic and the eastern Mediterranean sea. The
water fluxes suggested by BETHOUX (1980) were selected here.

The relative importance of the exchanges at the straits will be compared to the
riverine and atmospheric fluxes at the boundaries of the system for the following
elements : Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Pb.
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IMPOSEX AS A BIOMONITORING TOOL OF
CONTAMINATION BY TBT IN THE MEDITERRANEAN

Victor AXIAK
University of Malta

Environmental monitoring within the Mediterranean is essentially based on
chemic® analysis of a range of suspected pollutants. The limitations and
inadequacies of the present chemical monitoring programme have been identified by
JOANNY (1990). Analytical problems and difficulties of interpretation of data are
further compounded when dealing with certain pollutants which exert their biological
effects at extremely low environmental levels. These include a specific organotin
(Tributyltin, TBT) which has been used as an antifouling biocide on marine craft.

Elevated levels of TBT and its degradation products have been recently reported
in the Mediterranean (GABRIELIDES et al., 1990). Such pollutants may cause harm
to inshore species (including economically important organisms such as oysters) at
very low concentrations. The present author believes that a biomonitoring
programme based on the use of imposex as a bioassay, is the only monitoring
strategy which at present may provide data which is sufficiently reliable and which
may cover the whole Mediterranean region at minimal costs.

Imposex is the imposition of male genitalia (penis and/or vas deferens) on females
in certain marine prosobranchs. FIORONI ez al. (1991) list 69 species of 46 genera
of prosobranchs in which this phenomenon has been identified. At present there is a
near-general consensus that no xenobiotic other than TBT is known to cause imposex
in such species. A number of TBT-biomonitoring programmes based on the use of
imposex have been successfully conducted in a number of regions, such as in UK.
using Nucella lapillus, and in North America using Ilyanassa obsoleta. More
recently, this bioassay has been used in field biomonitoring of TBT contamination in
Malta, using Hexaplex (Murex) trunculus (AXIAK et al., in press). This species has
proved to be one of the most sensitive in its imposex response to TBT, of all species
investigated so far.

The degree of imposex may be quantified by various indices, including: the
Relative Penis Size Index (RPS) which is the ratio between the cubed mean penis
length in imposexed females to that in males for a given population; and the Vas
Deferens Sequence (VDS) Index, whereby imposex development is divided into
various stages of vas deferens development, with each stage being given a score. The
vas deferens sequence may vary according to species (FIORONI ez al.,1991).

While imposex indices are always strongly correlated with proximity to
marinas or harbours, in several reported cases the mean TBT body burdens for
exposed population are found to be correlated with imposex indices, only at
extremely low levels of TBT. This is because imposex induction occurs at levels as
low as 1 ng Sn I'!. Imposex is generally induced over a period of 6-12 weeks (eg.
GIBBS er al., 1991). Furthermore it is apparently an irreversible phenomenon, and
may be found in populations where TBT contamination is no longer present. For
example, when H. reticulata affected by imposex was kept for 18 months under
TBT-free conditions in the laboratory, no evidence for imposex remission was found
(STROBEN ez al., 1992).

Imposex may lead to sterility and preferential female mortalities in some species
such as Ocenebra aciculata and Nucella lapillus (GIBBS et al., 1988). In Nucella
normal egg capsule production occurred only in females held at a TBT concentration
of 1-2 ng Sn/l; at higher TBT levels females were sterilised by imposex. Oogenesis
was suppressed at TBT levels above 3-5 ng Sn/l to be supplanted by spermatogenesis
leading to sperm production. The decline (and in some cases, complete eradication)
of populations of Nucella, in UK., France and Norway, during the past decade, has
been well documented. More recently, as a result of the enforcement of TBT-
controlling regulations, recovery of some of such populations has also been
successfully monitored through imposex biomonitoring (eg. EVANS ez al., 1994).

Apparently, imposex is related to an increase in testosterone titre in exposed
females in response to exposure to TBT (SPOONER et al., 1991). LEE (1991) has
suggested that the cytochrome P-450 dependent mono-oxygenase system is mainly
responsible for the elimination of TBT from the body of marine organisms.
Moreover, MFO activity is important in steroid metabolism. The susceptibility of
molluscs to TBT (including imposex in prosobranchs) may be related to their
relatively low MFO activities. In any case, the exact molecular basis of imposex has
still to be determined. It is concluded that if properly calibrated, imposex in a limited
number of species, may be successfully used for TBT biomonitoring over the whole
Mediterranean due to the high sensitivity and specificity of this response, as well as
the low-costs involved.
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BIOREMEDIATION OF AN OIL POLLUTED BEACH

Eliora Z. RON!, Rache]l LEGMANN!, Ariel KUSHMARO!
Ellik ADLER? and EugeneROSENBERG!

Department of Molecular Microbiology and Biotechnology, The George S. Wise
Faculty of Life Sciences, Tel-Aviv University, Tel-Aviv, Israel
2Marine and Coastal Environment Div., Office of the Environment, Jerusalem, Israel

Bioremediation of oil pollution in open systems presents several problems

(BARTHA, 1990; GLASER, 1991; ROSENBERG, 1991). These include :

1. The long period required for biodegradation

2. Difficulties in making available a supply of nutrients, mainly nitrogen and
phosphorus compounds, which dilute rapidly and become inaccessible.

3. The biological solutions have not been suitable for immediate emergency
response.

We have been developing a novel technology for treating oil pollution in open
systems - at sea, fresh water (lakes, ponds and rivers) and on beaches. The basis for
this procedure is the combined use of specific bacterial strains that adhere to
hydrocarbons (ROSENBERG & ROSENBERG, 1985; ROSENBERG, 1991} and a
unique oleophilic, controlled-release, nitrogen and phosphorous source.

This technology was used for the bioremediation of the north beach of Haifa
(30,000 m?) following an oil spill of several hundred tons of heavy crude oil. The
rate of oil degradation was 0.13 mg per gram sand per day in the summer (25°C),
and half this rate in the winter (less than 10°C). The major treatment took place in
the winter and was completed in four months. It should be noted that the winter was
unusually hard, and temperatures were around 5-10°C for a couple of months. At the
end of the treatment about 90% of the oil has been degraded, and this included the
heavy (up to C40) as well as the aromatic fractions of the oil.

Visual examination of the beach sand following the treatment, in addition to the
analytical data described above, indicated that this technology was applicable for
bioremediation of the sand, that also became light in color.

Biodegradation of hydrocarbon-contaminated sand
at Haifa beach during summer and winter

% Biodegradation

August January

Day Natural Treated Natural reated
0 0 0 0 0

4 0 30

9 18 50 11 25
14 26 77

25 15 85 25 50
38 5 66
87 0 80
123 5 89

The initial concentration of hydrocarbon-contamination in the in the upper 10 cm
of sand of the control plot was 2.3 mg/g sand and 3.8 mg/g sand in the experiment.
The average standard deviation was 0.15 mg/g sand.
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POSSIBLE UTILIZATION OF METALLOTHIONEIN AS A
STRESS INDEX IN BIOMONITORING PROGRAMS

Aldo VIARENGO

Dipartimento di Scienze e Tecnologia Avanzate, Universita di Torino, I Facolta di
Scienze MLF.N. Via Cavour 84, Alessandria, Italy

In recent years, the utilization of stress indices has been proposed to evaluate the
effects exerted by pollutants on marine organisms. In fact, it has been demonstrated
that pollutants, such as heavy metals and organic xenobiotic compounds, can
produce modifications of biochemical and physiological processes in the
contaminated organisms. These alterations can be quantified by estimating the value
of biological parameters whose variations may be related to the physiological status
of the animals { BAYNE er al., 1988; VIARENGO and CANESI, 1991).

Scope for growth, lysosomal membrane stability, hystopathological alterations,
DNA damage and stress proteins are among the general stress indices which reveal a
stress syndrome characteristic of the response of organisms to a wide range of
environmental stressors. Among the specific stress indices, reflecting responses to
particular classes of contaminants, have been considered of particular interest i.e. the
activity of the mixed function oxygenase system, which reveals the response of
marine organisms to organic xenobiotic pollution, the acetilcolynesterase activity,
which reveals the organophosphate and the carbamate insecticide pollution, the
induction of imposex, utilized to reveal TBT (Tributyltin) contamination and the
level of metallothioneins utilized as an indicator of the presence of heavy metals in
the marine environment, which, as is known, are among the most important pollutant
in coastal areas.

The evaluation of the level of metallothioneins in marine organisms has been
proposed for monitoring the effects of heavy metals, since these proteins represent a
response of the organisms to pollution by heavy metals such as Cu, Zn, Cd, Hg. In
fact, it is well known that the enhancement of heavy metal concentration in the cells
stimulates the “de novo” synthesis of metallothioneins that bind metal cations in a
non-toxic form thus reducing their deleterious effects (VIARENGO and NOTT,
1993).

Utilizing the current methodologies the levels of metallothioneins can be
measured with HPLC-AAS analysis or HPLC-ICP to evaluate heavy metal cations
bound to metallothioneins; electrochemical and radioimmunological procedures,
metal substitution assay are often utilized for the analysis of metallothionein
concentrations in the cells (VIARENGO and NOTT, 1993). These procedures are
often too sophisticated to be used for routine analysis of many biological samples.
Recently two new methodologies for the quantification of the metallothionein
concentration in the tissues of marine organisms have been developed i.e. a
spectrophotometric and an electrophoretic/fluorimetric procedure. Both methods are
simple, low-cost, time-saving and highly sensitive so that they could be routinely
utilized in biomonitoring programs, also in those laboratories not provided with
highly sophisticated instruments.
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NUTRIENT AND METAL BEHAVIOUR IN THE
MEDITERRANEAN SEA, DEDUCED FROM BOX-MODEL

J.-P. BETHOUX and D. RUIZ-PINO
LPCM. Université Paris 6, CNRS/INSU, BP8. F06230 Villefranche/Mer, France

In the Mediterranean Sea, the succession of deep inner basins, filled with
homogeneous dense waters, facilitates budgets of chemical elements, including
natural and anthropogenic inputs from Atlantic, atmospheric and terrestrial sources
and transfer processes. In the frame of GEODYME (GEOchemistry and DYnamics
of the MEditerranean, a Mast II/MTP sub-project) and of its preliminary studies,
box-models were used to quantify the external inputs of nutrients and trace-metal and
the marine transfers via biological activity, marine dynamics and sedimentation. The
used circulation scheme was based on heat, water and salt budgets (BETHOUX,
1980) and improved by results from geochemical tracers such as tritium, oxygen and
trace metal (BETHOUX, 1989; RUIZ-PINO ef al., 1990, 1991). At a basin scale, it
gives horizontal and vertical motions which are not open to direct measurement and
not yet estimated by general circulation models (GCM). In winter, vertical transfers
are increased by dense water formations in the Levantine Basin, Aegean and Adriatic
Seas and in the northern part of the Western Basin. In other seasons, biological
activity is the main factor influencing the vertical transfer of matter from the surface
to the deep waters. At a basin scale, new production may be estimated from nutrient
or oxygen budgets (e.g. BETHOUX, 1989) or from satellite imagery when sea
surface colour is converted into biological production and when the f ratio (new
versus total production ratio) is known ( e.g. MOREL and ANDRE, 1991). Dense
water formation and intense horizontal and vertical circulations give a quite short
residence time of deep water in the Algero-provencal basin (about 10 to 15 years)
and, in the surface layer, water movements and biological transfers give a residence
time of a few years. These short residence times favor the detection of changes in the
physical and chemical characteristics of sea water and the monitoring of the
environmental changes. Effectively, in the Western Mediterranean, evolutions of
deep-water concentrations (phosphate and nitrate data) or comparison of surface and
deep concentrations (trace metal), quite different from those encountered in the great
oceans, obliged to consider non-steady-state behaviour and allowed to quantify
changes in the Mediterranean environment, at yearly time scale and basin scale. Such
a monitoring, from marine measurements, of an evolutive environment is quite a
peculiarity and an advantage of the Mediterranean Sea.

The increases of deep-water concentrations prove that the anthropogenic inputs
from terrestrial and atmospheric sources definitively exceed the Antlantic and natural
inputs. As a result from a six-box model, the measured increases of phosphate and
nitraie in deep western water, at rates of about 0.5% a year since the early sixiies, is
converted into an increase of anthropogenic inputs at a rate of about 3% a year. The
probable consequences are: i) an increase of biological production in surface and
coastal waters, i1} an increase of oxygen consumption in deep water for the
remineralization of the settling organic matter. From trace metal data, input
increasing rates were estimated equal to about 6% a year for zinc and 2% a year for
cadmium and copper (BETHOUX et al., 1990; 1992; RUIZ-PINO et al., 1991). Such
environmental changes of inputs may be compared with some socio-economic data
of the known evolution of the Mediterranean countries (increases in inhabitants, in
mean gross national product, in energy consumption, as compiled by UNEP, 1988).
Moreover, the six-box model allowed to simulate the surface water change of lead
concentration from 1983 to 1993. The simulation of atmospheric input of lead was
provided by lead consumption in gazoline, the biological transfer was summarized
by new production and trace metal concentration in phytoplankton, the residence
time of lead in the surface layer (0-100m depth) was about 1 year, and the
sedimentation buried about 50% of the incoming lead (NICOLAS et al., 1994).

From phosphate and nitrate budgets at basin scale, three questions are arising,
concerning processes at biological cell or molecular scales. The first one concerns
the phosphate input, as riverine input of phosphate only represents about 25% of the
estimated terrestrial inputs. Consequently, the major input of useful phosphorus is
the particulate fraction which is dissolved as emphasized by FROELICH (1988) in
the estuaries or in the plume rivers. But redissolution processes are badly known at
the land-river-sea interfaces. The second question concerns the nitrate budget, the
main input of nitrate probably comes from the biological uptake of atmospheric
nitrogen, a non quantified process from quite unknown bacterioplankton species
(BETHOUX et al., 1992). The third question is the use of the specific signature of
N/P molar ratio of about 22 in the Mediterranean, instead of about 16 (the so-called
“REDFIELD ratio™) in the great oceans, which may be a constraint for the
Mediterranean ecosystem. New technics such as organic pigments and flow
cytometry may give a new picture of the ecosystem and new constraints for the
modelling of biogeochemical cycles.

Concerning trace metals, progress in clear sampling and analytical method allows
to propose budgets of dissolved and particulate matters. In spite of the first attempt o
describe biological transfers of trace metals through new production (i.e. BETHOUX
et al., 1990), respective implications for this transfer and for biological activity
depend of the chemical speciation of bioactive trace-metals. All these questions are
arising from box-model studies at a basin scale, but box-models cannot give solution
for problems acting at small scales of time and space.
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SEASONAL VARIABILITY OF THE NITROGEN CYCLE IN THE
MEDITERRANEAN SEA

A. CRISE, G. CRISPL, E. MAURI and R. MOSETTI
Osservatorio Geofisico Sperimentale, P.O. Box 2011, 34016 Trieste, Italy

The role of upper ocean biochemical processes in determinig the basic trophic
kinetics and distribution is deeply connected with the dynamical processes that
determine the physical forcings active at the biological scales. The seasonal signal of
the lower trophic level evolution in the Mediterranean Sea is reproduced by means of
a trophodynamic model representing the aggregated nitrogen cycle in oligotrophic
conditions. The total nitrogen, divided in inorganic nitrogen, phytoplankton and
detritus, maintains the numerical conservativeness of the scheme described in CRISE
et al. (1992), but includes exchanges at the Gibraltar Strait, because of the nitrogen
and phytoplanktion relaxation to climatological profiles in the transition zone
between the Alboran Sea and the Atlantic Ocean all along the simulation.

Limiting factors of the phytoplankton growth are the sea temperature, the irradiance
and the available nutrient. The limiting factors are all considered to be depth
dependent, and are respectively represented by the STEELE (1962), the EPPLEY
(1972) and Michaelis-Menten uptake formulations. The hydrodinamical horizontal
processes that affect the biogeochemical state variables are explicitely taken into
account, as well as the vertical dynamics governed by advection- diffusion processes
and the convective adjustments. For this purpose, the ecomodel is tightly coupled with
the hydrodynamics simulation as developed in the frame of MERMAIDS project by
PINARDI er al. (1993). This MOM based general circulation model has a 1/4 degree
horizontal grid size and 31 vertical levels. The dynamical forcing terms used are the
NMC winds, the COADS monthly mean clouds maps and the heat fluxes as in
CASTELLARI et al. (1993). Even with a highly aggregated ecomodel, the seasonal
cycle exibits a marked variability induced principally by the horizontal advective
forcing. To study this effect on the ecomodel, the basic experiment considers the light
as constant all over the basin varying only in time on an astronomical base. Two
significant examples are shown to confirm the above statements. The differences in
tracer concentration are all due to the internal dynamics, because the inorganic nitrogen
and phytoplankton are initialized with the same climatological profiles in the whole
Mediterranean. The hydrodynamical model is spinned up for eight years and the
presented results were obtained in the second year of the ecological model run.

The inorganic nitrogen (full) and the phytoplankton (dashed) concentrations, ail in
micromoles Nitrogen per liter, are presented in two typical stations, the first in the Catalan-
Algerian Basin and the second in the Ionian Sea. Salinity (full) and temperature (dashed)
are also provi-ded in the same stations. In the Catalan-Algerian Basin station the seasonal
variability slightly affects the inorganic nitrogen distibution below the euphotic zone,
showing instead a stronger
seasonal signal in the first hundred
meters. After an initial period of
mixing mainly due to convective
adjustment, temperature and
salinity exhibit the typical late
spring-summer stratification,
preventing the exchange of upper
layer. The phytoplankon response
to the higher irradiance and
relatively abundant nitrates
decreases in April showing a well
shaped subsurface maximum in
late summer. This second maxi-
mum 1s enhanced by the low
salinity Modified Atlantic Water.
In the Ionian Sea station the wind
stirring creates an homogeneous
phytoplankton maximum all along
the water column even below the
euphotic zone. The stratification is
evident during the summer and
early autumn and creates an
isopycnal barrier with the surface
layer. The anticyclonic regime of
the northern Ionian is stronger in
summer affecting progressively
the inorganic nitrogen
concentration below 150 meters.
This effect is masked in the
physical tracers and the intrusion
of less salty water does not seem
to influence the trophic dynamics.
In winter, the progressive mixing
of the upper layer creates again the
homogeneous conditions typical of
the beginnnig of the cycle.
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BIOMINERALIZATION AND DISSOLVED
ORGANIC MATTER IN THE SEA : IMPLICATIONS FOR
MARINE BIOEGEOCHEMICAL MODELS

Venugopalan ITTEKKOT

Institute of Biogeochemistry and Marine Chemistry, University of Hamburg
Bundesstrasse 55, 20146 Hamburg, Germany

There are still large uncertainties in the size and turnover times of dissolved
organic matter (DOM) in the sea, which represents one of the largest pools of
organic carbon on the earth (DEGENS & ITTEKKOT, 1983). The uncertainties in
the size of the DOM-pool are mostly related to problems associated with the methods
involved in its determination. Two of the most widely employed techniques are wet
oxydation and high temperature combustion (HTC) techniques. Concentration of
dissolved organic carbon (DOC) measured with HTC techniques are higher than
those measured by the wet oxydation techniques. More recently, the introduction of
high temperature catalytic oxydation (HTCO) appeared to confirm the higher
concentrations, although subsequent work has failed to provide any conclusive
evidence for such high concentrations (KIRCHMAN ez @/., 1993). Interesting,
however, was the possibility that the marine DOM had a large component which had
high molecular weight and which was chemically stable, but biologically labile.

Because of the size of the DOM and of the possible variabiliy in the production
and turnover times of its various fractions (BILLEN ef al., 1980; ITTEKOT, 1982), a
better understanding of the processes controlling its nature, production and fate is a
prerequiste for modelling the role of the DOM in marine carbon cycle.

The DOM-problem is examined here from the geochemist’s viewpoint. Attention
will be focussed on the role of biominerals in the formation of marine DOM.
Biominerals consist of an organic and an inorganic phase whose nature and
interaction with each other determine the type of biomineral formed (DEGENS,
1976). Biogenic opal is an example of such a biomineral forming the frustules of
diatoms, which are the major group of CO,-fixing organisms in the sea. The aim of
the presentation is to show the importance of diatom mediated biogeochemistry of
silicon in the sea as the major controlling factor in the production and recycling of
marine DOM and, consequently, in the marine carbon cycle.
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MODELLING DYNAMICS OF PHYTOPLANKTON IN THE
MEDITERRANEAN

T. LEGOVIC and A. CRUZADO
Centre d"Estudis Avancats de Blanes, 17300 Blanes, Spain

Phosphorus, nitrogen and silica have been recognized as elements most often
participating in nutrient limitation of phytoplankton growth in the Mediterranean.
According to in situ enrichment studies, phosphorus tends to limit phytoplankton
growth more intensively than nitrogen (JACQUES er al., 1973; FIALA et al., 1976;
POJED and KVEDER, 1977). OWENS er al. (1989) concluded that in the western
part N limitation is more probable than P limitation. Finally, there are parts of the
Mediterranecan where silica has been demonstrated to limit phytoplankton growth
more often and more intensively than either phosphorus or nitrogen (MORKOC et
al., 1994).

Models of processes that describe phytoplankton growth limited by a single
nutrient have been perfected over 20 years and a lot is known about their ability to
reproduce phytoplankton dynamics. Here we report on development of models that
combine the above three nutrients to describe and predict phytoplankion growth in
the Mediterranean Sea. Specifically we are trying to answer the following questions:
What is the extent of each nutrient in limiting phytoplankton growth? What other
processes we need to consider at the minimum to correctly describe observed
recurrent phytoplankton peaks ? Finally, how much are the bacteria and zooplankton
affecting phytoplankton dynamics?
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MODELLING THE EFFECT OF FOOD WEB ON
BIOGEOCHEMICAL PROCESSES

Paul NIVAL

Station Zoologique, Laboratoire d’Ecologie du plancton marin
BP 28, 06230 Villefranche-sur-mer, France

Model structure. Modelling is still at the beginning. Its progress depends
strongly on the state of description of the system. the dynamics of which is intended
to simulate. The food chain concept is an important element of the biogeochemical
models. Different trophic levels are usually considered. However. the knowledge of
small organisms has progressed rapidly during the recent years. This part of the
trophic web was ignored ten years ago mainly because neither the sampling and
observations means were developped. nor the concepts elaborated. The food web
structure has to be introduced in models.

The microbial food web which parailels the macrobial food web and allows the
complete recycling of nutrients is necessary to explain most of the properties of
regeneration of nutrients. Although model structure has to stay simple it should
embed the major biological and chemical properties known from experimental
studies. Interactions between biological, chemical and physical processes are
important but the space and time where interaction develops is very often not at the
scale selected for the design of the model.

At the other end of the food web the gelatinous organisms or large crustaceans are
well described but their role is not well understood. These large organisms are scarse
compared 1o bacteria so that their effect is not easily measured. They are important
for the dynamics of many chemical elements either by their fecal pellet production or
by their strong vertical migration. During some short period of time these large
gelatinous organisms are relatively abundants (appendicularians, salps). The
determinism of these blooms is not well understood but the strong effect of their
feeding on particulate matter lay the task of developping the proper processes
interactions on the modellers.

Different models have been developped to deal with food web which can be the
base of simulations of segments of the geochemical cycle of some elements.

Processes to incorporate into models. A model should have a vertical dimension
to accommodate the vertical passive transport by sinking or active transport by
migration. Fronts which are the most productive in the Mediterranean sea are also the
place where organic particulate matter is injected continuously in deep water.
Hydrodynamic processes are forcing strongly biological processes in such areas. The
second thing to improve in models is a set of biological functions which can
represent the conditions of assimilation, storage, transfer of a chemical element in the
food web. Factors regulating the ratio between the amout of a chemical element and
biomass for different biological variables, as well as the function structure should be
defined. Another important improvement will be in the speciation of chemical
elements in the water and under the effect of the substances produced by living
organisms.

The third important field of development is the scaling effect. In nature the small
scale processes have an average effect on the mesoscale. Non-linearities are
characteristics of biological processes and express couplings which underlay the
processes effects.

Biomass of an element of the food web is usually considered as a single variable.
It should have a more complex dynamics because cell cycle is important for
unicellular organisms (it has been demonstrated for picoplankton) and cohort
dynamic is basic for zooplankton. It is now clear that most of the food web structure
and of the interactions have to be carefully reconsidered for each case study. The sub
grid parametrization is an important step in the process of model design.

Scales, data acquisition. A model cannot be designed without any time and space
domain which is characteristic of the phenomenon considered. Data are necessary to
define this domain and also to calibrate and validate the model. Modelling is one of
the method essential to understand a phenomenon. Observation and experimentation
are two others. They have to interact and continuously exchange information and
results.

Exernal forcings. The major problem in coupling physical processes with
biclogical or chemical ones is that the scale of interaction is not well known at
present. Vertical mixing, for instance, which can be of different types, keeps the
biological system in a permanent initial state if it is strong enough and, in any
condition, damps out nearly most of the dynamics of the biological system (limit
cycle, multiple equilibrium points). However the effect of external variables, wind,
calorific energy, river input, is usually assumed constant or slowly variable, although
it is mostly short and intense.

It appears that, on one hand, the long term internal behaviour of a system is not
well defined and on the other hand long term forcings are not very well evaluated,
mainly because they are multidimensional.

In order to improve the biogeochemical models, it is necessary to continue on
these lines and develop observations at sea and experimental work in parallel to
models :

- on short term response because interactions are mostly at the small scale and we
have the capacity to measure continuously or to experiment in mesocosms at these
time scales;

- on long term behaviour because most of the interactions of climate and ecosystems
are presumably developping also at this time scale.

Rapp. Comm._ int. Mer Médit., 34, (1995).
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INTERDISCIPLINARY MODELLING - PHYSICAL PROCESSES

Dong-Ping WANG

Marine Sciences Research Center, State University of New York, Stony Brook
NY 11794, USA

Physical processes consist of mixing and advection. The mixing processes can be
divided into boundary and interior mixing. The boundary mixing, whether it is on the
ocean surface or at the ocean bottom, is relatively well studied. Surface mixed-layer
models are routinely used in study of upper-ocean thermal structures, and bottom
mixed-layer models are often used in study of tidal mixing in shallow seas. In
contrast, the interior mixing remains little understood. Modeling of interior mixing is
usually based on simple ad hoc assumptions.

Applications of the one-dimensional mixed-layer models to the interdisciplinary
modelling are quite common. The upper-ocean temperature and entrainment rate,
predicted from surface mixed-layer models, can be used to calculate respectively the
biological and chemical reaction rates and upward nutrient flux. Knowledge of the
turbulence structure in the mixed layer can be used to calculate the trajectories of
planktonic particles. Potential feedback from biology to physical process, such as the
attenuation of optical depth by phytoplankton bloom, also has been explored.

While mixed-layer models are realistic, the general ocean circulation (three-
dimensional advective processes) models are still quite primitive. The computer
power is only marginal and the data base is lacking. Very few regional circulation
models had ever been verified. So far, in interdisciplinary regional models, the flow
fields usually are derived from simple idealizations. The common approaches use
estimations from a well-known circulation pattern (such as the coastal upwelling
circulation) or from the geopotential surfaces. The idealized flow patterns
nevertheless are useful in providing mean flow trajectories for-calculation of, for
example, the dissolved and particulate materjal budget, the sedimentation pattern.
and the Jarvae recruitment.

Embedded in the large-scale regional circulation are the mesoscale activities.
These motions are marked by sirong flow convergence and divergence. A well-
known example is the frontal eddy and filament along a meandering current. The
flow convergence and divergence can have major impacts on the biology. Local
divergence (upwelling) will bring up nutrients, but, it also may cause larger
advective loss. Local convergence will concentrate floating particles (food), but, it
also may bring planktons below the photic zone. The complex interaction between
frontal circulation and biological system can result in wide varieties of biological and
chemical response.

We feel that a major opportunity in the interdisciplinary modeling is the study of
biological and chemical system in mesoscale fronts. It is now feasible to describe the
general convergence and divergence pattern in a frontal meander. Coupling such
advective pattern to a biological model can be a useful tool to examine the observed
biological heterogeneity. The model also can be used to explore the larger question
of contributions of frontal system to the overall biological budget. Moreover, since
the biology is sensitive to flow divergence, the advective processes themselves may
also be quantified.

Rapp. Comm. int. Mer Médir., 34, (1995).
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BIOGEOCHEMICAL MODEL OF TRACE ELEMENTS IN THE
WESTERN MEDITERRANEAN SEA

R.WOLLAST

Université de Bruxelles, laboratoire d’Océanographie Chimique, Campus Plaine
208, bd. du Triomphe, 1050 Bruxelles, Belgique

The vertical distribution of trace elements in marine systems results from the
interaction of physical, chemical and biological processes. The distribution of trace
elements in the water column and their fluxes at boundaries were intensively studied

A during the European River Ocean System (EROS 2000) project. These measurement
allowed to establish a coherent mass balance for trace elements in the system and to
develop a biogeochemical model describing their behaviour.

Many trace metals behave like nutrients and are incorporated actively or passively
in the living material in the euphotic zone and released in deep waters by bacterial
degradation of the organic matter. These processes play an important role in the
scavenging of the trace elements and their removal from the water column.

It is possible to describe their behaviour by using a box model which takes into
account the fluxes of the element at the boundaries, the water circulation , chemical
processes and the biological activity. The structure of the model is shown
schematically in figure 1. This model allows to predict long term changes of the
composition of the system due to the perturbations, for instance of anthropogenic
origin. It is also possible to evaluate what was the situation before presently existing
human perturbations.

RIVER AND ATMOSPHERIC INPUT RIVER AND ATMOSPHERIC INPUT
DISSOLVED l l FPARTICULATE
SURFACE SURFACE

NET PHOTOSYNTHESIS
R : >
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EXCHANGES VERTIGAL EXCHANGES
SETTLING
AT STRAITS SXCHANGE AT STRAITS
DEEP WATER DEEP WATER
RESPIRATION
D M
ADSORPTION DESGRPTION

PHECIPITATION Mo (3 SSOLUTION

SEDIMENTS

Figure 1. Schematic representation of the biogeochemical model describing the behaviour of
trace elements in the Western Mediterranean Sea.
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POLYCHAETE, BACTERIA AND MICROPHYTOBENTHOS
FLUCTUATIONS IN SUBTIDAL SEDIMENTS OF THE
LIGURIAN SEA (NORTH WESTERN MEDITERRANEAN)

ALBERTELLI G.!, DANOVARO R.2, DELLA CROCE N.2, FABIANO M.3
FRASCHETTI S.2

! Dipart. di Scienze dell' Ambiente e del Territorio, Univ. di Milano, ltaly
2 Istituto Scienze Ambientali Marine, Univ. di Genova,16038 S. Margherita L., Italy
3 Dipart. di Biologia Animale ed Ecologia, Univ. di Cagliari, ltaly

Benthic bacteria and microphytobenthos represent important food source for
macrofauna (NEWELL and FIELD, 1983) but their quantitative role in the diet of
polychaetes has not been yet assessed (CAMMEN, 1980; MONTAGNA, 1984). The
present study was designed to test the presence of a relationship between the
fluctuations of the polichaete community and the fluctuations of the abundance and
biomass of bacteria and microphytobenthos, representing a possible food source. From
January 1991 1o February 1993, a sandy bottom commumity at 10 m depth (Ligurian
Sea) was investigated monthly by SCUBA divers. The following parameters were
considered in the sediment : polychaete abundance (collected by using a suction device
system, mesh sieve used 1 mm size), benthic bacterial density and biomass (estimated
by epifluorescence microscopy), micro-phytobenthos biomass (measured as
chlorophyll a) organic carbon (OC) and nitrogen (ON) (measured using a CHN
analyser). Organic carbon showed the highest values both in winter (3.88 x 1.89, 2.29
+0.57, and 2.02 + 0.06 mg g! sediment d.w. in February and December 1991, January
1993) and spring (2.21 = 0.14, 3.14 + 1.11 mg ¢! sediment d.w. in April 1991 and
May 1992, respectively), while the lowest at the beginning of summer (0.85 = 0.00 mg
g1 sediment d.w. in June 1992). Nitrogen showed the highest value in October 1992
(0.46 + 0.06 mg g'! sediment d.w.) and the lowest in winter (0.14 + 0.02, 0.19 = 0.00
mg g! sediment d.w. in December 1991 and February 1993 respectively). Also chl-a
showed wide seasonal fluctuations with minimum values in winter (0.18 + 0.02 mg ¢!
sediment d.w. in December 1992 and January 1993, respectively) and maximum in
summer (3.96 = 0.89 mg g'! sediment d.w. in July 1991). Bacterial density and
biomass varied seasonally being characterized during both years by spring (density:
2.68 x 108 g1 of sediment d.w. In April 1991, 5.07 x 108 g-) of sediment d.w. in April
1992; biomass: 11.94 and 21.06 mgC g of sediment d.w., in April 199] and 1992)
and autumn peaks (density: 26.7 x 108 g-! sed.d.w. in October 1991, 5.8 x 108 g
sed.d.w. in December 1992; biomass: 88.0 and 20.37 mgC ¢! sediment d.w., in
October 1991 and December 1992, respectively). Polychaetes showed high seasonal
fluctuations with spring peaks. and were significamly correlated with the chl-a wend
(Spearman Rank Correlation, r = 0.94, p = 0.016, Fig. 1). On the contrary, no
correlation was found with other sediment parameters. Deposit feeders were the most
important group (52 %). They were significantly related to bacterial abundance
(Spearman Rank Correlation, r = 0.985 p = 0.0004, Fig. 2).

It is well known that the standing stock of organic carbon does not always represent
a measure of the amount of food readily available for benthic organisms. Food supply
may have a major role in determining seasonal fluctuations of macrobenthos. Winter
OC peaks, coupled with high C:N ratios (up to 17 in February 1991). suggest that the
composition of the organic matter is mainly of refractory material (allochthonous
origin). For this reason, the lack of significant correlations between polychaetes and
organic carbon is not surprising. On the contrary, the significant correlation between
the whole polychaetes community and microphytobenthos and between deposit feeders
and bacteria, is consistent with those previously reported by MONTAGNA (1984}, and
it suggests the importance of these two components in the diet of polychaetes even
though the presence of significant correlation between polychaetes and microbial
parameters does not guarantee a cause-effect relationship and must be considered with
caution. Nonetheless, since bacteria and microphytobenthos account for the majority of
the labile organic matter and considering the oligotrophy of the Ligurian Sea, it is not
unreasonable to assume that they may have a major role in structuring the polychaete
community, especially as far as seasonal changes in trophic structure are concerned.
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Fig. 2 Seasonal changes of deposit-feeders polychaete density and total bacterial number (TBN).
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AGE AND GROWTH OF CHAMELEA GALLINA
(BIVALVIA : VENERIDAE) IN THE CENTRAL ADRIATIC SEA
OBTAINED BY THIN SECTIONS

Enrico ARNERI, Gianfranco GIANNETTI, Raffacla POLENTA
& Bruno ANTOLINI

Istituto di Ricerche sulla Pesca Marittima (IRPEM), C.N.R., Ancona, Italy

Chamelea gallina is a very common bivalve in Mediterranean inshore waters
where it inhabits well sorted fine sand biocoenosis (PICARD, 1965) : along the
Western Adriatic shore it is found in shallow sandy bottoms down to a depth of
about 13 metres and it sustains an important fishery worth an estimated total catch of
about 100000 tons per year in the 80°s (FROGLIA, 1989).

Fishery for Chamelea gallina along the Western Adriatic coast is performed by
means of hydraulic dredges : in order to assess the available biomass of Chamelea
gallina experimental surveys are carried out every year by IRPEM in an area
covering about 200 km of coastline around Ancona. Material for thjs study was
collected in June 1991, October 1991, November 1991, February 1992, June 1992
and December 1992. 917 specimens ranging from 7 to 49 mm in shell length were
retained for the growth study.

Shell sectioning as method for investigating growth rates in bivalves is a long
term established technique (RHOADS and LUTZ, 1980), it has been applied recently
to the stock of Chamelea gallina of the Western Mediterranean (RAMON and
RICHARDSON, 1992).

The right valve was sectioned from the umbo to the ventral margin along the axis
of maximum growth in order to obtain a thin section of about 20-30u mounted on a
glass slide. The section was ground, polished and examined using a dissecting
microscope under reflected light : 719 sections could be interpreted showing distinct
annual increments. Annual periodicity was validated observing the period of
formation of the increment on the ventral margin of the shell : slow growth
increments are formed once per year approximately between October and February.
The analysis of length frequency distributions of the experimental samples is in
agreement with these findings .

A complete record of size at age for each Chamelea gallina was obtained by
measuring incremental growth as the distance from the ventral margin of each
translucent band to the umbo using an Image Analysis System linked to a dissecting
microscope.

Chamelea gallina spawns in Central Adriatic mainly in late spring (POGGIANI et
al., 1973) therefore conventional birthday was assumed to be the Ist of July. The
maximum age found in the sample is 8§ years.

Parameters of the von Bertalanffy growth function together with their asymptotic
standard errors were computed by means of non-linear regression analysis using the
program FISHPARM (SAILA er al., 1988):

Loo=41.6 (0.54) K= 0.48 (0.016) tg=- 0.01 (0.17)
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Fig. 1 - Von Bertalanffy growth curve of Chamelea gallina.
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L'EPIPHYTISME : UN MODE DE VIE DES ALGUES
MACROPHYTES DES COTES ROUMAINES DE LA MER NOIRE

Adrian BAVARU
Université Ovidius, Constantsa, Roumanie

On sait que I'épiphytisme est un phénomene trés répandu dans le monde des
algues marines, et on estime que 50% des algues peuvent vivre comme épiphyte,
contre 10% pour les végétaux verts supérieurs. Le phénomene est réparti également
entre le macrobenthos et le microbenthos. Les avantages de I'épiphytisme sont (1)
une augmentation de la quantité de lumigre regue par rapport au substrat benthique,
et (2) une protection contre 'hydrodynamisme dans la zone cétiere, en particulier par
déplacement du gravier-support vers la profondeur {par les courants) quand ['eau
superficielle est surchauffée (en €té) ou gele (en hiver).

Le littoral roumain présente des caractéristiques négatives pour le développement
des algues marines : (1) une forte turbidité des eaux littorales (et donc une faible
pénétration de la lumigre); (2) une forte agitation de l'eau (le trait de cote est en effet
linéaire, sans baies ni sites abrités): (3) des températures de I'eau et de l'air qui
présentent des maximums trés élevés (en €té) et des minimums tres bas (en hiver).

Les algues épiphytes des cdtes roumaines peuvent généralement se fixer de fagon
non sélective sur des hotes trés variés. Un nombre restreint d'entre-elles "préferent”
toutefois un hoéte particulier. C'est le cas de Sphacelaria cirrhosa (Roth) C. Agardh
qui se développe uniquement sur Cystoseira barbata (Goodenough et Woodward) C.
Agardh et d'Acrochaetium savianum (Meneghini) Nigell qui n'a été rencontré que
sur Dasya baillouviana (Gmelin) Montagne.

Le long des cotes roumaines, les seules algues pérennes de grandes dimensions
(plus d'un métre de longueur) portant des épiphytes sont deux espéces du genre
Cystoseira : C. barbata et C. crinita (Desfontaines) Bory f. bosphorica (Sauvageau)
Zinova et Kalugina. La premiére porte une flore épiphyte plus riche que la seconde.
Cette constatation est trés intéressante, parce que les deux especes se distinguent
ainsi non seulement par des particularités morphologiques, mais aussi par la
composition de leur épiflore et de leur épifaune.

Chcez Cystoseira barbata, le taux maximum d'épiphytisme se trouve chez les
individus qui vivent entre 1 et 3 m de profondeur, en particulier dans les zones
calmes (Tuzla, Varna-Veche), ot les Cvstoseira atteignent leur développement
maximal.

Les espéces les plus sciaphiles se développent seulement sur le disque basal ou
sur la partie basale du stipe : Titanoderma cystoseirae (Hauck) Woelkerling er al.
et Peyssonnelia dubyi Crouan et Crouan par exemple. Les espéces photophiles,
en revanche, se développent seulement sur les branches : Laurencia paniculata
(C. Agardh) J. Agardh, Corynophlaea umbellata (C. Agardh) Kiltzing et Feldmannia
irregularis (Kiitzing) Hamel; on peut y ajouter des espéces appartenant en particulier
aux genres Ceramium, Polysiphonia, Porphyra, Cladophora et Enteromorpha.

Le développement des épiphytes présente deux pics saisonniers : le premier 2 la
fin du printemps et le deuxiéme au début de I'automne. La biomasse des épiphytes y
atteint des valeurs impressionnantes, bien que plus faibles qu'il y a deux ou trois
décennies.

Dans un travail ultérieur, nous préciserons la dynamique saisonniére des
épiphytes le long du littoral roumain de la mer Noire, ainsi que le mode de fixation
de ces épiphytes sur leur hote.
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BIOGEOGRAPHIE ET ORIGINE DE LA FAUNE DES
AMPHIPODES DE MEDITERRANEE

D. BELLAN-SANTINI! et S. RUFFO?

I Centre d’océanologie de Marseille, URA 41, Station marine d’Endoume,
rue Batterie des Lions, 13007 Marseille, France
2 Museo Civico di Storia naturale, Lungadige Porta Vittoria, 37129 Verona, ltalia

Au terme d’une révision et d’un recensement que 1’on peut qualifier d’exhaustif,
la faune des amphipodes de Méditerranée (famille des Cyamidae et sous ordre des
Hyperiidea exclus) compte 453 espéces ce qui représente un peu moins de 10% de Ia
faune mondiale. On peut considérer que c’est une des mieux connues au monde. Les
connaissances ne sont pas égales pour 'ensemble de la Méditerranée, 97 % des
especes sont connues du bassin occidental alors que seulement 54% le sont pour le
bassin oriental et 52% pour 1’ Adriatique. II est probable que, comme ce fut déja
observé pour d’autres groupes systématiques, cette différence corresponde en partie 4
une effective pauvreté de la diversité spécifique, mais certainement, surtout pour la
Méditerranée orientale, ceci est dii aussi & un effort de recherche moindre.

L’Adriatique abrite un petit nombre d’espéces considérées actuellement comme
limitées a cette mer : Ampithoe spuria, Bogidiella dalmatina, Apherusa ruffoi,
Neogammarus adriaticus, Lepidepecreum subclypeatum, Prachynella mediterranea,
Degocheirocratus spani, cette derniere espece appartient de plus & un genre
endémique.

Le nombre des espéces connues seulement de Méditerranée orientale est
relativement réduit : Lysianassa caesarea, Valettietta punctata, Psammogammarus
gracilis, Phippsiella pseudophippsia, Orchestia kosswigi, Lunulogammarus turcicus,
Melita virgula, Ericthonius argenteus en plus de Cheirophotis mediterraneus qui
appartient & un genre exclusivement indo-pacifique, et & trois espéces indo-
pacifiques (Bemlos leptocheirus, Gammaropsis togoensis, Photis lamellifera)
certainement lessepsiennes.

Un indice faunistique significatif est donné par le rapport des espéces de
Lysianassidae et celui des espéces de Talitroidea au nombre total des Gammaridae.
L’indice des Lysianassidae est en Méditerranée de 13,2 (12,3 dans la faune indo-
pacifique, 24,7 dans la faune atlantique septentrionale, 20,9 dans la faune
antarctique). L'indice des Talitroidea est en Méditerranée de 5.9 (4,3 dans la faune
indo-pacifique, 1,9 dans la faune atlantique septentrionale, 1,3 dans la faune
antarctique). Les indices, faible pour les Lysianassidae et élevé pour les Talitroidea,
mettent en évidence I'importance de la composante subtropicale de la faune
méditerranéenne des Amphipodes.

Un autre caractere trés significatif est le nombre élevé des especes endémiques de
Méditerranée, 176, soit environ 39% de la faune globale. L importance de
I’endémisme méditerranéen est souligné par le fait que 10 genres sur les 165 relevés
en Méditerranée sont endémiques : Aurobogidiella, Marinobogidiella,
Longigammarus, Lunulogammarus, Neogammarus, Rhinolabia, Degocheirocratus,
Parunciola, Pedoculina, Pseudolirius. St on ajoute & ces derniers que huit genres,
tous indo-pacifiques sont représentés avec des espéces endémiques en Méditerranée,
mais non en Atlantique est (Cheirophotis, Aroui, Ensayara, Onesimoides,
Prachynella, Arculfia, Pardaliscoides, lleraustroe, Unciolella), la composante
endémique de la Méditerranée se caractérise fortement par rapport a celle de
I’ Atlantique.

Si I’on excepte les 21 espéces cosmopolites, les 8 especes lessepsiennes et
Pardaliscoides tenellus, connue de Méditerranée et du Pacifique méridional mais
dont "attribution est douteuse, les autres 247 espéces qui représentent environ 55%
de la faune, sont présentes aussi en Atlantique : 27 sont maurétaniennes, 38
maurétano-lusitaniennes, 55 lusitaniennes, 9 lusitano-boréales, 80 atlanto-
mediterranéennes avec une plus ample distribution latitudinale en Atlantique et 34
enfin sont boréo-méditerranéennes. Les espéces boréo-méditerranéennes sont
particulidrement intéressantes avec leur distribution discontinue, elles sont présentes
dans I" Adantique septentrional au maximum jusqu’aux cotes atlantiques frangaises et
en Méditerranée, un bon nombre d’entre elles sont des espéces bathyales. Il n’est pas
exclu qu'un nombre non négligeable de ces discontinuités de distribution
corresponde 2 des lacunes de connaissance. Néanmoins une telle composante froide
s’oppose ou complete, dans un certain sens, la composante tropicale.

11 est nécessaire de rappeler que les espéces atlanto-méditerranéennes peuvent
avoir leur centre d’évolution aussi bien en Atlantique qu’en Méditerranée. Le genre
Ichnopus ne comprend que des espéces indo-pacifiques et les deux atlanto-
méditerrandennes, il est donc probable que la colonisation de I'Atlantique par ces
deux espéces se soit faite 4 partir d’un centre d’évolution méditerranéen. 1l en est
probablement de méme pour une bonne partie des Ampithoidae, Gammaridae,
Hyalidae, Melitidae, Podoceridae et Talitridae.

La composante lessepsienne est seulement de 8 espéces : Cymadusa filosa,
Bemlos leprocheirus, Unciolella lunata, Gammaropsis togoensis, Photis lamellifera,
Elasmopus pectenicrus, Maera hamigera, Stenothoe gallensis. 11 n’est pas certain
que toutes ces espéces soient entrées a travers le Canal de Suez (cette probabilité est
quasi-absolue en ce qui concerne les especes limitées a la Méditerranée orientale) car
certaines d’entre elles sont aussi présentes dans 1" Atlantique tropical.

Ce cadre faunistique permet d’indiquer que la part la plus nombreuse de la faune
méditerranéenne est d’origine atlantique, postmessinienne, comme cela est démontré
par le fort contingent d’espéces communes avec 1" Atlantique, mais aussi par un bon
nombre d’espéces endémiques vicariantes d’espéces atlantiques (par exemple Cressa
mediterranea/C. dubia). A ce contingent appartient la composante boréo-
méditerranéenne qui représente la fraction pénétrée en Méditerranée durant les
phases quaternaires froides. Il y a dans ce cas aussi, probablement, quelques
endémiques méditerranéennes vicariantes d’especes atlantiques boréales.

11 existe en Méditerranée a coté de cette composante atlantique, une composante
indo-pacifique notable qui représente outre la fraction constituée par les
introductions lessepsiennes récentes, la partie la plus ancienne (prémessinienne ?) de
la faune des Amphipodes de Méditerranée, une partie de la faune endémique dont
I'affinité indo-pacifique se situe actuellement au niveau générigue semblerait étre
issue de cette faune.
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APERCU DE BIONOMIE, BENTHIQUE ET REPARTITION DES
DIFFERENTS FACIES DE LA ROCHE LITTORALE A
HANNOUCH (LIBAN-MEDITERRANEE ORIENTALE)

Ghazi BITAR et Souha BITAR-KOULI
Université libanaise, Faculté de Santé Publique (Section I), Beyrouth, Liban
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Fig. 1. Localisation de la station étudiée % Etage supralittoral : La roche

carbonatée, haute de 5 m. présente deux

parties. Une partie horizontale est caractérisée par la présence des mares et regoit les

embruns en cas de mer forte (Fig. 2, A). La deuxiéme est une falaise déchiquetée dans les

trois premiers metres et caractérisée par la présence des Cyanobactéries et des Lichens

Verrucaria symbalana qui donnent ala roche une teinte sorobre. Dans les alvéoles se

trouvent deux Gastéropodes, Litforina punctata et Melaraphe neritoides. Les isopodes
Ligia italica caractéristiques de cet étage s’y trouvent par centaines (Fig. 2, B).

Etage médiolittoral : Il se divise en deux parties. La premiére, en bas de la falaise
émergée, est verticale et large de 50 cm. Elle peut se présenter sous forme d’une encoche
(Fig. 2, C). Le Cirripede Chthamalus stellatus est caractéristique de cette zone au niveau
de laguelle on trouve beaucoup de Patelles. La deuxieme partie constitue une “plate-forme
de Vermets™ (Fig. 2, D). Large de 1 & 20 m. selon I’endroit, ce platier nommé trottoir par
SANLAVILLE (1977) et situé un peu au dessus du niveat moven de la mer, est constitué
généralement de vasques peu profondes (5 210 cm.) et colonisé par les Vermets Vermetus
triqueter et les Bivalves lessepsiens Brachidontes variabilis. Sur les crétes inter-vasques,
construites par les vermets Dendroproma petracum (SANLAVILLE, 1977) on trouve
Chthamalus stellatus, Patella sp. et Monodonta turbinata. Dans les cuvettes de 30 450 cm.
on trouve Sargassum vulgare et Cystoseria compressa. Le rebord externe de la plate-
forme constitue un bourrelet surélevé d’environ 20 cm par rapport au platier. Il s’agit d’un
concrétionnement bioconstruit par Dendropoma petraewm. A ce niveay, on trouve une
ceinture de Laurencia papillosa avec Corallina elongata et Jania rubens (Fig. 2, E).

Etage infralittoral : sa limite supérieure est le bourrelet qui, dans cet endroit
agité, présente des “mares en balconnets” (SANLAVILLE, 1977) ou des replats 2
Cystoseria sp. Ces algues, indicatrices d’eau pure, disparaissaient dans les zones
polluées comme & Beyrouth. Au niveau du surplomb formé par le bourrelet, on
trouve en plus des Corallines, des éponges calcaires et I'algue Halimeda tuna qui
prolifere dans les endroits ombragés (Fig. 2, F). En dessous du rebord externe, la
roche se présente sous forme d’une falaise allant jusqu’d 6 m. (Fig. 2 G). Elle est
tapissée de haut en bas, des faciés suivants : Corallina elongata (avec en épiphyte
Falkenbergia rufolanosa), Jania rubens, Sargassum vulgare, Dictyopteris
membranacea, Dilophus spiralis et Padina pavonica. Dans les zones sciaphiles, on
trouve les éponges : Tvlodesma sp., Chondrosia reniformis et Chondrilla nucula.

De - 6 m. jusqu’a - 8 m. le profil topographique est sub-horizontal. On y trouve, en plus
de Dictyopteris membranacea, les faciés & Colpomenia sinuosa et & Stypocaulon
scoparium (Fig. 2, H). On note la présence de Srypopodium zonale qui peut, comme dans
d’autres secteurs de fa cote libanaise, remplacer les autres espéces. Il s’agit d'une algue
lessepsienne citée pour la premigre fois au Liban. A partir de - 8 m,, la roche est
subverticale jusqu'a - 16 m. (Fig. 2, I). On y assiste aux faciés : Balanus sp., Amphiroa
rigida et Lytocarpus philippinus d’origine indopacifique (espéce identifiée par C.
MORRI). Cette derniére espece est nouvelle pour le Liban et la Méditerranée. Par endroits,
on trouve les éponges Ircinia fasciculata et Ircinia sp. dans lesquelles vivent Hermodice
caranculata (Polychéte indopacifique), Alpheus dentipes (espece nouvelle pour le Liban)
et de Ophiures. Une algue Squamariacée (3 déterminer) est dominante dans ce secteur. A
partir de - 16 m. le relief rocheux devient sub-horizontal jusqu’a-25 m. ol le fond est
recouvert, par endroits, de graviers. Cette profondeur, atteinte lors de nos plongées, est
située vers 300 m. de la cdte. Dans cette zone on assiste a des éponges dressées dont une
appartenant au genre Axinella. Les algues Stypopodium y sont rares mais de grande taille.

Cette note donne une idée descriptive et qualitative des différents facies établis
dans des “zones a protéger” de la cdte libanaise. Elle servira comme référence pour
toute étude ultérieure, en particulier, dans le domaine de I'impact de la pollution.
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Fig. 2. Profil topographique du fond & Hannouch.
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IMPACT DE LA POLLUTION SUR LA REPARTITION DES
PEUPLEMENTS DE SUBSTRAT DUR A BEYROUTH
(LIBAN - MEDITERRANEE ORIENTALE)

Ghazi BITAR et Souha BITAR-KOULI
Université Libanaise. Faculté de Santé Publique (Section I}, Beyrouth, Liban

Suite a notre travail 2 Hannouch T
(BITAR, 1995) concernant la bionomie
benthique et la répartition des
peuplements situés dans une zone
éloignée de toute agglomération, nous i
avons choisi 1a station de Manara afin
de voir I'impact de Ia pollution, surtout
urbaine, sur les peuplements littoraux.
La station étudiée se trouve sur la rive
Nord de la presqu’ile de Beyrouth, &
proximité du radiophare de 'université |
américaine (Fig. 1). Affectée seulement
par les houles du Nord, la station se
situe dans une zone ou débouchent en
mer, sans aucun traitement et a ciel
ouvert, plusieurs égouts tout le long de
la Corniche entre Ain el-Mraissé et SaIDA
Manara. Le profil topographique (Fig. 20 Km
2) des trois étages, supra, médio et / I

35{’30' |

infralittoral ainsi que les facits | /i
Fig. 1. Localisation de la station étudiée *
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correspondants se présentent ainsi.

L’étage supralittoral est repré-
senté par une roche subverticale de 1,5 m. de hauteur au maximum. Comme &
Hannouch, les espéces caractéristiques y sont : Verrucaria symbalana, Littorina
Punctata, Melaraphe neritoides et Ligia iralica. A Vhorizon inférieur de cet étage on
trouve rarement Chthamalus depressus (Fig. 2, A).

L’étage médiolittoral, comme a4 Hannouch, montre deux zones : une zone
supérieure de 0.5 m. de hauteur en continuité avec la falaise émergée (Fig. 2. B).
Chthamalus stellatus y est I'espéce caractéristique. Les deux Mollusques Patella sp. et
Monodonta turbinata y sont wes rares a cause, certainement, de la pollution et de leur
utilisation comme appét par les pécheurs. La deuxi®me zone (Fig. 2, C) est représentée
par la plate-forme & Vermets Vermetus triqueter avec ses vasques colonisées par
Brachidontes variabilis et Enteromorpha sp. Les crétes inter-vasques sont dominées par
Chthamalus stellatus. Le rebord externe du platier constitue un bourrelet & Dendropoma
petraeum sur lesquels se trouvent plusieurs especes d’algues et en particulier la ceinture
de Laurencia papillosa. La largeur du platier peut atteindre 7 metres.

L’étage infralittoral montre selon le profil topographique (Fig. 2) cinq niveaux :
- Niveau D. En dessous du surplomb que peut former le rebord externe du platier, la
roche descend jusqu’a 1,5 m. en pente subverticale. En plus de deux faciés 4 Corallina
elongata et Jania rubens, ce niveau est caractérisé par un dense faciés & Prerocladia
capillacea. Cette derniere, abondante & Beyrouth, est rare, voire méme, absente dans
d’autres localités de la cote libanaise. Sa dominance est due aux déversements des
égouts qui rendent le milieu riche en matieres organiques (BASSON er al,, 1976). A la
limite supérieure de cet étage on note I'absence des Cystoseires indicatrices d’eau pure.
- Niveau E. Vers - 2 m. de profondeur, on assiste 4 un platier de 6 m. de largeur. Il est
tapissé€ d’algues : Corallina elongata, Jania rubens et Sargassum vulgare. En avril, cette
zone est quasiment recouverte de Colpomenia sinuosa. Par contre la couverture algale
est absente en hiver et on apercoit les faciés 4 éponges : Cliona sp. et Chondrilla nucula.
Les oursins Paracentrotus lividus et Arbacia lixula y sont toujours présents.

- Niveau F et G. Entre - 2 m. et - 4 m. de profondeur; le substrat rocheux est subvertical
pour devenir surplombant jusqu’au fond atteint & - 8 m. la flore étant représentée par le
facies & Corallina et dans les endroits sciaphiles on trouve Peyssonnelia sp. et
Lithophyllum incrustans. En comparaison avec la station de Hannouch (BITAR, 1995)
on remarque ici la rareté ou Pabsence des faci®s & Dictvopteris, Dilophus et Amphiroa.
Ceux-ci sont remplacés, de haut en bas, par les faciés faunistiques : Balanus sp..
Lytocarpus philippinus, (Hydraire lessepsien et espéce nouvelle pour le Liban),
Phallusia nigra (Ascidie lessepsienne nouvelle pour le Liban), Malleus regula (Bivalve
signalée pour la premiere fois & Beyrouth par ZIBROWIUS et BITAR en 1979) et
Microcosmus exasperatus (Ascidie de mers chaudes, nouvelle pour le Liban). On
remarque que toutes ces espéces sont des animaux filtreurs et leur présence est due a
I’abondance des matieres organiques provenant des égouts. Par contre, ce niveau est
représenté & Hannouch (BITAR, 1995) par des faciés floristiques et des brouteurs.

- Niveau H. Au fond, on assiste tout d’abord, & des éboulis suivis d’un fond rocheux
recouvert d’une couche de sable fin avec de la vase. Ce qui empéche I'installation des
algues et en particulier Stypocaulon scoparium. On note aussi la rareté de I"ophiure
Ophioderma longicaudu (espéce nouvelle pour le Liban) et de 1'huitre perligre Pinctada
radiata qui existaient en abondance dans les années soixantes (observation personnelle).
11 est fréquent de trouver en abondance sur le fond : des ordures ménagéres dans des
sacs en plastique, des boites de toutes sortes ainsi que des bouteilles en verres provenant
soit des gens qui fréquentent la corniche, soit de la localité de Zaitouneh ol se jettent a
ciel ouvert les ordures et les déchets de la ville. Ainsi, les rejets de toutes sortes en mer
et 'utilisation “interdite” des explosifs et des produits toxiques pour la péche sont a
I"origine de la dégradation des peuplements, de la rareté et de la disparition de plusieurs
espéces. Pour cela, il est nécessaire et urgent d’entamer un nouveau projet
d’assainisserment de la ville qui prévient la déviation de tous les égouts vers une station
d"épuration avant de rejeter en mer les eaux traitées au moyen d'un seul égout. Cet
égout doit, bien sir, étre loin de 1a ville et déboucher en profondeur au large de la mer.
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PRELIMINARY DATA ON BATHYMETRIC AND TEMPORAL
CHANGES IN THE MORPHOLOGY OF A MALTESE
POSIDONIA OCEANICA (L.) DELILE MEADOW

Joseph A. BORG & Patrick J. SCHEMBRI
Department of Biology, University of Malta, Msida, Malta

Preliminary data on the morphology of a local Posidonia oceanica meadow were
obtained as part of an ongoing study on the community structure and composition of
the vagile fauna associated with this seagrass. The values for Shoot Density, Leaf
Standing Crop and Leaf Area Index obtained appear to be higher than those reported
for meadows of this seagrass in other parts of the Mediterranean.

Data on the structure and composition of meadows of Posidonia oceanica and on
morphological parameters of the plant itself are lacking for the Maltese Islands; the
only published data are those of DREW & JUPP (1976). The aim of this study was to
provide preliminary data on the morphological characteristics of a local Posidonia
meadow situated off the White Tower headland, in the Malta-Comino Channel.

Shoot Density was estimated in sifu by taking five 0.125m? quadrats at each of
four stations located along a depth gradient at 6 m, 11 m, 16 m and 21 m. Estimates
were made in August 1993, December 1993 and April 1994. Number of leaves per
shoot, leaf length, and leaf width were measured in the laboratory for 25 shoots
chosen at random from each sampling station. The dry weight of the Jeaf fraction
excluding rhizomal weight and the leaf area index were also estimated.

The mean Shoot Density as measured over the whole sampling penod showed an
overall decrease with depth. Values recorded were: 782 - 807 shoots/m? at 6 m, 570
- 657 shoots/m? at 11 m, 464 - 530 shoots/m? at 16 m, and 357 - 420 shoots/m? at
21 m. The number of intermediate and adult leaves per shoot varied between a
minimum of 3.9 leaves/
shoot recorded at a depth of
16 m in August ‘93 and a
maximum of 6.1 leaves/

N of laves per shoot

s ek D00 23 shoot recorded at a depth of
. 21 m in December ‘93. The
o - Lo AP number of leaves per shoot

varied least with depth in
December 93 (Fig. 1). The
Leaf Area Index (L.A.L)
showed a general decrease
with depth (Fig. 2).
3 . Maximum values for the
¢ " 's 2t b L eaf  Standing Crop
(L.S.C.) were obtained in
August ‘93 (Fig. 3).
In general, the Shoot
Density values recorded
during the present study are
higher than those reported
by DREW & JUPP (1976)
for Malta and by other
workers for different
regions of the Mediter-
ranean (for example,
MAZZELLA et al., 1989
and BUIA er al., 1985).
This is also true for the
Leaf Area Index. Overall,
values of number of leaves
per shoot are similar to
those reported for other

Aug 62

Fig. 1. Char{ge in number of leaves per shoot
of Posidonia oceanica with depth
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Fig. 2. Change in Leaf Area Index (L.ALL)
of Posidonia oceanica with depth

CSC. tg windy X Ao 3 localities (for example,
50 “9 MAZZELLA er al., 1984)
+ Dec 93 and to those of DREW &

O April ‘94

JUPP (1976) for Malta. The
discontinuity in leaf

morphological parameters
recorded at depths of 10 to
15 m by other workers is
most pronounced locally
for the Leaf Area Index and
this discontinuity probably
represents a separation
between shallow-water and
deep-water meadows

& 11 1%

Fig. 3. Change in Leaf Standing Crop (L.8.C.)

of Posidonia oceanica with depth (MAZZELLA e1 al., 1989

CINELLI et al., 1984; MAZZELLA & OTT, 1984). The low L.A.l and L.S.C.

values at 6 m cannot be attributed to sea-urchin grazing as has been suggested by

DREW & JUPP (1976 since echinoid density was close to zero in the study area

following a sudden large decline in the Paracentrous lividus population some four to

five years ago. Furthermore, no significant temperature differences were recorded in

the 6 to 21 m depth range. We attribute the presence of this discontinuity to

different growth patterns “of Posidonia in response to the varying hydrodynamic

regime at different depths in the study area, as has already been suggested for other
parts of the Mediterranean (MAZZELLA & OTT, 1984; BUIA et al.,, 1992).

2t Depin {m)
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EPIBENTHIC MACROFAUNAL ASSEMBLAGES AND BOTTOM
HETEROGENEITY IN THE SHALLOW INFRALITTORAL OF
THE MALTESE ISLANDS

Joseph A. BORG & Patrick J. SCHEMBRI
Department of Biology, University of Malta, Msida, Malta

Marine ecologists have dedicated much time and effort in attempts to distinguish and
classify marine benthlc communities. In the Mediterranean, the vertical zonation schcme of
PERES & PICARD (1964), as subsequently revised by PERES (1967; 1982}, has been
extensively used in spite of a number of difficulties associated with it (BOUDOURESQUE
& FRESI 1976; GOLIKOV, 1985). PERES (1967, 1982) identifies seven vertical zones.
one of which, the infralittoral, represents the vertical extent of occurrence of marine
phanerogams and photophilic algae. This zone thus includes some of the most important
shallow-water coastal ecosystems. PERES (1967 1982) subdivides the infralittoral into a
number of biocoenoses and facies. Malta lies in the centre of the Mediterranean, but in spite
of its biogeographical interest, only scanty information on the ecology of its coastal benthic
comumunities is available. From preliminary diving surveys, the authors noted that the
Maltese infralittoral is very heterogensous, both physically and biologically. For example,
five or more different types of bottom are frequently present within an area of a few square
metres. The aim of this study was to obtain information on the structure, composition and
distribution of the epibenthic faunal assemblages in the Maltese shallow infralittoral, by
studying a cove which is representative of such habitats. The study area. a cove known as
Dahlet ix-Xmajjar, is a V-shaped, northwest-facing inlet situated on the northernmost tip of
the island of Malta. The cove is moderately exposed, has unpolluted water and is little
frequented. Depth varies from 1 m inshore to 15 m at the mouth of the cove. The bottom is
very heterogeneous, especially in the innermost part where it consists of a short stretch of
bedrock, patches of bare medium to coarse sand, boulders, accumulations of pebbles and
cobbles, and meadows of the seagrasses Cymodocea nodosa and Posidonia oceanica.
Along the outer parts of the cove’s headlands, the bottom consists of a stretch of bedrock
leading to dense Posidonia meadows and patches of medium to coarse sand. During the
summer of 1990, three transects were laid perpendicular to the shore from mean sea-level to
a depth of 25 m. Epibenthic fauna larger than 2 mum were collected by SCUBA divers from
500 cm? quadrats positioned along the transects; in all 141 quadrats were sampled. Samples
containing one or more of the twenty most abundant species, chosen on the basis of their
occurrence in at least 10% of the total samples collected, were analysed statistically by
centroid clustering using the Bray-Curtis and the Jaccard coefficients. Collectively,
Mollusca and Crustacea formed the bulk of the macrofauna collected (80%. Fig. 1). Both
coefficients used gave principal
clusters corresponding to the two
main types of bottom present in the
study area (Fig. 2) : soft sediment
with Posidonia meadows, and hard
substrata with photophilic algae.
For the soft sediment/Posidonia
assemblage, the characteristic
species were the gastropods
Smaragdia viridis and Tricolia
speciosa whilst for the rock/
photophilic algae assemblage, the
characteristic species were the
gastropods Rissoa variabilis and
Columbella rustica. However, as
shown by the number of sub-
clusters of quadrats within each
main cluster, both bottom types
were very heterogeneous due to
frequent overlap with other bottom
types, namely : bare medium/
coarse sand, medium/coarse sand
covered with decomposing
Posidonia debris, bedrock covered
with a very thin layer of sand, and
sediment with Cymodocea nodosa.
As a result of the high degree of
heterogeneity in bottom type, there
was extensive overlap between
putative faunal assemblages. A
number of species assigned by
PERES (1967, 1982) to pamcular
assemblages were not found to be
assemblage-specific in the area studied. These included the decapods Pagurus chevreuxi,
Pisa tetraodon and Galathea bolivari, and the gastropods Bittium latreillii, Alvania discors
and Jujubinus striatus, all of which were collected on both bedrock and Posidonia. In
general. of the two most abundant taxa, molluscs were more assemblage specific than
crustaceans. These results indicate that substratum type is the main determinant of the
faunal composition in the study area and that communities were being assembled primarily
on the basis of the substratum preference of their component species, and only secondarily
in response to other factors, both biotic and abiotic. While the traditional bionomic schemes
are useful in discussing the main infralittoral benthic assemblages which occur over wide
areas, they are not as useful when applied at the local level where the bottom is very
heterogeneous. Here, micro-edaphic factors seem to be the main ones controlling the
structure and composition of faunal assemblages. This study shows that il is not always
possible to distinguish discrete faunal assemblages within the shallow infralittoral zone.
Rather than attempting 1o equate infralittora] assemnblage types from different geographical
areas, it may be more useful for workers to study the key factors which determine the
structure of the infralittoral assemblages of a particular locality and how these differ from
those important in other localities.

SRUSTACES 397

PORIFERA 1%

Fig. 1. Relative composition of the fauna calculated on the
basis of number of individuals collected.

Sandiplant debee S,

i AT

Fig. 2. Relative abundance of different bottom types along
the transects
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ARRACHAGE DES FAISCEAUX DE POSIDONIA OCEANICA
PAR LES ANCRES : UN PROTOCOLE D’ETUDE

Charles F. BOUDOURESQUE!, Fran¢ois ARRIGHI?, Franck FINELLI?
et Jean-Robert LEFEVRE!

T LBMEB et EP CNRS N° 75, Faculté des Sciences de Luminy.
3288 Marseille cedex 9, France.
2 Parc Naturel Régional de la Corse. Maison de la Mer. 20245 Galeria, France

Dc nombreux auteurs ont signalé que 'herbier & Posidonia oceanica (Linnaeus)
Delile était dégradé dans les “mouillages forains™, zones ol s’ancrent les bateaux de
plaisance (BOUDOQURESQUE et MEINESZ, 1982 ; PORCHER, 1984 ; etc).
L'arrachage des faisceaux de P. oceanica par les ancres semble en étre la cause
principale, bien qu'il n’ait pas été quantifié. Cest I"objectif du protocole
expérimental que nous proposons.

L’étude a été réalisée en juillet 1991 dans la marina d’Elbu (1.3 ha), un mouillage
forain de la Réserve de Scandola (entre Calvi et Portu, Parc nature] régional de la
Corse). La densité des faisceaux est comprise entre 440 et 940 faisc./m2. Les
paramétres suivants ont €€ considérés : (i) longueur du bateau, (i) type de I'ancre,
(iity présence d'un guindeau électrique assurant la remontée de 'ancre, (iv)
profondeur d’ancrage, (v) longucur sur laquelle 1"ancre a été trainée avant de
s'immobiliser. lors de la descente, (vi) longueur de 1a chaine en contact avec le fond,
(vii) longueur sur laquelle I"ancre a été trainée sur le fond avant de le quitter, lors de
la remontée. Un plongeur assiste a la descente et i la remontée de 'ancre. 1] balise
les points remarquables du parcours de I"ancre et de la chaine au moyen de piquets
enyplastique et de ruban coloré. Une fois 'ancre immobilisée ou remontée, le
plongeur procéde au comptage des faisceaux arrachés (les faisceaux cassés. méme
incomplétement détachés, sont comptabilisés).

Le nombre de faisceaux arrachés par cycle d’ancrage (descente et remontée de
I'ancre) apparait comme trés variable : entre 0 et 51 faisceaux (Tabl. I). Bien que nos
données soient trés préliminaires (notre objectif est avant tout de présenter un
protocole méthodologique), le nombre de faisceaux arrachés ne semble pas corrélé a
la profondeur d’ancrage, ni & la longueur du bateau.

Le nombre moyen de faisceaux arrachés par cycle d’ancrage (17) peut
paraitre modeste. Toutefois, si I'on considére que le nombre moyen de bateaux
au mouillage I"aprés-midi est de 21 en juillet et de 18 en aofit, que le nombre
total de bateaux ayant mouillé & un moment ou un autre sur 24 h est le double,
que la fréquentation totale des 10 autres mois de "année représente I’équivalent
du mois de juillet, et que 13% des plaisanciers s’y reprennent & deux fois pour
mouiller, le nombre total de cycles d’ancrage en une année moyenne serait de
Pordre de 4000, soit environ 68 000 faisceaux arrachés.

Longueur  Pro- § Descente de Vancre Remontée ancre | Total
bateau fon- | Trai- Lon- Faisceaux | Tral- | Faisceaux | fais-
(i} et deur {née  gucur arrachés née arrachés | ceaux
type ancre chaine | An- Chai- {anere | An- Chai- | arra-
d'ancre {m) {my (m) 1 ne {m) |Jcre ne chés
88 4 4 2 2 Q 5 2 a 26
88 4 0 3 o] 0 i 2 i 3
8S 4 2 2 24 Q 3 27 0 51
1288 4 dm 10 4] 28 dm dm dm |38
125 4 dim 10 dm 8 dm  dim dm (21

4 ¢] 15 ¥ 6 dn  dm dm (16

5 0 3 O Q i 3 0 3

& Q 3 0 g 1 1 O i

6 O 5 0 0 i 2 G 2

& ! 2 G ¢ 7 0 g 4]

8 O 3 a G i iz G 12

8 4} 4 3 [\ dm  dm  dm 113

14 7 & 4] 0 3 13 a 13
85 14 dm  dm dm dm 0 6 ¢ 13
85 i4 20 [ g O 1 5 0 14
14 SE 4 dm 21 dm 18 0 4 8 30
85 13 7 7 9 0 2 14 i 24
Moyenne 3.4 3.8 8.7 0% 16,7

Tableau | : Nombre de faisceaux de Posidonia oceanica arrachés par les ancres et les chaines.
Pour le calcul du total des faisceaux arrachés par cycle d'ancrage {derniére colonne), les données
manquantes ont été remplacées par la valeur moyenne. S = ancre a sable. C = ancre charrue.
E = bateau équipé d'un guindeau électrique pour remonter I'ancre. dm = donnée manquante.

L arrachage des faisceaux ne représente toutefois qu’une partie de I'impact des
ancrages. Par mer agitée. lorsque les bateaux passent la nuit au mouillage, les chaines
glissent latéralement sur plusieurs métres de part et d’autre de leur position moyenne.
De nombreuses feuilles sont arrachées, et certains faisceaux ont leur point végétatif
Ecrasé ou broy€. Leur survie paraft douteuse et devra donc étre suivie.

REMERCIEMENTS. Ce travail a é1é réalis¢ dans le cadre d’un programme de recherche du
Comité scientifique de fa Réserve de Scandola (Parc nature] Régional de 1a Corse), géré par le GIS
Posidonie.
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VARIATIONS SAISONNIERES DES BIOMASSES (FEUILLES ET
EPIPHYTES) DE POSIDONIA OCEANICA (L.) DELILE DANS
L’HERBIER DE L’ANSE DE KOUALI (TIPAZA) ALGERIE :

DONNEES PRELIMINAIRES

BOUMAZA Salima et SEMROUD Rachid

Institut des Sciences de la Mer et de 1" Aménagement du Littoral,
BP 54, Sidi Fredj 42321, W. Tipaza, Algéric

Les données sur les biomasses de Posidonia oceanica sont relativement
nombreuses au nord de la Méditerranée (AUGIER et CHRISTIANI, 1984;
MAZZELLA et OTT, 1984; THELIN et BEDHOMME, 1983), mais restent rares sur
les cOtes nord-africaines (SEMROUD. 1993). L’objectif de ce travail est 1'étude de
I"importance de la communauté des épiphytes de 1’écosysteme & Posidonia a
différentes profondeurs. En effet, des variations de biomasse des feuilles et des
épiphytes entre les stations superficielles et Ia station profonde ont €t€ observées sur
un cycle annuel. L'herbier de 'anse de Kouali forme une vaste prairie qui s’ étend de
0.3 2 19 m de profondeur. La densité est mesurée 4 I’aide d"un quadrat de 40 x 40 cm
(10 réplicats) et est rapportée au m2 Vingt rhizomes sont prélevés une fois par mois
(juin 1992 & juin 1993) dans quatre stations le long d'un transect: dans le récif-
barrigre (0,3 m et 0,8 m), 2 2 m et & 10 m. Les lots de feuilles obtenus (adultes et
intermédiaires), selon GIRAUD (1977), sont débarrassés de leurs épiphytes a I'aide
d’une lame de rasoir. Le produit du raclage ainsi que les feuilles sont séchés & poids
constant (étuve & 70°C pendant 48 h), puis pesés. La biomasse est exprimée en poids
sec par métre carré (g PS.m2). Les résultats sont donnés pour le total des feuilles
(adultes et intermédiaires). Le nombre de faisceaux par m? est de 898 (0,3 m), 725
(0,8 m), 640 (2 m) et 386 (10 m). La biomasse des feuilles et des épiphytes par m?
augmente avec la profondeur (Fig. 1 et 2), mais le phénoméne s’inverse 4 10 m.

1400+
1200477
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fflomasse moyenne

(-2m)
Front externe

{-10mj}
Frontinterme

19838

Fig. 1. Variations mensuelies des biomasses moyennes/m? des feuilles en fonction de la profondeur.

Les valeurs maximales des biomasses foliaires s’observent généralement a la fin
du printemps et au début de 1I’été pour 1'ensemble des stations, excepté pour la
station 10 m ot elles apparaissent a la fin de 1'été. Les valeurs minimales des
biomasses foliaires sont relevées des I’automne et se maintiennent tout I’hiver, sauf
pour la station 10 m o elles sont relevées un peu plus tard en hiver. 1l apparait donc
un décalage saisonnier des valeurs maximales et minimales des biomasses foliaires
en fonction de la profondeur. La biomasse des épiphytes présente un grand écart
entre les maxima et les minima pour I'ensemble des stations. Les valeurs maximales
sont relevées en é1é pour les quatre stations avec un second pic au printemps dans le
front interne. Les valeurs minimales sont relevées en hiver pour 'ensemble des
stations, ce qui correspond 2 la période de la chute des fenilles.
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Fig. 2. Variations mensuelles des biomasses moyennes/m? des épiphytes en fonction de la profondeur.
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PHENOLOGIE DE POSIDONIA OCEANICA (L.) DELILE DANS
L’HERBIER DE L’ANSE DE KOUALL, (TIPAZA), ALGERIE

BOUMAZA Salima et SEMROUD Rachid

Institut des Sciences de la Mer et de I’ Aménagement du Littoral,
BP 54, Sidi-Fredj 42321, W. Tipaza, Algétie

Cette note présente les résultats de la phénologie de Posidonia oceanica de
I"herbier de I"anse de Kouali. L’étude conduite sur un cycle annuel a porté
notamment sur la lépidochronologie, la biomasse et la production primaire. Nos
résultats sont comparés avec ceux obtenus par d’autres auteurs dans différents
secteurs de la Méditerranée ol I'herbier se caractérise par la présence d’un paysage
particulier : le récif- barriére.

L’anse de Kouali est située dans la région de Tipaza a 'ouest d’Alger (70 km).
Cette station est particuliére par la présence d’un récif-barriére qui se continue par un
herbier florissant de type “progressif” dont la limite inférieure est située a -19 m.

La densité est mesurée in situ a ’aide d’un quadrat de 40 x 40 cm (10 réplicats).
20 rhizomes sont récoltés tous les mois, de juin 1992 a juin 1993, le long d’un
transect dans quatre stations :

- Station F. int.: sur le front interne du récif-barriere & Paosidonia oceanica (-0,3m)
délimitant un lagon & Cymodocea nodosa et Zostera noltii,

- Station F. ext. : sur le front externe du récif barriere (-0.8m),

- Station -2 m : située en avant du récif-barriére,

- Station -10 m : herbier continu jusqu’a I’entrée de I'anse.

Les parametres phénologiques étudiés sont le nombre de feuilles par faisceau, les
longueur et largeur des différentes catégories de feuilles (juvéniles, intermédiaires et
adultes, selon la classification de GIRAUD. (1977), L.A.L. (Leaf Area Index) et le
coefficient “A” (GIRAUD, 1977)).

Profondeur F_int. -0.8m)iF. ext. (-0.8m {- 2m) (- 10m}
Densité {Nb. faisceau/m?} 898 725 B840 386
Nombre de feuifles 438 54 62 85
Longueur des feuilles {mm)

Fauilles adultes 2866 5283 8345 606.3

Feuilles intermédiaires 1813 20486 3082 317.4

Fauilles juvéniles 8.1 8.1 85 [
Largeur des feuilles {mm)

Feuilies adultes 88 88 0.4 108

Feuitlas intermédiaires 83 84 88 102

Feuilles juvéniles 35 25 27 28
Longueur du péticie {mm) 18.3 30,2 321 337
Coefficient "A” {en %}

Feuilles adultes 6.9 78.1 7.8 67.4

Feuilles intermédiaires 10.2 13 14 86
Giobal {Aduite+intermédiaire} 487 80,2 57.9 451
Leaf Area index {Faisceau/cm? 1052 236.2 2749 3457
Leaf Area index {m¥m?) S4 174 187 133

Tableau 1. Valeurs moyennes annuelles des parametres phénologiques dans I'herblier de
Fanse de Kouali entre juin 1992 et juin 1993.

Les résultats obtenus (Tableau 1) sont comparables a ceux des herbiers dans
d’autres régions de la Méditerranée pour des profondeurs équivalentes (Tableau 2).
Toutefois, les valeurs de L.A.l./faisceau sont plus importantes dans notre cas,
principalement au niveau du récif-barriere.

Porgent e1al,.1988 Giorgi ot al. 1883 Pergent et al.. 1388
Port-Cros Pon-Cros Urla (taroar)

[Profondeur (-0.7m) {-2m} (- 1Im}{{0.3m) {-0.7m) (- 22m}(0.3m) (C.8m) {(-2m}
Densité (Nb. faisceaux/m?) 942 645 317 a6 640 528 510
Nombre de feuities 5.1 58 54 48 81 55 53 58 £.4
Longueur des feuilles {mm) 240.2* 2938 3163"

Feuilies adules 386 401 395 226 408 355

Feuilles imemadiaires 72 308 258 155 243 238
Largeur des feuilles (mm) 9 kN 95

Feuilles adulies 8.4 10 105 8.7 28 8.3

Feuilles intermédiaires E g8 102 84 94 8.4
Longuaur du pétiole {mm} 305 3289 849; 209 344 437 208 298 28.2]
Coefficient "A" (en %}

Fevilles adultes 737 648 275 817 786 74

Feuilies intermédiaires 283 7 3.8 184 112 112

Giobal (Aduit+interm) §75 512 182 541 514 481
Leaf Area Index {Faisceau/om?) 87 153 133 81 12t 166! 91 187 182
Leaf Area index {m*m? 8.2 38 4.2 82 11 108 48 212 9.8

Tableau 2 . Parameétres phénologiques relevés dans la littérature pour différentes localités et
profondeurs. (*) valeurs globales.
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FISHERY AND BIOLOGY OF ARISTEUS ANTENNATUS, RISSO
1816 ON MAJORCA ISLAND WATERS

Aina CARBONELL and Franco ALVAREZ
LE.O. Centro Oceanogréfico de Balears. Apdo. 291, 07080 Palma de Mallorca, Spain

The deep water shrimp Aristeus ersentas
antenmatus is the deepest exploited 14 oo it
species of the Western
Mediterranean and one of the most |
important resources for the bottom
traw] fishing fleet of the Majorca i
Island where 40 vessels out of 60 1o |
specialise in fishing for shrimp. H
Although the catches constitute
only 5-7 % of the total catch, it is
among the main species, in terms
of commercial importance, .
reaching more than 25 % total
incomes. The shrimp is mainly |
fished between 400 and 850 *-
meters depth on muddy bottoms.

We study here some biological -
aspects of A. antennatus in the
Western Mediterranean, carried :
out in Majorca, analysing growth 0 ST e TR e T
and reproductive aspects. A total T 16 20 24 28 32 38 40 44 4B 52 55 60 64
of 6212 females and 1960 males
of A. antennatus were collected by
commercial bottom-trawl gear -
during 1992, from sampling
carried out monthly and quartely
during the reproduction
period, either on board
commercial trawlers or from
landings. Sex, maturity stage
and size (carapace length, in
min, taken the right orbital :
margin to the mid posterior b MR
edge of the carapace) were { T
taken. The annual length I F
frequency distribution, c/
obtained from the monthly
samplings performed, sho-
wed a range of exploited size
comprised between 15 to 61
mm Le in females and 15 to
38 mm in males. The mean
size was 36 mm in females
and 26 mm in males (fig. 1).
The size at first maturity was estimated by running the program LIONOR and was found
to be 29 mm in females and 19 mm in males (fig. 2). The reproduction period last several
months, from April to October. The highest proportion of spawing fernales was found
during Jure, July and August (fig. 3). The sex ratio estimated from catches was very far
from the relation-ship 1:1, fernales constituted the major part of the catch, between 87 and
61% (fig. 4). The parameters of the length-weight relationship were estimated from the
sampling mentioned above and were :

]

4]

Cefaiotorax length {mm)

temalos - roles

Fig.1. Mean-year fength frequency distribution
percontage
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Cefalotorax length (mm)

- fem.est. " mal.obs f

© tem.obs ~ malest

Fig.2. Maturity as a function of length

a b r n
fernales 0.00299 24139 0.9491 2447
males 0.00511 2.1470 0.9079 630
Parameters of the von Bertalanffy growth equation Loo and k were estimated for each sex
by running the program ELEFAN (GAYANILO et al., 1988) on the overall size distribution:

L, mm kyr! ty
females 74.0 0.38 0.07
males 46.0 047 0.13

The results obtained for

the monthly evolution of the 1 (5 femeles SSimes s
gonadosomatic index (GSI) | N i
and the percentage of mature 3
specimens are very similar to 12 25

those obtained in other areas
of the Western Mediterra- y ;
nean. Growth of the popula-  &- E

tion showed females growing 4. w18

at a relatively slower rate : ; 1

than males. All this results 4

show that the population of b | <06
- N i

A. antennaius 1s overexploi- R
ted as in other areas of the
Western Mediterranean.

Poomov v W VIe VD X X Xt Xi
—~— Femates £ Males
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ACOMPANYING FAUNA OF THE SHRIMP
(ARISTEUS ANTENNATUS) FISHERY OFF MAJORCA ISLAND
(NW MEDITERRANEAN)

Aina CARBONELL, Enric MASSUTI, Olga RENONES and Franco ALVAREZ
LE.O. Centre Oceanografico de Balears. Apdo. 291, 07080 Palma de Mallorca, Spain

The muddy bottoms in the middle slope off south Majorca between 400 and 800
m depth, have been exploited by trawling nets since the beginning of the 1960's
(OLIVER & DAROCA, 1975). It is a monospecific fishery directed, almost
exclusively, to the capture of red shrimp (Aristeus antennatus) and their landings
have oscillated, since 1960, between 130 and 440 tonnes (OLIVER &
CARBONELL, 1992).

A research project os this species has been carried out since 1991. This paper
describes the accompanying fauna of A. antennatus from 12 samplings carried out on
board commercial fishing boats dedicated to their exploitation. The hauls were made
betweeen 400 and 750 m depth, with a duration from 360 to 450 minutes.

A total of 79 species (60% fishes, 24% crustaceans aznd 16% cephalopods) have
been captured (Table 1). The majority of these species are not of commercial interest
and are discarded. Others are captured very occasionally but in too small quantity to
be commercial, and only some of them could be considered as a by—catch of the
fishery : P. blennoides, M. poutassou, M. meriuccius, G. melastomus, A. foliacea, N.
norvegicus, G. longipes and Plesionika spp. However, this by—catch is of little
importance if it is considered that the object species of interest represents more than
50% of the commercial capture (a mean value of 60%, between 25% and 85%), with
this percentage increasing if the economic value is considered.

FISHES

Galess selastoms
Datatias ficha

Etwopterus spinax

i Chimzera monstrosa

{ Mepocephalus rostratus
Argyropelecus hemigyams
Chauliodss stoani

Stozias boa
Chlcrophthalevs agassizii
Bathypterois eediterraneys
Senthosesa glaciale
Lasoanyotus crocadilus
Hyctophus punctatus

Macrorzephosys seolepax
Coetorkynces coelorhynchus
Hysenocephalys ftalices
Nerumia aequalis
Herlyccius serluccivs
Sadiculus argenteus
¥icromesistivs poutassou
Woiva 4. mcrophthalee
Phycis hiernoides
Lepidion lepidion

Hora moro

Hoplostethus sed; terraneus
Epigoms denticylaivs
Epigenus telescopus

iyiins Barbates

Trachystoraia ¢, ethinata
Reristedion cataphractus
tepidorhosbus boscii
Symphurus lgulatus
Syephyrus nigrescens
{ophivs piscatoriss

CRUSTACEARS
Aristaesorpha foiiaces
Aristess antennatus
Sclenocers sombranacea
Farapenaeys longirostris
Funchalia woodwardt
Sergesies sp.

Pasishasa suitidentsta

Hephrogs mvegices
Palycheles typhlops
Palinres seuritanicus
#Hunida perarsata
Paramoia cuvieri
Hacropipus taberculatus
Geryon longipes

CEPRALOPODS

Neorsssia caroli

fendeletida winar
Chienopteryx sicula
Racistrotauthis Ticktensteinii
Histivteuthis booneitis

THex coindetti

Kotolepis risser
Paralepis coregoncides
Reamichihyy sootapaceys
Kettastoma selenyrim
Conger conger

' Hotacanthus bonapertss

Huitus surauletus
Pagellys acarne

Pagellys bogaraveo
iepidopus caudatus
Synchirgpus phaston
Helicolenus dactylopterus

Acanthephyra exiwia
Pleisinika heterocarpus
Pleisionika wrtiz
Plasionika acanthonctes
Processa canaliculats
Pantocaris lacazet

Todarudes sagittatys
Chirnteuthis veranii
Octopus salutii
Eledone cirrboss
Sathypolypus spensalis
Argunaste argo

Table 1. Species identified in the trawling fleet catches off south Majorca,
between 400 and 750m depth.

The main fishes with a regular presence in the by—catch are P. blennoides and M.
poutassou, shich represent 10% (between 4% and 17%) and 7.5% (between 1% and
24%), respectively, with a size range of 946 cm for the first (fig. 1a) and 1342 cm
for the second (Fig. 1b). M. merluccius and G. melastomus are other species that are
not always captured in important quantities. However, the majority of M. merluccius
catches are specimens of large size (Fig. 1¢) that obtain 2 high price on the market,
and G. melastomus is a species that is captured in large quantities at these depths
especially in areas of little exploitation (MASSUTI & OLIVER, 1975).

Among the crustaccans, the species of the genus Plesionika have a regular
presence, are commercialised together, and are the main important by—catch of the
fishery with a mean value of 7% and a range between 2% and 18%. A. foliacea is
another species that in some SE areas of the Island can represent up to 15% of the
shole capture, with a carapace length range between 24 and 66 mm (fig. 1d).
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Fig. 1. Size-frequency distributions: a) P. blennoides (n=1637). b) M. poutassou
(n=315). ¢} M. meriuccius (n=107). d) A. foliacea (b=277)
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OBSERVATIONS SUR LA FLORAISON DE BOUTURES DE
POSIDONIA OCEANICA CULTIVEES EN AQUARIUM
DEPUIS SEPT ANS

Gilberte CAYE, Jérome BLACHIER et Alexandre MEINESZ
Laboratoire Environnement marin littoral, Université de Nice-Sophia Antipolis, France

Une collection de Posidonia oceanica en aquarium a été réalisée en mai 1986 a
PUniversité de Nice a partir de boutures orthotropes. Celles-ci ont été prélevées entre 3
et 4 m de profondeur dans trois herbiers : 2 Golfe-Juan et a Villefranche-sur-mer, sur les
cbtes continentales francaises et autour de I'fle de Cavallo dans I'archipel des Lavezzi en
Corse. Ce dernier herbier présentait des floraisons fréquentes, suivies de production de
fruits; les deux autres herbiers fleurissaient plus rarement et les émissions de fruits
é&taient encore plus rares (CAYE et MEINESZ, 1984). Au moment de leur récolte, les
boutures prélevées en Corse portaient, dans leur bouquet de feuilles, la base d’une
hampe florale desséchée témoignant d’une floraison a I"automne précédent (1985).
Apres deux ans de culture en aquarium, dans les mémes conditions de substrat (sable
coquillé dans des pots de flear), éclairement en lumire naturelle & des températures de
22°C en juillet-aoiit et 18°C le restant de I'année, les boutures de Corse ont montré le
taux de ramification le plus élevé et une apparition plus tardive des racines adventives
(MEINESZ et al., 1991). Depuis 1990, la collection réduite 4 4 pots par provenance, soit
12 pots contenant chacun une a deux boutures (total de 20 boutures), a €t€ maintenue en
culture dans les mémes conditions. En 1993, ces boutures bien adaptées a la vie en
aquarium présentaient un 4 six apex avec des feuilles de 42 cm 4 76 cm de longueur
maximum, caractéristiques comparables 4 celles des posidonies vivant en mer (Tabl. I).
Tableau . Caractéristiques des boutures de Posidonia oceanica en collection dans les aquariums

en septembre 1993 (nombre d'apex et type de croissance de I'apex terminal) et en juillet 1993

{longueur maximum des feuilles). * : boutures portant une inflorescence en septembre 1993,

N°pots N°boutures N°apex Longueur max. Type de
P des feuilles (cm) _croissance de 'apex T.
Villefranche 1 1 4 74 plagiotrope
2 3 60 plagiotrope
2 1 4 55 plagiotrope
3 1 2 42 plagiotrope
2 2 85 orthotrope
4 1 2 80 plagiotrope
Golfe-duan 1 1 3 38 orthotrope
2 1 8 59 plagiotrope
3 1 3 70 plagiotrope
2 1 83 plagiotrope
4 1 4 62 plagiotrope
2 2 61 plagiotrope
Corse 1 1 1 62 orthotrope”
2 1 60 plagiotrope
2 1 2 59 orthotrope
2 1 76 plagiotrope
3 1 2 48 orthotrope*
2 2 52 plagiotrope
4 1 3 72 orthotrope
2 2 70 plagiotrope

Sur ces 20 boutures vivant en aquarium depuis plus de sept ans, deux d’entre-elles,
ariginaires de Corse, ont fleuri a I'automne 1993, Les fleurs sont apparues 2 une semaine
d’intervalle (les 13 et 20 septembre) au stade bouton floral, en position terminal sur 1’apex
principal qui présentait alors une croissance orthotrope. Dans les premiers stades observés,
le bouton floral était entouré de bractées vertes; d’abord an nombre de deux, elles se sont
multipliées au cours des 15 jours suivants. Trois semaines aprés le premier stade observé 4
deux bractées florales, une inflorescence 4 trois épillets est apparue sur les deux boutures de
Corse; le 5 octobre les premiéres anthires déhiscentes ont &té observées. L'inflorescence
Corse 3, la plus précoce, présentait sur le premier épillet, en partant de la base, deux fleurs
hermaphrodites et une fleur male terminale, sur le deuxieéme, une fleur hermaphrodite et une
fleur méle terminale, et sur le troisiéme, trois fleurs hermaphrodites. L'inflorescence Corse
1, plus tardive, présentait sur les trois épillets une seule fleur hermaphrodite, avec une fleur
male terminale sur le premier épillet. Le 11 octobre, I'inflorescence de Corse 3 avait déja
perdu les sacs polliniques de ses antheéres alors que P'inflorescence Corse 1 était encore
déhiscente. Le 25 octobre, les jeunes fruits verts sont apparus. Is se sont développés et ont
atteint en moyenne 5 mm de long, début novembre. Sur I'inflorescence Corse 3, un fruit
sité sur le troisieme Epillet s’est développé alors trés rapidement, présentant 1 cm de long
fin novembre. Au contraire, les autres fruits ont arrété leur développement sur les deux
inflorescences. Début décembre, le gros fruit de Corse 3 est tombé et les inflorescences ont
commencé & brunir. De janvier 2 mai 1994, les inflorescences desséchées sont restées
attachées aux posidonies, la croissance de I’apex a repris par le développement d’un
bourgeon axillaire. La chronologie de la floraison observée en aquarium a partir du 13
septembre 1993 sur deux boutures provenant de Corse fut donc la suivante : le jeune bouton
floral 4 2 bractées a mis trois semaines pour permettre 1"épanouissement de I'inflorescence;
Ia déhiscence des étamines et donc la fécondation se sont déroulées pendant une semaine
pour chaque inflorescence (toutes les fleurs n’étant pas matures en méme temps); aprés la
chute des sacs polliniques, les jeunes fruits se sont développés trés rapidement; en 15 jours
ils ont atteint 5 mm. Dans cette floraison observée en aquarium, les fruits & peine formés ont
montré un arrét de leur développement qui aurait probablement donné lieu & une chute des
inflorescences en mer, sous ['effet de ’hydrodynamisme. I est en effet fréquent de trouver
des inflorescences de P. oceanica échoudes sur les plages en hiver (PERGENT, 1985;
CAYE et MEINESZ, 1984). Ces floraisons en aquarium ont également montré qu’un
méme apex pouvait porter une floraison & 8 ans d’intervalle (sept. 1985 et 1993); dans les
cas observés, ces apex présentaient une croissance orthotrope au moment de leurs
floraisons, mais ils avaient traversé une période de 3 2 4 ans en croissance plagiotrope aprés
leur introduction dans les aquariums. La période pouvant séparer les dates de deux
floraisons successives sur un méme apex est sans doute plus ou moins longue selon les
conditions de vie de la plante: par la méthode de la lépidochronologie, une période de 10
anndes fut également mise en évidence (PERGENT, 1987). 1l faut également remarquer
que dans les mémes conditions de vie, ce sont les posidonies de Corse, prélevées dans un
herbier dont les floraisons étaient les plus fréquentes, qui ont fieuri en aguarium.
Indépendamment des conditions du milien, I"aptitude & fleurir semble bien &tre une
caractéristique soit héréditaire, soit lide & 1'age des populations ou des individus.
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AN ESSAY OF THE USE OF THE HABITAT EVALUATION
PROCEDURE IN THE PLANNING OF A MARINE RESERVE
(PELAGIAN ISLANDS, SOUTH MEDITERRANEAN)

Renato CHEMELLO and Silvano RIGGIO
Istituto di Zoologia dell'Universita di Palermo. via Archirafi, 18. 90123 Palermo, Italia

The Pelagian archipelago includes 2 major islands : Linosa, further north,
Lampedusa, about 30 mls south, with the rock of Lampione. The former is an
extinct volcano, made up of recent olivinic and feldspathic basalts rising on a
platform of eruptive debris; the latter isles are a calcareous protrusion of the African
shelf; their substrata are a mixture of holocoenic sandstone and miocoenic dolomitic
rocks. The good state of their coastal environment and the high landscape diversity
makes the Pelagian islands an appreciated touristic resort and a major biological
reserve as well. The need for a conservative management of the coastal system has
boosted a comprehensive bionomic survey (CHEMELLO and DI GERONIMO,
1992), whose results are still under examination. The perspective of setting up a
marine reserve has led us to apply to the Pelagian biotopes some of the most
advanced methods used to assess the value of terrestrial areas. A major drawback
has been to find marine biological indicators corresponding to the terrestrial ones;
the rarity of endemic and/or significant taxa has made our task particularly difficult.
Therefore we have adjusted the available information in order to fit the main
guidelines of the U.S. Fish & Wildlife Service and worked out the data according to
a modified version of the H.E.P. (Habitat Evaluation Procedures) applied to the
conservation of marine coastal areas (CHEMELLOQ, 1991). Methods and results are
summarily reported in the following text : three different scales of indicators of
ecological interest have been chosen, values have been assigned to single areas, and
the results have been combined to obtain a comprehensive coefficient of the
importance of each biotope and/or community. The Mollusc syntaxon has been used
as basic descriptor. Twelve major environmental units (EU) have been identified,
each encompassing a homogeneous coastal section, suited for one sampling and two
bionomic transects, statistically representative of the biotic systems. The following
parameters have been chosen: extension (EX); environmental health (EH);
anthropic interest (Al); protection of terrestrial systems (SP); environmental
diversity (ED). From paired comparison of the main values, the most important
criteria have been referred to as : EH, SP, ED. Criteria and relative weights (RW)
assigned to each EU have been arranged in a matrix, where numbers were
respectively 0.1, 0.3, 1.0. Relative values (UVR) of EUs have been obtained by
multiplying the value of each EU by the RW assigned to the single criteria. The
actual value (HRV) calculated for each EU has been obtained by the UGVR/MUVR
(= maximum recorded UVR) ratio. The highest numbers have characterized the 11th
and 12th sector of Linosa as well as the 4th sector of Lampedusa, whereas the
lowest HRVs have been recorded in in the 1st, 2nd and 8th sectors of the same
island. The following 7 criteria have been selected for the calculation of the
naturalistic, scientific, and recreational index (NSRV): naturality (NA). aesthetics
(AE), biotic diversity (BD), water quality (WQ), naturalistic (NI), economic (EI)
and recreational interest (RD) : NA, EI and AE have been identified as highly
significant. The 12 EUs have been ordered in a matrix using the same procedure as
above. The 7th, 2nd and 1st sectors of Lampedusa have shown, in the order, the
highest values, especially referred to BD. From cross comparison of the HRVs and
NSRVs a scale of importance of the coastal sectors has been created : the 11th and
12th sectors of Linosa and the 7th sector of Lampedusa have ranged in the top three.

A list of significant biotopes has then been made, using the following selective
criteria : extension (ET), resilience (RE), diversity according to Shannon (DH); early
sensitivity (ES), that is, the ability to respond quickly to habitat alterations; easiness
of control (CE), expressing the availability of monitoring facilities; anthropic
importance (AT), related to educational and economic fruition; autochthonicity
(AH), quantification of the importance of endemic or rare organisms. DH, ET and
CE have appeared most suited to our survey; RE and ES have been of less use. The
following parameters have been chosen to calculate the sensitivity index (SI):
resilience (RL), species richness (SR}, biotic diversity (BD), species rarity (SY), size
criticity (SC), functional specificity (FS), specific sensitivity (SS), generic sensitivity
(GS). BD has been confirmed as the most signficant sensitivity criterion, followed by
SS, FS, SC, GS. Use of SI has stressed the primary role of the Posidonia oceanica
meadow, followed by the photophilous infralittoral settlements and the fringe
communities. Our results have enabled us to identify and assign importance values to
the areas more worth conservation, and therefore put forward an overall plan of the
forthcoming reserve, as illustrated in Fig. 1.

B I

Fig. 1: the Islands Lampedusa and Linosa, with location of zones A, B and G, suggested by HEP.
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LINKS BETWEEN SEDIMENT POLLUTION
AND CAULERPA TAXIFOLIA PROLIFERATION

1. R. M. CHISHOLM!, F. FERNEX2, D. MATHIEUZ2 and J. M. JAUBERT!

! Observatoire Océanologique Européen (OOE), Centre Scientifique de Monaco
(CSM), avenue Saint-Martin, MC 98000, Monaco
2 Laboratoire de Géochimie Isotopique, Université de Nice - Sophia Antipolis,
Parc Valrose, 06108 Nice Cedex 2, France

Under laboratory conditions, the productivity of free-living Mediterranean
samples of Caulerpa taxifolia (Vahl) C. Agardh is unremarkable. Winter-acclimated
specimens exhibit rates of net photosynthesis that fall well within the range of all
reported productivity estimates for other species within the genus throughout the
normal range of seawater temperatures encountered annually on the Cote d'Azur
(GAYOL et al., in press). Similarly, the growth rate of C. raxifolia is slow when
samples are cultured in aquaria on beds of nutrient-free, glass beads (ca 2 mm diam.;
unpubl. data}. Typically, resources are directed toward stolon and rhizoid production
rather than frond growth. These observations indicate that substrate chemistry may
significantly influence the growth of C. taxifolia in the field.

During August and September 1994, we analysed a suite of biogeochemical
properties of the interstitial waters of sediments removed from within: 1) the C.
taxifolia population existing below the Musée Océanographique de Monaco; 2) a
dense meadow of Posidonia oceanica in the Larvotto Reserve; 3) a mixed population
of both species at Cap Martin; and 4) a mixed population of both species between the
port of Fontvielle and Cap d'Ail.

Remarkable differences were observed in ammonium potentiality and production
between the first two and the last two sites. At Cap Martin (3) and near Cap d'All (4),
environments which now support vigorously growing populations of C. taxifolia, the
microbial capacity of sediment interstitial waters to reduce a variety of added organic
nitrogen substrates and generate ammonia was feeble. In contrast, actual ammonium
production within sediment interstitial waters was much higher at sites 3) and 4) than
at sites 1) and 2). These data indicate large supply rates of bacteria-taden organic
material to the seabed at Cap Martin and near Cap d'Ail but almost no microbial
activity within the sediment itself for subsequent transformation of organic nitrogen.
These microbial contra-indicators are typical of sediments polluted by waste-water
discharges.

Sediment interstitial water parameters below the Musée and in the Larvotto
Reserve were for the most part comparable. It may be significant that photographic
records now demonstrate a reduction in C. taxifolia abundance below the Musée. An
optimistic view may be that ten years of vigorous C. raxifolia growth in this
environment has had a remedial effect on sediment quality.

We tentatively conclude that anthropogenic pollution probably first causes
degeneration of P. oceanica meadows. The resulting base of dead organic material.
together with continuing inputs of human waste from sewage outfalls then creates a
resource for C. taxifolia which appears better able to survive in polluted
environments. Fluorescence and scanning electron microscopy confirms the presence
of large numbers of bacteria living in association with the surface of the subterranean
rhizoids. Preliminary measurements indicate that these populations are supplied with
oxygen during photosynthesis thus facilitating aerobic microbial nutrient cycling. a
process that would have obvious advantages in anaerobic sediments. Enhanced
bacterial degradation of organic material and possibly also direct uptake of organic
substances by C. raxifolia itself would serve to promote the remediation of polluted
sedimentary environments.
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DEUX ASPECTS SAISONNIERS DU PHYTOBENTHOS DANS LE
GOLFE DE MALIAKOS (MER EGEE, GRECE)

CHRYSSOVERGIS F. et PANAYOTIDIS P.
Centre National des Recherches de la Mer, 16604 Agios Kosmas, Athénes, Gréce

Le golfe Maliakos situé & la limite du secteur septentrional et du secteur central de
la Méditerranée orientale (PERES et PICARD, 1964 ) présente un grand intéret
écologique et phytogéographique. Cing stations (A, B, C, D, E) ont été choisies sur
un gradient d’eutrophisation partant de I'embouchure de la riviere Sperchios (Station
A dans le golfe Maliakos) vers la mer Egée (Station E). Dans chaque station, deux
séries de prélevements saisonniers (hiver - été) ont été effectuées sur des quadrats de
20 ¢m x 20 cm. Dans chaque prélevement, nous avons effectué une analyse
qualitative et quantitative du phytobenthos (BOUDOURESQUE, 1971).

Le spectre floristique du phytobenthos comporte 186 espéces dont 98
Rhodophycées, 40 Phaeophycées, 31 Bryopsidophycées et 16 Chlorophycées. Le
nombre d'espéces par relevé varie de 8 4 49 (avec un nombre moyen de 32). Le golfe
Maliakos donc semble étre plus riche en especes que le golfe Thermaikos situé dans
la partie septentrionale de la mer Egée avec 121 espéces citées et 12 & 31 espéces par
relevé (HARITONIDIS, 1978) mais moins riche que I'ile de Milos située dans la
partie sud de la mer Egée avec 190 espéces citées et 28 a 107 espéces par relevé
(LAZARIDOU, 1993).

Les résultats de notre étude sont présentés sommairement sous forme de tableaux
des valeurs de la Dominance Qualitative DQ , de la Dominance Quantitative DR et
de la Tension ‘¥ des prélevements hivernal et estival.

En ce qui concerne la DQ, on remarque une diminution caractéristique des valeurs
des Chlorophycées au fur et & mesure qu’on s’éloigne de la source de nuisance. Les
valeurs de la DQ des Phaeophycées, au contraire, présentent un accroissement qui
suit le gradient.

La DR des Chlorophycées ainsi que des Bryopsidophycées montre des valeurs
trés hautes (hiver corime été) aux stations A et B dues a la présence des especes
caractéristiques de pollution comme Ulva lactuca et Ulva rigida. La DR des
Phaeophycées augmente beaucoup aux stations C, D et E. Les valeurs trés hautes de
la DR sont dues 4 la présence de différentes especes du genre Cystoseira qui est la
caractéristique de la phytocénose de I"infralittoral supérieur.

La Tension des Chlorophycées est >1 en hiver aux stations A et B fait qui signifie
que les Chlorophycées sont bien adaptés dans ce biotope. La Tension des
Phaeophycées est >1 pendant toute ["année & toutes les stations et augmente aux
stations C. D et E. La Tension des Rhodophycées est >1 seulement aux stations A et
B pendant I'éié.

PRELEVEMENT HIVERNAL

A B 9 D E
DQ% CHLOROPHYCEAE 2247 | 2477 | 1465 | 695 911
DQ% BRYOPSIDOPHYCEAE 1268 | 1769 | 744 | 1368 | 1473
DQ% PHAEOPHYCEAE 1428 | 972 | 2585 | 26.15 | 20.54
DQ% RHODOPHYCEAE 5066 | 4702 | 5205 [ 5322 | 55862
DR% CHLOROPHYCEAE 2982 | 5810 | 234 0.10 058
DR% BRYOPSIDOPHYCEAE 4.47 1137 | 108 4.85 5.51
DR% PHAEQPHYCEAE 2189 | +1.89 | 80.14 | 70.32 | 64.34
DR% RHODOPHYCEAE 43.82 | 20.63 | 1644 | 24.73 | 2957
W CHLOROPHYCEAE 1.33 2.30 0.18 0.01 0.06
W BRYOPSIDOPHYCEAE 0.38 0.63 0.14 0.36 0.38
Y PHAEOPHYCEAE 1.52 1.33 3.13 271 3.21
W RHODOPHYCEAE 0.87 0.43 0.32 0.46 0.53
PRELEVEMENT ESTIVAL
A B Cc D E
DQ% CHLOROPHYCEAE 1924 | 1023 | 1386 | 12.21 9.26
DQ% BRYOPSIDOPHYCEAE 1216 | 2273 | 7.85 | 1233 | 1379
DQ% PHAEOPHYCEAE 14.22 2.78 16.89 | 2369 | 2838
DQ% RHODOPHYCEAE 5439 | 6427 | 6138 | 5178 | 4857
DR% CHLOROPHYCEAE 5.07 7.72 572 0.48 .30
DR% BRYOPSIDOPHYCEAE 9.5 19.80 | 1.38 672 5.35
DR% PHAEOPHYCEAE 8.44 462 | 3474 | 5086 | 72.67
DR% RHODOPHYCEAE 75989 | 6786 | 5815 | 4196 : 2168
W CHLORQOPHYCEAE 0.27 - 0.44 0.04 0.03
Y BRYOPSIDOPHYCEAE 0.91 0.90 0.13 0.54 0.39
YW PHAEOPHYCEAE 0.67 - 2.12 2.16 257
W RHODOPHYCEAE 1.42 1.08 0.85 0.81 0.45
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MORPHOTYPES DIFFERENTIATION
AS AN ADAPTIVE STRATEGY :
AN EXAMPLE IN A CORALLIGENOUS COMMUNITY

S. COCITO, M. MORGIGNI, S. SGORBINI
ENEA-CRAM, S. Teresa, CP 316, 19100 La Spezia, Italy

Studies of biodiversity, as the expression of complexity of a biological structure
both at the community and species level (COGNETTI G. & CURINI-GALLETTI
M., 1993), has received increasing interest in recent years. Among the hard bottom
marine communities coralligenous formations (sensu PERES & PICARD. 1964)
exhibit such a high degree of complexity and diversity as to be considered a
polybiocenotic species assemblage (PICARD, 1985).

Investigations on zonation and morpho-functional aspects of coralligenous
communities on a rocky shoal in the Ligurian Sea (COCITO et al., 1994), showed
the existence of peculiar environmental conditions, mainly hydrodynamics. which
have yielded diversification in microbiotopes. Among surface-dependent organisms
an array of growth forms was identified as adaptive structural fitness.

This study emphasizes the presence of two zoarial types for a bryozoan species
(Pentapora fascialis, Pallas, 1766). clearly distinguished in shape, size, pattern of
growth and distribution. Visual surveys and in sity measurements were carried out in
the summer of 1991 by SCUBA diving along radial transects on the shoal.

The first typology (fig. 1) was exhibited by Pentapora fascialis zoaria, small in
size and with slender branches giving a reticulate appearance; these were common
in the shallower zone, near the top of the shoal (16 m deep) and almost absent on
the channel cliffs. The second form, identified as Pentapora fascialis f. foliacea,
was the predominant component of the benthos on the rocky, current swept
bottoms (from 18 to 26 m), which in turn terminate close to the muddy bottom.
The colonies, composed of thick, robust foliaceous laminae, were of spectacular
size (@ 82 cm max.).

Fig. 1: Distribution of the two zoarial types.

Discussions as to whether the two types belong to different species (GAUTIER,
1962) or if they represent a case of ecotype (ZABALA, 1986) have already been
dealt with. Traditional taxonomic procedure utilized to distinguish bryozoan species
are not always exhaustive because of numerous modifications of skeletal properties
taking place during growth of the colony.

In any case. morphological and ecological characteristics evidenced in the study
area indicate the presence of two forms, whose trophic capacity strictly depends
upon food capture surface (JACKSON, 1977), adapted to different environmental
conditions.

We conclude that colony shape is affected as much by interaction with the
biological environment, in particular food availability, as by physical causes that are
in this case water movement and siltation. In these terms, morphological
differentiation could be interpreted as an index of environmental diversity.

Although the study area represents a small scale biotope, it can be used to verify
correlation between biological diversity and the flexibility of response to different
environmental conditions.
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FISH COMMUNITY ASSOCIATED WITH
AN ARTIFICIAL REEF NORTH OF FORMENTERA ISLAND
(WESTERN MEDITERRANEAN)

J. COLL, I. MORANTA, O. RENONES and I. MORENO
Marine Biology Laboratory, Universitat de les Illes Balears 07071, Palma, Spain

An artificial reef moored in Playa de
Tramontana, between Punta Prima and
Recd des Calé, N of Formentera Island
(Fig. 1.), situated in 38°41°75'N 01°30°00°
E has been studied. The reef composed of
50 boulders of 8 m3 is 30 m deep and
occupies an aproximate area of 39.000 m2.

A
4.@—*2
\

3 The fish community established in the reef
after one year and its temporal evolution
3 over the course of two years is given. The

monitoring has been carried by visual
census, using scuba dives, in February, May
and September of 1992 and 1993. Nine to

v [+
A 7 Artificial

reef y
$ twelve previously marked boulders, located
on Posidonia oceanica meadows, were
Formentera sampled every time. The mean density for

each species and the average values of the
specific richness, diversity (Shannon-
Weaver), total density and the density of
categories 3, 4, 5 and 6 of HARMELIN
(1987) have been calculated. In order to
establish the temporal succession, the analyses of hierarchic classification and
correspondence have been taken into account. The community descriptive indexes
have been calculated by means of correlation analysis and ANOVA (SOKAL &
ROLF, 1979). Thirty nine species have been counted (Table I), the most representative
of which during the whole study have been: C. chromis, C. julis, S. tinca, D. vulgaris,
A. imberbis, S. mediterraneus, S. cabrilla, S. scriba, S. melanocercus, S. rostratus, L.
viridis, L. merula, S. doderleini, S. scrofa, B. rouxi and M. helena. The specific
composition of the samples was very similar during the study period. However, the
average number of species per boulder and the density of those belonging to categories
3, 4, 5, and 6 increased significantly from February 92 to the end of the study in
September 93 (Figs. 2 and 3). Therefore, colonization by most of the caracteristics
rocky bottom and Posidonia meadow species at 30 m had already taken place during
the first year, but the frecuency around the boulders increasd with time.

Fig.1. Situation of the artificial reef, north of
Formentera island

Febr. 92 May. 92 Sept. 92 Febr. 93 May. 93 Sept. 93
M. helena 0.3320.24  0.17z0.11 0.150.10 0.15+0.10  0.172017 0.09+0.09
E. caninus - - - 0.08£0.08  0.08+0.08 0.08+0.08
E. alexandrinus - - - 0.15+0.15 - -
E. guaza - - 0.150.15 - 0.42+0.23 0.18£0.12
S. cabiilia 1.67£0.17  1.33«0.14 1.0820.14 1.3820.35  0.67+0.14 0.1820.26
S. scriba 1.2220.76  0.83:0.32 0 .46x0.18 1.31x0.55  2.33z0.48 1.45x0.59
A. imberbis 2.00:0.71 2.08+£0.47 2.4620.48 254076  1.58+0.45 5.27+1.01
S. dumerifi 12.9£8.28 - - - 54.2242.4 10.5£7.40
S. umbra 0.1120.11 0.25+0.13 0.54:0.31 0.15+0.10  0.33:0.14 1.2720.78
M. surmuletus - - 0.31+0.17 0.31£0.17 - 0.45x0.37
D. annularis 0.11x0.11 0.67+0.22 0.69x0.24 0.3120.13  0.71x0.11 1.55+0.78
D. puntazzo - - 0.310.13 0.31£0.24  0.25+0.13 0.45:0.37
D. sargus - - 0.31:0.31 0.3820.24  0.75x0.43 3.00+1.47
D. vuigaris 1782072  2.17+0.58 3.46+1.54 8.31£3.39  2.50+1.64 2.45+1.60
8. cantharus - 0.08+0.08 - - - 0.3620.36
S. maena - - 11.6+11.5  6.332624 1.82£1.82
S. smaris - - - 3.15x2.08 - 3.64+3.64
C. chromis 73.4x12.0 £4.8+13.4 88.3£15.2 110£11.44  106x28.37 59.0+10.5
C. julis 15.2+2.18 18.4£2.11 21.7+3.09 243287 1712171 38.425.06
L, bimaculatus - 0.08+0.08 - - - -
L. merula 0.78+0.22  0.42x0.19 0.38+0.14 0.08+0.08 0.42:0.15 0.1820.12
L. viridis 0.33+0.24 - 0.1520.10 0.23:0.17 067019 0.82:0.18
S. doderleini 0.11+0.11 0.50£0.19 0.77+0.17 0.38£0.14  0.33£0.14 0.55+0.28
S. mediterraneus 0.98+0.26 2.58+0.15 2.00:0.44 2082050 2752049 2.82£0.54
8. mefanocercus  0.44x0.18  0.58+0.15 1.40.33 1.00£0.36  1.50+0.18 1.09+0.28
S. ocellatus - 0.50+0.19 - - - 3.9121.56
S. rostratus 0.33+0.17  0.58£0.19 0.3120.13 1.15+0.67  1.08+0.36 0.27+0.19
S. tinca 6.4422.16  2.92+0.61 1.3120.35 7.89+1.73  3.25:0.48 2.08+0.59
T. pave - - - - - 0.08+0.08
G. auratus - - 0.31£0.21 - 0.08x0.08 -
G. cruentatus 0.08+0.08 - 0.08+0.08 - -
G. geniporus - - 0.15+0.10 0.08+0.08  0.08+0.08 -
G. vittatus - 0.31£0.31 - 0.17£0.17 -
Gobius sp. 0.89+0.89 - - - - 0.08+0.08
B. rouxi 0.08+0.08 0.54+0.22 0.46:027  0.08+0.08 2.1822.18
T. delaisi 0.25+0.18 ¢.3820.21 - 0.83+0.27 1.55+0.51
Tripterigion sp. - 0.46+0.24 0.23£0.17  0.67=0.26 -
S. porcus - - - 0.08+0.08 - -
8. notata 0.33£0.17 0.17+0.11 0.15+0.10 1.082024  0.6720.28 -
Table 1.Mean density and standar error per boulder for all species censused.
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Figures 2 and 3. Corrrelation analysis between number of species (Fig. 2) and density of
categories 3, 4, 5 and 6 (Fig. 3) and time (1 : February 92 to 6 : September 93).
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PHENOLOGY OF A RECENT POSIDONIA OCEANICA
SETTLEMENT IN THE LIGURIAN SEA,
WESTERN MEDITERRANEAN

L. DAVICO and G. MATRICARDI
Istituto di Anatomia Comparata dell” Universita di Genova, 16132 Genova, ltalia

The litterature on Posidonia oceanica phenology is rich and reports data from
different geographical areas and depths of the Mediterranean Sea (BOUDOURESQUE
et al., 1984; BOUDOURESQUE et al., 1987). Information mainly concerns large
meadows and is often related to regression problems. Few data are available on the
phenology of a beginning settlement of the seagrass (COOPER, 1979; MEINESZ and
LEFEVRE, 1984). So, on 1992, we began to collect data on the dimensions and on the
phenology (shoot density, number of leaves per shoot, leaf length and width) of some
little tuft of Posidonia oceanica settled on hard substrate, at 4 m depth. near Cogoleto
(8°39° E, 44°24’ N) in the Ligurian Sea. No traces of living or death meadow have
been found all around the site. Local fishermen and SCUBA-divers, besides, agree in
dating four or five years back the first observation of these settlements of the seagrass.
Owing to the reduced size of the tufts (the largest is about 100 cm long and 70 cm
wide), a not destructive procedure has been followed to collect data in siru, by
SCUBA-diving, without sampling. All the dimensions have been measured in mm, by
a soft rule, while densities have been calculated from a 400 cm? surface and leaf counts
have been made by direct observation. By such a procedure, underestimates of
phenological parameters are probable : leaf base are not considered, youngest leaves
cannot easily be detected, etc. So, the reported results must be considered as a
preliminary information about the development of these Posidonia tufts.

Mean shoot density (calculated inside the tufts) is very high : 1327.0 shoots/m?
(s.d. 175.8). Although it is hard to compare this figure with the available information
about large meadows settled in comparable environmental conditions, we can observe
that the Prelo meadow (Portofino promontory : 9°13.6" E, 44°20.2° N; 4 m depth.
Personal observations) is characterized by a mean density of 670.0 shoots/m2 (s.d.
227.3) and that PESSANI er al. (1987) report for the Punta Garavano meadow (7°29°
E, 43°45’ N; 6 m depth) a density of 950 shoots/m?. In the Cogoleto tufts, the mean
leaf number per shoot is 4.6 (s.d. 0.3) and is quite different from that reported by
PESSANI er al. (1987) (8.5 leaves per shoot); on the other hand, this figure is similar
to that of the growing margin (plagiotropic axes dominant) of a large meadow 2.5 km
far from the tufts : 4.4 leaves per shoot (s.d. 1.0). Leaves dimensions differ from those
of other prairies: the mean leaf length of the tufts is 141.8 mm (base excluded) while
the mean length measured in the margin of the Cogoleto large meadow is 202.9 mm
(base excluded). Seasonal figures show a clear trend (fig.1): the highest mean length
has been measured in June (215.0 mm), the lowest in November (95.0 mm). BUIA er
al. {1992) report a similar
trend for intermediate and
adult leaves of a meadow at
5 m depth (Ischia island). 540 =
The mean leaf width of the =7 7° .
Cogoleto tufts is 7.8 mm
(s.d. 0.9), while the : )
Cogoleto meadow figure is el
9.0 mm and the Punta i
Garavano figure (PESSANI
et al., 1987) is 8.9 mm.
During cold season, the
mean leaf width of the tufts
is higher (8.1 mm in
November; 7.8 mm in
January), while in summer
is lower (6.5 mm in july).
Leaf area index (LAI)
shows a seasonal trend
related to the water
temperature (fig.2): the
lowest mean value has been
observed in November (4.2
m2/m?), the highest in June
(10.5 m2/m?2); a summer
decrease is evident.
PESSANI er al. (1987)
report a LAI of 15.8 m%/m2.
Phenological features quite
similar to those described
in this work have been
observed in a little tuft
sampled on May 1994 in
the Sori meadow (9°7" E,
44°23" N; 4 m depth), on
hard substrate. In this site,
the residuals of a largest meadow (deepest at present), scattered on hard substrate
widely not covered by Posidonia oceanica, show phenological parameters quite
different from the sampled tuft (data not published). The hypothesis that the Cogoleto
and Sori tufts represent a recent settlement of Posidonia oceanica is supported,
besides, by the growth observed at Cogoleto; single and randomly placed external
rhizomes, marked at the base of the youngest scale, showed a 7.0 cm/year elongation
during the experiment. More data are requested to confirm this hypothesis and to
describe the phenology of Posidonia oceanica during substrate colonization.
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ETUDES BIOMETRIQUES DE LA PALOURDE RUDITAPES
DECUSSATUS (LINNE, 1758) DU LITTORAL TUNISIEN

EL-MENIF N.1. LE-PENNEC M.>. MAAMOURI F.!

! Laboratoire de Biologic Animale. Fuculté des Sciences de Tunis. 1060 Tunisic
2 Lab. de Biologie Marine, Univ.de Bretagne occidentale. 29287 Brest Cédex. France

Alin de caractériser lex populations de palourdes de Tunisie et de les situer par
rapport & d autres populations méditerrandennes et atlantiques, nous avons réalisé
une étude biomérique qui fournit des résultats sur la croissance relative des diverses
proportions du corps el les changements qui peuvent affecter Panimal au cours de
son développement. L étude a é1¢ effectuée sur deux stations : celle de Gargour. sur
le Tittoral du golfe de Gabes (Sud tunisien) et celle de Menzel-Jemil. sur Ia bordure
est du lac de Bizerte (Nord tunisien). Dans chacune des stations. 360 individus ont
SI¢ réeolés & raison de 30 spéeimens par mots, Les prélévements ont é1é réalisés de
Janvier & décembre 1992, Les mensurations ont é€ effectudes a Tatde dun pied 4
coulisse gradué au 1710 de mm et d’une balance de précision & 0.01 ¢ pres. Les
diflérents parametres retenus pour cette éude ont 8¢ :

- la fongueur L. correspondant A la plus grande distance antéro-postéricure, parallle
a l'axe de la charniere.

- le poids [rais total de chaque individu W ¢

- le poids de Ta chair séche. apres séchage & I'éuve pendant 24 heures & 60°C. Weh-s,

- Ie poids des 2 valves débarrassées de la chair el étuvées jusqu’au poids constant : Weg.s.

Nous avons établi pour les deux sites les équations générales liant Ta fongueur
antéro-posiéricure au poids total frais. au poids de la chair séche et au poids de la
coquille stche. Les résultats obtenus sont répertorids dans le tableau 1 et illustrds
phiquement par les figures 1-2-3.

Reiution

Stating |

Extr.y sdx:

Fquutivns 'Y

LiWeg.s G
N

eanaio S

4 loxa.1%.88

Jwun 2T 03y - 7S

Tableau 1: Equanons liant la longueur au poids .otal frais, au poids de la chair séche et &
celui de la coquille séche. G: Gargour; M-j: Menzel-jemil; r: coefficient de corrélation: x et y:
valeurs moyennes de la longueur et du poids; Extr. x et y: valeurs extrémes de la longueur

et du poids; sdx et sdy: écart type; Test t: test de Student.

Relation longueur-poids total frais. La valeur de v = 0,98 proche de 'unité
montre 'éwroite relation existante entre ces deux variables. Les valeurs de la pente et
du test de Student nous permettent de déduire que alloméirie est majorante dans les
deux secteurs. La valeur du test de Ta pente @ tpe = L4 < 1.96 montre que la
croissance dans Jes deux sites est ITa méme. Cependant. la valeur du test de la position

tpo = 14.26 > 1.96 indigue que les individus de Gargour pesent plus que ceux de
Menzel-jemil quelle que soit fa taille de I'individu. En comparant nos résultats & ceux
fournis par GERARD (1978) et qui concernent des palourdes de Méditerranée (étang
de Thaw). de Bretagne (Kérity, Locmariaquer, Bindy. Moulin Mer. Douron ). d"trlande
(Galway) . par GRAS ¢t GRAS (1981} dans Ie bassin de Marcnne-Oléron et par
BREBER (1983) pour lu lagune de Venise. nous constatons que b croissance relative
du poids total frais est similaire entre Ie secteur Nord tunisien (Menzel-jemil) et Ta
fagune de Venise. Pour lu station de Gargour, les eroissances se situent entre étang de
Thau et celles des individus de ceux de la station de Locmariaquer.

Relation Longueur - Poids de la chair séche. Les valeurs de r (tabl. 1) nous permet de
déduire quil y a une trés bonne corrélation entre ces deux variables. Les valeurs de la pente
ot du test de Student montrent que Fallomélrie est minorante & Gargour et majorante &
Menzel- iunil En compuarant la croissance intersites, nous constatons. d’apres a valeur du
tpe = 2,32, quiil ya une diftérence significative en faveur des individus de Gargour jusqu™a
o taille 42-43 mm. Au-delix. la différence est au profit des individus de Menzel-jemil.

Relation Longueur - Poids de la coquille seche. Les valeurs de r proche de 1
montrent la bonne corrélation entre la fongueur et Ie poids see de la coquilie . Les valeurs
de la pente. supéricures & 3. dans les deux stations indiquent une allométrie majorante. Le
test tmontre gue Maugmentation du poids see de o coquilte est signilicativement
supéricure & celle de la longueur & Gargour, mais hautement significative i Menzel-jemil.
La valeur du tpe = 1.53 nous permet de déduire que la croissance refative de la coquille est
la méme dans les deux secteurs et que Ta différence n'est significative qu'au niveau de la
position (po = 20.26. En cffet. les individus de Gargour ont une coquille plus lourde que
celle de Menzel-jemil. gquelle gue soit la wille de la palourde.

[ S —

Figure 1-2-3: Relation entre la longueur et le poids frais total, le poids de la chair séche et le
poids de la coquille séche dans les stations de Gargour et de Menzel-jemil.
{ : Gargour . = . Menzel-jemil}

L éwde de Iévolution relative du poids o révélé que a croissance du W W est
supéricure & Gargour par rapport & Menzel-jemil. STagissant du Weh-s. la croissance
relative demeure meilleure jusqul la taille 42-43mm. Ces constatations nous permettent
de déduire que les conditions de milieu du site Sud sont plus favorables pour la
croissance de fa palourde gue celles du second site. En se plagant done du point de vue
Eeonomiyue. les palourdes de Gargour sont géndralement Ies plus avantageuses pour
Pacheteur. car fa dureté et U'épaisseur de la coguille réduisent le taux de casse au cours du
transport. Pour le consommateur, la palourde de Gargour est plus intéressante si L taille
est inféricure & 42-43mm. Au-deli. la palourde de Menzel-jomil devient intéressante Stant
donné que pour une méme longueur, son pourcentage de chair est plus élevé.
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ETUDE DU CYCLE REPRODUCTEUR DE LA PALOURDE
RUDITAPES DECUSSATUS (LINNE, 1758)
DANS LA REGION DU GOLFE DE GABES (TUNISIE)

EL-MENIF N.I LE-PENNEC M.2 . MAAMOURI F.!

I Laboratoire de Biologie Animale. Faculté des Sciences de Tunis. 1060 Tunisic
2 Lab. de Biologic Marine. Univ. de Bretagne Occidentale. 29287 Brest Cédex. France

La palourde Ruditapes decussatus. motlusque bivalve. gonochorigue. vit enfouie
duns le sédiment. On la rencontre sur tout e littoral tunisien. au niveau médio et infra-
littoral, notamment dans te Nord et surtout dans le Sud (Golfe de Gabesy.
L exploitation exagérée de cette esptee. tres demanddée sur fe marchd international, o
provogué un appauvrissement du milicu naturel qui a enregisteé, depuis 1982, une
diminution progressive de la production. Cette situation préoceupante nous a incité &
dudier le cyele reproducteur de cette espece, premi¢re étape dans Pacquisition des
buses biologiques néeessaires au démarrage de aquaculure. A terme. Fobjectif est
de produire du naissain desting. en partic. au repeuplement du milicu naturel. Chaque
mois d'octobre 1990 a décembre 1991, un échantillonnage de 20 individus a ¢ié
effectud & la station de Gargour (¢te notd du golfe de Gabés). Ces prélévements nous
ont servic d'une part. & la détermination apres biopsic du stade d'évolution de la
gonade ¢tabli selon 'échelle de LUCAS (19653 © Stade A: B: €t Ca - Cb et d"autre
parl. & Iétude histologique de la gonade. Dans ce cas. nous avons utilis¢ 1"échelle de
maturation Ctablic par LUBET (1959): Stade 0z 2 11z HI: HIAT: THA2: HEB: IIC: HID.
A partir de janvier 1992, nous avons poursuivi nos prélevements & la méme station ¢t
a raison de 30 individus par mois en vue de caleuler indice de condition, LTindice
retenu ¢ait celui de WALN et de MANN (1975) qui s™éerit

Wch-s
IC = ------ x 103
Weg-s

Le poids sec des échantitlons a &1¢ valué aprés séchage & étuve 2 la température de
60°C jusquan poids constant de la chair et des valves déposces sur p.zpiu‘ aluminium.
L étude histologique des gonades de Ja population de Gargour nous a permis de déduire
que la palourde de cette région est bradyetique (@ L\&.k Grald). En effel. il n'existe
pratiquement pas de repos sexuel de la gonade qui reste en activité durant toute T'annde.
Mais fe degré d activite varic sclon a saison. Cependant en janvier et février. 15% des
individus obscrvés ont une gonade vide. Celle-ci montre une forte activité de mars 2
déecembre chez fes miles et de début mai & fin décembre chez fes femelles. Lémission
gamétique s"élale durant cette période. avee deux émissions privilégides qui se situent
respectivement de fin mai & début juin ct de {in septembre & début novembre.

Quant aux variations de I'indice de condition. nous remarquons fa présence de
deux périodes de décroissances des valeurs (fig.1). Une. la plus étale. sc situe de
juin & novembre durant faquelle les valeurs descendent progressivement avee des
montées de faible amplitude pouvant traduire une restauration gonadique. Les
valeurs de 'indice de condition sont minimales en novembre. Par la suite. on assiste
A un accroissement de Uindice de 10% par rapport aux valeurs minimales pour chuter
de nouveau ¢n janvier. En {évrier. on observe une Kgdre remontde de Pindice yui
rechute en avril. Durant cette période. il v a vraisemblablement eu ponte. suite & une
restauration gonadique qui s"est déroulée dans la deuxicme quinzaine de mars.

En comparant les variations de Tindice de condition entre miles et femelles (fig.2).
nous pouvens déduire que miles ¢t femelles se comportent de Ja méme fagon en mars.
avril. mai et juin. A panir de juiliet. nous assistons chez les femelles 4 une restauration
gonadique suivie d'émissions gamdtiques qui se répdient périodiquement jusqu’en
décembre. Chez les miles. 'émission gamétique se produit de juin & septembre. Par la
suite. on assiste d une restauration gonadique qui .\"élcnd JusguTen décembre,

Figure 1 : Variation de V'indice de condition en Figure 2 : Varwat:on de indice de condition en
fonction du temps dans la station de Gargour fonction du temps dans la station de Gargour
{Sexes confondus) (M Male: ¥ : Femelle ).

Les résultats obtenus par 1"étude histologique se rapprochent de ccux fournis par
SARASQUETTE er «/. (1990) qui ont travaillé sur fa palourde japonaise Riditapes
philippingrum provenant de claires situdes duns les marais salants de Cadix {Espagne). Par
contre. la période de reproduction enregistrée pour les populations plus nordigues de
R. decussans est nettement plus courte (GALLOIS. 1977: GERARD. 1978: BREBER.
1980: LE PENNEC. 1981: BENINGER et LUCAS 1984, Bien que '¢tude histologique
et le caleul de Uindice de condition n"aient pas €& traités la méme annce. nous pouvons
dire que nous avons trouvé des résultats pratiquement identiques pour la période allant de
mars & décembre. Par ailleurs. les résultats obtenus & partir de I'¢tude histologique en
Janvier et février ont munlu I"absence de gametes, alors que Ta valeur de indice de
condition caleulé a révElé une 1dgére accumulation de matigre or rganique en février.
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EFFET DE CAULERPA TAXIFOLIA SUR LA PRO,DUCTIV1TE DE
DEUX MACROPHYTES MEDITERRANEENNES

E. FERRER. A. GOMEZ GARRETA & M.A. RIBERA
Unitat de Botanica, Fac. de Farmacia. Univ. de Barcelona. Barcelona, Spain

L’expansion de I"algue introduite Caulerpa raxifolia (Vahl.) C. Agardh en
Méditerranée (MEINESZ & HESSE, 1991) a provoqué, dans la zone colonisée, un
appauvrissement important de la flore algale autochtone (BOUDOURESQUE et al.,
1992). Les individus méditerranéens de C. taxifolia présentent un développement
remarquable et donnent lieu & des prairies étendues qui peuvent se développer sur toutes
sortes de substrats (BOUDOURESQUE er al,, 1992). 1l semble exister unc forte
compétition entre cette algue et les autres espéces phytobenthiques, notamment pour fa
lumiére. Il est difficile, pour I'instant, de savoir quels autres facteurs peuvent entrer en
action. La plupart des algues de I'ordre des Caulerpales synthétisent des composés
terpénoides & propiétés toxiques (PAUL & FENICAL, 1986). La libération de ces toxines
dans I'eau pourrait avoir un effet sur certains organismes marins. Le sujet de ce travail est
de démontrer si, en plus de la compétition pour Iespace et la lumigre, il existe une action
chimique de C. raxifolia sur le phytobenthos méditerranéen. Les expériences ont été
réalisées, saisonmiérement, de novembre 1993 2 aolit 1994. Les échantillons de C. raxifolia
ont été récoltés au Cap Martin (France), & 10 m de profondeur. Les taxons de la flore
locale testés ont été Cystoseira barbata (Goodenough et Woodward), C. Agardh f.
aurantia (Kiitzing) Giaccone et Gracilaria bursa-pastoris (Gmelin) Silva, provenant de la
Baie de Els Alfacs (Delta de I'Ebre, Espagne). Pour chaque taxon, on & fait une culture
monospécifique, utilisée comme témoin, et une culture mixte, ¢’est-a-dire avec C.
taxifolia, dans des aquariums de 40 I de capacité. Un systeme de tubes fluorescents de
lumigre blanche et froide a permis d’obtenir une irradiance, au niveau des plantes, de
Pordre de 150 uE m? 5!, La température de I'eau a été réglée sur 16, 13, 18 et 25°C, en
automne, hiver, printemps et €1¢ respectivement, et la photopériode a été de 12:12. Vingt-
quatre heures apres I'installation des cultures ont commencé les mesures de la production
d’oxygene des plantes, par le systeme d’incubation en bouteille (LITTLER, 1979). La
durée de chaque expérience a été de 15 jours environ. Pour chaque aquarium ont été
réalisées 5 incubations de fragments de 0.2 g de poids frais dans des bouteilles de 250 mi
disposées sur des plaques magnétiques et sous une irradiance de 300 uE m2 s'l. On a
obtenu des courbes de production nette exprimées en mgC gPS-! h-l. Le traitement
statistique correspond & une Anova et un test t de Student, avec un intervalle de confiance
supérieur & 95%. Au prinptemps et en été, la production nette des exemplaires de C.
barbata f. aurantia mis en contact avec C. taxifolia est significativement inférieure ( <
0.05) a celle des individus de cultures monospécifiques, avec une plus grande différence
pendant I'été. En automne, I'effet de C. rxifolia sur ce taxon se traduit trés irrégulidrement
et seulement entre le premier et le troisikme jour de I'expérience. En hiver, aucun effet
n'est détecté (Fig. 1). La résistance de G. bursa-pastoris & une éventuelle toxicité de C.
raxifolia semble effective durant toute I"année. La productivité des exemplaires des deux
cultures n’a pas présenté des différences significatives. Pendant I'été, une augmentation de
la productivité des exemplaires de la culture mixte a méme été observée. Les différences
détectées sur les échantillons de I’hiver sont vraisemblement dues a I"hétérogénéité
morphologique des fragments. (Fig. 2) L action chimique de C. taxifolia sur C. barbaia f.
aurantia parait évidente. L'effet se fait plus fortement sentir au printemps et en été, plus
faiblement en automne. Ces résultats ne s’accordent que partiellement avec ceux de
LEMEE et al. (1993) qui estiment que les maximums de toxicité s’observent en €té et en
automne. L’absence, par contre, d’effet chimique sur G. bursa-pastoris pourrait indiquer
que certains groupes de macrophytes marins possedent des mécanismes de résistance.
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Fig. 1.~ Courbes de productivité de C. barbata {. aurantia sans (®) et avec C. taxifolia (c) en
(a) automne, (b) hiver, (c) printemps et (d) été. S = différences significatives entre moyennes.

z i

B &
g 3 s
€ g,
S
.
. f
B
o o
Ton I
o & e
= K3
= g
¥
E " R
! .
i .
i
-] .
i [ : d
¢ o
ST . : : T y
o s

Fig. 2.- Courbes de productivité de Gracilaria bursa-pastoris sans (W) et avec C. faxifolia (T) en
{a) automne, {b) hiver, (¢} printemps et {d) été. S = différences significatives entre moyennes.
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EFFET DES EXTRAITS DE CAULERPA TAXIFOLIA (VAHL.) C.
AGARDH SUR DEUX MACROPHYTES MEDITERRANEENNES

E. FERRER, M.A. RIBERA & A. GOMEZ GARRETA
Unitat de Botanica, Fac. de Farmacia. Univ. de Barcelona. Barcelona, Spain

Dans le cadre de I’étude de la toxicité de Caunlerpa taxifolia sur les organismes
marins de la Méditerranée (Programme CEE Life), ’effet possible des extraits
méthanoliques de cette espéce a été testé sur deux macroalgues abondantes dans la
Baie des Alfacs (Delta de I’Ebre, Espagne) : Cystoseira barbata (Goodenough et
Woodward) C. Agardh £. aurantia (Kiitzing) Giaccone et Gracilaria bursa-pastoris
(Gmelin) Silva. Ces extraits contiennent des métabolites secondaires toxiques tels
que la caulerpénine, la caulerpécine et la caulerpine entre autres (DINT ¢t al., 1992;
DOTY & AGUILAR- SANTOS, 1966; PAUL & FENICAL, 1986).

Les extraits ont été obtenus par R. Lemée (Université de Nice-Sophia Antipolis) 2
partir d’échantillons du Cap Martin (Alpes-Maritimes, France), récoltés & 10 m de
profondeur en février, mai et aott. Toute la plante (frondes, stolons et rhizoides) est
introduite dans une solution méthanolique, laquelle, une fois filtrée, est soumise A un
processus de séchage sous vide pour la récupérer postérieurement a 1’éthanol
(LEMEE, er al., 1993). La solution obtenue est maintenue & - 40°C jusqu’au moment
ol elle est utilisée au laboratoire. On dispose, pour chaque espéce, des cultures 2
différentes concentrations d’extrait (15, 30, 62, 125, 250 et 500 Mg d’extrait/ ml
d’eau, plus 1, 5 et 10 Mg/ml en ét€). Puisque 1'extrait méthanolique est peu soluble
dans 'eau, les dilutions ont €té faites avec I'éthanol. Pour chaque espece, on dispose
aussi de deux cultures témoin : sans et avec éthanol (2 la plus haute concentration
utilisée dans les dilutions). Les expériences ont éié réalisées sous une irradiance
moyenne de 150 uE m? 57!, une photopériode de 12:12 et une température de 13, 18
et 25°C (en hiver, printemps et €t€, respectivement). La production d’oxygéne a été
mesurée par la méthode proposée par LITTLER (1979). Le traitement statistique des
donnés correspond & un test t de Student (e < 0,05).

D’une facon générale, on peut affirmer que C. barbata f. aurantia est un taxon
plus sensible aux extraits méthanoliques que G. bursa-pastoris, ce qui coincide avec
les résultats de I'étude de I'effet de C. raxifolia sur ces mémes taxons (FERRER er
al. 1995). Eu hiver, la productivité de C. barbata f. aurantia a diminué
significativement & partir d’une concentration de 30 ug/ml, mais on ne connait pas la
concentration exacte & partir de laquelle I'effet est perceptible (seuil). Pour G. bursa-
pastoris, la réponse apparait & partir de 250 pg/ml (Fig. 1). Au printemps, la
production nette en oxygéne des exemplaires de C. barbata f. aurantia a diminué,
aprés 24 heures, a partir de concentrations de 15 pg/ml, tandis que G. bursa-pasioris
a baissé sa production & partir de 125 ug/ml (Fig. 2). En éé, la diminution du taux
photosynthétique apparait déja a la concentration de lug/ml pour C. barbata I.
aurantia et de 15 pg/ml pour G. bursa-pastoris; a des concentrations supérieures, les
différences sont beaucoup plus importantes qu’aux autres périodes de 1’année
(Fig.3). L'effet de I'extrait cesse d'étre significatif aprés une période comprise entre
48 et 52 heures, bien qu’a concentrations €levées (250 et 500 pg/ml), et sur C.
barbata f. aurantia, il peut se prolonger jusqu'a 10-15 jours. Selon LEMEE (com.
pers.) la dégradation de la caulerpénine peut aveir lieu entre 24 et 48 heures; la
possible toxicité des produits de sa dégradation est en cours d’étude.
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Fig. 1. Hiver. Courbes de productivité de C. barbata {. aurantia et G. bursa-pastoris des cultures &
() 0; (5) 30; (@) 60; (C) 125; (a) 250 et {») 500 ug d'extrait de C. taxifolia / mi d'eau de mer.
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Fig. 2. Printemps. Courbes de preductivité de C. barbata f. aurantia et G. bursa-pastoris des
cultures & (m) 0; (0) 15; (@) 30; (O) 60; (a) 125; (2) 250 et ($) 500 ug d'extrait de C. taxifolia /mi
d'eau de mer.
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Fig. 3.- Eté. Courbes de productivité de C. barbata f. aurantia et G. bursa-pastoris des cultures a
{m)0; (T) 15, (®) 30; (0) 60; (a} 125 et (&) 250 ug dextrait de C. taxifolia / ml d'eau de mer.
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INVESTIGATION OF GENOMIC POLYMORPHISM IN
POSIDONIA OCEANICA PLANTS COLLECTED IN DIFFERENT
AREAS OF MEDITERRANEAN SEA USING RAPD MARKERS

FRANCONIR.!. G. BARCACCIAZ. A. PAGLIALONGA®, C. MICHELI?

I ENEA CRE Casaccia. Settore Biotecnologic ¢ Agricoltura, Ttalia
2 Ist. di Miglioramento Genetico Vegetale, Univ, «.lu*ll Stadi di Perugia. Talia
3ENEA CRE Casaceia. Senore Scienze dell” Ambiente Fisico. Roma AD.. Ttalia

The monoic Posidonia oceanica (L) Delile is ¢ marine phanerogame endemic of
Mediterrancan sea which has a multifunctional role in the coastal ccosysiem (BOUDOU-
RESQUE ¢ al.. 1984} During these last years the progressive reduction of Posidonia
meadows claimed the attention toward the recovery of this marine phancrogame by
means of experimental transplantation of ditferent populations. (MEINESZ er al. . 1993).
It is well known that vegetative reproduction appears to be the principal mode of
profiferation for this species (MEINESZ and LEFEVRE. 1984). and it is correlated with
environmental parameters (depth, light and temperature). However the sexual
reproduction remains the principal way to create and 1 preserve genetic variability. With
the aim of betier knowing the genomic polymorphism in P oceanica. we performed a
study using molecular markers such as RAPDs (Random Amplified Polymorphic DNA)
(WILLIAMS ef al.. 1990). During may-november 1993, several planis of P oceanica
were colleeted from 7 different geogratical arcas ol the Mediterrancan sea : Glannutri

R). Costa dell’ Argentario (GR). Scoglio dell” Argentarola (GR). Civitavecchia (RM).
Ponza (LT). Marina di Camerota (SA) and La Valette (Malta). After collection by
SCUBA diving. individual plants were washed in distillaied water and stored in Tigquid
nitrogen at -80"C. Subscquently. all extraction steps of genomic DNA were carried out
following the protocol reported by DELLAPORTA er ol (1983}, The PCR conditions
used were similar to those deseribed by ECHT e ol (1992) with some modifications
involving reaction bufler and temperature ramps. Amplification reactions were carried
out in a thermal cycler (Perkin Elmer/Cetus). using 8 different oligonucieotide primers.
The sequences (573"} of the primers are as tollows : (DN4) GTGGTGCTAT: (DN5)
CCGACGGCAA: (DN6y TGGACCGGTG: (BY 1) ATCCACTGCA: (BY 12y
GGTCGCAGGC (BY 13 CCTTGACGCA: (BY[4) GGACCCTTAC (BY15)
CTCACCGTCC. The amplification products were separated by gel electrophoresis
(Agarose 1.4% ) and photographs (Polaroid 667) were taken under U.V. light illumination
after cthidium bromide staining. The RAPD assay was able to generate informative
genomic fingerprints of the Posidonia plants, The detected product sizes ranged from
(.25 10 1.95 Kb, while the number of amplification products varied from 2 1o 12 (on
average 5.6) for plant. The frequency distribution concerning the total number of
amplification products detected with all of the primers is shown in figure 1.
DNA segments amplified tfrom the Posidonia genomic DNAs were (126 to 1.50 Kb in
length. This histogram also emphasized the different ability of primers to find
homologous binding sites among P. oceanica templates. On the whole. primer DNS
produced complex electrophoretic banding patterns characterized by the L)l‘“c,\‘l number
of amplitication products and by the widest range of product size (Fig. 2 T addition.
this primer resulted the best in discriminating P. oceanica plants and. lhudmg in
deteeting genomic polymorphisms. The analysis of electrophoretic proliles allowed the
identification of conserved and individual specific amplitication products. In particular.
primer DN4 amplilied several genomic fragments which resulted population conserved
(excepted fTor two products which were absent in plants P11 and P17 collected in
Civitaveechia coast) (Fig. 3). One primer out of eight (BY 14) was not able to generate
scorable bands while 4 couple of primers (BY 1T and BY 13) supplied little informations.
In conclusion. an appropriate chotee of the oligonucleotide primers and the investigation
of a larger number ol plants would give a reliable estimation of the level of genomic
polymorphism within and between P oceanica populations. The results above reported
confirm that RAPD muarkers represent a valuable tool for investigations such as
phylogenetic analysis and that they could be used for monitoring the diffusion of single
genotypes after transplantation programs.
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CRUSTACEA DECAPODA ASSEMBLAGE OF THE WESTERN
POMO PIT. 1 - SPECIES COMPOSITION

Carlo FROGLIA and Maria Emilia GRAMITTO
Istituto di Ricerche sulla Pesca Marittima C.N.R. Ancona. Ttaly

The IRPEM. in the last twenty years. has extensively studied fishery resources and
accanography of the Western basin ol the Pomo pit. a depression with a maximum
depth of 256 m. The Pomo (Jabuka pit is the main Nephrops ground in the Central
Adriatic: morcover it is a nursery ground for hake (Merluccins merlyceins). From
December 1992 to April 1994, during o comparative study of different Meditermanean
and Scottish Nephrops grounds, the arca was sampled with an experimental unimesh
prawn tawl with cod-cnd meshes of 12 mm streteh. Fish and decapod crustaceans made
the bulk of the trawl catch. At least anee per scason catches obtained around noon and
midnight were sorted on the deck Tor commercial species and the residual bycatch was
[rozen at sea and subsequently sorted in the faboratory. The seasonal quantitative
composition of the Decapod assemblage has been extimiated from the highest vatue of
biomass per swept area obtained for cach species, either in day time or nwhl time. Dicl
change in vulnerability of different species has been estimated according 1o FROGLIA
& GRAMITTO (1986). A total of 26 species of Decapod crustaceans have been
identified. compared 1o 17 species listed Tor the same arca by FROGLIA in 1976,
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The decapod assemblage was dominated all the year round by Nephrops norvegicus
and Munida intermedia. accompained by Solenocera membranacea and Processa
canaliculata. The latter two species being vulnerable mostly at night. All the other
species never made more than 5% by weight of the wotal decapod catch. The
assemblage includes species characteristic of muddy bottoms of the circalitoral and
epibathyal levels, Several of them are known to make burrows in sediments
(ATKINSON. 1986} and their impostance may be somewhat underestimated from trawl
sampling. Thus Calocariy macandreae was observed only with single specimens in the
traw] catches. but its density. estimated from 90 grab samples taken in the arca in 1992
and 1993 (FROGLIA unpublished), had to be around 1 individual / 1.5 square metre.
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CRUSTACEA DECAPODA ASSEMBLAGE OF THE WESTERN
POMO PIT. II - REPRODUCTION

Carlo FROGLIA and Maria Emilia GRAMITTO
Istituto di Ricerche sulla Pesca Marittima C.N.R. Ancona, Italy

Between December 1992 and April 1994, fishery investigations were carried out
in the Western basin of the Pomo pit, the main Nephrops fishing ground of the
central Adriatic, using an experimental prawn trawl with cod-end meshes of 12 mm
stretch. The small mesh size of the gear made possible to gather ancillary data on the
biology of the decapod species associated with Nephrops norvegicus. Reproductive
strategies adopted by different species (see the review by WENNER & KURIS,
1991) may be responsible of their relative abundance in a particular environment.
Therefore we considered worthwhile to summarize data on reproductive biology of
the most common species in the decapod assemblage, gathered within this project
and previous investigations, started over 20 years ago in the Western Pomo pit
(FROGLIA, 1976).

In decapod crustaceans, Penacoids excluded, females carry fertilized eggs
underneath the abdomen untill the hatching of the larva. The period of incubation,
characteristic of each species, is influenced by water temperature. Bottom
temperature in the Pomo pit is rather constant and ranges between 10 and 11°C.
Under these conditions the incubation period extends for 6 -7 months in the case of
Nephrops norvegicus and for 3 months in the case of Munida intermedia.

The presence of ovigerous females in the trawl catches has been used to define the
seasonality of the reproduction (TAB. 1). Ovigerous females of Processa
canaliculata and Chlorotocus crassicornis were found all the year round suggesting
the lack of an annual cycle. Other species have a marked annual cycle. For example
females with ripe ovaries of N. norvegicus and M. intermedia were found
respectively from late-spring to summer and in early autumn and the occurrence of
ovigerous females was restricted to part of the year. The presence of mature ovaries
in females carring eggs in advanced stage of development, was assumed as an
indication of the possibility of multiple broods within the spawning season, as in the
case of Pandalina profunda.

SPECIES 1 n_m 1w vy VI vl Vil X X XI XHI
Alpheus glaber * * * & o *
Processa canaliculara ¢ ¢ & 4 6 ¢ 4 * o >
\Processa nouveli * ¢ & ¢ ¢ & o *> ¢
Chiorotocus crassicornis | ¢ € 4 & & & & & ¢ * ¢
Pandalina prafunda * & 6 o+ o0 L 4 * o
Plexionika antigai ¢ & ¢ o *
\Plesionika heterocarpus | € € 4 @ * * & ¢
Philocheras echimidanis *» & o+ o * @
Pontophilus spinosus * L R 4
Nephrops norvegicus ¢ & o ¢ & & 4+ 4+ ¢ o
Aunide intermedic * & * & &
Liocarciyus depurator * ¢ * * & ¢

Tab. 1 - Reproductive season of the most common species of Decapoda in the Western
Pomo pit (based on the presence of ovigerous females)

Minimum and maximum size of ovigerous females are indicative respectively of
the onset of first maturity and of the maximum size reached by the females in the
area. Size is expressed as carapace length (c.l.) measured from eye socket to mid-
posterior margin of carapace.

During the incubation period a percentage of developing eggs are lost from the
pleopods. GRAMITTO & FROGLIA (1981) estimated that the number of hatching
eggs is only 1/3 of the number of oocites for Nephrops norvegicus. Therefore only
potential fecundity has been estimated, for comparative purposes between the most
common species, by counting newly laid eggs (without evidence of embryo ocular
pigment) in ovigerous females. In decapod crustaceans egg production is an
exponential function of female length and in this preliminary note only minimum and
maximum egg counts are given (Tab. 2).

SPECIES Size (cl)mm Egg @ Egg count

min - max mm min - max

Alpheus glaber 80 - 100 0.6x08 110 - 33
Processa canaliculata 13.0 210 05x07 1220 - 35770
Processa nouveli 62 - 116 04x05 760 - 1440
Chlorotocus crassicornis 115 - 205 06x08 2406 - 1170
Pandalina profunda 39 - 55 04x05 116 - 380
Plesionika heterocarpus 90 - 174 05x0.7 710 - 4300
Philocheras echinulatus 55 - 105 0.6 240 - 1170
Pontophilus spinosus 110 - 145 0.6 1390 - 1990
Nephrops norvegicus 212 - 530 15 400 - 6000
Mumnida intermedia 95 - 210 0.7 1300 - 4910

Tab. 2 - Size {c.l.) of ovigerous females, egg diameter and potential fecundity
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SPATIAL AND TEMPORAL VARIABILITY IN BIODIVERSITY
IN RESPONSE TO SEWAGE SLUDGE DISCHARGE OFF THE
MEDITERRANEAN COAST OF ISRAEL

Bella S. GALIL

National Institute of Oceanography, Israel Oceanographic & Limnological Research,
P.0.B. 8030, Haifa 31080, Isracl

Benthic assemblages have provided the most widely used parameters for
assessing effects of waste discharges on the marine environment. The benthic
invertebrate assemblage is considered an indicator of environmental quality because
its components are relatively immobile and long-lived; thus they reflect the
cumulative effects of exposure to environmental pollutants.

The Dan Region Wastewater project treats the sewage of the 1.3 million
inhabitants of the Tel Aviv metropolitan area. Marine discharge of 14,000 m¥day of
sewage sludge begun in 1987. The outfall is 5 km offshore at water 37 m deep. A
baseline survey of the area conducted in 1978 revealed no aberrant conditions. The
benthic fauna was diverse and abundant and indicated the disposal area was
unpolluted at the advent of dumping.

During Spring 1992, the environmental ministry initiated an improved monitoring
program to measure the environmental effects of sludge discharge at the site. Twenty
stations along two lines intersecting at the outfall were established, at distances of
50, 100, 200, 500 and 1000 m from the outfall, and triplicate 0.062 m2 box core
samples were taken at each in May and November 1992, October 1993 and May
1994. The samples were washed aboard ship through 0.5 mm screen and preserved in
10% buffered formalin. In the laboratory the samples were washed, preserved in 70%
ethanol and stained with Rose Bengal. Organisms were identified and counted. The
data have been analysed with the aim of distinguishing different associations of
organisms and to examine any gradients through the data.

Sediments in the vicinity of the sewage sludge outfall were nearly devoid of
benthic macrofauna, suggesting that accumulating sludge particles have a deleterious
effect on the fauna. Further away from the most organically enriched area the
assemblage was composed of few pollution tolerant species, including extremely
abundant populations of one or two opportunistic species. Beyond the enriched zone
assemblages gradualy approach the composition of the assemblage in the unpolluted
environemnt and abundance values decline. The benthic assemblages found were
dominated by polychaetes and bivalves, with a relative absence of crustaceans.
Although the fauna at the sludge disposal site has shown significant degradation
indicating modification of bottom environmental quality at and around the outfall,
the size of the area affected fluctuated. In spring of 1992, samples collected 50 m
from the outfall contained large numbers of capitellid polychaetes and little else, and
those collected 100 m from the outfall contained large numbers of the bivalves Abra
alba and Corbula gibba. In fall of 1992 and again in 1993, samples collected within
an area delimited by the stations 1000 m north, 200 m east, 500 m south and 100 m
west of the outfall, were nearly devoid of life. In spring of 1994, samples collected
within 200 m of the outfall were extremely poor.

Available wave data indicate that at 37 m depth, near-bed currents capable of
transporting fine sand occur only during particularly stormy winters. During fierce
winter storms, wave induced motions near the sea bed rework the surface of the
sediments, resuspending and widely dispersing the fine organic particles, sweeping
the site clean of dumped material. Undisturbed accumulation of sludge takes place
through the quiescent periods of the year. The winter of 1992 was stormy, thus by
May 1992 the vicinity of the outfall was only little affected by sludge accumulation.
The winter of 1994 was mild and indeed the fauna revealed the effects of increased
organic loading. By fall these effects are exacerbated. The dispersive characteristics
of the outfall site have prevented the perennial accumulation of organic substances.
However, it appears that current rates of disposal have somewhat exceeded the
dispersive capacity of the area, placing the fauna under stress and promoting the
growth of pollution tolerant species. These changes are limited to a small area, but
they suggest that further increases in sludge disposal may lead to more extensive,
indicative and readily-identifiable effects.
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OBSERVATIONS BIONOMIQUES DE L’INTERTIDALE DES
COTES NORD DE SFAX (TUNISIE)

Mohamed GHORBEL, Asma HAMZA, Mohamed Nejmeddine BRADAI et
Abdelwaheb ABDELMOULEH

Institut National Scientifique et Technique d'Océanographie et de Péche,
Sfax, Tunisie

L’étage intertidalprésente le méme paysage d’Ellouza & Sfax. Avec une faible
déclivité et un marnage important, ce littoral (30 km), présente des phénomenes
particuliers et des peuplements variant légérement suivant la nature du sédiment,
I'orientation de la cote, la fréquentation et 'urbanisation du rivage. L’étude de
P'étage intertidal de la région de Sfax n’a pas été faite auparavant. L’ objet de cette
note est de I'entamer et se limite dans un premier temps 2 la bionomie des cbtes Nord
de Sfax sur environ 6 km. Cette zone, telle que la concevait SEURAT (1929),
correspond aux étages supra-littoral, médio-litroral et s'étend jusqu’a une étroite
bande de I’infra-littoral photophile.

Cette frange littorale, connue par son activité de péche artisanale, trés urbanisée et
industrialisée, sujette a des rejets chimiques et organiques importants, présente les
caractéristiques bionomiques suivantes :

- Le cordon littoral, composé généralement par des feuilles mortes de cymodocées,
des thalles d'ulves et de divers coquillages, n’est pas constamment présent. Il est trés
marqué par les cymodocées en automne, période de la chute foliaire de ces
phanérogames. A la fin du printemps, ce sont les ulves qui jonchent les plages et
avec les premigres chaleurs de I'été dégagent des odeurs nauséabondes sous Ieffet
de la putréfaction.

- La zone médio-littorale s’étend jusqu'a 600 m du rivage. Le sédiment y est
caractérisé par la présence d’une fine couche de sable jaundtre couvrant un substrat
vaseux noirdire. A ce niveau, la faune est pauvre en nombre d’especes; cependant
I’abondance en nombre d’individus de la méme espeéce est souvent remarquable.
Citons les polychétes errantes et sédentaires (Perinereis cultifera, Nereis sp.,
Pomatoceros sp.) qui colonisent le substrat, luil donnant souvent un aspect criblé par
les concrétionnements de leurs tubes. Le gastéropode Bithium reticulatum abonde 2
ce niveau; lors de ses déplacements, il trace sur le fond marin des sillons tortueux
remarquables. Les grandes quantités de naissains de lamellibranches 2 la surface du
sédiment témoignent de la richesse de ce milieu en ces especes.

Dans les flaques d’eau qui persistent aprés le retrait de la mer, proliféerent
généralement des poissons cyprinodon et de nombreux petits gastéropodes (Cyclope
neritea, Nassa donovani...). Au printemps, ce sont surtout le Jamellibranche Solen
marginatus et la polychete Spirographis spallanzani qui colonisent ces petits plans
d’eaux. Durant cette saison, les pontes de Neverita josephinia caractérisées par leurs
formes de collerettes sont abondantes, surtout sur des substrats & débris coquillés.

La palourde Ruditapes decussatus, espéce faisant I’objet d’une collecte
saisonniére et d’un commerce florissant, semble étre plus abondante au voisinage des
zones de rejets urbains. Les cardiums Cerastoderma glaucum cotoient souvent les
palourdes et constituent méme pour les collecteurs un indice de leur présence. Les
cirripédes Balanus eburneus sont rencontrés dans cet étage, 12 ol1 il y a des substrats
solides telles que les pierres, les planches et les bouteilles de différentes matiéres.

La flore, dans cette zone, est souvent masquée par les thalles d’ulves (Ulva
rigida) qui atteignent des dimensions impressionnantes et s’accumulent au printemps
sur les rivages, constituant ainsi le phénomene désigné sous le nom de marée verte.
Lors de nos prospections, nous avons surtout recensé des algues vertes telles des
cladophora, des bryopsis et des enteromorphes. Ces algues couvrent généralement
tout ce qui est solide dans le milieu.

La présence de Gracilaria bursa, de Gigartina acicularis, de VHypnea
musciformis, des Ceramium et de I'algue verte Chaeromorpha linum, dans }'étage
médio-littoral, semble &tre due i leur entrainement de I’étage infra-littoral par la
houle et les courants de marée.

Au printemps, le Chondria tennuissima et des Polysiphonia, surtout Polysiphonia
archnoidae, naissent et proliférent dans les flagues du médio-littoral leur donnant
parfois quand elles sont observées de loin, une couleur rouge pourpre spécifique de
ces especes. Ces trois derniéres années (1991-1994), en automne, nous avons
constaté I’échouage en abondance de I'algue verte Valonia macrophysa constituant
ainsi une nouvelle forme de marée verte.

A la limite inférieure de 1'étage intertidale apparaissent les phanérogames Zostera
noltii et Cymodocea nodosa. Dans cette zone, rarement immergée, apparait une faune
plus ou moins vagile et qui devient de plus en plus abondante avec Iaugmentation de
la densité foliaire de ces végétaux. Nous avons récolté en abondance le murex
Ocenebra erinacea et le crabe Carcinus aestuarii. Ces deux espéces sont par ailleurs
exploitées commercialement dans la région. Plusieurs espéces telles que les
holothuries, les nudibranches (Aplysia), habitants spécifiques surtout des herbiers de
posidonie, commencent 4 se manifester dans ce biotope.

Du point de vue faunistique, il y a pauvreté en nombre d’espéces; celles-ci sont
caractéristiques des substrats vaso-sableux et se développent en abondance dans cette
région. La richesse du milieu en détritus organiques est évidente puisqu’une faune
malacologique filtreuse et des détritivores y prospérent. Ceci est dii essentiellement 4
la forte charge organique qui est constamment véhiculée et remaniée dans la zone.Du
point de vue floristique, ce sont les ulves et certaines algues vertes qui colonisent cet
étage intertidal du fait des grandes possibilités d’adaptation de ces especes 2 la forte
luminosité, & la nature du substrat et 2 I'importante charge organique du milieu.
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EFFET DE CAULERPA TAXIFOLIA (VAHL.) C. AGARDH ET DE
SES EXTRAITS METHANOLIQUES SUR LE DEVELOPPEMENT
DES ZYGOTES DE CYSTOSEIRA MEDITERRANEA SAUV.

A. GOMEZ GARRETA, E. FERRER & M.A. RIBERA
Unitat de Botanica, Facultat de Farmacia,Universitat de Barcelona, Barcelona, Spain

Comme complément & I’étude de la toxicité de Caulerpa taxifolia sur le
phytobenthos (FERRER et al., 1995). des expériences de toxicité sur les zygotes de
Cystoseira mediterranea ont été mises en place. D’autres auteurs ont déja utilisé ces
cellules dans des études de toxicité de différents produits (NORTH & JAMES,
1987). Des exemplaires de Cystoseira mediterranea ont été ramassés 4 Blanes
(Girona, Espagne) en juin et en septembre, et mis & pondre, au laboratoire, sur des
lames de verre placées dans des boites de Petri. Aprés 2 heures, la libération des
zygotes a eu lieu et les boites de Petri sont alors introduites dans des aquariums de 2
litres de capacité. Le développement des zygotes en présence de C. faxifolia et en
présence de différentes concentrations d’extraits (30, 125 et 500 ug/ml au printemps
et 5, 30, 125 et 500 pg/ml en été) a été suivi. On a disposé d’un témoin en eau de mer
et d’un autre en éthanol. Etant donné que les résuliats du printemps ont démontré un
effet nul de I"éthanol sur les oeufs, ce témoin n’a plus été utilisé en été. L irradiance
utilisée a été de 150 pE m2 s-1, la photopériode de 12:12 et la température de 18 et
25°C au printemps et en été respectivement.

Un comptage pour observer I’état des zygotes a été réalisé aprés 48 heures, temps
nécessaire pour la fixation des oeufs, et un deuxiéme aprés 96 heures. Au printemps,
tous les zygotes de chaque lame ont été observés; en ét€, par contre, le grand nombre
de zygotes déposés sur les lames a conduit & n’en observer qu’un maximum de 100
par lame. Le traitement statistique des données a été fait par un test de t de Student
(0<0,05). Les zygotes de Cystoseira mediterranea, au laboratoire, commencent leur
division 15-24 heures aprés la fécondation, et quelques heures plus tard, a partir de
la troisieme cellule formée (cellule rhizoidale) se forment les rhizoides (GUERN,
1963). Le comportement du témoin pendant les deux expériences (printemps et €i€) a
été conforme aux prévisions, avec une proportion élevée de zygotes segmentés avec
des rhizoides développés (80%). Les zygotes avec de I’éthanol ainsi que ceux avec
C. taxifolia n’ont pas présenté de différences significatives avec le témoin. Par
contre, la présence des extraits, aussi bien au printemps qu'en été, donne lieu a des
modifications du développement de ceux-ci (Fig. I et 2).

Pour toutes les concentrations d’extraits, un pourcentage élevé de zygotes (15-
40%) avorte par éclatement de la membranne externe. D’autre part, & partir de 125
pg/ml au printemps et de 30 pg/ml en été se produit I’inhibition de la formation de
rhizoides. A des concentrations plus basses, ’effet semble s’atténuer et le
pourcentage entre zygotes éclatés et zygotes & rhizoides était semblable. En été, avec
une concentration de 5 pg/ml, un ralentissement du développement des zygotes a €t€
observé, puisque la formation de rhizoides a été presque nulle jusqu’au deuxieme
jour et ne s’avére importante (40%) qu’a partir du troisieéme jour. Cette récupération
aprés 3-4 jours de culture & des concentrations basses, pourrait étre due a la
dégradation de la caulerpénine dans I’eau de mer.

En conclusion, il apparait que la présence de produits du métabolisme de C.
taxifolia dans Peau de mer, i certaines concentrations, pourrait empécher la fixation
sur le substrat des zygotes de certains macrophytes.
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Fig. 1.- Effet des extraits de C. 1axifolia sur le développement des zygotes de C. mediterranea
au printemps. {47 segmentés sans rhizotdes, [ Jsegmentés avec rhizotdes,F] éclatés, B non
segmentés). Titémoin; Ca:avec Caulerpa; EtOH:avec éthanol; 30, 125, 500: 1g/m! d’extrait.

% doeufs

Fig. 2.- Effet des extraits de C. taxifolia sur le développement des zygotes de C. mediterranea
en été. ( 7% segmeniés sans rhizoides, [ ]segmentés avec rhizoides, I3 éclatés, B8 non
segmentés). Titémoin; Caavec Caulerpa; EtOH:avec éthanol; 5, 36, 125, 500: pg/m!
dextrait.
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ASCIDIAN FAUNA OF THE SUEZ CANAL

Y. HALIM!. M. ABDEL MESSIHZ, M. MIKHAIL! and M. SHABANA!

IFaculty of Science, 2 National Institute of Oceanography and Fisheries,
Alexandria, Egypt

Apart from the coastal waters of Alexandria (HARANT, 1936; KHALIL, 1962;
ABDEL-MESSIH,1982) and of the Suez Canal (HARANT, 1926; MONNIOT and
MONNIOT, in POR and FERBER, 1972) little is known about the Ascidians of
Egyptian waters. An extensive seasonal survey was carried out in 1988-1990 along
the Egyptian Mediterranean coast, the Suez Canal and part of the Northern Gulf of
Suez. This paper reports briefly on the status of the Suez Canal Ascidian fauna, about
sixty years after the report of HARANT (1926). The collection examined by
MONNIOT and MONNIOT (POR and FERBER, 1972) was more limited in scope.
HARANT (1926) recognized 25 species,the majority of which were of Red Sea-
Indo-Pacific origin. The present survey shows the Suez Canal Ascidian fauna to have
been enriched since by 14 newly established species (Table). The new records
comprise nine Red Sea-Indo-Pacific Ascidians. Thus, the well known predominance
of the southern species in the Canal is maintained.

The Canal fauna is remarkably diverse in contrast with the paucity in species of
the Mediterrancan localities examined : of a total of 51 species recorded from
Egyptian waters, 40 were contributed by the Canal. Their distribution however is not
uniform. The southernmost segment, including the Small Bitter Lake down to Suez,
is the poorest with only five species. Diversity improves in the Great Bitter Lakes
with 12 species and comparatively large populations. It is in the middle and northern
segments of the Canal that a diverse population was found to flourish. Twenty nine
species growing in massive aggregations were collected from the two segments.
Styela partita, S. canopus, Ascidia nigra, Polyclinum constellatum and several
didemnids were dominant and abundant.

Polyclinum constellatum is recorded as a new species for the Mediterranean.
While it was absent from the records of HARANT and rare in those of MONNIOT
and MONNIOT, it is at present widespread in the Canal and was found to be settled
in Damietta harbour. P. constellatum provides a further case of progressive
northward extension of a Red Sea species.

Three Mediterranean species were recorded as southward migrants :
Macroclynum duboscqui var.orientale, Distomus variolesus and Microcosmus
sulcatus. The latter two were represented at EI Ghardaga although by rare specimens.
Macroclynum duboscqui var. orientale, unknown before from Egyptian waters,
occurs at the two ends of the Canal and also at El Ghardaqa. This is the first record
of southward migration of Mediterranean Ascidians in the Red Sea.

It is obvious that the Canal fauna has not reached its climax, as thought by POR
and FERBER (1972). The process of colonization of the Canal and of immigration to
both seas is still going on, as also concluded by HALIM (1990) for plankton.

Table. New Ascidian records from the Canal.

Ascidia obliqua, A. prunum, Botrylius schiosseri, Didemnum amethysteum

D.e dmondsoni, D. acazeii, D. moseleyi, Ecteinascidia imperfecta, Molgula occidentalis,
M. siphonalis, Perophora listeri, P. viridis, Styela plicata,

Trididemnum savignii var. joelensis.
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LES MAREES VERTES
SUR LES COTES NORD DE SFAX (TUNISIE)

Asma HAMZA, Mohamed Nejmeddine BRADAI Mohamed GHORBEL et
Abdelwaheb ABDELMOULEH

Institut National Scientifique et Technique d’Océanographie et de Péche, Sfax, Tunisie

La prolifération et I’accumulation massive de macro-algues vertes apparentes sur
certaines plages ont pris de 'ampleur ces dernitres années au point de vue
quantitatif, mais aussi en ce qui concerne le nombre de plages touchées. Ce
phénomeéne de marées vertes était en effet peu connu il y a 20 ans. Actuellement,
plusieurs plages du littoral tunisien sont atteintes par ce fléau. Le phénomene est
spectaculaire sur les cotes nord de Sfax. Dans notre zone d’étude, deux algues vertes
sont 4 I’origine de ce phénomeéne : Ulva rigida et Valonia macrophysa. L apparition
de cette derniére est relativement récente (3 2 4 ans). Au mois de mars 1994, une
nouvelle marée & Chaetomorpha linum a été observée sur ce littoral. Plusieurs
facteurs régissent généralement les marées vertes :

- les mouvements hydrodynamiques, et surtout la marée, qui assurent le transport et
I"accumulation des algues sur le littoral ainsi que I"oxygénation en permanence de
ces biomasses,

- la faible déclivit€ et I'immensité des plages exposées a I'éclairement,

- la richesse du milieu en nutriments donnant ainsi aux algues vertes des sources
potentielles pour leur développement,

- les grandes températures, le fort ensoleillement, ...

Dépendant étroitement de ces facteurs irréguliers, Iapparition et les
concentrations (biomasses) de ces algues sont variables dans I'espace et dans le
temps. Nos observations et le suivi de ce phénomene sur les cdtes nord de Sfax ces
derniéres années nous ont permis de situer les périodes d’abondance des deux
espéces algales responsables de ces marées vertes (fig. 1). Les biomasses maximales
des ulves sont enregistrées au printemps lors des périodes d’éclairement maximum
(fig. 2), alors que celles des Valonia paraissent étre conditionnées par les
concentrations en nutriments et se situent de ce fait en automne, période pendant
laquelle les apports terrigénes et la dégradation des algues et phanérogames échouédes
sur les rivages sont importants.

L’apparition des deux algues sur les rivages nord de Sfax (Sidi Mansour-Ellouza)
pendant les périodes de vives eaux présente des alternances et des périodicités
suivant les saisons (fig.3). Au printemps, les ulves se manifestent en abondance sur
le littoral durant les périodes de vives eaux, les Valonia sont souvent masquées et
n’apparaissent qu’au troisiéme jour. Les ulves qui sont dotées de thalles foliacés
facilement défachables sont entrainées les premitres, les Valonia formées par contre
de thalles globuleux en vésicules ne sont acheminées que plus tard et sont souvent
masquées par I’abondance des ulves.
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Figure 1 : degré d’abondance de Valonia macrophysa et Ulva rigida selon les mois (1993)
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Figure 2 : biomasse des ulves des cotes nord de Sfax (1994)
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Figure 3 : alternance et périodicité d'Ulva rigida et de Valonia macrophysa pendant les
périodes de vives eaux.
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A MARINE CAVE AS
A MESOCOSM OF THE DEEP MEDITERRANEAN

J.G. HARMELIN, N. BOURY-ESNAULT, J-C ROMANO,
E. VACELET and H. ZIBROWIUS
Centre d’Océanologie de Marseille, Université d’ Aix-Marseille Il - URA-CNRS n° 41,
Station Marine d’Endoume, rue de la Batterie des Lions, 13007 Marseille, France

The deep Mediterranean is relatively poor in animal species. The warm
homothermy below 300 m (approximately 13°C) is a limiting factor for many
bathyo-abyssal animals and a number of important deep-sea groups arc absent or
poorly represented. For this reason the Mediterranean is considered to be of little
interest in deep-sea biology. However, the homogeneity of the whole water column
during the cold season. the local narrowness of the continental shelf, and the
adaptation of the deep-sea fauna to a relatively constant high temperature have
allowed some bathyal bottom dwellers to establish themselves in shallow water
caves. This offers opportunities for studies of several problems of deep-sea biology.

Submarine caves share several ecological features with deep-sea habitats, such as
the absence of light, the lack of photosynthetic production, a low flux of organic
matter, a poor food supply and a low level of hydrodynamic energy (RIEDL, 1966;
FICHEZ, 1990, 1991). Both communities depend on allochthonous organic input,
and bathyal species have been found in the darkest parts of littoral caves
(HARMELIN et al., 1985). Faunal and environmental similarities, however, are
limited by the obvious differences in pressure, temperature, habitat size, and by the
dispersal abilities of deep-water organisms. We have found a Mediterranean cave
which more closely approximates deep-sea conditions, due to the entrapment of a
cold water mass resulting in stable temperature conditions throughout the year
(BOURY-ESNAULT et al., 1993; VACELET et al. 1994). Easily accessible to
scuba divers, this “bathyal island™ in the littoral zone is a natural mesocosm of the
deep Mediterranean which contains an unusual abundance of examples of bathyal
organisms unrecorded in “normal” caves with the same temperature regime as open
shallow waters (CASANOVA, 1992: LOGAN & ZIBROVIUS, 1994).

A large population of Oopsacas minuta, a representative of the bathyo-abyssal
hexactinellid sponges, reproduces here year round - making possible the first
observations of larval behavior and ultrastructure to be carried out on this
phylogenetically important group of invertebrates, and opening the poorly known
arca of larval ecology of these deep-sea sponges (BOURY-ESNAULT &
VACELET, 1994). The presence of a species of the deepest known genus of
sponges, Asbestopluma (8840 m in the Central Pacific) is a fascinating opportunity to
investigate the biology of the strange deep-sea cladorhizid sponges, which may live
in the most oligotrophic abyssal basins. A highly unexpected result is that they are
non-filter-feeding “sponges™ with a carnivorous feeding habit. Devoid of aquiferous
system, they capture and digest small crustaceans by means of filaments provided
with minute hook-shaped spicules (VACELET & BOURY-ESNAULT, 1994},

A sediment layer on the floor, several meters thick, has recorded the history of the
cave and of its biodiversity through bioclasts. Time-lapse photographs have shown
that spoke-like traces resembling those on the abyssal sea floor are made by the
proboscis of an echiuran worm. a behavioural study of which, in progress, will be
highly informative about the deep-sea traces. Results on the particle content of the
trapped water mass, the microbial activity and the degradation of organic material
during wansfer along the cave (120 m long) address the problem of fluxes of organic
material in the deep-sca.

This easily accessible “bathyal island™ in the sublittoral zone offers exceptional
opportunities for observations and experiments that may provide important insights
into such problems of deep-sea biology as colonization, microbial ecology. fluxes of
organic material and metabolic physiology, cytology, reproduction, and dispersal
strategy in existing. and even translocated, deep-sea species.
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1’ECOSYSTEME DU GOLFE DE GABES : DEGRADATION DE
SON COUVERT VEGETAL ET DE SA PECHERIE BENTHIQUE
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LINSTOP, 28 rue du 2 mars 1934, 2025 Salammbd, Tunisie
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Le golfe de Gabés constitue 1"échancrure la plus importante affectant la cote
tunisienne. Il est limitée au nord par les hauts fonds de Kerkennah, au Sud et 2
I"Ouest par le continent et & I’'Est par la rupture du plateau continental. Les
caractéristiques essentielles de la région méridionale sont une pente faible et un relief
absent, ce qui donne lieu & un plateau contjnental trés étendu ('isobathe 200 métres
est & 250 kilometres du port de Gabes). Le golfe de Gabeés constitue une zone de frai
propice 4 un grand nombre d’espece mais aussi des nurseries pour les jeunes
individus. Les fonds ol la “chalutabilité” est aisée. sont généralement sableux a
sablo-vaseux. Trois ports hauturiers se situent sur cette cote (Sfax, Gabes et Zarzis),
en plus des onze ports cotiers.

La péche. C'est I'existence de la crevette qui a spécialement favorisé un
chalutage abusif et mal controlé a de trés faibles profondeurs. Cette activité
anthropique a contribué 2 1'instauration d’une biocénose caractérisée par des
variations brusques de ses facteurs biotiques et abiotiques. Ces variations ont
occasionné des dommages, peut-8tre irréversibles, au développement naturel de ses
communautés. On n’hésite plus actuellement & parler non de dégradation ou de
régression, mais de phénomeéne de disparition des ressources naturelles ou de
désertification des fonds marins du golfe de Gabés affectant aussi bien 'herbier de
posidonie que la pelouse de caulerpe.

La trés forte densité de chalutiers, en augmentation systématique depuis 1983,
passant de 200 2 393 unités en 1991 (CGP,1991), opérants sur une aire de péche
traditionnellement limitée 4 des faibles profondeurs a entrainé au fil des années par le
raclage aveugle, intensif et incontr6lé des fonds marins :

-1. l'arrachage de la végétation (prairie de posidonie et pelouse de caulerpe).

-2. la diminution importante des stocks d’animaux marins de premitre qualité par la
péche de ces derniers 4 de petites tailles non commercialisables et rejetés en mer. Ces
rejets qui atteignent 70% de la prise commerciale, ont été estimés a 51 000 tonnes,
soit presque la production globale de la région (HATTOUR, 1991).

-3. 'appauvrissement de la faune benthique (coquillage, étoiles de mer, oursins,
holothuries, crabes, vers, etc.) en effectif et en diversité. Le fond du golfe est devenu
gris blanchitre avec quelques ilots de spirulines plus ou moins importants selon les
zones et quelques ascidies.

La pollution industrielle. L industrialisation de la région de Gabés a éié
caractérisée par ’implantation. dans les années 70 & Ghannouch, d’un complexe
chimique en vue de transformer annuellement plus de trois millions de tonnes de
phosphates de CPG (Compagnie de Phosphate Gafsa). Depuis. deux grandes sociétés
sont opérationnelles, en I"occurrence la SIAPE (Société des Industries d’Acide
Phosphorique et d'Engrais) et la SAEPA (Société Arabe des Engrais Phosphatés et
Azotés). Les nuisances occasionnées par cette activité industrielle ont affecté Iair, la
terre et la mer de cette région qui a vu ses potentialités économiques se dilapider,
notamment dans les secteurs du tourisme, de I'agriculture et de la péche .

Parmi les modifications importantes qui ont affecté Je milieu marin du golfe de
Gabes, sous 'effet des rejets de phosphogypse estimés jusqu’a nos jours a plus de 40
millions de tonnes, nous pouvons citer :

-1. I"enrichissement de I'eau en éléments phosphatés, azotés et sulfatés,

-2. 'opacification importante des eaux aussi bien par les composantes solides
provenant des rejets et mises continuellement en suspension que par les blooms
phytoplanctoniques. Si au nord-est de Zarat, le disque de Secchi disparait entre 3 et
de 4 metres, au niveau des rejets il disparaft dés les premiéres dizaines de
centimetres. A titre de comparaison, au golfe de Hammamet, le disque disparait 2
plus de 30 metres.

-3. I"accélération du processus d’envasement sur toute la frange c6tiere du golfe de
Gabeés, un recouvrement massif et surtout fatal des fonds. provoquant
I’ensevelissement de tous les organismes benthiques qui y vivent,

-4. I"'accumulation des substances traces dans les sédiments et les organismes marins
avec notamment une concentration importante de cadmium et de plomb.

Cette détérioration de I"environnement marin qui touche toute la frange cotigre du
golfe a entrainé :
- la régression trés importante des posidonies,
- la disparition presque totale des caulerpes,
- I’appauvrissement quantitatif et qualitatif de la faune benthique,
- la transformation de la pécherie du golfe de Gabes —traditionnellement 2 vocation
benthique avec des espéces nobles & haute valeur commerciale— en pécherie 2
vocation pélagiques ciblant particulizrement les sardines.
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BIODIVERSITY OF “COCKETRICE” SANDY BANK
(BLACK SEA) - A PREREQUISITE FOR ITS CONSERVATION
AS A PROTECTED AREA

T. KONSOULOVA, J. TOKMAKOV
Depart. of Marine Biology and Ecology, Inst. of Oceanology, 9000 Vama, Bulgaria

Considering the growing in the last years interest shown by various economic
organizations to take sand from the Black sea natural deposits for construction purposes,
as well as the negative effect regjstered after such activity along the coast of Ukraine
(Odessa), detailed oceanological investigations -including direct observation of the
“Cocketrice” sandy

. . Bmine 3‘} zi&. bank- have been carried

e 0 out during 1986-89
m“*:m_lo/ f period (DIMITROV et
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Figure 1 : sampling stations coast (Fig. 1). Accor-
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ding to the main results obtained, the highest part of the bank is 16.2 m deep, the sand is
of a mean grain size composition and the potential sand stock amounts to about 126
min.t. The unusual location of the cresting bank with hardened sections in some high
disposed zones and relatively strong streams in its eastern part predispose favourable
conditions for the development of the typical for the rocky sublittoral Myrilus
galloprovincialis population. These data gave grounds for conclusions that the
specifying of the biota status in this reef-like structure is of a special interest having in
mind that it is located in the most ecologically threatened zone along the Bulgarian Black
sea coast and the need to estimate the ecological effect after a possible sand exploitation
is obligated. Moreover, the results obtained would be a definite contribution at present
when there is a pronounced tendency to use artificial reefs along the Bulgarian sector of
the Black sea for restoration of the destructed coastal ecosystems.

Sampling from three stations (at 18, 21 and 22 m depth) by Van-Veen grab,
covering 0.Im? has been carried out seasonally during 1991-92. The samples were
washed through a set of sieves (the last one with 0.6 mm mesh size) and fixed in 4%
formaldehyde. All macrozoobenthic specimens were defined to species level
(excluding Nemertini, Turbellaria and Oligochaera), counted and weighed. The
Sorensen’s coefficient of similarity and Shannon Weaver H-index were calculated;
the species abundance/biomass comparison method was used for detecting pollution
effect (WARWICK, 1986). A total of 92 macrozoobenthic species and groups are
registered in all stations (st.1-18 m: st.2-21 m; st.3-22 m depth), the most numerous
of which are Polychaeta (34), followed by Crustacea (29) and Mollusca (22).
According to Sorensen’s coefficient (48.2) the most shallow zoocoenosis (st.1)
strongly dominated by Myrilus galloprovincialis is differentiated as a specific one,
that necessitates a separate discussion of the results. The species composition in this
station consists of a total of 65 species and groups (including Pisces larvae) among
which prevails Polychaeta (25), while Crustacea and Mollusca are presented by 20
and 16 species respectively. The number of species varies slightly seasonally from
35 during the sumumer to 39 during the winter. In the total abundance (14492 ind/m2)
Mollusca predominates (60.6%) presented mainly by M. galloprovincialis (48.4%)
together with sparsely distributed Chamelea gallina (8.3%). The seasonal maximum
in abundance is in summer (20925 ind/m?), Crustacea showing the most intensive
(3.2 times) increase. The total biomass (4045.0 g/m?) is structured mainly by
Mollusca (99.4%) the two basic species M. galloprovincialis and Ch. gallina
presented by 57.7% and 38.0% respectively. The average H-index value (2.93) varies
slightly seasonally : from 2.7 during the summer to 3.3 during the spring. The results
show that a specific zoocoenosis has been formed in this highest zone of the sandy
bank : it combines the characteristic features of the two richest zoocoenosis - the
Mytilus rocky and sandy ones. The registered Pisces larvae (20 ind/m?) testify to the
existence of favourable conditions for ichthyofauna reproduction and development.

The high degree of similarity between macrozoobenthic communities in st.2 and 3
(75.2) gave ground to analyze their data unified. The species composition in this part of
the sandy bank is more various; from the total of 80 species and groups, 30 are
Polychaeta, 25 Crustacea and 19 Mollusca. The species diversity increases from 42
species registered in spring to 60 in the summer, from which Polychaeta and Crustacea
are almost eqsmlly presented (20 and 19 species respectively). In the total abundance
(13149 ind/m?), Polychaeta prevails throughout the year (63.5%) while the rest of the
quantity consists of Crustacea (16.6%) and Mollusca (17.2%), a structure typical for
sandy zoocoenosis. The maximum abundance is registered during the summer (24537
ind/m2) which is due to a certain degree to the Pisces larvae high quantity (7090 ind/m?2).
The summer is the season with the highest H-index value also : 3.74 (average H = 3.48).
In the total biomass (1730.0 g/m?2) prevails Mollusca (88.96%) with the typical sandy
species Ch. gallina predomination (61.36%). A comparative analysis with the Bourgas
Bay zoobenthic communities status shows that : 1/ the species diversity is considerably
lower (54 species); 2/ a tendency for maximum abundance drop is registered during the
cruc