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Rapports des modérateurs

Biogeochemical cycles, past and present
Maria Triantaphyllou, Greece

Résumé

A short introduction to the subject was given by the moderator, mainly addressing a series of questions that are featured in current
research on biogeochemical cycles, dealing with how the geosphere and biosphere have evolved through time and the role of humans in
pushing the geochemistry and geobiology of the Earth Surface System towards a potential tipping point.

A 30 minute debate followed the interesting 3 min presentations of the participants. During this fruitful and frank discussion between
speakers and audience, a series of questions were addressed focused on: the timing of Black Sea inflow in the Mediterranean, carbonate
chemistry within sapropel S1 deposition, physics of anoxia during S1 deposition, productivity and preservation during sapropel times,
amount of total organic carbon accumulated during the S1 anoxic event in various Mediterranean basin depths, carbonate chemistry
effects and the role of possibly limiting factors (temperature, salinity, depth) on coral growth in Mediterranean sites, coccolithophore
flux variability in Mediterranean basins and possible occurrence of different Emiliania huxleyi morphotypes in the Black Sea
coccolithophore assemblages.

Deep Sedimentary Processes
Stéphanie Dupré, Ifremer, France

Résumé

The 'Deep Sedimentary Processes' session with 8 presentations covered a wide range of geological setting from lacustrine to marine
environments. Challenges in studying deep sedimentary processes imply the best view of the depth window which is involved, and this
from the seabed expressions to the deeper signatures. The time window of these processes is obviously crucial, and complex to approach
when combining geological and human time scales, the case for climate issues. Most of the presented studies concern natural resources
(water, oil and gas) and risks (water pollution, landslides). A key player in these processes, to be considered as the sediments are, is the
fluid (e.g. water, gas). Some of the discussions focused on the importance of the deep -tectonic- control of seabed manifestations, e.g.
the role of the Messinian salt layer in relation with fluid systems initiation and occurrence, namely the Eastern Mediterranean Sea (e.g.
the Nile Deep Sea Fan) versus the Western Mediterranean Sea. The wide panel of geographic studied sites, the Dead Sea, Bafa Lake, the
Black Sea, the Mediterranean Sea (Western and Eastern Mediterranean and Adriatic seas) did put in light the relevance to study deep
sedimentary processes in 'enclosed' areas.

Geo-archeology and sea level change
Hulya Caner, Turkey

Résumé
Four speakers intend in the session of geo-archeology and sea level change . Name of speakers ;

Nathaniel Bensoussan, Stello Petrakis, Matteo Vacchi, Hulya Caner

First presentation is about potential impacts of climate change on coastal benthic ecosystems and developed an original strategy for the
definition of warming scenarios in coastal habitats. At the same time their potential impacts on key benthic species.

Second presentation is about AKTAIA research project which aims to investigate the impacts of climate change upon the coastal zone.
Other presentation is about the MEDFLOOD project . Main objectives of this project are

- to forecast future climate trends

- to examine the climate change impact

- to develop new methods

- possible socio-economic change

The last presentation is about paleoenvironmental changes and the cultural sequence of the ancient Theodosius Harbor ( Istanbul
Marmaray tube tunnel) using palynology . Flash presentations admitted more time to discussions and efficiently.
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Marine canyons
Sandro Carniel, CNR-ISMAR, Venice, Italy

Résumé
Following the communications, a general, active discussion started. About 50 people were present at that time, and about 10 participants
were involved in the question time and discussion, which concerned the following topics :

- possible links between the cascading processes and the deep water formation in the Eastern Mediterranean basin;

- relations between small scale processes and larger scale phenomena in marine canyons (e.g. cascading processes);

- new concepts emerging from recent advances on sea technology (high-resolution measurements multibeam, ROV, AUVs?);

- availability of new coupled numerical models linking atmospheric-oceanic-wave processes and their capability in describing spatial-
temporal scale of cascading events and depicting bottom features;

- need of more objective ways to measure bottom sediment resuspension;

- origin and evolution of marine canyons;

- canyons development speed during the Messinian period;

- case studies in the Med area and their peculiarities with respect to ocean regions;

- quantitative estimate of the transfer of organic matter to the deep sea:;role of measurements and modeling;

- link between physical/abiotic processes and biogeochemical/biotic aspects;

Marine Geohazards
Stéphanie Dupré, Ifremer, France

Résumé

The entire Mediterranean Sea from its western to eastern shores and to the Sea of Marmara is characterized by natural risks involving
catastrophic tsunamis, earthquakes and major landslides. These phenomena are well known through the entire human history.
Geohazards are the subject of numerous studies as attested by CIESM workshops - see CIESM Workshop Monograph n°42 (192 p.)
"Marine geo-hazards in the Mediterranean?; or CIESM Workshop Monograph n°24 (152 p.) "Human records of recent geological
evolution in the Mediterranean Basin - historical and archaeological evidence".

In order to better understand the geological processes that lead to these short-term duration risk-associated events and to better define the
triggers, the analytical approach requires a multi-data and multi-parameter integration, e.g. including the meteorological input into the
sedimentary system and cycle or questioning the role of fluid migration with regard to sedimentary instabilities and earth-shaking.
Combining onland and offshore studies is definitively an asset as looking at past activity of risks-associated events together with most
recent ones. Assessing natural risks is a very challenging issue.

Marine organic pollutants
N/A

Résumé
Modérateur absent

Messinian salinity crisis

Johana Lofi, France

Résumé

About 6 million years ago the Mediterranean Sea was transformed into a giant saline basin. This event, commonly referred to as the
Messinian salinity crisis (MSC), changed the chemistry of the global ocean and had a permanent impact on both the terrestrial and
marine ecosystems of a huge area surrounding the Mediterranean area. Since the first MSC scenario has been proposed following DSDP
Leg XIII in the 1970s the Messinian event remains one of the longest-living controversies in Earth Science. A few years ago a deep
revision of our knowledge of the Messinian event was performed during a CIESM Workshop (The Messinian Salinity Crisis from
megadeposits to microbiology - A Consensus report, 2008. N° 33 in CIESM Workshop Monographs (F. Briand Ed.), 168 pages,
Monaco). A number of open questions were identified concerning the cause, nature, timing and consequences of the Messinian Salinity
Crisis.

This session embraced several of these open questions through oral presentations. Thanks to a new multidisciplinary study on the DSDP
Leg 23 cores, Caruso et al. proposed that the Red Sea and the Mediterranean Sea were still connected during the Late Messinian. De
Lange et al. presented a mechanism in which gypsum formation and preservation occurred in shallow sedimentary settings while anoxic
organic matter degradation processes in the deep basin formed dolomite. A series of presentations were also dedicated to the record of
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the MSC event, thanks to seismic reflexion and borehole data. On the Egyptian margin, Abdel-Fattah et al. recognized downstepping
fluvial terraces that can be used to reconstruct a relative sea level curve during the MSC. On the Eastern Sardinia margin, Lymer et al.
mapped the MSC seismic markers, allowing to reconstruct the paleo-geography of the area ~5.6 My ago and to refine the timing of the
rifting in this area. Driussi et al. also used these seismic markers to assess the post-MSC tectonic deformation of the Balearic
promontory. Lofi presented the publication project of a second volume of a “Seismic atlas of the Messinian Salinity Crisis markers in the
Mediterranean and Black seas?”. The MSC session concluded by a presentation by Camerlenghi et al. of the DREAM project (Deep-sea
Record of Mediterranean Messinian events) dedicated to the drilling of the MSC offshore records in the Mediterranean basin.

A general, constructive discussion followed the presentations, addressing the various topics presented and in particular the implications
of a possible connection with the Red Sea during the Messinian, and the use of the MSC markers to assess the post-Messinian
deformation due to tectonics.Since we are lacking at present stratigraphic and lithological control on up to 95% of the offshore
Messinian records, the participants also discussed the critical need of offshore drillings in the deep basins (including the Black sea) to
answer some questions still open concerning the Messinian event.

Metal distribution in sediments
Mohamed Bouhamadouche, Faculté des Sciences de la Terre, USTHB, Alger, Algérie

Résumé

The theme of the session was very well identified and nine communications presented the extent of metal occurrence (Cr, Mn, Cd, Al-,
Co, Nor, Cu, Zn, Mb, and Pb) in various areas where they can reach worrying, if not alarming, levels, particularly in certain regions of
Algeria, Turkey, or Egypt.

The contamination level of heavy metals was assessed by using the Igeo geoaccumulation index and metallic pollution indicators ( MPI).
A question particularly discussed was the particle size fraction of the marine sediment most affected by heavy metals pollution.

The debate that followed the communications was a good initiative as it has enriched several talks, concerning future methods and
approaches such as the systematic study of metal isotopes, or metal contamination of major fouling species such as barnacles with
interesting recommendations to be taken in future studies.

Sedimentary and chemical processes
N/A

Résumé
Modérateur absent

Shoreline dynamics
Muhammet Duman, Turkey

Résumé

This session on Shoreline Dynamics successfully unfolded, covering a diversity of topics that ranged from shoreline activities, modeling,
hydrodynamics, Holocene deposits, deltaic structures, and seabed features. For young scientists this was a valuable and often the first
opportunity to present their findings in front of an international audience.

The general debate saw specific questions and more general concluding remarks mainly on shoreline activities, hydrodynamics and
seabed features.
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Biogeochemical cycles, past and present
Modérateur : Maria Triantaphyllou



SAPROPEL S1: BASIN-WIDE ISOCHRONOUS FORMATION AND PRESERVATION IN THE EASTERN
MEDITERRANEAN

G. deLangel*, C. Slomp 1, E. Erba?, C. Corsdlli 3, J. Thomson 4, G. Anastasakis >, A. Michard 6 and C. Vae”?
1 Geostiences - Utrecht University - gdelange@geo.uu.nl
2 University Milano, IT

3 University Milano Bicocca

4 Southampton, UK

5 University Athens

6 CEREGE, FR

7 Marine institute Lishon, PT

Abstract

The occurrence of the most recent sapropel S1 appears predomoinantly controlled by its synchronous initial deposition and
preservation at a basin-wide scale. A marked Mn-rich sediment bed formed basin-wide during the onset of reventilation at the end
of sapropel S1. Its postdepositional preservation is dependent on organic matter and sulphide content and subsequent sedimentation
rates, thus variable per investigated site.. Our basin-wide approach further elucidates that the watercolumn below ~ 1.8 km must
have remained predominantly anoxic during sapropel S1 deposition.

Keywords: Paleoceanography, Sapropel, Redox, Geochemical cycles, South-Eastern Mediterranean

Clear cyclic compositional patterns occur in al Mediterranean marine
deposits found on land and at the seafloor. These large-scal e patterns appear
related to Milankovitch astronomical variations [1-2]. The clear expression
of these climate cycles in Mediterranean deposits in particular is partly
related to restricted circulation in this semi-enclosed ocean basin. This
restricted circulation results not only in a delicate oxygen balance, but also in
a bottomwater formation and residence time that is very sensitive to Global
climatic variations in past, present, and future. Variations in riverine fluxes
concording with humidity-related climate cycles not only lead to variations
in bottom water conditions but also in nutrient fluxes [3]. These variations
have resulted in alternating organic-rich (sapropels) and organic-lean (marls)
sediment intervals. This astronomical cyclicity serves as a perfect time-
marker for Mediterranean Miocene to recent sediments, which permits an
unprecedented comparison of samples in identical time-slices but from
different locations. Some of these organic-rich units have a high degree of
lamination [e.g. 4], thus permitting high-resolution studies, whereas the
sedimentary expression of precessional cycles, volcanic ash layers and other
time markers permit a high degree of age control. Potentially basin-scale
reconstructions are possible for such time-siices, in particular for the most
recent S1 period [5]. Such reconstruction may not only involve the
oceanographic aspects of this model-ocean, but also the various land-ocean
interactions, such as riverine and eolian inputs from various surrounding
landmasses [6]. As a consequence, climatic variations are accurately recorded
not only by giving variations in typical ‘marine’ signals, but aso in typical
‘continental’ signals. The ‘Monsoona index’ is strongly associated with the
paleoclimatic conditions in the area around the Eastern Mediterranean, i.e.
Saharal Africa, Middle East, Southern Europe. This association is clearly
present in its sediments, mainly in a ~ 21 kyr precession-controled cycle:
during ‘humid’ climatic periods organic-rich sediment (Sapropel) is
deposited containing strong river and marine productivity signals, whereas
during ‘arid’ climatic periods organic-lean sediment is deposited containing
high dust input signals. As a consequence of the increased fresh water
(monsoon) input between 10.4 — 5.0 14C ky BP, sapropel S1 formed basin-
wide synchronously between 9.8 and 5.7 14C ky BP at all water depths
greater than a few hundred metres [5]. Another effect of the increased
precipitation over evaporation is water-column stratification, and the
resulting restricted deep-water ventilation. This has caused predominantly
anoxic water column conditions and as a consequence preferential
preservation of organic matter has occurred below 1.8 km during 4,000 years
of S1 formation (Fig. 1). Severa diagenetic features are associated to
sapropels, during their formation and during subsequent more oxic
environmental conditions [7]. During sapropel formation the downward
export of excess sulphide has resulted in an interval of reduced sediment
immediately below S1 [8], whereas the post-depositional excess oxygen
content has resulted in the downward removal of the topmost Sl interval
[e.g. 9]. In addition, the deep-water reventilation thus re-oxygenation event
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has resulted in a marked MnO2 bed (previously referred to as Marker Bed;
[5,10]). Using the S1 as a case study similar features can be recognized in
older sapropel units.
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GEOCHEMICAL AND PHYSICAL CONSTRAINTS FOR THE OCCURRENCE OF LIVING COLD-WATER
CORALS

Sascha Flogel 1, Wolf-Christian F. A. Dullo 1*, Andres Riiggeberg 1 and Mienis Furu 2
1 GEOMAR Helmholtz Centre for Ocean Research - cdullo@geomar.de
2 Royal Netherlands Institute for Sea Research (N10Z)

Abstract

Cold-water coral communities cover a wide range of possible habitats in terms of latitude, ocean basins, and depth. Ongoing
studies and exploration are currently discovering additional occurrences in various regions of the global ocean. A range of factors
determines the formation of cold-water coral reefs such as physical, hydrochemical, and biological (e. g. food supply) ones.
Environmental niche factor analysis (ENFA) has been used to predict areas of suitable habitats. However, only few studies made
an attempt to characterize the underlying suite of hydro —biogeo- chemica and physica constraints of cold-water coral reefs and
to differentiate between pristine reef growth versus sites with reduced or no coral occurrences.

Keywords: Carbon, Cnidaria, Deep sea corals, lonian Sea, Gulf of Cadiz

The analysis of physica and hydrochemical water mass properties from
cold water coral (CWC) bearing locations in the NE Atlantic and the
Mediterranean has revealed distinctive patterns. Firstly, the presented data
compilation confirms the proposed control of temperature and [1] as well as
sea-water density [2] on CWC growth. We found that DIC and desity of
the sea water have a considerable influence on CWC in the investigated
localities. Among all constituents of the carbonate system, DIC is one
parameter that defines healthy, pristine, and large scale occurrences
compared to just single colonies or even non-existent recent growth. The
presented data indicate that DIC values below 2170 mmol kg characterize
healthy growth like in Norwegian, Irish, or Scottish waters while reduced
abundances or even declined CWC reefs have higher values as seen in the
Gulf of Cadiz, off Mauretania, and in the Mediterranean. This sharp
separation is supported by the poor occurrences in the Oslo Fjord (2170
mmol kg'l) and parts of the Bay of Biscay (Pagés Escarpment with 2170
mmol kg). We speculate that CWCs are limited in their calcification
process if DIC values in ambient sea water exceed 2170 mmol kgl
However, the carbon for cacification might originate from DIC of the
ambient sea water. While it was suggested that CWCs can increase their
internal DIC concentration [3]. it is possible that strongly elevated values
cannot be regulated by metabolic/calcification processes. A closer look at the
CO, system explains the overall reasons for changesin DIC.

Our data plot into two distinct clusters when plotted in a DIC-TA graph.
The position of the Mediterranean data can be explained by the excess
alkalinity. This likely reflects akalinity inputs to coastal areas close to
regions of deep and intermediate water formation. An akalinity budget
shows that main akalinity inputs come from the Black Sea and from rivers,
whereas the Strait of Gibraltar is a net sink [4]. The fast overturning
circulation in the Mediterranean Sea has led to an overal invasion of the
anthropogenic CO, in the basin. New results show that the Mediterranean
Sea has taken up alarge amount of C4 on both a per-volume and a per-area
basis, compared to estimates of the global oceans [5]. However, the position
of the Gulf of Cadiz and Mauretanian samples can be explained by increased
respiration rates at the sea-floor.

The results indicate that a DIC of 2170 mmol kg™ represents atipping point
for the formation of pristine CWC reefs. This goes along with increasing
knowledge of the present global carbon cycle. This is important for our
ability to understand and predict the future carbon cycle and global climate.
Because about 50% of the anthropogenic carbon released to the atmosphere
from the burning of fossil fuels is stored in the ocean. The estimates of
anthropogenic carbon (C4y) in the oceans remain prone to error arising from
(i) a need to estimate preindustrial reference concentrations of carbon for
different oceanic regions, and (ii) differing behavior of transient ocean tracers
used to infer Cgy. An empirical approach [6] reveald that more Cgy is
stored in the deep ocean than shown previously. This has possible
implications for future carbon uptake and deep-ocean carbonate dissolution.
This approach showed that both, the DIC concentration and the aragonite
saturation horizon increase and shoa continuously in the North Atlantic
since preindustrial times. If the potential tipping point of 2170 mmol kgl is
indeed a limit for healthy and pristine reefs, we can interpret the observed
increase in DIC of about 20 mmoal kgl over the past 20 years [7] ] as an
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indication for an increase in the decline of CWC reefs and mounds during
this period.

The presented data compilation of physical and hydrochemical parameters
of the ambient water masses of CWC sites with Lophelia pertusa in the NE
Atlantic and the Mediterranean sheds new light on the boundary conditions
for pristine CWC growth and occurrences. We were able to extent and
confirm existent data sets [2] regarding a potential density envelope.
Furthermore, our new results of hydrochemical parameters reveal a distinct
tipping point with respect to DIC. We show that pristine CWC occurrences
are limited to bottom waters with DIC values < 2170 mmol kgL,
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Abstract

The Aegean Sea is a semi-enclosed basin extremely sensitive to climate variability. Geochemical evidence from a high-
sedimentation rate core from the South Aegean Sea demonstrates high frequency climate oscillations that were active prior, during
and after sapropel (S1) deposition. These oscillations are thought to be linked to bottom water oxygenation, which in turn is strongly

influenced by ventilation and climate change.
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Deposition of sapropels in the Mediterranean Sea, is associated with orbital
climate forcing [3] and depicts the strong response of the basin to climate
variability. The most recent sapropel (S1) was deposited between 9.8-5.7ka
14C BP [4] and its formation is related to significant changes in the water
circulation pattern. Despite the different mechanisms and processes
described to be responsible for the formation of sapropels, elevated
productivity as well as conditions favorable for the preservation of organic
meatter is widely accepted to prevail during sapropel deposition. The
enhanced preservation of organic matter is thought to be related to restricted
bottom water oxygenation and associated redox conditions at the water/
sediment interface.  In a high-sedimentation rate core (KN3) retrieved in
2008 (R/V Aegaeo) between Kos and Nisyros islands (Greece; 36°40',636 -
27012',040, 607m depth) detailed (0.5cm resolution) geochemical and
micropaleontological analyses have been performed. The results show that
high frequency variability occurs in geochemical paleoproductivity proxies
(e.g. Corg content and Ba/Al ratio) and trace elements. Fluctuations such as
those in manganese content point to re-ventilation during S1 formation, at
least in the Aegean Sea. The development of productivity in the deeper
photic zone (high abundance of coccolithophore Florisphaera profunda)
reflects increased stratification of the water column; athough with several
fluctuations. The practical absence of Emiliania huxieyi moderately calcified
morphotypes implies elevated SSTs. Furthermore, this study provides
evidence for more than one interruption during S1 formation, when the
organic matter formation either was significantly reduced or the conditions
were not favorable for its preservation. Trace elemental fluctuations used as
indicators for anoxic/dysoxic conditions in surface sediments [1] advocate
reduced oxygen conditions rather than a completely stagnant basin. High
frequency cyclicity has been recorded also in micropaleontologica and
isotopic compositional data [2] implying restricted ventilation conditions
but not a complete cessation of bottom water formation in Aegean Sea.
Finaly, the aforementioned proxies used for the reconstruction of the
paleonvironmental conditions prevailing during S1 deposition in the South
Aegean Sea, have been compared with results from other cores from within
and from outside the Aegean Sea Despite differences related to local
environmental conditions, the general feature of variability within S1 as
observed in Aegean core KN3 are confirmed. These observations strongly
support the idea of the Aegean Sea not being a fully anoxic basin during S1
formation, but evolving under diminished oxygen conditions with potential
episodes of re-ventilation. Additional studies are needed to more precisely
set timing, distribution, and potential synchronicity of observed events.
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Abstract

The unusual nutrient cycling of the Eastern Mediterranean Sea (EMS) has been described by a coupled nitrogen and phosphorus
mass balance biogeochemical model. The model is calibrated by independent nutrient measurements and is used to simulate
changes in primary productivity and nutrient distributions within the EM S between 1950 and 2000. Despite threefold increases in
the supply of nitrogen and phosphorus to the EMS during the second half of the 20th century the model only predicts a 22%
increase in primary productivity, primarily due to efficient nutrient removal by the anti-estuarine circulation of the EMS.

Keywords: Nutrients, lonian Sea, Levantine Basin, Geochemical cycles, Models

The unusual nutrient cycling of the Eastern Mediterranean Sea (EMS) is
characterized by low nutrient concentrations and high nitrate to phosphate
ratios. A coupled nitrogen (N) and phosphorus (P) biogeochemical model was
developed for the EMS to describe and understand this cycling. The model
domain consists of the EMS excluding the Adriatic and Aegean Seas. The water
column is divided into three water layers, surface water (0-200m); Levantine
Intermediate Water (200-500m) and deep water (>500m). The 1-D model
accounts for fluxes between the water layers and for the anti-estuarine
circulation of the EMS. It is assumed that the N and P cycles were at (near-)
steady state in 1950 [1] and that annual primary production is phosphorus
limited [2]. The N and P cycles are coupled together through the Redfield ratio
(NO3:PO4=16:1) for primary production [3]. Estimations of the concentrations
of soluble inorganic and organic forms, as well as particulate organic forms of N
and P are based mainly on [4]. Inputs of nutrients to the EMS include
atmospheric deposition, riverine supply, and inflows from adjacent basins
(Adriatic, Aegean and Western Mediterranean Seas) whilst outputs include
burial of particulate organic matter, denitrification and outflows to adjacent
basins. Nutrient inputs between 1950 and 2000 were estimated using a
combination of historical nutrient records from alpine ice cores [5,6], measured
atmospheric deposition rates [7], and measured riverine concentrations [8]. The
initial 1950 conditions were obtained by spinning up the model to steady state.
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Fig. 1. Net nitrogen and phosphorus inputs to the EMS between 1950 and
2000, and the model predicted response of primary productivity, relative to
1950. Net inputs include the net flow of N and P between adjacent basins
(Western Mediterranean, Adriatic and Aegean Seas), atmospheric deposition
and riverine supply of N and P.
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Despite major increases in the net supply of nutrients to the EM S, up to factors
of 3.25 and 2.7 for N and P, respectively, modeled primary productivity during
the 1950-2000 period only increases by 22% (Figure 1). The Western
Mediterranean Sea (WMS) provides up to 67% of phosphorus input to the
EMS, primarily as dissolved organic P. The model calculations indicate that
40% of nutrients supplied to the EMS between 1950 and 2000 are exported
from the basin with over 25% to the WMS through the Straits of Sicily. Up to
20% of nutrient inputs are stored as inorganic nutrients in the deep water
reservoir but the changes in deep water nitrate and phosphate concentrations
between 1950 and 2000 are relatively small. The predicted nutrient
concentrations in 2000 are consistent with the concentration ranges reported by
[9]. The recycling efficiency of nutrients is very high with over 90% of
phosphorus recycled within the surface waters. In conclusion, results indicate
that the anti-estuarine circulation, exporting nutrients out of the EMS to the
WMS through the Straits of Sicily, helps maintain the ultra-oligotrophic nature
of the EMS and the phosphorus limited nature of the system.
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Abstract

The export production of coccolithophores has been measured from Black Sea, North Aegean Sea, Cretan Sea, South Cretan
margin and lonian Sea, and compared in order to define the spatial and seasonal variability in their assemblage composition.
Furthermore, the contribution of coccolithophores to the total carbonate flux is calculated.

Keywords: Biogeography, Coccolithophores, Black Sea, North-Eastern Mediterranean

A sediment trap mooring has been deployed for one year (10/2007- 9/2008)
at 1000 m water depth, in western Black Sea. The maximum coccosphere
fluxes, with @ most monospecific assemblage of Emiliania huxleyi, have been
recorded during May and June. The seasonally controlled coccolithophore
patterns are strongly related to those of sea surface temperature and
accumulated rainfall in the area, triggering riverine nutrient input.

Coccosphere fluxes in North Aegean Sea have been calculated from a
sediment trap deployment at 500 m (1/2011-12/2011). E. huxleyi is the
dominant species, followed by Syracosphaera pulchra, Rhabdosphaera
clavigera as minor assemblage components. Maximum fluxes have been
observed in between May-June.

A single mooring with two sediment traps (500 and 1700 m) was deployed
at the southern margin of the Cretan Sea (1/2001-2/2002) [1]. The results
obtained from 500 m depth show that the highest productivity season was
recorded from January till late September with the highest flux values
observed between late March to late June. During this period the pattern
was characterized by three main phases that correlate well with the gradual
increase in SST from January till September. Coccosphere sinking
assemblages were characterized by high abundances of E. huxleyi, followed
by Florisphaera profunda, R. clavigera and Syracosphaera spp.

Six moorings have been deployed at different sites along the south—west
margin of Crete, providing atotal of eight sediment-trap time series (6/2005-
5/2006) [2]. Maximum coccosphere fluxes were recorded in between March
to June, featured by dominance of E. huxleyi and subordinate Helicosphaera
carteri, Umbilicosphaera spp. and S pulchra; intermediate fluxes from June
to November, with high abundance of the deep photic zone species
Algirosphaera robusta, F. profunda, Gladiolithus flabellatus; and low fluxes
from November to February, with high flux of A. robusta, S pulchra and
Syracosphaera spp. These three periods correspond to the seasonal changes
in sea surface temperature and surface mixed layer depth.

Coccolithophore fluxes from the centra part of the lonian Sea have been
studied from a sediment trap mooring (9/1999-6/2001) at 500 and 2800 m
water depth [3]. Peak coccolithophore export production is observed in
May, a secondary peak is observed in September-October. The assemblages
is dominated year-round by the cosmopolitan species E. huxleyi, followed
by the deep-dwelling F. profunda and by several minor species
(Syracosphaera pulchra, R. clavigera, A. robusta, G. flabellatus, Calcidiscus
leptoporus, Umbellosphaera tenuis and small Syracosphaera spp.) which
are most abundant during the summer period of upper water column
stratification.

A high seasona pattern characterizes the coccolithophore assemblages from
al the investigated areas of eastern Mediterranean and Black seas. The
export production and biogenic carbonate fluxes are strongly dependent on
the nutrient influx, the vertical mixing and sea surface temperatures of the
water column, in anorth-south and east-west transient.
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Abstract

The palecenviromental conditions during the high sedimentation rate depositional interval of sapropel Sl in the northeastern Aegean
(gravity core M-4, length 2.53 m; south Limnos basin) have been studied, based on quantitative micropaleontological (benthic and
planktonic foraminifera), geochemical (OC, 513Corg) and UK'37 sea surface temperature analyses. Our study points that sapropelic
layer Sla has been deposited in more dysoxic conditions in respect to S1b. An interruption of the sapropelic conditions at 8.0 Ka
BP, which is mainly characterized by the increase of agglutinated foraminiferal forms, confirms higher oxygen bottom conditions.
From ~ 8.0 to 7.7 Ka BP, enhanced freshwater inputs along with the supply of terrestrial matter are probably associated with the

inflow of Black Sea waters.

Keywords: Sapropel, Foraminifera, Geochemistry, Aegean Sea, North-Eastern Mediterranean

Gravity core M-4 has been recovered in South Limnos basin from water
depth 216 m, at 39° 38.662'N, 25° 35.165'E. Sapropel Sl is very well
exposed with overall thickness reaching 96 cm. Slainterva is characterized
by the intense presence of anoxic/dysoxic benthic species, such as
Chilostomella mediterranensis, Globobulimina affinis and Cassidulinoides
bradyi together with Bulimina spp. (B. aculeata, B. marginata and B.
costata), and the presence of Bolivina spathulata, B. striatula and B. alata.
However, the presence of Uvigerina mediterranea, Gyroidinoides spp.
indicates mesotrophic to eutrophic environments and higher oxygen
conditions. Therefore, less severe dysoxia has been developed in South
Limnos basin during the deposition of layer Sla, in respect to what has been
documented before for other Aegean basins[1], [2], [3]. Higher values of OC
during the deposition of Sla than those of Slb, indicate highest organic
matter production and preservation in Sla, supporting previous results in
the Aegean area [2], [4], [5]. The almost constant values of §13Corg, shifted
towards marine end-member values during Sla, confirm the hypothesis that
the deposition of sapropel S1 has been caused by enhanced primary
productivity along with extended preservation of organic matter, when
compared to the present-day levels in the north Aegean [5]. During Sla and
Sl1b depositiona intervals the dominant planktonic foraminiferal species are
Turborotalita quinqueloba  and Globigerina bulloides. Their abundant
presence suggests the development of a low sdinity sur?cial layer rich in
nutrients over South Limnos basin during the deposition of Sla and Sib.
The interruption of sapropel Sl at 8.0 Ka BP is probably associated with
the northern hemisphere cold event at 8.2 Ka BP. During this interval, the
increase of agglutinated forms confirms both higher oxygen bottom
conditions and freshwater input. Thisis accompanied by decreasein OC and
the presence of planktonic foraminifera assemblages (Globorotalia inflata
and Neogloboquadrinds) which suggest stronger mixing of the water column
at least during winter. The more negative values of $13Corg identified at ~7.7
Ka BP are indicative of terrigenous organic matter [5], that may caused high
value of OC, during the interruption interval, probably associated with the
inflow of Black Sea waters. Within the sapropelic layer Slb dysoxic
foraminiferal species abundances are once more increased but to a lesser
degree when comparing with Sla; in accordance with OC vaues. U.
mediterranea, Hyalinea balthica, miliolids and agglutinants are increased,
supporting even less dysoxia for Slb interval in respect to Sla All acquired
data records present rapid simultaneous fluctuations, suggesting short term
paleoceanographic and palaeoclimatic changes in the studied area Rapid
palaeoclimatic changes during the discussed interval have been also reported
in pollen records from N. Aegean Sea[6], [7].
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Abstract

The Dead Sea is located on the boundary between the Sahara and the Mediterranean climatic zones. Its extension has
substantially changed throughout time alternately expanding during ice ages and contracting during interglacials. The changing size
of the successive lakes triggered changes in the chemical composition of their waters and, thus, their sediments are reflecting the
climatic-hydrologic history of the region. The basin is located in an active tectonic region often affected by earthquakes that are
preserved throughout the lacustrine sequence. Their identification and dating allows developing an event stratigraphy. Constraining
the existing climatic and tectonic reconstructions for this area will help to disentangle the impact of these changes in the
development and migration path of peoples from Paleolithic to modern times.

Keywords: Global change, Levantine Basin

The Dead Sea Basin (DSB) is the largest and deepest continental pull-apart
basin formed along the Dead Sea Transform Fault, as well as along other
continental transform faults [1]. During the Miocene (ca. 23 Ma), the basin
was filled by fluvio-lacustrine deposits of the Hazeva Formation. Later
during the Pliocene (ca 5 Ma), the Mediterranean Sea intruded the basin
forming the Sedom lagoon that deposited thick sequences of salts. After the
disconnection of the lagoon from the open sea, termina lacustrine bodies
successively occupied the basin: the middle to late Pleistocene lake Amora
(>740-130 ka), the last interglacial Lake Samra (~135-75 ka), the last glacial
Lake Lisan (~75-17.7 ka), and the Holocene Dead Sea. The last glacial Lake
Lisan and the Holocene Dead Sea have been widely studied during the past
few decades providing significant archives of paleoenvironmental changes
[2,3,4]. The Lisan Formation is comprised of up to ~40 meters of sediment
deposited over nearly 60,000 years (~75 to ~17.7 ka), and records ice age
conditions with seasonal time-resolution, due to regular deposition of thin
(~1 mm thick) layers of precipitated inorganic carbonate during dry seasons
(from lake evaporation) and detritus during wet seasons (from erosion of the
margina highlands and wind-blown dust) [2]. It also includes clastic layers
associated with storms or lake level drops, gypsum layers associated with
extreme dry periods and lake level drops, and jumbled “ mixed layers’ caused
by earthquakes. The carbonate layers have been dated by U-series and 14C,
and the combination of radiometric dating and layer counting affords the
opportunity to unravel the Near East hydrological-climatic and tectonic
history at up to seasona time resolution [2, 4]. The Lisan Formation
overlies deposits from Lakes Amora and Samra, representing previous ice
age high lake levels extending back at least 740 ka. But these past glacial and
interglacial predecessors are fragmentary exposed along the shores of the
current Dead Sea. Filling these existing gaps in the history of the basin is
now possible with information obtained from cores retrieved from the
central and deeper parts of the present lake. They improve our
understanding of the behavior of the described water bodies evolving in the
DSB as well unlock the climatic and tectonic mechanisms that shaped the
region during past interglacial and glacial cycles[5] .

From November 2010 to March 2011 an international team of scientits (*)
drilled the Dead Sea as part of an International Continental Scientific Drilling
Program (ICDP) sponsored project [5]. The retrieved sedimentary cores are
filling-in known (and estimated) gaps in the outcrop sediments and provide a
nearly continuous and undisturbed record, that judging from changes in
dominant lithology, are covering at least the past two glacial-interglacial
cycles (ca 200 ka). The sedimentary record can be divided into two
dominant lithologies: salt layers interbedded with laminated mud, and
massive and laminated marl interbedded with thin salt layers. Silt and sand
(and gravel) levels indicate intervals of extremely low lake level (see dides).
Additionally, a preliminary inspection of the material show spectacular
sedimentary structures that are witnessing tectonic activity that has been
registered in the lake sediments. Preliminary results indicate an average
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sedimentation rate more than double than the land deposits since salt
deposition intervals (interglacials periods) are much thicker than the
aragonite-detritus laminae that characterize the glacia intervals. In addition,
the whole record becomes thicker due to the large thicknesses of the
encountered slump sediments that have been most probably triggered by
earthquakes of various ages. Once the chronology of these major events will
be established, it may be possible to develop a regional event stratigraphy
leading to an estimation of the frequency of earthquakes in this tectonically
active area. The latter may help planning mitigation strategies of major
societal impact.

A striking discovery is a mud-free layer of rounded pebbles more than 230
meters deep in the core taken from the deep basin, deposited at an age
provisionally estimated to be the last interglacial. The pebble layer appears
to be a beach deposit and nothing else like it has been found at other places
in the cores. It overlies about 40 meters of mainly salt, and together they
indicate an extreme lake level drop during that time. Today the Dead Sea
level is falling fast because no fresh water is entering it due to the fact that
most of the runoff is being used by the surrounding population. If the
hypothesis that Dead Sea dry down is confirmed it means that in the
geological past without human intervention, the runoff severely declined or
almost stopped. This is critical since global climate models predict that in
the near future this region will be more arid with higher mean temperatures
implying that this precious resource, already fully used, will become scarcer.

* DSDDP principal investigators

M. Stein, Z. Ben-Avraham, A. Agnon (Israel); A. Brauer (Germany); D.
Ariztegui, G. Haug (Switzerland); Y. Yasuda, H. Kitagawa (Japan); S.
Goldstein, E. Ito (USA).
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Abstract

Dense shelf waters nowadays originate in the northern Adriatic sea progressively move to the South, impacting the slope sea floor
with velocities greater than 1 m/s and generating a wide variety of depositional and erosional features including muddy and sandy
sediment waves. We merge the results of numerical runs, based on dedicated scenarios inferred from geological and
paleoclimatology evidences - with most recent evidences from dedicated geological surveys- aiming at a detailed definition of
the sediment fluxes driving the evolution of southern Adriatic mud waves.

Keywords: South Adriatic Sea, Continental margin, Bathymetry, Deep sea processes, Circulation models

After the end of the last glacial, the North Adriatic shelf was progressively
drowned due to the eustatic rise generating a shallow shelf region which is
now one of the Mediterranean key sites for the formation of dense shelf
waters through wind-forced winter cooling. Once formed, the dense waters
move to the south, along the western side of the Adriatic, and reach the
South Adriatic slope across which they cascade generating a wide variety of
depositional and erosional features such as muddy and sandy sediment
waves. Moreover, severd fields of dominantly muddy sediment waves have
a patchy distribution and appear to reflect the interaction between the
down-slope path of the dense water and the presence of both morphological
constraints to accelerate the flows and mobile sediment to be casted
into large-scale bedforms (Trincardi et a, 2007). Given the dominant role of
seabed morphology in controlling such process, a detailed bathymetric
characterization is necessary for an appropriate understanding of the
hydrodynamic and geological processes. Recent advancements in geological
survey technologies allow a very high-definition knowledge of the ses
bottom geometry and sedimentology, providing a robust experimental basis
for modeling inferences. At the same time, numerica models for ocean
circulation have been developed and improved up to alow a refined
description, at an adequate space- and time- resolution, of the formation
and flow of dense water masses in the Adriatic basin until the South Adriatic
slope (Benetazzo et al., 2013).

In this work we merge the results of numerical runs, based on dedicated
scenarios inferred from geological and paleoclimatological evidence, with
most recent evidences from dedicated geological surveys carried out on R/V
URANIA operated by the Italian National Council of Research (C.N.R.).
The findings provides a sound background for a coupled hydrodynamic and
sediment transport modelling effort, based on a complete in-situ
sedimentological characterization and aiming to a detailed definition of
driving processes and sediment fluxes involved in the evolution of southern
Adriatic mud waves since the last glacia-interglacia transition, and in
particular since the early Holocene, when stable-isotope studies suggest an
enhanced bottom-water formation and circulation (Piva et al., 2008).

The modeling performed under different scenarios accounts for both the
erosiona and depositional features observed, assessing how the process of
dense shelf water cascading can concur to a marked reshape of the sea floor
landscape. The model results indicate that the downslope-cascading bottom
currents are highly correlated with the orientation and spatial distribution of
the observed bedforms.

The work done paves the way to new modeling efforts under past
oceanographic scenarios and at a sub-feature scale, with the aim to
investigate if and how the dense water cascading is consistent, by strenght
and location, with the generation and evolution of the observed bedforms.
This work has been partialy funded by the Flagship Project RITMARE -
The Italian Research for the Sea- coordinated by the Italian Nationa
Research Council and funded by the Italian Ministry of Education,
University and Research within the National Research Program 2011-2013.
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Abstract

The Nile Deep Sea Fan hosts numerous active fluid escape structures associated with large gas emitting mud volcanoes,
authigenic carbonates, pockmarks and briny mud volcanoes. During the MEDECO2 expedition (HERMES Program), some of
these seeps were investigated with the research vessel Pourquoi pas?. Near bottom geophysical investigations were conducted
with the use of theVictor ROV (Remotely Operated Vehicle). We present here, in the view of the seepage activity, the
geophysical characterization of alarge mud volcano caldera complex called Menes located in the Western Nile Province.

Keywords: Mud volcanoes, Tectonics, South-Eastern Mediterranean, Nile Fan, Brine pools

The Nile Deep Sea Fan hosts numerous active fluid escape structures temperature of ~43°C was recorded from the surface of the lake down to
associated with large gas emitting mud volcanoes, authigenic carbonates, 440m through a very unconsolidated materia. The uniformity of the
pockmarks and briny mud volcanoes (Bayon et al., 2009; Dupré et al., 2007; temperature profile with depth clearly supports the occurrence of first order
Huguen et &., 2009; Loncke et al., 2004). During the MEDECO2 expedition active convection within a mud/brine/fluid conduit. The newly acquired
(HERMES Program), some of these seeps were investigated with the geophysical dataset and high-resolution seabed photographic images brought
research vessel Pourquoi pas? (Foucher et al., 2009). Near bottom more details, in particular, in the seabed morphology and spatial distribution
geophysical investigations were conducted with the use of the Victor 6000 of the seepage activity. The seepage activity is not restricted to the mgjor
ROV (Remotely Operated Vehicle). Victor was equipped with 1) a Reson mud volcanoes. The entire caldera is disturbed by fluids associated in depth
7125 multibeam system operated at 400 kHz for high-resolution with numerous faults and fractures and at the seabed with brine-related
bathymetry and backscatter seafloor imagery and 2) an OTUS camera for features. Acoustic anomalies were detected in the water column using the 38
long range optical black and white imaging. We present here, in the view of kHz echosounder of the R/V Pourquoi pas?. An echo contiguous to the
the seepage activity, the geophysical characterization of alarge mud volcano seafloor was recorded up to 600 m above the seafloor at the south-western
caldera complex caled Menes located in the Western Nile Province. border of the Menes. This acoustic anomaly is interpreted as a gas flare
Extending by 3000 m water depths with a diameter of ~8 km, the Menes associated with alistric fault in relation with salt tectonics.
Caldera contains several active mud volcanoes. Chephren and Cheops mud
volcanoes located in the south and roughly in the centre of the caldera, References
respectively, are the most spectacular. 1 - Foucher, J.-P., Westbrook, G.K., Boetius, A., Ceramicola, S., Dupré, S.,
Mascle, J., Mienert, J., Pfannkuche, O., Pierre, C. and Praeg, D., 2009.
Chephren Mud Volcano Structure and drivers of hydrocarbon seep ecosystems in the European seas:
The Chephren structure is composed of two craters of 250 to 300 m in An overview from HERMES results. Oceanography, 22: 92-109.
diameter each. The northern crater is filled up with muddy brine sediments. 2 - Huguen, C., Foucher, J.-P., Mascle, J., Ondréas, H., Thouement, M.,
Within this brine lake, salinity reaches high values (120 to 145 psu). Gas Gontharet, S., Stadnitskaia, A., Pierre, C., Bayon, G., Loncke, L., Boetius,
analysis in the water column revealed high methane concentrations, 0.4 to A., Bouloubassi, |., De Lange, G., Fouquet, Y., Woodside J., M., Dupré S.
5.6 mmol/l. The temperatures within the lake indicate uniform values with and the NAUTINIL Scientific Party, 2009. Menes caldera, a highly active
depth, reaching ~60°C along a vertical profile of ~250m below the seabed. In site of brine seepage in the Eastern Mediterranean Sea: "In situ”
contrast, the southern crater is relatively cold with thermal gradients similar observations from the NAUTINIL expedition (2003). Marine Geology, 261:
to background values. This crater 10 to 20 metres deep corresponds to a 138-152.
former brine lake that is at present inactive in terms of brine seepage. 3- Loncke, L., Mascle, J., Fanil Scientific Parties, 2004. Mud volcanoes, gas
Running outflows emitted from the northern brine lake are visible al around chimneys, pockmarks and mounds in the Nile deep-sea fan (eastern
the mud volcano with the most recent activity located at the northern side. Mediterranean); geophysica evidences. Marine and Petroleum Geology 21
The seepage activity there corresponds to highly unstable seafloor (6), 669-689.
environment. The fauna is mostly restricted within the close periphery of 4 - Dupré, S, Woodside, J., Foucher, J-P., de Lange, G., Mascle, J,
the brine lake. The small and narrow subcircular plateaus that composed the Boetius, A., Mastalerz, V., Stadnitskaia, A., Ondréas, H., Huguen, C.,
upper part of the crater attract many crabs and polychaete tubeworms. Harmegnies, F., Gontharet, S., Loncke, L., Deville, E., Niemann, H.,
Within the brine lake, the less unstable areas appear to be characterized by Omoregie, E., Olu-Le Roy, K., FiadlaMedioni, A., Ddhimann, A., Caprais,
dense accumulation of white filaments that correspond to sulfur associated J.-C., Prinzhofer, A., Sibuet, M., Pierre, C., Sinninghe Damsté, J., and
with arcobater, sulphide oxidizing bacteria NAUTINIL scientific Party, 2007, Seafloor geological studies above active
gas chimneys off Egypt (Central Nile Deep Sea Fan): Deep Sea Research
Cheops Mud Volcano Part |: Oceanographic Research Papers, v. 54, p. 1146-1172.

Cheops mud volcano, similarly to Chephren, exhibits high sainity values
and methane concentrations (respectively 210 to 240 psu and 2.4 to 3.7
mmol/l). Cheops mud volcano, with an average diameter of ~250m, is
composed of a brine lake surrounded by an almost continuous depression
ring, covered in some places with recent outflows. This latter probably
corresponds to a former edge of the lake. As previously suspected, the inner
domain of this mud volcano correlates with an almost flat top where
numerous muddy brine pools, decimetre to metre in scale and covered by
whitish filaments, were observed at the surface of the lake. An average
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GEOPHYSICAL, GEOLOGICAL AND LYMNOLOGIC STUDIES OF BAFA LAKE, AN ANCIENT GULF OF
THE AEGEAN SEA
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Abstract

Lakes are perfect congtituents of climatic, environmental and geologic changes and geophysical lake studies are exceptionally
important to reveal their formation process. Lakes may record regional responses about some environmental processes and a
combination of such records about origin of lake can contribute to a better understanding variations about shore studies. Bafa
Lake in Mugla, Turkey is among the best examples of such an aluvial set 1ake in the Aegean Sea and it is one of the least spoiled

watery areas at the shore, in Turkey.

Keywords: Geophysics, Hydrography, Aegean Sea, Sedimentation

Bafa Lake was one of the busiest bays of the Aegean Sea (Gulf of Latmos) in
the seventh century B.C. [1]. The sediments brought to the lake is initially fed
by the floods from the Big Meander River (Blyik Menderes) slowly pull awvay
the bay from the Aegean sea by the first century A.C. [2]. From late antiquity,
aluvials that brought by Big Meander River is closed the connection of the
Latmos Gulf step by step and transformed the gulf to a lake (Fig. 1) [3]. Bafa
Lakeisone of Turkey’s most important historical and protected area which also
has cultural and archaeological resource value by having the ancient city of
Latmos. So this area is under protection of the government as an open air
museum and a nature park.

Fig. 1. Periodic progression of the Big Meander River Delta

We examined the Lake in geophysical, geomorphologica and physico-
chemical aspects. In this context, depth measurements and bathymetric
mapping, side scan sonar studies which used to determined the morphology of
the lake, water column physicochemica parameters and microbiological assays
and sediment grab samples to determine bottom sediments were studied (Fig. 2).

Fig. 2. Representation of Bafa Lake's location and depth contours with sediment
sampling locations.

Results showed us how a river can transform a gulf into a lake by changing
it's geology, morphology and echology and gave us a huge knowledge about
similarly affected environments future, destinies.
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Abstract

The Danube River Basin and the Black Sea represent a unique natural laboratory for studying source to sink and global change. In
the last decade, many of the geosciences studies carried out in the Black Sea have focused on the Holocene marine transgression.
This topic has been fully discussed and is till a matter of debate. Since the DSDP drillings, the lithology and mineralogy of deep
sediments from the Black Sea have been well studied. However, only few recent studies have focused on the deep-sea
morphology and turbidite sedimentation in the western Black Sea basin, where the main depositional feature is the Danube
submarine fan. Recent oceanographic surveys demonstrate that the deep basin deposits bear the record of the Late Quaternary

pal eoenvironmental changes.

Keywords: Deep sea basins, Sediment transport, Canyons, Swath mapping, Black Sea

This study focuses on the deep water architecture of the western Black Sea
deep basin and its sedimentological characteristics. The Late Quaternary
Danube turbidite system (to the North) displays a well-constructed
morphology, underlined by several channel-levee systems associated with
distal 1obe complexes, reaching the 2200 m isobaths. The adjacent deposits,
onlaping the Danube Turbidite System distal lobes in the deep basin, show a
linear, drape-like morphology, represented by thick continuous reflections
on seismic profiles. They generally consist of distal turbidite deposits
supplied from the Turkish margin. Most of these turbidite sequences show a
thick upper unit composed by homogeneous clastic clays, thus forming
thick mud turbidites. Following previous work in similar basin settings, we
interpret these facies to result from large volume unchannelized turbidity
currents generated by successive mass-wasting events. The abrupt break of
slope at the bathyal plain transition enhances the rapid deposition of coarse-
grained materiad and limits channel development in the bathyal plain. We
relate the origin of these deposits with the very high seismic activity of the
North Anatolian Fault on the Turkish margin. This work is based on data
collected at the boundary of influence of the Danube Turbidite System and
the Turkish margin, and provides a new record of the changes in sedimentary
supply, climate and sea level that occurred in the Black Sea region since the
last ~ 25 ka. The deep basin deposits bear the record of the Late Quaternary
palecenvironmental changes (Lericolais et a., 2012). The Last Glacia
Maximum Period (~25 to 18 ka BP) was characterized by an important and
relatively stable sediment supply with sediment transferred to the deep
basin from both the northern Danube Turbidite System and the southern
Turkish margin. The relative stable LGM period was followed by an
increase of sediment transport to the deep basin, which is locally illustrated
by progradation of lobe deposits from the Danube turbidite system in the
deep basin, downlaping the Turkish deposits. Influx of meltwater to the
Black Sea resulted in a early highstand sea level. The following Bolling
Allerod Preboreal warm period and the Younger Dryas cold event have
experienced aternative sea level lowstands and highstands that are not
clearly underlain in the deep basin sediments (Lericolais et al., 2012). The
onset of sea-level highstand after the Holocene marine invasion (~ 9 kyr BP)
(Lericolais et al., 2012; Soulet et al., 2011) induced the end of the activity of
the Danube Turbidite System whereas the gravity supply from the Turkish
margin remained active throughout the Holocene. We conclude that the
western Black Sea basin constitute an asymmetric subsident basin bordered
by a northern passive margin with confined mid-size, mud-rich turbidite
systems, and a southern turbidite ramp built in atectonically active margin
setting.
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Abstract

Fluid seepages are observed on amost every continental margin where detailed surveys have been conducted. They exhibit
different morphologies at the seafloor, but pockmarks, mounds, and mud volcanoes are predominant. In the Central Nile Deep-Sea
Fan (NDSF), an integrated approach, based on bathymetry and seismic investigations of the seafloor and of the sedimentary
column reveal that pockmarks fields, mud volcanoes and shallow networks of cracks are associated with various geological
features such as normal faults, faulted anticline, buried turbidite channels and mass-transport deposits.

Keywords: South-Eastern Mediterranean, Nile Delta, Bathymetry, Seismics, Mud volcanoes

Fluid emissions at the seafloor of continental margins have been recognized
in a large range of settings. The most commonly described expression of
fluid seepages are commonly pockmarks, carbonate mounds, mud vol canoes
(MV) and/or gas chimneys; they may result from migration of thermogenic
fluids along tectonic conduits, dissociation of gas hydrates and dewatering of
turbidite channels or of mass-transport deposits (MTDs). Fluid seepages
constitute thus a potential window on deep reservoirs and constitute part of
geohazards affecting continental-slope environments. A great variety of fluid
seepages have already been described over the NDSF. They are also
recorded by patches of high acoustic backscatter indicating pockmarks
and/or small carbonate mounds [1; 2]. Submersible observations have shown
the high-backscatter patches to coincide with authigenic carbonate
pavements [3]. Some of them were thought to be active during the Holocene.
A new dataset used in this study includes multibeam bathymetry and
backscatter data, as well as Chirp and seismic-reflection profiles (Géoazur
laboratory) mixed together with the upper section of 3D seismic data (Total
Company); it helps to better constrain the characteristics of aready-known
structures and to identify new ones within the centra NDSF. Some 2000
additional pockmarks, identified between 300-1300 m water depths, appear
either isolated or grouped in clusters. On seismic data, they are expressed at
the seafloor as concave-up high-amplitude reflections lying on top of vertical
pipes with incoherent facies at depth. Seven MV (conical, flat, circular in
shape; 1.5-4 km in diameter; up to 70 m high) aready identified between
100-1100 m water depths, are imaged in better details. The new
observations reveal abundant mud flows at the seafloor, suggesting recent
fluid activity. Newly identified emission centers consist of either low-
elevation domes, with concentric ridges, or chimney-like structures merging
in alarge caldera. Such morphological differences may indicate variations in
both nature and viscosity of fluid emissions. Radiating networks of
lineaments, interpreted as small-scale fractures, are seen on the seafloor and
at depth around some MVs and may indicate fluid intrusion processes
within the pre-existing deposits. On seismic data, MVs exhibit either a
“christmas-tree” pattern up to 300-ms penetration below the seafloor, or
thinner construction lying at the seafloor, suggesting different fluid/mud
emission cyclicity scales and initiation ages. Dendritic networks of curved
cracks (0.1-3 km long, 5-10 m deep) are present at various locations between
800-1400 m water depths. They affect the first 50 ms below the seafloor
and appear anchored on top of sub-vertical conduits with concave-up
reflections. Over the studied area the spatial organization of pockmarks,
MV's and cracks is constrained by several types of structures identified on
the seafloor and at depth. In most cases, MVs are associated with networks
of normal deep faults that in some case affect the present-day seafloor, for
example Rosetta fault, as already indicated and which is therefore an active
fault. Pockmark fields are superimposed to buried normal faults and on a
faulted anticline, but can aso be observed at the base of fault scarps
affecting the seafloor. More surprisingly, some pockmark fields mimic
relatively deeply buried turbidite channels and MTDs located up to 550 ms
below the seafloor; and they likely result from dewatering processes strong
enough to impact the seafloor; similar relationships were established in the
Congo basin and on the Niger submarine delta[4]. Finaly, shallow networks
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of cracks are located on top of buried MTDs. Their origin is still unclear but
their orientation is nearly similar to the organization of MTDs internal
thrust faults as shown on 3D seismic time slices. It is thus believed that
dewatering of MTDs, guided by thrust faults, could generate overpressures
within the overlying deposits and then extensional structures that propagate
upward to the seafloor.
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Abstract

A recently published morpho-bathymetric map of the Mediterranean Sea, constitutes the background support for the first morpho-
tectonic map of the Mediterranean domain ever published. This compilation made under “Arcgis’, includes a peri-mediterranean
geological synthesis in which the various geological units have been assembled according to their implications with respect to the
Alpine orogenic evolution. For the marine domain severa characteristics, have been selected and successively mapped in distinct
layers integrated to produce the final synthesis; among the selected layers: the nature and age of the deep basins, the distribution of
messinian basins, of active tectonics and of large fluid seepage processes such as mud vol canoes.

Keywords: Bathymetry, Geomor phology, Svath mapping, Tectonics, North-Central Mediterranean

Onshore the map has been mainly constructed using the contours of the
IGME 5000 Map [1], completed by information extracted from numerous
publications The geodynamic evolution of the Mediterranean area being
intimately related to the one of the Alpine realm, the various geological units
have been assembled accordingly to their implications within the Alpine
orogenic evolution; since the beginning of the Alpine history correlates with
the end of the Variscan one, more or less at the limit between Carboniferous
and Permian (300 Ma), al geological units older than Permian (Proterozoic
and pre-Permian Paeozoic) have therefore been considered as basement; the
Variscan magmatism (prior to 300 Ma) has however been distinguished to
better highlight the Variscan basement. All others formations (younger than
300 Ma) have been characterized considering their implication within the
Alpine structures and the different lithology, which constitute large tectonic
units, are represented by a dedicated colour. Recent (Oligo-Miocene to
Quaternary) sedimentary basins have been distinguished in two categories:
flexural basins and others types (cratonic, rifts...). Oceanic-type rocks (i.e.
ophiolites), that underline ancient suture zones, Neogene to Recent akaline
volcanoes (areas of crustal thinning or of hot spot activity) and subduction-
related magmatism (former active margins), have been distinguished. All
others formations, sedimentary, volcanic, or metamorphic (apine
metamorphism) dated from Permian to Oligocene (or to late Miocene
depending of the area), have been grouped together, and shown by a single
colour stressing their location within the Alpine realm. The compilation of a
homogenous morpho-tectonic map of the Mediterranean Sea is till an
unrealistic challenge. This is the reason why we selected a series of major
characteristics and specificities, which appear common to the two Western
and Eastern Mediterranean deep basins. These are for example the probable
extension of the thick (up to 20km) continental crust, and of the different
oceanic crust-floored deep basins whose age have aso been indicated;
similarly the various types of magmatism occurring in the basin are shown.
The deep, and thick, Messinian basins, evidenced on seismic reflection
grounds and on their impacts on the morphology of the sea floor, have also
been mapped as well as the various halokinetic deformations resulting from
the Messinian salt mobility such as diapirs (chiefly detected in the Western
basin) and gravity tectonic related features (mainly evidenced in the Eastern
basin); major brine lakes and mud volcano fields and belts, which constitute
one of the specificities of the Eastern Mediterranean sea, are shown. The
main active (or recent) tectonic features (faults, folds, thrusts, etc,..),
induced by the geodynamic context of the Mediterranean Sea, are aso
indicated; their interpolated tracing has been made using their imprints on
the seabed morphology as derived from details from swath bathymetric data,
particularly in the Tyrrhenian Sea and in Eastern Mediterranean Sea. Finally
the location of seism epicentres, from 1974 to 2011, and with magnitude
between 4 and 8 (from the Us Geological Survey), is indicated since these
earthquakes underline, offshore and onshore, one of the fundamental
processes resulting from the geodynamic of the Mediterranean Sea The
resulting synthesis map, constructed in an“Arcgis’ digital environment,
results from the superposition of more than twenty layers, each of them
representative of a specific characteristic of the submarine domain and
drawn from a compilation of numerous data extracted from many various
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publications. These layers are shown superposed on a genera morpho-
bathymetric background derived from the recent Morpho-bathymetric map
of the Mediterranean Sea [2]. The various layers are syntheses made from
numerous publications.
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Abstract

Our main aim was to assess the potential impacts of climate change on coastal benthic ecosystems by the end of the 21st century
at sub-regional scale: the North Western Mediterranean Sea. We developed an original strategy for the definition of warming
scenarios in coastal habitats and their potential sub-lethal to lethal impacts on key benthic species. This was achieved by combining
high resolution numerical simulations under IPCC scenarios with field observations and thermotolerance experiments. First, model
validation for 2001-2010 was conducted in contrasted sensitive coastal areas. Forecasts run were performed under IPCC
scenarios to explore changes in stratification. These simulations were qualified with species distribution and thermotolerance
functions to explore present risk level and potential impacts by the end of the century.

Keywords: Coastal systems, Global change, Biodiversity, Temperature, North-Western Mediterranean

Introduction

The Mediterranean Sea is extremely responsive to climate change and
dramatic impacts are expected to occur in benthic coastal ecosystems which
are among the most exposed to the current trends and extreme events [1]. In
this semi enclosed microtidal seawith seasonal stratification up to 15°C, the
influence of (sub)meso scale dynamics (eg. upwelling, downwelling) is
crucia in modulating local thermal regimes and potential impacts of climate
change at local scale [2,3]. Developing more precise/realistic scenarios of
coastal habitats warming and potential impact on ecosystems is crucia for
setting up sound management and conservation plans of the rich
Mediterranean biodiversity and thus recognized as a priority theme of
international programs (eg. CIESM, MEDPAN, MERMEX). Within the
CLIMCARES project (http://climcares.medrecover.org), we specificaly
addressed the risk of mass mortality driven by thermal stress in rocky
benthic ecosystems of the NW Mediterranean (NW Med) [4,5].

Materials and methods

We conducted a multidisciplinary approach combining hydrodynamic
simulations at large geographic scale, physica and biological coastal
observations, and thermo-tolerance experiments:

Temperature profiles (5-40m) have been monitored hourly over the past 10
years in different coastal areas of Spain, France and Corsica (T-mednet
initiative, http://www.t-mednet.org). Observations from 10 contrasted
stations were compared with simulations for the last decade for two
different models: the high resolution hydrodynamical model addressing (sub)
mesoscal e processes MARS3D/MENOR (horizontal resolution 1.2 km) and
NEMO-MEDS (ca. 13 km resolution) [6]. We evaluated statistically bias
and errors to qualify the models and define local corrections. Forecast
simulations were run under the IPCC A2 scenario and both models were
considered for comparison.

Upper thermotolerance limits of key benthic species were compiled fromin
Situ temperature records obtained during 1999, 2003 and 2006 mass
mortality events, allowing correlation analysis of the degree of mortality and
temperature conditions. Besides, thermotolerance experiments were
conducted on some of the affected species. Finally, a data base on species
distribution and upper distribution limit was also compiled.

The vulnerability scenarios were obtained by combining warming scenarios,
biological responses to warming and upper distribution limit as fully
described in [3].

Results and Discussion

Models comparison with coastal temperature series for 2001-2010 showed
the good model performances of MENOR (bias, RMSD and correlation)
even if extremes were underestimated in subsurface layers. The regional
model also yielded good performances for monthly to seasonal statistics at
these very near to coast stations. Thus both approaches - local correction of
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regional model and high resolution downscaling with MENOR - were
considered complementary and used to explore respectively long term trends
in stratification and extreme events by the end of the century. The
thermotolerance response functions to warming compiled from field
observations and experiments shared the same pattern for the sponges,
anthozoans and cnidarians tested: mortality arose after sustained “ moderate”
increase in temperature (24-26°C) or stronger short overheating (27-28°C),
at typical time scales from several weeks to day respectively.

The modeled temperatures were extracted along the NW Mediterranean
coastlines and combined with thermo-tolerance and upper distribution limit
of populations. This information was used to build risk and potential impact
models. First based on hindcasts to evaluate species and areas of high
conservation concern in the NW Med [3], highlighting the concomitant
and/or repeated occurrence of arange of (sub)lethal conditions depending on
the area considered during the past decade. Then on forecasts to explore
potential impacts of climate change by the end of the century at specific, but
also multi-specific level.
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Abstract

As the capital of two world empires Istanbul is located at the crossroads of the waterway connecting the Mediterranean and the
Black Sea. Project in due to build a tube tunnel under the sea between Asian and European parts of the city, an ancient
Byzantium Harbor (Theodosius H. 4th century) was brought out at Yenikapi within the "historical peninsula’. Geological and
archaeological evidences in the sedimentary sequence exposed to daylight at the excavation site have revealed significant new
data enabling for the first time to correlate the Holocene sea level change, paleoenvironmental changes and the cultural sequence
of the region. This study include results of the polen analysis in the one of the sedimentary sequence which is collected from

Marmaray excavation area.

Keywords: Paleoceanography, Marmara Sea

As the capital of two world empires Istanbul is located at the crossroads of
the waterway connecting the Mediterranean and the Black Sea as well as the
land route connecting Asia and Europe has contributed grestly to the cultural
development and wesalth of the city. It has been the setting for many
civilizations since early times. During the preliminary construction works of
a large scale Marmaray Tube Tunnel Project in due to build a tube tunnel
under the sea between Asian and European parts of the city, an ancient
Byzantium Harbor (Theodosius H. 4t century) was brought out at
Yenikapi within the "historical peninsula’. Geological and archaeological
evidences in the sedimentary sequence exposed to daylight at the excavation
site have revealed significant new data enabling for the first time to correlate
the Holocene sea level change, paeoenvironmental changes and the cultural
sequence of the region. This study include results of the polen anaysis in
theone of the sedimentary sequence which is collected from Marmaray
excavation area. The sequence has a length of 270 cm. The litology of its
consist of mainly blackish clay deposit (1) . It possibly formed in a small
swamp. Theinterval between 220-222cm and 200 202 cm are yielded 7592-
+44 BP and 7305-+47. 0.4-1 ml of sediments were sub-sampled from core 1
for palynological analysis. Sub-samples were treated with Nay,P,07, HCI,
HF, and HCI, then sieved through 125 and 10 pm screens. Numbers of
microfossils per ml of wet sediment were calculated with the initial addition
of Lycopodium tablets. Pollen residues were mounted in glycerol.
Palynomorphs were identified at magnifications of 500X (routinely) and
1000X (specid identification). All terrestrial and aquatic pollen grains were
included in determining concentration. The pollen percentages are based on
total pollen, excluding spores (2). The diagram of this sequence was divided
into four local pollen assemblage zones.LPZ 4 (between 270-240 cm) was
represented by low pollen values particularly Sordaria shows highest
vaues (3). LPZ 3 (240-160 cm) , total pollen values increase (reaching 40%).
Compositae and Chenopodiaceae appear in this zone and reaches highest
values. . Liquidambar oriantalisL. exists on this zone. LPZ 2 (160-70 cm),
pollen sum reaches its highest valuein this zone.
Pterocarya appeares whereas Juglans, Juniperus and Chenopodiaceae
disappear..LPZ 1 (70-10 cm) ,Acer, Olea, Tilia and
Betuladisappaear upper part of this zone.
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Abstract

The scope of the present contribution is to present the outlines of the AKTAIA research project that is currently implemented
through the cooperation of the associated organizations. The project aims to investigate the impacts of the climatic change upon the
coastal zone of eastern Crete with specific emphasis on beaches, developing new methodologies for continuous monitoring and a

protocol for the mitigation of the anticipated sealevel rise

Keywords: Aegean Sea, Shoreline evolution, Monitoring, Coastal processes, Coastal management

Introduction

One of the most significant impacts of climate change, both at a national and
an international level, is the shoreline retreat, which is particularly intense in
the case of beaches due to their low relief and composition (i.e.
unconsolidated sediments). Climatic change induces coastal erosion through
sea level rise, increased occurrence of extreme meteorological events and
reduction of riverine sediment transport due to reduced rainfal. Moreover,
erosion maybe related to human intervention (marinas, piers, coastal roads).
Scope and objectives

The on-going AKTAIA project investigates climate change manifestation
and its influence on the stability and evolution of the coastal landforms along
the shoreline of eastern Crete (some 757 km) (Fig.1), taking into account
also the various aspects of human intervention.

Fig. 1. Location map of the study area.

The main objectives of the AKTAIA project are: (i) to forecast future
climatic trends for the area of Crete (e.g. rainfall, wind, sea-level rise); (ii) to
examine the climate change impact on the basis of collection of
environmenta data (meteorological, geomorphological, sedimentological and
oceanographic) that are directly related to the climatic change; (iii) to
develop new methods and indices for the assessment of Cretan coast's
vulnerability; and (iv) to assess the socio-economic impacts and in
particularly those related to the loss of coastal land. Project’s materiaization
has been based on the synergy of four research groups established in
Organization for the Development of Eastern Crete (Coordinator), the
Institute of Applied Computational Mathematics (Foundation for Research
and Technology in Crete), the Department of Marine Sciences (School of
Environment, University of Aegean) and the Faculty of Geology &
Geoenvironment (National & Kapodistrian University of Athens).
Methods and preliminary results

Aerial photographs, satellite images and orthophotomaps have been used to
produce a detailed coastline map and to study the morphological
characteristics of the coastal zone of Eastern Crete. More than 100 beach
zones (with shoreline length >100m) have been visited during the three field
campaigns, that have been conducted so far, including geomorphologica and
human intervention mapping, topographic, meteorological and oceanographic
measurements and sedimentological sampling and observations. In addition,
coastal video monitoring system accompanied by a meteorological station
and a nearshore tide-wave gauge station have been installed in two pilot sites
(Amoudara beach on the north and Koutsounari on the south) (fig.2); in
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these two sites coastal imaging [1] and nearshore oceanographic processes
will be tested and adjusted to localised conditions, in order morphodynamic
models to be calibrated.

Fig. 2. Monitoring system, meteorological station and D-GPS station,
installed on-site.

Expected results

The coast of the eastern Crete consists mostly of rocky costs (71.5%),
beaches (either sandy or pebbly) 18.2%, coastal landforms formed by wave
erosion (2.5%), while the remaining 7.7% represents artificial coasts (e.g.
marinas, groins etc). The development of a unified Gl S-based environmental
database incorporating all gathered data and existing information (i.e. coastal
geomorphology, meteorological conditions, wave regime, beach material,
human construction) will be then related to the forecasting climate trends
(ENSEMBLE, http://ensemblesrt3.dmi.dk/) for the next decades in the area
of Crete, in order the impacts of the climate change to be assessed, with
respect to coastal zone evolution; this includes aso the application of a
coastal vulnerability index and an index suitable for beach zone vulnerability
assessment. On the basis of the above, a protocol for the mitigation of the
various impacts of climate change will be developed, towards a more
successful management of Cretan’s coast.
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Abstract

Relative Sea Level databases have proved useful to assess coastal vulnerability to sealevel rise and to quantify the coastal vertical
displacement. In the Mediterranean, much greater amounts of SL published data exists and such literature, still rapidly growing, has
led to the obvious consequence of fragmented information. The importance of a standardized review of Mediterranean SL data
was recently raised by the Medflood project (www.medflood.org). With this study, we tried to organically review the sea level
data available in two complex areas of the Mediterranean with respect to tectonic setting.

Keywords: Sea level, Aegean Sea, Ligurian Sea, Geohazards, Coastal processes

Introduction

The reconstruction of past relative sea levels (RSL) has several implications,
ranging from the investigation of crustal movements to the calibration of earth
rheology models and ice sheet reconstructions. Recently, INQUA has funded a
4-years multidisciplinary project, named MEDFLOOD aimed at build a
spatialy explicit database of relative sea level markers for the Mediterranean
and to use this resource to model risk and help project future flooding in and
around the Mediterranean basin We contributed to the MEDFLOOD project
with the construction of RSL database in two Mediterranean areas [4] . In
Liguria (NW Mediterranean) we created a database of the Late Quaternary (i.e.
last 125.0 ky BP) RSL changes in order to assess their spatial aong the two
rivieras. In NE Aegean Sea (Eastern Mediterranean), we analyzed the role of the
North Anatolic Fault in controlling the RSL sealevel changesin the last 12.0 ky
BP. In addition, we presented our best estimates for the late-Holocene sea level
rise. These data are essentia in order to verify if relative sea level fluctuations
were superimposed on the general rising trend, which isin turn central to predict
the patterns of future sealevel change.

Methods

The database included a wide range of geologica RSL indicators
(geomorphological and biological markers as well as marshy organic material and
peats derived from sediment cores) as well as geo-archeological sea level data
[1]. In the cases where a sample indicated formation or deposition in freshwater
or marine environments, it was classified as a limiting date [2]. Therefore,
reconstructed RSL must fall below freshwater limiting dates and above marine
limiting dates. Ages of geological samples were estimated using radiometric
dating of organic materia of salt and fresh water marshes or marine shells.

Results and discussions

In Liguria, shorelines attributed to MIS 5.5 are present along the entire region,
but dated shorelines occur only in the westernmost or easternmost part. This
affects the interpretation of the neotectonic setting, but the analysis of the
atimetric distribution of shorelines attributed to MIS 5.5 (Fig.1) alows to
extend to the entire region the conclusion of several authors, who hypothesized
that the western part of the region isin stable to slowly uplift, while the eastern
part is to be considered in moderate uplift during Late Quaternary.

Fig. 1. Spatia variability of M.1.S. 5 shorelines along the Ligurian coast.

In NE Aegean, the analysis of the database brings a contribution to the open
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debate about the mid-Holocene RSL highstand in this sector of the
Mediterranean Sea[3].

Even if with different rates, data provided by our database are consistent with a
continuous RSL rise in the last 6.0 ky BP in the whole NE Aegean Sea (Fig. 2).
Thus, our results do not support the hypothesis of a relative mid-Holocene sea
level highstand, which partly reached or even dightly exceeded present MSL.
The short records of tidal gauge RSL trends in the area did not alow a fair
comparison between late-Holocene RSL and 20th century rising trends. We
made an attempt in Izmir bay defining an acceleration of rising rates by ~0.6
mm/y-1in the past century.

Fig. 2. RSL history along a part of the NE Aegean coast plotted as calibrated age
against change in sea level relative to present (m). RSL data are plotted as boxes
with 2s vertica and cdibrated age errors. Grey boxes are virtualy
incompressible samples.
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Abstract

During the exceptionally cold winter 2012, dense shelf waters originated in the northern Adriatic sea progressively moved into the
southern region, where they impacted the local complex canyons bathymetry with a series of deep-reaching cascading pulses.This
complex dynamics was investigated using a coupled wave-current-sediment numerical modeling approach (COAWST), validated
by means of observations acquired during two dedicated cruises (CTD, XBT and currents) and by data resulting from five
moorings deployed in deep hot-spots of complex bathymetry, that alowed to build upon an existing time series of temperature,

salinity, currents and downward particle fluxes.

Keywords: South Adriatic Sea, Water transport, Deep sea sediments

Northern Adriatic Sea is an area where dense shelf waters (NAADW) form
during winters characterized by favorable conditions: high salinities, mainly
deriving by low river water discharge (Poin primis) during previous months,
and low temperatures, mainly deriving from violent, cold and dry Bora wind
events blowing from NE (Carniel et a., 2009). Resulting dense waters
progressively move away and then sink in the southern regions by successive
cascading events. Both NAdDW favorable conditions characterized the winter
2012, when, following several months of low Po River runoff, a very cold Bora
blew long (from end of January until mid-February). Consequently, the
temperature of northern Adriatic Sea waters dropped to about 6° C and
exceptional densities (exceeding 1030 kg/m3) were reached (Mihanovic et 4.,
2013). The production and spreading mechanisms of dense water in the Adriatic
Sea have been modeled by means of the COAWST (Coupled-Ocean-
Atmosphere-Wave-Sediment-Transport system) system. It builds upon an
eddy resolving, high-resolution (1 km), fully 3-D hydrodynamic model
(ROMS), the wave model SWAN (Simulating Waves Nearshore) and the
CSTMS (Community Sediment Transport Module System) sediment routines,
driven by atmospheric forcings provided by the meteorological model COSMO-
17.

The dataset used to assess model outputs encompasses three fixed observational
sitesin the northern Adriatic and part of the measurements taken during the sea-
truth campaign “ Operation Dense Water (ODW)” (a set of two rapid response
cruises carried out in southern Adriatic and which hot-spots measurement in
terms of CTDs, L-ADCP and XBT measurements were acquired according to an
adaptive sampling strategy “ model-driven”). Moreover, in the region of open
dope in front of the Gargano Cape, in the moat area north of the Dauno
seamount (1200 m deep), in the Bari canyon and in the sediment wave field
down-current of the canyon, where the occurrence of very energetic currents
were inferred by depositional and erosive bedforms, five mooring arrays were
maintained and/or deployed in order to allow the continuous acquisition of
temperature, salinity, currents and downward particle fluxes, providing a rather
thorough description of the intense hydrodynamic events and suspended
sediment transport that characterized the winter-spring 2012. Results from the
integrated data-model approach allow to suggest new insights on dense waters
propagation and fate and how, triggered also by tidal forcing, can be constrained
by bathymetric features and cascade into the Southern Adriatic Pit area (Figure
1). Additionally, COAWST capability to couple different numerical models
alowed to disentangle the relative importance of different aspects on dense
water generation and propagation (e.g. the role of continental runoffs, the effect
of deep energetic pulses on movable bottom sediments, the wave forcing terms
on ocean circulation, mixing, and bulk fluxes). In addition to this, additional light
was shed on the transport pathways on the shelf and to determine the different
steps characterizing the sediment transport dynamics in the area (e.g. related to
storms, cascading pulses, currents), in this benefiting from unprecedented
spatial resolution and a new bathymetry reflecting very high resolution data

acquired via multi-beam techniques.

This work has been partially funded by the Flagship Project RITMARE - The
Italian Research for the Sea- coordinated by the Italian National Research
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Fig. 1. COAWST model results. Sea bottom water density (left) and current
speed (right) in the southern Adriatic Pit on April 30, 2012.
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Abstract

High-resolution multibeam data, sub-bottom seismic profiles and sediment samples have been acquired in the Murcia continental
shelf (Western Mediterranean Sed) to characterize a field of subagueous dunes observed in the middle to outer shelf. Bedforms
are composed of sandy sediments and display asymmetric morphology, with crest to crest spacing ranging from 20 to 1400 m and
an estimated height up to 1 m. Dune asymmetry and orientation revea unidirectional along-shelf currents that are consistent with
the regional circulation of the margin. This suggests that these bedforms could be formed by the action of the predominant
geostrophic current flowing southwards aong the shelf break and slope.

Keywords: Continental shelf, Swath mapping, Sediment transport, North-Western Mediterranean

Large subagueous dunes have been observed in continental shelves
worldwide, mainly in response to strong tidal [1, 2] or geostrophic currents
[3, 4]. In the Murcia continental shelf (Western Mediterranean Sea), a large
field of subagueous dunes was observed in the middle to outer shelf off
Aguilas [5]. To further analyze this dune field, a cruise was carried out on
board the R/V Angeles Alvarifio in 2013. Swath bathymetry was collected
using the Simrad EM 710 system (Fig. 1).

Fig. 1. (A) Bathymetry of the Murcia continental shelf showing the dunes
field (grey shadowing). (B) Shaded relief image and (C) sub-bottom seismic
profile of the subagueous dunes.

Data were compared with those obtained in 2001 on board the RV Emma
Bardén using a Simrad EM-3000D system. Widely-spaced sub-bottom
seismic profiles were acquired using a TOPAS PS 18 system. Additionally,
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twenty sediment samples were collected from the dune field (on the slope,
crest and though of dunes) and the surrounding using a Box Corer.

In this work, we present the very detailed morphologic and sedimentological
analysis of these features with the aim to discuss their possible mechanism
of formation; and to assess their potential activity by comparing the present
bathymetry with a previous survey in 2001. Dunes are widely distributed
between 60 and 110 m depth covering an area of 23 km2 (Fig. 1). Dunes
range from 20 to 1400 m in wavelength and from 0.2 to 1 m in height. They
correspond to medium and large subaqueous dunes [6]. They display
asymmetrical and dlightly symmetrical (S| between 0.55 and 0.85)
morphology with the lee side oriented towards the SW. Sea-bed samples
collected from this area indicates that the bottom sediments are medium- to
coarse-grained sands. The asymmetry of the dunes indicates unidirectional
along-shelf currents that are consistent with the geostrophic flow described
on the Murciamargin [7] suggesting that these features may be controlled by
the regional circulation pattern. It is still an open question whether these
bedforms remain actives at present. To investigate the long-term dynamics
of dunes, two datasets of successive bathymetric surveys (2001 and 2013)
will be compared together with time-series analysis of near-bottom currents.
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Abstract

In the Mediterranean basin, marine storms, often associated with flash floods of coastal rivers, are episodic and intense physical
processes that are capable of transferring terrestrial organic matter to the continental shelf and up to the deep sea by strong
bottom currents along submarine canyons. In order to study accurately a such event, an oceanographic cruise (CASCADE) was
performed in the Gulf of Lion (NW Mediterranean Sea) in winter 2011. Two mooring lines equipped with a near-bottom sediment
trap (25 m above bottom) were deployed at 290m and 365m water depth on the southern flank of the Cap de Creus Canyon. In
order to characterize and to assess the origin of the particulate matter fluxes, the total mass flux, amino acids, opal, particulate
organic carbon (POC) , as well as its stable isotopic ratio (d13C) were determined.

Keywords: Canyons, Organic matter, Stable isotopes, Gulf of Lyon, North-Western Mediterranean

In the Mediterranean basin, marine storms are episodic and intense physica
processes that are often associated with flash floods of coastal rivers. These
events are capable of transferring terrestrial organic matter to the continental
shelf and up to the deep sea by strong bottom currents along submarine
canyons. With the aim of improving our knowledge on the transfer of materia
during extreme meteorological conditions, an oceanographic cruise (CASCADE)
was performed in the Gulf of Lion (NW Mediterranean Sea) in winter 2011 [1].
This period is favorable for the study of intense meteoclimatic events and the
resulting hydrodynamic processes such as dense shelf water cascading or storm
events. During the CASCADE cruise, two mooring lines equipped with a near-
bottom sediment trap (25 m above bottom) and a current-meter profiler, were
deployed at 290m (Trap 1) and 365m (Trap 2) water depth on the southern
flank of the Cap de Creus Canyon (Gulf of Lion) from the 4th to the 21st
March 2011 (sampling interval of 35h) (Fig.1). In order to characterize
particulate matter transfers, the total mass flux (TMF), amino acids, opal,
particulate organic carbon (POC) , as well as its stable isotopic ratio (d3C)
were determined from the trapped material.

Fig. 1. Location of the Study Area and CASCADE mooring line model

An intense marine storm occurred during the cruise (from the 12th to 16th
March 2011) with, simultaneously, flash floods at several nearby coastal rivers
(e.g Agly River: flood peak of 1089 m3 s1 with areturn period of 15 years, for
information the averaged runoff is 65 m3 s1). At the peak of the storm,
sediment traps collected around 150-200 g m2 d! of POC and opal depleted
materials. The grain size distribution of the trapped material showed that
settling particles were predominantly (around 75%) composed of silts (4-63
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um), athough a slight increase of clays (<4pum) was observed during the storm.
Moreover, the d13C values of bulk materia varied slightly according to the
TMF.

In order to improve our study on the trapped material, samples were
fractionated into 3 size fractions: >63mm, 4-63mm and <4mm [2]. In the marine
storm samples (cups # 7,8 and 9), the POC-richest grain size fraction was
surprisingly the coarse material (POC= 4%), followed by clays (POC= 2%) and
silt (POC= 1%) which tend to prove that organic-rich aggregates or biological
debris were associated to the coarse lithogenic material. The d23C values of each
of the grain size fractions were relatively constant within the silt and coarse
fractions (between -25%o and -24%). In contrast, an isotopic d13C discrepancy
occurred within the clay fraction of trap 1, more exactly in cups# 7, 8,9 and 11,
which exhibited a more terrestria isotopic signature (around -27%o). Terrestrial
clays deposited into continental shelf sediments and the southern canyon flank
were likely resuspended during the hydrodinamical processes of the storm
which explain the 13C-depleted values obtained during this period. On the other
hand, the 13C-depleted obtained after the peak flood ( cup #11) may indicate a
more direct transfer of riverine organic matter absorbed on clays.

This study show that the quality (nature and origin) of the trapped organic
materia during a storm changes according to the size of particles. Further grain
size studies should be performed on the trapped materia during low mass fluxes
in order to get an overall view on the off-shelf export of particulate organic
materid  hrough canyons of the NW Mediterranean Sea.
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Abstract

Time-series of particle fluxes and hydrological data acquired on moorings deployed between 2004-05 and 2009-2012, document
that dense shelf water cascading (shallow or deep) exerts first order control on the particulate fluxes through the Bari canyon

system.

Keywords: Sediment transport, Deep sea processes, Bari Canyon

The Bari canyon is an area of dense shelf water (DSW) cascading. Particle
fluxes and hydrodynamics were monitored by deploying 3 moorings in both
branches of the Bari canyon and on the adjacent open slope from March
2004 to April 2005. Late March of both years were characterized by colder
bottom waters, a notable intensification of bottom currents and increased
particle fluxes, which indicated intense episodes of dense shelf water
cascading. (Turchetto et al., 2007). The Bari canyon was thus showed to be
an efficient conduit in delivering suspended sediment from shelf to deep
basin. The origin of particles was a mix of marine material by biological
production and sediment resuspended from the canyon head and upper
slope (Tesi et a., 2008).

Nevertheless, further questions remain, such as. Cascading process occurs
every year? Cascading is the only process driving the particle transfer across
the South Adriatic margin? On along time scale, the frequency of cascading
events is decreasing due to global warming? To answer these issues, further
observations were necessary. In March 2009, a new instrumented mooring
(mooring DD) at 860 m water depth was deployed in a field of sediment
waves situated down current to the Bari canyon. In March 2010, a second
mooring was installed in the northern channel of the canyon mooring BB), in
the same position of mooring B deployed in 2004.

Winters 2009-2011 were mild and wet. The Po river discharge remained
relatively high throughout the whole winter. In winter 2012, the North
Adriatic experienced a severe cold spell with Bora winds and reduced fresh
water input from the Po river. The impact of these extreme weather
conditions was the formation of extremely dense shelf water. During 2009-
2011, trap fluxes showed much lower values with regards to the 2004-2005
experiment. Nevertheless, they varied both seasonally (spring peaks) and
interannually. Very low near-bottom currents, never exceeding 20 cm si,
were recorded at both mooring sites. In addition, the water turbidity showed
small amplitude peaks and the water temperature showed only minor
decreases. In the canyon, fluxes were higher than those measured on the
sediment wave field. In 2012, dense shelf water cascading enhanced mass
fluxes up to 11 g m2 d'1. Total mass increased specialy in the offshore
station, where they were up to 5 times higher than peaks of previous years.
In the canyon station, currents exceeded 70 cm s and temperature dropped
to 12.2°C at the near bottom. Surprisingly, the total mass peak occurred
between 16 Feb-1 March, 3-4 weeks ahead of arrival of the North Adriatic
Dense Water, suggesting the delivery of dense shelf water from another
source area, maybe the Middle Adriatic Sea.

While is apparent that deep cascading of dense shelf water is the main
process driving the particle transfer thought the Bari canyon in 2004-2005
and 2012, other processes, such as open ocean convection, storm-driven
shelf-to-canyon particle transport, or shallow dense water cascading, were
examined as forcing of the enhanced particle transfer during 2009-2011
springs.

No evidence was found to support the open ocean convection since peak
fluxes were characterized by particles with low organic carbon contents,
while high biological productivity would be expected from enhanced nutrient
availability by the convective mixing. In addition, periods of high
Chlorophyl-a by satellite images were not linked neither to periods of high
TMPF, nor to periods with higher OC contents.
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The maximum significant wave height recorded at the Monopoli buoy was
4.78 m, but peaks of TMF and wave heights were only sometimes in phase.
Hence, resuspension on the shelf by storm events and sediment transport
down the canyon can be only a concause of increasing particles fluxes during

springs.

In springs 2009-2011, the absence of signal of colder water at the near-
bottom of the Bari canyon and in the sediment wave field, accompanied by
weak currents, suggest the occurrence of shalow DSW cascading, which
caused small-amplitude TMF peaks. In this condition, the poorly dense
shelf water detaches from the sea bottom at its neutral buoyancy level and
particles vertically sink from the intermediate nepheloid layer.
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Abstract

Outcrops of rocks, directly exposed aong the upper steep slopes (roughly between the shelf break and down to 800m) of several
canyons and on deep rocky banks along southern France and western Corsica continental margins, have been observed during
ROV explorations performed by Comex, from late 2008 to mid 2010, under the sponsorship of the French Marine Protected Areas
Agency (AAMP). Video observations of these outcrops (unhappily not sampled) show several types of rocks ranging from thinly
laminated white marls, massive conglomerates and sandstones, to probably aerially eroded metamorphic, magmatic and granitic
rocks. In addition numerous fossil oysters banks have been observed on the Maures, Esterel and Corsica upper slopes by depth

ranging between 240 and 750 m water depths.

Keywords: North-Western Mediterranean, Canyons, Continental slope, Rhone Fan

Between late 2008 and mid 2010 the French Marine Protected Area Agency
(AAMP) has conducted, with the technical support of Comex SA,
systematic explorations of 43 sites located within 13 areas of the French
Mediterranean upper continental margins from the Spanish to the Italian
borders (30 sites) and west of Corsica (13 sites). The aims of this program
were chiefly to obtain states of reference concerning the local/regional
environment variability, the protected, and potentially commercial,
biological species, and to evaluate the potential various human impacts along
the upper continental slope (from the shelf break to localy 800m),
particularly within canyons heads and on several deep rocky banks. An
unexpected, but not surprising, result from these explorations has been the
observation of numerous rock outcrops, which in turn reflect the variability
of the geological strata in which these canyons have been cut since the
creation of the Western Mediterranean basin in Oligocene times. Off the
Gulf of Lions coasts and with the exception of the “rech Lacaze-Duthiers’,
all canyons appear entailed within Pliocene to Quaternary soft marls [1].
Off Provence, from thePlanier to the Blauquieres banks, the upper
continental slope is dissecting hard rocks, which show evidence of aerial
erosion, and are presumed to be massive limestone similar to the nearby
onshore Calanques karstic massifs. Aerial erosion is similarly believed to
have shaped most of the likely metamorphic rock outcrops seen in a wide
area from Toulon to Levant Island. Blocs of geometrically shaped
formations, likely made of sandstone, or siltstone, probably of upper
Oligocene/Miocene age, have been observed on the Magaud bank along the
southern side of the Soechades canyon, where such formations had
previously been discovered and sampled [2]. Off Nice, in thePaillon
canyon, massive conglomerates, of probable Pliocene age, and various marls,
also aready observed during severa previous surveys [3] are localy
outcropping by water depth between 400 and 660m. Finally the severa
ROV surveys, made in various canyons off western Corsica, have mainly
shown massive hard rocks, whose nature is difficult to asses without
sampling, but which seem to be made of aerially-eroded granite (St Florent
to Calvi), rhyoalites (of Galeria) and maybe volcanics. Off Propriano, along
the Valinco and des Moines canyons slopes, white indurated marls are
observed between 300 and 500m; they may tentatively be attributed to early
Pliocene marine deposits. As for the southern french coasts, unfortunately
no sampling was performed and therefore our geological attributions remain
speculative. In many of the “rocky” canyons, off Provence, Maures, Esterel
and Corsica, linear narrow banks of dead, or fossil, big oysters, aready
locally described in some areas of the Western Mediterranean, and dated
around 3500 BC [4], have been observed by water depths ranging between
240m (Galeria canyon) and 700m (off Levant island).
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Abstract

The Malta-Sicily Escarpment (MSE) is a steep, sediment-undersupplied, carbonate escarpment incised by a series of submarine
canyons. In this study we present data acquired from the upper M SE during the Eurofleets-funded CUMECS cruise to document a
complex seafloor morphology comprising gullies, canyon heads, mass movement scars, channels, contourites and escarpments. The
evolution of the upper MSE has been driven by the interaction of fault activity, sedimentary activity related to hemipelagic, pelagic
and contouritic sedimentation, and seafloor incision by bottom current activity. Submarine mass movements play a key role in
canyon development — they control the extent of lateral and headward extension, facilitate tributary development, remove materia
from the continental shelf and slope, and feed sediment into the canyons.

Keywords: Canyons, Geomor phology, Sediment transport, South-Central Mediterranean

The Malta-Sicily Escarpment (MSE) is a dominant morphological feature of
the centra Mediterranean, comprising a steep, 3 km high, NNW-SSE
trending carbonate escarpment that extends 250 km southwards from the
east coast of Sicily [1-2]. The MSE may be classified as a sediment-
undersupplied margin because of the low estimated post-Messinian
sedimentation rates in the region (~6 cm ka'l [3-4]), as well as its isolation
from terrestrial and coastal sedimentary inputs after the Messinian Salinity
Crisis [5]. Studies carried out in the 1980s demonstrated that the MSE is
aso incised by a series of submarine canyons [2]. In June 2012, the
Eurofleets-funded CUMECS cruise acquired multibeam echosounder data,
high resolution seismic profiles and gravity cores from across 500 km? of
seafloor across the upper MSE. These data revea a complex and diverse
seafloor morphology, which comprises: (i) A dense network of
gullies and distinct larger and wider channels that extend al the way from the
heads of the canyons to the shelf break. (ii) Four channels in the
deepest part of the outer Malta Plateau. The longest channel (12 km long)
dominates the northern part of the study area and its steeper northern wall
is covered by a contourite. (iii) 67 mass movements, ranging from
trandlational slides to debris flows, which affect the outer Malta Plateau and
upper MSE. (iv) Elongated escarpments, some of which are
colonised by Antipatharia, encrusting sponges and hydroids.  These
observations indicate that the upper MSE has been an active area of
seafloor, and that its evolution has been determined by the interaction of: (i)
fault activity, (ii) sedimentary activity, driven by hemipelagic, pelagic and
contouritic sedimentation, (iii) seafloor incision, related to bottom current
activity, and (iv) slope instability. The MSE presents an excellent study
area to understand how mass movements and canyon processes may be
interrelated. The mass movements are likely triggered by loss of support
associated to channel and gully incision, canyon head retreat or retrogressive
landslide development. The mass movements control the extent of lateral
and headward extension of the canyons across the continental slope and
shelf, as well as facilitate tributary development. They also remove materia
from the continental shelf and slope, feeding sediment and driving its
transport down-canyon.
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Abstract

Four tsunami layers (S7, S8B, S10 and S11) have been defined on the coastal deposits of the Saros Bay, North-eastern Aegean
Sea. The sample S7 corresponds to 330 BC tsunamigenic earthquake. S8B and S10 may correspond to the events 394, 476 or 484,

while S11 to 1437, 1456 or 1471.

Keywords: Saros Bay, Geohazards

Introduction:

The study area is located on the western extension of the northern branch of
North Anatolian Fault Zone (KAFZ). More than 40 earthquakes of M>6.0
magnitudes, 10 of which in or near the Saros Bay, occurred in the northern
Aegean region from 479 BC to present. Even their historical data is extremely
scarce, some of these earthquakes have resulted in tsunamis (Figure 1).

Fig. 1. Earthquakes of M>6.0 magnitudes which affected the Saros Bay.

Experimental details:

We opened 15 trenches (S1 to S15) in the eastern part of the Saros Bay within
the scope of EU project “ Tsunami Risk And Strategies For the European
Region” (TRANSFER). On the basis of stratigraphic setting, some candidate
tsunami deposit samples have been collected for elementary analyses and also
for age determination using Optically Stimulated Luminescence (OSL) method.

Results:

Many traces of liquefaction have been detected in the trenches of S12 (levels A
and B), S13, S14, S15 (level B) and S15 (level C). Depending on their OSL ages,
the sample S13 (1755+54) may be related to the one of the earthquakes occurred
in 1659, 1719, 1730, 1752 or 1756, while the sample S14 (1458+37) may
correspond to 1402 or 1456 events. None of these liquefaction events
correspond to available tsunami records.

The sample S7 dates back to 327+150 BC, corresponding to 330 BC
earthquake. The samples of S8 (level B) and S10 date back to 436+98 and
525+132, respectively. The dates of these two samples cover the time span of
the earthquakes 394, 476 and 484. The sample S11, on the other hand, dates
back to 1454+48, which may correspond to one of the earthquakes occurred in
1437, 1456 and 1471. The only earthquake whose tsunami data has been
accurately documented is 330 BC. The study area deserves further paleotsunami
studies and numerical tsunami modelling.
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Abstract

The Sea of Marmara located on the transform plate boundary between the Eurasian and Anatolian plates is characterized by an
intense seismic activity causing catastrophic earthquakes (Ambraseys and Jackson, 2000). The understanding of the evolution of
the fluid-fault coupling processes during the earthquake cycle is a challenge and the acoustic detection of gas emissions through
the seabed may provide new insights on these processes. Fluid escapes are known to occur at the seabed in the Sea of Marmara
(Zitter et a , 2008). The primary goals of the conducted study were to 1) establish an accurate spatial distribution of the seeps at
the scale of the entire sea and 2) investigate the relationship with the fault network and the sedimentary environment.

Keywords: Acoustics, Geohazards, Tectonics, Marmara Sea

The submerged section of the North Anatolian Fault system within the Sea
of Marmara is characterized by an intense seismic activity, but aso by an
intense fluid activity at the seabed. The understanding of the evolution of
the fluid-fault coupling processes during the earthquake cycle is a challenge
and the acoustic detection of gas emissions through the seabed may provide
new insights on these processes.

The water column above the submerged section of the North Anatolian Fault
within the Marmara Sea was investigated in 2000 and 2007 using side-scan
and single beam sonars, acoustic techniques along a few, unevenly
distributed profiles (Géli et a, 2008). Most gas emissions in the water
column were found near the surface expression of known active faults.
However, the effect of a possible bias related to profile implementation
could not be entirely discarded. A systematic survey of the deepest areas of
the Sea of Marmara (> 300 m), was thus conducted in 2009, using a ship-
borne, multibeam echosounder, in order to establish an accurate spatial
distribution of the seeps at the scale of the entire sea and to investigate the
relationship with the fault network and the sedimentary environment.

Gas emissions clearly appear to be controlled by a combination of factors,
including the tectonic activity, but also the presence or not of deep gas
reservoirs and the nature of sediment cover. The multibeam, acoustic dataset
provides an unique, unprecedented picture of the gas distribution within the
deepest parts of the Sea of Marmara, that may usefully contribute to help
understand some of the complexities of the tectonic history of the present-
day North-Anatolian Fault. The distribution of gas emissions suggests that
the Thrace Basin gas province is bounded by the Main Marmara Fault to the
south and by the Thrace-Eskisehir Fault to the east and supports the idea
that the area that gave birth to the present-day Sea of Marmara, is a broad
shear zone, which has been characterized by a succession of episodes of
strain localization and of strain partitioning.
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Fig. 1. A) b) Raw and processed polar echograms from EM302 multibeam
echosounder water column data (Sonarscope© Ifremer). The acoustic
anomaly recorded at 660 m waterdepth is located in the Western High above
an active mud volcano located close to the North Anatolian fault (650 m).
The acoustic imprint of the plume reaches almost the surface with an height
of 600 m above the seabed. c) 3D view (Sonarscope 3DViewer © Ifremer) of
the seabed with georeferenced processed polar echogram displayed in Fig. b.
Note the R/V L'Atalante (courtesy of Altran) is not to scale. The
background bathymetry was acquired in 2000 (Marmara expedition) with a
Simrad EM300 multibeam echosounder while high-resolution bathymetry
was recorded in 2009 (Marmesonet expedition) with a EMZ2000
echosounder mounted on the AsterX AUV (Ifremer).
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SHORT TERM MORPHOLOGY EVOLUTION OF NICE CONTINENTAL SLOPE (LIGURIAN SEA)
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Abstract

Time series bathymetric data acquired between 1991 and 2011 have been used to evaluate the morphologica evolution of Nice
continental slope (South East of France, Ligurian Sea). This quantitative analysis highlights alternation between low morphological
variations and erosional events with consequent volumes lost at shallow water depth (0-200m). On the basis of local seismic data,
hydrogeologica analysis and previous sedimentological analysis, we try to define the triggering erosive mechanism on a few years

period.

Keywords: Ligurian Sea, Geohazards, Bathymetry, Continental slope, Geomorphology

Due to the urbanisation growth in the coastline, a greater assessment and
predictive risk ability is becoming paramount regarding natural hazard
generated in marine environment. Erosion and evolution of continental
slopes through time are mainly due to sedimentary process such as
submarine failures. This fast morphological evolution is featured by large
landslides scars and deposits (volumes can exceed several hundreds of km3).
Those large-scale failures have a strong impact but their return period is
about several thousand years or more [1]. At smaller time scales, small
failures with a volume of several hundreds of m3 are much more common.
These failures lead to: (8) regressive motion of continental slope towards
the coastline and (b) the deposition of high-frequency turbidites in the deep
basins. This small-scale phenomenon acting on short time scale is significant,
but is still difficult to detect.

The continental slope offshore the city of Nice (South East of France,
Ligurian Sea) has been studied to address the problems of small-scale failures
morphology, recent landdides triggering and volumes that could be
remobilised during afailure event. Niceis located between the Southern Alps
flank and the Northern continental slope of Ligurian sea (western
Mediterranean). Cohesionless sediments on oversteepening slopes are
affected by moderate seismicity and anthropogenic constructions extended
offshore. Moreover, the few but violent Mediterranean rainfals have an
impact on sediments stability because of groundwater outflow. Such as a
natural laboratory, this Ligurian margin is characterized by numerous
submarine landslides [1]. The most recent and mediatized was initiated in
October 16" 1979. This event partially destroyed the new international
airport complex of Nice and triggered a 2m tsunami. Thus we focused our
study on this high vulnerability area affected by recent instability to define
and understand actual erosion process.

Identification of potential areas where slope movements could be triggered
requires data with high spatial resolution. For this purpose we have used all
the very high resolution multibeam bathymetry dataset acquired between
1991 and 2011. HD Bathymetric data was collected in the frame of different
projects: EM1000 Ifremer (spatial resolution 10m, 1991), Creocean (1m,
1999), AUVGEO (2m, 2006), Haligure (1m, 2009) and MRIS (1m, 2011).
The covered zone varies according to each of these cruise but data are
common on an area from the coastline to 300m seaward and comprise the
1979 scars in front of Nice-cote-d'Azur Airport. Maps comparisons have
been done for each time step, using two different techniques: (a) ArcGIS 3D
analysis tools“ Cut fill” which calculates the volume change between two
surfaces pixel by pixel, and (b) an isobaths location comparison each 10m
deep to highlight the regressive erosion.

Those methods have revealed the current evolution in space and time of the
submarine morphology at shallow water depth (0-200m). Moreover it has
provided the specific background to quantify erosion processes of the last
20yrs. Regarding to space evolution, areas of major sedimentation are
principally located on gentle slopes (<7°). Moreover, our analysis shows
some exceptions of sedimentation on bigger slopes for example the infilling
of former thin channels and dide scars. They are rapidly filled and failure
morphology could disappear from the sea floor in less than Syears. Biscara
et al. (2012) [2] had the same filling results for Gabon slope in about 15
20years. Areas of major erosion failures have been determined mostly on
slopes bigger than 10°. They define a scarp and its associated evacuation

channel. The airport contours and the 1979 scarp show slow erosion
processes. Nevertheless the main repartition of sedimentation/erosion leads
us to say that the 1979 scar is still slowly moving. However, it appears that
it is not currently the most active zone on the top slope. With these
investigations we have established a high-precision quantification of
sedimentation and erosion rates along different time intervals. Between 1991
and 2011, aternation between periods of low morphological variations and
periods of failure events with consequent volume losses is clearly visible:
erosion volumes are multiplied by a factor of 10 during fast periods. Similar
small failure event with a return periods of around Syears were highlighted
by Smith et a. (2007) [3] in upper Monterey Canyon (California).

Interpretations in term of triggering processes are still in progress using
hydrogeological data, regional catalogue of seismic activity and previous
sedimentological analysis. Actualy such short time variation may be
explained: (a) by specific local characteristics such as the presence of
sensitive sediment layers reacting to freshwater phreatic inflow due to
intense storms on the watershed [4]. For this purpose we are looking at
hydrogeological data: rainfall, volumetric flow rates, groundwater outflow.
(b) It is also possible that ground motion generated by moderate size
earthquakes during the analysed period had a key role in the failure
acceleration. In order to analyse this we are using seismological location and
PGA values. Finaly, (c) sedimentation rates, overload and critical slope can
play afundamenta role. It will be initially studied with previous geological
and geotechnical research.

These observations and quantifications reveal failure processes that are still
quite active and significant over very short periods of time. This whole
study is a next step in term of current stability evaluation of the Nice
submarine slope which requires the precise identification of slope
instabilities, evaluation of their recent and past activity and discrimination of
triggering factors.
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Abstract

Geohazards are consequences of geological processes. If not identified, they may put at risk industrial activity such as subsea
installation or drilling, with potential impact on safety and environment. Previous studies showed that the Central Nile Deep-Sea
Fan (NDSF) is characterized by a rough and chaotic seabed surface and affected by numerous gravitational instabilities such as
landdlides as well as by fluid seepages [1]. Mapping this area from swath bathymetric and seismic investigation of the seafloor
allowed identify severa features directly on the seabed such as active fault scarp, fluid seepages, mass-wasting and mass-flow, or
detected in subsurface sedimentary layers such as shallow fault, buried channels, mass transport deposits (MTDs), and shallow
gas-charged sediments, which may induce potential and considerable geohazards.

Keywords: South-Eastern Mediterranean, Nile Delta, Bathymetry, Geohazards

Different types of geological geohazards are known to affect continental
margin environments. Following a nomenclature defined by Stauffer et a
(1999) [2], they can be divided into seabed geohazards (fault scarp, fluid
venting, landslides, debris flows) and subsurface geohazards (shallow faults,
buried channels and landslides, shallow gas-charged sediments). Among
these processes, submarine landslides are among the most abundant and are
the main causes for remobilization and transfer of large volumes of
sediments on continental margins. Slope destabilizations may cause
destruction of infrastructures like drilling platforms, posed or anchored at
the seafloor, and may aso induce tsunamis in coastal areas. In marine
environments, geohazard and risk assessments are thus requiring vauable
identification of the different geohazard-related structures and of their
signatures, as well as a tentative evaluation of their recent and past activity.
This study focuses on the Centra NSDF where numerous shallow
submarine landslides and abundant fluid seepages have aready been
identified [3; 4]. Based on a dataset including multibeam bathymetry and
backscatter, Chirp and seismic-reflection profiles (Géoazur laboratory)
together with 3D seismic data (Total Company), a detailed mapping of the
main geohazard-related structures has been established for the study area.
On the seabed, failure-related structures are the most abundant and cover up
to 25% of the surface of the studied area. Three types of mass-wasting and
mass-flow events were observed on the continental slope: (a) Debris flows,
characterized by 25-50 km long and 3-5 km wide bodies elongated in the
main slope-angle direction; these features were triggered aong the upper part
of the continental slope where they left spoon-shaped scarps 25 m high.
Some debris flows exhibit hundreds of scattered blocks (up to 3 m high and
40-100 m wide) rafted on top of the flows and arranged into linear segments.
(b) Slumps are mainly located on the upper slope between 300-435 m water
depths; they show as scarps (5 m high) followed downstream by |obate
remobilized deposits (3-6 km long, 0.3-1.5 km wide). (c) Finally seabed
sedimentary undulations are observed in the northwestern part of the study
area, by water depths greater than 1200 m, and cover about 15% of the
studied area. These features are 0.05-3 km long and oriented W/E to N-
NW/S-SE. On seismic data, they are seen as overlying MTDs. We interpret
them either as creeping/extensional features associated with shallow
rotational faults or as sediment waves as described elsewhere [5]. Dendritic
network of curved grooves lies on the upper continental slope around 900-
1100 m water depths; they represent about 5% of the studied area. They are
also seen on top of buried MTDs and are interpreted as extensional seabed
fractures. Fluid seepage areas, which include large fields of pockmarks and
seven mud volcanoes (MV) represent about 5% of the surface of the studied
area. Some MVs exhibit recent activity markers such as mud flows. Finaly,
normal fault scarps, up to 70 m high and few kilometers long, were
observed. They are oriented N/S to W/E. On seismic profiles, they can be
recognized up to more than 1 s penetration below seafloor and clearly affect
deep sedimentary layers; they are believed to be part of the deep Rosetta
Fault system. Most of these structures exhibit a well-developed expression
at the seafloor, suggesting they have been triggered/deposited (failure-related
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structures), active (fluid seepages) and/or rejuvenated (fault scarps) during
recent times. From 3D seismic, shallow fault, buried channels, MTDs, and
shallow gas-charged sediments, were identified within the first 300 ms below
the seafloor. The different types of processes affecting the present-day
seafloor should thus have had a recurrent activity for along time period of
time. Because of their number and of their distribution, mass-wasting and
mass-flow events represent the strongest geohazard within the studied area.
Together with fluid ventings, they could have a high hazard potential. Since
only few historical earthquakes are known on the Egyptian margin, faulting
should represent by opposition a relatively low hazard potential. Our
interpretations should however be confirmed by attempts of dating of these
processes.
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Abstract

Acoustic properties of the sea bottom and its dominating structural features have been detected in the vicinity of the Marmara
idands, SW part of the Sea of Marmara. Based on new high-resolution chirp seismic reflection data collected in 2010, a series of
W-E trending faults bounding the Marmara Island to the south caused characteristic deformative structures on the sea floor. The
fault lineation outlined in this study by the aid of distribution of earthquake epicenters were interpreted as antithetic faults, whose
sense of displacement is opposite to its associated major fault; namely the northern branch of the North Anatolian fault. Parallel to
the global sea level rise, they must be active during the recent evolution of this archipelago within the regional framework of

extensional tectonic regime.
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Introduction The study area covers the shelf area of the Marmara Islands
which are an archipelago in the Sea of Marmara, located in its mid-west portion,
off the Kapidag Peninsula on the Asian coast. Among other smaller islands
Ekinlik, Koyun, Hayirsiz, Fener, Yer, Tavan and Mamali, the Marmaralsland is
the highest (710 m) and biggest with a surface area of 117 km? [1]. The region
has been affected by two moderate-scale earthquakes occurred in the years 1265
and 1935, both representing similar characteristics. Both of them were shallow
and affected the western side of the Marmara Island mostly [2]. The main scope
of this study is to identify shallow active tectonic features on the sea floor and
define seismotectonic characteristic of the region.

Material and Method Chirp seismic experiments are effective and feasible
ways for the characterization of the sea bottom structures. We have collected
350-km-line chirp data using Bathy 2010P™ Chirp sub-bottom profiler with 4
transducers, each producing 2-8 kHz simultaneous chirp signals, in array
configurations to provide full power capability. Peak signal detection allowed
the system to provide high performance sub-bottom survey capability. The
depths were obtained using a typical interval velocity of 1500 m/s, which has
been found to be appropriate for both the water column and near-surface
siliciclastic sediments. We obtained a depth resolution of 0.2 meters with 50-60
meters of bottom penetration, depending on the bottom type and selected pulse
length. Kogeo Seismic Toolkit 2.7 was used for elementary data processing.

Results and Discussion Knowledge of the acoustic properties of the sea
bottom is necessary in every aspect of marine sciences. The seismic data we
gathered represents a series of faults mostly extend east to west and parallel to
the southern coast of the Marmara Island, in addition to rapidly changing
deformative structures on the sea floor and slump-like features behind these
faults (Fig. 1). Stratigraphically the structural elements are evidently small-scale
secondary faults with normal-to-oblique character, at the western extension of
the boundary fault aong the northern shores of the Kapidag Peninsula.

Fig. 1. Succession of normal faults between the Marmaraisiands

The sediments within the basin are lengthened by these antithetic normal faults
possibly dying in a major synthetic curve fault limiting the hanging wall in
downdip direction. These are believed to be active faults, which may have been
triggered or re-activated by bigger earthquakes (M>7.0) occurring on the main
fault cutting through the deep basins of the Sea of Marmara. The distribution of
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the instrumental earthquakes (Ms>3) occurred between the years of 1930 and
2012 [3] aso reveals this secondary fault activity within the study area (Fig. 2).
In conclusion, the structural elements outlined in the study area are directly
related with the antithetic faults of the northern branch of the North Anatolian
fault, and controlled the development of the shelf area between the Marmara
islands.

Fig. 2. The comparison of the faults defined in this study with the epicentral
locations of the earthquakes (Ms>3)
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Abstract

The high resolution seismic data has been obtained in order to reveal the tectonic activity around the southeastern Aegean Sea.
The region is very important in terms of its location in the major plate boundary near the intersection between the Hellenic and
Cyprus arcs. A number of active faults have been detected on the seismic profiles that related to this active tectonism.
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Introduction

The southern Aegean Sea is a very important region in terms of its seismicity
and morphotectonic features. The region has important tectonic significance due
to its location in the major plate boundary within the eastern Mediterranean
collision zone, near the intersection between the Hellenic and Cyprus arcs. The
collision between the Arabian and African plates with Eurasia and the westward
motion of Anatolian plate relative to Eurasian plate give rise to N-S extension of
the southern section ([1]). This tectonic structure comprises E-W oriented
grabens since the Miocene times ([2]). Epicentral distribution of the earthquakes
shows a high seismic activity in this region.

Study area

The study areais located in the southeastern Aegean Sea, including Gokova and
Hisaronli Gulfs which are bordered by the Bodrum Peninsula to the north and
the Bozburun Peninsula to the south (Fig.1). The Gokova Gulf is characterized
by wide eastern shelves, narrow southern and northern shelves. Datga Peninsula
is bounded by E-W directed fault system located in its both northern and
southern border. In the eastern Hisaronu shelf, seafloor gradients are lower than
0.4°([3]).

Fig. 1. The location map of study area and seismic lines. GTF: Gdkova
Transfer Fault.

Materialsand M ethods

This high-resolution seismic survey was carried out by using 40 in3 Airgun
source and 3.5 kHz Subbottom Profiler and Chirp systems in 1995, 2002 and
2010 during a cruise of R/V K. Piri Reis of Ingtitute of Marine Science and
Technology (Fig. 1).

Results

The high resolution seismic data have been collected at the southeast Aegean Sea
in order to investigate the late Quaternary tectonic activity. A large number of
active faults have been detected on the seismic profiles. Overall fault pattern of
Gulf of Gokova shows a significant distinction between the western and eastern
sectors which separated by Gokova Transfer Fault (GTF, [4]) (Fig. 1). A
number of earthquakes were occurred on GTF zone in 2004, in contrast to
known E-W direction fault system. This active basin which is associated with
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strong earthquakes may continue to produce destruction and coastal subsidence.
A numerous faults were detected in the western Dat¢a Peninsula ([3]) and
Gokova Gulf (Fig. 2). The traces of destructive seismic activity can be seen in
the ancient Knidos city. The ongoing tectonic movement of the southeastern
Aegean Sea and its surrounding area was always important and should be
considered as aregion which has the potential to produce earthquakes.

Fig. 2. Airgun seismic reflection profile from Gokova Gulf. f: Fault. Bold line
shows the location.
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Abstract

This study presents 16 US EPA polycyclic aromatic hydrocarbons (PAHS) in 23 surface sediments from Cyprus, Mediterranean.
The concentrations of total PAHs were ranged between 4.9-76 ng/g and could be generally considered to be low. The results
showed that Naphthalene was the predominant species among the analyzed compounds. PAHs with two and three rings were

generally the most abundant, both contributing 50-90% to the sum.

Keywords: Pah, Sediments, North-Eastern Mediterranean

Introduction

Polycyclic aromatic hydrocarbons (PAHSs) are well known as environmental
pollutants. They are dangerous even at low concentrations and included in the
priority pollutant list of the European Union and US Environmental Protection
Agency (EPA) due to their mutagenic and carcinogenic properties [1], [2]. The
idand of Cyprus is located in the Mediterranean Sea and maritime
transportation, tourism, treated or untreated domestic and industrial wastewater
discharges, oil spills, agricultural wastes reaching the sea by rivers and aso
mining activities are the main reasons of pollution along the coast of Cyprus.

Fig. 1. Sampling areas of Cyprus

Materialsand M ethods

Surface sediment samples were collected from 23 stations using box core
during a cruise of the R/V K. Piri Reis in 2010. This study founded by the
Turkish Scientific and Technological Research Council TUBITAK/111Y 160. All
sampling procedures followed according to internationally well established
guideline [3]. Sediment samples were freeze-dryed, sieved (250 um) and
extracted using the microwave system. Extracts were anayzed using an Agilent
GC-MS.

Results

Sixteen parent PAHs (naphthalene: Nap; acenaphthylene: Acy;
acenaphthene:  Ace; fluorine: Flu; phenanthrene: Phe; anthracene: Ant;
fluoranthene: FIt; pyrene: Pyr; benz[a]anthracene: BaA; chrysene: Chr; benzo
[b]fluoranthene: BbF; benzo[k]fluoranthene: BKF; benzo[a] pyrene: BaP; indeno
[1,2,3-cd]pyrene: InP; dibenz[ah]anthracene: DA; benzo[g,h,i]perylene: BPer)
were analysed in sediments. Individual PAH concentrations (ng/g) in sediments
ranged between 3-42 for Nap; 0,41-3.55 for Acy; 0.01—0.53 for Ace; 0.02-3.61
for Flu; 0.51-15.3 for Phe; 0.52-12.2 for Ant; 0.25-11.1 for FIt; 0.14-8.39 for
Pyr; nd-3.56 for BaA; nd-6.24 for Chr. BbF and BkF were detected only two
stations and BaP, InP, DA, and BPer were not detected. Among the all analyzed
compounds, Naphthalene was the predominant species. PAHs with two and
three rings were generally the most abundant, both contributing 50-90% to the
sum. The minimum concentrations of Nap, Acy, Flu, Phe, Ant, FIt, Pyr, BaA
and Chr were detected at Gemi Konagi area (Station 7). The maximum
concentrations of Ace and Phe were obtained at Girne area besides the highest
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Nap, Flu, Ant, FIt and Pyr were found at Gazi Magusa area. It is explained that
the relatively high individual PAHs and total PAH concentrations at Girne and
Gazi Magusa areas depend on shipping, port and maritime activities. Total
PAH concentrations ranged from 4.9 to 76 ng/g in sediment from Cyprus. The
minimum total PAH level was found at station 7. According to Baumard et al.
[4], levels of PAHSs can be generally considered to be low.
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Abstract

Aliphatic and polycyclic aromatic hydrocarbons, organochlorinated compounds were determined in surficial sediments from the
Aegean Sea in 2008. Total aliphatic hydrocarbons ranged from 330 to 2,660 ngg-L dwt, while aromatics varied between 73.5 and
2,170 ngg! dwt. Total concentrations of OCPs and PCBs in sediments ranged from bdl to 17.8, bdl to 26.1ng g dwt, respectively.
Based on the sediment quality guidelines, PAH levels at all sites were below the effects range-low (ERL) and effects range-

median (ERM) values except fluorene.

Keywords: Aegean Sea, Sediments, Pollution, Pesticides, Petroleum

Introduction

Organochlorines (OCs), such as polychlorinated biphenyls (PCBs) and
organochlorine pesticides (OCPs), represent an important group of POPs
that have caused worldwide concern as toxic environmental contaminants.
Among organic pollutants, polycyclic aromatic hydrocarbons (PAHs) are
the most ubiquitous and constitute a major group of marine environmental
contaminants. The Aegean Sea is part of the Eastern Mediterranean. There
are anumber of rivers along the Eastern and Western coast of the Aegean Sea
through which alarge amount of contaminants is being transported into the
marine ecosystem thereby causing a great concern for marine pollution. The
main objectives of this study are to investigate the occurrence and
distribution patterns of OCPs, PCBs, aliphatics and aromatic hydrocarbons
in sediments, which gave the information about status of contamination,
provide a better understanding of recent distribution, possible sources as
well as potential biological risk of DDTs, PCBs and PAHs in the study area.

Material and M ethods

14 surface sediment samples with 3 replicates were collected from the
Eastern Aegean coasts in July 2008. Meric River Estuary, Dardanelles Strait
entrance, Edremit, Dikili, Candarli and 1zmir Bays were sampled aong the
Northern Aegean coast, while Datca, Menderes Region, Kusadasi, Akbuk,
Gokova and Marmaris Bays were located in the southern coast. Marine
sediment samples were analysed according to [1] for petroleum
hydrocarbons, [2] for OCPs and PCBs, respectively.

Results and Discussion

Aliphatic hydrocarbons consisted mainly of C10-C34 n-alkanes with total
concentrations ranging from 0.25 to 2.37 pgg'! dwt. The total concentrations
of 19 PAH ranged from 73.5 ngg™! to 2,170 ngg™2. The highest level was
observed at Izmir Inner Bay, which is close to the Metropolitan of 1zmir. In
the present study perylene, indicating a diagenetic origin was found in all
sediment samples and its concentration varied from 9.8 to 85 ngg'l. The
entire investigated samples exhibited pyrolytic input except Dardanelles and
Izmir Inner Bay. Concentrations of EDDT ranged from bdl to 17.3 nggl
dwt. The concentrations of Cyclodienes (including heptachlor, adrin,
dieldrin, endrin) in the sediments were bdl-0.82 nggl dwt. The results
showed that sediments were mainly under oxic conditions. Also, findings of
this study indicated that early DDT influxes and, by implication, non-
existing DDT use throughout the region. PCBs concentrations did not exceed
the ERM or PEL values, with the exception of sites Candarli Bay and Izmir
Inner Bay, which showed concentrations above the ERL and TEL values.

Conclusions

PAHs in the study area tend to be derived predominantly from pyrolytic
sources. The sediments from the entire sampling sites except |zmir Inner
Bay should have no potential biological impact. The results indicated that
the DDTs were the predominant contaminant in the sediments. PCBs were
only measured a Candarli Bay and Izmir Inner Bay. The OCP
contamination was mainly from the aged and weathered agricultural soilsin
all sampling stations in the western part of the Turkish coastal zone. Based
on the sediment quality guidelines, DDTs and heptachlor would be more
concerned for the ecotoxicological risk in the study area. The sediments from
Candarli and lzmir Inner Bay could potentialy cause acute biological
impairment.
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Abstract

The study presents a spatia assessment on pollutants such as organic carbon, poly-aromatic hydrocarbons(t-PAHS),
Polychlorinated Biphenyls(PCB’s) and heavy metals in sediment and biota from the Marmara Sea marine and coastal environment
based on the MIM project results (MIM 2011). The contents of 6 elements in 67 samples establish that surface sediments in
Istanbul and southern shelf and Izmit Bay display significant enrichments in heavy metals associated with high concentrations of
total organic carbon, t-PAH and t-PCBs. The highest contamination of the organic pollutants were found in [zmit Bay.

Keywords: Sediments, Marmara Sea

Introduction

One of the main pressures affecting the marine environment results from
chemical pollution. Contamination of the marine environment by chemica
substances gives rise to considerable concern as it may result in serious adverse
effects on ecosystem functions. WFD(2000/60/EC) and M SFD(2008/56/EC)
considering the sustainability of waters, combine the efforts in achieving near
background values of the Priority hazardous substances. Monitoring the
environmental status of marine/coastal waters is essential since it alows an
assessment of weather measures is effective.  Chemical monitoring of the
Marmara Sea marine environment has done in sediment and biota under the
national monitoring program (2011 MIM proje). In this study the results of a
limited number of contaminants in sediments such as t- PAH, PCBs and heavy
metals were assessed. Enrichment factors were used for the assessment of
heavy metal accumulation in sediments. This assessment results will be an initial
step in determination of the environmental status of the Marmara Sea.

Material and Methods

67 surfaces sediments were collected from 46 different locations of Marmara Sea
using avan Veen - type grab samplerin August 2011. Samples were analysed for
their heavy metals(Al, As, Cu, Cd, Cr, Pb and Zn), total PAHs and PCBs
contents by means of ICPMS + AAS, HPLC and HRGC respectively. Organic
carbon (Corg) contents were measured by means of high temperature
combustion method using Elemental Analyzer.

Results and Discussion

The mean organic carbon (Corg %) content for sediment is around 2.03% while
the range changes between %0.57 - %5.67 (Figure 1). The Corg values are
generaly higher in enclosed bays compared to the mean of Marmara Sea. The
highest Corg% mean values are recorded at the Izmit Bay. Following Izmit Bay,
Kocasu River, South shelf, Bandirma Bay and Gemlik Bay have the highest
Corg% mean values respectively. T-PAH concentrations ranged between 2-
2547 mg/kg dry weight while the highest values were recorded at the mid and
inner stations of 1zmit Bay with 2547 and 847 mg/kg dry weight. It is well
known that petrochemistry industries and refineries are located in the region.
Regional means also support the previous finding with highest mean values
recorded at 1zmit Bay. Following Izmit Bay, Istanbul, Bandirma Bay and south
shelf have the highest mean concentration of PAHS, respectively. According to
the sediment quality evaluation approach (Long et a. 1995). All the bays in
Marmara Sea are high risk regions in terms of PAH pollution. The highest value
of total PBC (28, 31, 138, 153,and 180) was observed in lzmit Bay at 1Z-22
station (0.167 pg/kg).Following 1zmit Bay, Bandirma Bay and the mouth of
Susurluk River showed high concentrations of PCBs. In general, the northern
shelf sediments contain slightly lower metal values compared to those of the
southern shelf. Total Zinc (Zn) content values in all the samples are above the
shale average of 90 mg/kg. Highest Zn content values are observed in |zmit Bay.
For al the samples the Arsenic (As) content was found to be above the shale
mean of 10 mg/kg. The enrichment factors indicate the anthropogenic effects
dominated in Istanbul and southern shelves and |zmit, Bandirma and Erdek
Bays.
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Fig. 1. Spatia distribution of total organic carbon (TOC, Corg%) in the
Marmara Sea surface sediments
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Abstract

Certaines especes de microorganismes présentes dans les sédiments peuvent contribuer a la biodégradation des différentes
fractions hydrocarbures qui font partie du pétrole. Des sédiments ont été prélevés dans deux sites de la baie de Sfax. C’est
principalement la fraction des composés saturés qui est biodégradée, |a fraction des aromatiques est uniquement affectée dans le
cas des sédiments présentant le pouvoir autoépurateur plus élevé et cultivés dans de I’ eau de mer enrichie, le milieu de culture qui

enregistre les taux de biodégradation les plus importants.

Keywords: Gulf of Tunis, Geochemistry

Introduction: La biodégradation est le principal processus auto-épurateur du
milieu marin. Dans les eaux et les sédiments on peut trouver plus de 30 genres et
100 espéeces de microorganismes capables de dégrader |les hydrocarbures (Louati,
2003). La biodégradation étant un processus ayant une finalité énergétique, les
microorganismes utilisent les hydrocarbures comme source de carbone et
d'energie pour leur métabolisme, méme s cela implique une dépense initiale
d énergie considérable (Chaillan, 2005).

Materiels et méthodes: Les sédiments avec lesquels on a travaillé ont éé
prélevés a marée basse pendant le mois d'avril 2006 dans deux sites du littoral
tunisien. Une radiale avait été décrite depuis la baie de la ville de Sfax jusqu’ aux
fles de Kerkennah, situées & une distance de 23 km de Sfax. Ainsi, on a obtenu
des sédiments d' une extrémité de laradiale, ot se trouve le cap Sidi Mansour, et
de I'autre extrémité, correspondant aux iles de Kerkennah. L’objectif de nos
expériences est d'estimer le pouvoir auto épurateur des sédiments cotiers
susceptibles de recevair les flux de polluants pétroliers résultant des activités
économiques et industrielles dans les aentours. Le but est de vérifier il y a
dans les sédiments prélevés des microorganismes capables de dégrader les
hydrocarbures. Afin d'atteindre cet objectif, on détermine un protocole de
traitement de ces sédiments. On prépare deux types de milieux de culture ou on
laisseraincuber les sédiments ; un premier Milieu Minéral et un deuxieme milieu
correspondant ade I’ Eau de Mer Synthétique Enrichie.

Fig. 1. Chromatogramme du pétrole brut (BAL 150) GC-FID.

Résultats et discussions: Le but de nos travaux au laboratoire était d' estimer la
réaction de ces sédiments & une contamination éventuelle par le pétrole, donc
leur capacité d autoépuration. Si on compare le chromatogramme du pétrole
BAL-150 (Figure 1) a ceux du pétrole de nos fioles témoins on peut observer
une disparition des composés les plus Iégers, correspondants aux n-alcanes de la
gamme C7 a C17.Ains, aprés une période de 26 jours, la plus forte
biodégradation a été remarquée dans les échantillons A, correspondant au milieu
Eau de Mer Enrichie et au sédiment Sidi Mansour, suivie par le taux observé
dans les fioles B, qui se composaient de Milieu Minéral et du méme sédiment
Sidi Mansour. On peut ainsi déduire que ces sédiments ont une capacité
d'autoépuration importante. On pourrait aussi affirmer que le milieu de culture
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en A, I'Eau de Mer Enrichie, permet une biodégradation plus prononcée car on a
auss observé que, a la différence des autres cas, la fraction aromatique était
également dégradée. Ainsi, d’aprés nos résultats et nos observations, on peut
établir que le milieu de culture eau de mer enrichie permet un développement
plus intensif des microorganismes présents dans le sédiment que le milieu
minéra ; d autre part, ce sont les sédiments de la zone de Sidi Mansour qui
présentent le plus fort pouvoir autoépurateur (Figure 2).

Fig. 2. Chromatogramme de I'échantillon A apres 26j d'incubation.

Conclusions: La biodisponibilité des hydrocarbures n’ a pas été limitée dans ces
essais puisque les composés connus pour étre biodégradables ont été totalement
assimilés par les microorganismes. Un autre point a souligner est que la
population microbienne des sédiments contaminés ramassés sur les plages du
littoral de Sfax (Sidi mansour) et sur les iles de Kerkennah contient des souches
indigénes aptes a la biodégradation des Hydrocarbures. Cette expérience a
démontré que les sédiments du Golfe de Gabes, méme non pollués actuellement
ou antérieurement par des produits pétroliers, présentent un pouvoir
autoépurateur élevé vis-avis des hydrocarbures qui leur permettrait une
décontamination efficace en cas de pollution pétroliére de la zone.
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Abstract

A new interpretation of 1100 km of 2D seismic with 18 boreholes constrains the sequence stratigraphy of the Messinian Coastal
Plain of the Nile Delta Detailed seismic facies analysis coupled with depositional log motifs alows the identification of
downstepping fluvia terraces within incised valleys. These fluvial terraces represent the preservation of Regressive Systems
Tracts (RST) of [1] which record the fall of relative fluvial base level (sealevel). Construction of arelative sea level curve (Tab.
1) from these observations shows that prior to closure, the global and Mediterranean relative sea level curves were coincident, but
with Messinian isolation, the relative sea level curves are antithetic.

Keywords: Messinian, Sea level, Seismics, Stratigraphy, Nile Delta

The Egyptian Late Miocene stratigraphy directly record the fluvial channel cut
and fill stages which bracket the Messinian crisis. Figure 1 illustrates in one
reflection seismic line three channels with a downcut valley which record these
stages. During the early Messinian, owing to aglobal sealevel fal, the Qawasim
sequence records the Nile delta progradation and channel downcutting on the
coastal plain with deposition of fluvial RST M1 terraces. At its lowest level,
Lowstand Systems Tract (LST) M2 channel lags occur. With a subsequent
global sea level rise, as the Mediterranean is till connected, the Nile delta
retrogrades with subsequent channel flooding with transgressive systems tract
(TST) M3 shales culminating with a Highstand Systems Tract (HST) M4 shale.
At around 5.95 Ma, the global and Egyptian sea level curves begin to diverge
and at 5.59 the Egyptian Sea Level begins to fall which is recorded by the Late
Messinian Abu Madi Sequence (Tab. 1).

Tab. 1. Global sealevel change [2] and interpreted Nile Delta sea level change of
the Messinian age in Egypt. The ages of the onset, opening and closing of the
Mediterranean Sea are from [3]. Stratigraphic ages are from A: [1], B: [4], and C:
[3l

As the Mediterranean Sea continues to lower Nile fluvial base levels, channels
downcut with Abu Madi M5 terraces ending with M6 channel lags. Suddenly at
about 5.33 Ma, the Egyptian sea level curve begins a rapid rise with the Nile
Delta rapidly retrograding and the deposition of M7 transgressive prodelta
shales which culminate with M8 widespread marine shale deposition
accompanying the reconnection of the Mediterranean with the global ocean.

These TST events ending with widespread HST shales provide excellent seals
for hydrocarbon entrapment in the preserved fluvial terraces as evidenced by
commercia gas production within. The construction of an Egyptian Messinian
sea level curve which brackets the Messinian Crisis provides potential utility
for correlation to other Mediterranean depositional systems if similar high
resolution sequence defined relative sea level curves are constructed (eg.
correlations by [5]). However, much work remains to be done in specifying the
absolute ages of relative sealevel excursions for better temporal constraint upon
future correlations documenting this extraordinary event in the Earth’s history.
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Fig. 1. Interpreted seismic line showing 1. RST deposits of Tortonian (T) Sidi
Salem and early Messinian (M) Qawasim channels, 2. The Miocene/Pliocene
boundary defined by Messinian sub-aerial surface in the southern part of the
onshore Nile Delta area. Approximate depth range corresponding to the two
way time scale is from the surface to 3200m.
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Abstract

The DREAM workshop has been held in May 2013 in the framework of the MagellanPlus Workshop Series Program. The
objective was to identify drill sites in the Mediterranean Sea that would test enduring hypotheses concerning the cause, nature,
timing and consequences of a recent, rapid, extreme environmenta event, the Messinian Sdinity Crisis (MSC).

Keywords: Messinian, Seismics, Evaporites, Levantine Basin, North-Western Mediterranean

The discovery of the Messinian evaporites in the Mediterranean is probably
one of the major achievements of the DSDP program. During the 40 years
that have passed since the formulation of Messinian salinity crisis (MSC)
scenario, many works have been dedicated to this event. Analysis of the
onshore outcrops, of offshore seismic records and scattered samples from
DSDP and ODP drillings, as well as the substantial effort of climate,
chemical and geophysical modelling, have however not been able to provide
a unified conclusive interpretation of the Messinian event, so that causes
and chronology of the MSC are not yet fully understood. Certainly, the
ongoing discussion is mainly linked to the fact that so far, due to technical
limitations and safety issues (non-riser drilling vessel), only the few upper
meters of the deep buried basin sequence has been recovered. The greater
part of the Messinian succession that could provide a unique entire record of
the MSC till lacks lithological and stratigraphical cdibrations. In 2007, a
deep revision of the knowledge of the Messinian event was performed in
Almeria (Spain). A number of open question were identified and the need for
ultra-deep drilling was stressed as: “ ... effort must be made to identify drill
sites that intersect the most complete evaporite sequences and those that
retain their sedimentological characterigtics, i.e. avoiding successions that
have been strongly modified by salt flow”. In addition, many researchers
suggested that, the full understanding of the Messinian event, will come
from the drilling of different depositional settings, with specific enphasis on
the Western versus Eastern basins. In this context, the DREAM proposal
has been submitted to the ECORD MagellanPlus Workshop Series Program.
The purpose of DREAM was to organise in May 2013 a workshop
gathering three generations of scientists (those who participated in the
discovery, those who are presently actively involved in research, and the
next generation) in order to identify locations for multiple-site drilling
(including riser-drilling) in the Mediterranean Sea that would alow to solve
the several open questions still existing about the causes, processes, timing
and consequence at local and planetary scale of a outstanding case of natural
environmental change in the recent Earth history: the Messinian salinity
crisis (MSC). The product of the workshop has been the identification of
the embryonic structure of an experimental design of site characterization,
riser-less an riser drilling, sampling, measurements, and down-hole
experiments that will be the core for at least one compelling and feasible
scientific proposal. Particular focus has been given to reviewing seismic site
survey data available from different research groups at pan-Mediterranean
basin scale, and on the need for additional site survey activity including 3D
seismics.
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Abstract

The DSDP Leg 23 was the only oceanographic cruise dedicated to the Red Sea that permitted to discover the presence of
evaporites below the hemipelagic sediments of the Plio-Pleistocene. In the last 40 years the advanced researches in biostratigraphy
have permitted to improve the geological dataset for the paeoceanographic reconstructions. In order to understand if the
evaporites found in the Red Sea were comparable with those of MSC, new analysis have been carried out on 30 samples collected
from cores (26-10) of Site 225A. The new multidisciplinary study has permitted to assume that during the late Messinian the Red
Sea was connected to the Mediterranean Sea. Finaly, during the Piacenzian the progressive phase of rifting of the Red Sea
favoured the seafloor spreading, permitting the connection between the Red sea to the Indian Ocean.

Keywords: Evaporites, Red Sea, Foraminifera, Coccolithophores, Stable isotopes

DSDP Leg 23 was the only drilling cruise in the Red Sea which found evaporites
below 170 metre-deep of hemipelagic sediments from the Plio-Pleistocene. Two
years later the discovery of Messinian Evaporites in the Mediterranean Basin
was made (Ryan et a., 1973). Six sites were drilled in the Red Sea. One of these
(Site 225) was cored to a depth of 230 m (Whitmarsh et al., 1974) ending with
several meters of anhydrite overlying halite. A strong seismic reflecting horizon
(Horizon S) separates the Late Miocene evaporites from the early Pliocene
ooze. In the origina report, no mention was made of a correlation with the
Messinian Mediterranean Salinity Crisis (MSC), which later became the subject
of considerable discussion in the scientific community. Over the last 40 years,
more advanced research into biostratigraphy and biochronology have alowed
the original geological dataset to be improved thereby making if more useful for
paleoceanographic and paleoecological reconstructions. Thus, in order to
establish wheteher if the evaporites found in the Red Sea are comparable with
those of the MSC, a new analysis of the 30 samples collected from cores (26-
10) of Site 225A has been carried out here. Results from this multidisciplinary
study using micropaleontology, mineralogy and geochemistry indicate that the
cores studied span the interval from late Messinian to upper Pliocene. Samples
from the late Messinian (cores 26-23) were characterized by strong variationsin
both on d13C and d'80. In particular, samples from core 23 yielded the lowest
values of d180 (-5.25%o; -4.95%0) and the presence of specimens of Ammonia
tepida and A. beccarii. The tests of these two species were frequently deformed,
indicating stress conditions at the bottom of the Red Sea. Similar assemblages,
with low d180 values, typical of “Lago-Mare” conditions have been reported in
several Mediterranean outcrops from the late Messinian as well as in the
reference section of Eraclea Minoa (GSSP Messinian-Zanclean). Furthermore,
specimens of planktonic foraminifera were not found demonstrating that the
Indian Ocean was not connected to the Red Sea during that period. In the
lowermost part of the Pliocene (cores 22-20), planktonic foraminifera were not
yet present, while benthic foraminiferal assemblages were typical of hyposoxic
conditions. Calcareous nannofossil assemblages contained Reticulofenestra
cisnerosii, Ceratolithus acutus, and Sphenolithus abies. Pyrite and Fe-dolomite
were abundant in this interval. The improvement in the environmenta
conditions started in samples of core 19, demonstrated by the occurrence of
several  species of planktonic foraminifera (Candeina nitida) and
coccolithophorids ~ (discoasterids, Pseudoemiliania lacunosa, Helicosphaera
sellii, and small Geophyrocaspa. This drastic change in cal careous plankton and
in their relative abundance coincides with more stable marine conditions with
d180 values between-1.1 and 0.5%.. In the Pliocene, Mediterranean marine
fossil records demonstrate that the species C. nitida have never been present
there, while it is a species typical of the Indian Ocean. The newly obtained data
indicates that during the late Messinian the Red Sea was connected to the
Mediterranean Sea, with environments characterized by strong variations in
sdlinity similar to those described in the“Lago-Mare” facies. Furthermore, the
co-occurrence of C. nitida, the drastic increase in other species of calcareous
plankton (coccolitophorids and foraminifera) and more stable values of d'80,
suggest an inflow of water from the Indian Ocean into the Red Sea. Findly,
during the lowermost part of the Piacenzian, the progressive phase of rifting of
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the Red Sea favoured seafloor spreading, opening a connection between the Red
seaand the Indian Ocean.

Fig. 1. Calcareous plankton biostratigraphy and stable isotope compositions of
calcite and dolomite along the Site 225 stratigraphic sequence
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PRIMARY MESSINIAN SALINITY CRISISSHALLOW GYPSUM VS. DEEP DOLOMITE FORMATION: A
UNIFYING BIOGEOCHEMICAL MECHANISM
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Abstract

The Messinian Sdinity Crisis (MSC) is a dramatic event that took place ~ 5.9 Ma ago, and resulted in the deposition of 0.3-3 km
thick evaporites at the Mediterranean seafloor (1-2). A considerable and long-lasting controversy existed on the modes of their
formation. However, during the CIESM Almeria Workshop, a concensus has been reached on several aspects (3). In addition,
remaining issues to be solved were identified, such as for the observed shallow gypsum versus deep dolostone deposits for the
early phase of the MSC (4). We present here a unifying mechanism in which gypsum formation occurs at all shallow water depths
but its preservation is mostly limited to shallow sedimentary settings. In contrast, ongoing anoxic organic matter degradation

processes in the deep basin result in the formation of dolomite.

Keywords: Evaporites, Geochemistry, Paleoceanography, Messinian, North-Central Mediterranean

A recently proposed scenario for the Lower Gypsum units of the
Mediterranean Messinian salinity crisis infers that primary gypsum only
formed in silled marginal basins while dolostones are found at deeper
settings. We agree with these observations but reject the suggested
coincidental presence of similar sills for all marginal basins as being too
fortuitous. The onset of the Messinian Salinity Crisis is marked by the
deposition of gypsum-sapropel aternations (Lower Gypsum unit).
Increasing evidence has recently been put forward to show that this gypsum
precipitation only occurred at marginal settings, while non-evaporitic rocks
have been reported from deeper settings (4-7). The difference in sedimentary
environment between margina and deep Mediterranean settings is only
tentatively explained by physical properties like tectonic restriction and/or
sea level lowering, for which there is no solid evidence. The biogeochemical
processes of gypsum formation during the Messinian sdlinity crisis,
however, are poorly understood and commonly neglected. These may,
however, explain that different MSC deposits formed in shallow versus
deep environments without the necessity of exceptional physical boundary
conditions for each. The following important processes have to be
considered: a Water column stratification due to continuing (but
episodic?) inflow of oceanic water and enhanced evaporation thus enhanced
sdlinity of Mediterranean water b.  Organic Matter (OM) debris fluxes
settling into the deep waters and being decomposed through oxygen and
sulphate in particular c. Gypsum precipitation is controlled by the
product of Ca2+ and SO42- concentrationsd.  The evaporation stage and
related deep-water ventilation rate  Gypsum precipitation in evaporating
seawater takes place at 3-7 times concentrated seawater (8); seawater is
always largely oversaturated relative to dolomite but its formation is thought
to be inhibited by the presence of dissolved sulphate (9). Thus the
conditions for formation of gypsum exclude those for the formation of
dolomite and vice versa. Another process that links the saturation states of
gypsum and dolomite is that of OM degradation by sulphate reduction. In
stagnant deep water oxygen is rapidly depleted through OM degradation,
then sulphate becomes the main oxidant for OM mineralization, thus
reducing the deep-water sulphate content. In the latter process aso
considerable amounts of dissolved carbonate are formed. Implicitly this
means that low-sulphate conditions (as anticipated for the MSC deep
waters), i.e. unfavorable conditions for gypsum formation, always coincide
with anoxic, i.e. oxygen-free conditions, athough there is no direct
relationship between the two. the Messinian Mediterranean would have
been characterized by a reasonably well-mixed upper water mass (‘ shallow
waters’), and a strongly stratified lower ‘deep-water mass. The MSC
stratification with deep concentrated brines, is very stable, and can only be
replaced by an even higher salinity water mass. As a result, continued
evaporation and water replacement leads to (episodically) enhanced Ca and
SO4 concentrations in the shallow waters, thus potentially to gypsum
precipitation. Decreasing sulphate and concomitantly increasing dissolved
carbonate in the deep waters limit gypsum preservation and permit dolomite
formation to occur. Ultimately, it is the balance between OM-fluxes
(primary productivity) and sulphate supply to the deep-water (ventilation,
settling gypsum fluxes) that determine the environmental deep-water
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conditions, thus formation rate of dolomite. On the basis of this unifying
mechanism, we have shown that gypsum precipitation in shallow water
depths and dolomite formation in deep water settings during the early phase
of the MSC in the Mediterranean is not incompatible (10). As a
consequence one would expect a bath tub rim of gypsum at al shallow
depths but gypsum appears mainly at silled marginal basins. However, a
thick package of heavy gypsum on top of more liquid mud in a
marginal/slope setting is highly unstable, thus any physical disturbance such
as tectonic activity or sea-level change, would easily lead to downslope
transport of such margina gypsum deposits. The absence of gypsum and
the presence of erosional unconformities at the sill-less Mediterranean
passive margins concord to such removal mechanism (e.g. 5). In addition,
large-scale resedimentation of gypsum has aso been found for deep
Messinian settings in the Northern Apennines and Sicily. Only at those
margina settings that were silled, the marginal gypsum deposits have been
preserved (4).
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Abstract

Le projet SIMBAD est dédié a |’ acquisition de sismique réflexion haute-résolution ainsi que des données de terrain dans les Tles
Baléares dans le but d'étudier les dépbts associés a la crise de Salinité Messinienne (CSM) pour contraindre leur variabilité
spatiale et quantifier la réactivation post-Messinienne des Baléares. Les marqueurs Messiniens sont ubiquistes dans la région: a
terre ou des évaporites sont forées vers Pama et en mer dans le bassin Algérien ou on trouve du sel. Entre ces deux extrémes, on
trouve des dépdts fins reliés ala CSM qui enregistrent des déformations verticales récentes. Cette déformation est caractérisée
par des plis et failles remobilisant aussi des blocs basculés ou chevauchements, de la flexure grande-échelle et une bascule

régionale vers le bassin Algérien.

Keywords: Messinian, Balearic |slands, Tectonics

Le promontoire Baléares est un haut continental orienté NE-SO formant la
terminaison orientale de la cordillére Bétiques dans le bassin occidental de la
Méditerranée. Il est limité par deux bassins extensifs: le Bassin de Vaence au
Nord qui est un rift avorté Oligo-Miocéne et le Bassin Algérien au Sud qui est de
nature océanique. Cette configuration tectonique complexe est le résultat de
phases extensive et compressive de méme direction qui ont commencé al’ Oligo-
Miocene et qui continuent aujourd hui. La campagne SIMBAD (sur le N.O
Téthys en janvier 2013) a permis |’ acquisition de 1700km de données sismiques
haute-résolution pour réaiser une étude comparative des dép6ts sédimentaires
reliés a la CSM sur promontoire et dans les bassins adjacents. Le but est de
comprendre les relations spatio-temporelles entre |es dépbts peu profonds sur le
Promontoire et les évaporites des bassins profonds. Ces relations sont
intimement dépendantes de la réactivation tectonique post-Messinienne du
promontoire [2].

Fig. 1. Carte de répartition des dépdts Messiniens du Promontoire Baléares et
localisation de lafigure 2

Les résultats préliminaires de la campagne SIMBAD montrent que les
marqueurs Messiniens sont ubiquistes dans la région (Fig.1). On les retrouve a
des profondeurs variables: a Terre ot ils ont été forés dans |e cadre d’ une étude
hydrogéol ogique dans la zone de Palma de Majorque et se présentent sous forme
de couches de gypse, en Mer, des dépdts épais et salifere (UU et MU) sont
connus dans tout le bassin Algérien. Entre ces deux types de dépots, les données
de sismique réflexion montrent que des dépbts Messiniens existent partout
(BU) sauf sur la plateforme continentale. |ls sont répartis en petits bassins dont
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on questionne la continuité. En effet ces dépbts Messiniens enregistrent des
déformations verticales depuis la CSM jusqu’a aujourd’hui. D’une part, des
évidences de compression récente S expriment par des petits plis et failles
locales qui remodélent la bathymétrie ou |es surfaces topographiques comme sur
I"lle d'Ibiza. 1l S agit parfois de rejeux des structures héritées [1] (anciens blocs
basculés liés au rifting de Valence ou de I’ extension Algérienne ou des anciens
chevauchements bétiques). D’autre part, on observe de nombreuses failles
normales mettant en évidence une activité extensive récente. A plus grande
échelle, on peut observer une flexure relativement importante des bassins
sédimentaires du promontoire Baléares (Fig.2). Enfin, on peut observer une
bascule a I’ échelle régionale des unités sédimentaires dans I’ ensemble du bassin
Algérien. Le décalage observé de I’ unité Messinienne est de I’ ordre du kilomeétre
entre le Promontoire et le bassin Algérien.

Fig. 2. Profil BAO8 montrant la structure de la depression centrale de Majorque
avec son bassin salifére flexuré

Nos observations montrent que la répartition des marqueurs Messiniens entre le
promontoire Baléares et les bassins adjacents pourrait ére continue, ce qui
questionne la notion de bassins périphériques et profonds. Les données
montrent aussi une forte activité tectonique: d'une part, I'inversion du
promontoire Baléares marqué par une déformation compressive et un
soulevement et d’'autre part, une extension dont I'origine n'est pas encore
identifiée. D’ou une question maeure: comment se fait le transfert de
contraintes entre la marge Algérienne inversée et le promontoire Baléares a
travers la cro(te océanique du bassin Algérien?
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SESIMIC ATLASOF THE "MESSINIAN SALINITY CRISIS* MARKERSIN THE MEDITERRANEAN AND
BLACK SEAS-VOLUME 2
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Abstract

The Seismic atlas of the "Messinian Salinity Crisis' markers in the Mediterranean and Black seas — Volume 2 is a publication
project in the framework of the study of the Messinian Salinity Crisis. It follows the publication of a first volume in 2011 (see
Editors' websites: http://ccgm.free.fr & http://sgfr.free.fr) and aims to illustrate the seismic characteristics of the MSC markers
over news study areas. This publication project is open to anybody from industry and academia willing to contribute.

Keywords: Messinian, Seismics, Mapping, South-Eastern Mediterranean, South-Western Mediterranean

The Messinian Salinity Crisis is a huge outstanding succession of events that
deeply modified the Mediterranean area within a short time span at the
geological scale.

In 2011, a seismic atlas of the Messinian markers in the Mediterranean and
Black seas has been published [1]. This collective work summarizes, in one
publication with a common format, the most relevant seismic features related to
this exceptional event in the offshore domain. It also proposes a new global and
consistent terminology for the MSC markers in the entire offshore
Mediterranean area in order to avoid nomenclatural problems. Throughout 13
study areas, the seismic facies, geometry and extend of the Messinian markers
(bounding surfaces and depositional units) are described. The Atlas however
does not provide a complete description of al what that is known about the
MSC and about the geology of each study area. Accordingly, illustrations in the
Atlas should be used for a global description of the offshore imprints of the
MSC a a broad scae, or for local information or site-specific genera
interpretations. Interpreted seismic data were carefully selected according to
their quality, position and significance. Raw and interpreted seismic profiles are
available on CD-Rom.

Volume 2 is currently under preparation with the objectives : (1) to image the
Messinian seismic marker from margins and basins that have not been illustrated
in the first volume and (2) to complete the extension map of the MSC markers
in the offshore and onshore domains at the Mediterranean scale. As the first
volume, volume 2 will also aim to share the geological interpretation of seismic
reflection data imaging Messinian markers, to make this information accessible
to the non geophysician community and to be a reference work that can be used
by teachers and future researchers working on the Messinian event. This
publication project is open to anybody from industry and academia willing to
contribute. At the present time, 16 new sites have been identified [FIG. 1].
Publication of the Seismic atlas of the "Messinian Salinity Crisis' markersin the
Mediterranean and Black seas— Volume 2 is planned for Fall 2014. For more
details, contact presenting author J. Lofi (atlas coordinator).

This contribution has been funded by the Actions Marges French research
program.
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Fig. 1. Distribution map of the Messinian seismic markersin the Mediterranean
and Black Seas (work in progress). Grey boxes illustrates areas illustrated in the
volume 1 of the atlas. Black boxes highlight areas planned in volume 2.

References

1- Lofi J., Deverchére J., Gaullier V., Gillet H., Gorini C., Guennoc P., Loncke
L., Maillard A., Sage F. and Thinon I., 2011. Seismic atlas of the“Messinian
Salinity Crisis’ markers in the Mediterranean and Black Seas.Commission for
the Geological Map of the World (CGMW) / Mémoires de la Société Géologique
deFrance, n.s., 179, 72 pp., 1 CD.

Rapp. Comm. int. Mer Médit., 40, 2013



THE SEISMIC MARKERSOF THE MESSINIAN SALINITY CRISISALONG THE EAST-SARDINIAN
MARGIN : NEW CONSTRAINTSON THE MARGIN'SGEODYNAMIC EVOLUTION

G. Lymer I*, J Lofi 2, V. Gaullier 3, A. Maillard 4, 1. Thinon 3, F. Sage 6, F. Chanier , B. C Vendeville1 and L. Loncke 3
1 UMR 8217 - Géosystémes - Lillel - gael.lymer@ed.univ-lillel.fr
2 UMR 5243-Géosciences Montpellier
3 UMR 5110-CEFREM-UPVD
4 GET-OMP-Université Paul Sabatier
5 BRGM-DGR/GBS
6 UMR 7329-Géoazur

Abstract

Rifting along the East-Sardinian margin (Tyrrhenian basin) started during Tortonian times in response to the migration of the
subducting zone towards its present day position (Calabrian arc, SE Tyrrhenian basin) [1]. The structuring of the margin is partly
coeval with the MSC. The margin present-day morphology comprises a succession of eastward-deepening basins bounded by N-
S-trending structural highs. The "METYSS" (Messinian Event in the Tyrrhenian from Seismic Study) project is part of a broader,
multi-site, integrated scientific study of the MSC seismic markers [2] and aims at better delineating the crustal tectonics, salt
tectonics, and sedimentation along the East-Sardinian margin since the MSC.

Keywords: Messinian, Crust structure, Diapirs, Seismics, Tyrrhenian Sea

Since 2009, we acquired 2400 km of seismic-reflection data during the
METYSS cruises, off the East-Sardinian margin [FIG. 1 and 2], as part of
an integrated multi-site comparative study of the MSC seismic markers at
the Mediterranean scale [2]. Interpretation of these data alowed us to
identify the following Messinian markers, typical of the Western
Mediterranean [FIG. 1] [3]: the Margin Erosion Surface (MES), a
polyphased surface commonly found along the margins, the Mobile Unit
(MU) made of halite, and the overlying unit (Upper Unit, UU), which
comprises alternating dolomitic marls and evaporites [FIG. 1]. Our
interpretation has confirmed that M SC units (MU and UU) deposited in the
East-Sardinia Basin and on the Cornaglia Terrace, forming topographic lows,
whereas the continental slope and the structural highs between these basins
were affected by erosion (MES) [FIG. 1 et 2]. In addition, the MSC
deposits in the East-Sardinia Basin are thinner than those on the Cornaglia
Terrace, that are locally as thick as 800 m for UU and 1000 m for MU, and
affected by a vigorous salt tectonics.The salt tectonics and the distribution
and thicknesses of the Messinian units provide information about the timing
of the opening of the basins. Thus, in the proximal areas (continental slope,
East-Sardinia Basin and North Cornaglia Terrace [FIG. 2]), the UU are
isopachous, suggesting that the rifting ended prior to the MSC. Conversely,
in the South Cornaglia Terrace [FIG. 2], thick MSC deposits and vigorous
salt diagpirism show that this area was still subject to rifting during the
Messinian. The thinning of UU and the absence of MU in the easternmost
Cornaglia Terrace [FIG. 2] indicate that this area was only partly opened.
Our observations thus confirm that rifting of the East-Sardinian margin has
controlled the distribution of the MSC markers. They can also provide some
information about the paleo-morphology of the area during the MSC, and
some constraints about the timing of rifting between what were, at that time,
the margin's proximal and distal regions.

Fig. 1. Seismic profile Mys40 illustrating MSC seismic markers along the
East-Sardinian margin (East-Sardinia Basin and Cornaglia Terrace). See
location in Figure 2.
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Fig. 2. Geographic distribution of the MSC seismic markers along the East-
Sardinian margin. Black line indicate the location of profile illustrated in Fig.
1
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RADIONUCLIDE POLLUTION IN SEDIMENTS OF BODRUM (AEGEAN SEA)
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Abstract

The great interest expressed worldwide for the study of radionuclide and environmental radioactivity has led to the performance of
extensive surveys in many countries of the world. Radionuclides pollution of the marine environment have been recognized as a
serious environmental concern. The natural and artificial radionuclides 238U, 232Th, 40K, 226Ra and 137Cs are found in varying
concentration in sand, sediment, sea water and naturally occurring water. In this study, determination of anthropogenic and natura
radionuclides in marine sediment taken from Bodrum Aegean Sea has been performed by gamma spectrometry. In general, the

distribution of activity concentrations in the study area were in the same order as international levels.

Keywords: Radionuclides, Aegean Sea, Sediments, Monitoring

Sampling and sample preparation

Surface sediment samples were collected from Bodrum in the June 2009- June
2010 the sampling stations are given in Fig. 1. Samples were collected for
seasonal. Sediment samples were oven dried at atemperature of 105 °C for 12 h
and sieved through a 250 mesh. The dried samples were transferred to
polyethylene Marinelli beakers of 1000 ml capacity. Each sediment sample was
left for at least 5 weeks to reach secular equilibrium between radium and
thorium, and their progenies. Gamma spectrometry measurements were
determined by gamma spectrometer, using HPGe detector. A mixed gamma
referance calibration source containing the radionuclides (?4*Am, 199¢cd, 57Co,
123mTe, Sicy, 113gn, 855, 137Cs, 88y, 60Cq) in 1 L Marinelli is used for the
full-energy peak (FEP) efficiency calibration, produced at the Isotope product
Laboratories. The counting time of 150000 s was set for activity of each
sediment samples and background.

Fig. 1. Sampling Location

Results and discussion

The activity concentration of 226Ra, 238U, 232Th, 40K and 137Cs in sediments
collected from two different locations in Aegean Sea coast has been determined.
The highest activity concentrations of 238U and 40K were observed in sediments
from Bodrum. The results of this study can be used as a baseline for future
research and the data obtained in study may be useful for radiological map of the
study area.
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INVESTIGATION OF METAL ACCUMULATION IN SURFACE SEDIMENT IN SURMENE BAY OF THE
EASTERN BLACK SEA

Nigar Alkan * and Volkan Ornek 1
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Abstract

The objective of this surface sediment study was to determine the concentration levels of metals (Cr, Mn, Al, Co, Ni, Cu, Zn, As,
Mo and Pb) in spatial extent and relationship with other potential causative factors (sediment grain size, other physical and
chemical characteristics of the sediment). These current metal levels were compared with the ground values to determine the
status of the metal enrichment in Siirmene Bay surface sediments (located between 40°57'27" N - 40°17'15" E and 40°56'05" N -
40° 04'56" E isin the Trabzon city of the Eastern Black Sea Region).

Keywords: Black Sea, Metals, Sediments, Pollution

Introduction

Sediment is a natural contaminant accumulation area in marine environment.
Contaminants from various sources are transported to the coastal area and
finaly accumulate on sediment layer [1]. Pollutants have some catastrophic
effects on aguatic life and living organisms as they can cause to transition and
accumulation of metal contents in oceanic environment. This situation can lead
to elevated metal concentration in surface sediments and known as metal
enrichment mechanism. This elevated concentrations are generaly well
correlated with particle grain size distribution [2].

Material and Methods

Sediment samples were collected from 17 stations located on Siirmene Bay in
December, 2011 and composed of samples after subsampled from the top 2 cm
from each stations (Figure 1). All sediment samples were preserved at -18 “C.
Grain size were classified according to Folk [3], pH and Oxidation Reduction
Potantial (ORP) were measured using a Hach Lange HQ40D multi meter. Total
Organic Carbon (TOC) was determined by using modified Walkley-Black
titration method [4], Carbonate levels were measured by Piper method [5],
Enrichment Factor (EF) was computed by applying Cukrov method [2]. Metal
anaysis (Cr, Mn, Al, Co, Ni, Cu, Zn, As, Mo and Pb) was performed using
sediment passed through a sieve with 63-micron in this study. Analysis after
digestion in the closed microwave digestion system were determined using |CP-
MS (inductively coupled plasma mass spectrometry) The Collosion Reaction
Interface (CRI) was used during the determination of As. Both Sc and In (50
ppb) were added to al standards, blanks and samples and acted as internal
standards. All data were given mg/kg dry weight (dw). In this study spearman
correlation was performed to evaluate variables.

Results and Discussion

The silt fractions were generally dominant (50%) according to distribution of
grain size in sediment samples. Minimum and maximum values were determined
for carbonate as 8.54-18.05%, for total organic carbon as 0.26-2.43%, for pH as
6.91-8.24 and for ORP as 159-269 mV. Sediment metal levels (mg/kg dry
weight) were determined for Cr as 13.4-82.3, for Mn as 200-447, for Al; 19965-
48723; for Co as 8.0-32.8, for Ni as 9.8-26, for Cu as 24.9-3107, for Zn as 102-
4259, for As as 5.4-58, for Mo as 0.21-20, for Pb as 15.5-208. Results were
compared with earth’s crust and the average shale values. Concentrations of Al,
Cr, Mn and Ni were found to be higher than the earth’s crust and the average
shale values while concentrations of Co, Cu, Zn, Mo and Pb were characterized
with relatively lower figures. Based on calculated EF values deficiency low
enrichment values were found for Cr, Mn, Co and Ni, moderate enrichment
value was found for Pb, significant enrichment values were found for Zn, Asand
Mo, and very high enrichment value was found for Cu in the study area.
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Fig. 1. Map of the sampling area
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MISE EN EVIDENCE DU DIACHRONISME DES SEDIMENTS SUPERFICIELSET DESMETAUX
LOURDSEN BAIE D’'ALGER (ALGERIE).
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Abstract

L’ objectif est la quantification de la pollution engendrée par I’ Oued El Harrach qui débouche en baie d’ Alger et de voir I’ évolution
des sédiments superficiels en baie d’ Alger. La pollution par les métaux lourds dans les sédiments superficiels de la baie d’ Alger
montre un degré de contamination important et inquiétant. Les fortes teneurs en métaux présents dans les sédiments superficiels se
localisent dans le secteur ouest de la baie d’Alger et a proximité de I’embouchure de I'Oued El Harrach. Les analyses
sédimentol ogiques ont évolués, en ce sens que la carte des facies établis par Maouche en 1987 s'est envasée du coté oriental dela
baie. La carte établie, montre que durant une vingtaine d’ années, I’ oued El Harrach n’a pas cessé ses apports en sédiments fins.

Keywords: Sediments, Algerian Basin

Introduction

La pollution par les métaux lourds des sédiments superficiels, charriés par
I"oued El Harrach se répartissent sur la baie d’ Alger d'une maniére diversifiée.
En effet Ces sédiments ont généralement une grande affinité pour les sédiments a
granulométrie fine. [4] a montré que la fraction inférieure a 40um occupe plus de
75% des sédiments superficiels de la baie d'Alger; les métaux lourds sont
habituellement associés alafraction fine. Le bassin versant de I’ Oued El Harrach
appartient au grand bassin versant cotier Algérois. Il couvre une superficie de
1270 km?2. 1| 8 étend du Nord au Sud sur 51 Km et de I’ Est &1’ Ouest sur 31 km.

Matériels et méthodes

Dans labaie d' Alger L’ échantillonnage des sédiments de surface a été réalisé en
décembre 2008 dans I'Oued El Harrach (Tab 1). Pour la baie d'Alger, les
prélévements ont été pris, a I’aide d’une benne van Veen (mission septembre
2009) a bord d'une embarcation nautique, le plan de positionnement a été
calquer sur la mission effectué en 1985. Les métaux (Cu, Zn, Ni, Fe, Pb et Hg)
ont été dosés al’ aide d’ un spectrométre d' absorption atomique).

Résultats et discussion

Tab 1: Evolution des métaux lourds (en pg/g) en Baie d’ Alger

Cr Mn Fe Cu Zn Pb
Maouche,
1987 250-316 | 3.8-4.8 | 24-51 | 123-231 | 20-161
Chouikhi et
a., 1991 11-84 | 109-350 72-222 | 18-117
Atroune et a
2012 38-105 | 258-425 |11,3-13,4| 22-98 | 128-375 | 33-154

Fig. 1. Carte desfacies de labaie dAlger
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A partir de larépartition spatiae (figl) de ces éléments métalliques on peut déja
constater que, les fortes teneurs en métaux lourds présents dans les sédiments
superficiels de la baie d’ Alger se localisent dans le secteur ouest de la baie entre
le port (rejets d’ hydrocarbures, produits chimiques) et a proximité immédiate de
I’embouchure (rejets des affluents domestiques et industriels). Les fortes
concentrations des métaux lourds s associent généralement avec des sédiments
fins de nature vaseuse et riche en matiére organique. Les concentrations faibles
se trouvent localisées dans le secteur de la baie, ot prédominent des sédiments
relativement grossiers par rapport au secteur Est de la baie. Les anayses
sédimentologiques ont particulierement évolués, en ce sens que la carte des
facies s est considérablement envasée du coté orientale de la baie. La carte que
nous avons établie, montre que durant une vingtaine d’ années, I’ oued El Harrach
n’'a pas cessé de cracher des sédiments fins. De plus la carte des argiles a aussi
également sensiblement changé. Nous admettons, a partir de I'analyse des
paramétres physico-chimiques que la pollution de I'Oued El Harrach est le
résultat de I absence de traitement des déchets industriels et domestiques.
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ORIGINE ET DISTRIBUTION DESMINERAUX LOURDSMARINSDU LITTORAL DE BOUMERDES
(ALGERIE)
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Abstract

L’ étude des minéraux lourds et leurs répartitions dans |es sédiments superficiels du plateau continental de Boumerdes a été opérée
sur trois fractions granulométriques de sables (80-160pm), (160-400um) et (400-800pm). Les résultats obtenus montrent la
présence d'une fraction lourde comprenant tourmaline, hématite, biotite, sphéne et zircon et une fraction légére englobant quartz,
muscovite, orthose, calcite et une phase biogene. La distribution de ces minéraux lourds au débouché de I'oued Boumerdes et de
I'oued Boudouaou indique que ces minéraux proviendraient du complexe éruptif de Thénia drainés par I'oued Boumerdes. <\/div>

Keywords: Sediment transport, Mineralogy, Algerian Sea

Introduction

Nous nous sommes attachés a caractériser les cortéges minéraogiques (minéraux
lourds et légers) transitant par les différents oueds et aboutissant en dép6ts
marins-littoraux. Les fluctuations des concentrations des minéraux lourds dans
les sediments superficiels terrigénes de la plate forme continentale peuvent étre
dues a plusieurs facteurs tels que, la source d'apport, les processus
sédimentaires d' altération et de transport [1],[2].

1. Nature et répartition des minéraux lourds : De maniere générale, le
cortége minéralogique lourd-léger des sables de Boumerdes présente une certaine
monotonie que cela soit du coté quditatif ou quantitatif. En effet, I'uniformité
observée ne nous permet pas d'élaborer des cartes d'iso teneurs de tel ou tel
minéral. Toutefois, dans le cas des 2 auréoles de Boumerdes et de Boudouaou,
nous donnerons les cortéges minéralogiques particuliers a ces deux zones.
Tourmaline, biotite, hématite, Sphéne et zircon sont les composants majeurs du
spectre des minéraux lourds. L’ olivine, épidote, orthopyroxene et clinopyroxene
sont trés rares. La Tourmaline est le minéral le plus caractéristique du cortége
minéralogique lourd représente a lui seul 20 a 60 % des 3 fractions étudiées. Elle
est de couleur verte essentiellement mais apparait parfois brune. L'Hématite
représente 20 a 40 %, la Biotite représente 10 a 30 % de la fraction lourde. Les
minéraux accessoires sont représentés par le Sphene (1 a8 %) et le Zircon (1 a
5 %) (Tab.1). Les minéraux légers sont représentés par un cortége varié de
minéraux ou le quartz occupe prés de 60 % de la fraction détritique, ces
minéraux se retrouvent tres fréquents dans les falaises cotiéres du Corso. Les
Feldspaths sont représentés par |'Orthose et les micas par de la Muscovite trés
abondante (20 & 30 %) et présente dans tous les échantillons prélevés a
Boumerdes. La phase biogene caractérise I'essentiel de la fraction carbonatée
de larégion d'étude.

Tab. 1: Distribution de la fraction minérale "lourde et légére" devant oued
Boudouaou, oued Boumerdes et de la zone centrale (pourcentage en poids).

Minéraux lourds |Oued Boudouaou |zone centrale  |Oued Boumerdes
Tourmaine 15 3 20
Hématite 12 2 10
Biotite 5 4 7
Sphene 1 0 1
Zircon 0-1 0 0-1
Minéraux |égers
Quartz 40 60 30
Muscovite 10 10 1
Orthose 1 1 2
Calcite te] 10 5
Phase biogene 8 10 10

\

2. Distribution de la fraction minérale lourde totale La répartition des
minéraux lourds (fig.1) montre des teneurs variant en moyenne entre 1 et 20 %
avec 2 maxima de 28 % . Ces teneurs importantes sont en fait localisées
exclusivement aux alentours immédiats des embouchures des oueds Boumerdes
et Boudouaou traduisant ainsi une origine des apports et un transit cotier
résultant depuis la source jusgqu'au milieu de dépot.
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Fig. 1. Répartition de la fraction totale des minérauix lourds

La fraction granulométrique 160-80 um est caractérisée par des teneurs
nettement supérieures aux 2 fractions précédentes, c'est la plus riche en
minéraux lourds du sédiment détritique grossier.

Conclusion

En résumé de I'observation de ces 3 fractions nous pourrons déduire que
plus la talle des grains diminue, plus la teneur en minéraux lourds
augmente contrairement & d'autres régions ou l'inverse a été constaté [3].
Cette importance en minéraux lourds dans la fraction la plus fine sexplique
logiquement avec les résultats de I'éude en lames minces, qui a montré des
minéraux dont la taille est réduite dans la roche mére (Granit de Thénia,
micaschistes du « Rocher Noir »).
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Abstract

The heavy metal (Hg, Cd, Pb, Cr, Cu, Mn, Zn, Ni, Fe, and Al) concentrations in sediment were investigated in Cyprus from
Mediterranean. The surface sediments were collected from 23 stations in April-May 2010. The results showed that Gemi Konagi
area was polluted with Cu and Zn besides Girne and Gazi Magusa areas were polluted with Pb and Cr. All of the Hg, Cd and Pb
levels were lower than the Mediterranean backgrounds. The Cu and Zn concentrations at Gemi Konagi area and all of the Cr

va ues were higher than the Mediterranean backgrounds.

Keywords: Metals, Sediments, Pollution, North-Eastern Mediterranean

Introduction

Heavy metals are entering the coastal environment as contaminants, although
metals are present naturally in the environment, from anthropogenic sources
such as industrial processes, including untreated waste water, municipal
sewage effluent, and surface run-off [1]. There is little information about
heavy metal contaminations at sediment from Cyprus. The aim of this study
is to describe the spatial distribution of heavy metals in sediments from
Cyprus.

Materials and M ethods

Surface sediment samples (23 stations) were collected using box-core from
Cyprus as part of a cruise of the R/V K. Piri Reis (April-May 2010). This
study founded by the Turkish Scientific and Technological Research Council
(TUBITAK/111Y 160). Sediments were placed in acid-cleaned polyethylene
bottles and frozen (-200C). Samples were dried in an oven at 50°C, and then
sieved to pass 63 ?m. All sediments were digested in microwave digestion
system (Milestone 1200) with a HNO3-HF-HCIO4-HCI acid mixture
solutions [2,3]. The levels of mercury and cadmium were obtained by using
cold vapour and graphite furnace with AAS, respectively. The
concentrations of Pb, Cr, Cu, Mn, Fe, Ni, Al and Zn in sediment were
measured by flame atomization (air-acetylene) AAS, using the
manufacturer’s conditions and with background correction.

Results

The results of heavy metals in sediments were compared with the mean
crustal values, Mediterranean background and TEL-PEL values. Comparison
of the metal concentrations with mean crustal values revealed that Gemi
Konagi area was polluted with Cu and Zn besides Girne and Gazi Magusa
areas were polluted with Pb and Cr. The maximum pollution for Cd was
found at Girne area. All of the Hg, Cd and Pb levels were lower than
Mediterranean backgrounds. The Cu and Zn concentrations at Gemi Konagi
areaand all of the Cr values were higher than Mediterranean backgrounds.
Metal concentrations ranged between 0.02-0.07 for Hg, 0.03-0.32 for Cd,
1.12-23.8 for Pb, 54.7-144 for Cr, 9.29-127 for Cu, 29.3-128 for Zn, 112-
990 for Mn, 43.8-245 for Ni, 10634-50972 for Fe, 6670-56051 pg/g for Al.
The maximum concentrations of Hg, Cd and Ni were detected at Girne area
besides the highest Pb, Cr and Mn levels were found at Gazi Magusa area.
The minimum values of Hg, Cd, Pb, Cr, Mn, and Ni were obtained at Gemi
Konagi area. Adversely, the maximum Cu, Zn, Fe and Al vaues were
measured at the same area. Cr levels at al sampling areas and Cu
concentrations at Gemi Konagi area were exceeded the numerical TEL
values. All of the Ni values were above the TEL and PEL values. The results
have been shown that the pollution in sediments from Cyprus was mainly
sourced from mining activities, wheathering and erosion of ophiolithic rocks
and other sources (agriculture and untreated sewage discharges, maritime
activities).
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Abstract

The levels of heavy metals were determined in surface and core sediments from the Izmir Bay in 2009. Marine pollution in [zmir
Bay isinvestigated using inorganic and organic geochemical data from surface sediments. The concentrations of 32 elementsin 18
samples and three core samples established that surface sedimentsin Inner 1zmir Bay display significant enrichmentsin AsAl, Cr,
Cu, Cd, Fe, Mn, Ni, Pb and Zn associated with notably high concentrations of total organic carbon and sulphur.The zone of

moderate enrichment of Cr, Mn, Pb, Zn, Cu and As in the bay seems to be driven by anthropogenic sources.

Keywords: Metals, Sediments, Pollution, |zmir Bay

Introduction

Izmir Bay is one of the great natural bays of the Mediterranean Sea, whose
shoreline is dominated by Izmir Metropolitan Municipality (Fig.1). It is
divided into four parts: Gillbahge Bay, Outer, Central and Inner Izmir Bays.
It has atotal surface area of over 500 km2, atotal length of 64 km and opens
in the Aegean Sea. Mgor indicators of pollution in aguatic environments are
contaminated sediments that can be defined as soils, sand, organic matter, or
minerals accumulated at the bottom of a water body (USEPA, 1998) [1].
Inputs creating pollution in the Izmir Bay consist of the following
components; i) domestic waste waters produced by a population of nearly
three million people; ii) industrial waste waters; iii) pollutant loads of Gediz
river and other streams flowing into the bay; iv) agricultural drainage; v) port
activities and sea traffic; vi) amosferic inputs; vii) upflux from bottom
sediments into the water column; viii) material transfer between the bay and
the open sea[2].

Material and Methods

The surface sediment samples were collected using a Van Veen type grab
sampler and the sediment core samples were obtained using a gravity corer
from Izmir Bay during the cruise of R/V K. Piri Reis. Concentrations of
metals were determined in the digested phase by inductively coupled
plasma—mass spectrometer (ICP-ESICP-MS) analysis (ACME Analytical
Labs, Vancouver, BC, Canada). Levels of heavy metal pollution in Izmir
Bay. The amount of organic carbon (%) was determined by
spectrophotometrically in  dried sediment samples following the
sulfochromic oxidation method.

Conclusion

In general particle size is fining in the sampling area except stations 1 and 4.
Bottom sediments in these stations were relatively coarse with 84-96 %
sand along the northwest coast of the outer bay while other stations were
generaly consists of clayey silt in the sampling area. Comparison of the
metal concentrations with average crustal values revealed that most of the
samples from the outermiddle, inner parts of the bay were polluted with As,
Ni, Pb and As, Cr, Cu, Ni, Pb, Zn, respectively. The contamination factors
(Cf) were between low and moderate for Mn (0.46-1.53), Cu (0.30-1.60),
Co (0.40-1.20), Cr (0.38-1.43), and As (0.38-1.48) and between moderate
and considerable for Pb (0.62-6.31) according to the Hakanson (1980) [3]
classification in the bay. An EF value of 1.5 indicates that the given element
has principally originated from lithogenic source. These results indicated
that Cr, Mn, Pb, Zn, Cu and As (EFs > 1.5) came from human impacts.
Gediz River discharge, and atmospheric inputs.
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Abstract

The aim of the study was to determine the levels and distribution of heavy metals in the sediments in the Montenegrin coast, and
also to assess the extent of anthropogenic impact using geo-accumulation index (Igeo) and metal pollution index (MPI). Surface
samples were taken from 10 locations. Grain size and trace element (Fe, Mn, Zn, Cu, Co, Ni, Pb, Cd, As and Hg) variations were
anayzed, and MPI as well as Igeo calculated to understand the contamination level of the study area.

Keywords: Metals, Sediments, South Adriatic Sea

Introduction

Pollution of the natural environment by trace metals is a world-wide
problem. Trace elements from naturad and anthropogenic sources
continuously enter the aquatic ecosystem where they pose a serious threat
because of their toxicity, long time persistence and bioaccumulation ([1]).
Also as other areas on Montenegrin coast is aso under a great impact of
anthropogenic factors and the activities on the shore. Sediments show a high
capacity to accumulate and eventually integrate the low concentrations of
trace elements usually found in water. In order to better interpret the results
of any contaminant analysis some concepts have been suggested, such as the
study of spatial and temporal variance in the objective area using multiple
repeated sampling over an extended period of time[2].

Material and Methods

Samples of bottom sediments were taken from a depth of 15-20 cm using an
internal diameter plastic gravity corer. The sampling was done in autumn of
2005 and 2006 at 10 stations in the Montenegrin coast, Fig.1. Dry sample
(about 0.5 g) were digested with 2 ml of HNO3 (65%), 6 ml HC1 (37%) in a
microwave digestion system (CEM. Corporation, MDS-2100) for 30 min
and diluted to 25 ml with deionized water and stored in polyethylene bottles
until analysis. A blank digest was performed in the same way.All the
samples were examined in laboratory using atomic absorption spectrometer
equipped with a deuterium-are background corrector and Perkin Elmer
MHS-10 hydride generator were used. Standard hollow cathode lamps were
used for all elements except arsenic, for which a Electrodes Discharge
(EDLSs) lamp was used. Each sample was analyzed in triplicate.

Fig. 1. Map of investigation area

Result and Discussion

The Montenegrin coast, as a direct recipient of pollutants of anthropogenic
origin from the area, showed the higher contents of heavy metals in bottom
sediments in 2005 compared to 2006 when values for those heavy metals on
every examined locations was much lower ([3], [4]). The contents of
investigated metals in both years are:
Fe>Mn>Ni>Zn>Cu>Co>As>Pb>Cd>Hg. The values of microelements in
sediments of Boka Kotorska Bay are much higher than on the locations
which are under the influence of open sea, except on locations Rt Djeran and
Ada Bojana in both seasons. The increase of lead, cadmium, arsenic and
mercury on one station in Boka Kotorska Bay can be explained by the fact
that this area is under great impact of industry and huge medical complex.
Based on the values of MPI, on each location pollution is detected.
Comparing seasons 2005 and 2006, MPI is higher in 2005 (1.39-3.04) than
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in 2006 (1.46-2.63). Locations with higher values of MPI in both seasons
are Ada Bojana and Rt Djeran (open sea) and Kukuljina (Boka Kotorska
Bay), because this locations has higher content of microelements in
sediment. The locations with higher values Igeo are Bar (1.85) and Kukuljina
(379 for Cd, and Bar (3.2) for Hg. The man reasons of higher
contamination are anthropogenic factor, harbor activates and anti-corrosion
treatment for vessels.
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Abstract

The biomonitoring study presents the comparison of distribution of heavy metals in seawater and the soft tissues of two major
fouling species Amphibalanus amphitrite (Darwin, 1854) and Amphibalanus eburneus (Gould, 1841) collected from Levent
Marina (Izmir) in Autumn 2008 and in Spring 2009. The results showed that two studied species of barnacles are excellent
biomonitors and have the ability to accumulate Cu, Fe and Zn in a higher degree than seawater.

Keywords: Metals, Bio-accumulation, Bio-indicators, |zmir Bay

Introduction

The relative contamination of coastal environments can be measured by using
suitable biomonitors. Especially mussels and barnacles, key components of the
local sublittoral benthos, are used to address the question of metal
bioavailabilities [1]. To the best of our knowledge following a literature survey,
no previous monitoring of metal contaminants has been carried out in barnacle
species from the Aegean coast. The main aim of the present study is to
compare the heavy metals using seawater samples and the soft tissue of
barnacles, A. amphitrite and A. eburneus. Materials and Methods Seawater, A.
amphitrite and A. eburneus were collected from the intertidal zone at Levent
Marinain Autumn 2008 and Spring 2009 (Fig. 1). For water samples analyses
were performed by flame AAS (Varian Spectraa-300 plus) for Cd, Pb, Cr, Cu,
Mn, Zn and Fe and by anodic stripping voltammeter (ASV) at the rotating gold
electrode for Hg and for barnacle analyses were performed by flame (Cu, Fe,
Mn and Zn), cold vapour (Hg) and graphite furnace technique (Cd, Cr and Pb)
in AAS by using the manufacturer’ s conditions and with background correction
according to UNEP [2,3].

Fig. 1. Location of sampling station in Izmir Bay

Results and Discussion

Among the heavy metals, Cu, Mn, Zn and Fe levels were found higher in the
tissue of A. amphitrite and A. eburneusas compared to seawater samples
during autumn (2.41, 1.81, 7.06, 14.10 pg/l) and spring (0.94, 2.31, 0.81, 4.60
ug/l) periods, respectively. Availability of high autumn and spring metal
concentrations in the soft tissues of A. amphitrite was foundas following
ranking Fe>Cu>Zn>Mn. Furthermore, measured high autumn and spring metal
levels in A. eburneus decreased in the following order Fe, Cu, Zn, Mn and Zn,
Fe, Cu, Mn, respectively. Comparing the concentrations of heavy metalsin the
tissue for each species, A. amphitrite was accumulated Cu (208.33 pg/g) in a
higher degree in autumn. In contrast, A. eburneus was accumulated Fe (389
Hg/g), Zn (321.48 pg/g). Concerning the detected metal levels in spring period,
higher Cu (378.76 pg/g) and Fe (317.47 pg/g) were recorded in the tissue’s of
A. amphitrite whilehigher Zn level (494.11 pg/g) was measured in A. eburneus.
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The results of this study showed that A. amphitrite and A. eburneus has high
accumulation capacity for Cu, Zn and Fe. These high accumulated values could
be explained due to the high concentration of these metals in the water body
and the role of these metals as essential element for the physiological and
biological activities of the studied animals [4]. Based on contamination factor
[CF is the ratio of metal concentration in the barnacle (ig g1 dry wt) to the
concentration of metal in seawater (mg 1'1)], barnacles have the ability to
accumulate Cu, Zn and Fe in their tissues several times more than sea water
(Tab. 1). Comparatively, the levels found in barnacle tissue are generally lower
than those reported from contaminated regions in the world [5].

Tab. 1. Concentration factors for heavy metals in Amphibalanus amphrite and
Amphibalanus eburneus in the Levent Marina

FrmRens)  Ha L ER. £ L Mo n =

Al Autymn | 1.8=10° [ 3.5210¢ | 3.3210° | 8.3=10° | 2.7=10% | 9.0=10° | 2.2=10%| 2.2210*

amafitite Spring | 32=10° | 472100 | 2.7=210° | 4.4=10% | 402107 | 8.1=10° | 2.5210° | 6.9=10*

A Autumn, | 172100 | 342100 | 2,307 | 27=10% | 7.7=10% | 15210 | 4610 | 2.8x10¢

2mEss [ eping | 152100 | 765100 | BsxiP | Sox10t | 1.4x105 | 152100 | 6.0x107 | 32107
Conclusions

In conclusion, Zn, Cu and Fe were the most abundant elements in the soft
tissues of A. amphitrite and A. eburneus. The high levels of heavy metals
recorded in the water samples of Levent Marina confirmed the presence of high
concentrations of heavy metals in barnacle tissue. These accumulations may
relate to their very efficient storage detoxification systems and/or due to the
biological needs of animals. The present study concluded that both barnacle
species are suitable candidates to be used in biomonitoring surveys for Cu, Zn
and Fe particularly at the Aegean coast.
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Abstract

Numerous indices have been developed to assess environmental risk of heavy metals in surface sediments, including the total
content based geo-accumulation index (Igeo), exchangeable fraction based risk assessment code (RAC), and biologica toxicity
test based sediment quality guidelines (SQGs). In this study, the three indices were applied to surface sediments from 20 stations
along the Egyptian Mediterranean Sea, to assess the environmental risks of heavy metals (Cd, Cr, Cu, Co, Pb, Ni, Mn, Fe, and Zn)

and to understand discrepancies of the risk assessment indices.

Keywords: Sediments, South-Eastern Mediterranean, Metals

Introduction

Heavy metals are of considerable environmental concern due to their
toxicity, wide sources, non-biodegradable properties and accumulative
behaviors [1]. The evaluation of metal distribution in surface sediments is
useful to assess pollution in the marine environment. Therefore, the
assessment of sediment environmental quality is an essential component of
environmental quality assessment of aguatic ecosystems. Several risk
assessment indices of sediment environmental quality for heavy metals have
been developed on different bases, such as geo-accumulation index (Igeo) on
the basis of total content [2,3], risk assessment code (RAC) on the basis of
availability [4,5], sediment quality guidelines (SQGs) on the basis of
biological toxicity [6], and multiple variant approach [7]. In this study, the
heavy metal contamination, chemical speciation and the associated ecological
risk in the Egyptian Mediterranean Sea sediments were assessed using
different indices i.e. enrichment level (total content, 1geo), availability level
(weakly bounded fraction, RAC), and biologica toxicity level (Threshold
Effect Level (TEL), Probable effects Levels (PEL). The three indices were
widely used and accepted for characterizing heavy meta contamination in
literature and mandatory regulations.

Materials & Methods

Analysis of total heavy metal concentrations:

A concentrated acid digestion protocol according to Oregioni and Aston [8]
was followed and the digested solution was diluted accordingly and
measured for Cd, Cr, Co, Cu, Mn, Fe, Pb, Cd, and Zn using an atomic
absorption spectrophotometer (AA6650, SHIMADZU, Kyoto,Japan).
Reagent blanks, parallel replicates, and a standard reference material (IAEA-
405: estuarine sediment, International Atomic Energy Agency, Vienna,
Austria) were incorporated in each digestion batch for quality control and
quality assurance. Recovery rates of the selected metals ranged from 90.3%
t0 104%.

Sequential extraction of selected metals:

In the present study, heavy metals (Fe, Mn, Zn, Ni, Cr and Pb) were
sequentially extracted following the five step method proposed by Tessier
et d. [9] into operationally defined as exchangeable (F1), Carbonate (F2),
Fe-Mn hydroxide (Reducible) (F3), organic (F4) and residua (F5). These
fractions may be considered to decrease in lability from exchangesble to
residua. After each successive extraction, samples were centrifuged at 4000
rpm for 20 min to separate the extracted from the sediments. The
concentrations of Fe, Mn, Zn, Ni, Cr and Pb in each of the leachates were
determined by AAS (SHIMADZU 6650, Kyoto, Japan) in flame mode.

Results & Discussion

Results showed that based on the average lgeo of target elements, the
Egyptian Mediterranean Sea has to be considered not polluted with Cd, Co,
Cr, Cu, Fe, Mn, Ni, Pb and Zn (Igeo< 0%). On the other hand, over than
95% of the samples are lower than the threshold effect level (TEL) of SQGs
for Cd, Zn, Pb and Cu. Risk assessment code analysis showed that Fe has
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no risk to local environment; Cr, Mn, Ni and Zn have posed low risk while
Pb was at medium risk level. The study point out that although there were
dlight variations in the results of the three indices, the combination of the
three indices gave us a comprehensive understanding of heavy metal risksin
the surface sediments of the Egyptian Mediterranean coast.
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Abstract

Measurements of sulfur and oxygen isotope composition of aqueous sulfate consumed through anaerobic methane oxidation
(AOM) coupled to bacterial sulfate reduction (BSR) were used to enhance our understanding of this critical process. We sampled
sediment cores at two highly stratified estuaries in the coastal area of the eastern Mediterranean (Y arkon and Qishon) in which
sulfate is rapidly consumed and methane concentrations subsequently increase suggesting a coupling between the two. Although
the pore fluid geochemistry are similar at the studied sites, the isotope geochemistry is fundamentally different indicating that the

mechanism of BSR differs among the studied sites.

Keywords: Redox, South-Eastern Mediterranean, Sediments, Estuaries

Natural global methane production is driven by the microbialy mediated
process of methanogenesis, during which organic carbon is reduced to methane
(e.g. [1]). Organic carbon in marine and marginal marine sediments can be
oxidized both aerobicaly (through oxygen) and anaerobicaly, through the
respiration of various electron acceptors. These other electron acceptors are
used in order of decreasing chemical potential, beginning with nitrate, and
proceeding through manganese and iron oxides, sulfate [2]. Organic matter that
is not oxidized aerobically or anaerobically can undergo further reduction,
leading to the formation of methane. Upwardly diffusing methane is oxidized
microbially (methanotrophy), both aerobically and anaerobically (anaerobic
oxidation of methane — AOM). AOM has been identified in marine and margina
marine sediments mainly coupled to sulfate reduction:
S04% + CHy — HCOg + HS + H,0 @

Methane in marine sediments is almost entirely consumed by anaerobic
methane oxidation (AOM) coupled largely to bacterial sulfate reduction [3]. The
fact that virtually al methane in marine sediments is oxidized through AOM
means that the earth’s vast oceans are prevented from becoming a major source
of this potent greenhouse gas.

Fig. 1. Map of the study areas in a map of the Eastern Mediterranean region.
The dots and the corresponding labels indicate the site locations and names,
respectively.

To explore the coupling of bacterial sulfate reduction to AOM, this study
focuses on highly stratified estuaries in the coastal area of Israel (The Yarkon
and the Qishon-- Figure 1 ). The estuaries contain high organic carbon load from
up-stream and a lower water mass impacted by seawater penetration. At both
sites, the geochemisty of the pore fluids indicates rapid depletion of sulfate and
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intensive production of methane beneath, making these sites ideal locations for
studying sulfate driven AOM in the upper sedimentary column. We use
coupled carbon isotopes in dissolved inorganic carbon, sulfur and oxygen
isotopes in pore fluid sulfate, sulfur isotopes in sedimentary sulfide and carbon
isotopesin pore fluid methane to explore these processes in this margina marine
environment. The data is used to elucidate new pathways in the cycling of these
environmentally important species, and the findings are applicable the broader
marine environment.

Our geochemical measurements in the Y argon in the Qishon estuarine sediments
indicate that although there is similarity in the pore fluid sulfate and dissolved
inorganic carbon concentration profiles, the isotopes (§180gn, vs. 834Sgns--
Figure 2) in the pore fluids are fundamentally different between these two sites.
We suggest that this difference exists because the two estuarine sediments
consist of different depth distribution of the microbia activity. This is elusive
from the concentrations profiles, but easily identified by the isotopes profiles.

Fig. 2. 5180gn, vs. §34Sgn, datain pore fluid sulfate from the Yargon () and
the Qishon (b).
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Abstract

In the present study, 4 field studies were performed to collect surface sediments and water samples in the Mersin Bay between
February 2009-October 2009. Spatial and seasonal variations of particulate organic carbon (POC), nitrogen (PON) concentrations
were measured in the sediments and bulk POM filtered from water samples. In the nearshore waters (< 20 m), POC and PON
values of bulk particulates in the bay waters ranged between 20-63 uM and 2.6-7.7 puM, respectively. The POC and PON
concentrations of surface sediments at the inshore stations varied between 0.34-0.66 mmol-C/g (dry weight) and 0.05-0.06 mmol-
N/g, decreasing to levels of 0.23- 0.61 mmol-C/g and 0.03-0.04 mmol-N/g in the offshore sediments (N/P ratio: 7- 10).

Keywords: Sediments, Organic matter, Eutrophication, Mersin Bay

The coastal ecosystem of the NE oligotrophic eastern Mediterranean
isimpacted by the land-based inputs, mainly by riverine and domestic
wastewater discharge [1]. Primary production is potentialy limited by
phosphorus in the coastal waters due to large N/P ratios in the regional rivers,
rain waters and its deep waters [2]. Particulate organic carbon and nitrogen
(POC and PON) in the surface sediments reflects the composition of POM
sinking from the productive surface layer [3]. POC/PON ratios in the bulk
POM ranged seasonally from 6-9 in the inner to 7-10 in the offshore waters. In
the eutrophic nearshore waters (SDD ranged between 2-4 m), chlorophyll-a
(CHL) concentrations were relatively high (0.92-3.5 pg/L). The POC-CHL ratio
estimated from the regression analysis of bulk POM data ranged between 97 in
winter-spring and 350 in the less productive summer-autumn period. POC and
PON concentrations of the surface sediment varied between 0.34-0.66 mmol-C/g
(dry weight) and 0.05-0.06 mmol-N/g (dry weight) in the nearshore zone, with
the higher values in the winter-spring period due the increased nutrient inputs
by the rivers. In surface sediments of the nearshore zone, POC and PON values
varied seasonally between 0.42-0.64 mmol-/g (dry weight) and 0.05-0.06 mmol-
/g (dry weight), whereas the offshore surface sediments contained less organic
matter 0.23-0.61 mmol-C/g (dry weight) and 0.03-0.04 mmol-N/g (dry weight).
The C/N ratios of the nearshore sediments were relatively lower(6.03-7.2) in
spring, consistent with the ratios of bulk POM in the water column. However,
the sediment N/P ratios increased to levels of 10-12.7 in the summer-autumn
samples from the same locations, showing the selective decay of nitrogenous
organic matter in the POM in the surface sediments when the POM supply
from the surface layer decreased.

Fig. 1. Locations of Eutrophication monitoring Stations in the Nearshore Zone
of TARAL-Mersin Bay
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Abstract

Composition of the sediments, their origin and deposition conditions in the Novigrad Sea, a small bay in the central part of the

eastern Adriatic coast, was studied.

Keywords: Estuaries, Geochemistry, Sedimentation, Central Adriatic Sea

Introduction

The Novigrad Sea is a small, semi-closed bay located in the central part of
the eastern Adriatic coast. The main characteristics of sediments of the
wider area of the Novigrad Sea, including Zrmanja River and bay of the
Karin Sea, were investigated. The Zrmanja River is a small karstic river
which discharges in eastern part of the Novigrad Sea forming highly
stratified estuary [1]. Geochemical, sedimentological and mineralogical
analyses of sediments were carried out in order to gain insight into the
composition of the sediments, the origin of materials and the deposition
conditions in the Novigrad Sea.

Sampling and methods

For purposes of this study, sediment cores were taken at several locations
including Zrmanja River, Novigrad Sea, Karin Sea and Velebit channel. Each
core was cut into 2 cm subsamples prior to further analysis. Identification of
the mineral composition of sediments was performed by X-ray powder
diffraction (XRD). Sediment samples were granulometrically characterized
by wet sieving.

The content of carbonates was determined volumetrically. Multielemental
characterization of sediments after total digestion was performed by high
resolution inductively coupled plasma mass spectrometry (HR ICP-MS).
Analysisincluded determination of mgjor, trace and rare earth elements.

Results and Discussion

Results indicate that the bulk samples are predominantly made up of
carbonates, quartz and halite, while clay minerals occur as minor phases.
Granulometric characteristics of the sediments indicate an increase in silty
component (from 24% to 87%) downstream of Zrmanja River toward the
deeper part of the Novigrad Sea. Share of carbonates also decreases from the
river (64%) to the estuarine sediments (19%). Sediments with highest clay
content and consequently highest metal content were collected from the
deepest parts of the Novigrad Sea. Based on the results of statistical
analysis three main components of the sediments can be distinguished: 1)
lithogenic component - elements bound to clay mineras, 2) authigenic
component — elements bound to Fe-Mn hydroxides, 3) biogenic component
- elements bound to carbonates.

The vertical distribution of elements in sediment cores reflects source rock
geochemistry, hydrogeological conditions, early diagenetic transformations
and possible anthropogenic influence. Enrichment of sediments with metals
downstream of the Zrmanja River and within the Novigrad Sea is related to
salt-induced coagulation of colloidal materials and precipitation of Fe-Mn
oxyhydroxides and clay particles. The sedimentation processes in the
Novigrad Sea are therefore predominantly influenced by Zrmanja River.
Smaller streams, as well as water inflow from the Karin Sea have less
pronounced but still important influence on sedimentation in this basin.
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Abstract

Mineraogical, surface physico-chemical, morphological and structural characteristics of micron and submicron-sized minera
particles separated from different sedimentological environments of the eastern Adriatic coast were determined. The physico-
chemical characterization revealed a significant increase in cation exchange capacity (CEC) and specific surface area (SSA) with
decreasing particle size. Mineralogical, morphological and structural analysis showed that the fractions with higher amount of
aluminosilicate, oxide and oxyhydroxide particles exhibit significantly higher values of SSA and CEC, and consequently, increased
reactivity of sediments in biogeochemical processes in the marine environment.

Keywords: Sediments, Mineralogy, North Adriatic Sea, Central Adriatic Sea, South Adriatic Sea

Introduction

Coastal sediments are considered as the main sink for contaminants. The most
reactive sediment phases are micron and submicron mineral particles due to their
exceptionally high surface area and sorption properties. They govern
biogeochemical processes and are responsible for transfer of contaminants from
water to sediment. This research aims to determine the composition of micron
and submicron-sized minera particles and elucidate their role in biogeochemical
processes with respect to their surface physico-chemical, morphological and
structural properties.

Study area

Four distinct marine environments were chosen for studying considering their
different sedimentological characteristics. The Po receiving basin (1, Fig. 1) isan
area under influence of the Po river and receives a fine-grained part of the river
load; the open sealocation (2, Fig. 1) isan area of deep seathat is not influenced
by coastal sedimentation processes; the Malo jezero on the island of Mljet (3,
Fig. 1) is akarstic marine lake characterized by precipitation and sedimentation
of aragonite [1], and the Risan bay (4, Fig.1) is a very indented marine
environment characterized by sedimentation of clayey particles.

Fig. 1. Map showing locations of sampling.

Materialsand M ethods

Surface sediments were retrieved using Uwitec gravity corer or Van Veen grab
sampler. Organic matter was removed by sodium hypochlorite treatment,
modified after Kaiser [2]. Different size fractions were separated by
gravitational settling, confirmed by laser diffraction, and freeze-dried. Physico-
chemical characterization of mineral surfaces (SSA, CEC) was performed, and
mineralogical composition (XRD) and morphology determined (FE-SEM).
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Results and Discussion

The removal of organic matter significantly increased the share of the clay
fraction and values of CEC and SSA in all investigated sediments. Accordingly,
the loss of the organic coatings and disintegration of mineral aggregates enlarges
the surface area of minera particles available for interaction with the
environment. In addition, this study exemplifies that the SSA and CEC valuesin
different sediment fractions rise significantly with decreasing size (Fig. 2). The
fractions with the highest values of SSA and CEC were mainly composed of
auminosilicate, oxide and oxyhydroxide particles.

The highest values for SSA and CEC were determined in sediment samples from
locations 2 and 4 (Fig. 2), which also had the highest amount of aluminosilicate,
oxide and oxyhydroxide particles. In samples from location 1, SSA and CEC
values determined for micron and submicron fractions were till high, while for
the original sediment sample they were dlightly lower compared to other
locations. This could be attributed to the prevalence of quartz, feldspars, and
carbonates in the coarser sediment fraction. The lowest values were determined
in the sediments with predominately carbonate sedimentation (location 3),
revealing lower surface reactivity of carbonate minerals.

The submicron-sized aluminosilicates, oxides and oxyhydroxides represent the
most reactive particles that are responsible for removal and transport of
contaminants in aquatic environments. Even when they are not the primary
constituent of sediments, they still have a significant impact on their surface
reactivity.
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Fig. 2. CEC, SSA and mean sizes (Mz) of fractions separated from location 4.
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MANGANESE AND BIOGENIC SILICA ASSOCIATION IN IZMIR BAY SEDIMENT (TURKEY, EASTERN
AEGEAN SEA)
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Abstract

Biogenic silica (BSi), pore water silica and other biogeochemical paramaters in sediment were investigated by using factor analysis

in Izmir Bay.

Keywords: Eutrophication, Benthic-pelagic coupling, Aegean Sea

Biogenic silica (BSi) plays an active role in marine biogeochemical cycles. It
is an important mineral found in many marine sediments due to primarily
produced by planktonic organisms living in the surface ocean. Also, BSi isa
chemical determination of the amount of amorphous silica which can be
comprised of different component mainly of biologica origin such as
diatoms, phytoliths, radiolarians, silicoflagellates and sponge spicules (1).
Accumulation of biogenic silica continues as the biosiliceous debris through
the water column. In this study, two different methods which are Si/Al and
Si/time were used. Si/Al method was calculated according to (2), Si/time was
calculated according to (3). Biogenic silica (BSi) of samples via timed
dissolution method were determined by plotting extracted silica against time
and extrapolation of linear partion of the curve back to the zero time. BS
values of samples were determined by plotting extracted silicaagainst Al and
extrapolation of regression back to the zero Al value. In Si/time method, the
BS values were highly correlated with clay-silica, indicating that the
dissolution of clay but Si/Al method did not. Therefore it was chosen Si/Al
method to represent true BSi. The data set has been subjected to factor
analysis. The results showed that 5 factors have been extracted. One of
these factors includes the strong association of the BSi in sediment, pore
water silica and the manganese. It was observed that aggregate from North
(Bostanli) which was not cemented and Neogene aged carbonate rocks from
South (Inciralti) are moved towards the inner bay through rivers together
with Fe and Mn. Carbonate minerals have dilution effect on clay minerals
here. Therefore, it is not possible to mention biogenic silicata since there is
no diatom bloom in area where there are stations 4, 5, 6, 7, 14, 15 and 16
(Fig. 1).

Fig. 1. Distribution of BSi (%) in sediment

On the other hand, when the existence of cold water in Hisar Castle which
existed around 1650's in the district of Konak (sta. 8, 9 and 10), it can be
thought that this water may enable diatom dominance due to dissolved
silicate in deepwater. Infact, it is stated that there source which provide
water for the fountain in Agora goes underground till Konak district. Due to
bay water which was hypereutrophic before treatment plant (before 2001),
in the sediment which contain hydrogen sulfide, Fe*3 and Mn*4 reduce to as
Fe*2 and Mn*2 dissolved phases. And then these reduced species mobilize
to sediment surface and overlying water. As it is seen in Figure 2, there is
manganese only at the mouth of river and apart from inner bay. In the
retention of manganese in sediment, the importance of the BSi as the carrier
phase and the importance of the diatom productivity in the water column
might be of paramount. This situation was expressed upon as one of the
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point that should be investigated in details.

Fig. 2. Distribution of manganese (mg/kg) in sediment
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PLANNED STUDIES FOR THE INVESTIGATION OF GEOTHERMAL POTENTIAL IN THE SIGACIK GULF
(SEFERIHISAR)

Ozde Bakak 1* and Erdeniz Ozel 2
1 Department of Geothermal Energy, Dokuz Eylul University, |zmir-Turkey - ozde.badur@deu.edu.tr
2 Ingtitute of Marine Science and Technology, Dokuz Eylul University, |zmir-Turkey

Abstract

The Sigacik Gulf is located in between Teke and Doganbey Bay in the south of Karaburun peninsulain the western Anatolia. This
paper give to information about the preliminary results of the single channel seismic survey and consists of the planned studies for
the investigation of geothermal potential in the Sigacik Gulf (West Anatolia) within the scope of a PhD Project.

Keywords: Geophysics, Seismics, Aegean Sea, Hydrothermal vents

Introduction

The study areais located in the region between Doganbey and Teke Bay in the
south of Izmir Gulf (Fig.1). Sigacik Gulf's surroundings are covered by Mio-
Pliocene and younger units. Pre-Miocene basement consists of Silurian,
Carboniferous, Triassic, and Cretaceous rocks, and its crops out along high
elevated areas such as Karaburun, Seferihisar, and Kusadasi ridges [1]. The
geological map of area’s surroundings is again worked out using ArcGIS (GIS-
based) software from 1/500.000 scale of the geological map of Izmir-Turkey.

Fig. 2. The Sigacik Gulf’s map of sea floor depth

Conclusions

The shallow seismic studies (Sparker) have been applied in Sigacik Gulf in 10-
12 October 2012, aso Magnetic, Side Scan Sonar, Heat Flow, CTD
(Conductivity, Temperature, Depth) and ROV (Remotely Operated Vehicle)
have been planned in terms of giving more information about the geothermal
potential, in the content of the PhD project.
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Fig. 1. Thelocation of Sigacik Gulf

Methods

The Single Channel Seismic, Magnetic, Heat Flow, CTD and using ROV for
monitoring of seafloor have been planned to investigation of geotherma
potential in Gulf of Sigacik. During the single channel survey used to sparker
system, which have 1 channel and 12 hydrophone with 17 m long streamer, as a
seismic source and seismic data acquisition were carried out on board Dokuz
Eyll-1 which is research vessel Dokuz Eylll University (Izmir-Turkey) in 10-
12 October 2012. Approximately 250km data were acquired along the total of
27 seismic lines which compose of the 14 DB direction and 13 KG direction
seismic lines. The seismic data processing was made using Promax program in
the Seismic Laboratuary in the Institute of Marine Science and Technology.
Some data processing steps were applied to seismic data such as, data load,
geometric load, band pass filter, top mute, trace mixing, and time migration.
However, the Sigacik Gulf’s map of sea floor depth were obtained from a single
channel seismic sections using the Kingdom Suite program (Fig.2).
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MODELING HYDRODYNAMICS AND SEDIMENT RESUSPENSION ON ARTIFICIAL REEF SYSTEMSIN
THE GULF OF VENICE
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Abstract

Natural outcropping rock systems (Tegnue in local language) along the northern Adriatic littoral zone represent important sites for
biodiversity, protected from the mechanical effects of trawl fishing by artificial reef structures deployed in the surroundings. We
describe the modelling approach to characterize the hydrodynamic and sediment transport in the proximity of such artificial reefs
The numerical tool was used for investigating the impacts of different monolith systems in terms of increase in local suspended
sediments concentration, providing a support for ecological design of such interventions.

Keywords: Coastal management, Gulf of Venice

The coastal zone of the Gulf of Venice (Italy) is characterized by the presence
on its sandy-silty seabed of a number of outcropping rocky systems, named
Tegnue by local fishermen. These formations represent important biodiversity
spots for the northern Adriatic sea; in order to enhance sealife settlement and
protect the sites from the mechanical effects of trawl fishing, the Regional
government has decided the deployment of monalithic artificial reef clustersin
their surroundings. Within the MARINA Project, funded by the Veneto
Regional government as a part of the Regional policy for coastal zone protection
(Legge Regionale 15/2007), CNR-ISMAR was committed to the investigation
of the effects of artificial reef systems on hydrodynamic and sediment
transport. In particular, the main scope of the activity was to determine whether
such structures may determine a turbidity increase (and therefore a water
quality degradation) close to the deployment zones, and also to suggest an
optimal strategy for future deployments.

A multi-step modelling activity at different time and space scales was carried
out. Firstly, a statistical characterization of hydrodynamic conditions on the
northern Adriatic sea was provided by means of a basin scale high-resolution
(500 m) state-of-the-art, fully 3D numerical model run with reference to a
typical year. The ocean hydrodynamic conditions were computed by the
Coupled Ocean-Atmosphere-Wave-Sediment Transport (COAWST) modelling
system, based on the ocean model ROMS, the wave model SWAN, and the
CSTMS routines (Carniel et a., 2011). The hydrodynamic quantities thus
obtained were then used for implementing a set of super-high resolution (from
0.15 to 400 m mesh size) 3-D hydrodynamic and sediment transport
simulations, carried out via the numerica model MIKE-3, providing a broad
description of velocity and suspended sediment concentration (SSC) fields close
to a single submerged monolith covering the whole range of environmental
(hydrodynamic, geometric and granulometric) conditions on the Tegnue zones.
Numerical output results were made available to the end-users and policy
makersviaa THREDDS Data Server (TDS, Bergamasco et al., 2012).

Lastly, results of idealized single-structure runs were then assembled in order to
describe real systems: these informations were made available by means of a
dedicated graphical query tool (MUD-App).

The main findings show that the SSC increase induced by artificial reef systems
is generally negligible (<1%) compared to the background concentration. Only
during particularly severe storms (return time one year longer) a stronger
increase in SSC (eventualy of the same order of magnitude as the background
concentration) can take place in the very proximity of the monoliths, rapidly
decreasing to less than 10% this value at a 10 m distance from the structures.
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Fig. 1. From atmospheric forcings to sediment transport analysis on artificial
reef systems. @) surface stress on the Adriatic sea under different wind
conditions; b) current and wave patterns on the northern basin; c) SSC increase
close to a single monoalith; d) screenshot from the MUD-App representing SSC
increase on ared artificial reef system. Results were loaded into a TDS.
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CARACTERISTIQUES GRANULOMETRIQUESACTUELLESDE LA LAGUNE MELLAH (ALGERIE
NORD-EST): EFFETSDE COLMATAGE DU CHENAL DE COMMUNICATION AVEC LA MER
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Abstract

La granulométrie de la lagune Mellah s'organise de facon concentrique ; alant des sables fins purs prés des berges, aux vases
pures au centre de la lagune. En effet, la fraction pélitique s'accroit avec la profondeur, ou I’ extension de celle-ci a augmenté dans
lalagune, vingt deux ans aprés |’ opération d’ aménagement du chenal de communication avec la mer.

Keywords: Lagoons, Sediments, Sediment transport, South-Western Mediterranean

Introduction

La lagune Mellah est située a I’ extréme Est algérien (8°20" E et 36°54' N) et
totalise une superficie de 865 hectares, avec une profondeur maximale qui ne
dépasse pas 5,2 m. Elle est I’ unique lagune en Algérie, de ce fait elle a suscité des
études scientifiques ([1], [2], [3], [4]). Ce milieu a vocation aguacole a connu une
chute remarquable de sa production halieutique durant les années 80 [5]. C'est
ans qua la fin de 1988, des experts de la FAO ont éabli un plan
d’aménagement du chenal de communication avec la mer [6], afin d’améliorer les
échanges mer - lagune et faciliter la migration des poissons entre les deux milieux.
La présente étude est une actualisation des caractéristiques granulométriques de
lalagune vingt deux ans aprés I’ opération d’ aménagement du chenal.

Matériel et méthodes

La lagune Méellah est une éendue d' eau saumétre dont la salinité varie entre
23,50 et 35,25 [7], communique avec la mer gréce a un chenal long (900 m) et
étroit (2 a 10 m). L’ échantillonnage systématique du sédiment a été effectué en
mars 2010 a partir de 33 stations. Une analyse granulométrique de la couche
superficielle du substrat a été rédisée aprés une séparation entre les deux
fractions fine et grossiere a une limite de 63 pm.

Résultats et discussion

Les résultats de I'analyse sédimentaire montrent que, dans la lagune Mellah
comme dans la majorité des lagunes méditerranéennes, la granulométrie
s'organise d' une fagon concentrique ; ¢’ est-a-dire que la taille des grains diminue
régulierement des rives au centre de I'étendue. Ce phénomeéne serait dii au
processus d’accumulation des particules fines dans la cuvette centrale, suite &
une forte agitation a la périphérie, puis le courant s affaiblit vers le centre de la
lagune [2]. En effet, les berges du Mellah sont formées de sables fins purs et au
fur et a mesure qu’on se dirige vers les grandes profondeurs la fraction pélitique
atendance a augmenter (Fig. 1). Par ailleurs, cette étude nous a permis de mettre
en évidence cing zones lithologiques alant des sables purs prés des rives aux
Vases pures au centre, en passant par les sables légerement envasés, les vases
sableuses et les vases |égerement ensablées (Fig. 1). On signale égaement la
présence d'une forte densité d' herbier aRuppia sp., sur les rives jusgu’a une
profondeur de 1,50 m; ceci participe au maintien de la bande sableuse le long
des cotes de lalagune. En comparaison avec les études antérieures ([1], [2], [3]),
le taux des pélites a sensiblement augmenté de la périphérie jusqu’ au centre de la
lagune. Cette situation serait en relation avec le faible hydrodynamisme, suite a
I"état du colmatage du chenal, favorisant ainsi la décantation des particules fines
surtout au centre de I’ étendue, la zone la plus profonde.
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Fig. 1. Couverture sédimentaire de lalagune Mellah.
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Abstract

This article presents data from high-resolution shallow seismic profiles, side scan sonar, scanning sonar, surficial sediment data and
video data for the sedimentary history, characterization and process-description of the Izmir Bay (western Turkey).Rate in sea
level rise, seabed morphology, sediment supply, hydrodynamic regime are the main controlling factors of general infill pattern.
Inspection by diver video of pockmark like seabed features are showed that some of these features are partly related with the
scouring at wreck sites and controlled by the orientation of the wreck structure relative to the prevailing hydrodynamic conditions.

Keywords: Deltas, Sealevel, Sratigraphy, Sediments, |zmir Bay

Introduction

Over the last decade, numerous works has been carried out on sedimentary
coastal wedges in order to portray their pattern and evolution in relation to
the last post-glacial sealevel rise, and to estimate their future behavior. High
resolution shallow seismic investigation complemented with side scan sonar
and gravity coring and radiocarbon dating has been widely performed in
many coastal settings around the world. Such detailed studies have been
limited around the Turkish coastal areas of eastern Mediterranean and
especialy inner Gulf of Izmir [1] needs more representative work. In this
study, the quaternary growth of Gediz delta in |zmir Bay is described and
its relationship to tectonic and sea level change is interpreted. Additionaly
morphosedimentary seabed features are investigated with sonar and video
recordings.

Material and Methods

The seismic, side scan sonar and diver video data that constitute the basis of
this work were collected from the research vessel of the Institute of Marine
Sciences and Technology in 2010, 2013. Data were recorded and processed
using Triton SB Logger-Interpreter. Seismic profiles are divided seismic
stratigraphic units, using the technique that described in Allen and
Posamentier [2]. Conclusions

The shelf and basin slope area of 1zmir Bay is underlain by superimposed
deltaic sequences. Following the Holocene post glacia transgression, deltas
were re-established deep in ancestral bays and little sedimentation took
place on the shelf. The main architecture change occurred at ca. 7000 BP, i.e.
when the sea-level rise slowed down comparably. The TST built up during
the phase of rapid rise. It is poorly preserved and overlain by the HST that
developed during the mid- to late Holocene. Rate of sea-level rise, sediment
supply, basement hypsometry and hydrodynamic regime appear therefore
as key-factors controlling the general geometry, preservation and nature of
the sedimentary infilling. It appears in particular, that wave and current
dominated bodies can be preserved in the infill of microtidal bay settings
characterized by erosional seabed morphology especially in southern part of
the bay. Isopach mapping shows that the thickest sediment sequences on
the continental shelf are developed in bay near the limit of delta
progradation. According to Aksu et al., [1] the pre-Miocene tectonic
framework of the area around Izmir is characterized by north-northeast
trending faults. Processed high resolution seismic profiling data show that
there is no indication of active faulting and al fault like structures are related
with acoustic basement morphology. This pattern is contrary the proposed
tectonic models of recent works for 1zmir Bay [3], [4]. Individual objects,
artefacts or wrecks may act as nuclei to promote scour at local scale.
Seismic, sonar and video data showed that scouring at such sites is
controlled by the orientation of the wreck structure relative to the prevailing
hydrographic regime, bathymetry and geological environment of the site.
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Abstract

The aim of this study, to map seafloor surface structures and benthic areas by using side scan sonar supported with underwater
photography and video recordings. In the Northern Cyprus Shelf the outcrop of basement rocks, sedimentary boundaries, habitat
areas and the other local targets have been mapped at using SSS records.SSS records have been specify by mosaic maps which
are created and possible sediment boundaries of biota have been defined as matching locations with visual data. The resulting
morphologic and seabed classification maps were combined to plot the distribution of the predominant habitats in the coastal waters

of Northern Cyprus, some of which are of high conservation value.

Keywords: Geophysics, Instruments and techniques, Sampling methods, Sediments, North-Eastern Mediterranean

Introduction

The Mediterranean Sea, especialy the eastern Basin, is a unique
environment whose structure and function is poorly known. It is considered
to be one of the most oligotrophic regions in the world with an overall
nutrient deficit that develops towards the east. The Levantine Sea is
bordered on the north by Crete, the Dodecanese |slands and Turkey. On the
east it is bordered by Syria, Lebanon and Israel and to the south by Egypt
and Libya. Theisland of Cyprusis located in the northeast quadrant of the
basin (Fig.1). The margin of the basin includes an isand arc from Crete
through the Dodecanese Island to Rhodes. The remaining basin margins are
of the less complex types consisting of continental shelves, slopes, rises and
associated features. The predominant topographic feature of this region is
the ‘*Mediterranean Rise’’ (Carter et al., 1972). The Cilician Basin liesin the
northeastern part of the Mediterranean, between Northern Cyprus and the
Turkish mainland. The smaller scale bathymetric features of the Levantine
Basin are the Lattakia (1000-1500 m) and Cilician (1000 m). The relatively
shallow Lattakia and Cilician Basins communicate with each other through a
narrow channel of 700 m depth located nearly midway between the sills
extending from the northeastern tip of Cyprus to the mouth of the Gulf of
Iskenderun. Cyprus is the third largest island in the Mediterranean Sea,
located west of Syria and south of Turkey. The island has a maximum length
of about 220 km from Cape Andreas in the northeast to the western
extremity of the island. Its maximum width, from Cape Géta in the south to
Cape Kormakiti in the north, is about 90 km. The total area of the country is
9.251 km. The surface samples were collected using a Van Veen type grab
sampler in November 2011 and 36 surface sediment samples were sampled
from three regions (Eastern Cyprus-Kumyai ‘‘K’', Northern Cyprus;
Zeyko **Z"" and Arpa Ambari “‘AA’", Western Cyprus; Yedi Dalga‘‘YD'")
and dried, homogenized and reduced fine powder (Fig.1).

Fig. 1. Location of surface sediment sampling stations from Yedi Daga,
Zeyko, Arpa Ambari and Kumyali regions. Sample locations with three
transects (black dots) from each area and labeled water depths.
Materialsand M ethods

During survey, Side Scan Sonar records had been collected with Imagenex
Yellowfin Model 872, at 330 mHz frequency .In every single track, coverage
area is 50 m wide at bottom for each side. A set of Hemisphere Crescent
A100 D-GPS used for collecting synchronised on-time GPS data. Figure 2
shows mosaic maps after processing of those digital SSS records of tracks
by locations. In general, underwater topographic structures of sites that
dightly rough near shorline, becomes amost flatten gradually by increased
soundings towards offshore. SSS images expose both strong and weak
backscattering configurations alog the area. This refletion model is found
associated with discrete granular ground at the shalow area and, both

acoustic base unit cropped out on the bottom surface and avaliability of
spread area of P.oceanica meadows in moderate and deeper sites. Mentioned
areas aong the sites exhaustively identified with mosaic projection, that
prepared by interpreting both Sediment analysis results and applied seismic
profiles (Fig.2) Technicaly it can determined precisely different character
and structure metallic non-metallic sunken debris(i.e. shipwrecks, anmo and
other navy wreckages, underwater mines , ancient lagans, their pieces,
anchors, metal sticks etc) throughout the deepest Subbottom level where
waves reach. However, in all of three sites, there is no deterrent materia
could be detected in bottom or sub-bottom.

Fig. 2. Zeyko and Arpa Ambari areas Side Scan Sonar Mosaic Map and
some structures of seafloor basement.

Results

It is aimed that mapping and classification of biota and sedimentary along
studied sites; Protected seagrass meadows that should be concern before
engineering application in areais determined by location with visual data.
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SHORE-LINE DYNAMICS OF ANAPA ACCUMULATIVE COAST
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Abstract

For the solution of the practical problems arising during economic development of the coast, frequently it is required to receive
quickly the information on dynamics of coast, especialy of the accumulative one. The use of space pictures alows estimating
dynamics of accumulative coastal forms of any scale and giving a complete picture of the area coast changes. The resort Anapa

(Russia) has been used as test area.

Keywords: Beach, Coastal processes, Remote sensing, Black Sea

Introduction

The solution of Black Sea coastal zone complex management problems is
impossible without the full information of coasts current condition. The
development of coastal natural systems is always accompanied by changes
of coastal line planimetric position. Processes occurring at the coast
essentially influence functioning of economic complexes. Prevention or
minimization of coastal dynamics negative consequences for the economy is
the important component of the sea coastal zone management. Therefore
countries pay the big attention to the monitoring of the coast modern
condition and to the forecast of their development under the change of the
climate and the anthropogenic impact.

Materials and methods

The most part of data about the Black Sea coasta line variability available to
the present time was received by measuring the width of beaches on
stationary section lines or, less often, by the comparative anaysis of
separate topographical and aerial mappings. However, field tool observation
data acquisition demands long expeditionary works and time for the
subsequent office processing of results. Traditiona methods of
topographical survey can't operatively reflect the coasta line change [1].
Use of space pictures alows receiving the periodic information for all
studied territory, estimating dynamics of coastal forms of any scale and
giving the complete picture of the area coast changes.

Authors of the paper have made the analysis of space series for made at
different time pictures of Anapa beaches (Russia) for the long period. While
studying dynamics of Anapa bay-bar coastal line for binding the remote
sensing contemporary records, the coastal line GPS-tracks and GeoEye high
resolution survey of the chosen area were used. It was possible to reference
to GeoEye picture the Il World War times Luftwaffe (Germany) air
photographs of program CORONA (USA) 1966 [2].

Results

Anapa bay-bar is an accumulative sandy body having the length of 47 km,
located in a northwest part of the Black Sea Russian coast. Width of the
bay-bar makes from 100 m in the northern part up to 1.5 km in the
southern. The continuous strip of sandy beaches having the width of 50-200
m has huge recreational value.

In the last some decades the recession of Anapa bay-bar coasta line has
been noted repeatedly in the literature [3]. Severa hypotheses, about the
reasons of reduction of beaches were put forward: hydraulic engineering
constructions of port Anapa, groin and seawall at quay, withdrawal of sand
from beaches. Meanwhile, comparison of the available photographs covering
the period from about 1900th till our time also has shown that the beach on
the considered site of coast remains stable while the scope of within- and
inter-annual fluctuations water line position reaches 15-20 m.

The interesting information has been received at comparison of the aeria
photographs made by the German secret service during I1-WW, and satellite
pictures for the period from 1966 till present time. It has been found, that at
the length of 3 km of the bay-bar most southern part the coastal line has
kept former position. The recession of coast is noticesble to the north; the
size of this recession quickly increases to the north, reaching 70-80 m that
coordinates with the data received by direct measurements. Comparison
with CORONA pictures for 1966 has shown that from 1944 till 1966 the
Anapa bay-bar coastal line was in rather stable condition; the recession of
the coast has begun later. We shall note that fluctuation of the water line
noted after severe storms reaches 10-15 m. It is connected with fluctuations
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of the sealevel and complex structure of the underwater slope.

Conclusion

Chronological series of the high resolution satellite picturesis areliable basis
for monitoring fast changes of the coastal line and other elements of the
coastal zone, especialy on very dynamica accumulative coast. Their
analysis has alowed to receive the detailed information about changes of
Anapa bay-bar coastal zone for last decades and to connect them with
natural and anthropogenic impact on the coastal zone. The conducted work
has shown that space pictures application for studying the Black Sea coast
of Russia is very perspective. The further researches will promote
perfection of monitoring observations methods in the Russia coastal zone.
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MAN MADE DELTAS
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Abstract

The review of geochronologica and historical data documents that the four major northern Mediterranean and Black Sea deltas
(Ebro, Rhone, Po and Danube) formed during two short and synchronous intervals when human activities and change of land-use,
impacted on their catchments overshooting the effects of climate forcing. These major growth phases occurred under contrasting
climatic regimes, respectively during the Roman Empire and the Little Ice Age, and were both followed by generalized delta
retreat, driven by two markedly different factors: after the Romans, the fall of the population and new afforestation let soil erosion
in river catchments return to natural background levels; since the industrial revolution, instead, flow regulation through river dams

overkilled the still increasing sediment production in catchment basins.

Keywords: Deltas, Shoreline evolution, Sediment transport, North-Central Mediterranean, Black Sea

Understanding the life cycle of modern delta systems since the maximum marine
ingression is crucia for disentangling the role of natural vs. anthropic forcing, an
open issue that bears substantial implications on our full awareness on the
management of the coastal zone [1]. By underpinning the timing of the main
phases of delta growth with respect to the natural environmental forcing, it is
possible to define how pervasively have human populations modified
landscapes and to predict delta stability during forthcoming environmental
changes [2]. During the last decades, dozens of scientific publications provided
new insights on the evolution of modern Mediterranean delta systems by
integrating  geophysical,  sedimentological,  paleoenvironmental ~ and
geochronological data with key information from historical records, in the form
of ancient maps and chronicles (Figure 1).

Fig. 1. Satellite views of modern deltas (from the Landsat Archive and the
Global Land Survey), with red lines representing their embryonic stages, during
the last phases of post-glacial sealevel rise (between 9 and 5.5 kyr BP), and the
white lines representing the main dated progradational events of delta growth.

The review of geochronological and historical data documents that the bulk of
the four largest northern Mediterranean and Black Sea deltas (Ebro, Rhone, Po
and Danube) formed during two short and synchronous intervals during which
population growth and enhanced human activity overwhelmed the effects of
climate forcing. Since the late Iron Age, the rise of classical civilizations and the
spread of agricultural activities led to an increase in population and to significant
deforestation in central and western Europe [3], reaching the maximum diffusion
at the apex of the Roman Empire (around 250 yr AD). Thisimportant anthropic
control on the environment at European scale resulted in a substantial increasein
soil erosion and in the first major burst in the outbuilding of river-dominated
deltas. Since the Barbarian invasions, the collapse of the Roman Empire led to a
new phase of afforestation and reduced soil erosion that was reflected in a
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generalized delta retreat at Mediterranean scale, that lasted until the second half
of the Little Ice Age. Since the 1650 yr AD, human population begun to growth
exponentialy, favoured by urbanization and industrialization, leading to
important land-use changes. The resulting regional modifications in hydrology
and climate, through changes in vegetation cover and runoff, determined a
dramatic increase in sediment production, sustaining a major and synchronous
progradational phase of al southern European deltas. Following the industrial
revolution, flow regulation through river dams, channel diversions and
construction of artificial levees, overkilled the still increasing sediment
production in catchment basins, and leading to a dramatic decrease in the supply
of coarse-grained material to the coasts (Figure 2).

Fig. 2. Coupled diagram of suspend sediment load (continuous) and fresh water
(dashed line) demonstrating the impact of anthropic reservoirs on river discharge
in all four Mediterranean deltas; gray stripes highlight the timing of construction
of major dams.

Delta systems become, therefore, more vulnerable to the action of marine
processes, as reflected by a generalized phase of delta erosion and retreat. The
chronological constraints available for Mediterranean and black sea deltas
indicate how natural systems respond “instantaneously” to human
perturbations, and this should be taken into account in any management attempt
of the coastal zones.
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Abstract

The present study investigates a marine aggregate deposit offshore the Bay of Afandou (Rhodos Island, Greece) in order to be
used for beach nourishment. The dimensions, internal structure and sediment properties of the deposit have been designated by the
use of a multibeam echo sounder, a sub-bottom profiler and a Smith-Mclntyre grab. Preliminary results show that the detected
sandy deposit comprises a thick (up to 3 m) surficial formation on the seabed located at water depths between 13 and 35 m with a

volume of approximately 1.3-2.0x106 m3.

Keywords: Sediments, Swath mapping, Coastal engineering, Aegean Sea

Afandou Bay is located on the N.E. Rhodos Island coast. The beach
morphology is characterized as relatively smooth [1] [2]. The broader area has
been subjected to major uplifting tectonic movements (2.9 to 3.7 m) during the
Holocene [3] [4]. A Reson Dual-Head Seabat-7125 multibeam system and a
Geoacoustics GeoPulse subbottom profiler were used for the detailed mapping
and profiling of the seabed, respectively.12 surficial sediment samples were
taken aong three vertical to the shoreline transects at water depths of 12 to 47
m, for granulometric, geochemical, mineralogic and benthic analyses (fig. 1).

Fig. 1. Bathymetry, seismic tracks and sampling positionsin the Afandou Bay

Two main morphological features are present in the Afandou Bay: A submarine
canyon at the northeastern part of the bay and a rocky shoal at the southern
part. In the central part of the bay, the bottom deepens gradually having the
shelf-break at depths of 75— 90 m. The broader area of the bay consists of
medium to fine sand at water depths of 15-35 m, with mud increasing its
percentage, but remaining always lower than sand, in greater water depths. No
Posidonia oceanica meadows were detected, but sparse appearances of the
invasive green aga Caulerpa racemosa var. cylindracea were found. At the
central part of the Afandou Bay, acoustic tomography has depicted a sub-
surficial sedimentary formation with sigmoid clinoforms at depths of up to 40 m
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below mean sea level, which evolves to an oblique paralel layer formation in
greater depths. (fig.2).

Fig. 2. High resolution seismic profile, showing the extention of the sandy
deposit in the Afandou Bay. Arrows indicate the sampling positions of
sediments. S: sand; mS: muddy sand.

Based on the above internal structure and sediment configuration, it is estimated
that the thickness of the sand deposit is sufficient (1-7 m) in water depths from
13 to 35 m, with the thickest deposits being at depths of 17 to 25 m. The
surface of the area under investigation is about 0.65x106 m2, thus, in case that
the average thickness of the sand that can be extracted is 2-3 m., the volume of
the aggregate can reach up to 1.3-2.0x106 m3.

References

1 - Pyokari M., 1997. The provenance of beach sediments on Rhodes,
southeastern Greece, indicated by sediment texture, composition and roundness.
Geomorphology, 18: 315-332.

2 - Verikiou-Papaspiridakou E., Bathrellos G. and Skilodimou H., 2004.
Physico-geographical observations of the coastal zone of the northeastern part
of island Rhodes. Bull. Geol. Soc. Greece, 36, 958-967.

3 - Pirazzoli P.A., Montaggioni L.F., Saliege JF., Segonzac G., Thommeret Y.
and Vergnaud-Grazzini C., (1989). Crustal block movements from Holocene
shorelines: hodes Island (Greece). Tectonophysics, 170: 89-114.

4 - Kontogianni V.A., Tsoulos N. and Stiros S.C., 2002. Coastal uplift,
earthquakes and active faulting of Rhodes Island (Aegean Arc): modeling based
on geodetic inversion. Marine Geology, 186: 299-317.

Rapp. Comm. int. Mer Médit., 40, 2013
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Abstract

The scope of the present contribution is to investigate the formation and evolution of the Kyparissiakos coastal dune field, during
the last transgression (Holocene), on the basis of geophysica techniques (ERT, VES), detailed morphological mapping and existing

geoenvironmental information.

Keywords: Geophysics, Coastal processes, Shoreline evolution, Lagoons, lonian Sea

Introduction

The Kyparissiakos Gulf is part of the western coast of Peloponnesus (Greece),
facing the lonian Sea and has a total coastline length of approximately 70 km.
The coastal zone is composed of sandy or gravelly sandy sediments, backed by
coastal dunes and aluvia plains that have formed on a post-Alpine (i.e.
Neogene and Quaternary) siliciclastic sequence, which locally exceeds 400 m in
thickness [1]. The upper part of this sequence (Upper Pliocene) is composed of
aluvia and lacustrine sediments that have accumulated mainly in the central
part of the Kyparissiakos Gulf. The transition from Pliocene to Pleistocene
occurred without any interruption of sedimentation and, therefore, it is very
difficult (in some cases, impossible) to differentiate between the relevant
deposits[1].

Fig. 1. Satellite image of the study area with annotation showing the dune lines,
the geophysical sections and soundings.

The dune field of Kyparissiakos Gulf includes four dune lines (Fig.1) that lie at
distances of 650m (4th), 450-470 (3'9), 140-180m (2"%) and 30-40m (1) from
the shoreline. Elevations in the dune field vary between 2 m and 13 m, with the
highest corresponding to the 3" dune line. With the exception of the most
recently formed 1%t dune line which is a typical foredune, the rest of the dune
lines present characteristics similar to those of parabolic dunes, aligned to the
prevailing onshore W and SW winds [2], [3].

M ethodology

For the needs of the present investigation, a geophysical survey was carried out
with the application of geoelectrical methods. Two (2) resistivity sections
(ERT) were carried out, perpendicular to the general direction of the dune lines,
to provide detailed information of the subsurface resistivity distribution up to
40-50m depth. In addition, four (4) geoelectrical soundings (VES) were carried
out, for a deeper investigation of the subsurface lithological structure [4] (for
locations see Figure 1).
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Fig. 2. Electrical Resistivity Tomography A (inversion model)

A detailed morphological map of the dune field was also produced using the
technique of high-accuracy real-time kinematic differential GPS.

Discussion

The dune field consists of medium sand, well sorted due to its Aeolian origin
[2]. The dune field has developed on the top of an extensive complex of beach
barriers incorporating shallow lagoons. These upper Holocene formations, that
are regarded as the base on top of which the dune field has been developed,
overly an Upper Pleistocene formation of shallow marine/lagoona deposits;
which incorporates layers rich in beach materia (i.e. sand, pebbles, gravels) and
sandy clay. The geophysical survey indicates that this formation, having an
average thickness of 35 m, should have been exposed to subaeria erosion during
the last regression of sea level (prior to 21.000 years BP). In addition, this
formation, which overlies non-permeable marly Pleistocene deposits, hosts
fresh water aquifers that vary in volume seasonally.

The analysis and evaluation of the results of the geophysical survey in the dune
field area, has provided information capable of adumbrating these aquifers (5-
100 Ohm.m) under the 1t and 2"9 dune lines (Fig. 2). Asaresult, it is concluded
that the depicted geophysical structures are equivalent to the previously
mentioned lagoonal deposits.

Finally, on the basis of morphological measurements and comparison with
previously collected data, it seems that the 18t dune lineis under erosion, mainly
due to storm wave activity.
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DANUBE DELTA’'SCOASTAL MORPHOLOGY ASA COMPONENT IN SPATIAL PLANNING FOR
SPATIAL AND TIME BALANCING ACTIONS
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Abstract

This study presents the geomorphologic evolution of the Sulina’s coastline by analyzing reliable map databases and comparative
examination considering the spatial planning future actions through 1ICZM framework. In this low sector, the actua modeling
processes are obvious through progression and regression that have direct consequences on the coast. The evolution of the
shoreline, analyzed through its actual dynamic perspective is the outcome of the conjugate action of natural factors complex with

the active and diversified human intervention.

Keywords: Coastal systems, Black Sea

Introduction

The relative stability of the coastline in the studied area reveal's processes of
erosion and/or deposition of sediments from Danube River corresponding to
their historical periods. These processes were accelerated by the human
pressure/activities. Phenomena related with constant or repeated energy
fluctuations are inducing modifications to the natural environment in the
area. The main repercussions can be observed in the ratio between the
marine and the deltaic surfaces and aso on vegetation [1]. The main actors
shaping this area are: the Danube River system that discharges an average 60
millions of tons of river deposits and 200 milliards of m3 of water per year,
the Black Sea’'s NE-SW currents, the position at 45° latitude in northern
hemisphere that generates the alternation of temperatures, the climate
change, sea level variation (Fig. 1) and the omnipresence of the human
pressures impact. Therefore coastal area of Danube Delta suffered major
modifications in the past decades which lead to a morphodynamic
imbalance. Due to major coastal morphological changes induced by
hydrotechnical works on the upper Danube but mainly the ones inside the
water complex of the Danube Delta, triggered numerous field activities in
monitoring and investigation that developed into a heterogeneous database.

Fig. 1. Level variation of the Black Sea in Constanta harbour during 1933-
1980 by Eng. P. leabu IGFCOT 1981 according to the only maregraph
available.

Anthropogenic impact - proneto high risk

River regulation by cutting meanders of Danube’'s main branches has
increased the water flow and the discharges (naturaly distributed) have been
modified. Thus the accelerated alluvial processes have repercussion on the
previously formed Sacadlin Island, expanding south of the St. Gheorghe
branch. Hydrotechnical development of the“Litoral Belt” also known as
Tataru channel parallel to the coastline that connects Sulina in the north and
St. Gheorghe in the south lead to disconnection of the Rosu-Puiu water
complex from the purging system towards Black Sea affecting the water
circulation inside the complex and also defragmenting the coastal landscape.
During 1862 and 1902 the Sulina branch suffered heavy river regulation
favoring transportation and other economic activities. Thus, from 93 Km
was reduced to 64 Km plus the embankment works at the shedding led to
heavy impoundment of the coast towards the south. The anthropic pressure
viainvestment projects, tourism and the necessity for expanding despite the
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lack of strict regulation concerning ethics and conduit have led to disruption
of this sensitive area, destabilization of the existing habitats, a defective land
cover and land use management and chaotic development of economic
activities inside a Biosphere Reserve. The increasing environmental risks are
based on climate instability, changes in seawater temperature and salinity,
particular or unpredictable occurrence of storms, sea level variations, and
coastal waters eutrophication [1].

Coastal processes analysis

The most important energetic drivers in evolution of the coastal shore are
the currents and the waves. Mostly acting together, the mechanical imprint
of these drivers share the same genetic element - the wind, an extremely
important factor in development of the abrasive process. The hydrological
component that has the most important effects in the dynamics of the
shoreline is the combination of variation of the sea level and the waves[2].
The long term evolution of the shoreline is hard to predict however if the
genesis hypothesis of the Danube Delta is taken into account along with the
fact that sea level of the Black Sea is rising results the statement that the
whole accumulation front is under a process of regression. The analysis of
the shoreline evolution can be done on a 100 years period based on existing
cartographic documents and debates. In this sense there were used
documents like “ Major State of the Army” dating from 1880 compared with
two editions of Gauss projections printed in 1952 and 1972, European
Commission of the Danube printed the Danube Map in 1870 under Ch.
Hartley and published at Leipzig in 1887, the hydrographic map of D.D. in
1910 and topographic map of D.D. by Geography Institute in 1983 [2]. By
comparing all the historical documents using modern GIS techniques can be
established shoreline sectors under impoundment or marine abrasion
processes therefore a progression or aregression of the coast’s shoreline.
Interdisciplinary approach

Sustainability is the quality of human activities to develop without
exhausting available resources and without destroying the environment,
therefore without compromising the ability to meet the needs of future
generations. World Conference on the Environment in Rio de Janeiro in 1992
paid special attention to this concept, which involves establishing a balance
between economic growth and environmental protection and finding
alternative resources. When referring to the overall economic development of
a country or region the synonym usually preferred is durable development
[3]. The importance of coastal morphology as a component to spatia
planning studies is reflected in the sustainability indicators. As long as the
coastal morphodynamic processes are taken into account for future
development projects the loss of environmental and economic assets will
decrease to a point of sustainable balance between landforms, economic
growth and environmental conservation.
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Rapports des modérateurs

Basin wide multi-ship surveys
Toste Tanhua, GEOMAR, Kiel, Germany

Résumé

An introduction to multi-ship surveys on a global basis was given by the moderator, Toste Tanhua, with emphasis on the World
Ocean Circulation Experiment (WOCE), GEOTRACES and GO-SHIP, as well as its Mediterranean version - MED-SHIP. This was
put into context of multi-ship surveys carried out in the Mediterranean Sea, such as POEM (Physical Oceanography in the Eastern
Mediterranean). The introduction summarized the benefit of multi-ship surveys, but also some of the requirements for successful
multi-ship surveys such as common methodologies and data reporting formats for consistency and interoperability, and a focused
data collection and synthesizing routine. During the session several presentations were given that presented results from multi-ship
surveys, including results from argo floats that can in some sense be regarded afleet of ships (platforms), see the individual abstracts
for this session.

The discussion after the presentations highlighted some issues with data availability from multi-ship surveys. Particular attention
was given to data availability. The audience debated on whether or not some data portals were public or not, and which data sets
were publically available, or not. Even the perception of publically available data sets is different; some investigators commented
that the data are publically available on a ?just send me an email and | send you the data? basis. Other scientists were of the view
that a publically available data set should be available by mouse-click from a data portal. One particular issue with the
Mediterranean Sea data is that there is a multitude of data centers available, very often these are formed by projects with a
time-horizon; after the end of the project the data might not be available to a data repository. There was also some discussion on
which data repositories should be used for Mediterranean data, at least seven different data centers were mentioned during the
discussion. There was a consensus that a more structured data archival structure would be desirable for the Mediterranean Sea
science.

Coastal / open waters exchange - 1
Miroslav Gacic, OGS, Trieste, Italy

Résumé

The presentations mainly focused on the functioning of semi-enclosed bays and lagoons. Lagoons and their water and sediment
exchange with the adjacent sea are mainly controlled by tidal variability. This issue was addressed by both experimental and
modelling techniques which enabled rather good estimation of the water and sediment balance (Mancero et a., Lerrede et a.). On
the other hand, semi-enclosed relatively deep bays exchange and communicate with the adjacent sea under wind and coastal
circulation forcing. Here both experimental and numerical approach were discussed (Napolitano et al., Zambianchi et al.). An
interesting L agrangian experiment was also presented in an semienclosed bay.

Sediment transport is often determined by the strong longshore current (Bourrin et al.) and possible accident and its consequences on
the hydrosedimentary conditions in a semienclosed environment was also addressed (Duffa et al.). Mediterranean coastal areas are
rich in submarine freshwater sources and an interesting study (Rodellas) was presented estimating the importance of these sourcesin
the overall freshwater balance in the Mediterranean, showing that their contribution is comparable to the annual riverine discharge.
Estuaries are very sensible coastal environments subject to wave and current impact and some works were presented in this session
as well (Abdallah and Cerralbo). Finally thermal conditions and possible flooding events in coastal areas and channels were
addressed (Pasaric et al., Altiok et al.)

Coastal / open waters exchange - 2
Xavier Durrieu de Madron, France

Résumé

Full room. This popular session (full room) comprised nine presentations dealing with a wide range of topics covering different
regions of the Mediterranean and the Black Sea. The session focused on processes at play for the exchanges between the coastal
zone and the open ocean as well as between different sub-basins (straits). Several presentations concerned the influence of
wind-induced and mesoscale processes on the shelf-dope exchanges, and the characterization of tidal flows. The discussion
highlighted the importance of using both observations and modelling to better understand the processes and define the main features
at play, and also the need of sharing the available observations within the community.
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M esoscale variability
Sana Ben Ismail, INSTM, Tunisie

Résumé

The session on mesoscale variability comprised ten presentations covering a wide range of circulation features with horizontal
ranging from few km to few tenghundred of km, with vertical scales ranging from tens to thousand meters and temporal scale from
few days to several week/months. Difficulty in studying and modeling ocean dynamics is due to the complexity of mesoscale
processes and their continuous interplay with the general circulation. The study of eddies, filaments, fronts and upwelling requires a
combination of measurements, satellite observation, altimetry and models.

Most of the presentations concerned main mesoscale processes (Alboran Gyre, Irapetra eddy, Sicily Channel fronts, Ligurian
dispersion) and combined analysis based on high resolution model, altimetry, satellite data, glider, in situ measurements.
Discussions focused on the importance of a very high resolution model to give a new insight on the dynamics of the Mediterranean
and Black Sea. The importance of temporal scales of variability and the large panel of geographic regions studied such as Gibraltar
Strait, Algerian basin, Sicily Channel, lonian Sea, Cretan Sea, Levantine Basin and Black Sea show the relevance to study mesoscale
processes in the Mediterranean and Black Sea.

Operational oceanography
Joaquin Tintore, Spain

Résumé
The room was completely full with more than 10-15 persons standing up.

The session was introduced by the moderator, Joaquin Tintoré who presented some initial ideas on the state of the art of operational
oceanography, the appropriate time now for enhancing operational oceanography given the significant scientific, technological and
computing power advances and the challenge of integration of observing and forecasting systems in a semi-enclosed sea such as the
Mediterranean.

Nine well structured and clear presentations where made, addressing some of the key scientific questions that are at the heart of
operational oceanography: water masses formation and dynamic effects, atmosphere-ocean interactions, downscaling modelling
initiatives addressing consistency between regional and local simulations biogeochemical fluxes and physical-biological coupling,
physical and biogeochemical data assimilation, results from new observing technologies such as HF radar, gliders, as well as tools
for decision support. An interesting and lively discussion followed addressing both specific questions on the above mentioned topics
as well as on more general issues such as reliability of models, integration between the different observing platforms (in particular
between gliders and HF radar), data availability, etc.

Physical and biogeochemical modelling
Javier Ruiz, Spain

Résumé

The coupling of physics and biology is the backbone of marine ecosystem functioning. It is, therefore, at the core of the
knowledge-based management of the marine environment. The session evidenced this key role of physical-biological coupling in
providing advice for management in the case of a coastal lagoon and a marine protected area. It also contained presentations that
analyzed the coupling at different scales and trophic levels, including primary production in the Gulf of Lion and fisheries in the
Alboran Sea. Unfortunately we missed a speaker to talk on quality control for models, a subject that had raised expectation owing to
previous debates at CIESM plenary sessions on the dangers involved in the present obsession of the scientific community to
accumulate publications rather than knowledge. It is the moderator's opinion that the attendants enjoyed the session both for the
interesting presentations and for the subsequent live debate. This subject (physical-biological coupling) might be more neatly
identified in future congresses to draw the attention of alarger number of speakers.

Sub-mesoscale variability
Nadia Mkhinini, ENSTA, Paris, France

Résumé
Most of the sub-mesoscale studies are located on the upper ocean where sub-mesoscale processes are in particular dominant due to
the presence of lateral density gradients, vertical shear, weak stratification and also the presence of a surface boundary. The
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sub-mesoscal e mechanisms were described in this session, using observational, modelling and analytical studies.

The presentations included studies of coastal dynamics (Forget et a., Fusco et al.), the use of various datasets acquired by radar or
Doppler profiler, and eddies formation (Bosse et a., Mkhinini et al.). Resolving sub-mesoscale dynamics, where the relative vertical
vorticity - contrary to mesoscale dynamics - equals or exceeds the planetary vorticity, by using the mesoscale field isachallenge for
models and observations.

Thermohaline cells and biochemical status- 1
Samuel Somot, Météo-France / CNRM, Centre National de Recherches M étéorologiques, Toulouse, France

Résumé

Most of the talks were oriented towards physical ocean science targeting the monitoring, modelling, and finally understanding of
the Mediterranean ThermoHaline Cell (MTHC) focusing on the three main water mass formation areas (NW Mediterranean Sea,
Adriatic Sea, Aegean Sed).

Three main topics were discussed following the poster short presentations :

1. The decadal variability of the Eastern Mediterranean basin involving the Adriatic Sea, the North lonian Sea, the Levantine Basin
and the Aegean Sea. The main signature is the fluctuation of the salinity in those seas but impact can reach activation of different
deep-water formation areas, change in thermohaline intensity and impact on biogeochemistry and upper-traphic level status.
Recently named BIOS (bimodal oscillation), this decadal variability is still not fully known and understood. In particular, the
relative role of the internal variability versus the externally forced variability by air-sea fluxes is not clear yet. In addition, the
modelling of this variability is far from being achieved. This raises the need for improving the modelling of the interannual to
decadal variability of the MTHC. Velaoras, Gacic, Civitarese, Maanotte-Rizzoli, Josey and Somot were the main participants to the
discussion.

2. The modelling of the exceptionnal Winter 2011-2012 in the Adriatic Sea was then discussed. This very cold winter sees the
formation of very dense water (up to 29.5 kg/m3) formed in the Northern part of the Adriatic and was well monitored. Up to now,
only one model was used to try to simulate this event. He is only able to qualitatively reproduce this phenomena but the quantitative
reproduction is not reached yet. The understanding of the relative role of the key factors leading to such phenomenais only possible
if models are able to reproduce them first. This underlines the need for modelling exercise of golden (interesting and well-observed)
case study in amulti-model coordinated framework. The discussion was mainly leaded by Chiaggato and Somot.

3. Thelast discussion topic was not fully debated (time limit) and started from a question by Querin : « What is the best resolution in
the ocean and in the atmosphere to ideally simulate the Mediterranean Sea? » This question can be enlarged in a wider question :
'What are the open key challenges and current limits of the Mediterranean Sea physical modelling community ?*

Thermohaline cells and biochemical status - 2
Chiara Santinelli, Italy

Résumé

The Mediterranean Sea can be considered an ideal basin to study the main physical and biogeochemical processes occurring in the
oceans. The main goal of this session was to assess how physical processes can explain the peculiar biogeochemical features of the
Basin.

Presentations focused on the impact of deep water formation on the oxygen, nutrient distribution and N/P ratio at the Dyfamed
station (L. Coppola and O. de Fommervault), in the MEDOC area (T. Severin) and in the Otranto Strait (E. Souvermezoglu) and on
the effect of mesoscale activity on surface DOC distribution in the Tyrrhenian Sea (C. Santinelli). The importance of atmospheric
input was shown for the Eastern Mediterranean Sea (P. Pitta), while the impact of terrestrial input on biogeochemical processes was
discussed for the northern Adriatic Sea (R. Precali) and the Mersin Bay (E. Erdogan). Finally the importance of modelling effort
(Arsouze T.) combined with in situ data (DOC, C. Santinelli) was highlighted.

The discussion focused on: (i) the processes that could explain the high DOC concentrations observed in the anticyclonic gyres, (ii)
the role of deep water formation in C export to depth, in the oxygen distribution and in N/P ratio and (iii) the impact of atmospheric
input on biogeochemical processes in the Eastern and Western Mediterranean Sea. The importance of temporal series of
biogeochemical properties at fixed stations was stressed. Finally, it was highlighted that a huge amount of data are now available for
the Mediterranean Sea, so a multidisciplinary and interdisciplinary effort appears crucial in order to assess the link between the main
physical and biogeochemical processes occurring in the Basin. Modeling efforts, in situ-data and the information coming from the
satellite should be combined in order to address the main unresolved questions for the basin.
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Variability on climatic scales- 1
Sergiu Dov Rosen, Israel Oceanographic & Limnological Research, Israel

Résumé

Climate variability takes place on various time scales: paleoclimatic, interdecadal to centennial, seasona to interannual, and
intra-seasonal. Climate variations happen as well on all spatial scales, from the regional to the global. Seven presentations covering
both observational and model assessment of variability in regional and whole Mediterranean, on seasonal to decadal and centennial
scales were presented, aiming to improve our understanding of natural and human-induced climate patterns, as well as the linkages
between large-scale and regional climate variability. An element which appeared significant in regard to the IPCC 5th Assessment
report of Group 1 is the fact that the model results presented did not account for the flow through Suez Canal, increased since the
beginning of 1990s following its deepening and widening, fact which seems to contribute significantly to the trend of increasing
salinity in the Eastern Mediterranean (demonstrated by a faster measured sea level rise there) and through it to the whole water
circulation in the Mediterranean and in the Atlantic.

Variability on climatic scales - 2
Katrin Schroeder, Italy

Résumé

During the second session on Variability on Climatic Scales the conveners discussed a variety of topics, ranging from impacts of
extreme winter atmospheric conditions on decadal oceanic oscillations, to assessments of sealevel and sea surface temperatures rises
in different parts of the Mediterranean and related mass mortalities, up to the suggestion of the building of a control barrage at the
Strait of Gibraltar.

Thus, variability on climatic scales has been interpreted and discussed from the point of view of a number of interrelated disciplines:
physics (oceanographic and atmospheric), biology and even engineering. Further, the temporal scales and frequencies of variability
on climatic scales? have been described in many different ways: as oscillations, seasonality, trends, interannua variability. This
leads of course to consider the variability also on awide range of spatial scales, that interact with each other.

Modern oceanographic disciplines are no longer dedicated to the definition on ?how the ocean is?, but more and more ?how the
ocean varies?. But variability? is a very wide topic, and the range of themes that were touched during the session demonstrates how
complex the problem of detecting and describing it is, even restricting the field only on the climatic scales.

Ventilation transients
Manuel Bensi, OGS, Trieste, Italy

Résumé
Six presentations were given in this scientific session, all focusing on a single general theme: the thermohaline variability of the
water masses formed by processes of ventilation.

Two presentations focused on the long-term variability of the Levantine Intermediate Water in the easternmost part of the Med Sea,
others on the variability observed in the deep layers of the Gulf of Lion, Adriatic and Aegean Seas. Additionally, important issues
such as the combination of numerical models and in-situ data, and the study of changes in ventilation in a view of transient tracers
were discussed here. The final debate focused on several arguments: firstly, the reliability of numerical models in the Med. Sea and
their capacity to reproduce the observed variability of the water masses, taking into account also contributions from the Nile and
Suez Channel runoff; secondly, the importance of a more complete approach in studying the dense water formation, considering the
effects of the geostrophy in the spreading of the newly formed dense water (the example of a stream-tube model applied to the
Aegean Sea was presented and briefly discussed). Finaly, the discussion focused on the importance of the preconditioning factors
for the dense water formation, such as the thermohaline properties (i.e. salt content) which can favor or reduce the possibility that a
large winter heat loss could produce the ventilation of abasin.
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THE CO2 SYSTEM IN THE MEDITERRANEAN SEA: A BASIN-WIDE PRESPECTIVE

M. Alvarez 1* | A. Luchetta?2, H. Sanledn L, L. Mintrop 3, T. Tanhua4 and G. Civitarese
1 Instituto Espafiol de Oceanografia - marta.alvarez@co.ieo.es
2|SMAR, Trieste
3MARIANDA, Kiel
4 Geomar, Kiel
5 OGS, Trieste

Abstract

During April-May 2011 two cruises (M84/3, RV Meteor, Istambul-Vigo, and EF11, RV Urania, Bari —La Spezia) overdetermined
the CO9 system in the MedSea for the first time. The internal consistency analysis for pH, akalinity and total inorganic carbon
confirmed the use of CO2 constants from Mehrbach et al. (1973) [1] and others [2] and [3]. This analysis reveals some insights
about the peculiar physico-chemical characteristics of MedSea waters. Vertical distributions of these properties will be presented
and discussed along with property-property plots to characterize the different water masses in the MedSea subbasins. The
sensitivity of MedSea waters to CO2 increase will be discussed using the vertical distribution of buffer factors and the saturation

state for calcite and aragonite

Keywords: Chemical speciation, South-Western Mediterranean, South-Eastern Mediterranean, Tyrrhenian Sea, lonian Sea

Introduction

The studies about CO, varigbles in the MedSea are relatively scarce [4]
despite its relevance as a small laboratory for ocean processes [5] and its
significant contribution to the storage of anthropogenic carbon [6]. In this
study will present the first internal consistency analysis for CO,
measurements in the MedSea although partial, using pH, akalinity (TA) and
dissolved inorganic carbon (DIC) data collected during the M84/3 and EF11
cruise, some interesting results related with the peculiarity of the MedSea
waters are obtained. Additionally, basin-wide and subbasin vertical
distributions of CO, species will be presented. The sensitivity to the CO,
increase in the atmosphere will be studied using severa buffer factors [7]
and the saturation state for calcite and aragonite.

Methods

During the M84/3 (on board) and EF11 (at lab) cruises (Figure 1) pH was
measured spectrophotometrically following [8], TA with potentiometric
methods [9] and [10] and DIC was also measured witha S

Fig. 1. Figure 1. Mediterranean Sea map with the stations sampled during
the Meteor M84/3 (dots) and Urania EF11 (circles) cruises.

OMMA coulometric method. Certified reference materials were used to
control the quality of our measurements.

Results and discussion

Using data from M84/3 the preferred combination of constants is the
following: for CO, those from Merhbach et a. (1973) refitted [1], for
sulphate [2] and for total borate the equation by [3]. This is also the
preferred option for global synthesis studies as GLODAP or CARINA. In
studying the relationship between the residuals (measured minus calculated
values) for pH and TA aclear distinct relation is detected for high salinity
waters in the MedSea

Deep waters under 500 dbar in the eastern MedSea present a quite
homogeneous pH25T, TA and DIC distribution, 7.966+0.004, 2614+4
umol/kg and 2310+5 umol/kg, respectively, while in the western basin are
more variable 7.907+0.045, 2525+9, 2264+8, respectively. In the pressure
range between 150 and 500 dbar, Levantine Intermediate water evolves in
the eastern basin for pH25T, TA and DIC values from 7.982+0.02, 2626+ 7,
2308+13 to 7.891+0.02, 2576+13, 2319+14 in the western basin,
respectively.

We studied different buffer factors [7], which quantify the sensitivity of
MedSea waters CO,, pH and carbonate saturation state to changes in DIC
(at constant TA, eg., air-sea CO, exchange) and TA (at constant DIC,
addition of strong acid or base). We found that MedSea waters are more
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resistant to changes in DIC and/or TA than Atlantic waters to the west of
the Strait of Gibraltar, because any buffer factor islower in the Atlantic. The
CO, system in the western basin is in general more sensitive to changes in
DIC and/or TA than the eastern part, buffer factors are lower in the western
MedSea

The CO, sensitivity to changes in DIC at constant TA (air-sea CO,
exchange) is the highest, then the change in the saturation state due to
additions of a strong acid or base, then the change in the saturation state due
to air-sea CO, exchange, then the change in pH due to the air-sea CO,
exchange (equivalent to the change in CO, due to a strong acid /base
addition). Finally, MedSea waters are able to buffer changes in pH due to
strong acid/base additions.
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Abstract

We present temperature, salinity and oxygen data on an east-west transect through the eastern Mediterranean Sea collected
during METEOR cruise M84/3 in April 2011. These data together with data gained on previous cruises during the period 1985-
2011 are analysed in terms of regiona aspects of the evolution of water mass properties and heat and salt content variations.
Specia attention is given to the variability of thermohaline properties of the LIW and AdDW. Results are evaluated considering
pre and post-EMT situation in the eastern Mediterranean to elucidate which is the present state of the hydrography the Eastern

Mediterranean.

Keywords: Hydrography, Circulation, Intermediate waters, Salinity, Levantine Basin

Several changes in the circulation, temperature (T) and salinity (S) patterns
have occurred in the last three decades in the Eastern Mediterranean. A number
of cruises (such as METEOR cruises as M4-1987, M31-1995, M44-1999,
M51-2001, M71-2007, and the latest M84/3-2011, POSEIDON 298, MERIAN
MSM13/2, MERIAN15/4) have been accomplished to help understanding the
processes involved. Hydrographic observations conducted in April 2011 assess
the present status of circulation in the eastern Mediterranean. These
observations highlight the importance of intense spreading of the intermediate
waters. The highly saline Levantine surface(L SW)/Intermediate Waters (LIW)
dominate the upper water column of the easternmost area of the Levantine,
spreading towards west and occupying the upper 500m (figure 1). The
permanent Rhodes Gyre breaks the main salinity tongue with the outcrops of
the isohalines. This pattern seems to be a further evolution from the situation
aready present in 2008 when a maximum value of 39.34 was measured in the
formation area being now extended more westward. The westernmost part of
the transect is always occupied by the AW (Atlantic Water) being very reduced
spatially. However, its intrusion into the Levantine is very variable and may
depend on the circulation present in the lonian (Gacic et al. 2010) .

Fig. 1. Salinity distribution during April 2011 (METEOR Cruise M84/3)

Data from the 1987 Meteor cruise M5/6 permitted to study the hydrographic
conditions prior to the EMT (Eastern Mediterranean Transient) in the lonian
and Levantine basins when the ADDW (Adriatic Deep Water) was clearly the
main contributor to the EMDW (Eastern Mediterranean Deep Water). At that
time, the deep layer was characterised by sdlinities lower that 38.68 along the
whole transect. Observations conducted in 1995 and 1999 (figure 2) during the
EMT phase clearly show Aegean high salinity waters outside the Cretan
Passage. Enhanced salinity (values higher than 38.84) relative to 1987 was
ubiquitous aready in early 1995 (Roether et al. 2007), except than in the
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western lonian deep layer that was still occupied by low salinity waters
(<38.68). These high salinity waters were still present in the easternmost part
of the Levantine basin in 2001, blocked by the bathymetry constraint of the
Herodotus Trough.

Fig. 2. Sdinity distribution during April-May 1999 (METEOR Cruise M44/4)

A further mgjor change occurred between 1999 and 2003 in the abyssal part of
the lonian basin, where AdDW return to be the principal contributor to the
EMDW. However, its properties profoundly differred from the pre EMT
Situation being warmer and satier than ever (Rubino and Hainbucher, 2007).
Our data collected In 2011 confirm the persistence of the above oceanographic
characteristics and the expected changes, hypothesized by Bensi et al. (2012)
are till to happen.
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Abstract

Le systéme d’information MISTRALS vise a faciliter la communication des observations et des produits scientifiques entre les
différentes équipes et disciplines du chantier, et a diffuser ces informations a I’ ensemble de la communauté scientifique. Son portail
offre un catalogue et des interfaces simples de sélection et de téléchargement de données fortement hétérogenes (observations de
terrain, produits satellite, résultats de simulations numériques...) et gérées dans plusieurs centres de données. Tout chercheur
intéressé par le bassin méditerranéen est invité ale visiter : http://mistrals.sedoo.fr .

Keywords: Time series, Vertical profile, Remote sensing, North-Western Mediterranean, Circulation models

MISTRALS (Mediterranean Integrated STudies at Regional And Local Scales)
est un chantier décennal de recherche et d'observations systématiques, dédié ala
compréhension du fonctionnement environnemental du bassin méditerranéen et
de son évolution sous la pression des changements globaux de la planete. 11 est
fondé sur sept programmes interdisciplinaires de recherche, parmi lesquels
HyMeX (Hydrological cycle in the Mediterranean eXperiment), ChArMEXx
(Chemistry-Aerosol Mediterranean eXperiment) et MERMeX (Marine
Mediterranean eXperiment) sintéressent particuliérement aux phénoménes
marins physiques, chimiques et biogéochimiques, et a leurs interactions avec les
autres compartiments du systéme terre (atmospheére, fleuves, littoral, surfaces
continentales...). Etudiant d'autres échelles de temps le projet PaleoMeX (Paleo
Mediterranean eXperiment) comprend aussi des prélévements en milieu marin.
Les différents projets bénéficient des mesures dobservatoires de
I'environnement sur le long terme, dont notamment le programme MOOSE
(Mediterranean Ocean Observing System on Environment), |'observatoire
atmosphérique CORSICA (Centre d’ Observation Régional pour la Surveillance
du Climat et de I'environnement Atmosphérique et océanographique en
Méditerranée occidentale ») ou la composante Sciences de I'Environnement du
projet MEUST (Mediterranean Eurocentre for Underwater Sciences and
Technologies).

Les données générées ou utilisées par les programmes de MISTRALS sont non
seulement issues de différentes disciplines, mais également de natures (format,
volume, nombre de dimensions spatiaes, représentativité...) trés hétérogénes :
mesures issues de campagnes intensives, suivi sur le long terme des parametres
environnementaux, observations opérationnellesin situ et satellite, résultats de
simulations numériques, enquétes de terrain qualitatives... Dans ce contexte, le
systeme d’information MISTRALS constitue un outil transverse aux différents
programmes et vise a faciliter les échanges entre les communautés de recherche.

Un portail d'accés a l'ensemble des données scientifiques utiles ou produites par
ces programmes a été mis en place : http://mistrals.sedoo.fr/ . Les informations
sur les différents jeux de données (métadonnées) sont homogenes et conformes
aux normes en vigueur (1SO19115, directive INSPIRE, indexation basée sur le
thesaurus Global Change Master Directory). Le portail offre des outils de
recherche dans ce catalogue par mots clés ou par sélection d'un ou plusieurs
critéres (période, zone géographique, type d'instrument...). I permet d'accéder
directement a des jeux de données de toute nature, gérés par différents centres de
données (CORIOLIS, ESPRI, ICARE, SEDOO), grace a la mise en place de
protocoles d'interopérabilité (voir figure 1).
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Fig. 1. Structure du portail MISTRALS

Le portail MISTRALS donne d§a accés a plusieurs centaines de jeux et
senrichit quotidiennement de nouvelles données, issues notamment des
campagnes intensives 2012 et 2013 des programmes HyMeX, ChArMEXx et
MERMeX. Chaque jeu de données est disponible dans son format natif, et les
plus recherchés sont retraités et homogénéisés (format, unités, flags de qualité...)
afin de faciliter leur utilisation par tous. Le systeme d'information MISTRALS
est en constante évolution et se dotera prochainement de fonctionnalités
avancées, de type SIG, visant a servir les besoins recherche, mais également a
diffuser des produits al'ensemble de la société civile.

Le portail MISTRALS est un outil a la disposition de tous les scientifiques
intéressés par le bassin Méditerranéen. N'hésitez pas a consulter le catalogue en
libre acces et a remplir le formulaire d'enregistrement pour accéder aux données.
Le portail MISTRALS est également susceptible d'accueillir les données de
nouveaux projets ou de remplir des missions de sauvetage de données anciennes.
Merci de contacter mistrals-contact@sedoo.fr si vous avez ce type de besoin.
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Abstract

Toxic monomethylmercury (MMHg) accumulates to harmful levels along the marine food chain and presents a health risk a a
global scale. The origin of MMHg in the marine water column is under debate. Bacteria methylation of inorganic Hg in sediments
and in the oceanic water column may be in play. We investigated MMHg distributions in the contrasted basins of the
Mediterranean Sea as part of the GOSHIP cruise M84/3 on RV Meteor. The 8 full depth vertical profiles cover a West-East
transect from oligotrophic to ultra-oligotrophic waters. MeHg concentrations were generally higher in the more productive Western
Basin. Our findings suggest that quantity and the quality of phytoplankton may influence the production of MeHg in the oceanic
water column.,

Keywords: Mercury, Open sea, South-Central Mediterranean, South-Western Mediterranean, South-Eastern Mediterranean

Monomethylmercury (MMHg) accumulates to harmful levels aong the atomic fluorescence spectrometry (CVAFS (Cossa et al., 2003; Stoichev et
marine food chain and presents a health risk at a global scale. The origin of al., 2002). The 4 full depth vertical profiles consist of 47 samples (stations
MMHg in the open ocean marine water column is under debate. Bacterial 297, 313, 319, 340; mean=143+116fmol/L, range=40(LOD) to 467fmol/L,
methylation of inorganic Hg in shelf sediments and subsequent advection to n=47). Those are the same samples that were measured at the GET
open ocean waters has been suggested to be the major pathway. Repeated laboratory and both measurements compare well.

evidences hint that in situ production in the oceanic water column may be 3) Another 4 profiles were analyzed at the University of Greecevia
equally if not more important. Determinations of MMHg in sea-water are ethylation followed by CVAFS using a MERX automated analyzer (Brooks
till scarce mainly due to analytical limitations that did not allow detecting Rand).

ultrartrace concentration levels, in the femtomolar range. Three techniques We will present and compare the results of the different applied MeHg
are used today to measure MMHg in sea-water and of which al imply a determination methods and put our results in context with previous work.
derivatization step: cryofocussing hydrate generation (Stoichev et a., 2002), Our findings suggest that quantity and the quality of phytoplankton may
ethylation (Bloom, 1989) and propylation (Monperrus et al., 2005). influence the in situ production of MeHg in the oceanic water column. This
Determination of MMHg in sea-water by species-specific isotope dilution, is important as global change may alter the trophic regime of the future
derivatization by propylation, and detection via gas chromatography— Mediterranean Sea and therefore marine Hg dynamics. Changes
inductively coupled plasma mass spectrometry (ID-GC-ICP-MS) was anthropogenic Hg emissions may also alter the marine biogeochemical Hg
shown to be most promising (Monperrus et al., 2005). At the GET cycling. Repeated basin wide ship surveys are required to monitor both Hg
|aboratory we improved the performance of this method by optimizing the and its most toxic form, MeHg, in mediterranean waters at appropriate
coupling between a gas chromatograph and a high resolution sector field spatio-temporal scales.

inductively coupled plasma mass spectrometry (Element XR). We applied

this method to samples from the GOSHIP cruise M84/3 on RV Meteor to References

the Mediterranean Sea (04/2011). A total of 83 samples were taken in pre- 1 - Bloom, N., 1989. Determination of Picogram Levels of Methylmercury
cleaned 250mL Savillex PFA Teflon bottles. Pre-cleaning in a class 100 clean by Agqueous Phase Ethylation, Followed by Cryogenic Gas
lab involved soaking the bottles for 24h in concentrated (10N) and diluted Chromatography with Cold Vapour Atomic Fluorescence Detection.
(IN) bidistilled HCI at 120°C. Bottles were double bagged and &l handling Canadian Journal of Fisheries and Aquatic Sciences, 46(7): 1131-1140.

was done in an ultra-trace clean manner. On board, each bottle was rinsed 3 2 - Cossa, D., Averty, B., Bretaudeau, J., Sénard, A.S., 2003. Spéciation du
times with the sample from the GoFlo hottle, filled to the top, acidified with mercure dissous dans les ealx marines : Dosages du mercure total, gazeux,
bidistilled HCI to 0.4% (v:v) and tightly capped. Acidification converts réactif, mono et diméthylmercure. In: Institut Frangais de Recherche pour
dimethylmercury (DMHg) to MMHg. The measured MMHg is therefore I'Exploitation durable delaMer (IFREMER) (Editor). Quae, Nantes.

the sum of both species. Sub-samples were double bagged and stored in the 3 - Heimbirger, L.E., Cossa, D., Marty, J-C., Migon, C., Averty, B.,
dark at 4°C until analysis in the home laboratories. Samples were taken at 8 Dufour, A., Ras, J., 2010. Methylmercury distributions in relation to the
stations along the East-West transect. The set of samples was split in away presence of nano- and picophytoplankton in an oceanic water column
that the samples were analyzed in the 3 partner laboratories: 1) GET (Ligurian Sea, North-western Mediiterranean). Geochimica Et Cosmochimica
laboratory in Toulouse, France, IFREMER, 2) IFREMER Nantes, France Acta, 74(19): 5549-5559.

and 3) University of Athens, Greece. Triplicates were taken at severa 4- Monperrus, M., Tessier, E., Veschambre, S., Amouroux, D., Donard, O.,
stations to provide an intercomparison. 2005. Simultaneous speciation of mercury and butyltin compounds in
1) MeHg (MMHg+DMHg) was analyzed a the GET laboratory via natural waters and snow by propylation and species-specific isotope
isotopic dilution gas chromatography sector field inductively coupled dilution mass spectrometry analysis. Anal. Bioanal. Chem., 381(4).

plasma mass spectrometry (GC-SF-ICP-MS) after derivatization with 5 - Stoichev, T., Martin-Doimeadios, R.C.R., Amouroux, D., Molenat, N.,
propylborate and extraction into hexane. The 8 full depth vertical profiles Donard, O.F.X., 2002. Application of cryofocusing hydride generation and
consist of 83 samples (stations 292, 297, 306, 313, 319, 324, 331, 340). atomic fluorescence detection for dissolved mercury species determination in
MeHg distributions show typical vertical profiles (Heimbdiirger et al., 2010) natural water samples. J. Environ. Monit., 4(4): 517-521.

with very low surface concentration and highest concentration in the oxygen
minimum zone and generally higher in the more productive Western Basin
(mean=252+130fmol/L, range=11(L OD)-723fmol/L, n=83).

2) MeHg (MMHg+DMHg) was analyzed at the IFREMER Nantes
laboratory via cryofocussing hydrate generation followed by cold vapour
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CENTRAL MEDITERRANEAN IN 2010-2013 ASSEEN FROM THE ARGO FLOATS
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Abstract

The set of Argo floats navigating inside the Central Mediterranean Sea (lonian Sea, and adjacent southern Adriatic Sed) in the
period 2010-2013 is analysed. Description of differences and similarities during the observed period is limited to the intermediate

and deep layers.

Keywords: Temperature, Salinity, Deep waters, Inter mediate waters, lonian Sea

The deep Argo float profiles provide measurements of temperature and salinity
down to 2000 m. Moreover, the float parking depth at 350 m allows tracking
the major pathways of the intermediate waters (mainly the Levantine
Intermediate Water, LIW), together with associated thermohaline properties.
The float trajectories show that some of them either follow the perimeter of the
lonian or cross the basin, and some of them enter/exit from the Adriatic Sea. In
addition to the intermediate layer, the deep horizon (1000 - 1300 m) has been
chosen as indicative of the sources of the dense waters formed in the
surrounding basins (i.e. the Adriatic Sea) and their possible spreading paths. Our
approach does not take into account the exact time-space collocation of the data,
but rather gives a comprehensive view of the properties, as smoothed in time
and space. Generaly, the meso-scale and sub-basin scale variability are
characterized by a number of permanent, semi-permanent and transient eddies.
The most persisting one is a central lonian anti-cyclone, whose footprint is
observed throughout the period from the absolute dynamic topography of the
sea surface, and whose influence protrudes down to the deep. Its position (18-
20 °E, 35-37 °N) is in the vicinity of the deepest lonian trough (> 4000 m).
Other anti-cyclonic mesoscale eddies are observed along the outer edge of the
lonian, as for example the Pelops anti-cyclone on the eastern side. A relatively
steady circulation characterizes the north-western periphery of the lonian,
where the intermediate paths follow the isobaths prevalently in the southward
direction. The destiny of these floats is to cross the lonian toward its southern
end (like in 2011) or toward the centre (2013), or to escape toward the Sicily
Channel (like in 2010). The northern lonian, adjacent to the Strait of Otranto, is
characterized by a variable mesoscale activity: the anti-cyclonic veering may
turn into cyclonic, preventing the escape of the floats into the Adriatic like in
2011. On the contrary, as seen at the end of 2012, a very intense intermediate
flow in a narrow band along the eastern flank brings back into the Southern
Adriatic the float that exited from there. All such features are observed when
following each float individually.

Fig. 1. Salinity distribution at 350 m horizon in 2012
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As far as the thermohaline properties are concerned, the 350 m horizon is
characterized by lower salinity aong the north-western perimeter of the lonian
(Fig. 1), associated with the southward flow, while on the eastern side, higher
salinity is associated with the northward flow. The most remarkable feature of
the year-to-year variability concerns the Adriatic Dense Water (AdDW). Due to
the particularly severe winter conditions in 2012 ([1]) AdDW attained large
density and by the end of 2012 showed up as a cold tongue overflowing the sill
in the Strait of Otranto, and filling the deep layers of the northern lonian (Fig.
2). Almost simultaneously, a salty LIW protrudes along the eastern flank into
the Southern Adriatic (Fig. 1).

Acknowledgement These data were collected and made freely available by the
Coriolis  project  and programmes  that  contribute  to it
(http://www.coriolis.eu.org ).
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Fig. 2. Potential temperature distribution at 1300 m horizon in 2012.
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Abstract

During spring of 2011, three oceanographic cruises were conducted in a coordinated fashion in order to produce base-line data of
important physical and biogeochemical parameters that can be compared to historic data and be used as reference for future
observational campaigns. Here we will present an overview of important results from these three cruises, and will put this in
context of “repeat hydrography” and how that can be applied to the Mediterranean Sea system in the future. We will show a set
of sections showing the large-scale distributions of physical and chemical properties along the full length of the Mediterranean Sea.

Keywords: Carbon, Nutrients, Salinity, Levantine Basin

The Mediterranean is a semi-enclosed Sea characterized by high sdinities,
temperatures and densities. The net evaporation exceeds the precipitation,
driving an anti-estuarine circulation through the Strait of Gibraltar, contributing
to very low nutrient concentrations. The Mediterranean Sea has an active
overturning circulation, one shallow cell that communicates directly with the
Atlantic Ocean, and two deep overturning cells, one in each of the two main
basins. It is surrounded by populated areas and is thus sensitive to
anthropogenic forcing. Several dramatic changes in the oceanographic and
biogeochemical conditions have been observed during the past severa decades,
emphasizing the need to better monitor and understand the changing conditions
and their drivers. In order to document the current change of the Mediterranean
Sea, and to quantify changes in physical and biogeochemical properties across
the whole Mediterranean Sea System, the cruise on the German RV Meteor was
carried out in 2011. This cruise covered all mgjor basins and most sub-basins of
the Mediterranean Sea, and measurements of several key physical, chemical and
biological parameters were carried out. The cruise was planned to repeat
stations that have been sampled in the past, and to fit into the concept of repeat
hydrography, as defined by the GO-SHIP panel. Later, an initiative called by
the CIESM, a suggestion for a GO-SHIP like program in the Mediterranean Sea
was presented, i.e. MED-SHIP. The M84/3 cruise was coordinated with two
other, shorter, cruises that were carried out almost synopticaly in the
Mediterranean Sea. Severa stations were selected to be inter-comparison
stations to facilitate the use of the full data set from all three cruises. The other
two cruises were: 1) the cruise on the German Poseidon, cruise 414, that
focused the investigations on identifying and quantifying the routes and
entrainment rates of the Adriatic Deep Water into the lonian Sea and to
investigate the spatial and temporal variability of the spreading and mixing of
the lonian Deep Water, and 2) the cruise on the Italian ship Urania that focused
on development of a dynamic calibration procedure for oceanographic sensors,
the continuation of the long-term monitoring of straits, as well as an update of
the knowledge on the oceanographic conditions in the lonian/Tyrrhenian Sea
area. The quasi-synoptic data set is an example of international cooperation
needed to carry out observations fit to document changes and variability of
interior ocean properties. Here we will present some results from the cruise,
focusing on the large scale distribution of properties across the whole
Mediterranean Sea System. This presentation is based on a manuscript
submitted to the specia issue on*“physical, chemica and biologica
oceanography of the Mediterranean Sed” in the journal Ocean Science (Tanhua
etd., 2013).
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Fig. 1. Map of the station net-work during spring of 2011.
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Abstract

Wave observations in Abu-Quir Bay were used to study wave characteristics in the Bay and to simulate longshore current along
Rosetta promontory using BOUSS2D model under different wave conditions that may be encountered in the region. These
observations were obtained by using Cassette Acquisition system (CAS) during 1986 at 18m depth contour.

Stetistical analysis of wave observation showed that: - Extreme NW waves have a height of 4.4m and pesk period of 8sec.
Maximum wave height and peak period of N waves are 4m and 8sec respectively. NE waves propagate in extreme conditions
with height of 3.9m and peak period of 8sec. This extreme wave values were used to simulate longshore current along Rosetta
promontory using the BOUSS2D model. This model results showed a good agreement with field observations

Keywords: Coastal processes, South-Eastern Mediterranean

Introduction

Rosetta promontory is located on the eastern side of Abu-Quir bay (figure 1).
The Rosetta promontory is suffering from erosion problems caused mainly by
the combined action of waves and longshore current. Understanding of wave
characteristics and longshore current regime off Rosetta coast is very important
to deal with this problem.

Fig. 1. Location of CAS system in Abu-Quir.

In the present work BOUSS2D model (Okey and Zeki,2001) was used to
simulate the nearshore current regime off Rosetta promonotiryin . This model is
a comprehensive numerical model for simulating the propagation and
transformation of waves in coastal regions and harbors based on a time-domain
solution of Boussinesg-type equations.

Tab. 1. seasona and annua variations of significant wave characteristics
measured at 18m depth in Abu Quir Bay during 1986. (D is the standard
deviation of the data)

Season Significantwave height Significant wave period I|
Mean(m)] D¢m) | Max(m) ] Mean (sec Disec) | Max !sec!l
‘Winter 0.01 0.59 .62 T 2.6 10.7
Spring 0.94 0.56 .63 5.8 L63 2.1
Summer 0.20 0.38 191 6.2 L3 10.7
Autumn 0.08 0.84 419 [ ] 18 10.7
Anmual 0.93 0.56 419 6.3 L.60 10.7

Analysis of the observed wave data in Abu-Quir Bay(Tablel)at.18m depth
contour during 1986 show that:
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1- Maximum wave height was 4.19m.

2- There are seasonal variations in available wave data characteristics associated
with seasonal variation in wind regime.

3- Predominant wave direction is NW. This is due to the prevailing wind
direction from this sector.

4- The peak wave period is 8sec. The maximum of the significant wave period at
18m depth during 1986, 10.7 sec, was found in NW, N and NE wave sectors.

Using BOUSS2D model, the longshore current regime off Rosetta promontory
was studied for 5 different wave events at deep water to discuss the wave
induced current in the study area at the extreme wave condition. These events
include 5 wave conditions with wave approach directions (300°, 330°, 360°, 30°
and 60°), wave period (Tp=8 sec) with incident wave height 4m. For the
western side, the predominant direction of the predicted longshore current is
from north to south. This is due to the effect of NW, N and NE wave action.
For the eastern side, the predominant direction of this current move from west
to east due to the effect of N and NW wave action. This current reverses its
direction to west due to the effect of NE wave action. The maximum value of
longshore current was 1.2 m/sec. Generally the model simulations agree with the
observations.
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Abstract

The diurnal change of the atmosphere-sea interaction will be investigated by using in situ and synchronized measurements of the
atmospheric and oceanographic parameters in the Marmara Sea, having a two layered dtratification. Surface currents,
temperature, salinity and pressure in the water column will be measured for 10 minutes intervals during one year period by using a
buoy system. Air temperature and pressure, wind speed and direction, solar radiation and humidity will also be measured. The
diurnal cycle of the physical processes on the sea surface which is essential for the marine ecosystem by investigating the sea-
atmosphere interaction for a two-layered system with an integrated approach.

Keywords: Air-sea interactions, Stratification, Heat budget, Marmara Sea

Sea surface temperature (SST) shows fluctuations during daytime due to solar
radiation and reaches its maximum value in the afternoon. In addition to the solar
radiation, wind also effects the temperature changes of the surface water in two
mechanisms. Firstly, as the wind stress increases the heat exchange between the
seawater and the atmosphere increases. The other mechanism is the vertical and
the horizontal movementsin the seawater that develop as aresult of the impulse
driven by the wind stres (1). In the stratified seas, like the boundary of the
atmosphere-surface water interface, the transition interface between the upper
and lower layers also forms a boundary. By investigating the diurnal sea surface
temperature changes, it is possible to reach more detailed information about the
atmosphere-sea interaction and to calculate the heat exchange in the most
accurate way. Such studies were performed primarily in the tropical regions
where the heat transfer between the atmosphere and the sea and the sea surface
temperature variations are highest. Afterwards in the subtropica regions,
especialy for determining the biologic and chemical processes and calculating
the acoustic propagation, researches are needed to calculate the diurna sea
surface temperature changes. Recently, in a study about global variations of
diurnal warming by using 10 years of global infrared satellite data, it is showed
that the diurnal warming each year were observed in large regions in the tropics
and midlatitudes (2). In this study, diurnal SSTvariations and atmosphere-sea
interaction will be investigate by using buoy system located in Izmit Bay in the
Marmara Sea (3). Temperature and salinity profiles indicate two layer structure
in the Bay (Figure 1) throughout the year. The salinity of the upper layer has a
small change

Fig. 1. Temperature and salinity profilesin the buoy location.

wheresas its temperature reflects seasonal variation accordance with atmosphere.
The data obtained from sensors arrays from buoy system will be transferred to
the data process center located on land in real time. Appropriate filtrations will
be applied to the obtained data for quality control. The quality checked time
series data obtained from these filtrations will be analyzed using spectral
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analysis methods and variation frequencies of each parameter will be
determined. Therefore, the hourly, daily and monthly changes of the parameters
measured in the water column in short time intervas will be averaged and the
atmospheric influence to the stratification in the water column will be clarified.
Besides the determination of the diurnal cycle, the most important result that
will be obtained from this study will be the collection of the precise, frequent, in
situ and synchronized data set of atmospheric and oceanographic parameters
representing the Marmara Sea which can be used in modeling of the aquatic
ecosystem and acoustic propagation.
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Abstract

The purpose of this study is to investigate the interactions of the water masses between the Black Sea and the Marmara Sea by
using CTD measurements in the both ends and the vicinity of the Strait of Istanbul. The statistical analyses of the monthly
variations of the temperature and salinity data collected in the period of 1997-2010 are evaluated. The results showed that not only
annual changes but also short term changes play a significant role on the modification of the water masses.

Keywords: Time series, Temperature, Salinity, Black Sea, Marmara Sea

The Strait of Istanbul is a narrow (0.7-3.5km), long (~31km) and shallow (30
100m) channel that connects the Black Sea and the Marmara Sea. It has a two-
layered flow system, and this is fundamentally important for the water exchange
between both of the seas. The upper layer flows from the Black Sea with a
salinity of about 18psu, and the lower layer flows from the Marmara Sea with a
salinity of about 38psu (Unliiata et al., 1990; Y lice 1996). The layers have short
term changes in physica, chemicd and biological parameters due to
hydrodynamic characteristics of the strait system. Monitoring of physical
characteristics of these water masses assists in understanding the interaction
between these two seas.

The statistically analyzed CTD data, which is used in this study, were collected
in the Strait of Istanbul (Figure 1) by R/V ARAR of the Istanbul University,
Institute of Marine Science and Management (IMSM-1U). The qualities of the
temperature and salinity data at each station were controlled, and missing data
were interpolated to obtain whole time series. After examining the time series of
the temperature and salinity profiles, representative depth for the layers was
chosen. 5 meters depth was chosen at all stations for the upper layer. For the
lower layer, 40meters depth was chosen at Marmara Sea stations, it is 3 meters
above the bottom depth at the stations Strait of Istanbul and the Black Sea.

Fig. 1. Station locations

The temperature of the upper layer between the Black Sea and the Marmara Sea
were significantly correlated and the minimum coefficient is 0.96, whereas the
upper layer salinity between these seas were not strongly correlated, it is about
0.24. On the other hand, the lower layer temperature correlation coefficient was
weak and they decreased from South to North. The correlations of the lower
layer salinity between the Marmara Sea and strait stations indicated important
result. The correlation between the Marmara Sea and the northern exit of the
strait was higher than the correlation between the Marmara Sea and the southern
exit of the strait. This can be explained by irregularities in the strait such as
upper and lower layer blockages.

The annual average of the upper layer temperature at al stations indicates
seasonal variations but their salinity change in seasonally only at the stations in
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the Marmara Sea (Figure 2a). The sdlinity rates of the upper layer increased by
the distance from the strait in the Marmara Sea. The annual average of the lower
layer temperature and salinity indicates the seasonal changes at the stations in
the strait and its Black Seaexit (Figure 2b).

Fig. 2. The annual temperature and salinity for upper (a), and lower (b) layers

References

1 - UnlGata, U., Oguz T., Latif, M., Ozsoy, E., 1990. On the physical
oceanography of the Turkish Straits, L.J. Pratt (ed), The physical oceanography
of sea straits, Kluwer Academic Publishers, 25-60.

Rapp. Comm. int. Mer Médit., 40, 2013



SUSPENDED SEDIMENT CHARACTERISTICSIN COASTAL WATERSOF THE GULF OF LIONS
OBSERVED FROM FIXED AND MOVING PLATFORMS
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Abstract

Suspended sediment characteristics such as concentration, size, shape and nature were obtained from both optical and acoustical
sensors installed on buoys, mooring lines, gliders and ship-based measurements during various meteorological conditions in 2011
and 2013 on the continental shelf of the Gulf of Lions. Such measurements permitted to characterize suspended particles
properties at different time and space-scales in the western Mediterranean Sea. Autonomous platforms such as gliders would be

useful to complement coastal observatories between fixed platforms.

Keywords: Coastal waters, Gulf of Lyon, North-Western Mediterranean, Sediments, Particul ates

Suspended particles characteristics measurements are essential for estimate
suspended sediment fluxes from source (rivers) to sink (open sea) in the coastal
zone. Most of suspended sediment transport occurs during extreme
meteorological events. Since few measurements are available during floods and
storms, there is a need to collect new data across the whole shelf to better
understand the sediment dynamics and suspended particles transport during
energetic conditions.

Fig. 1. Glider deployment strategy at the scale of the continental shelf of the
Gulf of Lions between existing fixed platforms.

Suspended sediment characteristics such as concentration, size, shape and
nature were obtained from both optical and acoustical sensors installed on
buoys, mooring lines at fixed location under various weather conditions and
from ship-based measurement during fair-weather conditions in 2011 and 2013
on the continental shelf of the Gulf of Lions. Moreover, we successfully
deployed gliders equipped with optica sensors (cdom, fluorescence and
backscattering sensors at various wavelength) in the coastal area between 30 and
200m. Such autonomous platforms regularly cruised closed to these fixed
platforms allowing comparison/calibration between measurements (Fig. 1).
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Fig. 2. Glider transect during a typica Mediterranean storm in March
2011between POEm buoy and LACAZE-DUTHIERS mooring.

Observations permitted to measure optical properties of suspended particles
during various events such as floods, storms, winter dense water formation and
spring bloom. Glider measurements showed that sediment resuspension can
occur down to depth of 80m during strong storms and resuspension is
predominant along the mid-shelf bud belt (Fig. 2). Optical measurements also
permitted to distinguish suspended river-born particles and sea bottom
resuspended sediments [1]. These observations will provide useful quantitative
data to improve sediment transport models
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Abstract

A set of numerical experiments has been designed to study the tidal propagation in Alfacs Bay (Delta de I'Ebre), a microtidal
Spanish estuary in the Mediterranean. Results showed amplification of tidal amplitudes around 8% toward the head of the bay.
Numerical simulations investigated whether the tidal behaviour was caused by coastal morphology or by bathymetry. Results
suggested that geometrical effects are more influential than those from bottom friction. The tidal propagation was consistent with
that derived from a linear analytical model. Although the tidal amplitude is a few tens of centimeters, its effect on the circulation

seems relevant.

Keywords: Tides, Ebro Delta, Coastal models

Introduction

The Ebro Delta is characterized by the presence of two semi-enclosed bays,
(Alfacs and Fangar bay, Fig. 1). Both bays receive direct freshwater input from
drain channels of rice fields in the surrounding area during 9 to 10 months in the
year. Alfacs Bay is about 11km long by 4km wide with an average depth of
about 3.1 m (maximum of 6.5 min the middle). The mouth is about 2.5 km wide.

Fig. 1. Alfacs bay delimited by dotted box.

The non-tidal flow in the area has been studied in the past [1], showing a
persistent structure during most of the year: a salty layer in the bottom and
freshwater layer on top due to freshwater input. The bay is microtidal, with a
mixed tidal regime (Form ratio=1.1), being K1, M2, O1, P1, S2 and N2 the main
harmonics (ordered by importance).

Methods and Results

A set of numerical experiments has been designed to study the tidal propagation
for different scenarios. The numerica model is the Regiona Ocean Modeling
System [ROMS, 2]. Three different approximations were implemented. The
first one is a geometrical simplification of the bay (constant depth of 6m with a
rectangular schematization of the coastline). The second configuration included
the effects of the coastline (coasta effects). The third and realistic configuration
used real bathymetry and coasta line (Fig.2 left images). The free surface
elevation has been imposed as an astronomic wave made of the main harmonics
described before. A total of 210 days of simulation were performed in order to
analyze the amplitudes and phases using T_TIDE software [3]. Moreover, some
tests with wave frequencies close to natural resonance of the bay has been done.

Initial results show how the amplitude of each harmonic increases toward the
head of the bay in a range of 2-8% of its amplitude at the mouth (Fig 2. right
images). These results are in agreement with similar studies using analytical
models [4]. Comparison of the different approximations shows the effects of
bathymetry and coastline constraints, being the latter the main contributor to
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these amplifications. A field campaign during summer 2013 has been designed in
order to confirm the results revealed by the numerical experiments and the
analytical model.

Fig. 2. On the left, the domains used in each test case. Right images shows the
relative amplification of the M2 amplitude to the amplitude on the open sea for
each case.
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Abstract

As part of its research programs, IRSN carries out research on the consequences of a possible accidental release of radionuclides
into the marine environment. Hydrodynamic and sediment modeling are necessary tools to provide radionuclide dispersion and
sediment trapping simulations. An integrated hydrosedimentary model is developed on Toulon area since it is the home port of

many French nuclear vessels.

Keywords: Instruments and techniques, North-Western Mediterranean, Models

Introduction

IRSN develops tools to support experts and decision makers in post-accidental
situation. The Fukushima nuclear accident in 2011 has shown that significant
marine environment contamination must be taken into account. Dedicated tools
are necessary to be able to provide radionuclide dispersion forecast.
Hydrodynamic modeling enables to calculate advection and diffusion of tracers.
Coupling it with sedimentary behavior modeling provides an adapted tool to
simulate radionuclides future, dealing both with dissolve and particul ate phases.
Toulon harbour, which presents a complex hydrodynamic situation, is situated
in the Little Bay of Toulon. This area is half-closed by a 1km long seawall,
which divides the Little Bay from the Large Bay, open to the Mediterranean
Sea. Therefore, a dedicated model has been implemented from Cap Sicié in the
west to the Presgu’ile de Giens in the east (Longitude: 05.832° to 06.132°;
Latitude: 43.04° to 43.13°) [1].

Method

We need to reproduce hydrodynamic and sedimentation phenomena in this
specific area as accurately as possible. Circulation modeling was performed
using the operationd MARS-3D code (3D hydrodynamical Model for
Applications at Regional Scale), a three-dimensional model with reduced vertical
coordinates based on the resolution of the Navier-Stokes equations [2]. Thisisa
finite difference model for free surface based on solving Navier-Stockes
equations. For our application, two domains are nested off-line. Latera
incoming fluxes (salt, momentum and temperature) and elevations at the open
boundaries of the finner domain is provided by a coarser model (NORMED)
simulating the Northern Mediterranean Basin (its southern open boundary is
located at 39.5°N) and validated with both temperatures from AVHRR imagery
and in-situ data [3].

The effect of waves and currents on the sea bottom and, in particular, sediment
resuspension phenomena, is taken into account. The sea bottom affects waves
due to variations in depth at scales greater than wavelength scale. Therefore,
WW3 wave's model [4] isimplemented on this area. The sediment inputs due to
river discharges have to be taken into account. They are estimated by dedicated
in-situ devices moored in the two main rivers (water height, turbidity,
suspension matter grain size).

Results

Calculated currents have been compared with ADCP (Acoustic Doppler
Current Profiler) in situ measurements for the period 2009-2012, showing a
good agreement [5]. An exemple of modelled currentsis presented on Figure 1.
Radionuclides are introduced into the model as tracers. Based on the
sedimentation model developed here, two high assumptions can be made: the
radionuclides are only carried by clays and the balance between liquid and solid
phase concentrations is always consistent (conditional upon the Kd). Next, the
radionuclides adsorbed by clay particles will follow the same course as these
clay particles: sedimentation, resuspension and advective transfer.
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Fig. 1. Simulated surface current and temperature on July 20th 2009

Conclusion

In the event of anuclear incident or accident involving avessel either at seaor in
dock, the use of a dedicated dispersion model is essentiad. In particular, such an
assessment will form the basis of decisions regarding different sampling
strategies, aimed at targeting any measures to be implemented.
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Abstract

Water exchanges between the Thau lagoon and the Mediterranean Sea are studied by numerical modeling and in-situ
measurements. ADCP currentmeters and multi-parameter probes at sea, in the lagoon, in the channels and on the catchment,
allow monitoring the system at high frequency. A first experiment, in 2012, permits to highlight some storm events. A numerical
model of the hydrodynamics of the lagoon and its shoreface is also used to show that level differences between the sea and the
lagoon have a high impact on the exchanges through the channels. The elevation of the sea during storms causes episodes of
fillinglemptying likely to modify the hydrological characteristics of the lagoon.

Keywords: Lagoons, Coastal waters, North-Western Mediterranean

Coastal environments, including coastal lagoons, are areas of high biological
productivity supporting many economic activities. Coastal marine ecosystems
are at the interface between the continent and the offshore sea. This position
leads to significant variability of physicochemica (e.g. temperature, salinity,
nutrient concentration) and biologica (freshwater vs. marine species) variables
affecting the functioning of these ecosystems. The increased use of coastal
marine environments (e.g. fishing, aguaculture) and the anthropization of
catchments (e.g. urbanization of the coastline and the hinterland) concomitant to
global changes can amplify this variability. This leads to significant changes on
hydrology, nutrient fluxes from superficiadl and ground waters, currents,
productivity, and littoral exploitation, which ultimately affect all the
ecosystemic services provided by this environment and its habitability.

In this communication, we focus on the case of the Thau lagoon and its
shoreface. The Thau lagoon is one of the largest French Mediterranean lagoon.
With an average depth of 4 m, thislagoon is connected to the Mediterranean Sea
through two narrow channels. Its hydrodynamics has been widely studied [1]
and many biological aspects have been explored [2]. The effect of floods was
also particularly investigated [3].

We focus here on the exchanges between the sea and the lagoon and on their
hydrological implications (temperature, sdinity). The implications for
biogeochemistry and ecology will not be discussed. The instalation of
monitoring stations at long-term and high-frequency, part of the "Marine
Observatory of Séte" of the OSU OREME, comes up to these objectives. We
point out some episodes of observed sea-storms (ADCP and multi-parameters
probe) and their effects on the circulations in the channels (3 ADCP) and in the
lagoon (multi-parameters probes). Hydrological data on the Véne river are also
available. These measurements highlight the link and the time lag between each
of these stations, the lagoon acting as a buffer with respect to the open sea.
These data are also used to validate a numerical model implemented on the Thau
lagoon and its shoreface (see Figure 1). The numerical model is a direct
application of the latest works of Michaud et a [4] including the effect of
forcing waves in the Symphony model, which works by nesting domains from
the offshore to the coastal scales[5]. The computation of the sealevel takesinto
account both classical forcings (tide, dynamic height, wind, atmospheric
pressure) and significant setup induced by waves. Indeed this sea level and its
difference with the level in the lagoon regulate exchanges between the lagoon and
its shoreface. Normally, the exchanges through the channels are driven by the
semi-diurna tide. During storms, the exchanges are re-enforced leading to a
filling/lemptying system. This extreme situation completely changes the
hydrological characteristics within the lagoon but also in the shoreface submitted
to the plume of discharged waters from the lagoon. Different episodes of
measurements confirm this scenario. The numerical model aso shows a massive
input of water into the lagoon at the rising of the storms and then its output to
the open sea at the falling of the storms. In order to illustrate the emptying
phase, we show here a result of modeling for a passive tracer initidly in the
lagoon and exported outside and for the trajectory of a particle initialy in the
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lagoon and also exported to the open sea (Figure 1).

' ' '
35 356 < 382 384 386 38 37 3n 37
Longitude

Fig. 1. Concentration (logarithmic scal€) of a passive tracer regularly produced at
the entrance of the lagoon simulated on 2008, 01/05, 0. am. Lagrangian trajectory
of asimulated surface buoy from 2008, 01/01, 0. am to 2008, 01/08, 0. am., with
its position (black dot) on 2008, 01/05, 0. am.
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Abstract

The flow through the Grado-Marano lagoon inlets is tidally driven: more than 90% of the energy is due to the astronomical forcing
[1]. The second source of variability is due to the Adriatic seiches accounting for 7% of the total kinetic energy. Local winds are
responsible of the variability in the ,residual currents (tides and seiches removed). NE Bora wind increases the residual inflow into
the lagoon through the easternmost inlet and favouring the outflow through the westernmost inlet. Such a behaviour is similar to
what has been reported for another Northern Adriatic lagoon, namely the Venetian lagoon.

Keywords: Lagoons, North Adriatic Sea, Coastal systems, Currents, Wind

Introduction

In order to assess the main characteristics of the water exchange between the
lagoon and the open sea, and hence, the possible consequences on the
transport of the suspended solid matter, bottom-mounted Acoustic Doppler
Current Profilers were employed to take measurements of water velocitiesin
the two inlets of the Grado-Marano lagoon, Grado (390 m wide) and
Lignano (310 m wide), both with about 11 m depth. The measurements were
performed in the framework of the monitoring programme under the
auspices of the “Regione Friuli Venezia Giulia, Direzione Centrale ambiente,
energia e politiche per la montagna” and lasted from July 2010 through
September 2011. The relative narrowness and shallowness of the inlets make
the flow almost rectilinear and mainly vertically homogeneous.

Methods

Principal Component Analysis (PCA) was applied in order to quantify the
along channel flow variability. Harmonic Analysis was used to study the
tidal oscillations present in the flow. The Fourier-based methods were
employed to find out the seiche signal. Wavelet methods allowed to study
the nature of the remaining (no tides and no seiches) variability. Finaly,
PCA of the local wind velocity time series is utilised to assess the current
flow regime under different wind conditions.

Results and discussion

PCA shows that more than 99% of energy is contained in the principal
component aligned with the along channel axis. Further analyses were thus
carried out with the principal component of the vertically-averaged current
series. Tidal forcing accounts for about 90% of the energy in the flow, with
the semidiurna group (S2, M2, N2, K2) prevailing over the diurnal one (K1,
P1, O1). M2 and S2 aone contribute over the 75% of the variability while
the strongest diurnal K1 contribution is about 7.5%. These results resemble
the results from previous research conducted in the nearby Venetian lagoon
[2] where the contribution of M2 and S2 was estimated to be between 70
and 78% of the total energy. The semi-diurnal group shows an in-phase
behaviour with time lag of about 20 seconds, while the diurna group shows
atimelag of 10 minutes.

Fourier spectra of the de-tided series show significant energy remaining at
the frequencies corresponding to the Adriatic seiches. In addition to the two
main modes of 21.1 h and 10.9 h, spectral methods revealed high coherence
peaks at the frequencies of higher harmonics: 7.04, 5.24, 4.29 and 3.59
hours. This study thus confirms four of the several high-order Seiche
harmonics reported in [3]. Further analysis carried out with the Wavelet
transform yields an estimation of energy contribution by seiche signa of
about 84% in Grado and 77% in Lignano; hence, about 8% of the total
energy.

Removal of the seiche oscillations is achieved by the least squares fit of the
Wavelet scales enclosing Adriatic Seiche periodicities and subtracting them
from the non-tidal time series. The residual time series thus obtained is
classified according to a simultaneous record of wind velocities in a nearby
meteorological station. Wind data is decomposed into Principal components:

113

the wind variance is mainly due to the winds from the North-East, i.e., the
Borawind (PC1), and from the South-East, scirocco wind (PC2). Each wind
principal component is partitioned in classes 5 m/s large starting form -15
m/s to 20 m/s. Moreover, a“ Cam” state was defined when the wind speed
was less than 3 m/s. The effect of the wind PC1 on the currents is studied
while the PC2 isin a calm state, and vice versa[1]. The response of Grado
and Lignano residual currents ("Y") to the strongest wind component (PC1)
is of exponential nature, following the model Y = Ae®*"“D strongly
resembling the results achieved for the Venetian lagoon. The exponential rate
“b" is estimated to be about -0.15 and -0.13, and the coefficient“A” is -
0.0049 and 0.0107 in the inlets of Grado and Lignano, respectively. The
wind PC1 thus exerts similar effect but with opposite sign in the two inlets,
Grado and Lignano. The exponentia rates in Venice were0.12 and 0.1 in
Lido and Chioggia (Venice lagoon) [4] whilr "A" was estimated to be -0.0207
and 0.0332 in Lido and Chioggia, respectively.

Conclusions

Major similarities have been found between the two biggest Adriatic
lagoons, i.e. the Venetian lagoon and the Grado-Marano lagoon system. Both
have similar inlet flow regimes. Astronomical tide is the main driving force in
the inlets. The semi-diurna group is prevaent. While the main seiches
modes exist in both lagoon systems, there is a strong evidence of the
presence of higher harmonic seiches in Grado and Lignano inlets. The
residual currents are affected by winds, mainly the PC1, in an exponential
manner. Hence, an event of Bora (observable in PC1) of 10 m/s speed would
increase the average out-flowing in Lignano by about 360%, and the
inflowing in Grado by almost 450% with respect to the Calm conditions.
Therefore, the effect of the wind PC1 is significant in the Grado-Marano
lagoon as well asin the Venetian lagoon [4].
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Abstract

A very high-resolution, sigma-coordinate, primitive equation model of the circulation in the coastal area of Campania has been
developed. The model is nested with a regional model of the whole Tyrrhenian Sea circulation. Here we describe the main
features of the coastal model, and the first test simulations performed, including that of a Kelvin wave propagation episode whose

signature had been observed near Capri in June 2003.

Keywords: Coastal models, Tyrrhenian Sea

1.The model The coastal area of Campania, including the Gulf of Naples, is
an interesting region, not only from a physical oceanographic viewpoint, but
also in a more genera environmenta perspective, because of the strong impact
of human activities on the marine ecosystem. We have implemented a very high-
resolution, three-dimensional primitive equation numerical model (1/144° of
horizontal resolution and 40 sigmarlevels) of the circulation in this area (see
Figure 1), based on the Princeton Ocean Model (POM). Our coastal model
(COSM hereafter) is one-way nested with a model of the Tyrrhenian Sea
circulation (TYREM, see [1]), having a horizontal resolution of 1/48°, which is
in turn nested with a coarser resolution model of the whole Mediterranean Sea
circulation [2].

Fig. 1. Model domain and bathymetry

The model bathymetry is interpolated from the 30" GEBCO dataset (Genera
Bathymetric Chart of the Oceans). Thanks to the small grid spacing, a very
weak smoothing is needed to keep the pressure gradient error under control.
This gives the very realistic topography shown in Figure 1. The surface forcing
is provided by ECMWF wind data. Test cases in different seasonal scenarios
have been performed, showing that the nesting is working correctly, and is
crucial for a correct representation of the interaction between the coasta
dynamics and the large-scale circulation of the Tyrrhenian Sea (details will be
givenin[3]).

2. A Kelvin wave propagation case study In June 2003, the current data
measured by a current-meter moored in the Bocca Piccola of Capri suggested a
possible coastal wave episode, that could be related to a strong wind event
occurred a few days before. A process-oriented study by Pierini et a. (2005)
[4], using a simplified three-layer model, provided evidence that the
observations were consistent with the propagation of an energetic internal
Kelvin wave resulting from the relaxation of a strong upwelling produced by the
wind event. We have therefore sought to reproduce this episode with COSM,
performing a series of simulations of increasing degree of realism, with the
purpose of identifying the key elements of the dynamics.
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Fig. 2. Time series of the current at 25 m of depth at the mooring location (b).
Thick (fine) line denotes values from the numerical simulation (observations).

Experiments have shown that a redlistic stratification in the initial conditions is
needed to capture the Kelvin wave phase speed and cross-shore structure. The
best result, obtained with the June 2003 stratification, is shown in Figure 2,
where the lower curve shows the current measurements, and the thicker line
shows the current simulated by the model at the same location. The difference
between observations and model simulation before t=20 June and after t=25
June is to be accounted for by the poor spatial resolution of the surface winds
used to force the model.
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WHY HASNORTHERN ADRIATIC RECENTLY BEEN EXPOSED TO INCREASED FLOODING?
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Abstract

Hourly sea-level data at Bakar are used to examine the flooding of the Northern Adriatic coast in the period [1951-2012]. An
increase in the frequency of moderate and especially of extreme floods, as well asin their duration, is evident from 2008 onwards.
The trend in relative sea level can explain the increase of moderate events; for extreme events the increase is partly attributed to
the trend, but also to recent changes in the frequency and/or intensity of storm surges.

Keywords: Sea level, Geohazards, Air-sea interactions, North Adriatic Sea

In recent years Northern Adriatic has repeatedly been exposed to exceptional
storm surges and coastal flooding. At Bakar, which is the second longest
operating tide gauge on the eastern Adriatic coast and has been uninterruptedly
recording since 1949, during the last four years the absolutely highest sea level
was surpassed on two occasions- on 1 December 2008 and again on 1
November 2012.

Hourly sea-level data recorded at Bakar in the period [1951-2012] are used to
examine the occurrence of extreme sea levels in the Northern Adriatic in the last
sixty or so years. We define an event as every occurrence of hourly sea level
exceeding a selected percentile vaue- 99.90th for moderate and 99.99th
percentile for extreme events. Flood is defined as an uninterrupted series of
consecutive events.

The data reveal that the eleven highest events took place in the period from 1
December 2008 onwards. There is an interdecadal variability in the occurrence
of extreme events, but from 2008 onwards an increase in frequency of moderate
and especialy of extreme events, is evident. Furthermore, the extreme floods
have increased not only in their number, but also in their duration. One may
examine values of the selected percentiles when calculated over shorter (8.9
years) time intervals (Figure 1, full line): the values for the last interval are
markedly higher than those for the entire period.

The recent increase in the frequency and intensity of flooding may be related to
relative sea-level rise but also to long-term changes in atmospheric forcing. To
distinguish between the two processes, linear trend in sea level is calculated. In
this, a well-established relationship of 2 cm/hPa between monthly anomalies of
sea level in the Northern Adriatic and those of air pressure [1] is used to
eliminate the effects of air pressure and wind [2] on the sea-level trend. The
atmospherically-corrected sea level at Bakar displays, over the [1951-2012]
interval, alinear trend of 1.2 mm/yr.

In order to investigate the effects of sea-level rise on the occurrence of extreme
sea levels, we subtract the obtained trend from the original hourly sea-level data.
The percentile values for the detrended data (Figure 1, dashed line) indicate that
the increased flooding due to moderate (> 99.90th percentile) events in recent
years may be explained by the trend in relative sea level. However, even upon
removal of the linear trend, the 99.99th percentile value for the most recent
interval is 8 cm higher than the long-term one. This suggests that the increase of
the extreme events cannot be attributed only to the sea-level rise, but also to
recent changes in the frequency and/or intensity of storm surges.
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Fig. 1. Hourly sealevel data at Bakar (Northern Adriatic) in the [1951 - 2012]
period: 99.90th (thin line) and 99.99th (thick line) percentile values, calculated
over seven consecutive windows of 8.9-years length. Full line denotes
percentiles for original data, and dashed line for sea level data, from which linear
trend has been subtracted.
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Abstract

In this work we aim to estimate the magnitude of Submarine Groundwater Discharge (SGD), encompassing both fresh
groundwater and recircul ated seawater, into the entire Mediterranean Sea through a mass balance based on the inventory of 228Ra
in surface water. Our preliminary results suggest a SGD flow on the order of ~ 1011 m3.yr-1, which is comparable to the
freshwater inflow from rivers. Thus, SGD may represent a major pathway for the delivery of terrestrial compounds (i.e. nutrients,
metals, carbon), which may significantly impact biogeochemical coastal cycles of the Mediterranean Sea.

Keywords: Coastal waters, Radionuclides, Hydrology, Water transport, North-Central Mediterranean

Introduction & Methods

Submarine Groundwater Discharge (SGD), encompassing fresh groundwater and
recirculated seawater, has been recognized as an important component of the
hydrological cycle and a dominant vector of its associated chemical constituents
to the coastal sea. The biogeochemical reactions occurring in the subterranean
estuary result in enhanced concentrations of dissolved land-derived compounds
(i.e. nutrients, metals, carbon, pollutants) in SGD, being typically much higher
than in recelving coastal waters. Thus, SGD inputs may have a significant
impact on coastal biogeochemical cycles.

In this study, we aim to estimate the SGD flow into the entire Mediterranean
Sea based on the distribution of 228Ra in surface water. 228Ra is an appropriate
tracer of SGD to the whole Mediterranean mainly because (i) its primary sink is
its radioactive decay and (ii) its removal must be balanced by an input term that
is due almost entirely to inputs from continental margins [1]. Assuming other
sources are constrained, SGD 228Ra fluxes can be determined and converted to
SGD water flows using the 228Ra content in brackish coastal groundwater.
During the M84/3 (April 2011) and MedSeA (May 2013) cruises onboard of
the R/V Meteor and the B/O Angeles Alvarifio, respectively, more than 50
surface water samples distributed throughout the Mediterranean Sea were
collected (Fig. 1). 228Ra concentrations were determined through RaDeCC
measurements (viaZ24Ra ingrowth from 228Ra) [2] and gamma spectrometry

[3].

Fig. 1. Map of the surface samples collected during the M84/3 (April 2011,
solid circles) and MedSeA (May 2013; empty circles) cruises onboard of the
R/V Meteor and the B/O Angeles Alvarifio, respectively.

Results & Discussion

Preliminary results obtained via RaDeCC measurements showed typical 228Ra
concentrations, ranging from 6 to 35 dpm.m3in surface waters of the
Mediterranean Sea. Here we develop a preliminary approach to estimate the
SGD to the Mediterranean Sea. Assuming a relatively homogeneous
concentration of 15 dpm-m3 throughout the surface Mediterranean waters
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(~150 m depth; winter mixed surface layer in Levantine Mediterranean [4]), the
total inventory of 22Ra equals ~ 61015 dpm. Considering steady state and that
radioactive decay is the main removal mechanism, the loss by 228Ra decay
(2=0.12 yr'Y) should be balanced by 228Ra inputs. Potential major sources of
228Ra to the upper Mediterranean Sea are riverine inputs, atmospheric dust,
release from continental shelf and slope sediments, seawater inflowing through
the straits of Gibraltar and Bosphorous, and SGD. All these terms must be
thoroughly constrained in order to determine the inputs that can be attributed to
SGD. While this is not yet available, we are following a previous study
conducted at the Atlantic Ocean that revealed that more than half of the 22Ra
inputs were derived from SGD [1]. Assuming that in the Mediterranean Sea,
SGD supplies also half of the 228Ra input, it results in a rough 228Ra-derived
SGD flux of ~ 310 dpmyrl Considering an average SGD 228Ra
concentration of 1400 dpm-m3 (as determined for the Atlantic; [1]), our
preliminary interpretation suggests a total SGD flow on the order of 100
Gmiyr-1 (~ 101 mi.yrl). Although it is a preliminary attempt and it is
subject to large uncertainties, our results show that the magnitude of SGD is
comparable to the riverine inputs (2- 4-1011 m3.yrl; [5]). Since the
concentrations of dissolved chemicals (e.g. nutrients, metals, carbon) in SGD
usually exceed those in rivers, SGD is probably a major conveyor of terrestrial
compounds and contaminants to the sea, which could result in significant
impacts on coastal Mediterranean biogeochemical cycles.
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Abstract

We present selected results of an experiment carried out in the Gulf of Naples (GoN) in the summer of 2012. Different aspects of
the surface circulation in the Gulf, a coastal area of the South-Eastern Tyrrhenian Sea were targeted during the experiment. An
assessment of the importance of the local wind forcing in the case of summer breeze regime is illustrated, as well as results
regarding relative dispersion and the detection of surface transport barriers (Lagrangian Coherent Structures) developing in the

area.

Keywords: Currents, Coastal processes, Water transport, Gulf of Napoli, Tyrrhenian Sea

Introduction

In the framework of the MED TOSCA (Tracking Oil Spill and Coastal
Awareness network) project, a field experiment was conducted in the
summer of 2012 in the Gulf of Naples, organized by DiSAm and ISMAR,
with the cooperation of OGS, UAegean, TEl, IASA and RSMAS (see
above, authors' list). The goas of the GELaTo (Gulfofnaples
Eulerian/LAgrangian TOsca) 2012 experiment carried out between July 27th
and August 6th, were: i. The study of the surface circulation in the area, ii.
The validation of HF radar data, iii. The assessment of relative dispersion
regimes in the area (at submesoscale), iv. The test of novel drifter designs
and the intercalibration of different near-surface lagrangian instruments, v.
The identification of connectivity paths within the area, in terms of
Lagrangian Coherent Structures.

Materials and methods

The GoN is a very intensively monitored coastal area. In particular, since
2004 a 3-antenna HF radar system has been providing hourly surface current
dataat 1 km spatial resolution over the entire Gulf area.

Moreover, in the framework of the TOSCA project a circulation model of
the GoN was set up, namely a local implementation of the Regional Ocean
Modeling System (ROMS) with 300 m horizontal resolution, forced by the
SKIRON atmospheric model (0.05°, 1h resolution) and by the
Mediterranean ocean Forecasting System (1/16° deg with SLA,SST, T/S
profiles assimilation) ocean model at the open boundary conditions.

The GELaTo experiment implied a very intensive drifter deployment,
recovery and redeployment activity in the Gulf, as well as continuous HF
radar measurement of surface currents. During GELaTo 46 drifters of
different designs were deployed in the GoN (divisible into two broad
categories, current-following and oil spill-following units), their trajectories
resulting in the spaghetti diagram shown in fig. 1.

Radar data were acquired continuously and shared, together with the drifter
trgjectories, in near-real time among the participants as well as with the
MPO Division of the RSMAS - University of Miami, that handled the data
processing for Lagrangian Coherent Structure identification on the basis of
Finite Time Lyapunov Exponents.

Moreover, during GELaTo the ROMS circulation model was utilized in
forecast mode, utilizing the SKIRON forecast data.
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Fig. 1. Traectories of drifters deployed during the GELaTo 2012
experiment

Results

In this communication we focus on points (i), (iii) and (v) of the main goals
of the GELaTo 2012 experiment. Drifter tragjectories, HF radar data as well
as numerical simulations showed that the typical surface circulation in the
GoN is dominated by the oceanic response to the forcing breeze regime. As
a consequence, the overall current patterns rotates the entire 360° over the
24 hours, clockwise. Separation of drifter triplets is seen to kick in after a
time of the order of 2-3 days. Lagrangian Coherent Structures have proved
tricky to sample, mainly for logistical reasons (transmission of HF radar
data time delay and ship relocation time necessities); however, a targeted
experiment in a specific subarea of the Gulf allowed to point out their
presence, which may have important consequences on pollutant retention
and water renewal in the GoN.
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Abstract

We have investigated the spatial distribution of the internal tides in the central mediterranean sea using a very high-resolution of the
Regional Ocean Modelling System (ROMS). The main potential sites of internal tides generation were identified. Enhanced energy
conversion occurs close to the generation sites which may lead to strong mixing in these area.

Keywords: Tides, Continental slope, Sicily Channel, Adventure Bank, Messina Strait

1. Introduction

The Sicilian Channel has been extensively studied during the last years[1-2].
However, very few is known about the generation of the internal tide in this
channel. Indeed, except sparse observations [3-4], the vertical structure has not
been sufficiently addressed. In this study we try to clarify the distribution of
the K1 and M, internal tides in Sicilian Channel as well as their energetics. The
horizontal resolution is about 1.4 km in both longitudina and latitudina
directions.

2. Results

Assuming that the advection of baroclinic energy is negligible, the integration of
the energy equation over a given domain and taking the average over one tidal
period (denoted by an overbar) yields to:

J[[ o waar = [ 5z« [[[ oav

where ' is the water density perturbation, wbt is the vertical velocity induced
by the barotropic tide flow, ui is the baroclinic velocity, I is the interna
pressure perturbation, D denotes the dissipation. In this equation, Pitls is the
energy flux that is associated with the propagation of internal tide, and 22/t
represents the conversion rate from surface to interna tide energy.

The dissipation of the internal tides is numerically estimated from the previous
equation by subtracting energy flux divergence from the energy conversion.

The maximums of the depth-integrated conversion rate from the surface to
internal tidal energy depicts different generation sites for M, and K4 internal
tides (Fig 1 and 2). For M5, Three main generation sites were identified, namely,
the Messina strait, the narrowest passage through the western sill of the
Adventure Bank, the northwest of Sicily and the northwest of the Pantelleria
ide. In the Sicilian Channel the baroclinic energy flux depicts a propagation of
the M, internal tide toward the north and southwest from the most efficient
generation site. On the other hand, the K, internal tide enrgy is totaly
dissipated close the main generation regions namely, the Adventure Bank's edge,
the surrounding of Pantelleria isle, the south east of the Malta plateau and the
Messina strait. This result is coherent with the fact that K; frequency is
subinertial at these latitudes and so K cannot propagate. Finally, it isimportant
to note that K, internal tide is globally less energetic than M, in the whole
model domain and particularly in the Sicilian Channel.

Fig. 1. Model predicted distribution of the depth integrated conversion rate from
the M, surface to interna tide. Integrated baroclinic energy flux across the
bounding transects is given in MW. Conversion(CRE),dissipation(DIS) and flux
divregence(DIV) arein MW
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Fig. 2. Model predicted distribution of the depth integrated conversion rate from
the K, surface to internal tide. Integrated baroclinic energy flux across the
bounding transectsis given in MW. Conversion (CRE),dissipation(DIS) and flux
divregence arein MW

A sensitivity study to the initial stratification were established. The K1 (M5)
internal energy with summer stratification is 30% (18%) greater than that
obtained with winter stratification. Moreover, the M, energy ray slope depends
strongly on stratification. Indeed, in the Sicilian Channel, the energy ray bends
slightly toward the east with winter stratification compared to that obtained
with summer one.
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Abstract

A high resolution eddy-resolving primitive equation numerical model (ROMS), is used to study the variability of the Atlantic current
along the Tunisian coast. The seasonal variability of the two MAW flows crossing the Sicily Channel is significantly different. The
main flow along the Tunisian coast, which gives rise to the Atlantic Tunisian Current (ATC) is stronger than the Atlantic lonian
Stream (AIS) from fall to winter. The ATC, which seems to be present during the year, is characterised by high spatial and
tempora variability as suggested from model results and aso from the anaysis of eleven years of combined maps of

TOPEX/Poseidon and ERS-1/2 altimeter data.

Keywords: Circulation, Mesoscale phenomena, Sicily Channel

1. Introduction

The Seasonal circulation of the central Mediterranean Sea was investigated
by many authors [1-3]. It isimportant to note that very few data have been
collected along the African coasts which imply a substantial under sampling
of Tunisian and Libyan waters on the shelf slope and on the continental
shelf. The current off Cap Bon [4] may be truncated by the sampling [5].
Although these efforts alowed understanding a lot about this circulation,
some interrogations remain without convincing answers. One of the main
objectives of this work is to examine the time and spatial variability of the
Atlantic Tunisian Current (ATC), which is not well documented. Moreover,
its long-term variability in space and time is only inferred from surface
drifters [6] and SST satellite images [7]. To this end, we have investigated
the seasonal variations of the surface circulation in the central Mediterranean
Sea from a high resolution eddy-resolving primitive equation numerica
model (ROMS) and from eleven years of combined maps of
TOPEX/Poseidon and ERS-1/2 altimeter data.

2. Model set up

The model used in this study is based on the Regional Oceanic Modelling
System (ROMYS), a three-dimensional primitive equation, finite difference
hydrodynamic model. The horizontal grid resolution is chosen to be about
2.8 km and the model was initialized with realistic temperature and salinity
fields. At the four open boundaries, temperature, sainity and velocity fields
are fully specified by a bilinear interpolation of the coarse resolution model
fields (MED12) onto the high resolution model grid (ROMS).

3. Results

The model is able to simulate the major water masses and the circulation
patterns in the central Mediterranean Sea. The AW and LIW paths as well
as the cyclonic and anticyclonic features deduced from models [2,5] and
from observations [1, 7-8] are quite reproduced. The path of the Atlantic
Tunisian Current and its variability are clarified, particularly south of
Lampedusa. The ATC flows eastward mainly along the 200 m isobath.
South of Lampedusa, it splits into two branches. The first branch directly
flows toward the southern part of the Levantine basin, while the second
flowing over the Tunisian shelf. The latter divides into two branches, the
first one invades the Tunisian shelf in the Gulf of Gabes and recirculates
anticyclonaly on the shelf, while the second continues flowing
southeastward as an important coastal current and comes close to the
Libyan coast, giving rise to a strong coastal jet near the Libyan current. This
scheme is different from an earlier ones estimated from models of coarse
resolution and it is in agreement with the recent one [9]. A small cyclonic
vortex develops downstream Cape Bon and it seems that it constrains the
AW towards the Tunisian slope increasing its velocity [9]. However, the
existence of this mesoscale feature should be confirmed by oceanographic
surveys. The ATC is stronger than the AIS from fall to winter. In January,
the AIS is close to the Sicilian coast, and the ATC to the Tunisian coast.
The AW is colder in the AIS than in the ATC due to mixing with upwelled
waters [5]. In July, the AIS meandered, whereas the ATC appears weak or
not present at all, in agreement with previous studies [2-3]. Nevertheless,
our results show that the ATC is clearly present in July for year 2006,
suggesting a possible interannual variability of this current. We believe that
the ATC is present during the year, athough it is difficult to be identified in
July, because of the recirculation in the Sicily Channel. Surface geostrophic
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current anomalies computed from eleven years of combined maps of
TOPEX/Poseidon and ERS-1/2 surface dtimetric slope anomalies,
particularly confirmed the observed high spatial and temporal variability of
the sea surface circulation. This result is very encouraging for reconstructing
the total current which is the sum of the geostrophic current anomalies, the
mean current, and the Ekman current. The available long time series of
satellites data in addition to their high spatial coverage make now possible a
monitoring of the main eddies in the eastern Mediterranean Sea, which was
not possible from in situ measurements.
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Abstract

The winter of 2012 experienced peculiar atmospheric conditions that triggered a massive formation of dense water on the
continental shelf and in the deep basin of the Gulf of Lions. New observations highlight the interaction of these processes and their
role to the progressive modification of the NW Mediterranean deep waters.

Keywords: Deep waters, Water convection, Time series, Gulf of Lyon

In the Gulf of Lions, dense water formation shows a high interannual
variability. Although open-sea convection is the main mechanism for the
renewal of the Western Mediterranean Deep Water, the influence of dense
shelf water cascading has been suggested by severa studies. Anaysis of
historical temperature-sainity profiles from the late 1960s suggested mixing
of deep cascading and convection dense waters, with a subdecadal recurrence
[1], the winters 2005 and 2006 being the last major events[2].

A comprehensive set of hydrological and hydrodynamical observations-
including an array of moorings, a glider repeat section and an hydrological
survey - was collected during the winter and summer 2012 that provide new
insights on the propagation and mixing of both type of the dense shelf
waters, and their influence on the modification of the Western
Mediterranean Deep Water [3].

Fig. 1. Time series of net heat flux and surface temperature on the shelf and
in the basin, potential temperature on the slope and in the basin during the
winter and spring 2012 in the Gulf of Lions

Strong northern wind during winter 2012 induced strong heat losses both on
the shelf and in the basin. From an atmospheric point of view, winter 2012
can be considered as exceptional over the North-Atlantic and Europe region
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with the predominance of the Atlantic Ridge (AR) atmospheric regime [4].
Thisregime, characterised by an anticyclonic anomaly in the North Atlantic
and a cyclonic anomaly over the Baltic Sea, is particularly favourable to
strong, cold and dry northerly winds over the Gulf of Lions enhancing air-
sea heat fluxes. Most of the winters with large positive anomalies of the
number of AR days generally correspond to years when thermo-haline
anomalies indicative of intense shelf and open-sea convections were
observed in the basin .

The production rate of dense water formed by open-sea convection during
the winter 2012, estimated to ~1.1x108 m3 s, was about one order of
magnitude larger than the mean flux of dense shelf water exported beyond
1000 m depth (~0.07x108 m3 s71). In summer, the dense water of coastal
origin created a distinct bottom layer up to a few hundreds of meters thick
over the central part of the NW Mediterranean basin, which was overlaid by
alayer of newly formed deep water produced by open-sea convection. The
large increase of the volume of bottom water in the basin, with respect to
that of the dense water exported from the shelf, implied a large entrainment
of ambient waters during its propagation down the slope and in the basin,
including newly formed deep water. This event significantly altered the
thermohaline characteristics of the deep basin, hence contributing to amplify
the Western Mediterranean Transition [5].

(#) F. Bourrin, M.N. Bouin, M. Beauverger, L. Beguery, A. Caafat, M.
Canals, L. Coppola, D. Dausse, F. D’ Ortenzio, J. Font, S. Heussner, S.
Kunesch, D. Lefevre, H. Le Goff, J. Martin, L. Mortier, A. Palanques, P.
Raimbaullt.
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Abstract

Drifter measurements and satellite altimetry data are combined to investigate the surface geostrophic circulation of the Black Sea
in the period 1999-2009. Seasonal and interannual variability of currents and kinetic energy fields are described with particular

attention to the mesoscale and sub-basin coastal eddies.

Keywords: Black Sea, Circulation, Surface waters

The upper-layer circulation of the Black Sea derives from a complex interaction
among different and multi-scale processes. The main characteristics of the basin,
sub-basin and mesoscale patterns are analysed using drifter data combined with
satellite sealevel anomalies.

The combination of these two independent datasets allows to remove the biases
that arise from the irregular sampling of drifters and to enhance the accuracy of
satellite data in the coastal areas. Regression models are used to remove the
currents directly induced by the winds from the drifter velocities and to combine
drifter and satellite atimetry data, following the methods of [1] and [2].

The combined dataset is used to estimate pseudo-Eulerian velocity statistics for
different time periods and to describe the spatio-tempora variability of the
surface circulation in different regions of the Black Sea. The pseudo-Eulerian
statistics computed with the combined geostrophic currents are defined as
‘unbiased’ because they are less affected by the non-uniform drifter sampling

((11; 12D).

The Rim Current is stronger in winter/spring (mean speeds of about 20-25 cm/s;
maximum values larger than 40 cm/s aong the Anatolia and Crimea coasts,
Fig.1), forming a cyclonic loop that surrounds the Western and Eastern Gyres
(speeds less than 15 cmi/s). In summer/fall the Rim Current is weaker, with mean
speeds of about 15-20 cm/s (Fig. 2).

The sub-basin Batumi Eddy is usually anticyclonic with a diameter of ~ 100 km
and is located in the south-east corner of thebasin (between 41°-42°N and
39.5°-42°E; Fig. 2). Periods of intense activity are observed in 2006 and 2008,
when this structure shows higher dimensions (diameter of ~ 200 km) and speeds
larger than 30 cn/s; occasional seasonal inversions of the circulation in the
Batumi region, from anticyclonic to cyclonic pathway are observed in winter
2001-2002 and fall 2004, 2006 and 2008. The sub-basin Sevastopol Eddy,
located off the western side of Crimea peninsula, has a less periodic nature with
respect to the Batumi Eddy; it is usually observed in spring and summer with
speeds of about 15-20 cm/s.

The interannual variability of mesoscale eddies located aong the Anatolia,
Caucasus and Crimea coasts is described in terms of kinetic energy of velocity
residuas (KE). These eddies are permanent (Crimea, Sinop and Kizilirmak
eddies), quasi-permanent (Bosphorus, Bartin, Sukhumi eddies) or intermittent
(Caucasus, Sakarya, Kerch eddies) features and can interact and merge with each
other showing values of KE between 200 cm?/s? and 600 cm?/s2.

Results are compared to those in [3] based only on drifter data.
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Fig. 1. Unbiased estimates of the surface geostrophic circulation
in the Black Sea during winter/spring (December-May).

Fig. 2. Unbiased estimates of the surface geostrophic circulation
in the Black Sea during summer/fall (June-November).
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Abstract

The vorticity balance in the upper layer of the Black Sea is analyzed using severa data sources (drifter data, Argo float CTD
profiles, satellite sea level anomalies and ocean surface wind velocities) in order to estimate the respective contribution of each
term in the vorticity equation. The tube stretching term induces positive vorticity in al the regions of the Black Sea and seems to

play an important role in the vorticity balance of the basin.

Keywords: Black Sea, Wind, Circulation

Vorticity is an important descriptive feature of ocean dynamics, whose
variations are related to the balance of external forcing, associated with wind-
stress, and internal processes. Internal processes produce vorticity
variations through adjustment of internal pressure gradients (i.e. baroclinic
adjustment) and/or through variations in the depth of the tube flow (tube
stretching).

The Black Sea is a typica marginal, semi-enclosed, dilution basin
characterized by a stable stratification, a simple basin geometry and a
smooth bottom topography; therefore, it is the ideal location to study the
relative contribution of the different terms to the vorticity balance in the
ocean and to analyze fundamental hydrodynamic interactions common to
different areas of the World Ocean.

The large scale structure of the Black Sea upper-layer dynamic is
predominantly cyclonic (i.e. positive vorticity) with some anticyclonic
rotations (i.e. negative vorticity) located in the coastal areas of the north-
west and south-east sectors. According to the previous studies cyclonic
circulation of the basin is maintained by wind-stress curl ([4]), although
input due to winds is not able to reproduce the observed vorticity levels

(3D

This consideration opens the issue of analysing the relative contribution of
the individual terms that concur to the vorticity balance of the basin. The
Black Sea is divided in four sectors, following the spatial distribution of
prevailing winds, and the mean values of the vorticity equation terms over
the period 1999-2008 are estimated for each sector.

In Table 1 the main results of this analysis are presented. The vorticity of
the geostrophic currents is positive in the North-East, South-West and
South-East sectors and slightly negative in the North-West sector. The wind
stress works against the current vorticity in all sectors except in the North-
East sector, with values of order 1013 52, The tube stretching terms induce
a positive vorticity in all the sectors of the Black Sea, with larger valuesin
the North-East and South-West areas and magnitudes comparable with the
wind stress terms. Also the baroclinic terms prompt the cyclonic vorticity
of the upper layer circulation, but their contributions are three/two orders of
magnitude smaller than the wind stress and the tube stretching terms.

These considerations suggest that the tube stretching terms plays an
important role in the vorticity balance of the Black Sea. The predominant
role of the tube stretching term is supported by significant yearly variations
in the upper layer thickness of the basin, as estimated from the phase speed
of the internal gravity waves, and by the increment of freshwater inflow in
the basin during the period considered ([1]; [2]).
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Table 1. Mean amplitude of geostrophic currents, relative vorticity field
associated with surface circulation, wind vorticity input, tube stretching and
baroclinic terms estimated in each sector of the Black Sea.

NW NE SW SE

Mean geostrophic 93 158 158 124

currents (crm/s)

Rel aIl\g_\l/)ortl city -3e8 1.7e-6 2.3e-6 9.1e7
Wind V"(’St_'zc)'tyte'm -07e13 | 012e13 | -44e13 | -0.6e13
Tube Str(as-%? ng term 3e.12 52e-12 5.3e-12 4.1e-12

Bar 00(!_’;')0 M | 0g8e15 | 25e15 25¢15 | 16e15
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Abstract

The coastal circulation of the Gulf of Lion has been studied over aten year period with in situ, remote sensing and numerical data.
Intrusions, eddies, transient structures and frontal jets can strongly influence water fluxes in and out of the gulf. Transport fluxes as
well as horizontal and vertica diffusivities are being assessed with data from varions in situ platforms. All these results bring new
understanding on the influence of mesoscal e processes on cross-shelf and interregiona exchanges.

Keywords: Circulation experiments, Circulation models, Coastal processes, Gulf of Lyon, Mesoscale phenomena

The circulation of the Gulf of Lion (GoL), northwestern Mediterranean Sea, is
complex and highly variable [1]. It is strongly influenced by the Northern
Current, generally considered to constitute a dynamical barrier along the shelf.
Exchanges between the GoL and offshore waters are thought to be induced by
processes associated with the Northern Current [2,3]. This paper focuses on
mesoscal e processes at the eastern and western sides of the GoL.

The coastal circulation of the GoL has been studied over aten year period with
in situ, remote sensing and numerical data. The present study includes in situ
data acquired during SARHYGOL (2000-2001), GOLTS (2002-2005) and
LATEX (2007-2011). A redistic 3D numerical model Symphonie is run from
2001 to 2010 at high resolution (1 km) [4].

On the eastern side of the gulf, during specific conditions, a vein of the Northern
Current (up to 1/3 of its measured flux) can intrude on the shelf. On the western
side, wind conditions can affect whether the current enters or exits the gulf [5].
During stratified summer conditions, elliptical, shallow, anticyclonic eddies are
observed north of Cape Creus [6,7], following northwestern wind events [8].
Two different generation processes can create them [9,7]. Generaly eddies are
associated with water retention; but transient structures can also detach from
them and rapidly exit the gulf [7].

Fig. 1. Modeled relative vorticity [s 1] and current velocity field at 20 m depth
on September 3, 2010. From north to south: eddy in the western part of the
Gulf of Lion, transient structure, eddy in the Catalan basin.

During the LATEX 2010 cruise, Lagrangian Coherent Structures derived from in
situ data exhibit a frontal jet by which coastal waters escape from the GoL [10].
Transport fluxes are assessed, as well as horizontal diffusivities, using two
approaches: i) combining stirring rates estimated from Lagrangian drifters with
surface temperature gradients; ii) mapping a passive tracer's dispersion.

These mesocale processes (intrusions, eddies, transient structures, fronts) have
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an influence on interregional exchanges that can have strong impacts on
biogeochemical and biological systems.
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Abstract

The Rhéne River has a major influence on the biogeochemistry of the Gulf of Lions in the Western Mediterranean Sea. The
biogeochemical fate of the Rhone River organic particles was investigated over several years within the Mermex programme using
two approaches: (i) the tracking of organic particles origin using carbon paired isotopes (13C/14C) on density fractionated particles
and (ii) the estimation of sediment mineralization using a fixed benthic station and a microprofiler with oxygen micro-electrodes at
the Mesurho Buoy near the Rhéne River mouth and the adjacent shelf. We combine spatial and tempora variability of organic

matter mineraization in the Rhéne River delta.

Keywords: Deltas, Sediments, Carbon, Gulf of Lyon

Coastal zones are a major compartment in System Earth and play a crucial role
in the biogeochemical carbon cycle. Within coastal seas, deltas are critical
interfaces between land and the coastal area, as they receive most of the
particulate input from the rivers and act as buffer for organic matter (OM)
fluxes. Due to the extreme variability of estuaries and deltas, on both spatial and
temporal scales (hydrology, production-respiration balance, coastal
circulation...), the balance between deposition, burial and consumption of
particul ate organic matter by the benthic ecosystem is largely unknown, making
this zone the most uncertain in the marine realm with regards to CO, uptake or
releasel. Large quantities of terrestrial OM inputs can be buried or mineralized
depending on their origin, reactivity and deposition pattern. At the same time,
flood inputs with their extreme sedimentation rates or intense resuspension
during storms with particulate matter recirculation may play a major role in
defining the fate of particulate organic matter. We approached the question of
the fate of Rhone River organic inputs in the delta using two distinct
methodologies:

we useda combination of two in situ techniques measuring oxygen
microprofiles in the sediments and defining the diffusive oxygen uptake of the
sediment, to estimate the biogeochemical transformations of particulate organic
carbon in the Rhone delta and its spatial and temporal variability.

- we measured carbon isotopes (D4C, $13C) in the bulk and density-
fractionated sediments in order to assess the origin and reactivity (residence
time) of particulate organic carbon.

Oxygen micro-profiles and calculations of diffusive oxygen uptake (DOU) were
obtained by two in situ techniques: i) an oxygen micro-profiler deployed on an
array of stations? ii) a new benthic station equipped with oxygen micro-
electrodes and environmental sensors. This new device performs daily
measurements of oxygen microprofiles, with a potential for high frequency
measurements (4 per day) during specia events. Time series typically
encompass periods of 1-3 months. The micro-profiler complemented these time
series with a spatial coverage of oxygen demand at selected seasons. We
deployed the benthic station at the Mesurho station near the Rhéne River
mouth together with the oxygen micro-profiler with the ultimate goa of
studying the mineralisation of particulate organic matter delivered during floods.
The first results obtained during low flow conditions and low turbidity showed
that the measurement system is stable over time allowing temporal variation and
floods to be recorded. During the turbidity events of spring 2012, oxygen
demand rises by a factor of 3-4. We discuss the importance of flood events and
resuspension in controlling the variability of DOU in this system.

Radiocarbon and 813C in four different fractions® of sediments obtained by
density fractionation were measured in order to isolate different natures of OM.
Previous studies based on bulk 14C analysis of surface sediment of Rhone delta
(Fig. 1) have shown an aging of the OM and a decreasing proportion of
terrigenous OM with increasing distance off the river. The first results indicate
that the signature in 813Cq) and D14Cqy of the density-fractionated material
show a similar pattern as the bulk sediment, with a general aging of each density
fraction and a progressive loss of the terrestrial signature with the distance
offshore. This may be attributable to retention of terrestrial large and light
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particles (such as vegetal debris) in the prodelta (the nearshore region of the
subaqueous delta), large mineralization of the labile fractions associated to
aggregates or minerals and recirculation/mixing of continental shelf particles.

Fig. 1. Position of the station investigated. Squares are regular sampling stations
during Mermex-River cruises and star is the the Mesurho station.

Overall, the two techniques used in this study indicate that retention and
mineralization of terrestrial particles mostly occur in the prodelta with relative
accumulation of refractory organic carbon in continental shelf sediments.
Although the deltaic biogeochemical system is stable over time, disturbing
events such as large resuspension events or floods? have an internal dynamics
that can profoundly affect the fate of organic matter in thisregion.
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Abstract

An dl-time modeling challenge aims to establish a sound understanding of the high energy environment of the Turkish Straits
System, relating to inter-basin water and material transports and their influence on the sensitive ecosystems of the adjacent seas.
As a first step in this direction, well resolved, high level, physically representative predictive models of the Bosphorus Strait
exchange flow hydrodynamics are developed, adequately representing its complex topography, hydraulic controls, dissipative
hydraulic jumps, mixing and turbulence mechanisms, with the application of appropriate basin boundary and initia conditions and
judiciously selected numerical and physica model options. Moreover preliminary results from an ambitious multi -scale coastal
ocean model representing the entire Turkish Straits System will be discussed.

Keywords: Circulation models, Bosphorus Strait, Dardanelles, Marmara Sea

The scientific questions on the role of the Turkish Straits System
(hereinafter TSS) in coupling the adjacent basins of the Mediterranean and
Black Seas with highly contrasting properties, in a region of high climatic
variability and materials transport depending critically on the cycle of water
can only be answered by model predictions of the processes that determine
the integral properties of the coupled sub-systems. This can only be
achieved if the entire TSS is modeled as a finely resolved integral system
that accounts for the high contrasts in seawater properties, steep
topography, hydraulic controls, fine and meso-scale turbulence ( Ozsoy et
al. 2001), nonlinear and non-hydrostatic effects (llicak et a. 2009),
thermodynamic states and an active free-surface in the fullest extent, based
on well represented fluid dynamical principles. As a first step to approach
coupled modeling of the TSS, a well resolved, physically representative
predictive model is developed of the Bosphorus Strait hydrodynamics,
including the effects of complex topography, hydraulic controls, turbulent
mixing with the application of appropriate basin boundary and initial
conditions. The results for idealized and real geometry model configurations
provide a deeper understanding of the establishment of the maximum
exchange regime of inter-basin transports, and comparisons with a series of
detailed observations provides an enlightened view on the climatic and short-
term variability of the system. Asymmetrical and nonlinear behavior of the
strait dynamics is observed as a result of the various controls and turbulent
dissipation. Results obtained independently from ROMS and MITgcm
models for amost identical configurations for the Bosphorus Strait indicate
similar satisfactory performance in predicting the basic elements of the
flows. The possible impacts of these essential features of the TSS system
on the mixing and transport processes and coupling of regional seas are
discussed.

Fig. 1. Bosphorus model grid and bathymetry.

As a second step in modeling the TSS, an ultra high-resolution, physical
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representative model is developed for the entire system: Dardanelles-
Marmara Sea-Bosphorus.

The extreme environment has been represented as a whole and with the full
details of its highly contrasting properties. The huge computing resources
needed to run such an ambitious model have been provided by the EU
initiative PRACE (Partnership for Advanced Computing in Europe). The
numerical model used is based on the non-hydrostatic MITgcm. The
MITgcm solves the Boussinesg form of the Navier-Stokes equations for an
incompressible fluid fully non-hydrostatic with a spatial finite-volume
discretization on a curvilinear computational grid. Moreover it has been
formulated with an implicit free-surface, and partial step topography. A
non-uniform curvilinear orthogonal grid covers the entire model domain. The
maximum horizontal resolution (about 50 m) is reached in the Bosporus and
Dardanelles Straits. To adequately resolve the complex hydraulic dynamics
of TSS, the model grid is made by 72 vertical z-levels, and the formulation
adopted is non-hydrostatic (Sanchez-Garrido et al. 2011). It should be noted
that such a model configuration represents a novelty respect to any other
model implemented in the same region in the past. Preliminary results
obtained from a climatological initialized configuration indicate satisfactory
performance in reproducing the main features of the flow exchange between
the Aegean Sea and Black Sea. Results are discussed in terms of mixing,
hydraulic control and transport processes.
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Abstract

Radiometric and chromophoric dissolved organic matter (CDOM) measurements were performed monthly between November
2007 and December 2008 at the SOFCOM coastal station in the Northwestern Mediterranean Sea during MERMEX project. The
values indicated that the waters were highly transparent throughout the year. The relationships between CDOM absorption and Kd
in this oligotrophic system suggested that CDOM contributed to UVR attenuation in the UVA domain, but also played a significant

role in PAR attenuation.

Keywords: Organic matter, Ocean colours, North-Western Mediterranean

Due to its weak cloud cover, the Mediterranean atmosphere is characterized

by higher solar radiation levels than those found at similar latitudes in the
Atlantic Ocean (Mermex group, 2011 and references therein. The
Mediterranean Sea, which is known as a low chlorophyll low nutrient
(LNLC) oligotrophic system, is characterized by a blue color that does not
extend as deep as predicted by its Chlorophyll content alone. This
discrepancy between ocean color and Chlorophyll concentration was
suggested to be attributed to either an “excessive” level of CDOM (Morel
and Gentili, 2009) or to the presence of Saharan dust in the upper layer may
also cause this discrepancy (Claustre et a; 2002). Solar radiation strongly
influences biogeochemical cycles and ecosystem functions in the ocean.
Photosynthetically available radiation (PAR: 400-700 nm) provides energy
for photosynthesis and induces primary production, which all marine food
webs ultimately depend on. In contrast, energetic ultraviolet radiation (UVR:
280-400 nm) has numerous deleterious effects on living organisms that
inhibit photosynthetic activity and damage DNA. Here we report that
surface irradiance strongly varied with season (particularly for UVR-B) and
was from 0.14 to 4.6, 12 to 59 and 30 to 159 pW cm2 for UVR-B (305 nm),
UVR-A (340 nm) and PAR (490 nm), respectively. Examination of the
UVR-B/UVR-A, UVR-B/PAR and UVR-A/PAR surface irradiance ratios
indicated that UVR-A and PAR were similar and evolved temporaly. In
contrast, the UVR-B increased 7 to 8 fold more than its UVR-A and PAR
counterparts during the summer. The strong temporal variability of UVR-B
may be explained by its higher dependence on direct/diffuse irradiance ratios
than UVR-A and PAR. The diffuse attenuation coefficients for downward
irradiance [Ky(A)] of UVR-B, UVR-A and PAR were from 0.21 to 0.48,
0.16 to 0.27 and from 0.04 to 0.09 m1, respectively. These values indicated
that the waters were highly transparent throughout the year. The
relationships between CDOM absorption and Kg(A) in this oligotrophic
system suggested that CDOM contributed to UVR attenuation in the UVA
domain, but also played a significant role in PAR attenuation.
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TIDAL VARIABILITY IN THE STRAIT OF OTRANTO
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Abstract

Various current data, collected in the Strait of Otranto during the period 1994-2007, have been analysed with the aim of describing
the characteristics of the tidal motions and their contribution to the total flow variance.

Keywords: Currents, Tides, Otranto Strait, Waves

The principal tidal constituents in the area were the semi-diurnal (M2) and the
diurnal (K1), with the latter one predominant. The total flow was, in general,
more energetic aong the flanks than in the middle of the Strait. Specificaly, it
was most energetic over the western shelf and in the upper layer along the
eastern flank. In spite of the generally low velocities (a few cm/s) of the
principal tidal constituents, the tidal variance has a pattern similar to that of the
total flow variance, that is, it was large over the western shelf and low in the
middle. The proportion of non-tidal (comprising the inertial and sub-inertia
low-frequency bands) to tidal flow variances was quite variable in both time and
space. The contribution of the low-frequency motions predominated over the
tidal and inertial onesin the eastern portion of the strait during the mgjor part of
the year, particularly in the upper and intermediate layers. In the deep, near-
bottom, layer the variance was evenly distributed between the low frequency,
diurnal and semi-diurnal bands. A prominent exception was observed near the
western shelf break during the summer season when the contribution of the tidal
signal aone to the total variance reached 77 %. This high contribution was
mainly due to the intensification of the diurnal signal at that location in the
proximity of both the surface and bottom layers (velocities of about 10 cm/s)
(Fig.1). The largest amplitude of the diurna constituent appeared in the deepest
layer and thisis explained in terms of the first baroclinic mode pattern.
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Fig. 1. Rotary spectral analysis in the near bottom layer along the Otranto
section (39.85°N) for the summer period from OTRANTO/OGEX project. The
95% confidence level isindicated.

Beckenbach and Terril (2008) [1], studied a similar phenomena and explained
this intensification in terms of a baroclinic internal tide generated through the
interaction of a barotropic tide with topography. In these circumstances,
subinertial internal waves can exist beyond the critical latitude and explain a
consistent part of the variance. Orlic et a. (2011) [2] and Mihanovic et a.
(2009) [3] found that summertime stratification occasionaly generates internal
coastal waves that travel daily around an island in the southern Adriatic Sea,
creating the conditions for resonant excitation of the diurna frequency by sea
breeze and/or diurna tides. Local wind obtained from ECMWF (European
Centre for Medium-range Wesather Forecast) and sea level data from the tide
gauge located in Oftranto (40.1471°N - Rete Mareografica Nazionale,
http://www.mareografico.it/)were thus analysed and compared with the flow to
find the possible origin of this diurnal intensification. No evidence of significant
diurnal signal in wind and sea level were found (Fig. 2) Having excluded the sea-
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breeze impact on the intensification of the diurnal tidal signal, the most likely
cause remains the generation of the topographically trapped internal waves and
the diurnal resonance in the tidal response. These waves were sometimes
generated by the barotropic tidal signal in the presence of summer stratification.
The presence of the internal diurnal waves was confirmed by the phase shift
between the diurna signal in the coastal sea level and in the currents at the
station over the shelf break. However, these waves were not continuously
generated (Fig. 2), and did not generate amplification on the on-shore side of the
shelf break in the similar stratification conditions. This indicates that the
topographic slope as well as the density stratification is the necessary element
for the resonance. This phenomenon may stimulate the diapycnal mixing during
the stratified season and enhance ventilation of the near-bottom layers.
Acknowledgement We greatly acknowledge the technical and scientific staffs of
the OGS and of the former establishment SACLANTCEN of the Centre for
Maritime Research and Experimentation (CMRE), Italy, as well as of the
Hellenic Centre for Marine Research, Greece.

Fig. 2. Wavelet spectrum as a function of time and scale (period) for wind
velocity components (a and b) and bottom current components (c and d) at the
shelf break, and sealevel at Otranto (€) during summer period. Diurna scale (24
hours) isindicated by ablack line.
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Abstract

One massive stranding of Euphausiid Nyctiphanes couchii was recorded along the north-western Sicilian coast of “S. Vito Lo
Capo” between March 17th 2013 night and March 18th morning. Random samples were collected in order to obtain the size
structure of the specimens. Considering the knowledge on the species biology and meteo-marine conditions, it has been suggested
that the unusual phenomenon is due to intense upwellings in the area.

Keywords: Crustacea, Water transport, Tyrrhenian Sea

Nyctiphanes couchii (Bell, 1853) is a neritic species common in the shelf-seas of
the NE Atlantic, W Mediterranean, but also in the Adriatic and Aegean Sea[1].
It provides a large fraction of plankton biomass throughout the year,
constituting an important key species in the food webs for several fishes and
cetaceans [2,3]. Adults total length (TL) ranging between 12 and 17 mm with an
observed length at first maturity of about 12 mm. N. couchii breeding at age of
one year, during spring and summer, with females that are able to carry about 50
eggs attached to the thoracic legs [4]. The species makes diel migrations to the
surface waters at night [3], but the rate, time and amplitude of these migration
are essentially unknown in the investigated area. A massive beaching of this
euphausiids occurred in“S. Vito Lo Capo”, a shallow bay located in the north-
western Sicilian coast, between March 17t 2013 night and March 18th morning

(Fig. 1).
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Fig. 1. Position of “S. Vito Lo Capo” bay, located along the north-western
Sicilian coast.

The local Office of Coast Guard informed our Ingtitute about the stranding,
highlighting a very large patch of pink color (reporting “ neonatal crustaceans’)
aong 1 km of beach (Fig. 2). An inspection of our researchers identified the
species N. couchii along the beach as well as the pools on rocky shores. Random
samples of the specimens were collected in order to obtain a length frequency
distribution (LFD). Each individual of a random sub-sample was photographed
by digital camera connected with a stereomicroscope with a magnification of 8X
(Leica DC 200, software Leica IM 50) and measured as carapace length (CL)
(software Image Pro Plus Vers. 4.1. Media Cybernetics). Weather conditions
and satellite images were verified in the three days before the stranding.

A total of 509 specimens were measured with CLs ranging between 2.2 and 5.4
mm. The shape of the distribution was unimodal with a peak of frequenciesat 4
mm CL, athough a sign of a component of smaller individuals could be
recognized (Fig. 2).
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Fig. 2. Length Frequency Distribution of stranded Nyctiphanes couchii,
overlapped to the photo of straddling specimens on the shoreline.

Although the cloudy sky did not allow to analyzed the satellite image of sea
surface, the strong wind from SE, blowing at about 70 knmvh, favorable to
upwelling in the area, followed by rough sea from MW, supports the
hypothesis that N. couchii, with a poor swimming ability, was stranded as
consequence of oceanographic adverse condition. The stranding of small shrimps
was repeatedly reported aong the coasts of the“Maddaena
Archipelagos’ (Sardinia, central Tyrrhenian sea), being the more recent occurred
on March 12t 2013 [5]; however, according to the information collected by
fishermen, the massive stranding of this species was recorded for the first time
inthe S. Vito Lo Capo Bay.
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THERMOHALINE STRUCTURE AND COLD INTERMEDIATE LAYER PROPERTIESOF THE BLACK SEA
ASINFERRED FROM ARGO FLOATS
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Abstract

The thermohaline structure of the oxygen-rich cold intermediate layer (CIL) with temperatures below 89C in the Black Sea is of
great importance due to the oxygen deficiency of the water column below the biologically productive euphotic zone. The long-term
data compiled from the Argo float profiles document temporal and spatial variability of its distribution and the likely mechanisms

leading to its formation.

Keywords: Hydrography, Black Sea, Water convection, Temperature, Vertical profile

Data from seven ARGO profiling floats operating in the Black Sea between
2002-2009 have been used in this study. Three of these floats were located at
the parking depth of 1550m, and the rest at 200m, 500m, 750m and 1000m
depths. All of them collected vertical profiles of temperature and salinity from
1550m depth to the surface once a week. Both the CTD data and position data
have been used to examine temporal changes in the horizontal current velocity
[1] and temperature and salinity at the floats parking depths. Sea surface height
anomaly datafrom AVI1SO have been used as supplementary data set in order to
identify the mesoscal e features provided by the float data. In this work the CIL
thickness and lower boundaries are considered as an indicator for the intensity
of ventilation of subsurface waters in the Black Sea (Table.1-Fig.1). A thick
CIL is generally observed in March, but there is no seasonal cycle or a specific
parameter affecting CIL thickness. The results suggest that CIL is thicker and
deeper in anticyclones whereas it is thinner and is at shallower depths in
cyclones. Simultaneous observations in cyclonic and anticyclonic patterns reveal
an 80m difference in the lower boundary of CIL and a 60m difference in CIL
thickness. Among the average thickness values obtained from the floats, the
smallest value is ~29m due to its location in the cyclonic Western Gyre. CIL is
observed as an isothermal layer formed when the cold water formation at the
surface merges with the already existing old CIL, prefarably in the cyclones
during  February-March. Its formation in the cyclonic gyres
emphasizes importance of the uplift of the pycnocline and the upwelling of the
old CIL to the surface rather than generation of cold water as a result of
convection only. Cold water formation seems to be affected by mesoscale
processes as well.

Tab. 1. Average depth, temperature, salinity, sigma-theta and thickness of CIL
for each float
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Fig. 1. Distribution of CIL lower boundary over time. Each line represents data
from adifferent float
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Abstract

This study used data collected during six hydrographic cruises in the western half of the Cap Bon — Mazara del Vallo section
during 2003. The analyses of transects reveals the presence of Western Intermediate Water (WIW) in April and lonian Water
(IW) in March-April on the Tunisian side of the channel in a transitional layer between Atlantic Water (AW) and Levantine
Intermediate Water (LIW). The conclusions on seasonal and mesoscale variability are confirmed by a high resolution numerical

simulation.

Keywords: Mesoscal e phenomena, Circulation models, Sicily Channel, Vertical profile

Introduction

The Sicily Channel (SC) is located at the junction between the eastern and the
western Mediterranean. At depth the SC is composed of two narrow passages,
the Tunisian passage to the west and the Sicilian passage to the east and are
separated by sub-marine mountains. The SC large scale circulation can be
schematized as a two-layer system composed of a surface layer of fresher water
flowing eastward (mainly composed of AW) and a salty bottom layer (mainly
composed of LIW) flowing westward [1]. Our study highlights the presence of
transitional waters intermittently observed between AW and LIW, in the
Tunisian passage. There are the WIW and the IW. The WIW forms during
winter in the northwestern Mediterranean due to the surface cooling of AW and
has been recorded in the Algerian Basin by [2], flowing eastwards below the
AW in the Algerian Current through the Channel of Sardinia. The WIW is
characterized by a relative minimum of temperature. The IW flows above the
LIW towards the Tyrrhenian Sea, and is characterized by a relative maximum of
temperature close to the Sicilian shelf [3]. The detailed pathways of these water
masses is not well documented in the central Mediterranean. Then to assess the
mesoscale and seasonal variability of these water masses in this area, we
compare high sampling in situ data with a high resolution numerical simulation.

Data and model

We used results from several transects made in 2003 with a high sampling (5
km) in the Tunisian passage in 2003. The data highlight transitional waters
between AW and LIW with intermittent signatures [4]. The measurements are
compared to results from a high resolution ocean simulation MED16 [5] using
OPA model in a regional configuration forced by ECMWF atmospheric fields
from 1998 to 2008.

Results

According to the in situ data, a transitional layer is observed at the interface of
AW and LIW and evidences specific patterns, mainly characterized by
temperature anomalies both horizontally and vertically. Along the April transect
in the Tunisian passage, at about 170 m depth, a temperature minimum (WIW)
is observed near Tunisia while a temperature maximum (IW) is found in the
eastern part of the section (Fig. 1a). The WIW is then observed in May 2003
between 100 and 200 m depths (T=13.85 °C, S=38.20, at 175 m) whereas the
upper AW is warmer by about 0.5°C. The WIW core is delimited by the
isotherm T=14°C, corresponding to an extent of about 14 km from the coast. A
strong signature of IW is observed during March and April 2003 (Fig. 1a)
between 100 and 200 m depths (T=14.8°C, S=38.5, at 150m depth) whereas a
lower oneis noticed during the second half of the year.

In the model (Fig. 1b), the two water masses are well identified in April 2003.
But temperature values in the intermediate layer are higher than inin situ data.
The IW is dso particularly well identified in March and the WIW is located
very close to the Tunisian shelf especially in April, May and June. These
characteristics and the two-layer schema are sometimes changed due to
anticyclonic mesoscale eddies which can occupied the center of the SC [4].
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Conclusion

This study highlights the presence of new water masses in the Tunisian passage,
the western part of the Sicily Channel. The observations show, for the first
time, the presence of WIW in the SC and confirm the path of IW initialy
recognized by [3]. The comparison with the model outputs has revealed local
recirculation occurring in spring and summer on the Tunisian side of the SC, that
could explain aweakening in the ATC.

Fig. 1. Vertica section of temperature in April 2003: (a) observations in the
Tunisian Channel, (b) model in the Channel of Sicily (with the Tunisian Channel
on the left of the figure).
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Abstract

The paper present results of a 23-year high resolution simulation of the Mediterranean simulation obtained by running the OPA
rigid-lid model forced by ECMWF fields several times. The detailed study of a particular eddy highlights the main simultaneous
roles played by the Cretan outflow through the Kassos Strait and by the Asia Minor Current instabilities.

Keywords: Circulation models, Mesoscale phenomena, Cretan Arc, Levantine Basin

Introduction - The lerapetra eddy (IE) is a well-known feature of the
circulation in the Levantine basin, the most eastern part of the Mediterranean
Sea, which was first pointed out by the analysis of POEM observations, as an
anticyclonic structure located south-east of Crete. This pattern has then been
called by [1] as the lerapetra anticyclone. Several hypotheses for the IE
generation have been proposed concerning the roles of the wind [2], of the Mid
Mediterranean Jet variations [1] and of the Cretan outflow [3]. But some
guestions remain open concerning the main processes triggering the IE. In this
paper, we focus on the generation process of |E, using a high resolution ocean
simulation MED16 [4] forced by ECMWF atmospheric fields, repeated several
times. In particular, the strategy of the simulation alows to investigate two
different ocean circulations forced by the same winds.

Results - We compare the model outputs for years corresponding to the
ECMWF atmospheric forcing of year 2000. The generation of IE is modeled in
August of year 20 whereas no generation of |E is noticed during year 11. The
circulation features are then checked before the beginning of the generation for
this particular sets of results, according to maps of the circulation at 56 m
depth. During year 20, the Asia Minor Current (AMC) meanders regularly and
small anticyclonic vortices appear embedded in the current. These anticyclonic
eddies of about 50 km diameter and of thin vertical shape have a short life-time
and are often mixed again with the AMC several kilometers forwards. In July,
the AMC highlights a large meander and a small anticyclonic circulation is
captured at the south-east corner of Crete. The anticyclonic circulation is
sandwiched between Crete and Kassos islands. In August (Fig. 1a), the previous
small anticyclonic circulation is still centered at the south-east corner of Crete
and, at the same time, subsurface saline Cretan waters outflow through the
Kassos Strait. The flow of Cretan waters is deviated around the northeast rim of
the anticyclonic circulation in an anticyclonic pathway. It consequences an
enhancement of negative vorticity inside the anticyclonic circulation. The IE is
now well defined with a strong vertical shape and a core of saline waters at
subsurface.

ia] ne IE, year 11
T T T

s e
Mo e s

5
e

WA
i
[ P

Fig. 1. Currents at 56 m depth in August (a) of year 11 and (b) 20 of the
simulation. Salinities higher than 39 are shaded in grey. One vector over two is
plotted.
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During year 11, the Asia Minor Current follows closely the northern coast and
meanders are few and of low amplitude. The Cretan Water outflow remains
close to the Cretan shelf. No anticyclonic eddy is noticed close to the Kassos
Strait (Fig. 1b).

Conclusion - We argue that the condition to have the generation of an lerapetra
eddy in the model needs two ingredients at the same time: (i) the presence of an
anticyclonic vortices generated and bring by the Asia Minor Current between
Crete and Kassos islands, and, (ii) the outflow of saline Cretan waters winding
round the initial anticyclonic eddy. This result has been confirmed by the
analysis of other eddies in the simulation. Thus, the wind role, in the model, is
not a sufficient ingredient to generate an | erapetra eddy.
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Abstract

A pilot experiment aiming at investigating the small scale dynamics and variability of the seawater fine thermohaline structure, the
processes of vertica exchange of momentum and mass, and mechanisms of the nepheloid layer formation in the Besos submarine
canyon, situated in the continental slope close to Barcelona, was carried out by using the prototype moored profiler “Aqualog”.

Keywords: Instruments and technigues, North-Western Mediterranean

Oceanographic conditions in the NW Mediterranean are characterized by
high mesoscale variability determined by the dynamics of the alongslope
Northern current [1]. A high variability of the baroclinic front associated
with this current, the intense lateral exchange between different water
masses, the interaction between the current and irregular bottom relief and
mesoscale eddies generated by the instability of the current, determine the
complicated spatial distribution of water masses [2]. In recent years
important anomalies were observed in the thermohaline characteristics and
dynamics of the water masses in the Western Mediterranean [3, 4]. A
detailed study of the short period variability helps clarifying the formation
mechanisms of the observed anomalies and to better understanding the
mechanisms of nepheloide layering observed in submarine canyons [5].

A mooring was deployed at the depth of 808 m at the canyon axis on March
23, 2012. The mooring system included two AANDERAA RCM current
meters with Seapoint turbidimeters at fixed depths: one below the
subsurface floatation at the depth of 42 m and the other one at 4-5 m above
the bottom anchor. An*“Aqualog” profiler (prototype from P.P. Shirshov
Institute) moved down and up at 0.17-0.18 m/s along the mooring line
within the depth range of 60-792 m. The profiling cycles were
preprogrammed to start every 4 hours from 16:00 on March 23. The profiler
carried one Nortek Aquadopp acoustic Doppler current meter, one SBE
52MP CTD probe and one Seapoint turbidimeter. When the carrier was
moving, profiles of pressure, conductivity, temperature and turbidity were
measured with a vertical resolution of 0.17-0.18 m, while the vertical
resolution of the current velocity and the acoustic backscatter was about
1.05 m. The profiler operated until 14:00 of April 3. The total profiled
length was about 92 km.

Comparison of the current meter data obtained by the profiler at the
topmost profiling depth with those of the upper RCM showed very good
correlation both for the current speed and direction. The current speed
usually differed by less than 0.02 m/s within the subsurface layer at 40-80 m
depth. The current structure of the bottom layer was much more complex.
No evidence of the bottom Ekman spiral was observed; at 790-792 m and
803-804 m, the currents were usualy directed coherently either
northwestward or southeastward. The upper layer dynamics was dominated
by inertial oscillations. In the pycnocline a 300-600 m depth,
interpycnocline eddies were observed at a time scale of about 2 days. The
nepheloid structure became evident in the acoustic backscatter profiles. It
should be noted that the vertical distribution of the acoustic backscatter was
in agreement with the turbidity profile, being a minimum in the cold
intermediate layer. The lower boundary of this layer underwent huge
oscillations with amplitude of up to 250 m (Fig.1,2). The amount of the
sound backscatterers suspended in the water was usually largest at 400-600
m. In one occasion the eddy carried alarge amount of particulate matter from
the near-surface layer throughout the deep sea. Several times the amount of
the suspended sediments increased for 12 h or so at 600-800 m depth.

The obtained results allow to better understanding the nepheloid layers
forming processes in the submarine canyons of the NW Mediterranean.
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Fig. 1. Temporal temperature variability

Fig. 2. Tempora salinity variability
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THE LIGURIAN DISPERSION EXPERIMENT 2010 (LIDEX10): SATELLITE, DRIFTER AND GLIDER
PRELIMINARY RESULTS.
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Abstract

Surface drifters and a glider with physical and biogeochemical sensors were deployed in the southern Ligurian Sea in July 2010 to
study the surface dispersion and explore the mesoscale and submesocale 3D features associated with it. Following the drifters, the
glider sampled the southern Ligurian Sea and the Corsica Channel. The drifter and glider data were analysed in concert with
MODIS surface temperature and chlorophyll concentration satellite maps. The sampled coastal and open sea areas showed
different behaviours. The shallow area near the Italian coast was characterised by an offshore-flowing filament evolving quite fast
while the open sea, close to the Corsica coast, was dominated by mesoscale gyres with longer time evolution.

Keywords: Ligurian Sea, Mesoscal e phenomena, Ocean colours, Hydrography

Introduction

During the Llgurian Dispersion EXperiment (LIDEX10) performed in the
southern Ligurian Sea and the Corsica Channel, between 3 and 21 July 2010
a Slocum glider was deployed in conjunction with low-cost satellite-tracked
CODE drifters. The main focus of the experiment was to contribute the
understanding of the surface dispersion in a coastal area. In this work the
shallow area and the open sea mesoscale features are described using
MODIS (Moderate Resolution Imaging Spectroradiometer) satellite images,
glider and drifter data.

Materials and M ethods

In the framework of the LIDEX10 experiment [1], small clusters of drifters
were released in the vicinity of afront associated with the Arno River Plume
to study the properties of local submesoscale to mesoscale dynamics. The
drifter deployment locations were fine-tuned by using the information
derived from in-situ CTD casts, the MODI S satellite images and the outputs
of acirculation model. A shallow (200-m) Slocum glider was deployed in the
vicinity of the drifters and was piloted for the first 18 days of the
experiment. Frequent surfacings and continuous route modifications were
performed to steer the glider in order to collect nearly contemporaneous
information of the water column below the mgjority of drifters. The glider
sampled temperature, salinity, oxygen, CDOM fluorescence and backscatter
at 553 and 880 nm along the water column between the surface and 200 m
depth. Diurnal MODIS chlorophyll concentration (Chl) and nocturnal Sea
Surface Temperature (SST) data, with 1 km nominal resolution, were
downloaded from the NASA dedicated web page. They were mapped and
projected to obtain images of Chl and SST. Glider and drifter tracks and
daily track segments were overlaid on the respective daily images in order to
illustrate the motion of the mesoscale features.

Results

The 18-day drifter tracks show a clockwise current starting in front of the
Arno River mouth, following the Italian cost and then heading west, north of
Elba Isand. Chl images show filaments detaching from the coasts partially
followed by the drifters. The glider was steered to sample some of the
mesoscale features. Fig.1 displays a MODIS Chl image on 12 July 2010
superimposed with the drifter (white) and glider (blue) tracks for the entire
campaign. Temperature, salinity and oxygen distributions show two
different environmental characteristics: 1) One more coastal with lower
sdinity at the surface originating from the Italian rivers Arno and Cecina
Satellite images show the rapid evolution of the filaments marked by high
optically active components in the surface water. 2) A more open sea
environment characterised by avein of low salinity probably due to the AW
(Atlantic water) intruding in the basin from the south (Fig.2). Several small
eddies are evidenced in the satellite Chl and SST images close to the Corsica
coast. The signal of the mesoscale structures is also captured in the glider
data with higher temperature, lower salinity and oxygen than the
surrounding waters. From the analysis of the SST images the entire
campaign was characterized by a gradual increase of SST aso present in the
glider data. An intrusion of relatively cold water north of Corsica is aso
evident in conjunction with a lower satellite-derived Chl. The CDOM
concentration in the entire basin is lower in the upper 50-m layer than in the
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deeper area, while the backscattering at 880 nm seems higher close to the
bottom in the shallow costal area due to the re-suspension and below the
filaments detached from the coast.

Fig. 1. MODIS Chl image on 12 July 2010 with drifter tracks (white) and
glider tracks (black) overlaid for the entire campaign.

Fig. 2. 3D plot of the salinity sampled by the glider and drifters tracks
during the entire campaign zoomed between 0 and 30 m depth.
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Abstract

Quasi-synoptic 3D measurements of hydrographic properties are performed in the vicinity of the Cetina river mouth (16941'E,
43026'N) at the eastern Adriatic coast. The shallow fresh-water plume slightly warmer than the surrounding sea is revealed. The
plume is surface-advected rather than bottom-advected, with anticyclonic, cyclostrophic gyre formed in front of the mouth and a

narrow coastal current extending downstream.

Keywords: Coastal waters, River input, Salinity, Temperature, Central Adriatic Sea

Detailed hydrographic measurements were performed on 5 September
2012 in the Middle Adriatic coastal area in front of the Cetina river mouth
(Figure 1). The river itself is of maor importance for various human
activities including water supply, agriculture and electric energy production.
Its natural hydrological-cycle regime at the lower part of watercourse is
significantly changed by numerous hydrotechnical works including several
power plants and reservoirs. Because of prolonged stay in reservoirs, the
water at the river mouth is warmer in summer than it would be in natural
conditions. The average outflow into the sea, strongly controlled by the
electricity production, is slightly above 100 m3/s. From the river mouth the
sea bottom sharply slopes to form awide plateau at a depth of some 50 m.

Fig. 1. The ship path (full) and the bottom depth (dashed).

The measurements were preformed by towed, light weight, computer
controlled undulating vehicle (manufactured by Sea Sciences Inc.). The
towing speed was 5 knots with undulations covering the water column from
near surface to some 35 m depth. With 4 to 5 undulations per kilometer,
typical horizontal resolution was about 200 m along the ship track. In
present application the payload included only the SBE 49 CTD probe. With
sampling rate of 16 Hz the vertical resolution was typically better than 0.1
m. Time, GPS position, the vehicle and bottom depths, temperature and
conductivity were monitored and continuously recorded by on-board
computers in real time. The ship path is shown in Figure 1. The survey
covered the area of some 11 by 2.5 km, with approximately 500 m between
along-shore passes.

Basic check revealed excellent data quality with only one few-second gap
in more than 7 hour long record. As a first step, thanks to the high vertical
resolution, all the data are linearly interpolated at regular depths (every 0.1
m) along the vehicle path. Subsequently, the whole water column is divided
into 1 m thick layers. Averaging is performed within each layer resulting in a
nearly regular 2D grid, depending on where the vehicle path intersects
particular layer. The first layer is discarded due to reduced raw data
availability close to the surface. Finally, triangle-based linear interpolation is
performed in esch layer separately, resulting in regular 3D grid of all
quantities.

The Cetina plume is shown to be relatively shalow, extending
approximately 5 m below the surface (not shown). It is seen as a water mass
of reduced salinity and dlightly increased temperature in comparison with
the surrounding sea water. It is the salinity that has the dominant influence
on the density (Figure 2). The plume is obviously surface-advected rather
than bottom-advected, the equilibrium depth being much smaller than the
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coastal-wall depth [1]. The distribution of properties at a depth of about 5
m suggests that there is an anticyclonic, cyclostrophic gyre in front of the
Cetina mouth and a narrow coastal current extending in the direction of
Kelvin wave propagation, the inertial length scale being larger than the width
of river mouth [2].

Fig. 2. Temperature (top), salinity (middle) and density (bottom) at 4-5 m
depth.
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Abstract

We here analyse thermal satellite images, Quik SCAT wind data, CTD and ADCP transects crossing a cold filament off Cape
Passero, the southern tip of Sicily, sampled during the SYMPLEX 99 cruise (November 1999). Its width is = 25 km, its length is =
200 Km, the lateral thermal anomaly isDT ~ 2 °C and it is seen to be mostly flowing over a 100-120 m deep sea bottom. It is best
identified by its temperature low values in the filament core (upper 50 m), with outcropping isothermals, but also its salinity and
bottom turbidity data are of interest. It shows weak along-flow widening, indicating low entrainment of surrounding waters. Among
other effectes, this supports the idea that filaments has to be seen as a set of streamlines of high potentia vorticity.

Keywords: Currents, Sicily Channel, Mesoscal e phenomena, Coastal processes

INTRODUCTION

Cold filaments are short-lived dynamical structures which are characterized
by properties (salinity, temperature,..) that may significantly differ from the
adjacent waters. They have the shape of elongated shelf-rooted tongues and
are generally governed by non-linear dynamics. The fillament space scales
are about 100-300 km in length, 10-20 km in width, 30-50 m in thickness
while the resulting time scales are of one-two weeks and typical geostrophic
velocities are 10-50 cm/s. We here analyze one among the cold filaments
observed off the southern tip of Sicily (Cape Passero) in the Channel of
Sicily (Centra Mediterranean Sea), sampled during the SYMPLEX 99 cruise
(24 Oct.— 6 Nov. 1999). Satellite thermal images in relation with Quik
SCAT wind data, and 84 CTD and afew ADCP transects, crossing this cold
filament, allow us to investigate its peculiar dynamics.

IN SITUHYDROLOGIC OBSERVATIONS

Conductivity, temperature, and pressure were recorded at 32 Hz and logged
on nine-track tape at sea. Absolute calibration of salinity is based upon in
situ bottle sampling while temperature calibration is based upon
measurements from reversing thermometers . Significant relative changes for
temperature and salinity are conservatively estimated to be 0.01 °C and
0,001 respectively. During post-cruise processing conductivity data are
filtered with alow-pass digitd filter with an effective analog time constant
of 0.1 s. This time constant was found to minimize salinity spiking in most
sections of the records, athough some residual spikes remain.

Hydrologic transects:

Among more than 212 CTD stations of the SYMPLEX 99 cruise, we focus
our attention on 5 east-west transects. The northernmost transect is called A
(~36° 20' N). The second is B (~ 36° 00' N), then C (~ 35° 40’ N), D (~
35° 40" N) and finaly E (~ 35° 00' N). Although some of the A-E transects
cross only partialy the filament, al are nevertheless analyzed here to teach
some insight on the filament evolution. We here discuss just one among
these transects the nearest to Sicily.

Transect A The maximum sampling depth of CTD castsis 3490 m. Such
casts where made between 14° 44’ and 15° 47" E (with an average spacing of
18 Km). The overall salinity field has a complicated structure with local
maxima and minima. In addition a rather sharp shelf-trapped salinity front
(15° 15’ and 15°.30" N) confines the lonian waters to the east of the shelf
break. The intersection of the filament and the CTD transect has a salinity
absolute minimum S=37.27 (at z ~- 32 m and 15° 00' E) in a larger patch
characterized by S < 37.76. This salinity core is trapped over a shelf only ~
100 deep. The surface salinity is as low as 37.79 over the filament core and
increases to 37.80-37.83 in the adjacent stations. The temperature of the
filament centre is ~ 18.63°C. The transect A surface temperature is
minima ~ 22.79°C in station 007, ~ 20 Km east the salinity core. Then it
increases to 23.43-23.66°C in the surface of adjacent stations. At 40-100 m
depth one has a temperature front around 15°.22' E, but near the salinity
core one hasarising of the isotherms of ~ 20 m for T = 17.94°C and 50 m
for T = 14.60°C at 100-150 depth. Finally the density has a more regular
behaviour, that reminds that of T since the water is mainly thermally
stratified. The density of the filament core is ~ 28.86 where dissolved
oxygen is 5.23 ml/l. Deeper than 100 m, at ~ 15° 20" E there is again a front
while in the 0-100 m surface layer density increases slightly towards East.
Around 40-50 m depth the density is 27.09 , dlight larger than in the
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adjacent stations. The isopycnals also show a mild uplift of ~ 10 m in the
salinity core region, such that the integral of such excess density at station
007 between the sea surface and the sdlinity coreis~5.2 m.

In synthesis from these observation we see a cold surface filament, most
flowing over a 100-120 m deep sea bottom, contored by fresher MAW
masses, then it flows following the general circulation. Along the region of
our observations, it is characterized by a small evolution of its hydrologic
characteristics, which supports its identification with a set of high potential
vorticity streamlines, a kind of particularly stable and regular flow, which
analysisfinally isthe goal of this study.

Fig. 1. Satellite view
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Abstract

An eddy-permitting tidal model of variable resolution is implemented covering the whole Mediterranean Sea. The good agreement
found between the model circulation and most of the available observations confirms both the robustness and effectiveness of the
grid refinement technique. The effects produced on the Mediterranean circulation by the tidal forcing are investigated through the
comparison of two simulations differing only in the presence of the tidal forcing. Even though the main characteristics of the
thermohaline circulation appear similar in the two simulations, some quantitative and qualitative differences are observed: the main
differences found in the Strait of Gibraltar propagate into the whole basin, have an impact on the water column stratification, and

consequently on the convection events.

Keywords: Tides, Circulation models, Circulation experiments, Water convection, Gibraltar Strait

The Mediterranean Sea is a semi-enclosed basin displaying an active
thermohaline circulation (MTHC) that is sustained by the atmospheric
forcing and controlled by the narrow and shallow Strait of Gibratar
(hereinafter SoG). Within the SoG the MTHC takes the form of a two-way
exchange: an upper layer of fresh and relatively warm Atlantic water spreads
in the Mediterranean basin, and a lower layer of colder and sdtier
Mediterranean water sinks as a tongue in the North Atlantic at intermediate
depths. The interaction between the intense tidal forcing (Candela et al.
[1990]) and the complex geometry of the SoG influences the two-way
exchange via hydraulic control (Bryden and Stommel [1984], Sannino et al.
2009). The exchange is subject to vigorous mixing and entrainment (Wesson
and Gregg [1994]) as well as intermittent hydraulic controls over the main
sillsand in its narrowest sections (Sannino et a. [2007, 2009]). In the last 15
years severa numerical models were implemented to reproduce and
understand the Mediterranean circulation and its variability. The main
features were reproduced by coarse resolution models, characterized by a
horizontal grid space of 20-25 km. Further understanding regarding the
physical mechanisms driving the mesoscale variability of the Mediterranean
circulation has been achieved only recently by means of eddy-
permitting/resolving models having a horizontal grid space spanning from 5
to 15 km. However, even in the last aforementioned modelling studies the
horizontal resolution cannot be yet considered sufficient to fully reproduce
the physical mechanisms of the two-way exchange of the SoG. In most of
the previous models the Strait is approximated by a rectangular pipe having
a cross-section wider than the real dimension, in general more than double,
and a flat bathymetry. Moreover, none of the previous models took into
account explicit tidal forcing. In this work, we investigate the effects
produced on the simulated MTHC by the explicit application of tidal
forcing. To this end, results from two numerical experiments reproducing the
actual climate conditions, performed with and without tidal forcing are
presented, and their differences discussed. The numerical model used for the
present work is based on the MITgem. The model domain extends over the
entire Mediterranean Sea including the Gulf of Cadiz at west in the Atlantic
Ocean. It is covered by a nonuniform curvilinear orthogond grid
characterized by a maximum horizontal resolution of about 1/200°reached in
the SoG. From the Strait the resolution smoothly degrades toward 1/16° in
the rest of the model domain. Such a model configuration represents a
novelty respect to any other model implemented in the same region in the
past. To adequately resolve the dynamics of the different water masses in
the Mediterranean 73 vertical z-levels were used. They are unevenly spaced
and have a thickness ranging from 3 m at the surface to 300 m at the ocean
bottom. The depth of the first level is 1.5m and that of the deepest is 5300
m. In order to properly represent the hydraulic behavior of the Strait as
suggested by Sannino et a. ( 2007, 2009) the model includes also the tidal
forcing, both internal (equilibrium tides) and lateral (coming from the
western open boundary). The inclusion of tidal forcing in a fully baroclinic
Mediterranean model represents another novelty respect to any other model
implemented in the same region in the past. The model is forced at the
surface through the specification of wind stress and heat fluxes from the
ERA40 reanalysis database provided by the ECMWF. The general surface
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and the intermediate circulation given by the models reproduced quite well
the main features of the basin-scale circulation. The simulated volume
transport through the main straits and channels of the Mediterranean were in
good agreement with most of the available in situ observations. The
hydrographic analysis of the model results revealed that the characteristics
and the distribution of salinity and temperature in the basin were in good
agreement  with observations. However, even though the main
characteristics of the MTHC appeared similar in the two simulations, some
differences were observed. The tidal simulation represented in a redistic
way the two-way exchange in SoG in terms of mixing, fluxes and velocity
fields. This influenced the characteristics of the inflowing MAW and
outflowing MOW in terms of thickness and depth profiles; in particular the
MAW was thinner, shallower and faster in the tidal experiments. These
differences propagate into the whole basin, having an impact on the water
column stratification, and consequently on the characteristics of the main
convection events.

Fig. 1. Model grid over the Western Mediterranean Sea
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VERTICAL AND HORIZONTAL MIXING ESTIMATES THROUGH A LAGRANGIAN EXPERIMENT IN
THE NORTH AEGEAN
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Abstract

The vertical and horizontal turbulent diffusion coefficients in the mixed layer can be estimated via Lagrangian sampling. Our
method is tested on data taken during a Lagrangian experiment aiming to record Black Sea water outflowing in the North Aegean,
in April 2008. Hydrographic records from drifters, CTD and thermosalinograph are combined to assess the temporal rate of
change of water properties, as well as their spatial gradients on a Lagrangian frame of reference. The method gave vertical eddy
diffusivities ranging from 10-3 to 102 m? s1, and horizontal diffusivities ranging from 103 to 104 m2 'L,

Keywords: Circulation experiments, Turbulence, Aegean Sea

Assessment of the horizontal and vertical mixing in the ocean is not trivial.
Horizontal mixing requires either the measurement of the relative dispersion
from drifter clusters [1], or the evaluation of absolute dispersion via the
estimation of Lagrangian decorrelation scales of long drifter tracks [2]. Vertical
mixing requires either the direct measurement of vertical shear of horizontal
velocity using expensive and demanding microstructure profilers, or the indirect
assessment through either budget estimates [3] or density overturn analyses [4].
In this work we present a method to assess both horizontal and vertical mixing
simultaneously, through fast sampling of the horizontal and vertical distribution
of hydrographic characteristics in the vicinity of a Lagrangian drifter, and the
temporal evolution of these properties. A Lagrangian experiment was scheduled
aiming to record the evolution of the surface plankton community in the Black
Sea waters outflowing in the Aegean Sea [5]. In such an experiment, Lagrangian
sampling is preferred to Eulerian, due to the absence of hard to measure
advection terms. In the case of a Lagrangian frame of reference, advection is not
an issue; the fluxes involved in modifying hydrographic and biogeochemical
properties correspond to turbulent lateral and vertical mixing. Thus, a carefully
planned Lagrangian experiment would be based on recording (a) the temporal
evolution of properties following the same water body and (b) the horizontal
and vertica gradients affecting the turbulent fluxes. In the April 2008
experiment a drifting sediment trap and a surface drifter were released in the
Black Sea outflow and followed a nearly circular path around an anticyclone in
the North Aegean. The R/V Aegaeo followed a meandering path around the
drifter tracks, thus recording the horizontal gradients of T/S properties in the
surface layer. The horizontal information was gridded to provide estimates of
horizontal gradients along the path of the drifters. Vertica gradients were
recorded via successive CTD casts during periodic sampling at the drifter
positions. Air-sea fluxes were determined using direct measurements from the
Poseidon buoy at the Athos site, to the northwest of Lemnos island. Thus, the
equations of heat and salt in the surface mixed layer, balancing the rate of change
of temperature and salinity to the divergence of air-sea and turbulent fluxes,
define a linear system which can be solved for the vertica and horizonta
diffusivities, K, and K}, respectively.

Fig. 1. Sensitivity test results for horizontal (top) and vertical (bottom) eddy
diffusivity estimates as a function of spatial grid cell-size in assessing horizontal
gradients.

Applying the above method to our observation gave estimates of K, ranging
from 103 to 102 m? s1, and K, from 102 to 104 m? ', with one extreme value
of 10° m? s1. We should note here that the horizontal diffusivity values in
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particular depend on the scale of the horizontal T and S gradient estimation, as
revealed by the sensitivity test’s presented in figure 1. Missing horizontal
diffusivity estimates on the above figure correspond to negative diffusivity
values, i.e. areas of converging flow. Thisis not surprising for thisarea, as it is
mainly characterized by strong thermohaline frontal features between adjacent
water masses of distinctly different temperature and salinity properties.

An experiment was also performed excluding the air-sea fluxes from the heat and
salt equations. The results were very similar to the present ones, indicating the
minor role of air-sea exchangesin the evolution of the thermohaline properties of
the surface layer for this particular stage of Black Sea outflow in the Aegean.
However, it should be noted that the experimental period wasvery mild in
terms of weather and fluxes were rather weak due to the transition from winter
to summer conditions.
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Abstract

The knowledge of the hydrodynamic features of the Levantine substantially increased during the POEM cruises. The hydrographic
survey of the area between 1995-2012, during the CYBO and HaiSec cruises, along with data from CYCLOPS, MSM/14 and
from floats, drifters and gliders (NEMED,Y POKINOUMODA ,GROOM) have provided insight on the flow features in the SE
Levantine. Namely, the two eddies of Cyprus and Shikmona, and the offshore cross basin flow jet (MMJ). It is well -documented
that the Cyprus eddy is the most influentia feature in the area, while the generation of the Shikmona eddy was observed for the
first time and with the Shikmona gyre to re-established during periods when the above eddies co-exist.

Keywords: Hydrography, Circulation, Levantine Basin

Preface The general anticlockwise circulation along the coastline of the
Eastern Mediterranean Levantine was first proposed by Nilsen [1], while
half a century later Ovchinnikov et. a . [2], during several cruises between
1960s and 1970s, showed a similar schematic of the circulation,
enriched with sub-basin flow structures, such as the Rhodos gyre. In 1980s,
during the cruises of POEM group [3], it was first defined a more detailed
structure of the circulation, consisted by several aternative cyclonic and
anticyclonic eddies and gyres and an offshore cross basin jet named as the
Mid Mediterranean jet-MMJ. Moreover, the Shikmona gyre was defined as
a non-permanent multi-pole gyre, consisted by three eddies, of which the
Cyprus warm core one the most well pronounced [4]. With
the development of the ocean predictions-hindcasts and the possibility of
assimilation of in-situ and satellite data, the Mediterranean Forecasting
System-MFS depicted an improved pattern of the circulation in the Eastern
Mediterranean Levantine, showing the co-existence of the anticlockwise
along shore and the offshore cross basin currents [5]. The same period
Millot and Taupier-Letage [6] using SST satellite imagery arguing a
simplifier flow pattern similar to that proposed by Nilsen [1]. The present
work aims to provide new strong evidence about the circulation in the
Eastern Mediterranean Levantine Basin, using high spatial resolution
synoptic in-situ data obtained the last 10-15th years from various in-situ
observing platforms, such as ship cruises, gliders and floats missions, XBTs,
drifters.  Discussion and Results Renewed in-situ investigations in the
South-eastern Levantine Basin, in the framework of CYBO, MFSTEP,
CYCLOPS, HaiSec, YPOKINOUMODA, MSM/14, GROOM, NEMED
made possible to give new strong evidences about the seasona and inter-
annual fluctuation of the MMJ, the Cyprus warm eddy variability, the
Shikmona eddy generation and the periodical re-establishment of the
Shikmona gyre [7,8,9]. The long term seasonally collected in-situ data sets
revea that the dominant flow features in the SE Levantine is the Cyprus
warm core eddy, that undergoes significant seasonal and inter-annual
fluctuations in terms of its shape, size, intensity and location. Moreover, it
was found the establishment of a secondary warm eddy in the most SE part
of the area, the Shikmona eddy, during periods when the Cyprus eddy
became weaker, as was shifted westward or southward from Eratosthenes
SM and when the strong northward current, flowing usualy aong the Israel-
Lebanese coast, becomes unstable. The latter is evidently aso from the
drifters trgjectories, gathered by the NEMED project showed that this eddy
is detached away from the northward current towards the area of the
secondary eddy, as observed by CYBO cruises. During theses long term
observing campaigns-missionsiit was found periodically the re-establishment
of the Shikmona gyre, when the co-existence of the Cyprus and Shikmona
eddies were observed, particularly, during certain short periods, which are
related to the mechanism of the generation and destruction of the warm core
eddies circulated within the Shikmona gyre, when is present. The pathway
of the AW in the area, especialy along the northern periphery of the
Cyprus warm core eddy provide an additional evidence about the MMJ
been a cross basin current. The in-situ data sets obtained in the SE Levantine
from 1995-2012, provide a clear definition of the mesoscale variability of the
circulation in the SE Levantine, where: a) the Cyprus and Shikmona eddies,
as well the MMJ are the dominant flow features; b) the Cyprus warm eddy
undertakes strong spatial and tempora variability; c) the variability of the
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spatial displacement of the Cyprus warm eddy affects the MMJ and the
eastward transfer of the AW; d) The Shikmona eddy found to be established
for certain periods when the Cyprus warm eddy shifts to the west, south-
west; €) the MMJ flows along the northern periphery of the Cyprus warm
eddy and is the major current transferring the AW in the area and f) close
offshore to Egypt there is awestward re-current too.
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Abstract

An HF radar observing system composed of CODAR SeaSondes is providing real-time surface current pseudo-Eulerian maps
every hour in the strip of sea dividing Malta and Sicily. This initiative forms part of the CALY PSO project that aims to support the
efficient response against marine oil spills in this busy area of maritime transportation in the Mediterranean. Besides servicing
Madltese and Sicilian public entities responsible for civil and environmental protection, surveillance, security and response to
hazards, the HF radar data are also shedding distinctive information on the surface circulation variability in the area at meso and

seasonal scales.

Keywords: Circulation, Malta Channel

In a joint effort conducted by Maltese and Sicilian partners, the CALYPSO
project is funding the setting up of an HF radar network to monitor sea surface
currents in the Malta Channel. The two radar units on the Malta side, at Ta
Sopu in Gozo and Ta Barkat in Malta, are aready in operation since Summer
2012, while a third unit at Pozzallo harbour will be added to complete the
coverage closer to the Sicilian coast. The CALY PSO radar network engages the
latest technology to extend the coverage performance with use of multi-static
data processing software at the radar site in Malta. In combination to numerical
models, the radar data are intended to primarily support applications to
optimise intervention in case of oil spill response as well as to endow tools for
search and rescue, security, safer navigation, improved meteo-marine forecasts,
monitoring of sea conditions in critical areas such as proximity to ports, and
better management of the marine space between Maltaand Sicily.

The spatial coverage and high temporal resolution of the HF radar data collected
since September 2012 is permitting a unique and detailed characterization of the
surface circulation in the Maltese shelf area. The data are organized in time
series of hourly averaged velocity vectors at each radar measurement grid point
on aregular spatial matrix of 47 x 40 points spanning 13.84356° to 15.37942°E
in longitude and 35.7454°to 36.7988°N in latitude. Statistical diagnostics
include the mean flow, the variance, the mean kinetic energy and the eddy
kinetic energy at each grid point calculated over different time scales, and
combined in space by means of pseudo-Eulerian 2D plots for each statistical
parameter. Fig. 1 shows the mean surface circulation over the period September
2012 to March 2013, confirming the presence of the energetic and meandering
Atlantic lonian Stream (AIS) [1] in the central part of the channel, characteristed
by currents reaching 30-40 cm/s, and directed towards SE as it exits into the
lonian.

Fig. 1. Mean surface velocity field (Sept 2012 —Mar 2013)

144

The circulation in the Malta Channel and sea around the Maltese Islands is
characterized by a strong mesoscale variability that has been studied by
numerical models [2]; the eddy field component is significant and is known to
depend both on internal dynamical processes as well as on the influence of the
synoptic scale atmospheric forcing [3]. The fine grid resolution of the radar data
permits a detailed representation of these main mesoscale signals. Substantial
eddy field structures are generated along the AIS and over the shallow
bathymetry in particular around the Maltese Islands. Besides trapping water
and particulates, these eddies have associated vertical motions that influence
phytoplankton biomass distributions and thus bear important links to biological
processes, in particular to the location of fisheries. When the AIS flow shifts
closer to the island (Fig. 2(1)) the SE flow is particularly intense. The currents
closer to the coast tend to swerve against the SE tip of Malta as a swift flow;
the currents further offshore continue to flow away from Mata. When the AIS
vein is displaced away from the coast, a mesoscale anticyclonic eddy formation
comes into action and tends to reverse the flow to a NW direction closer to the
coast (Fig. 2(2)). These eddy formations can become even more complex when
the AlSiswesaker.

Fig. 2. Schematic circulation patterns near the Maltese I slands
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Abstract

A significant percentage of the global oil transport goes through the Mediterranean sea. Most of the maritime traffic carrying oil
and other dangerous liquid substances travels across the Mata Channel. The risk of marine spillages within the stretch of sea
between Malta and Sicily is very high and beaching on the Maltese shores can cause irreversible environmental damage at the
detriment of important economic resources. The aim of this work is to determine the probability and volume percentage of oil that
would reach the coast in case of an accident in the proximity of the Maltese Islands. Various spill scenarios are considered to get a

realistic estimate as much as possible.

Keywords: Models, Malta Channel, Circulation models

In this work the MEDSLIK Oil Spill Model is used to perform an
assessment on the vulnerability of the Maltese coast to potential impacts of
marine oil spillages. Although similar risk analysis have been performed in
other regions, quantitative assessments are still lacking for the Maltese
Islands. Moreover, such studies necessarily rely on the availability of data
that can well represent meteo-marine conditions in the area. In this study,
data derived from marine and atmospheric models run by the Physical
Oceanography Unit of the University of Malta over a period of one whole
year was used. A regular grid of points representing spill origins around the
Maltese Islands was considered (Figure 1). Simulations each of 120 hours
duration (5 days) were run for every point for every day for the year 2011
(365 days), and 500 tons of light oil was assumed to instantaneously leak at
midnight for each simulation. The oil spill vulnerability index was set on the
basis of the spill origin, the location of beaching, and the time taken for the
oil to reach the coast.

Fig. 1. Points on a regular grid considered for oil spill origin in the
simulations.

For each oil spill simulation, the percentage of oil reaching the coast was
determined. In order to have a clearer indication of the damage and the
effected resources, the coastline regions corresponding to major bays, ports,
reverse osmosis and fish farms were initialy identified and treated
separately. Such areas cover most of the important Northern and Southern
regions of the main island (Malta), the smaller isand Gozo as well as
Comino (Figure 2). The MEDSLIK input files consist of averaged fields
updated every 6 hours and describing the marine conditions produced by the
ROSARIO96 forecasting system. These fields extend over the Malta Shelf
Area, with a spatial resolution of 1/96°, and prepared operationally through
the daily re-initialization from the Sicily Channel Regional Model (SCRM)
that produces daily averaged forecasts with aresolution of 1/32° [1]. Surface
forcing is derived from the hourly high resolution forecast fields by the
SKIRON atmospheric model which isrun on adaily basis by the University
of Athens[2].
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Before carrying out the risk assessment analysis, the performance of the
MEDSLIK oil spill model was validated. The ROSARIO96 forecast sea
surface currents were compared to vectors recorded by the HF radar
network that was recently installed in the region as part of the CALYPSO
project [3]. The tragjectory module of MEDSLIK was also used and the
results were compared with the recorded and transmitted positions of six
MetOcean iSVP drifters. Such equipment was deployed in the Malta Sicily
in December 2012 as a joint effort between CALYPSO, the Argo-ltaly
programme [4] and the WP3 of the EU FP7 SIDERI project [5].

Fig. 2. Location of bays, ports, reverse osmosis and fish farms on the
Maltese Islands.

A large number of runs were required and although script files were written
to automate the process, the MEDSLIK model still needed a reasonable time
to run simulations over the required timelines. The regions that are most
prone to oil spill impacts were determined on the basis of the percentage of
beached oil. The coastal sea area around the Maltese Islands was divided
into regions and the typical timeframe for a spill within each region to reach
the coast was determined.
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Abstract

L'efficacité du "rappel spectral” est évaluée en utilisant un modéle hydrodynamique (MARS3D) forcé par un modeéle de circulation
générale (MFSIMOON). Cette technique permet de réduire les dérives entre le modéle global et e modele régional, aux échelles
de lacirculation globale. Pour cela, la température et la salinité du modéle régional sont spectralement rappelées vers la solution du
modeéle global en intégrant un terme de rappel dans les équations des traceurs. Afin d'estimer les paramétres de rappel les mieux
adaptés, plusieurs simulations-test sont effectuées en Mediterranée. Les champs de salinité et température sont ensuite confrontés
aux observations. Les résultats montrent que le rappel spectral est capable d'atténuer les erreurs de la circulation grande échelle

sans réduire de maniére significative |'activité méso-échelle.

Keywords: Circulation models, North-Western Mediterranean, Coastal models

Les systémes d'andyse et de prévision a haute résolution (i.e sub
kilométrique) pour I’ océanographie cotiere comme PREVIMER couvrent des
régions limitées de |’ océan et sont de ce fait imbriqués dans des systémes
hauturiers globaux a plus basse résolution (typiquement de 3 a2 10 km). Dans
un contexte opérationnel il est cependant essentiel de maintenir la cohérence
entre les solutions hauturiéres et cotiére au cours du temps pour assurer aux
utilisateurs des systémes un continuum cote/large. Par ailleurs, un maintien
de cette cohérence a faible colt permettra de se passer, dans les systeémes
cotiers, d'assimilation de données contrdlant la circulation a grande échelle,
cette circulation étant bien contrélée dans les systémes hauturiers. En
sciences de |'atmosphere, [6] et [7] décrivent des méthodes pour le
downscalling d’'une solution globale sur des modeles a aires limitées et
démontrent la possibilité de conserver un accord statistique entre solution
globale et locale. En Océanographie physique, on ne trouve pas a | heure
actuelle le méme genre de démarche. Il existe cependant des approches
similaires pour des solutions numériques de castest [5] afin d’évaluer
finement ce type de méthode ou dans le cadre de modélisations de grande
échelle afin d' obtenir des solutions numériques statistiquement en accord
avec |es observations synthétisées [5] ou non [4] en climatologie.

Dans cette étude nous examinons et évaluons I'usage d’'une méthode peu
couteuse (i.e sans assimilation de données sophistiquées) : le rappel spectral.
La méthode s appuie sur la méthode semi-prognostique proposée par [1]
puis revisitée par [3]. Elle consiste a construire un terme de rappel introduit
dans les équations thermodynamiques (rappel sur la température et la
sdlinité) qui influence directement la solution du modéle dans les bandes de
fréquence et de nombre d’ ondes prescrit, laissant les variations a I’ extérieur
de ces bandes libres d’ évoluer de fagon prognostique. Ce terme est construit
a partir d'un incrément d’analyse qui, une fois filtré temporellement et
spatialement, est réintroduit au cours d’' une seconde simulation de la fenétre
temporelle considérée. Le modéle hydrodynamique utilisé est MARS3D
(Model for Applications at Regiona Scale) développé a I'lFREMER. Le
code est décrit en détail par [2]. Le modée couvre la zone comprise entre
39.5°N —44.5°N et 0°E-16°E avec une résolution horizontale de 1.2 km. Les
conditions aux limites sont issues de la solution globale MFSYMOON qui a
une résolution horizontale de 6 km.

Afin d' estimer les paramétres du nudging les mieux adaptés au maintien de la
cohérence des systemes hauturier/cotier, plusieurs simulations-test en mer
Méditerranée sont effectuées sur I’ année 2010. L’impact du spectral nudging
sur le réalisme des solutions numériques est ensuite évalué par comparaisons
des champsde T et S simulés aux observations satellites et in situ. Lafigure
1 montre un exemple de comparaison effectuée entre la SST fournie par le
satellite SEVIRI, moyennée sur le mois d octobre, la SST simulée par I'un
des modéles rappel és (pour lequel le spectral nudging a été appliqué) et celle
simulée par la simulation équivalente sans rappel (dite “simulation libre™).
Les résultats montrent un meilleur accord entre les observations et le modéle
une fois le spectral nudging appliqué. En particulier, on observe la
disparition du biais chaud dans la région du Golfe du Lion. Par ailleurs, des
calculs d'énergie cinétique turbulente ont montré que le spectral nudging
n' était pas responsable d’une diminution significative de |’ énergie associée
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aux petites et moyennes échelles.

Fig. 1. Moyenne de la Température de surface (°C) sur le mois d'octobre
2010 d'apres le satellite SEVIRI (a), le modele régional MARS3D “libre" (i.e
sans rappel spectral) (b) et aprés application du rappel spectral (fenétre
temporelle choisie: 7 jours) (c).
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Abstract

Current velocity measurements from a WERA HF radar system are used to estimate Mean Dynamic Topography. The HF radar
is installed on the eastern part of Lemnos island, facing the Dardanelles Strait exit in the Aegean, with the aim of monitoring and
quantifying the Black Sea outflow into the Mediterranean. A one-year long data set is analyzed in an effort to isolate the barotropic
geostrophic component of the flow, as afirst step in evaluating the mean dynamic topography.

Keywords: Currents, Aegean Sea, Dardanelles, Surface waters

High Frequency radars have become a major tool in coastal oceanography and
monitoring (Paduan and Graber, 1997). The University of the Aegean, in
collaboration with the Hellenic Centre for Marine Research, have deployed an
HF radar at the eastern coast of the Greek island of Lemnos, facing the
Dardanelles exit in the Aegean, in an effort to assess and monitor the Black Sea
outflow. The sea-surface circulation in the region east of Lemnos is measured by
afour antenna dual site HF WEIllen RAdar (WERA) (Gurgel et a., 1999). The
radar transmits at a central frequency around 13.45 MHz, and the azimuthal
information is retrieved through a direction finding technique. Radial current
maps are obtained for 17 minutes and then averaged to produce semi-hourly
maps of radia currents .The range of the coverage area is about 70 km, with a
resolution of 1.5 km, after interpolation throughout the field. This work is an
attempt to retrieve the shape of the mean dynamic topography in the area
covered by HF radar. The challenge in our method is to extract the barotropic
geostrophic current from the variable surface circulation. The latter contains
wind-forced, tidal currents, inertial oscillations and possibly other wave
motions. Extracting the mean currents by averaging over large time periods
(monthly averaging) would efficiently remove wave and tidal motions. However,
the wind-forced component of the currents would remain in the velocity signal,
especially if the period of consideration is characterized by arelatively constant
wind field. So, we decided to isolate periods with very low wind-speeds (lower
than 2m per second), in order to attempt to remove the directly wind-forced
velocity from our record. Once data from windy periods are removed, long
temporal averages of the velocity fields provide maps of coastal geostrophic
currents. It is then possible to obtain an estimate of the mean-dynamic

topography of the sea-surface, by integrating horizontaly the, — +ﬂ@

foy

and , — _‘i@ , withn the surface slope, u,v the current components
fox

measured by the radar and f the Coriolis (Liu et all 2012). The integration can be
performed in two ways: starting from about the middle of the measurement
domain, at a point (g, Yg), We can integrate zonally first along a latitude line, to
obtain 7(x, yg). Afterwards we integrate meridionally, starting from the latitude
defined by (X, yg)-

Fig. 1. Mean Dynamic Topography estimate for summer 2010, from the
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Dardanos HF radar data

The second method of integration is done in a similar way, however the
meridional integration of equation precedes the zona integration. Using the
above two integration methods, we obtain two estimates of the MDT. We can
consider the mean of the two estimates, <#> = 0.5 (17,4+7p) as our best estimate
for the MDT, while the difference dn = 5 4-np is considered as an assessment of
theintegration error.

Due to the scarcity of periods without wind, it is only possible to estimate
velocity fields from calm days over seasonal periods, in order to obtain enought
velocity records to subtract the wave and inertial variability. As an example, the
mean dynamic topography from summer 2010 is presented in the following
image.

The dynamic topography field obtained with this method is compatible to the
general circulation observed in the region, and can be a source of high-resolution
dynamic topography information for further use.
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Abstract

The Rhone River is the largest source of fresh water discharge to the Mediterranean Sea. As it is also an important source of
particles, it congtitutes a key forcing for the ecosystems of the Gulf of Lions in the northern part of the western basin. In order to
assess the input and fate of suspended material at the Rhone River mouth and the influence of extreme events, a multidisciplinary
oceanographic moored observatory has been installed in 2009 for high frequency measurements. Data are collected and sent in
near real time to an onshore data centre. Data are available for the scientific community and addition of new sensors is till
ongoing in the framework of the MOOSE, MERMEX, AMORAD and PERSEUS programs.

Keywords: Rhone Delta, |nstruments and technigues, River input, Gulf of Lyon, Monitoring

The Rhone River accounts for one third of the average total freshwater input to
the Mediterranean Sea. Draining an industrialized catchment, it is an important
source of nutrients, suspended particle matter (SPM), carbon and other
chemicals including contaminants [1]. These inputs strongly influence the
ecosystems of the gulf of Lions [2]. A good knowledge of i) the quantity of
water, suspended particulate matter, nutrients and contaminants brought from
the Rhone River to the sea and ii) the resuspension by extreme meteorological
events is thus needed to understand and model physical and biogeochemical
processesin thisarea.

In addition to the SORA station located in Arles 50 km upstream from the sea,
the MesuRho instrumented platform was installed at the Rhone River mouth
(East Roustan buoy : 43°19.2N, 4°52E, 20 meters of water depth) in order to
provide data at seain the fresh/saline water transition zone. Since June 2009, the
MesuRho station (fig.1) provides near real time high frequency measurements.
The system was initialy equipped with two multi-parameter probes (one
below the subsurface and one close to the sea bottom), a meteorological station,
a photosynthetic active radiation sensor (PAR), an Acoustic Doppler Current
Profiler (ADCP). Sampling and transmission interval has been set to 0.5 hour
for al sensors. In 2012, a nitrates sensor and a fixed benthic station with
oxygen micro-electrodes for sediment mineralization studies were added. The 3
year experience of operating the system in various weather conditions has
demonstrated the interest of the use of an immersed flotation buoy as a
plateform for installing sensors. In the near future, a subsurface and an
atmospheric sensors will be added for radioactivity monitoring.

Complementary data acquired during surveys from 2010 to 2013 were used to
qualify and when possible to correct the temperature, salinity, fluorescence and
turbidity time series. Asthe plume salinity strongly varies away from the coast,
specific surveys were conducted very close to the buoy. Data from the
subsurface and bottom multi-parameter probes are compared to data profiles
from a CTD sensor including a turbidity sensor and a fluorometer. Water
samples also allow for SPM and Chlorophyll-a quantification.

This observation system is part of the coastal operational oceanography in situ
network of the North Western Mediterranean Sea. Data are transmitted six
times per day (each four hours) to the Coriolisin situ data centre
(www.corialis.eu.org), which provides an interface for data visualization and
download. This interface can be used to check the instrument fair working.
Temperature and sdlinity data were made available for the MyOcean
community and served for operational model validation purpose [3].

The long time series recorded at the MesuRho buoy show the impact of extreme
events. Strong floods caused a salinity decrease down to the subsurface sensor
associated with a possible increase of turbidity. At the bottom, turbidity
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increase were recorded under south-east swells associated with sediment
resuspension events [4]. An example is shown for spring 2012 (fig.1). First
results from the benthic station dedicated to the study of the fate of particulate
organic matter delivered during floods showed that during the turbidity events of
spring 2012, oxygen demand rises by afactor of 3-4.

Fig. 1. (left) MesuRho observatory instrumentation : meteorological station +
PAR (1), ABIN control and transmission (2), multi-parameter probes
(temperature, pressure, conductivity, turbidity, fluorescence, dissolved oxygen)
(3, 6), ISUS nitrate sensor (4), benthic station(5)

(right) Time series measured by the bottom multi-parameter probe in april-may
2012 : temperature (top), salinity (middle) and turbidity (bottom). The high
turbidity event of 20 May occured under south-east winds.
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Abstract

Existing coastal observatories in European waters are composed of platforms such as moored buoys, piles, profiling systems,
gliders, ‘ferryboxes and automated systems on of board ships of opportunity. JERICO project strives to integrate existing
infrastructures and provides a platform for the identification and dissemination of best practices for the design, implementation,
operation and maintenance of observing systems and the dissemination of data. In order to reach these objectives several kinds of
actions are undertaken, amongst which the offer of Trans-National Access (TNA) to a number of coastal observatories and
calibration facilities for international research and technology development. This presentation will give a short overview of the
selected Mediterranean TNA proposals and a focus will be drawn on some of the TNA resullts.

Keywords: Instruments and techniques, Coastal engineering, Ligurian Sea, South-Western Mediterranean, North-Western Mediterranean

Coastal observatories dotted along Europe's coastlines deliver a wealth of
information on the state of its seas. These observatories are composed of
moored buoys, piles, profiling systems, gliders, shore-based HF radars,
‘ferryboxes’ and automated systems on board ships of opportunity (e.g.
fishing boats). JERICO strives to integrate these observatories at the
European level, and provides a platform for the identification and
dissemination of best practices from the design to the operation and
maintenance of observing systems and the dissemination of data. It aids in
the optimization of the use of existing infrastructures and in the promotion
of interoperability. It has also initiated research to advance the state of the
art, and has invited the international scientific community to access key
infrastructures. In order to reach these objectives several kinds of actions are
undertaken, amongst which the offer of Trans-National Access (TNA) to a
selection of coastal observatories and calibration facilities operated by the
JERICO Consortium for international research and technology development.
A primary objective is to mobilize scientists and engineers across Europe,
encouraging firstly those who haven't such facilities at their disposal in their
countries. The access offered by JERICO includes ferryboxes, fixed
platforms, gliders, and associated support calibration laboratories and a
dozen of them are located in the Mediterranean Sea. This presentation will
give a short overview of four Mediterranean TNA experiments selected after
the first TNA call in 2012 and will focus on a selection of scientific results
introduced hereafter. Two of them address calibration and the other two
explore scientific themes of interest for the Mediterranean community.

Calibrating sensors regularly is the prime requirement for getting reliable
data from coastal observatories and ensuring their long-term relevance as
viable providers of information on the marine environment. The OGS-
Oceanographic Calibration Centre in Trieste and the calibration facilities at
the HCMR Thalassocosmos complex in Crete hosted users for calibration
experiments. The first one was accessed by a HCMR team that wished to
improve their experience in cdibrating high-quality oceanographic
temperature sensors using primary ITS-90 reference standards. The
experiment involved full calibrations of two SBE 35 thermometers from Sea
Bird Electronics, Inc. owned by the HCMR that will be used as reference
sensors for temperature measurements in their calibration laboratory in
Crete (Greece). The second one was accessed by a team from CNR-ISSIA
with the purpose of enhance the accuracy of dissolved oxygen, chlorophyll-
a and turbidity probes used for in-situ observations on along term basis in
the W1-M3A off-shore observing system in the Ligurian basin. The
performed experiment alowed obtaining an extremely accurate laboratory
calibration and atest at sea for oxygen and fluorescence sensors.

Gliders make oceanographic measurements traditionally collected by
research vessels or moored instruments, but at a fraction of the costs. The
CSIC/IMEDEA dliders infrastructure was accessed by a team from
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CNR/IAMC Oristano to study the central part of the Algero-Provencal sub-
basin, representing a buffer area between the northern Provencal sub-basin
and the southern Algerian one, characterized by the presence and action of
the Balearic front. The experiment is midway, and a first mission was just
concluded, with the deployment of a Seaglider which flew from the surface
to about 1000 m following a route between the Baearic Islands and Sardinia
A second mission is planned in early Autumn 2013. This transect is also
annually monitored by CNR with CTD and LADCP during oceanographic
cruises. The data collected during the glider missions and oceanographic
cruises will help to assess the inter-annua variability of physical and
biochemical properties of water masses and to understand the exchanges of
salt and heat through the sub-basins in the western Mediterranean.

Fixed platforms alow long term -sensor testing and -measurements. The
presented experiment is led by CNRS/OBS-VLFR and consists in the
implementation of automatic Dissolved Oxygen (DO) measurements in the
mooring operated by CNR/ISMAR in the Corsica Channel (Ligurian Sea).
The deployment began in November 2012 and is planned to last for twelve
months under the aegis of JERICO TNA, then it will continue for at least
other six months as a collaboration of CNR/ISMAR, CNRSOBS-VLFR and
the Mediterranean Institute of Oceanography. The final purpose of the
research is to integrate the DO concentration in the long term time series
data in the Ligurian basin to track and evaluate the water mass variability
and to estimate the time lag between the eastern and the western part of the
Ligurian Sea. Further observations regularly acquired by sensorsinstalled on
the mooring and data collected during the periodic maintenance cruises, will
be available for completing the study.

The development of high-quaity and comprehensive coastal observing
systems has only recently moved forward, principaly at national and
regiond level. In this overall context, the JERICO project aims at creating a
solid and transparent organization towards an operational service for the
continuous and sustainable delivery of high quality environmental data and
information products related to the marine environment in European coastal
and shelf seas. It promotes joint research initiatives and standardisation as
illustrated by TNA experiments.
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Abstract

A 3D-variationa (3DVAR) scheme is applied to the operational forecast system of the Mediterranean Sea for the assimilation of
surface chlorophyll concentration. The core of the 3DVAR scheme is the background error covariance matrix that is decomposed
in a series of operators that account for different dynamics of the marine ecosystem. The results show that the assimilation
scheme improves the model skill in reproducing observed values and spatial patterns of the chlorophyll and nutrient fields.
Moreover, it is shown that the method is modular and capable to be continuously improved, and suitable for implementation in an

operational framework.

Keywords: Models, North-Western Mediterranean

Introduction

The use of a three-dimensiona variational approach for the operational
biogeochemical assimilation may present some advantages compared to other
sequential approaches: it is computationally efficient and it does not require the
inversion of the background error covariance matrix or of the observational
operators [1]. Moreover the background error covariance can be decomposed in
a sequence of linear operators that account for different components of the
covariance matrix, and the modular structure of the decomposition is
particularly suitable for operational applications.

Matherial and methods

In the present study, the assimilation of surface chlorophyll is used to constrain
the three-dimensional fields of phytoplankton variables in the biogeochemical
forecasting system of the Mediterranean Sea. The numerical model OPATM-
BFM isthe coupling of properly modified versions of the OPA transport model
[2] and the BFM model [3]. The observations consist of satellite surface
chlorophyll maps, which are obtained from MODIS optical data by means of an
algorithm specificaly developed for the Mediterranean Sea [4]. The definition of
the background error covariance matrix B is a crucia aspect of the 3DVAR
scheme. B is defined in terms of a matrix product B=VVT, where the definition
of V can be based on a priori knowledge of the covariance matrix B [1]. And V
can be decomposed into a sequential linear multiplication of a number of linear
operators Vi. For the assimilation of surface chlorophyll concentration, the
decomposition of V is defined as VvVhVb, which is designed to describe the
vertical error covariance of the chlorophyll fields (Vb), the horizontal error
covariance (Vh) and the state variable error covariance (Vb). In particular Vb
provides covariance among the variables which describe the four types of
phytoplankton simulated by the model. Moreover, the solution of the
assimilation is defined in a reduced order space, where the inversion of B is not
required.

Results and discussion

We compared the results of a run that uses the 3DVAR assimilation scheme
(AR), with a control run (CR) without assimilation. The results demonstrate
that the skill performances of the forecast system are improved by the
assimilation of surface chlorophyll. The AR run has better skill in reproducing
observed values and spatial patterns of the chlorophyll and nutrient fields than
the CR run. For instance, Fig. 1 shows the time series of the mean surface
chlorophyll concentration in the CR, AR and satellite for two sub-regions
(North Western Mediterranean and Levantine basin, NWM and LEV). For both
the sub-regions, the assimilation provides the largest improvement of model
performances in reproducing the bloom events from December to March.
However, the results of the NWM indicate that a bloom event, which is not
reproduced by the CR in April, is partially corrected by the assimilation. The
low efficiency of assimilationhas to be sought in the model formulation and
dynamics. More specificaly, it has to be ascribed to the low vertical mixing
conditions. The absence of the appropriate conditions of vertical mixing implies
that nutrients are not transported to the surface layer, and thus the chlorophyll
synthesis is strongly limited by the nutrients lack. This result showed the
necessity for a further improvement of the error covariance matrix B. A new
formulation of the Vb operator that takes into account the missed mixing
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conditions, has been developed and successfully tested. The present study
shows that 3DVAR approach is suitable for the application in the
biogeochemical operational forecasting, because the modular structure of the Vi
operators alows for continuous improvement of the assimilation scheme.

Fig. 1. Time series of surface chlorophyll concentration as observed by satellite
(SAT) and modelled in the CR and AR. Spatial mean over the NWM (upper
panel) and LEV (bottom panel).
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Abstract

New technologies are key components of recent observing systems that enhance the capabilities to characterise ocean state and
variability in quasi rea time today. The challenge for the next decade is the integration of theses technologies and multiplatform
observing and forecasting systems to (a) monitor the variability at small scales (e.g. mesoscale/weeks) to (b) resolve the sub-
basin/seasonal and inter-annual variability and by this (c) establish the decadal variability, understand the associated biases and
correct them. Recent studies from SOCIB have shown the importance of this new small to large-scale multi-platform approach in
ocean observation. Some examples will be discussed together with initial ideas on the new capabilities to respond to science
priorities, technology development and response to strategic society needs.

Keywords: Mesoscale phenomena, Balearic |slands, Coastal systems, Coastal management

New technologies and small scales. New monitoring technologies are
progressively implemented in the world oceans leading to major changes in
our understanding of their variability. Gliders, soon to become fleets of
gliders, are an example of theses new technologies implemented in coastal to
open ocean regions alowing repeated high resolution monitoring of specific
areas, by this showing the dynamical relevance of new features, such as for
example sub-mesoscale eddies characterised by strong horizontal gradients
and intense verticall motions. These eddies, that could not be routinely
monitored before, interact with the underlying mean flows, and can block the
general circulation in key ocean regions; or they can give rise to enhanced
upper ocean biogeochemical exchanges modifying the ecosystem response at
ascale that was not previously observable on aroutine basis. These are just
two examples of the contribution of new technologies to address and better
understand state of the art oceanic questions of worldwide relevance in a
climate change context.

Multi-platform integrated systems. When different types of these new
monitoring technologies are implemented and used together with more
traditional platforms, we are then confronted with the new multi-platform
integrated observing systems —also called ocean observatories- that are being
established in the world oceans. Theses new observing systems respond to a
twofold change of paradigm in ocean observation that, following Delaney
and Barga (2009) will be presented and discussed. These observing systems
can in turn be integrated with powerful modelling and forecasting systems
available today, giving rise to the new multiplatform observing and
forecasting systems that can alow us to describe the three-dimensional
oceanic structures and understand the underlying processes of multiple
interacting spatial and temporal scales that characterise the variability of our
oceans. Theses systems are already providing answers to state of the art
scientific questions, enhancing technology development and increasing our
capability for knowledge-based response to society needs. This is the
mainstream activity of SOCIB and IMEDEA (CSIC-UIB) in the frame of
ongoing EC funded initiatives such as PERSEUS, JERICO, GROOM, E-
AIMS, TOSCA, MEDESAMS, or MyOcean2 among others and is also at
the core of the new EC initiatives on Marine Research infrastructures.

SOCIB. The Balearic Islands Coastal Ocean Observing and Forecasting
System, is one such ocean observatories, a new multiplatform observing and
forecasting system, afacility of facilities extending from the nearshore to the
open sea. SOCIB provides streams of oceanographic data and modelling
services to support operational oceanography in a European and
international framework, therefore also contributing to the needs of marine
and coastal research in a globa change context. SOCIB benefits from the
strategic position of the Balearic Idands, an Atlantic/Mediterranean
transition area, one of the ‘hot spots’ of biodiversity in the world’s oceans
andwas the logical step to more than 25 years of work in physical
oceanography in the Balearic Islands. SOCIB (Tintoré et a., 2013), is
unique among the new observing and forecasting systems in that its mission
and objectives are science, technology and society driven. Together with
NANOOS:it is one of the few examples that run from the coastline to the
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open ocean. Seven major Observing Facilities are now operationa: a 12
MHz long range HF radar system in the Ibiza channel, coastal and open
ocean gliders, coastal moorings and fixed stations, Argo profilers and surface
drifters, a nearshore monitoring system of selected beaches and a new
coastal catamaran (24 m LOA). TheModelling Facility is presently
running an operational ROMS model for ocean currents (WMOP, nested to
MONGOOS/MFS system), a wave operational system (established
together with Puertos del Estado), as well as a pre-operational meteo-
tsunami system to support Balearic harbours authority. The Data Centre
Facility is the core of SOCIB and is developing and implementing a data
management system following international standards of quality assurance
and inter-operability. It is also performing specific developments and tools
for the different facilities. Its main functions and capabilities range from data
reception to its distribution and visualization (via web services and
THREDDS/OPeNDAP protocols), passing through processing, quality
control, documentation, standardization and archiving (NetCDF format and
CF conventions), and data discovery (based on OGC protocols).

K ey challenges. The challenge for the next decade is the integration of new
technologies and multiplatform systems selecting key control sections in
coastal/open ocean regions, major straits or channels for routine monitoring
of these control or choke points (following Heslop et al., 2012) to establish
ocean state and variability, evaluating for example the relevance of mesoscale
activity, shelf/slope exchanges, water masses formation, etc. The impact of
these new systems cannot be overlooked and it is important we face and
prepare the forthcoming generations and ourselves. These types of new
marine infrastructures are presently establishing new ways of international
cooperation that will lead to major science breskthroughs, innovations in
oceanographic instrumentation and new ways of science based coastal and
ocean management.
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Abstract

Effective operational marine conservation and management is thwarted by a lack of financial and human resources. A coupled 2D
hydrodynamic (SHYFEM) and ecological (BFM) model was developed in the current study as a Decision Support System (DSS)
to spearhead good governance of a Marine Protected Area (MPA) in Dwejra (Mdtese Idands) in the Central Mediterranean.
Two scenarios were considered — one with the current levels of nutrient runoff from land and one in which such levels are
increased as a result of a greater human activity within the area. Although the developed numerical modeling platform needs to be
refined and to be run for alonger time-frame, its output suggests that it is a promising tool to assist in the operational management

of an MPA.

Keywords: Models, Nutrients, Diatoms, Dinoflagellates, South-Central Mediterranean

Introduction

One of the most frequent and impacting vectors of changes in the
environmental status of coastal areas is the input of dissolved nutrients,
from both point and diffused sources.The simultaneous occurrence of high
nutrient loads, high water temperatures and low hydrodynamic flushing of
water bodies may lead to dystrophic and anoxic events, with cascade effects
on the entire marine ecosystem. Understanding and predicting the
mechanisms leading to such events is therefore of fundamental importance
for a proper management of the marine environment within marine areas of
high conservation value, such as MPAs. The operational monitoring of the
relevant water parameters is frequently thwarted by prohibitive demands on
costs and manpower.

Materials and M ethods

In this context, we developed an integrated numerical platform that is able to
provide, operationally, an evaluation of the Current Environmental Status
(CES) of the Dwejra MPA on the island of Gozo (Maltese Islands, lon=14°
11'17"; 1at=36°03'14"). This system is based on a coupled 2D
hydrodynamic and ecosystem model and constitutes a pilot case of a
Decision Support System (DSS) formulated to support the governance of an
MPA’s coastal waters, capable of forecasting different water quality
scenarios arising under different nutrient loads. In particular, an ecological
model (BFM - Vichi et d. 2007) and a shalow water finite element
hydrodynamic model (SHYFEM — Umgiesser et a., 2004) have been
coupled to each other (Cucco et al., 2012) and applied to reproduce the main
hydrodynamic and biogeochemical processes affecting the water quality
features within the Dwejra MPA in Gozo. Both hydrodynamic and
biogeochemical flux models run operationally to predict, on adaily basis, the
changes in both hydrodynamic and biogeochemica variables. The
hydrodynamic and biogeochemical model domain covers the coastal waters
of the Malta archipelago in their entirety (up to a distance of 20 km from the
coast) by means of an unstructured grid, with a spatial resolution varying
between a few km for offshore areas to a few hundred meters for the more
coastal areas around the Dwejra site. Boundary conditions for the
hydrodynamic module were provided by the ROSARIO sub-regiona
oceanographic prediction system (ROSARIO, 2006), whereas boundary
conditions for the biogeochemical module were downloaded from MyOcean
Web data services (MyOcean, 2012). Responses of ammonium, diatoms,
dinoflagellates, carnivorous and omnivorous zooplankton to varying input of
nitrates to the aguatic system in question were monitored. About 110
boathouses, frequented by approximately 220 persons annualy, mainly
during the spring and summer periods, are located around the periphery of
the same lagoon. The nutrient loads produced by the boathouses were
estimated by means of the so-called “ equivalent population” procedure. This
method is based on an estimation of the nutrients concentration of the
sewages generated by anthropogenic activities. Considering the boathouse
agglomerate as a‘camping’ activity, for which 1 El corresponds to 2
physical persons frequenting the area, an equivalent population of about 110
El was adopted to represent the current scenario. Adopting the same table
of conversion from El to nutrients loads adopted in Italy, the wastewaters
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produced daily by each El is characterized by a BODg at 20° C equal to 60g
of oxygen (Art.74 of Law 152/06 of the Italian Ministry of the
Environment). A set of 2 simulation scenarios have been carried out for the
18t July-18t September period (when boathouse occupation levels are
highest). Such an exercise involved varying the value of El in the area, to
represent a corresponding increase in the number of boathouses in the area,
from the current number of 110 boathouses to 160, in order to explore the
water quality consequences of a more permissive environmental policy in
future.

Results and Discussion

According to the output of the developed numerical platform, a scenario
where nutrient (nitrate and phosphate) input to the coastal area is increased
(as aresult of the increase in boathouses in the area) is also characterized by
a corresponding increase in ammonium levels, which increase by
approximately 30%, and in dinoflagellate populations, whose annua
blooming at this time of year in the Mediterranean (e.g. Daly Yahia-Kefi et
a., 2005) is further accentuated. Diatom populations, already depressed at
thistime of year in the Mediterranean (e.g. Daly Yahia-Kefi et a., 2005), do
not exhibit any significant increases in their abundances in the EI160
scenario, as do both omnivorous and carnivorous zooplankton classes. The
fact that no cascade effect of the surge in nutrients up different trophic
levels within the pelagic food web at Dwejra was observed might be due to
the intense hydrodynamic flushing and advection that the Dwejra area is
generally subjected to, which in turn results in low nutrient residence times
within the lagoon. Such observations are further confirmed through the
results of athird simulation (assuming an El value of 210), run over the 1st
June-30th September period.
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Abstract
The cleaning capacity of Mediterranean lagoons depends largely on hydrodynamics. We propose for such semi -enclosed
ecosystems a hydrodynamics indicator, i.e., the mixing volume. This indicator alows discriminating between areas where the
lagoon water is well-mixed with the inflowing sea water, and confined areas. An application of this indicator is presented for the
Bages-Sigean lagoon and its use for biogeochemical budget modelling for studies of eutrophication phenomena will aso be
discussed.

Keywords: Restoration, Eutrophication, Lagoons, North-Western Mediterranean

Mediterranean coastal lagoons are semi-enclosed ecosystems subject to
intensive anthropogenic inputs and its cleaning capacity depends on three
main hydrodynamic factors: flushing potential of tide, meteorological forcing
and freshwater runoff. The efficiency of physical cleaning processes is
commonly approached with residence time. This hydrodynamics indicator is
not sufficient for addressing ecological questions that need a spatio-temporal
indicator to distinguish between areas where the lagoon water is well-mixed
with the inflowing sea water, and confined areas. We propose a
hydrodynamics indicator the mixing volume that can be estimated using
hydrodynamics modelling and based on the renewal time concept defined for
well-mixed tank (Figure 1).

Fig. 2. Variability of the“Mixing Volume’ indicator under different
environmental conditions expressed as a percentage of the whole lagoon
volume (i.e. 65 Mm3).

We will finally present the use of this mixing volume to improve how
hydrodynamics processes can be taken into account in spatially not explicit
budget models (LOICZ-like model) that are applied on coastal lagoon
ecosystem to study eutrophication phenomena.
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Fig. 1. Cartography of renewal time into the Bages-Sigean lagoon calculated
using the numerical hydrodynamics MARS-3D model.

An example of calculation of the mixing volume is shown for the Bages-
Sigean lagoon (Western Mediterranean French coast) using the numerical
hydrodynamic MARS-3D model [1].

Preliminary results show how this indicator varies during the year
responding to the seasonally changing environmental conditions. It appears
that the mixing volume, depending on wind and tide induced water body
circulation, exhibits alow seasonal variability (Figure 2). In the Bages-Sigean
lagoon water body circulation is strongly constrained by the complex lagoon
topography (Figure 1).
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RESPONSE OF THE PELAGIC ECOSYSTEMSTO THE DEEP CONVECTION IN THE NORTHWESTERN
MEDITERRANEAN SEA
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Abstract

The north western mediterranean deep convection redistributes organic and inorganic matters all over the water column; the
consequent spreading of the deep and intermediate waters induces important modifications of the biogeochemical budgets also far
from the NWM region. The large and intense bloom of the NWM that follows winter mixing represents the most important
process of the basin itself probably at the origin of large carbon export to the deep layers and high biodiversity of the region. The
presentation focuses on the modeling of an annual cycle also documented by observations at different periods.

Keywords: Models, Water convection, Blooms, Nutrients, North-Western Mediterranean

Similarly to most of the temperate regions of the global ocean, but conversely to
the rest of the basin, the North Western Mediterranean is characterized by a
bloom-like trophic regime.

The genera objective is to understand the sensitivity of the North Western
Mediterranean biogeochemical behaviors to the alterations/modifications of the
environmental forcing [1,2]. The first step is to assess the coupled modeling
performances in relation with the CASCADE and the DeWex experiments of
the MERMEX-MISTRALS program to represent the most important
processes of the basin in terms of primary and secondary productions and
export toward the deep layers. A modified version of the high resolution 3D
model ECO3M-S [3] was coupled to the hydrodynamic SYMPHONIE model
[4]. The model configuration had a 1 km horizontal resolution, and uses 40
vertical sigma levels. . Two data sets of atmospheric and oceanic forcing at
different resolution have been used. Different options for the initialization and
boundary conditions of the biogeochemical model have also been tested. A
simulation running from January 2011 to December 2011 was analysed.
Comparisons were performed with the available data set including nutrients,
dissolved and particulate organic matter from the CASCADE experiment in
March 2011 during mixed to weakly stratified conditions and the MOOSE
experiment in May 2011. Sea surface chlorophyll concentrations were aso
compared with the 4 km resolution Modis satellite images .

Theresultsillustrate :

- the spatial and temporal evolution of convection and how the associated
physical structures affect the ecosystem (planktonic groups..),

- the quantification of the N/P ratio, its evolution along the seasonal cycle and
itsimpact on the zooplankton and phytoplankton groups,

- the spatial evolution of the nutriclines and of the bacterial distribution,

- and finally, the history of the planktonic ecosystem during the key periods for
the North Western Mediterranean including the winter mixing, the bloom
development and the complete establishment of the stratification.

156

Fig. 1. Chlorophyll a concentration (in pg/l) during the spring bloom in the north
western mediterranean sea from the SYMPHONIE/ECO3M high resolution
model
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RECOMMENDED METHODOLOGY AND CONSIDERATIONS FOR ACCEPTANCE OF THE
CALIBRATION AND VALIDATION OF A HYDRODYNAMIC MODEL
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Abstract

This paper present a concise set of model calibration and validation criteria, based on a number of extensive

numerical coastal hydrodynamics and water quality model

the modeling conditions, data provider, supervisor and reviewer.

Keywords: Models, Coastal models, South-Eastern Mediterranean

Purpose

Marine and coastal developments are nowadays based on a-priori ecologica
modeling using numerical models of the hydrodynamic transport integrated
with bio-geo-chemical numerical models. The reliability of the model
outcomes depend not only on the ability of the numerical tools to simulate
the various hydrodynamic and ecological processes, butto a high degree,
also on performing a proper calibration and validation of the models. Below
we present a concise set of criteria required to obtain reliable outcomes from
hydrodynamic models of the coastal zone. They were derived based on
extended experience of the author in providing data and specifications suited
to the modeling goals, supervision and results review of extensive numerical
modelling studies, using leading edge software packages by renown
commercial bodies. The outcomes are summarized in the following lines
and are suitable to be applied for similar modelling investigations.

System Performance Criteria

Model calibration should be performed generaly in accordance with the
criteria agreed. The overall model performance for obtaining an acceptable
calibration and validation of the model should be based on a number of
system performance criteria (an assessment of whether or not the results
obtained via the calibration and validation process of the model are
satisfactory for a reliable assessment). The main purpose is to ensure that
controlling factors and processes for the simulations are satisfactorily
represented by the model. It is noted that the system performance criteria
are considered the most important elements for the acceptance of the
calibration and validation of the hydrodynamic modeling.

System Performance Criteria consist of:

1. Checking the calibrated model’s ability to represent the general and
observed current patterns in the study region — comparison of simulated and
measured snapshots of the currents for various flow situations (both
directions aongshore currents, on-offshore currents, cam conditions,
stormy conditions).

2. When relevant - check the calibrated model’s ability to represent the
general and observed flow patterns in the study region— comparison of
simulated dtratification pattern with observed vertical profiles (flow,
temperature, salinity) represented in the model.

3. When relevant - check the calibrated model’s ability to properly simulate
the transport of pollutants— comparison of measured and simulated
concentration distribution (nitrogen, phosphorous, TSS).

4. When relevant- check the calibrated model’s ability to reproduce
observed variability in water quality (Chlorophyll, nutrients, dissolved
oxygen) in selected zones of the study region — comparison of simulated and
measured ranges in dedicated zones.

5. When relevant - check the calibrated model’s ability to obtain expected
residence times in selected zones of the study region — comparison against
previous studies.

Supporting Performance Criteria

It is understood that specification of criteria for hydrodynamic and water
quality calibration, without provision of a detailed data set for the modelling
(input data as well as calibration data), may result in unrealistic model
performance, hence the outcomes must be evaluated against the system
performance criteria as specified above. However, as a supporting
instrument, also quantitative performance criteria for certain hydrodynamic
and water quality selected parameters should be used in the assessment. The
quantitative performance criteria outlined below constitute the required
performance for stations/zones where sufficient data for both the measured
parameters and the underlying controlling input data (such as wind, solar

studies,
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for which the author served as specifyier of

radiation, fluxes and concentrations at model boundaries, pollution loading
etc.) exist.

Hydrodynamic parameters:

a Sea levels (RMS error between measured and simulated levels, corrected
for datum differences) within 15% of the monthly tide range, defined by the
vaues of the monthly averages of the daily measured tide lows and tide
highs, provided the trends are similar. Timing of highs and lows accurate to
the hourly time.

b. Current speeds (average deviation between measured and simulated
speeds) within 20% of the monthly average current speed. Current speeds
below 1cm/swill not be included in the computation.

c. The current directions differences between the measured and simulated
main monthly currents should be confined within a+ 10 deg range. The main
directional sectors to be identified from current roses, and the main
directions to be calculated as the mean direction in each directional sector
weighted with respect to the speed (both for measured and simulated data).
This criterion will apply to locations with pronounced and reasonably easily
identifiable main current directions.

d. Current speed and direction vertical profile distribution within the criteria
under b and ¢, provided also that measured and modeled currents profiles
have in general similar trends.

e. Timing of values accurate to the hour, months are defined by Gregorian
calendar.

f. The above sealevel and current criteria are applied to the model calibration
period as well as the model validation period.

The cal/val process must be presented in a detailed report including
reasoning and main results, prior to cal/val acceptance of the model. Proper
details for Initial Conditions and for Boundary Conditions, including for
wind, currents (including wave induced currents where relevant), sea levels,
€etc.
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ATLANTIC INFLOW CONTROLSFISH RECRUITMENT AT THE WESTERN MEDITERRANEAN
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Abstract

The eastward current at the Strait of Gibratar (the Atlantic Jet) fertilizes the southwestern Mediterranean and it is the responsible
for the comparatively high fish landing of this region. However, we demonstrate in this communication that the high kinetic energy
of this current negatively impacts the recruitment of anchovy owing to the advection and dispersion of larvae and post-larvae. The
inhibitory effect of kinetic energy on anchovy landings is not a transient but a persistent state. Only an exceptional combination of
events can release anchovy recruitment from this inhibition to create landing outbreaks. We disentangle here what are these

events and their high sensitivity to climatic fluctuations.

Keywords: Fisheries, Alboran Sea, Mesoscale phenomena, Recruitment

A comparative analysis of historical anchovy (E. encrasicolus) fisheries record
[1] and data from remote sensors [2] indicates that anchovy recruitment in the
Alborédn Sea is extremely sensitive to the Atlantic Jet (AJ) flowing eastward
from the Strait of Gibraltar. During the 17 years analyzed, anchovy recruitment
was largely unconnected to the spawning stock biomass in the area. However,
conditions where the AJ had a strongly weakening were able to create years of
massive landings.

One of such rare events occurred at the year 2001 when the AJ, and its
associated western anticyclone gyre, almost vanished during autumn and winter.
This persistent absence created exceptional conditions for recruitment because
of diminished advection and dispersion of early stages thus creating an
exceptional year for catches. This pattern of enhanced recruitment during weak
AJ is coherent with in situ observations on the effect the AJ has on
ichthyoplankton distribution in the northwestern Alboran.

AJ incursions to the north are accompanied by a substitution of neritic
ichthyoplankton (such as anchovy) by oceanic ones in the shelf [3]. These
results show the high sensitivity of Western-Mediterranean fish to the
Mediterranean-Atlantic balance of water masses and, therefore, to the climate
changes that control them.

Fig. 1. Recruitment versus chlorophyll and atracer of AJWAG strength in the
Alborén Sea.
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OBSERVATIONS OF SUBMESOSCALE COHERENT VORTICESOF LEVANTINE INTERMEDIATE
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Abstract

Repeated observations made by gliders in the Ligurian Sea have revealed the presence of anomalously warm and saline sub-
thermocline eddies. They are likely formed along the shelf slope off West-Saridinia during upwelling events generated by northerly
winds, have a life time much greater than two months and are expected to participate both in the spreading of the Levantine
Intermediate Water in the whole basin and in the preconditioning of deep convection in the Gulf of Lion.

Keywords: Intermediate waters, North-Western Mediterranean, Mesoscal e phenomena, Turbulence, Upwelling

Since 2010, sustained observations of the circulation and water properties of
North-Western Mediterranean Sea have been carried out in the framework of
MOOSE [1]. As an important part of this integrated ocean observing system,
gliders [2] are regularly deployed in the Western and Eastern parts of this basin
and revealed, in particular, outstanding warm core eddies in the Ligurian Sea.
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Fig. 1. Temperature section [°C] and density contours [kg/m3] across the
Ligurian Sea revealing the presence of awarm core subsurface eddy.

These eddies are characterized by a low-stratified core located at about 400m
depth. Their cores are composed of Levantine Intermediate Water (LIW) and are
much warmer (+0,3°C) and more saline (+0,1psu) than the surroundings. They
have a radius of about 5km, which is order of the internal deformation radius
(~5-15km). The lenticular shape of the isopycnal deformation associated with
these eddies below the thermocline is a typical feature of sub-thermocline
Submesoscale Coherent Vortices [3]. Geostrophic velocities computed from the
glider section with a reference given by the depth-averaged velocity estimates
from the gliders navigation lead to velocity maximum within the eddies of about
5-10cm/s, which corresponds to a Rossby numbers of 0,1-0,2. Nevertheless, the
small radius of these SCV's regarding the internal deformation radius suggests an
importance of the centrifugal force in the cyclostrophic balance and thus higher
relative vorticity than estimated.

In order to track back their formation area, we analysed the LIW characteristics
over the whole Western Mediterranean by taking al available Argo and CTD
profiles performed during the last few years [4]. The data show the LIW Vein
flowing northward at intermediate depth along the Sardinian coast and its Slow
erosion in terms of T/S characteristics while flowing to the North. Due to
dynamical barriers, the waters composing their cores should have similar
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characteristics (or slightly less pronounced) while tracing back to their formation
area. So, they are most likely formed along the shelf-dope West of Sardinia at
around 41°N. The observations of the LIW SCV's are separated of about 250km
from their hypothetical zone of formation. If we therefore assume them to be
advected at about 5cm/s (mean currents are not very strong at depth), they
should have spent at least two months to travel North to the place where they
were observed.

Sea Surface Temperature images of the West coast of Sardinia often exhibits
cross-shore positive temperature gradient, sign of an upwelling caused by strong
northerly wind events. From a CTD and a glider section realized during two
different upwelling events, we were able to observe an uplift of the isopycnals
at depth as observed in upper part of the LIW SCVs. The baroclinicity of the
flow is enhanced during such upwelling events and the LIW Vein takes the form
of an undercurrent isolated from the surface. Dynamical processes likely
implicating the interaction of the flow with the topography (change in slope
steepness, corner-shaped isobaths at around 41°N [5]) and the wind forcing
should then be at play to destabilize the flow and eventually detach the eddies.

These particular kind of SCVs transporting LIW should have strong
implications for the physics of the basin. They likely play an active role into
the spreading of the LIW (like the Sardinian Eddies formed at the south-west
corner of Sardinia[6]) and thisis especially important to set the stratification of
the Northern basin before the winter. This is critical for the deep convection
phenomenon, since their low-stratified core furthermore locally precondition the
water column and favour the winter vertical mixing.
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Abstract

An HF radar system has been deployed along the Provenca coasts for probing the surface circulation in this region which is
characterized by a large scale flow (Northern Current) and by a broad range of other scales of variability induced by
meteorological and tidal forcing. The presentation is an overview of the radar network, of the surface current mapping facility
offered by the system, of recent observation results and of an application in assimilation of radar data.

Keywords: Coastal processes, North-Western Mediterranean, Circulation, Remote sensing

An HF radar system has been implemented for 3 years in the region of
Toulon-Hyeres (France) with the objective of probing the surface current
variability with large spatial coverage (50 km), at relevant time and space
resolutions (1 hour-5 km) and during a significant period of time (severa
years).

The mapping of surface current by radar primarily addresses the variability
of the Northern Current (NC), flowing in the North Western Mediterranean,
and the meso/submesoscale activity in the region. This remote sensing
activity is performed in conjunction with high resolution modeling,
measurements at sea and the collection of other remote sensing data (SST,
atimetry).

An operational perspective is also targeted in the frame of the emerging
Mediterranean Ocean Observing System on Environment (MOOSE, INSU-
CNRS). A first step was reached recently by radar derived current maps
provided in real time on aweb interface.

The radar has been single-site during the first 1.5 years and then dual-site up
to now. The network uses monostatic and bistatic radar units.

This presentation presents the radar system and emphasizes on its relevance
to meet the scientific objectives and also to satisfy alarge variety of users.

Recent results are shown concerning the NC variability over 3 years,
showing in particular the bathymetric guiding effect (figure); the main
periods of variability as revealed by spectral analysis, signatures of
remarkable features like meandering and frontal events; an overview of recent
results on data assimilation of radar currents to optimize wind and open
boundary forcing of aregional NEMO-based model (Glazur64).

Fig. 1. Radar derived mean position of the Northern Current over 28 months
(red points) and corresponding rms bars in the Toulon-Hyeres region.

References
1 - Allou A., Forget P. and Devenon JL., 2009. Submesoscae vortex

161

structures at the entrance of the Gulf of Lions in the Northwestern
Mediterranean Sea. Continental Shelf Research, 30, 724-732.

2 - Forget P., Barbin Y. and André G., 2008. Monitoring of surface ocean
circulation in the Gulf of Lions (North-West Mediterranean Sea) using
WERA HF radars. IGARSS 2008, CDROM, Boston, USA, 7-11 Juillet
2008.

3 - Guihou K., Marmain J., Ourmiéres Y., Molcard A., Zakardjian B. and
Forget P. 2012. New insight of the meso to sub-mesoscale dynamics in the
North-Western Mediterranean Sea: a combined data-model approach. Ocean
Dynamics, in revision

4 - Marmain J., Forget P. and Molcard A., 2011. Derivation of ocean surface
current properties from a single-site HF/VHF radar. Ocean Dynamics, 61
(11) 1967-1979), DOI 10.1007/s10236-011-0461-0.

5 - Molcard A., Poulain P.M., Forget P., Griffa A., Barbin Y., Gaggelli
J.,, De Maistre J.C. and Rixen M., 2009. Comparison between VHF radar
observations and data from drifter clusters in the Gulf of La Spezia. J.
Marine Systems, 78, S79-89.

6 - Ourmieres Y., Zakardjian B., Béranger K. and Langlais C., 2011.
Assessment of a NEMO-based downscaling experiment for the North-
Western Mediterranean region: Impacts on the Northern Current and
comparison with ADCP data and altimetry products. Ocean Modelling 39
(2011) 386-404.

7 - Schaeffer A., Molcard A., Forget P., Fraunié P. and Garreau P., 2011.
Generation mechanisms of mesoscale eddy in the Gulf of Lions: radar
observations and modelling. Ocean Dynamics, 61(10), 1587-1609, 8 sept
2011, DOI 10.1007/s10236-011-0482-8.

8 - Sentchev A., Forget P., Barbin Y. and Yaremchuk M., 2011. Surface
circulation in the Iroise Sea (W. Brittany) from high resolution HF radar
mapping. J. Marine Systems, doi 10.1016/jmarsys.2011.11.024.

Rapp. Comm. int. Mer Médit., 40, 2013



MESOSCALE AND SUB-MESOSCALE VARIABILITY ALONG THE COASTS OF THE SOUTHEASTERN
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Abstract

The dynamica aspects of the Southeastern Tyrrhenian Sea were studied using data provided by moored Acoustic Doppler
Current Profilers (ADCPs) located along the southern coasts of Italy. The observations highlighted the variability of the long-shore
currents and showed the presence of a surface jet north of the Strait of Messina due to the atmospheric forcing. In order to study
the dynamical variability, we used the wavelet analysis and identified the presence of inertial oscillations and internal waves, linked

to the tidal regime of the area.

Keywords: Mesoscale phenomena, Tyrrhenian Sea

The Southeastern Tyrrhenian Sea is characterized by a dynamics strongly
connected to the presence of a complex bathymetry and influenced by several
narrows, such as, the Strait of Messina that connects the lonian and the
Tyrrhenian Seas. The analysis of ADCPs data acquired from February to
September 2008 between Sicily and Campania (fig.1) showed a typically
barotropic behavior with changes in direction and intensity mainly due to the
basin scale circulation [1].

Fig. 1. Moorings Positions.

Moreover, our results showed that under particular atmospheric conditions, the
presence of a strong coastal current is established in the surface layer,
highlighting the existence in the mixed layer of a strong surface jet flowing
towards NE north of the Strait (fig.1) from mid-May to mid-June, characterized
by maxima speed values of about 30 cm/s on both zonal and meridiona
components of the current (fig.2a-2b).

Wind data provided by the European Centre for Medium-Range Weather
Forecasts (ECMWF) showed that during the same period the wind was mainly
directed towards NW. According with Ekman's theory, we observed a clockwise
rotation in direction and a decrease inmagnitude of the currents with the depth
(fig. 2a-2b).

This direct relationship between surface currents and the wind stress was
assessed by means of the Cross-Wavelet (XWT) and the Wavelet Coherence
(WTC) andlysis, highlighting a strong in-phase correlation on both zonal and
meridional components during the observed jet. It is well known that the lonian
and the Tyrrhenian Seas, at the sill of the Strait of Messina, show an opposite
configuration of tidal regimes, that seems to be responsible for the development
of internal waves trains propagating from the sill northward and southward of
the Strait [2].Our tidal analysis on the U and V components of currents,
acquired by two ADCPs north of the strait (fig.1), has confirmed previous
results [3], highlighting the prevalence of semi-diurnal component in the whole
area. The wavelet analysis of residua currents, showed the presence of several
harmonics, such as those related to the inertial motion with an oscillation period
of about 17 hours or internal waves with a period shorter than 20 hours. These
waves, with a sub-inertial oscillation frequency, are a particular type of waves
guessed and observed at straits similar to that of Messina. Here, the tide
generates waves trains propagating towards north and south and are typically
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caused by the sudden depth increase just out of the sill of the strait. These
waves oscillate with a frequency lower than the tide that generated them and
propagate over long distances. Our observations and analyses show the
presence of mesoscale structures and phenomena of particular interest, such as
internal waves and inertial motion, highlighting the importance of the
Southeastern Tyrrhenian Sea dynamics and the need to broaden the knowledge

of thisarea.
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Fig. 2. Tempora evolution of zona (a) and meridional (b) components of
current North of the Strait of Messina.

References

1 - Krivosheya, V. G., Water circulation and structures in the Tyrrhenian
Sea,Oceanology, 23, 166— 171, 1983.

2 - Brand, P., Rubino, A., Quadfasel, D., Alpers, W., Seelschopp, J., Fiekas, H-
V, 1999. Evidence for the Influence of Atlantic-lonian Stream Fluctuations on
the Tidaly Induced Internal Dynamics in the Strait of Messina
Jour.Phys.Ocean.

3 - Defant, A., 1940. Scyllaund Charybdis und die Gezeitenstro “mungen in der
Stral3e von Messina. Ann. Hydr. Marit. Meteor., 5, 145— 157.

Rapp. Comm. int. Mer Médit., 40, 2013



BLACK SEA ANCHOVY (ENGRAULIS ENCRASICOLUS PONTICUS) TRANSPORT PATHWAYS

Ceren Guraslan 1*, Bettina Fach 1 and Temel Oguz 1
1IMS-METU - ceren@ims.metu.edu.tr

Abstract

Overwintering migration of Black Sea anchovy from the northwestern shelf to the southeast coast of the Black Seais investigated
using a Lagrangian particle-tracking model. By releasing drifters into surface currents calculated from satellite data, transport
pathways of anchovy were simulated during different years and seasons. Simulations included different types of swimming
behavior. Dominant pathways for anchovy to migration towards the southeast are suggested as direct transport from the Crimea
south, transport along the Eastern Gyre following the Rim Current and transport across the Eastern Gyre.

Keywords: Black Sea, Migration, Models

Introduction

Anchovy migration in the Black Sea is not well understood and contrasting
theories on overwintering migration exist. One theory is that anchovy are
doing extensive overwintering migration from the spawning ground at the
northwestern shelf to the southeastern coast of the Black Sea by beginning
of October [1] or early autumn [2], while others suggests that anchovy
spawning grounds are located in the southern region [3] and hence only local
anchovy of the southern Black Sea migrate to this overwintering ground.
Also it is know that anchovy migration is driven by ambient temperature
criteria[1]. The present work focuses on elucidating which migration routes
are feasible for anchovy to complete successful migration to the
overwintering grounds depending on the interannual variability of ocean
currents and sea surface temperature distribution.

Methods

Surface circulation fields were caculated from AVISO (Archivinig,
Validation and Interpretation of Satellite Oceanographic data) sea surface
height anomaly data. A Lagrangian particle-tracking model was used. Sea
surface temperature optimal was obtained from AVHRR (Advanced Very
High Resolution Radiometer) temperature product for the Black Sea. A total
of 1026 drifters were launched aong the northwestern shelf at different
times during autumn of different years (2001-2003) that span a variety of
environmental conditions in the Black Sea. To account for behavior,
directiona swimming with differential swimming speeds and directions (i.e.
SE, ESE, SSE) were added on top of advection to test how many drifters
arrive successfully to overwintering rounds and in what amount of time.
Temperature thresholds of 13.5°, 15° and 17°C were tested as the maximum
allowable temperature for them to start active migration.

Results

Sea surface temperature varies greatly between years and is known to
influence anchovy migration. Using 17°C as threshold below which anchovy
migration starts defines areas from which anchovy may start migration.
Choosing lower temperature thresholds allowed no migration in the years of
interest during fall. Directional swimming towards ESE at 1-2.5 body length
per second is the most successful swimming behavior.

163

Fig. 1. Conceptual figure of anchovy pathways.

Three different pathways identified for anchovy migration (Fig.1): 1) direct
transport from Crimea to the Turkish coast midway between the Eastern
and Western Gyre, 2) transport along the eastern and then the southern edge
of the Eastern Gyre following the Rim Current, and 3) transport through the
Eastern Gyre. Moreover, anchovy located near the Danube plume, Kali-
Akra and Constantsa regions of the NWS, prefer transport pathways 1, 2,
and 3, respectively. Furthermore, the Danube and Sevastopol eddies and the
cyclonic quasi-stable inner cell, as well as the Sinop and Kizilirmak eddies
enhance anchovy transport.
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Abstract

The aim of this study is to detect and quantify the eddies along the Lybio-Egyptian (LE) coast. We analyse the results of aregional
ocean model adapted for the Mediterranean region. We extract characteristics of the LE eddies (size, intensity, trgectory,
lifetime ...) using atracking algorithm. These statistics are compared with drifter or altimetry data.

Keywords: Circulation models, Salinity, Mesoscal e phenomena, Levantine Basin, Libyan Sea

Introduction - The circulation in the eastern Mediterranean is characterized by
a high mesoscale activity. In particular, anticyclonic eddies are flowing along the
Lybio-Egyptian coasts, mainly eastwards [1] but sometimes westwards [2]. In
this study, we use a high resolution simulation to study the circulation in this
area, and we apply an eddy tracking algorithm to identify the mesoscale eddy
trajectories.

Tools - The eddy-resolving model is MED36, a 1/36 degree resolution
configuration with 75 vertical levels, based on the NEMO system in a regional
configuration of the Mediterranean Sea. This model is close to the MED12
model [3] with both higher horizontal and vertical resolutions. MED36 is forced
by the atmospheric forcing ARPERA, which is obtained by performing a
dynamical downscaling of ECMWF products above the Mediterranean Sea over
the period 1998 to 2011 [4]. Then atracking code [5] is used at 30 m depth to
detect the core of the eddies and their trajectories. This code is based exclusively
on the geometry of the velocity vectors.

Eddies tracking - An example of the preliminary results is shown in Figure 1.
The core of eddies detected by the agorithm from the velocity fields are
represented by elliptical close contours with a star for the center. Then to
identify the trgjectories of those eddies, daily analyses are made during the
EGYPT-EGITTO compaign [4] in 2005-2006. Big structures as the lerapetra
eddy south-east of Crete are easily detected, but smaller or less recurrent eddies
are more difficult to detect. Severa parameters of the algorithm have to be
modified to increase the accuracy of the algorithm. Some coastal eddies located
in the lonian Basin are flowing westwards. Large Libyo-Egyptian eddies are
relatively permanent features while smaller eddies are flowing eastwards. The
same tracking algorithm has been applied to the AVISO geostrophic currents
and the model results were compared with it. The agreement is good between
the two sets of data and the observed trajectories from EGITTO-EGYPT are
well reproduced.

Conclusion - These analyses shows that in the Levantine basin, the model is
able to reproduce aredistic circulation with the presence of both | erapetra Eddy
and Libyan eddies. Nevertheless the algorithm must be improved to better
highlight and clarify the modelled eddy dynamics along the Libyan coast.

Acknowledgments - Modeling work was supported by Mercator Ocean.
Computations were made at IDRIS from the CNRS (project i010227).
Atmospheric forcing was made available by CNRM.
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Fig. 1. Snapshot in November 2006 in MED36v75 simulation. Salinity (grey)
and currents (vectors, m.s1) at 30 m depth. Eddies detected by the tracking
agorithm are indicated with a star for the center and for their diameters with a
black elliptical close contours for cyclones and grey close contours for
anticyclones.
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Abstract

Altimeter data and numerical results indicate that, from late winter to mid spring, a well-defined surface circulation is present in the
eastern part of the Tyrrhenian Sea, made of a stream of Atlantic water that meanders around severa cyclone-anticyclone couples,
while progressing cyclonically aong the Italian coasts. It is suggested that this circulation pattern may result from basin scale

instability of the Atlantic stream.

Keywords: Circulation, Tyrrhenian Sea

A detailed understanding of the circulation structure in the central and eastern
parts of the Tyrrhenian Sea (TYS) is dtill lacking. The area appears
characterized by complex dynamics (see, eg. [1]), but in the recent
reconstruction of the spring 2004 circulation by Vetrano et al. [2] it was found
occupied by large cyclonic and anticyclonic structures, also present in typical
spring atimeter data. These structures could therefore be robust features of
spring dynamics around which the flow and the transport organize. To gain
further insight, we have analyzed the long time series of atimeter data now
available (SALTO-DUACS data provided by AVISO;
http://www.aviso.oceanobs.com/duacs/). Here we present results from this
analysis, which confirm and extend the picture sketched in [2]. Our main finding
isthat in winter-spring a consistent mean flow can be individuated in the eastern
TYS, formed by a stream of Atlantic water (AW) that meanders around several
anticyclonic structures located along the Itdian coast, having cyclonic
companions offshore. The signatures of these vortices clearly appear in the
maps of Sea Level Anomaly (SLA) and of Absolute Dynamic Topography
(ADT). As an example, we show in the left panel of Figure 1 the March ADT
map over the eastern TYS (average over 1993-2010), with a geostrophic
reconstruction of the circulation superposed. The coastal anticyclonic cells (to
the north of Sicily, off the Calabria coast, off Naples, and off Rome) are clearly
seen in this map, as well astheir cyclonic companions offshore.

Fig. 1. Circulation in the eastern TYS. Left: average March ADT with
geostrophic circulation superposed. Right: surface flow from an operationa
model (March 3, 2009)

The signatures of these structures are seen from mid winter to mid spring, and
become stronger and better defined towards the end of the winter, when the
cyclonic wind forcing weakens. Analysis of the energy exchanges indicates that
in this period eddies extract energy from the mean flow, suggesting the presence
of abasin scaleinstability of the AW stream. Support to this picture also comes
from the outputs of a high-resolution operational model of the TY'S circulation
(see [3]). Theright panel in Figure 1 shows the surface flow (10 m of depth) of
March 3, 2009, displaying strong meanders in which anticyclones (cyclones) are
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nested near shore (offshore) (the genesis and evolution of this structure is
illustrated in Figure 6 of [3]).

An idedlized experiment with the Princeton Ocean Model was also performed.
The model has redlistic bathymetry, but no surface forcing, and is initialized
with zero velocity and typical winter stratification, with no horizontal
gradients. Net barotropic transports are prescribed at the open boundaries (+
0.7 Sv at the Sardinia Channel, - 0.7 Sv at the Corsica Channel, and 0 Sv at the
Sicily Strait), together with realistic temperature and salinity sections. By day
150 (Figure 2) severa robust vortices have formed, anticyclonic near shore, and
cyclonic on the offshore side of the stream, in most of the places in which the
atimeter anomalies are located. Thus, even in absence of surface forcing,
baroclinic adjustment to the boundary conditions and to the bathymetry is
capable of producing a circulation pattern similar to that observed in the eastern
TYS.

Fig. 2. 1dealized POM experiment (details in the text). Surface flow at day 150.
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Abstract

The dynamics of the bottom layer of the southern Adriatic Sea are investigated merging experimental data and numerica
simulations. The observed continuous temperature and salinity increase, interrupted by the sudden intrusion of very dense water
masses, is hypothesized to be one cycle of a general “saw-tooth” pattern: aternation of long-lasting linear increase (mixing phase)
and sudden decrease (dense water intrusion phase) of temperature and salinity. Model results corroborate this theory reproducing
the observed oceanographic features and giving a basin-scale view of the investigated process.

Keywords: South Adriatic Sea, Deep waters, Models

This study aims at exploring and understanding the dynamics of the bottom
layer (below 1000 m) of the southern Adriatic Sea (SAS) merging direct
measurements and numerical simulations. The SAS has been constantly
monitored since November 2006 by means of the E2M3A deep mooring located
in its central part (Lat. 41°32'N, Lon. 18°05'E, Fig. 1), and by severa
oceanographic cruises[1].

Fig. 1. Coastal and bathymetric map of the Adriatic Sea

Experimental time series running from November 2006 until March 2012 show
that the bottom layer (~1200 m) was characterized by a continuous temperature
(T) and salinity (S) increase (linear trend of ~0.05°C/ly and ~0.004 psuly,
respectively), with a resulting density decrease. The positive trend was
interrupted only in March 2012 by the intrusion of a very dense water vein
(Northern Adriatic Dense Water, NADW), which was generated by an
exceptional Bora event on the northern/central shelf. This sudden dense water
intrusion modified abruptly the system, dropping both T and S.

In this study we demonstrate that the long-lasting (~5 years) “linear” increase is
caused mainly by local mixing processes (i.e.,, mesoscale and sub-mesoscale
turbulence). Moreover, we hypothesize a*“ saw-tooth” modulation of two main
alternating phases: the long-lasting linear increase (mixing phase) and the sudden
decrease of T and S (NADW intrusion phase). Under this assumption, the
ventilation of the bottom layer of the SAS depends on the "return period" of
exceptionally cold and dry winters.
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We use anumerical model of the Adriatic Seain order to have a basin-scale view
of the observed oceanographic features and to corroborate the proposed
interpretation of the experimental data. Numerical simulations are carried out
customizing the MITgem (Massachusetts Institute of Technology general
circulation model), a three-dimensional, finite volume, general circulation model,
with horizontal resolution of 1/32° (~3.4x2.4 km) and 60 unequally spaced
levels [2]. Numerical results reproduce properly the spatial and temporal
thermohaline variability in the SAS, as well as its main mesoscale features.
When seeking an explanation for the long-lasting “linear" phase (T and S
increase, density decrease) in the bottom layer, we can exclude possible thermal
and chemical contributions from external sources (e.g., submerged volcanoes)
because the model reproduces the bottom dynamics without considering any
kind of external source. Moreover, the thermohaine trend can neither be
ascribed to the open-ocean deep convection in the SAS, because deep
convection is very limited in time and never reached depths greater than 1000 m.
Conversely, the bottom of the SAS is a system surrounded by shallower sills
(Palaguza (180 m) and Otranto (800 m) on the northern and southern side,
respectively) and it is characterized by an amost permanent cyclonic
circulation. Local mesoscale and sub-mesoscale turbulent processes, highlighted
by model results, tend to slowly homogenize the deepest water masses there.
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Abstract

The 2012 yearly maintenance of the HydroChanges moorings operated at Gibraltar jointly by Morocco (Faculté Polyvaente de
Larache /FPL) and France (Mediterranean Institute of Oceanography /MIO/Aix-Marseille University/CNRS/IRD/USTV) had to
be organized with a French research vessel. This was the opportunity to carry a hydrological campaign involving French,
Moroccan and Spanish teams, focusing on high resolution, both in space and time. Seven transects across the strait yield an

unprecedented detailed insight of the hydrological situation.

Keywords: Circulation, Hydrology, Alboran Sea, Gibraltar Srait, Water transport

Introduction

The time series recorded by moored instruments in the Strait of Gibraltar have
shown the importance of the variability, from tidal to interannual scales, and the
complexity of the hydrological situation (identification of the water masses
exiting the Mediterranean, respective distribution in the cross-section...) [1, 2,
3.

The 4-day hydrological survey HydroChanges on board the R/V Tethys II
(INSU/CNRS) was designed to address the issue of the very high spatial and
temporal variability in the Gibraltar Strait. For the first time transects across the
strait of Gibraltar have been performed with CTD casts spaced every ~1 mile,
and /or with aMoving Vessel Profiler (MVP), atowed free-falling CTD down to
~500m that enables a ~800m-spacing interval, whenever possible occupying the
same transects as GIBEX (Fig. 1). A total of 306 MVP profiles have been
acquired along transects R1, R2, R3, R4, R7 and R7'. CTD profiles were
interleaved when depth too great for MVP: 26 CTD casts have been recorded on
transects R2, R5 and R7'. Transect R1 has been performed twice within
~6hours, and R2 3 times (1 with 11 CTD casts and 2 with MVP) within ~12
hours in order to capture different tidal situations. Thermosalinometer and
ADCP data were recorded underway.

Fig. 1. Map of the sampling during the HydroChanges Gibraltar campaign in
July 2012.

Results

The data processing is still underway at the time of writing. Nevertheless it is
possible to see from now on the quality of the information about the waters
stratification in the strait (Fig.2). The results of the CTD and MV P profiles will
detailed, and this 5-day situation (a snapshot), will be analyzed in conjunction
with the time series recorded on moorings.
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Fig. 2. MVP series of 94 CTD profiles across the R3 transect (from North (left)
to South (right)).
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Abstract

Investigation of submesoscale eddies having horizontal dimensions of 1-10 km at the narrow shelf of the north-eastern Black Sea
was carried out in 2007-2013. In situ hydrophysical data were complemented by the remote sensing. Generation mechanisms of
the submesoscale shelf eddies were studied by using laboratory models.

Keywords: Coastal processes, Black Sea

In the report we present some results of recent investigation of the fluid
dynamics variability over the narrow north-eastern Black Sea shelf. It was
revealed that short-term (1-100 hours) and submesoscale (1-10 km) variability
of shelf currents depends on the coast orography and bottom topography and is
strongly effected by fluid dynamics over continental slope and deep part of the
sea.

The regular in situ observations were carried out and the satellite remote sensing
data were analyzed for the north-eastern Black Sea (Gelendzhik region) during
2007-2013 as follows: the cross-shelf CTD sections; the towed ADCP surveys
with submesoscale resolution; the bottom mounted ADCP measurements at
selected sites; the moored profiler Aqualog surveys of vertical thermohaline
structure and current velocity; the NOAA, MODIS-AQUA and MODIS
TERRA and MERIS-Envisat satellite imagery (sea surface temperature,
chlorophyll “a’, water leaving radiance. It was found that characteristic feature
of the sea current variability is an intermittency of its aong-shore and cross-
shore components accompanied by rather intensive water exchange between the
shelf zone and the open sea [1].

In general, the observed variability was associsted with formation and
alongshore transfer of the submesoscale eddies having diameter in the range of 1-
10 km. These eddies were ageostrophic and non-stationary in nature and their
life-time normally did not exceed several days. The main energy source for the
submesoscale eddy generation was due to the open sea circulation — mesoscale
and basin scale currents over the continental slope and deep part of the sea. On
the base of observations two main physical generation mechanisms for the
submesoscale eddies were suggested. The first one was the shear instability of
the alongshore current. The second was associated with the alongshore current
detachment from the shoreline at the cape which resulted in periodical formation
of eddies behind the cape and their separation from the coast.

Both mechanisms were studied by means of laboratory modeling. Severa
experiments were conducted in the cylindrical tank on top of rotating platform
filled by homogeneous fluid (distilled water) [2]. To study the first generation
mechanism, the cases of cyclonic and anticyclonic shear between a core of
alongshore current and a coast were reproduced in the rotating fluid. It has been
shown that in the presence of a current with cyclonic shear, chain of eddies were
formed in wide range of non-dimensiona shear. In case of a current with the
anticyclonic shear, chain of eddies was observed only at rather small values of
shear and by contrast, the current had chaotic turbulent structure at large non-
dimensiona shear. An asymmetry in the conditions of the eddy-like structure
formation in the alongshore current with cyclonic and anticyclonic shear was
explained by simple physical model.

An investigation of the second mechanism indicated that the periodic eddy
formation behind the cape and separation of eddies from the coast occurs only
in the case of decelerating cyclonic alongshore current in rotating fluid (Fig. 1).
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Fig. 1. Periodic formation of anticyclonic eddies (A, dotted circles) behined a
cape in rotating fluid in the case of decelerating cyclonic aongshore current (top
view).

An explanation for the physical nature of this effect was suggesteded. The
dependences of eddy basic parameters (diameter, orbita and trandational
velocity, etc.) on time and other external parameters of the experiment were
establised.

Results of the laboratory experiments were used to interprett the observations
of the submesoscale eddies at the narrow shelf of the north-eastern Black Sea.
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Abstract

RM

As the surface circulation in the Sicily channel is highly variable, we have applied a neura clustering method on 30-m depth
currents of a 50-year high resolution model to identify the different important circulation regimes. We have then showed that a part
of the classes therefore obtained correspond to different seasonal modes and some others are the signature of an inter-annua

variability.

Keywords: Water transport, Sicily Channel, Circulation models

Introduction - The circulation in the Sicily Channel (SC) can be described as a
two-layer exchange of inflowing Atlantic Water (AW) and outflowing of dense
eastern Mediterranean waters discharging in the Tyrrhenian Sea. At the SC
entrance, due to topographic effect, the Algerian Current splits into three
branches, one entering into the Tyrrhenian Sea while the two others pass
through the SC and enter into the Eastern Mediterranean. These later branches
are the Atlantic Tunisian Current (ATC), and the Atlantic lonian Stream (AIS)
(see [1] for areview). The variability of the SC surface circulation is therefore
investigated using a 50-year simulation of a high resolution model of the whole
Mediterranean Sea. To separate large and mesoscale variability, we first
investigate the different important regimes by clustering 30-m depth currents
into groups having close statistical properties. For each regime, we tried then to
study its mesoscale activity.

Tools - The eddy-resolving MED12 model [2] was forced by daily atmospheric
fields during the 1958-2011 period. Then we used a neuronal network classifier,
the Self Organizing Algorithm (SOM) [3], which is an unsupervised
classification method made of a competitive neura network structured in two
layers. The first layer represents the input layer, which receives the data, L
hereinafter, and made of the u and v velocities components at 30 m depth during
50 years taken on a SC subgrid. The second one is a 2D-classes grid composed
of typical circulations, with a topological ordering and resuming at best the
input data L. The objective of SOM is hence to summarize the information
contained in one multivariate study set L of all daily situations by producing a
small number of reference vectorsrvs statistically representative of the surface
circulation. Each neuron represents a subset of L that gathers data having
common statistical characteristics (not usualy linear) and is associated to one
rvs.

Results - Once SOM s applied on L, we obtained a 5x6 SOM map providing
30 rvs reference vectors corresponding to 30 typical circulations.The large
number of classes alowed taking into account the complexity of the dataset and
let to analyze the circulation regimes and their associated mesoscale variability.
This high number of circulation regimes is difficult to interpret in term of
physical processes. To counteract this difficulty, this large number was
aggregated into a smaller number by using an Hierarchical Ascendant
Classification method (HAC)[4]. The 30 situations were reduced to 7 typical
circulation regimes . The inspection of the 7 typical circulation classes showed a
strong seasona signature. For example, classes 5 and 3 mainly occur in winter
and present an enhancement of the ATC while classes 6 and 2 mainly occur in
summer and characterize an enhancement of the AIS. Classes 4 and 1 are
occurring during short time periods only. The atypical regime 7 seems to be
associated with a change of the general circulation of the Mediterranean Sea. The
regime variability inside each class reflects its mesoscale variability.
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Fig. 1. The 7th typica circulation regimes.For each classthe color bar
correspond to the current intensities and black arrows represent the current
directions.

Conclusion — The classification method alows new analyses of the Sicily
Channel circulation at the seasonal and interannual scales. The role of mesoscale
features in reproducing typical circulation patterns could also be highlighted and
quantified.
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Abstract

Following the formation of very dense water in the northern Adriatic shelf during the severe cold spell in February 2012, a rapid-
response cruise was organized by CNR-ISMAR to sample the flow and fate of the dense water in the Southern Adriatic Sea. In
addition to the measurements carried out during the surveys, five moorings continuously monitored the bottom layer temperature,
salinity and currents in selected sites in the southern Adriatic Sea. Data collected alowed to carry out a description of the veins of
bottom density currents, both in time and space.

Keywords: South Adriatic Sea, Currents

In February 2012, the European region experienced a 2-weeks severe cold spell.
This cold spell was triggered by a large Siberian high causing blocking of the
Atlantic flow, forced northward, and retrogression of westward flow of dry and
cold air masses from eastern Russia along the southern flank of the anticyclone
all the way to Europe. This situation caused temperature as low as-40 °C in
north-eastern Europe and —10° to—-20°C in central Europe, with significant
snowfall in southern Europe associated to deep lows in the Mediterranean Sea.
The Northern Adriatic Sea was heavily impacted by this cold spell, with large
decrease of surface temperature and the onset of severe north-easterly Bora
wind, blowing amost continuously and intermittently reinforced by
cyclogenesis in the western Mediterranean. A significant heat loss took place in
the basin with surface water temperatures as low as 3-6 °C. The Lagoon of
Venice partially froze. The impact of this extremely cold outbreak, the severe
cold and dry Bora flow and the very limited discharge of the Po river in the
preceding autumn, caused therefore the formation of extremely dense shelf Fig. 1. Figure 1: vertica transect of in-situ temperature from CTD and XBT
water, with potential density anomaly as high as 30.5 kg/mS [1]. After few showing the vein of dense water flowing southward along the shelf in the
weeks, the dense shelf water reached the Southern Adriatic, where it sunk Southern Adriatic Sea.

through successive cascading events. Rapid-response cruises were organized by

CNR-ISMAR and the Southern Adriatic was extensively sampled by the R/V

Minerva Uno (legl, 23 March— 2 April 2012) and R/V Urania (leg2, 14-20

April 2012) with CTD-rosettes equipped with additional sensors for References

fluorescence, dissolved oxygen, LADCP as well as ship-borne ADCP and 1 - Mlhanovic et al., 2012. Exceptional dense water formation on the Adriatic
XBTs. In addition to the 3D snapshot carried out during the surveys, five shelf in the winter of 2012. Ocean Sci. Discuss., 9, 3701-3721, 2012

moorings continuously measured temperature, salinity, currents and downward

particle fluxes by means of SBEs, ADCPs and automatic sediment traps,

respectively. CTD data sampled the veins in both legs, with dense water

flowing on the shelf of the southern Adriatic as cold as 10.5 °C and sampled

maximum density of 29.7 kg/m3, relatively high in salinity (due to the unusually

low discharge of rivers in the generation area) and rich in oxygen. Conversely,

the bottom layer sampled by moorings and CTD casts off the shelf, few tens of

meters thick, showed temperature seldom lower than 13 °C, yet significant

velocities (above 50 cm/s several times). This is suggestive of significant mixing

during cascading. Data collected allowed to carry out a description of the veins,

both in time and space (Figure 1). The time series analysis showed significant

differences in the behavior of the dense water flow at the mooring locations.

Depth (m)
Temperalure (°C)
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Abstract

In 1953, Buljan published the first detailed study on the sdlinity variability in the Adriatic Sea (“Fluctuations of sdinity in the
Adriatic’). Anayzing several oceanographic campaigns from 1875 to 1949, he hypothesized a mechanism called “Adriatic
Ingression” at the base of the salinity oscillations in the Adriatic Sea. Here, the effects associated with the Adriatic ingressions are
more appropriately explained by the recently discovered Bimodal Oscillating System (BiOS) mechanism, connecting the change of
salinity with the circulation in the lonian Sea. Our anaysis is corroborated by the physical, biogeochemica and biological

observations carried out in the past 130 years.

Keywords: lonian Sea, Otranto Strait, South Adriatic Sea, Alien species, Salinity

The term “ Adriatic Ingression” (Al), according to the original formulation,
denotes the fluctuations of salinity in the southern and middle Adriatic
(hereafter called Adriatic Sea, AS) due to the intensification of the flux of
intermediate waters from the lonian Sea through the Strait of Otranto. The term
was first coined by Buljan [1], after an extended analysis of the results obtained
by early oceanographic investigations in the Adriatic carried out in the first half
of the 20t century. Together with the salinity increase, the Al implies a parallel
increase of nutrients, since the Levantine Intermediate Water (LIW) is both the
saltiest and the nutrients richest water mass in the lonian as well as in the
Eastern Mediterranean. Then, the Al mechanism impacts the thermohaline
properties and the biogeochemistry of the AS. In addition, also the biology is
affected by the increased availability of nutrients for the primary production
during the ingression periods.

Recently, Civitarese et a. [2] have associated the periodica variation of
sdinity in the AS, in the period 1986-2012, with the upper layer circulation of
the Northern lonian Gyre (NIG), that in turn depends on, and influences the
thermohaline properties of the Adriatic Dense Water (AdDW) produced in the
AS. This mechanism was called Adriatic-lonian Bimoda Oscillating System
(BiOS) [3]. According to the sense of circulation of the NIG, the pathways of
the Atlantic Water (AW) and of the water of Levantine/Aegean origin change on
decadal scale, consequently changing the thermohaline properties of the water
advected into the Adriatic through the Strait of Otranto.

Civitarese et al. [2] have shown that the change of sdinity in the AS was
accompanied by the change of the biogeochemical properties, and that nutrients
variations were out of phase with the change of salinity. This is clearly in
contrast with the Al view, where the variability of the LIW flux at the Strait of
Otranto is responsible for the increase of both salinity and nutrients. On the
other hand, in the BiOS perspective, the exchange at the Strait of Otranto is
implicity considered stationary [4].

Results emerging from the literature of the 19" and 20th centuries and the
available experimental data, suggest that the reported Adriatic ingressions can be
considered as the past manifestation of the BiOS mechanism. Two results are
worth mentioning: (i) the salinity variationsin AS and lonian Sea recorded from
1950 till now are mostly in phase (Fig. 1), in agreement with the advective
impact of the lonian circulation on the AS as expected in the BiOS mechanism;
(ii) a number of biological recordings of alien organisms of the Western
Mediterranean or Atlantic origin during the phases of minimum salinity in tha
AS also suggests again the advection of those waters through the Strait of
Otranto, a phenomenon not considered in the Al mechanism.

In conclusion, several signs confirm that the BiOS mechanism was already
working in the past century, affecting the decadal variability of salinity,
biogeochemical and biological properties of the Adriatic Sea. In his fundamental
paper [1], Buljan stressed that in the AS*“the ingressions leave a marked
impression on both the quantitative and qualitative composition of
populations”. Although referring to a mechanism here revised, i.e. the Al,
Buljan’s words still hold their validity after more than fifty years, and should be
guidelines for future research.

172

SOUTHERN ADRIATIC SEA (Layer 200-800m)
38.80 —r T B o "

38.75
o 38.70
38.65

38.60

1950 1960 1970 1980 1980 2000 2010
Time (years)

IONIAN {Layer 0-150 m)
38.70 — e

38.66
38.60
38.55
o 38.60
38457
3840
38.36
3830

1950 1980 1870 1980 1880 2000 2010
Time (years)

Fig. 1. Comparison between the salinity time series of the Adriatic and lonian
Sess.
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Abstract

A recent developed network of biogeochemical profiling floats in the Mediterranean Sea is used to confirm the biogeographical
repartition of the basin obtained using phenological criteria and remote sensing data. Preliminary results are presented in the
context of the relationship between the phytoplankton phenology, the circulation features of the basin and the biogeographical
repartition of the basin; additionally, sensors calibration and coherence with ocean colour observations are also discussed.

Keywords: Biogeography, Ocean colours, Levantine Basin, North-Western Mediterranean, lonian Sea

Satellite ocean colour observations of surface chlorophyll concentrations
confirmed that several phytoplankton phenological regimes exist in the
Mediterranean Sea[3]. The spatia distribution of these phenological regimes
resulted in a biogeographical repartition of the basin, where each bioregion
displays statistically similar seasonal cycles. Ocean colour observations are,
however, limited to the ocean surface, calling into question the relevance of
the proposed Mediterranean biogeography. The biogeography is dependent
on the circulation features and its temporal variability, as shown for e.g.
lonian Sea [2]. Therefore, only by combining satellite observations with a
significant consistent number of vertical in situ profiles could we shed light
on the mechanisms inducing the existing phenological differences.Profiling
floats (which are at the basis of the international Argo program, [6]) appear
as a promising technology to obtain continuous and satellite-like (in terms of
quantity of data) observations of open ocean biogeochemistry. In particular,
a new generation of profiling floats equipped with biogeochemical sensors
has recently emerged, demonstrating the capability of this technology for
biogeochemical ocean studies[1,4,7]. In this work, we present data obtained
with a recently developed network of biogeochemical profiling floats
operating in the Mediterranean Sea. Floats are based on the Provor platform
and are equipped with a complete suite of biogeochemical sensors
(Chlorophyll and CDOM fluorescence, backscattering, three wavelengths
irradiance, PAR, nitrate and oxygen, [5]). They were developed in the
framework of French project NAOS (PIs P.Y. LeTraon and F. D’ Ortenzio,
www.naos-equipex.fr), athough Mediterranean deployments and data
analysis are organized on the basis of an international collaboration. We
present here the results in the context of the relationship between the
phytoplankton phenology, the circulation features of the basin and of the
biogeographical repartition of the basin; additionally, sensors calibration and
coherence with ocean colour observations are also discussed.
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CLIMATE OF THE MEDITERRANEAN SEA
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Abstract

A Report written by a number of Mediterranean scientists acting as members of a newly formed Pan-Med group under the
auspices of IOC/UNESCO and of CIESM was published in their respective web sites in September 2012. The mgjor motivation
for this Report was a cal for a Pan-Mediterranean initiative bringing together the western and eastern oceanographic
communities for the evolution and strengthening of a broad, interdisciplinary collaboration focused on the unique features of the

Mediterranean Sea.

Keywords: Global change, North-Eastern Mediterranean

Paola Malanotte-Rizzoli Massachusetts Institute of Technology A
Report written by a number of Mediterranean scientists acting as members
of a newly formed Pan-Med Group under the auspices of IOC/UNESCO
(Intergovernmental Oceanographic Commission/United Nations Educational,
Scientific and Cultural Organization ) and of CIESM ( The Mediterranean
Science Commission) was published in their respective web sites in
September 2012.The Report in its turn stemmed from a workshop held in
Rome in November 2011, on the occasion of the 25th anniversary of the
POEM (Physical Oceanography of the Eastern Mediterranean) Programme.
The objectives of the workshop were however rather more ambitious that
having simply a memoria. First, the workshop was meant to provide a
synopsis of the state-of-the-art of research and present knowledge of the
Mediterranean Sea physica/chemical/biological properties. Secondly, it
wanted to offer the opportunity to scientists working in different regions of
the sea, both in the Western and Eastern basins, to meet and share ideas, and
hence foster pan-Mediterranean collaborations. The importance of the
Mediterranean Sea for the world ocean has long been recognized. First, the
Mediterranean Sea has a profound impact on the Atlantic Ocean circulation.
The Mediterranean salty water tongue exiting from the Gibraltar strait at
intermediate depths and spreading throughout the Atlantic interior has been
evidenced in the literature since long. Even more importantly, the
Mediterranean seais a laboratory basin for the investigation of processes of
global importance, being much more amenable to observational surveys
because of its location in mid-latitude and its dimensions. Both the western
and eastern basins in fact possess closed thermohaline circulations. A unique
upper layer open thermohaline cell, analogous to the globa conveyor belt,
connects the eastern to the western basin and, successively, to the north
Atlantic through the Gibratar strait. In it, the Atlantic water entering via
Gibraltar in the surface layer, after travelling to the easternmost Levantine
basin, is transformed into one of the saltiest water masses through air-sea
heat and moisture fluxes. This is the salty water which, crossing the entire
basin in the opposite direction below the surface Atlantic water, finally exits
from the Gibraltar strait at mid-depths. The western and eastern basins are
in turn endowed with deep/intermediate convection cells analogous to the
polar Atlantic deep convection cells or to the intermediate mode water ones.
Deep and intermediate water masses are formed in different areas of the
basin. These convection cells are readily accessible to direct observational
surveys and mooring arrays. Both wide and narrow shelves are present
separated from the deep interiors by steep continental slopes. Cross-shelf
fluxes of physical as well as biogeochemical parameters are crucia in
determining the properties of the shallow versus deep local ecosystems and
their trophic levels (chains). Most importantly, the Mediterranean Sea is a
basin of contrasting ecosystems, from its strongly oligotrophic deep
interiors to the fully eutrophic northern Adriatic, which is characterized by
recurrent, anomalous agal blooms and related anoxia or hypoxiaevents. For
reasons that may be linked to geographical locations and national scientific
policies, the western and eastern basins have, in the past, been mostly
investigated independently from each other. Recent international
collaborative programs such as the Gibraltar Experiment, the Western
Mediterranean Circulation Experiment (WMCE), the Programme de
Recherche Internationale en Méditerranée Occidentale (PRIMO) and POEM
itself, al have investigated separately the western and eastern basin or
subbasins of them. Only in the last two decades the European research
projects have addressed scientific issues related to the entire Mediterranean
Sea, such as MATER, SESAME, PERSEUS etc. The major motivation for
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the Report was therefore a call for a Pan-Mediterranean initiative bringing
together the western and eastern oceanographers and for the further
evolution and strengthening of a broader, interdisciplinary collaboration to
create a full integrated Mediterranean community of physical, chemical,
biological oceanographers and of climate scientists.
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Abstract

Oceanographic data obtained by mid spring at open sea in the central part of the NW Mediterranean revea evidences that almost
two months after the open sea Deep Water Formation (DWF) process, there are till energetic mechanisms reorganising the water
mass structure. Among those, clear indications of a relevant upwelling below the thermocline, that would contribute to maintain

the early spring open sea phytoplankton bloom

Keywords: Circulation, Blooms, Deep sea basins, North-Western Mediterranean, Upwelling

Traditional description of the DWF cycle in the Western Mediterranean
involves a final phase of sinking and spreading of the newly formed deep
water. At the same time, the upper level is progressively recovering its
stratification. Both mechanisms are well known. While the first has been
obviously observed in the deep layers, the latter has been identified as the
main driver for the typical phytoplankton blooms, especially in those areas
where deep water formation was previoulsy active. These descriptions
assume that on slacking the thermohaine DWF forcing, exerted by strong,
dry and cold winds, the sea recovers its typical circulation patterns. Then,
vertical motions are almost negligible and horizontal current intensity is
decaying with depth, at least in the upper and intermediate layers. Spring
phytoplankton blooms devel oping during this stage can stand for a couple of
months, often depending on the intensity of the former DWF process and
the, not so scarce, early spring storms [1]. However, to our knowledge,
nothing has been reported about possible upwelling of intermediate waters
into the upper layer as a mechanism contributing to sustain and perhaps
extend the period of blooming.

Within the framework of the“Famoso” project (Fate of the Northwestern
Mediterranean Open sea Spring bloom) two cruises were carried out in the
NW Mediterranean, in March and early May 2009 respectively. Winter
2009 was considered to be “normal” to “cold” in terms of DWF [2]. At the
beginning of the March cruise DWF was still active and, at the end of the
cruise the phytoplankton bloom was clearly growing. In early May, severa
patches of high chlorophyll were still present in the vicinity of the formerly
active DWF areas. A closed box around one of these chlorophyll patches
was surveyed with the on-board ADCP and a SeaSoar towed system
covering the upper 400 meters of the water column. The box was almost
closed, from late 29 April to 2nd May, and the flow across the boundaries
was estimated in two layers above and below the 29.0 isopycnal.
Surprisingly, the results show that in the upper 400 m outflow was much
higher than inflow (Figs 1 and 2). One can easily assume that the missing
flow through the opening at the N corner of the box should compensate the
output on its western side, since it falls under the path of the well know
slope current. However, even with this assumption the outflow still
remained much higher than inflow. Since the shape chlorophyll distribution
at surface evidences that the SE corner of the box was almost at the centre of
acyclonic eddy, another part of the uncompensated flow could be explained
if the eddy were moving towards the SW during the survey. However such
situation would compensate not more than an additional 20%. Thus the
remaining ~50% could only be explained assuming an additonal inflow from
below 400 m. Although most of this flow left the box below the 29.0 o;
surface, part of which would reach the upper layer above that isopycnal
(~60-100 m) within the photic zone. In addition to this surprising result,
during the cruise there were additiona evidences (not shown) for relatively
strong currents at depths below 400 m as well as the presence of LIW at less
than 200 m depth in several stations. The region thus, at early May, was
till involved in areorganising phase after DWF.

Summarising, the results show evidences that the last phase of the DWF
would not only include sinking and spreading of the newly formed DW but
also other energetic processes leading to the reorganisation of the dynamic
structures, including upwelling pulses that would contribute to maintain the
spring phytoplaknton bloom in NW Mediterranean open sea.
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Fig. 1. Surface chlorophyll image from Modis Aqua (2/05/2009) and
transport across the boundary estimated through ADCP and SeaSoar data
through the Box Inverse method (upper layer above the 29.0 isopycnal)

Fig. 2. Idem Fig. 1 with transport between 29.0 isopycnal and 400 m depth.
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Abstract

Recent intensive observation field campaigns and reanalysis of past observations allow an intensive evaluation of the North-
Western Mediterranean open-sea deep convection process in the fully-coupled CNRM regional climate system model. Both case
study for specific Winter (e.g. 2011-2012) and interannual variability are well reproduced. Using the model, a comprehensive

description of the interannual variability of the process is proposed as well as afirst anaysis of the main driving factors.

Keywords: Deep waters, Water convection, Open sea, Models, North-Western Mediterranean

Introduction

The North-Western Mediterranean Sea is known as one of the only place in the
world where open-sea deep convection occurs (often down to more than
2000m) with the formation of the Western Mediterranean Deep Water
(WMDW). At the event scale, the WMDW formation is characterized by
different phases (preconditioning, strong mixing, restratification and spreading),
intense air-sea interaction and strong meso-scale activity but, on a longer time
scale, it also shows a large interannual variability with impact on the regional
biogeochemistry. Simulating and understanding the temporal variability of this
open-sea deep convection is thus a challenging task for the ocean and climate
modelling community.

M odeling approach

In order to achieve such a goa, we developed a Mediterranean Regional Climate
System Model (RCSM) that includes high-resolution representation of the
regional atmosphere (ALADIN, 50km), land surface (ISBA, 50km), rivers
(TRIP, 50km) and ocean (NEMOMEDS, 10km). All the components are
interactively coupled daily without any constraint at the air-land-river-sea
interfaces and a simulation over the period 1979-2012 has been performed using
the atmosphere ERA-Interim reanalysis and the ocean NEMOVAR1® reanalysis
as 4D lateral-boundary conditions. Spectral nudging technique is applied in the
atmosphere to better constrain the large-scale atmospheric circulation.

Winter 2011-2012 case study

We first evaluate the ability of the model to simulate one of the most recent and
best observed WMDW formation events: Winter 2011-2012. Time series of air-
sea flux, surface water characteristics, mixed layer depth dynamics, convective
surface, water mass characteristics and deep water formation rate are analyzed
and compared to in-situ observations (Durrieu de Madron et a. 2013) of the
programs MOOSE, HyMeX and MERMEX. The model is able to match well
the available observations (see for example the mixed layer depth chronology in
Fig. 1) despite a slight underestimation of the newly-formed deep water density
(29.12 maximum value instead of 29.13 kg/m3) and of the estimated deep water
formation rate (0.44 Sv instead of 1.1 Sv).

Fig. 1. Daily mixed layer depth time series (15! Nov. 2011 — 315t March 2012, in
meter) in the center of the convective area (near 42°N-5°E) for the observations
(dashed line) and for the model (full line).
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Under standing the interannual variability

The model shows a very good ability to reproduce the observed past
chronology of the mixed layer depth in the Gulf of Lions with 75% of the years
showing maximum mixed layer depth higher than 1500m. In addition, the model
shows about 50% of the years with a deep water formation rate higher than 0.1
Sv (for waters > 29.10 kg/m3) with three years above 1 Sv (1981, 1999, 2005).
The 1980-2012 interannual variability of this open-sea deep convection is then
analyzed comparing the relative role of the water column preconditioning before
Winter and of the Winter (DJFM) accumulated buoyancy loss in driving the
annual maximum depth of the mixed layer and the deep water formation rate.
The variability of the intensity of the deep convection is strongly related to the
buoyancy loss but it is aso correlated to the preconditioning of the water
column (see Fig. 2). As an illustration, a Winter buoyancy loss less than 0.6
m?/s? leads to negligible annual deep water formation rate whereas November
stratification index higher than 0.9 m?/s? are likely to prevent intense deep
convection.

Fig. 2. Scatter-plot (1 circle per year) of the preconditioning stratification index
(Sl in m2/s2) versus the cumulative Winter buoyancy loss (BL in m2/s2),
white/dashed/plain circles show deep water formation rate respectively <0.1
Sv/[0.1-04] Sv/>04S.
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Abstract

The high interannual variability in the primary production of the northern Adriatic possibly reflects on the secondary production of
the entire Adriatic. Although phytoplankton blooms are usually high in summer, the winter phytoplankton blooms are of special
interest as in that period of low stratification especialy large amounts of organic matter can be produced. Applied PCA analyses
show that interannual variability in the winter production is primarily related to circulation, while the one in the spring/summer
production is an immediate response to the Po River discharge. In addition, forcings from the previous period, up to a year, play a

significant role in interannual changes of bioproduction.

Keywords: Circulation, Organic matter, Monitoring, Models, North Adriatic Sea

Introduction

The northern Adriatic (NA) is held to be one of the most productive regions
of the Mediterranean Sea. However, its productivity is high only when
influenced by the Po River, whose impact on the region significantly varies
on seasonal and annual scales (Fig. 1). If waters of the Po River do not reside
in it, the NA is oligotrophic like the rest of open Adriatic areas. Long-term
changes in the NA organic production are therefore highly pronounced, and,
most likely reflect on the secondary production of the entire Adriatic region
or even wider.

An ecological model could explain and eventually predict long-term changes
in the organic production of the region. In order to prepare grounds for it, we
have tried to distinguish the main factors responsible for large organic
production of the NA, throughout empirica anaysis of long-term
measurementsin the region.

Although phytoplankton blooms are very high in summer, we have mainly
focused to the winter ones [1]. When, in conditions of low stratification the
nutrient rich Po River waters spread across the NA, they can fill volumely
large spaces and induce exceptionaly large organic production in general (as
observed in 2004). Such events could probably result in an exceptional
increase in the secondary Adriatic production.

Data and methods

Oceanographic data were collected monthly to seasonally in the 1990-2000
interval at six stations at a section in the NA (Figure 1). PCA and simple
linear correlations were used to investigate relations between phytoplankton
blooms and surface geostrophic currents relative to 30 dbar between the
stations, Po River discharge rates, and atmospheric fluxes.

Fig. 1. The northern Adriatic with map of sampling stations.
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Results and discussion

Long-term changes in phytoplankton abundances at the section between the
Po River delta and Rovinj in winter (Jan and Feb) significantly depend on
the circulation patterns, while in spring/summer (May-Jul) a direct Po River
influence could be attributed (Table 1). However, discharge in the previous
period, up to 45 days earlier, reflected possibly on winter blooms (Table 1).
High Po River discharge rates in the preceding summer along with intense
evaporation and low Po River rates in the preceding autumn favoured large
winter (Feb) blooms at st. SJ108, SJ101 and SJ107 (not shown). On the
contrary, intense blooms in summer (Jul) at the same three stations were
favoured concomittantly by high Po River ratesin previous summer, autumn
and winter, by heavy rain in the preceding autumn, and by enhanced
insolation in the previous spring.

Tab. 1. Correlation coefficients between the first (F1) or second (F2) mode
of interannual changes in phytoplankton abundance at 6 stations of Figure 1
in achosen month (I to XI1; abundances were normalized before performing
PCA) and first two modes of geostrophic current distribution across the Po
section at the sampling time (C1 and C2), Po discharge rates on the same
day (Po), as well as cumulative values of Po discharge rates in period
preceding the sampling, up to 1 (Po-1), 5 (Po-5), 10 (Po-10), 30 (Po-30) or
45 (Po-45) days. Correlations significant at 95% CL are bolded.

Conclusion

The obtained results, showed that oceanographic forcing at the time of
sampling and in previous periods, are important for the understanding of the
long-term variability of the NA organic production, and can be used to
forecast such events. In addition, they can be used for development of the
NA ecological model.
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Abstract

Dense water produced in the Aegean Sea during the late 2000’ s supports the existence of a rather permanent thermohaline pump
mechanism that regulates the production of dense/deep waters in the Adriatic and Aegean Seas. The mechanism disturbs the
Eastern Mediterranean (EMed) upper thermohaline cell modifying their hydrological structure which alternatively preconditions
each Dense Water Formation (DWF) source. The role of thisinternal mechanism seems to prevail over the long-term atmospheric

influence in DWF events.

Keywords: Aegean Sea, Levantine Basin, Circulation, Deep waters

The Adriatic and the Aegean Seas are the two dense/deep water producing
sources in the EMed. It has been shown [1] that during the 1960 - 2000 period
these two areas presented alternating competitive cycles of DWF which were
followed by periods of less intense activity. The mechanism responsible for the
aternation of dense water production is based on their antagonistic functioning
in controlling the EMed deep thermohaline cell at almost decadal time intervals.
The massive outflow of dense water through the deepest layers of these two
margina seas during their active phases is balanced by increased inflow from the
upper layers. Thus, a thermohaline pump is created that advects upper layer
available water masses towards the active areas through their straits and
gradually disturbs the upper thermohaline cell of the EMed finally modifying
the main water mass pathways. This disturbance is portrayed in two different
modes: Following the activation of the Adriatic Sea, the Atlantic — lonian Stream
(AI1S) is deflected towards the North lonian with limited eastward flow resulting
in the recirculation of the Levantine Intermediate Water (LIW) in the Levantine.
Therefore sainity gradually increases in the eastern part of the EMed which
leads through preconditioning to DWF in the Aegean Sea. Respectively, the
activation of the Aegean Sea re-establishes the AIS eastward flow and
conseguently restores the LIW westward return flow. The mechanism modifies
the thermohaline structure of the water column, aternatively preconditioning
each source area.

Fig. 1. Yearly mean integrated salinity values for the first 300m in the N. lonian
and E. Levantine Seas (2003-12). Polynomia curves have been added for clarity

Recent field studies [2] have provided solid indication of dense water formation
taking place in the Aegean Sea afew years after the 2006 AlS deflection towards
the North lonian [3]. Dense water outflow has been monitored in the Western
Cretan Straits during 2007, 2008 and 2009 characterized by high temperature
and salinity values and with potential densities occasionaly reaching up to
29.21 kg/m3.

Using ARGO and Glider data from the MyOcean project’s data pool [4], yearly
mean integrated salinity values in the first 300m were produced for the eastern
Levantine basin (east of 31°E) and the North lonian Sea (north of 37°N) for the
available data period 2003-12. The results (figure 1), show a clear anti-correlated
behavior between them with an apparent almost decadal signa. Following the
2006 AlS deflection upper thermocline salinities in the North lonian decrease,
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while the eastern Levantine salinities are enhanced. In order to estimate the
contribution of the atmosphere we examined the net heat flux derived from the
ERA Interim reanalysis dataset [5]. Results presented in figure 2, show that the
recent activation of the Aegean is not characterized by any significant thermal
interaction with the atmosphere. The same conclusion can be reached by
examining the E-P budget (not shown). The role of the air-sea interactions
should nonetheless not be underestimated since severe winter atmospheric
events can modulate the intensity of the DWF, as in the case of the Eastern
Mediterranean Transient.

Fig. 2. Winter net heat budget (December to March) in the Aegean and
Levantine Seas (2000-12)
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Abstract

In the framework of the European Marine Strategy Framework Directive, the mixing characteristics and residence times of the
Hellenic seas are reviewed and analyzed. To that purpose, analysis of Lagrangian observations is used, as well as other methods,
wherever applicable. The method of Optimum Multiparametric Analysis is aso used and compared to Lagrangian and
hydrographic estimates, to assess mixing of water masses and age of deep waters. The above methods compare quite well in the
intermediate and deeper waters. Both Lagrangian analysis and a variety of other methods, including velocity shear measurements,
buoyancy budgets, density overturn analysis and specially planned Lagrangian experiments are also employed in an assessment of

horizontal and vertical mixing in the Hellenic Seas.

Keywords: Surface waters, Turbulence, Circulation, Currents, Aegean Sea

In the framework of the Greek response to the European Marine Strategy
Framework Directive (EMSFD), a review of mixing assessments and water
residence times is attempted for the parts of the Mediterranean surrounding
Greece, hereby referred to as the Hellenic Seas. For the purposes of the
EMSFD, the seas surrounding Greece were divided into four major sub-basins,
i.e. the North, Centra and South Aegean, the NW Levantine and NE lonian
Seas. In each of these basins, estimation of mixing rates and residence times was
based on the availability of surface drifter (in the surface layer) and ARGO float
tracks (in deep waters), as well as other methods, whenever applicable.
Regarding residence times, surface estimates were obtained through drifter tracks
provided by the MedSV P project (http://nettuno.ogs.trieste.it/sire/medsvp/) and
by the data set of the University of Athens. The residence times for each of the
above sub-basins were estimated by averaging the times over which the drifters
remained within the sub-basin, normalized by the ratio of zonal or meridiona
extent of the basin to zonal or meridional extent of each drifter track, to account
for limited drifter lifetimes.

Fig. 1. Spaghetti diagram of the drifter tracks used for the estimation of mixing
and residence timesin the North Aegean sub-basin

The same method was applied on a much smaller data set of ARGO floats for
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the deeper layers.

The method of Optimum Multiparametric Analysis (Karstensen and Tomczak,
1998; Leontiou, 2010) has been exploited for the estimation of residence times
in intermediate and deep waters. The surface residence times based on drifter
tracks in the surface layer naturally increased with basin size, ranging from 20
days in the Central Aegean to 150 days in the Northwestern Levantine. In the
deeper layers of the Aegean the ARGO float tracks, whenever available,
provided estimates comparable to the OMP method results. In the lonian and
Levantine Seas, residence time increased with distance from the Cretan Straits,
ranging from 1 year to 30 years, based on the OMP method. ARGO float
estimates should provide significantly smaller numbers, as the OMP method
inherently incorporates the mixing taking place within a whole basin. The
description of mixing processes in each sub-basin was also assessed via a range
of methods. Horizontal mixing was addressed via the surface drifter and ARGO
float observations, by estimating the eddy diffusivities through calculating
Lagrangian decorrelation scales. Again, these estimates were applied over the
whole sub-basins reported above, thus the considered mixing processes include
all sub-basin scale circulation. Our results vary from 350 m?s1 in the North
Aegean to more than 3000 m?s'1 in the Levantine for the surface layer, and from
80 m? s1 in the South Aegean to 140 m? s'1 in the Levantine Sea for the deep
layers. A review on vertical mixing estimates provides values ranging from 10>
to 103 m2s1, based on a spectrum of methods ranging from direct shear
measurements via microstructure profilers (Gregg et al., 2012), to buoyancy
budget estimations (Zervakis et a., 2003), to mixing assessment observed
through Lagrangian experiments (Zervakis et al., to be submitted) as well as
obtained via analysis of density overturns (Kioroglou et al., manuscript under
revision).
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Abstract

Four companion eddy-resolving simulations, obtained by running the NEMO code in regional Mediterranean configurations
differing only by the horizontal or the vertical resolution grid, are compared during the 1998-2011 period with a focus on the
Western Mediterranean Transition event in 2004-2006. The increase of the model resolution highlights the models skills in
simulating such processes as the water mass formation and spreading towards the southern boundaries of the basin.

Keywords: Circulation models, Water convection, Mesoscale phenomena, Gulf of Lyon, Algerian Basin

Introduction - The Western Mediterranean Transition (WMT) is a strong
event [1] occurring during the winter 2004-2005 in the Western Mediterranean
resulting in the formation of a large amount of Western Mediterranean Deep
Water (WMDW). The newly formed WMDW then invaded the whole Western
Mediterranean in a relatively short period of time. Our modeling study
compares four companion eddy-resolving simulations obtained by running the
NEMO code in regiona Mediterranean configurations differing only by the
horizontal or the vertical resolution grid. The first configuration MED12v50,
considered as our reference, iswell described in [2] and refersto a 1/12° ORCA
grid with 50 vertical levels. The second configuration MED12v75 refers to a
1/12° ORCA grid with 75 vertica levels. The third and the fourth
configurations refer to a 1/36° ORCA grid with 50 and 75 vertical levels,
MED36v50 and MED36v75 respectively. All the simulations used
MEDATLAS climatology [3] in October 1998 as an initial condition and were
forced from 1998 to 2011 by the ARPERA atmospheric fields, at about 50km
resolution [4].

Results - The first study of the reference simulation MED12v50 has shown
the role of deep mesoscale cyclones in transporting a large amount of new
WMDW in the southwestern Mediterranean, in agreement with altimetry data
[5]. The companion simulations are compared to the reference simulation on the
2004-2006 period and the differences are quantified in terms of horizontal
patterns and WMDW formation rate, mesoscale eddy characteristics and drift,
and bottom spreading towards the Channel of Sardinia and the Strait of
Gibraltar.

The increase in the horizontal resolution consequences an increase of the
formation rate for density higher than 29.11 kg.m3 (Table 1) in partticular in
2006. The increase in the vertical resolution consequences an increase of the
formation rate, more pronounced for density higher than 29.12 kg.m3 (Table
1). The horizontal resolution increase conseguences a decrease in the diameter
of deep cyclones transporting WMDW southwards by 20km (80 km against
100 km in the reference run) , while the vertical resolution increase
conseguences an increase of the deep cyclone southern drift velocity with
higher bottom speed, in better agreement with the satellite data [5] and
observations of [1].

Conclusion - The MED36v75 model shows a realistic formation rate and
characteristic time for southward spreading in the basin, although the newly
formed WMDW caracteristics are a little too cold and less salty than when
compared to the observations of [1], partly due to the influence of the modeled
shelf waters coming from the Cap Creus. In both MED36 simulations, as for
2005, the winter 2006 shows intense deep convection and WMDW formation,
contributing to the fast spreading southward observed.

Acknowledgments - Modeling work was supported by Mercator Ocean.
Computations were made at IDRIS from the CNRS (project i010227).
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Tab. 1. Formation rates in Sverdrups (1 Sv = 108m3.s') according to [1] for the
two years in mean, and for the four companion simulations, for density higher
than 29.11 kg.m3 and 29.12 kg.m3.

Criteria (kg.m®) [>29.11 [>29.11 |>29.12 >29.12
year 2005 2006 2005 2006
[1] in mean 24Sv |24 Sv

MED12v50 [2] [3.1Sv |0.4 Sv 1.3Sv | 0.2Sv
MED12v75 35Sv |04 Sv | 21Sv| 0.1Sv
MED36v50 31Sv |19 Sv 1.2Sv | 0.6 Sv
MED36v75 3.7Sv |2.1 Sv 26Sv | 11Sv
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Abstract

Recent studies evidenced that intermediate and deep water masses properties in the western Mediterranean Sea are affected by
the propagation of the EMT signal and the deep convection events. The long oceanic time series operated at the DY FAMED site
(Ligurian Sea) since 1993 recorded recent and rapid change of the water mass properties. We present here new results from the
dissolved oxygen, more sensitive to the dynamic processes, to detect deep convection process and intrusion of new water mass
that occurred over the last 20 yearsin the Ligurian Sea and affecting the biogeochemical budget.

Keywords: Oxygen, Time series, Ligurian Sea

Recent studies evidenced that climatic changes does not only occur at centenary
and millenary scales, but may also occur at much shorter time scales. This is
particularly important for the Mediterranean Sea, where the spatia and
temporal scales are one order of magnitude smaller than in the globa ocean.
Since the late 80s a rapid and extended change of the deep water formation cell
in the eastern basin has been observed (Eastern Mediterranean Transient event).
More recently, modifications of the deep and intermediate water masses
properties have been aso observed in the western basin suggesting a
propagation of the EMT event (so called the Western Mediterranean Transient)
and more intense local deep convection events with a probable impact on marine
ecosystems. This change shows the importance for a continuous monitoring of
the Mediterranean circulation in strategic area to estimate the impact of the
water circulation on biogeochemistry cycles. The DYFAMED time series
(Ligurian Sea) represents one of the longest oceanic time series in the
Mediterranean Sea where water mass changes have been already observed [1].
To detect hydrodynamic change, T and S parameters are currently used. Here
we propose to use the dissolved oxygen concentrationsand more sensitive to the
physical processes and which has been acquired at the DYFAMED site since
1993 (EUROSITES, PERSEUS and MOOSE since 2010). These new results
allow us to observe the variability of the deep convection events, the water
mass ventilation and the intrusion of new water mass that occurred in the
Ligurian Sea over the last 20 years and affecting the biogeochemical budget. For
example, since 1993, the dissolved oxygen concentrations showed the lowest
valuesin the Levantine Intermediate Water at the DY FAMED site (from 170 to
190 umol/kg) with a strong variability due to mixing process. In the deeper
waters (~2,000m depth) O2 concentrations showed less variability (from 200 to
215 umol/kg) with the maximum could be related to the deep convection
processes that appeared some wintersin the Ligurian Sea.

Fig. 1. Time series of the dissolved oxygen concentrations measured at the
DYFAMED site. Data have been acquired from bottles sampling and Winkler
method.
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Abstract

In the present study,4 field studies,in the April 2010 — February 2011 period,were conducted in the eastern region of Mersin Bay
extending from Mersin city up to Seyhan River delta.ln the river-fed coastal waters, nitrate values were high (1.1 -9.2 pM);the low
phosphate(0.06-0.16 uM)values result in higher N/P ratios (35-50) in nearshore waters.Surface total phosphorus, chlorophyll-a and
particulate organic matter displayed similar spatial distributions, decreasing 5-10 times in the offshore waters, exhibiting seasonal
variations. POM values were as high as 10.9-88.4 uM for POC, 1.5-8.3 uM for PON and 0.05-0.27 uM for PP in the polluted
shallow zone, with the POC/PON: 7.1-10.6 and PON/PP: 18-35 ratios.These ratios generally ranged between 7 and 10 as the
concentrations decreased markedly in the oligotrophic offshore waters of the bay.

Keywords: Eutrophication, Nutrients, Particulates, Mersin Bay

Shelf waters of NE Mediterranean (Cilician basin) have been polluted by
discharges of the major rivers (Seyhan, Ceyhan) and domestic wastewaters of
the big cities in the region. Therefore, eutrophication phenomena have increased
in the Mersin bay shallow waters fed by polluted river and domestic water
discharges. On the other hand, open surface waters of the Eastern
Mediterranean is a typica example for the oligotrophic seas [1-2]. This study
aims to assess inpacts of land based inputs onthe distributions of
eutrophication- related biochemical parameters in the bay, covering the affected
coastal zoen and offshore waters (Fig. 1). Four field surveys were conducted by
R/V BILIM during the April, 2010-February, 2011 (funded TUBITAK within
107G066 project). Conventional methods were followed in the measurements of
chemical parameters. Concentrations of dissolved inorganic nutrients, POM,
biomass, CHL -a were expectedly high in the nearshore waters of the bay fed by
nitrate-rich rivers (with high N/P) and domestic wastewater discharges. Impacts
of land-based inputs weaken markedly in the offshore waters due to limited
water exchanges between the shalow inner bay and deeper (>50 m) offshore
(Fig. 1). Typica surface distributions of nitrate and CHL-a (algal biomass
indicator) in the bay show the highly impacted water body in the nearshore
zone. In spring-autumn period, surface nutrient values were consistently low in
the central and outer bay waters (0.02-0.05 uM for PO4 and 0.05- 0.67 for
NO3) with relatively low N/P molar ratios (8-15) which increased up to 35-50
in the nearshore waters fed by river discharges.

Fig. 1. Surficial distribution of nitratein the bay in April 2010.

Surface water N/P ratios appears to decrease in spring-autumn period due to
decreasing nitrate values of the surface waters. Surface CHL-a concentrations, as
low as 0.05-0.15 pg/L in offshore waters displaying oligotrophic properties,
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increased steadily to 2.7 ug/L level in the river-fed nearshore waters. Apparent
increase in the POM conetrations coastal waters with low C/N ratios indicate
that the enhanced eutrophication dominates the POM pool in the inner shelf
compared to the POM of regenerative origin in the open sea during spring-
autumn period. Particulate P and PO4 constituted merely 10-35 % and 8-25 %
of TP pool in the nearshore; the rest by DOP which dominate in the TP pool in
the euphotic zone of the open sea.
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Fig. 2. Surficial distribution of POC in the bay in April 2010.
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Abstract

Nutrient (nitrate, phosphate and silicate) concentrations profiles were continuously measured at the DY FAMED time-series station
(Ligurian Sea) between 1991 and 2011, and underwent quality control. Concentration profiles showed seasonal patterns in relation
to physical and biogeochemical processes (winter convection, spring bloom, and summer stratification). The interannual variability
of nutrient concentrations was examined, which permitted to figure composite years of nutrient concentrations from surface to
200m depth. Nitrate to phosphate ratios permitted to assess the seasonal variability of chemical limitation in this region.

Keywords: Time series, Nutrients, Ligurian Sea

The knowledge of physica and biogeochemical processes that control the
availability of nutrients is a key point for the understanding of the chemical
limitation of primary production. However, time-series data on nutrient
dynamics are still scarse in the Mediterranean Sea. From 1991 to 2011, nutrient
concentrations were measured at the time-series DYFAMED site (central
Ligurian Sea, 28 nautical miles from the continental French coast, 2350m deep,
43°25'N, 7°52E), now in the framework of the French Service d' Observation
MOQOSE (Mediterranean Ocean Observing System on Environment). After
quality control on the whole data set, outliers and aberrant values were removed.
Remaining data permitted to evidence clear patterns in relation to seasonal
physical and biogeochemical processes: Winter convection homogenises nutrient
concentrations along the water column, resulting in rectilinear profiles. The
convection process yields the fuelling of nutrients to the photic layer, which
triggers the subsequent phytoplankton bloom, in spring. Then, nutrients are
progressively consumed by biota, while the stratification of the water column
increases. The depletion of surface waters characterises the oligotrophic season,
resulting in typica surface-depleted profiles. Such reproducible patterns
permitted to draw composite years of nutrient concentrations, e.g. nitrate
concentrations (Fig. 1).

Fig. 1. Seasona plot of nitrate concentration in the 0-200m layer for a
composite year (1991-2011), after quality control at the DY FAMED site.

Ultimately, this data set permitted to assess the seasonal variability of nitrate to
phosphate ratios, which evidences the seasonal variability of the chemical
limitation of primary production: a shift from nitrate (spring) to phosphate
(summer and fall) is characteristic of the north-western Mediterranean [1] (Fig.
2).
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Fig. 2. N:P ratio for the 0-2500m layer at the DYFAMED site. Data are
gathered according seasona patterns: Left, middle and right graphs represent the
convective, productive, and stratified periods, respectively. The seasona
variation is clearly marked in the surface layer. Below 500m depth, the ratio is
around 21-22, and much less variable. Note that low values calculated at the
surface during the stratified period are due to very questionable estimates of the
N:P ratio when nitrate and phosphate concentrations are low.
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Abstract

Atmospheric aerosols have been found to supply not only phosphorus but also macro- and micro-nutrients (N, Fe and other) to the
Mediterranean. The impact of P alone and Saharan dust/aerosol additions on the microbial food web of the oligotrophic Eastern
Mediterranean Sea was studied by means of two mesocosm experiments carried out at the new mesocosm facility of the Hellenic
Centre for Marine Research in Crete, Greece, during September 2009 and May 2012, respectively. During both experiments, a
wide range of chemica and biological rate and state variables was measured. The results of the two kinds of addition are
discussed in terms of their effects on the phytoplankton and bacterial component of the food web.

Keywords: Atmospheric input, Phosphorus, Food webs, Cretan Sea, North-Eastern Mediterranean

The Eastern Mediterranean Sea (EMS) receives high dust fluxes, with
maximal inputs, especially from the adjacent Sahara desert, during the spring
and early summer periods. Since Saharan dust has been shown to contain
bioavailable phosphorus (P) but also macro- and micro-nutrients (N, Fe and
other trace metals) [1], dust deposition events could stimulate the biological
activity at the Low Nutrient Low Chlorophyll EMS. During the past years,
many efforts have been carried out to understand the effect(s) of P-addition
on the entire pelagic food web of the P-limited EMS, through a Lagrangian
[2] as well as a mesocosm study [3]. However, this kind of ecosystem-level
approach has not been used in the case of dust/aerosol in the Eastern
Mediterranean.

The impact of Saharan dust and mixed aerosols on the microbial food web of
the oligotrophic Cretan Sea was studied during a mesocosm experiment in
May 2012 (ATMOMED project), at the new mesocosm facility of the
Hellenic  Centre for Marine Research in Crete, Greece
(http://mesoagua.eu/cretacosmos). Seharan dust (1.6 mg I'Y) and mixed
aerosols (1 mg I"Y), collected in Crete and elsewhere, were each added to 3
mesocosms of 3 m3, while 3 more mesocosms were used as control (no
addition). A wide range of biological state (abundance and biomass of al
biota from viruses to mesozooplankton, bacterial, microplankton and
mesozooplankton community composition) and rate (primary, bacterial,
viral and mesozooplankton production, bacterial respiration, phosphorus
uptake, N2 fixation, photosynthetic efficiency, microzooplankton grazing)
variables were measured during 9 days of experiment.

The results of primary production and phytoplankton biomass (mainly
Synechococcus) indicated a net response of the autotrophic community to
both Saharan dust and mixed aerosol additions between days 1 and 4. The
response of the heterotrophic bacterial community to both dust and mixed
aerosol treatments was also clear but faster than the one of the
phytoplankton and lasted only from day O to day 2. This would suggest
that Saharan dust and mixed aerosol stimulated the auto- and hetero-trophic
sides in different time scales and probably triggered interactions between
them.

The above-mentioned biological parameters were related to the temporal
distributions of numerous chemica species, such as inorganic and organic
nutrients, total proteins, total mono- and poly-saccharides and their
molecular composition profiles, in order to highlight the production and
degradation dynamics of organic matter.

The results of this experiment are compared to the ones of a previous
mesocosm experiment with addition of P alone that took place at the same
facility, in September 2009 (Nutritunnel project).

The impact of dust and aerosol additions on the microbial food web was
spectacularly more significant than the one of addition of P alone and it was
evident in the case of both bacteria and phytoplankton whereas only
bacteria were found to benefit when P was added to the pelagic ecosystem
of the Eastern Mediterranean. This differential response is not unexpected
given that atmospheric inputs contain P and N and also that phytoplankton
has been found to be N&P co-limited in the are, at least during the warm
period [2,3].
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Abstract

The annual mean trophic index and efficiency coefficient were used to address the trophic state of the northern Adriatic in the last
forty years. Differences in the efficiency of nutrients use between the western (more eutrophied) and eastern (more oligotrophic)
part were identified at the beginning of the investigated period. Later, after the ban of polyphosphates in detergents (mid-eighties)

the NA ecosystem showed similar patterns in the whole area.

Keywords: Eutrophication, North Adriatic Sea

Introduction

The trophic state of the northern Adriatic (NA) is mainly under the
influence of the Po River (70 % of the inflow), one of the largest
Mediterranean rivers. The trophic index (TRIX) and the Efficiency
coefficient (EFCO) are widely used to address the trophic state of an area
[1]. As the NA undergoes changes in the nutrients availability and the
ecosystem responds to that stimulus [2], it isimportant to understand if the
trophic state of the area shows same patterns.

Methods

Water samples for nutrients (ammonium, nitrite, nitrate and total
phosphorous) and chlorophyll a concentration measurements were collected
on amonthly scale from 1972-2011 at five oceanographic depths at stations
SJ107 (13 Nm off Rovinj) and SJ108 (13 Nm SE off Po River mouth; Fig.
1). Parameters were determined by standard oceanographic methods
described in previous authors' publications.

Fig. 1. Northern Adriatic map and station locations.

To understand the changes of the trophic state of NA two indexes (TRIX
and EFCO) were calculated as originaly stated by Giovanardi and
Vollenweider [1]. Data for the surface layer (depth<l1l m) were only
considered. Cumulative anomaly of those two indexes was caculated
summing cumulatively their differences from the average value for the whole
investigated period.

Results and discussion

Stations SJ107 and SJ108 (Fig.1) are situated at the opposite ends of the
trophic gradient in the NA [1]. The overall mean TRIX at the western
station SJ108 is 3.92 and 2.97 at eastern SJ107, indicating that the western
one is mesotrophic while the eastern oligotrophic. These differences are
maintained through the whole period (Fig. 2). The overal mean EFCO
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differed at the beginning of the investigated period showing a more efficient
use of the available nutrients up to the mid-eighties in the mesotrophic
western part. Later, after the ban of polyphosphates in detergents in the
eighties no difference between the two stations in nutrient use was detected
(Fig. 2).

Fig. 2. Mean annua trophic index (TRIX) and Efficiency coefficient
(EFCO), Cumulative TRIX and EFCO Anomaly at stations SJ107 and
SJ108 for the period 1972-2011 in the surface layer (depth<11 m).

Cumulative TRIX and EFCO anomaly are more difficult to understand
because this type of data presentation is a good indicator of systematic
behaviour rather than trend. After the eighties they (Fig. 2) show similar
patterns on both stations, indicating that the trophic state of the NA after
the ban of polyphosphates in detergents and with that lowering the
phosphorus pressure, is in the whole controlled by the same processes
(nutrient  availability — Po River input, forcing from southern basin -
intrusions, general circulation - open or closed etc...).
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Abstract

Vertical distributions of Dissolved Organic Carbon (DOC) were studied along a section in the southern Tyrrhenian Sea sampled in
seven cruises from 2006 through 2011. DOC showed the highest concentrations in the surface layer (0-150 m) with an interesting
variability strongly influenced by mesoscale circulation features. Persistent anticyclonic eddies appear to provide a favorable

environment for DOC accumulation.

Keywords: Circulation models, Mesoscale phenomena, Carbon, Organic matter, Tyrrhenian Sea

Dissolved Organic Carbon (DOC) represents the largest reservoir of organic
carbon on the Earth and plays a key role in the global carbon cycle. Almost all
biological processes occurring in the oceans concur to determine its
concentration which is also affected by external inputs (e.g., atmosphere, rivers,
sediments). Physical processes (water masses circulation, winter convection),
on the other hand, redistribute DOC in the Mediterranean Sea and in the
Oceans. DOC data were collected along a selected section, starting off the Gulf
of Naples and reaching a central location in the eastern Tyrrhenian Sea (39.5°N,
13.5°E), during seven cruises (2006-2011 conducted in different seasons) in the
framework of the Italian Project“VECTOR". Altimeter data and maps of
surface velocity from an operational model of the Tyrrhenian Sea circulation [1]
were studied for the same periods, in order to figure out if the variability in
surface DOC distribution could be mainly explained by mesoscale activity.
DOC distribution showed a decoupling between the surface layer (0-150 m),
where the highest concentrations (57-80 uM) were observed throughout the
year, and the intermediate and deep waters, where DOC ranged between 33 and
49 uM. This feature can be explained by the basin’s seasonal cycle which, to
some extent, may be characterized as permanently stratified. In this basin late
winter mixing seems to rarely exceed 120-150 m. Thisis consistent with the low
nutrients concentrations observed in this area even in winter [2], and supports
the idea of a basin with a subtropical-like behavior. Surface DOC distribution
showed different patterns during the various cruises, without a clear seasonal
cycle. DOC vertical distribution superposed to isopycnals is shown for three
periods representative of the different patterns (Fig.1). In April 2007 DOC
showed high concentration (69-78 pM) down to 100 m in the middle of the
section, in August 2010 two maxima (60-73 uM) were observed towards the
edges of the section. Low concentrations (53-60 uM) were found in January
2009 above the pycnocline. The structure of the isopycnals suggests the
occurrence of an anticyclonic circulation in both April 2007 and August 2010
(even if in this month the high stratification masks this feature in the upper 100
m). No such featureis present in January 2009.

Fig. 1. DOC (uM) vertica distribution along a section in the southern
Tyrrhenian Sea. Black lines are isopycnes. CTD data were kindly provided by
DiSAm, "Parthenope" University, Napoli and CNR-ISMAR, La Spezia
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To get further information on the horizontal structure of the circulation in the
area and to confirm possible effects on the DOC distribution, maps of average
Absolute Dynamic Topography from AVISO, with geostrophic circulations
superposed, are shown for the same periods (Fig. 2). In April 2007 the section
cuts the edge of a strong anticyclonic eddy, that is perfectly centered on the
section in August 2010. In January 2009 no such structure is visible and the area
is occupied by a coherent northwestward current. These data confirm that
mesoscale structures play a major role in shaping DOC distribution in the
surface layer of the Tyrrhenian sea as already reported for other areas in the
Mediterranean Sea [3] and in the subtropical NE Atlantic Ocean [4]. The
presence of a persistent anticyclonic structure may provide favorable conditions
for the establishment of high DOC concentrations. However our repeated
surveys suggest that the DOC maximum is located on the edge of the structure
and not in its core. All the above asks for an in depth analysis of the
mechanisms by which mesoscale activity affects DOC accumulation and
redistribution in the Thyrrhenian Sea.

Fig. 2. Maps of average Absolute Dynamic Topography from AVISO for April
2007, August 2010, and January 2009, with geostrophic circulations
superposed The section isindicated with ablack line.
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Abstract

Dissolved Organic Carbon (DOC) data collected in the Mediterranean Sea during 15 cruises (1999-2011) allow to study the basin-
scale DOC distribution and to estimate DOC stocks and fluxes at the straits. This study will also report hew information about the

metabolic state of the basin.
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To date the contribution of the Mediterranean Sea (MS) to the global carbon
cycle is still under debate. This basin shows some peculiar characteristics that
make it a good model to assess Dissolved Organic Carbon (DOC) dynamics. It
is characterized by (1) unique thermohaline circulation including deep water
formation; (2) short ventilation rates and residence times for deep waters (20-
126 years); (4) Deep water temperatures ~10°C higher than in deep oceans; (5)
enhanced respiration rates (6) high DOC mineralization rates and (7) different
patterns of stratifications in areas located within close proximity.

The main goa of this work is to give a snapshot of the basin-scae DOC
distribution, its fluxes at the straits and external inputs. Thisis the first attempt
to combine stocks, fluxes and minerdization rates by merging data and
information regarding the whole basin. The increased number of DOC data has
facilitated a large progress in the knowledge of DOM spatia distribution and
dynamics on a basin-scale.

The vertical distribution and concentration of DOC in the Med Sea are similar to
those observed in the oceans. DOC ranges between 31 and 128 uM, values
higher than 128 uM have been observed in coastal areas impacted by river input
(e.g. the Gulf of Lions and northern Adriatic Sea). DOC vertical profiles show
the highest concentrations in the mixed layer, with a gradual decrease to reach a
minimum of 40-48 uM between 200 and 500 m, in the core of the Levantine
Intermediate Water (LIW). Below 500 m DOC shows amost constant values
(34-43 uM) with adlight increase close to the bottom. Figure 1 shows surface (5
m) contour plot of temperature and DOC from the data collected during 15
cruises (1999-2011).

Fig. 1. Surface (5 m) contour plot of temperature and DOC from the data
collected during 15 cruises (1999-2011).

There is an interesting correspondence between the two distributions, with the

189

lowest DOC concentration in correspondence of the coldest areas, that are the
areas where the water column is completely mixed due to winter convection or
to the occurrence of cyclonic eddies. DOC shows high values in the warmer
areas, that is in the mixed layer of high stretified waters, and in the core of
anticyclonic eddies (Fig. 1). In the intermediate and deep water physica
processes (water masses circulation, winter mixing and deep water formation)
play akey rolein shaping DOC distribution [1].

DOC plays an important role in carbon export down to meso- and bathy-pelagic
layers by deep-water formation. The amount of DOC exported by deep-water
formation is 0.85-1.19-1012 g C yearl in the Adriatic Seaand 0.54-18.24-1012 g
Cyear'lin the Gulf of Lions[1]. By the same process, the LIW formation may
carry 8.3-12.5-1012 C year-1 from the surface to intermediate layer.

The large data set available allows for a re-assessment of DOC stocks in the
different depth-layers of two sub-basins [2]. Total Mediterranean DOC stock is
1692:1012 g C (660-1012 g C in the West Med and 1032-1012 g C in the East
Med). Net inputs supply a high fraction of DOC to the Mediterranean Sea each
year (1% of total stock). On the basin scale, primary production is 1781012 g C
y~1[3]. Estimated PER is 38% [4], so 68:1012 g C y'! are released as DOC by
phytoplankton and 12.9-18.5:1012 g C y1 are supplied by external inputs. In
order to give information on the metabolic state of the basin three assumptions
were made (i) a steady state, (ii) a BGE of 50% and (ii) the average value of
BCD estimated for the Ligurian, Tyrrhenian and lonian Sea [5, 6, 7] could be
representative for BCD in the whole basin. Based on these assumptions, we can
roughly estimate that BCD is 811012 g C y'1 in the upper 100 m and 61-10%2 g
C y™1 between 100 m and the bottom. In this scenario about 55-61-1012 g C y'1
are still missing to satisfy bacterial carbon demand, confirming the importance of
other mechanisms of DOC production and/or DOC inputs to the Mediterranean
Sea.
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Abstract

The stoichiometry of the northwestern Mediterranean Sea depends largely on the formation of dense water during winter.
Observations collected in the center of the MEDOC area [1], in March 2011, allowed to follow the evolution of N:P ratios at the
end of the convection period and at the beginning of the restratification. While the convection episode led to homogeneous nutrients
concentration with deep N:P value of 22 over the entire water column, the stratification allowed the mineralization of fresh organic
matter exported during the convection. These processes could be partly responsible to enhance the known phosphate depletion of

the Northwestern Mediterranean sea.

Keywords: North-Western Mediterranean, Water convection, Nutrients, Phosphorus, Chlorophyll-A

The winter convection is an important process for the northwestern basin of the
Mediterranean Sea. While sinking dense water entrains dissolved and particulate
organic matter to the deep layer, upward motions transport nutrients to the
surface layer. Thisrefueling is akey factor for the ensuing spring bloom [2], and
a significant evolution of the stoichiometry of the nutrients is expected during
the transitional period between the unstratified and stratified conditions. The
CASCADE cruise succeeded in sampling a late convection episode during the
winter 2011, and followed the rapid restratification of the water column.
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Fig. 1. Profiles of potential temperature (bold line), chlorophyll a concentration
(thinline), DIN-DIP ratio (noted N:P), and chlorophyll a : phaeopigments a
ratio at the station 42°00N 4°40E, during the convection event (A), 5 days after
(B) and 12 days after (C). The dashed line is the mixed layer depth of 1500m.
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The convection event produced a mixed layer of 1500m depth (Fig. 1A). It
followed a bottom-reaching convection event that occurred a couple of weeks
earlier. A N:Pratio of 22, similar to the few known values for the deep layer in
the northwestern basin [3], was observed on the entire water column.
Chlorophyll a was also detected throughout the mixed layer. The chlorophyll a
to phaeopigments ratio indicated that the phytoplanktonic community was still
healthy despite its advection well below the euphotic depth.

Five days later, the water column restratified due to the rapid advection of
Levantine Intermediate Water over the convection area (Fig. 1B) that isolated
the newly formed deep water from the surface layer. The nutrient load in the
surface layer supported a phytoplankton development (1.95 pugChl.L™Y), which
rapidly consumed the nutrient and led to a relative phosphate depletion (high
N:P ratio). The newly-formed deep water and the older bottom waters
preserved their biogeochemical properties.

Then, a short wind event destabilized the first 500m of the water column (Fig.
1C), but was enabled to induce a new convective event. Twelve days after the
convection event, the N:P ratio increased on the whole water column i.e. from
surface to the bottom. Considering the steadiness of nitrate and decrease of
phosphate concentrations, we hypothesized that mineralization of fresh organic
matter by bacteria occurred within a redfieldian N:P ratio. Phosphate consumed
by this mineralization process rapidly led to its limitation.

Following this hypothesis, the northwestern Mediterranean convective region is
possibly an area where surface and deep N:P ratio are significantly altered at the
end of the mixing period due to mineralization of fresh organic matter present in
the winter deep mixed layer. Hence, this process possibly contributes to the
reinforcement of the existing Mediterranean phosphate depletion.
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Abstract

The ability of the Adriatic in renewing the deep waters of the Eastern Mediterranean is investigated in relation to the properties of
the LIW entering from the lonian Sea. This study is based on oxygen and nutrient data collected in the Otranto strait and the

surrounding area between 1987 and 2000.

Keywords: Oxygen, Nutrients, Intermediate waters, Otranto Strait

The Adriatic Sea is a semi-enclosed basin shalow in the north and deep in the
south. It communicates with the lonian Sea thought the Strait of Otranto, a 70
km wide and 800 m deep channel. The general circulation in the Adriatic basin is
cyclonic [1] consisting from a rather weak current along the eastern coast (the
Eastern Adriatic Current - EAC) and a fast mainly coastal current along the
western coast (the West Adriatic current - WAC).

The lonian Seais adeep (up to 4000m) and wide basin which receives salty and
warm waters from the easternmost part of the Mediterranean and fresher and
relatively colder water from the western Mediterranean. The EAC bring
Levantine Intermediate Water (LIW) and lonian Surface Water (ISW) into the
Adriatic [2]. Adriatic is prone to strong winter outbreaks of cold dry northerly
winds which induce extended heat losses and evaporation, that drive to deep
water formation events. During cold winters and restricted fresh water input,
the densest water in the whole of the Mediterranean, the North Adriatic Dense
Water (NADDW) is formed over the shallow northern shelf of the Adriatic [3].
In addition, in the Southern Adriatic Pit, the Adriatic Deep Water (ADW) is
produced through open ocean deep convection [4].

The capacity of the Adriatic Seato form dense water depends to:

- the incorporation of saline intermediate waters

- the intensity of the winters.

During the Eastern Mediterranean Transient (EMT) the salinity of the
intermediate layers (200-700 m) entering in the Adriatic Sea became reduced by
the upwelling of the deep waters in the Eastern Mediterranean, due to the
massive dense water supply from the Cretan Sea [5]. The reduction of salt
content in combination with milder winters limited the capacity of the Adriatic
Seato form dense water [6].

The systematic study of the nutrient and oxygen regime from 1987 in the
Otranto strait in the frame of national and international research programs
permitted to follow the temporal evolution of oxygen and nutrients in the Strait
of Otranto (Fig. 1 & 2) and the surrounding area[7] and [8].

Our observations show that the ability of the Adriatic in renewing the deep
waters of the Eastern Mediterranean is closely linked to the properties of the
LIW entering from the lonian Sea. The modulation of the LIW characteristics
entering in the Adriatic Sea due to the reversal of the North lonian Gyre (NIG)
from anticyclonic during the period of 1987-1995, to cyclonic during the period
of 1996-2005 [9] is also examined.

Fig. 1. Dissolved oxygen and nitrate plotted against sigma-theta in the station
40° 00'N 19° 00" E in Otranto strait for the period 1987-1991.
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Fig. 2. Dissolved oxygen and nitrate plotted against sigma-theta in the station
40° 00'N 19° 00’ E in Otranto strait for the period 1994-2000.
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Abstract

We performed 218t century climate change scenario simulations with a Mediterranean regional ocean model in order to assess the
sengitivity of changing Mediterranean water masses to boundary forcings. Our study aims to quantify the uncertainty linked to the
choice of boundary conditions such as the Atlantic hydrography at the western margin, the river runoffs or the surface fluxes. We
particularly focus on changes in mean sea level and thermohaline circulation. Results show that the near-Atlantic hydrographic

changes have the strongest influence on the evolution of the Mediterranean water masses.

Keywords: Circulation models, Sea level, Deep waters, Stratification, Gibraltar Strait

The Mediterranean climate is expected to become warmer and drier during
the 215t century [1]. This typical response and the associated changes may
vary, depending on the chosen scenario. However, the regional ocean model
behaviour could also be sensitive to the choice of the boundary conditions
such as Atlantic hydrography, runoffs and air-sea fluxes.

To assess and quantify the sensitivity of the Mediterranean Sea to boundary
forcings, a set of numerical experiments was carried out with the regional
ocean model NEMOMEDS set up for the Mediterranean Sea. The model is
forced by air-sea fluxes derived from the regiona climate model ARPEGE-
Climate on a50-km stretched grid. Freshwater inputs from the rivers and the
Black Sea are prescribed. At the Atlantic boundary, temperature and salinity
are relaxed towards values derived from a global model.

Historical simulations representing the climate for the period 1961-2000
were run to obtain a reference state. From this baseline, various sensitivity
experiments were performed for the period 2001-2100, following IPCC-A2
scenario. In these simulations, the three main boundary forcings (river
runoff, near-Atlantic water hydrography and air-sea fluxes) were
alternatively changed to better identify the role of each forcing in the way
the ocean responds to climate change.

Our numerical experiments suggest that the choice of the boundary forcings
substantially impacts the response of the Mediterranean Seato an IPCC-A2
scenario. The range of mean SSS anomalies (2070-2099 vs. 1961-1990)
spreads between 0.6 and 0.9 psu depending on the boundary conditions
applied. The near-Atlantic surface water evolution, which is very uncertain
in global ocean scenario simulations, has the strongest influence on the
evolution of the Mediterranean water masses and dense water formation.
Significant differences of the future thermosteric mean sea level trends are
thus simulated, with a range of increase between 40 and 60 cm. This
uncertainty is mainly driven by Atlantic boundary conditions. We also
analyse the changes in the Mediterranean thermohaline circulation (MTHC).
Finally, we address the question of the influence of the initial MTHC state
on the ocean climate projections.
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EVOLUTION AND SPREADING AFTER 2005
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Abstract

With the help of IBAMar data base new deep water (DW) formed in the Western Mediterranean (WM) after winter 2005 i<
tracked al along the Spanish Mediterranean coast since it was formed to nowadays. After winter 2005 an abrupt uplift of
isopycnals of the order of hundreds of meters was observed in the DW formation areas. No clear trend of isopycnals is observed
since then. Using MEDAR, CORA and MATER databases, isopycnal trends during the previous decades will be analyzed in the
same area, trying to understand the processes that induce the new DW formation.

Keywords: Deep waters, North-Western Mediterranean

1. Introduction After winter 2005 an abrupt change was observed in the
Western Mediterranean Deep Water (WMDW), with the apparition of a
complex thermohaline structure due to the contribution of different water
masses, that could be observed from the north of the WM to the Argelian sub-
basin [1]. It has been denoted as the Western Mediterranean Transition (WMT),
to distinguishing it from the Eastern Mediterranean Transient (EMT), and is
described in [2] and references therein. Different hypothesis have been
proposed to explain the new properties of the WMDW: a progressive increase
of salinity and heat in the intermediate levels due to EMT advection, a
progressive increase of salinity and heat of the Atlantic Water (AW) entering
through Gibraltar, or an extreme winter forcing. Long term trends on the increase
of salinity and temperature have been observed in the DW in the eastern and
westerm sub-basins during the second half of 20th century but there are no clear
results in the intermediate and surface waters that participate in their formation
[3]. Those studies have been done on isobaric surfaces and it is necessary to do
the same analysis on isopycnals [4] to better understand the impact of salinity
and temperature tendencies of intermediate and surface waters on the new
WMDW formation.

2. Data and Methodology IBAMar 2.0 is a new data base created from the
oceanographic data obtained during the development of different oceanographic
projects by the Balearic Center of Spanish Institute of Oceanography (IEO) and
conducted from 1974 and ongoing in the Western Mediterranean basin (Baearic
Sea and Algerian Basin) [5]. The main goa of this data base is to establish a
climatology for the most significant variables to study the existence of decadal
cycles or long term trends, trying to better understand the behaviour of the
hydrographic conditions of the Spanish Mediterranean coast, at both seasonal
and interannual time scale and long term. Using IBAMar database it is possible
to characterize the tempora evolution of the thermohaline anomaly since 2005
to nowadays. With the help of MEDAR [6], CORA [7] and MATER [8] it is
possible to study the thermohaline characteristics of the WMDW before 2005.
Using all databases together, figure 1 shows potential temperature and salinity
versus pressure and time from 1972 to the end of 2012 for stations between
40.0 °N and 42.5°N, 3.5°% and 7.0 °E, area that corresponds to DW formation
in the WM. Data was interpolated over a regular grid every 100 days and 10
dbar. Interpolated isopycnals are also shown. Similar plots can be done for
selected areas along the Spanish Mediterranean coast down to the Alboran sea
to characterize the spreading of the anomaly along the west of the WM sub-
basin.

3. Discussion After winter 2005 an abrupt uplift of isopycnals of the order of
hundreds of meters was observed in the DW formation areas. This uplift seems
to be faster than previous observed events, and remains on time since
nowadays. No clear trend of isopycnals is observed since then. With the help
of IBAMar data base it is expected to characterize the isopycnals behavior along
the Spanish Mediterranean since 2000. Using the MEDAR, CORA and
MATER data bases it should be possible to analyze the isopycnal trends during
the previous decades in the DW formation area to help to understand the
processes that induce the new DW formation.
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Fig. 1. Potential temperature (top) and sainity (bottom) at the north WM.
Black curves areisopycnals.
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Abstract

Autonomous underwater gliders provide accurate, high-resolution datasets that can unlock hidden variability in ocean processes at
critica control points, as demonstrated for a‘choke’ point between two ocean sub-basins in the Western Mediterranean Sea. This
high-resolution observation skill is important for characterizing sub-mesoscale and sub-seasonal variability in order to detect future
climatic change, improve our constraint of models and understand ecosystem response to physical process.

Keywords: Mesoscale phenomena, Circulation, Coastal processes, North-Western Mediterranean

It is becoming increasingly important to understand sub-mesoscale and sub-
seasonal variability in our ocean circulation system: in order to place historical
observations in context, to detect future climatic change and to improve our
modeling and forecast capability. The in-situ monitoring of this variability at
inter-basin ‘choke’ points, narrow channels and straits that exert a controlling
influence on the exchanges of watermass such as Drake Passage in the Southern
Ocean and the Fram Straits in the North Atlantic, is particularly important [1].
The Ibiza Channel in the Western Mediterranean is one such ‘choke’ point in
the basin-scale thermohaline circulation of the Western Mediterranean Sea,
where an important north/south exchange of watermasses is known to affect
local ecosystems of economic importance, e.g. the spawning grounds of Atlantic
bluefin tuna[2]. From January 2011, within the framework of SOCIB activities
[3] and now also within the framework of PERSEUS (an EU funded project),
autonomous underwater gliders have been deployed on a regular basis across a
standard transect at this narrow ‘choke’ point and have proved particularly
effective at capturing the signature of a high sub-seasona variability (days-
weeks) in the inter-basin exchange of watermasses [4], a variability that had
previously only been observed at a seasonal level through ships surveysor at a
coarse resolution with moorings [5]. Combining the data from these recent
glider missions (now from 2011-2012) with a historical timeseries of ships CTD
surveys (1996 — 2012) from the IBAMar database [6], enables us to define a
new more detailed seasonal cycle of transports. This, in conjunction with the
glider data, clearly demonstrates the contribution of sub-seasonal variability to
the seasonal pattern of transports (Figure 1), indicating that mesoscale
processes are as important as the seasonal cycle in governing the North/South
exchange at this Mediterranean ‘ choke point’. The links between this observed
high variability, atmospheric forcing and mesoscale indicators are investigated to
determine the key dynamic processes governing this sub-basin exchange and
resolve the links between basin-scale and mesoscal e processes.
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Fig. 1. Geostrophic transports of water mass volumes, both north (positive
values) and south (negative values), per transect of Ibiza Channel; glider
transects (dots) and CTD transects (stars). The new seasonal cycle (black line)
is shown, with the mean monthly values (grey line) and an earlier [5] simple
seasona signal (dashed line). The high sub-seasonal variability in transports
captured by the repeated glider transectsis clearly visible.
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OCEAN COLOUR AND OTHER OPTICAL SATELLITE DATA VERSUSIN-SITU DATA

Mira Morovic 1*, Branka Grbec 1, Zarko Kovac 1 and Zivana Nincevic Gladan 1
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Abstract

Different optical data are available at JRC database, covering partly the same time period. The idea of this paper was to extract
monthly mean data from the geoporta from different satellites for the same location in the open middle Adriatic Sea and compare
them with each other and with the in-situ optically weighted monthly chlorophyll pigments. The correlation coefficients were
caculated between various optical data retrieved from the satellites like Chlorophyll data from SeaWiFS, MODIS and MERIS
diffuse attenuation coefficient, absorption coefficient, particulate backscattering coefficient and euphotic zone depth with the

monthly in-situ chlorophyll and Secchi disk transparency.

Keywords: Remote sensing, North-Central Mediterranean

The data series of the Institute of Oceanography (Split, Croatia) especialy in
the Middle Adriatic has long tradition of amost monthly oceanographic
measurements. Among these data we used transparency and in-situ chlorophyll
from the station located at 43N; 16.33E for the period 1997-2007 (Fig 1).

Fig. 1. Investigated |location.

From the same point al the available satellite optical data were retrieved form
www.jrc.it geoportal.

Recent comparison of in-situ to satellite colour data from the same area at the
monthly scale has shown rather high differences, especially in summer when
satellites often show higher values (1). In some earlier analysis high seasonal
differences were aso found (2). Daily pixel values also show in some periods
large differences relative to the same day and location in-situ data (3). The
question is how to handle these differences, if we wish to complement one data
type with the other?

Besides anylsing the annua course of the differences, the correlation analysis
was performed to see to what extent the data from different sources, the satellite
and the in-situ, correspond and also to what additional parameters, retrieved
from the satellites, are they best related.

In spite of the differences, high correlation coefficients were obtained between
in-situ optically weighted chlorophyll (OPW) with chlorophyll values from
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satellite sensor MODIS and somewhat less with the data from MERIS (Table
1).

Also high correlation was obtained between OPW and diffuse attenuation
coefficient Kd490 (MODIS). The correlation coefficients, although significant,
are lowest with the Secchi disk depth, which is understandable due to their
dependence not only on water properties.

Euphotic zone depth is highly correlated to absorption coefficient and both
euphotic zone depth and absorption coefficients are highly correlated (0.96) to
MERIS Kd490, while correlation of these with particulate backscattering
coefficient is somewhat lower (0.7).

The correlation coefficients between the chlorophyll satellite data from the three
satellites are very high while correlations among Kd490 from the three satellite
sources are little lower.

Although the analysis of long-term series of both in-situ and satellite data often
lead to similar and comprehensive results, the differences in data require
particular attention in order to take the advantage of frequent optical satellite
data measurements.

Tab. 1. Correlation coefficients between diffuse attenuation coefficient Kdagg,
Chlorophyll pigments from different sensors (MERIS, MODIS and SW-
SeaWiFS), transparency (SD), optical data from MERIS: euphotic zone depth
(Zg), absorption coefficient at 443 nm (ayys3), particulate backscattering
coefficient at 443 nm (bbyyz) and optically weighted in-situ chlorophyll
pigments (OPW). N-data number, p-significance level <0.01 for all unmarked
coefficients, and p<0.045 for coefficient marked with *. Only the significant
correlation coefficients are shown.
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Abstract

The interpolation error and the uncertainty degree associated to the updated climatology of oceanographic properties of the whole
Adriatic Sea, based on campaigns from a large tempora range (about a century), have been estimated in order to provide
information on the reliability of the products obtained and on the stability of the climatological fields. The updated climatologies
have been produced using the Variationa Inverse Method (VIM) and a resolution by Finite Element Method; error and uncertainty
maps associated to each climatological field approximation have been obtained by calculating the error associated to data
interpolation and by comparing climatology with measured data. The uncertainty associated to the climatology provides an estimate

of the importance of mesoscale processes in the Adriatic Sea.

Keywords: Mesoscale phenomena, Global change, North Adriatic Sea, Central Adriatic Sea, South Adriatic Sea

Climatological maps provide valuable information for different purposes such as
optimization of regional and subregional numerical prediction models, validation
of new datasets and as baseline information to identify possible modificationsin
the marine environment related to global climate changes. However, the
climatology per se provides only an estimate of average fields without explicitly
showing the intrinsic dynamics connected to the short and long term variability
(from submesoscale to decadal) that insitu data do contain. In this study we
provide updated climatologies of temperature and salinity for the Adriatic Sea
produced using the Variational Inverse Method (VIM) [1]. We applied
successfully different quality assessment procedures of VIM field
approximation (cross-validation, SST comparison with satellite data, real vs
synthetic T-S profiles) with good results. There is yet a strong discrepancy in
some areas between the interpolation error associated to the method (used as a
measure of the reliability of field approximation) and the uncertainty degree
calculated from the average difference between the spatial distributions obtained
using the VIM and the original dataacquired in situ (ameasure of the persistence
of the climatological fields). Error field (Fig. 1) and uncertainty maps (Fig. 2) of
winter surface salinity are reported as an example. The comparison shows that
in the North Adriatic Sea, near the Po River outflow, the interpolation error is
low due mostly to the good spatial data coverage and, accordingly, the reliability
of the field reconstruction is high. On the other hand, in the same area the
uncertainty is high, with large deviations from the climatology (differences >
20%) which indicate intrinsic high temporal variability due to the mesoscale
processes, that is properly reflected in the dataset used. In comparison with
earlier climatologies [2], [3], [4], the climatology presented in this paper covers
the whole Adriatic Sea, includes data spanning over a century (1900 — 2009) and
provides estimates of the interpolation error and the uncertainty associated to
the climatology.

Fig. 1. Interpolation error field map of winter surface salinity (in salinity units)
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Fig. 2. Uncertainty map of winter surface salinity (units are average difference
from the climatology, expressed in percentage).
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Abstract

We present the long term main meteo-marine characteristics at the central Mediterranean coast of Israel, based on monitored
wind, sealevel, wave and current data during April 1992 to March 2012 at IOLR's GLOSS station 80 Hadera, 2.1 km offshore.

Keywords: Currents, Sea level, Waves, Wind, South-Eastern Mediterranean

The long-term main meteo-marine characteristics at the central Mediterranean
coast of Israel, were determined based on wind, sea level, wave and current data
gathered during April 1992 to March 2012 at IOLR's GLOSS station 80 Hadera,
about 2.1 km offshore the Hadera coast.

The datawere analyzed in hydrographic years (from April of first year to
March of following year), to ensure events independence occurring in winter
season, versus normal splitting at calendary year start on 1st of January. Thus,
each year was characterized by contiguous winter and summer seasons.

It was found that the sea level rose on the average about 6mm/year, about twice
the global sea level rise average. By comparing yearly changes in the monthly
averaged values of the wind speed, significant wave height and current speed,
the fluctuations of these parameters on monthly to yearly scales were
investigated. An example of the outcome is presented in Figure 1 showing the
monthly averaged sealevel change during the monitored period.

Fig. 1. SeaLevel change at Hadera, |srael during 04/1992 -03/2012
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THE ROLE OF TELECONNECTION PATTERNSON CLIMATE VARIABILITY IN THE AEGEAN SEA,
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Abstract

The aim of this study is to investigate the possible role of the most representative atmospheric oceanic modes on climate variability
of Aegean Sea. The North Atlantic Oscillation-NAO, the East Atlantic/West Russian Pattern-EA/WR, and the Scandinavian
Pattern-SCAN indices from the NOAA Climate Prediction Centre were taken into account along with NCEP-Reanalysis data.

Keywords: Temperature, Aegean Sea, Time series

1. Introduction

Several regiona studies have revealed negative trends in precipitation over the
Mediterranean during the past decades (New et al. 2001), while air temperature
has shown an increasing trend especially during summers. Especialy, the
eastern Mediterranean region is characterized by cooler and drier conditions
during the positive phase of NAO, while the negative phase is related to
anomalously warm and wet conditions (Xoplaki et al. 2000). Moreover, during
the negative (positive) phase of EAWR wetter (drier) than normal weather
conditions prevail over alarge part of the Mediterranean region. Although many
studies have been carried out for the Mediterranean, only few have emphasized
on the Eastern Aegean Sea, where trends in both precipitation and air
temperature have been identified locally during the last decades (Spyropoulou et
al. 2013).

The aim of the present work is to analyze the climate trends in the Aegean
region from 1950 to 2008 and to link possible background variations of the
meteorological fields with the dominant atmospheric modes expressing the most
prominent patterns of atmospheric circulation variability in the Northern
Hemisphere.

2. Data and M ethodol ogy

The time series for the atmospheric modes NAO, EA/WR, EA and SCAN were
obtained on a monthly basis from the NOAA Climate Prediction Center (CPC,
http://www.cpc.ncep.noaa.gov/datal/el edoc//nao.html) for the period 1950-2008.
Similarly, the NCEP-Reanalysis data (air temperature at 2m) were extracted for
awindow-area extending from 44.76°N to 31.42°S and from 13.12°W to 35.62°
E on amonthly basis. In order to exclude seasonality, anomalies were cal cul ated
for both the Reanalysis data and the teleconnection indices on a monthly basis.
To determine the relative influence of the various modes on climate variability,
the time series of temperature were analyzed statistically. Linear correlations
were calculated between the monthly, yearly and seasonally means and the
ocean modes series. The relationship between monthly temperature means and
the large-scale atmospheric circulation indices was investigated using Canonical
Correlation Analysis (CCA), after extracting the empirical orthogonal functions
(EOFs) for temperature. The latter was performed in order to more clearly
reveal signasin both time and space.

3. Results

The leading EOF of temperature pattern accounts for 52%, the second for
15.9% and third for 12% of the total variance. CCA revealed 3 statistically
significant pairs of canonical variables, therefore 4 physicaly relevant pairs of
patterns that describe the responses of monthly temperature in the Eastern
Mediterranean seems that it is connected with the considered Ocean Modes.
The first pair of canonica variables has a correlation coefficient of 50%,
showing a relatively strong negative effect of EAWR and NAO on air
temperature, with CCA coefficients of -0,80 and -0,50, respectively.
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Fig. 1. Figl. Canonical Correlations Between air temperature in Eastern
Mediterranean and Ocean Modes

The second pair has aso shown a high correlation coefficient (46%), however
EA was the ocean mode with the higher contribution, being positive and with a
coefficient of 0.96. The third pair athough it was also found statistical
significant, had alow correlation coefficient of 22%. In conclusion, the observed
trends of warming of air temperatureover the Aegean region, Eastern
Mediterranean during the last decades seem to be related with three Ocean
Modes (EA, EAWR, NAO), showing the effect of teleconnection on climate
variability over Eastern Mediterranean
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EXTREME WINTER 2012 IN THE ADRIATIC: AN EXAMPLE OF CLIMATIC IMPACT ON THE BIOS
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Abstract

The North lonian circulation is subject to decada reversals of direction of rotation. From the atimetric data and surface
geostrophic currents a“premature” inversion of the North lonian circulation from cyclonic to anticyclonic was documented in the
second half of the year 2012. This can be caused by the very cold and dense Adriatic Dense Water (density anomaly > 29.25
kg/m3) formed during the severe winter in the Adriatic in 2012, representing an example of climatic impact on the BiOS rhythm.

Keywords: Circulation, lonian Sea, Deep waters

The lonian circulation is characterized by the presence of the North lonian Gyre
(NIG) which reverses its direction of rotation on a decadal scale. These
circulation variations were explained in terms of the internal mechanism denoted
as Bimodal Oscillating System (BiOS) associated with the feedback between the
Adriatic and lonian [1]. The mechanisn has a Mediterranean basin-wide
importance since it determines thermohaline properties of the Levantine,
Adriatic and even the western Mediterranean [2]. Altimetric data and meridional
components of the surface geostrophic currents along the eastern and western
lonian flanks, which show clearly decadal inversions of the NIG (Fig. 1), also
reveal that seasonal variations are relatively weak resulting rarely in reversals at
the intra-annual scale. A sudden decrease of the northward geostrophic flow
(along the west coast) and the concomitant increase of the southward flow
(dong the east coast) is evident in the year 2012 as a sign of the
weakening/reversal of the preceding year (cyclonic) circulation.

Fig. 1. Time-series of the spatialy averaged meridiona geostrophic surface
velocity components (area of averaging shown in the insert). Continuous lines
represent thirteen-month moving average while the dashed lines are monthly
time series.

We hypothesized that this*“premature’ circulation inversion was due to the
inflow of the very dense water formed during the winter 2012. In order to
evidence differences in the thermohaline properties of the ADDW spreading in
the lonian, we collected all available hydrographic data for the two years, i.e.
2011, considered “norma” winter and 2012, an extremely cold one. More
specifically, we used T-S profiles from both Argo floats and oceanographic
campaigns and grouped them together for each year separately, implicitly
neglecting the seasonal signal which is a rather realistic assumption for the layer
below the seasonal pycnocline. The data show the first occurrence of the dense
AdDW in the lonian having density anomalies over 29.24 kg/m3 in July 2012.
Consequently, the horizontal density distribution reveals the presence of the
denser water along the lonian flanks with respect to the centre of the basin. This
fact explains the sealevel being lower along the boundaries than in the center and
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thus the occurrence of the anticyclonic surface geostrophic circulation. The
opposite pattern was evident in 2011 when the density gradient reversed with
the density maximum in the centre of the basin. The reversed density gradient is
associated with the surface cyclonic flow. The linear relationship between the
atimetric data and the isopycnal depths was sought from the calculations of the
linear regression between the sea surface absolute topography and the depths of
the 29.00 and 29.18 kg/m3 isopycnals. The dispersion diagram (Fig. 2) between
the two variables suggests a linear relationship for the 29.00 isopycnal (being at
a depth of about 200 m). This confirms the impact of density changes in
shaping the lonian circulation. For the 29.18 kg/m? isopycnal (depth around
1200 m) the linear relationship is not statistically significant which is probably
due to the very weak vertical density stratification in deeper portion of the
water column.

Fig. 2. Dispersion diagram of the depth of 29.0 and 29.18 kg/mS3 ispycnals
versus absolute sea-level height.
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THE CASE FOR A SEA-SURFACE-HEIGHT CONTROL BARRAGE ON THE STRAIT OF GIBRALTAR
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Abstract

Global sea level rise is now seen as one of the most significant impacts of long term climate change. A dam on the Strait of
Gibraltar would provide long-term protection for the entire Mediterranean and Black Seas against every conceivable future global
sea level rise for the next few millennia. The dam would be designed to cause a height difference between its two sides of only a
few metres, and would therefore have a limited impact on shipping, requiring lock gates at the dam and on the Suez canal. This
paper discusses arguments for and against a dam, including long-term effects connected to Mediterranean salinity. The dam would
be a major project, requiring international agreements and resources. It will probably not be built soon, but it would be useful to

start discussions now to quantify costs, benefits and impacts.

Keywords: Global change, Salinity, Water transport, Messinian, Gibraltar Srait

Introduction

The word “dam” suggests a wall of concrete holding back water many
metres deep. Although we use the word here, discussion is of a sea-level-rise
barrage asin the title, designed to cause arelatively minor sealevel difference
between itstwo sides. A dam at Gibraltar allows a Mediterranean Sealevel
to be chosen and maintained. Choosing a level that is 30 to 40 cm below the
present average would probably be best for a coastal city like Venice,
returning their sea level to the average for the last century. However, this
might not suit everyone in the Mediterranean. Also, a 35 cm drop in
Mediterranean Sea level implies a 3 mm rise in the global average level
(Mediterranean and Black Seas together represent about 0.8 % of global
ocean ared). This might be hard for non-Mediterranean nations to
accept. Perhaps they would also object to the 0.8% extra rise rate they
would experience if Mediterranean countries decide to defend themselves by
building a Gibraltar dam. This would seem a less reasonable objection, since
any prevention of coastal flooding must cause some increase in global sea
level. If world opinion allows Mediterranean countries to defend themselves
with adam, but not to lower the level of the Mediterranean below its level at
the time the dam is built, then there is a major incentive to build the dam
soon.

Dam history

A Gibraltar dam was most famously proposed for the much more radical
German Atlantropa project of the 1930s (see for example Cathcart 2006,
and references therein), designed to lower Mediterranean Sea level by 200m,
provide new land, and alow power generation from the resulting inflow at
the Strait. Proponents did not explain how the world would cope with the
resulting 2 metre global sea level rise, and | have not seen this discussed in
historical descriptions of the proposal. More recently, Johnson (1997)
urged constructing of a dam across the Strait of Gibraltar to prevent what
the author saw as a coming ice age induced by the building of the Aswan
Dam on the Nile. However, the claimed effects of Mediterranean salt water
outflow appeared exaggerated (Rahmstorf, 1998).

Oceanogr aphic implications

The Strait of Gibraltar is 340 m deep and 13 km wide. Damming it would be
amajor project. The dam would not need to withstand a large head of water
pressure, though as global sea level rises, the head would increase in future
centuries. Lock gates would be needed for shipping and would aso be
needed on the Suez Canal, where presently there are none. The amount of
power generated at Gibraltar could still be significant, since the flow of
water needed to stabilize the depth of the Mediterranean is large. The
water deficit is due to the excess of evaporation over the combination of
precipitation and river flow. Since only fresh water is removed, the main
effect of replacing the 1200 km3/year deficit with salty (37 psu) Atlantic
water will be that Mediterranean average sea water salinity will increase at
an initial rate of about 0.012 psu per year (Mediterranean total volume is
3,700,000 kmd), or 1 psu every 80 years. Without control measures,
Mediterranean salinity would eventually get very high, with an equivalent
smaller reduction in global ocean salinities. We need to understand and
quantify the long term effects of this salinity rise. If a 5 psu rise in
Mediterranean salinity is acceptable, then we have 400 years before this

203

value is reached, and time to plan responses. High salinity has significant
effects on fish at present levels, with major harm by about 50psu. These
effects need to be quantified.

Cost of thedam

This would be a major project, costing tens of billions of Euros. Johnson
(1997) shows a map of the dam site, and estimates that it would require
about 1.4 cubic km of rock material. This is about 4 billion tons, less than
half of annual world coal production, for example, so the Gibraltar dam is
not beyond imagination. The project could use local rock, transported and
dumped by ship. The resulting loose rock structure might be slightly
permeable at first, but could easily be filled with finer material and will tend
to solidify by marine fouling. A rail link between Spain and Morocco has
been proposed
(http://en.wikipedia.org/wiki/Strait of Gibraltar_crossing). Local  tectonic
activity is a severe problem for a deep tunnel, and would also be a concern
for the dam, but the dam would make a surface rail and road link possible,
which could be a major positive factor. The dam would cross the Azores-
Gibraltar Transform Fault, which moves at about 4 mm per year. This
would be a severe problem for a solid concrete dam, but less significant for a
loose rock structure.

Conclusion

The proposed Gibraltar dam can maintain the Mediterranean and Black Seas
at their present level for many centuries, during which time global sea levels
are expected to rise by several metres. Such a rise is expected to have huge
impacts on all other coasts. The project is going to cause increasing
Mediterranean salinity, though this can be limited by remedial action. This
would be a major project, but the benefits in terms of coastal protection are
very large. Discussions should start now on feasibility and impacts.
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Abstract

Increases in SSTs have been recorded to occur in the Mediterranean at about twice the rate as that of the global oceans. Here we
analyze and compare satellite remote sensing SST data with in-situ data from 1996 to 2012 in the Levantine. Further, SST profiles
from oceanographic cruises and gliders were processed to study the variability at the surface layer (0-10m). These data were
collected during several CYBO research cruises that the Oceanography Centre has conducted, as well as during missions of the
gliders owned and operated by the OC. We show that the Levantine has undergone SST increases, and that satellite and in-situ
SST data are correlated. The driving mechanisms of these changes need to be investigated, in order to understand the future

trends and impacts of climate change in the region.

Keywords: Temperature, Remote sensing, Surface waters, L evantine Basin

Several studies have reported regional temperature increases in the
Mediterranean Sea for each of its two basins [1-5]. Changes occurring in the
eastern and western basins are frequently out of phase as a consequence of
different processes that affect the climate of the two [6-7]. Overal, SSTs
across the Mediterranean as a whole have been rising about twice as much as
those of the global oceans [8-9]. The objective of this work isto investigate
the increase in SST due to climatic changes in the Eastern Mediterranean
Levantine basin from 1996 until 2012, with the use of satellite remote
sensing data as well aswith in-situ data.

Analyses of annual mean satellite sea surface temperature (SST) data
indicate that over the last years a general warming has occurred over the
Levantine Basin, and occurred at an average rate of approximately 0.065°C
per year. Thisincrease in average SSTsis aso seen in the seasonal averages,
especialy during the summer. Spatia variability in the decadal warming is
depicted in the satellite SST anomalies, with positive anomalies dominating
most of the Levantine during the years 1999, 2001, 2002, 2003, and 2008.
The highest sea surface temperatures appear in 1999, 2003, and 2008. An
area southeastern of Cyprus is seen during some years to be warming up
much more strongly than the rest of the Levantine Basin. Empirical
Orthogonal Function (EOF) analysis was performed on the annual and
seasonal satellite SST data to examine their spatial and temporal patterns of
variability. The spatial eigenfunctions of mode 1 show that the seasonal and
annual SST's across the entire Levantine share high positive eigenfunctions
and thus varied in a spatially coherent manner over time. Therefore, the SST
variability is characterized by a broad, basin-wide warming (mode 1). The
seasonal principal component (PC) of the same mode (PC1), which depicts
the time variation of the first mode, varied over the years supporting the fact
that the Levantine is experiencing a strong seasona cycle. The PC1 of the
annual data supports the fact that higher than average SSTs were observed
across the Levantine during the later part of the time period. An asymmetry
in the N-to-S direction is depicted in the spatial eigenfunctions of mode 2.
Areas in the northern Levantine are out of phase from areas in the southern
parts of the basin, creating a dipole pattern of heating and cooling at
interannual and interseasonal time scales. Analyses of annua and summer in-
situ SST data reveal similar increases in temperatures to the ones recorded
by satellites in the region. The average rate of increase of SSTs is 0.53°C,
which is approximately three times higher than the recorded 0.18°C rate of
increase of global SSTs[10]. During the year 2010, the highest temperatures
were recorded up to date, which were much higher than the recorded ones
from summer of 2003 (mean values for the summer of 2010 for T=29.57°C).
Analyses of monthly in-situ SST data collected during glider expeditions
from 2009 until 2012, and calculated for the top 10 meters of the water
column, reveal the monthly variability in temperatures in the Levantine
basin. However, the time series in some cases does not represent well the
entire region of interest, as the gliders may have been in an area with a local
effect, which is then affecting the regional averages. Further examination,
processing and analysis of these datais needed.

The present study has shown that an increase in the Levantine Basin sea
surface temperatures (SSTs) has taken place from 1996 to 2012. The SST
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variability is characterized by a broad, basin-wide warming (mode 1)
occurring at both seasonal and interannual time scales, and a weaker dipole
pattern that fluctuates at similar time scales (mode 2). Further, satellite SST
data are correlated with in-situ CTD SST data, especially during the summer
months. The warming in the Levantine, which is revealed by the satellite
SST data, as well as by the recorded increases in in-situ SSTs, occurred at
both seasonal and interannual time scales. The fact that in 2010 the highest
temperatures have been recorded so far, which were even higher than the
record values of 2003, indicates that the increasing trend is expected to
continue. The driving mechanisms of these changes need to be investigated,
as they may be driven by changes in annual latent heat losses and by the
variability in regional wind speeds.
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Abstract

Sea-level data collected in a wider Mediterranean area since 1920s are analyzed with the aim of separating changing trends from
decadal-scale and interannual variability. During the second half of the twentieth century the trends were close to zero in the West
Mediterranean and the Adriatic, and they resembled the global trends in the Atlantic off Gibratar and the Black Sea. There are
some indications that over the last twenty or so years the rate of sea-level rise considerably increased in the Black Sea and thus
surpassed the Atlantic rate, while it became similar to the Atlantic rate in the West Mediterranean and the Adriatic.

Keywords: Sea level, North-Western Mediterranean, Central Adriatic Sea, Black Sea

It is well known that a pronounced sea-level deceleration was observed at the
Adriatic and West Mediterranean tide-gauge stations in 1960s and 1970s [1, 2].
Subsequently and until the end of the twentieth century, mean sea level was
almost stagnant in the area. There are now some indications that the quiet
interval is over and that the Mediterranean sea level is beginning to accelerate.
Although rather preliminary, the indications deserve to be presented to the
Mediterranean research community.

In the analysis we use annual mean values recorded at sixteen tide-gauge stations
in the Mediterranean and Black Sea region and the Iberian coast of the Atlantic,
taken from the Permanent Service for Mean Sea Level database [3]. The stations
are chosen such that the correlation coefficient between buddy stations exceeds
a threshold value, in order to eliminate records with some anomalies due either
to the measurement problems or the local tectonic activity. We construct time
series of regional sea level (for the Atlantic, West Mediterranean, Adriatic and
Black Seas) by averaging tide-gauge data over each basin, in order to obtain
signals that are coherent over wider areas and to minimize local effects; prior to
the averaging, zero level at each station was set to long-term mean value, the
mean being calculated over interval with simultaneous data from all stations
within a basin. Gaps not longer than one year were linearly interpolated within
the time series. The regiona searlevel time series eventually obtained cover the
interval from 1928 to 2008. They are subjected to interannual and decadal-scale
variability that has to be minimized in order to determine the trends. Interannual
variability is eliminated by smoothing al the time series with a 5-year moving
average. As for the decadal-scale variability, it is reduced by fitting a third-
degree polynomial to the time series.

The result of the analysisis depicted in Figure 1. It is obvious that the decadal-
scale variability was most pronounced and was characterized by the shortest
periods in the Black Sea, while it had smaller amplitudes and was shifted
towards the longer periods in the other regions. Of more interest for the present
study is the longer-term variability, illustrated by the cubic fits. It shows a
different behavior in the Atlantic as compared to the Mediterranean and, to a
lesser extent, the Black Sea. In the Atlantic the sea level was rising and was
dightly accelerating throughout the interval considered, whereas in the remaining
regions the sea-level rise slowed down in the second half of the twentieth
century. The deceleration was most obvious in the West Mediterranean and the
Adriatic, where the sea-level rise almost tapered off, and there was a slight
deceleration in the Black Sea, where, however, the rise remained similar to that
in the Atlantic. Over the last twenty or so years the rate of sea-level rise
considerably increased in the Black Sea and thus surpassed the Atlantic rate,
while it became similar to the Atlantic rate in the West Mediterranean and the
Adriatic. It should be stressed that this last finding may be strongly influenced
by sensitivity of cubic fits to decadal-scale variability at the edges of time series,
and that therefore the finding should be regarded as preliminary until confirmed
by some independent methods.

205

Fig. 1. Time series of sealevel registered by tide gauges in the Atlantic close to
Gibratar and in the West Mediterranean, Adriatic and Black Seas and smoothed
by a 5-year moving average (full lines). Cubic fits are superimposed to the time
series (dashed lines).
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Abstract

The thermal structure of the shallow water column over the past 65 years is reconstructed from a large dataset of temperature
profiles at basin scale. Data do not support a consistent signal of climate change for the upper layer of the Mediterranean Sea, but
identify areas more exposed to thermal anomalies than others. Areas subjected to mass mortalities correspond to positive thermal
anomalies, suggesting a causal link between higher temperatures and mass mortalities. Methodological concerns in deriving
conclusions on climate change require systematic assessment of thermal anomalies in the future. <\/div>

Keywords: Global change, Mortality, Temperature, Vertical profile, Mediterranean Ridge

Introduction The Mediterranean Sea is changing, but both the magnitude of
change and the identification of areas more exposed to thermal anomalies are
idiosyncratic [1, 2]. The increasing mass mortalities of temperate sessile
invertebrates suggest their vulnerability to rises in seawater temperature [3]. We
combined and compared the thermal structure of the uppermost part of the
water column both at regional scale and at the smaller scale of mortality events,
using all the high vertical resolution data (bottles, CTDs, XBTs, MBTS)
available for the basin over the period 1945-2011 [4].

Methods

The thermal structure of the uppermost part of the water column has been
assessed by using two approaches: first at the spatial scale of Mediterranean
regions and at the temporal scale of seasons; second at the spatial and temporal
scale of mortality events. For the first approach Mediterranean sub-basins were
combined into five regions and the seasonal temperature anomalies at 10, 30, 50,
and 100 m depth were estimated in four 15-year-long periods. For the second
approach, in those areas where mass mortalities were observed average
temperature profiles in the periods 1945-1982 and 1992-2011 in the months
when mass mortalities were reported at least once have been considered together
with the temperature profiles in the months when mass mortalities occurred.
This analysis was been made for the Ligurian Sea, the Provence Coast, the
Western and Eastern Tyrrhenian and the Balearic and Columbretes Islands.

Results and discussion

The available data for the upper layer of the whole Mediterranean Sea, at
regiona scale and at the temporal scale of season, do not show a coherent signal
at basin scale. Temperature increased in the Western and in the Centra
Mediterranean, but not in al other areas. The Eastern Mediterranean shows
larger positive and negative temperature anomalies (Fig. 1).

Fig. 1. Temperature anomaly for depth and seasons for the periods 1945-1959,
1960-1974, 1975-1989, 1990-2011 in the five Mediterranean regions.
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At locations where at least a mortality event was recorded, mean temperature
profiles document a systematic warming since the early 1990s. Here, changes of
mean monthly temperature caused a rise of the upper limit of interannual
temperature fluctuations, sharply associated with mass mortalities (Fig. 2).

Fig. 2. Monthly average temperature profiles for the periods 1945-1982 (black
lines) and 1992-2011 (grey lines) and average temperature profiles for the years
and months in which mass mortalities occurred, in the Ligurian Sea. <Vdiv>

Though biota represent a reliable proxy for ecological responses to globa
change, since mass mortalities occurred especialy in areas with no clear signals
of climate warming at regional scale (see the N-W Mediterranean), caution in
interpreting changes only in terms of therma anomalies is needed. The lack of
systematic assessment of therma anomalies can be partly responsible for our
contrasting results. Implementing monitoring programs to understand the
magnitude of this phenomenon, together with specific conservation actions,
should be the core of future management strategies for the whole Mediterranean
Sea.
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Abstract

The aim of this study is to investigate the interannual signal of the time series (1985-2012) of temperature and water transport
through the Corsica Channel, connecting the Tyrrhenian Sea with the Ligurian Sea. The variability from the annual to the
interannual scale is explored and an investigation of the possible forcing mechanisms determining the long-term variability of
transports is carried out, trying to correlate transports through the channel with large scale atmospheric modes as well as other
atmospheric forcings. There is a striking similarity between the annual cycles of transport and temperature with high winter
transports associated to a larger portion of purer LIW in the outflow through the Corsica Channel.

Keywords: Ligurian Sea, Circulation, Water transport, Time series

The north-western Mediterranean Sea is a region of dense water formation
(DWF). It is characterized by a cyclonic circulation, which is fed by the
Western Corsican Current (WCC), flowing northeastward on the western side of
the island of Corsica, and the Eastern Corsican Current (ECC), flowing
northward on the eastern side of Corsica. The ECC isforced to cross the narrow
Corsica Channel (430 m depth), making this location ideal for the monitoring of
achoke point of the Western Mediterranean circulation (Figure 1).

Fig. 1. Location of the mooring in the Corsica Channel. The site is part of the
CIESM HY DROCHANGES Programme.

The 27-years long time series of current velocities and thermohaline properties
within the water flowing through the Corsica Channel provides now a unique
chance to evauate the temporal variability, at different scales, of the exchanges
between the Tyrrhenian and the Ligurian Sea. Given the extension of this time
series, the focus is on periods > 1 year, including the annual cycle, keeping in
mind that there are also important sub-annual periodicities, as reported e.g. by
Astraldi and Gasparini (1992).

Since early research effortsin the region, it is known that a two-layer shear flow
crosses the Channel, where the upper layer is occupied by Atlantic Water (AW)
and the lower layer by Levantine Intermediate Water (LIW) (Astraldi and
Gasparini, 1992). Air—sea fluxes and steric differences between the two basins,
aso related to DWF events in the NW-Mediterranean, are possible candidates
to explain the variability of the exchanges at the interannual scale. According to
Astraldi and Gasparini (1992), a link can be established between the winter
increase of currents inside the channel and the cooling of the Ligurian Sea. Other
parameters are found to have a correlation with the interannual variability of
transports, such as the North-Atlantic Oscillation (Vignudelli et a., 1999), the
sealevel pressure, net heat loss and wind speed in the Ligurian Sea.

The integrated transport over the whole water column ranges between -0.5 Sv
(i.e. southward) and 2.3 Sv (Fig. 2a). The flow shows a clear annua cycle,
directed northward and intensified in winter, asit has been already discussed by,
e.g., Astraldi and Gasparini (1992), who estimated that the winter transport is
about 60% of the annua transport. This behaviour is even more evident
considering the integrated transports for each individual season, as shown by the
bar plots in Figure 2b. Winter transports are always very strong, compared to
the other seasons, while in summer there are a few cases of current inversions.
Considering only the winter transports, a strong interannual variability is
evident as well, with increased throughflow during the mid-80s, the mid-90s and
mid-2000s.
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Fig. 2. A. Daily time series of the integrated transport throught the Corsica
Channel; b. seasonal transport; c. daily time series of the temperature at 400 m
depth; d. annual cycles of integrated transport, temperature at 400 m and
salinity at 400 m.

Also the temperature time series has a clear annual cycle (Fig. 2c). The data at
400 m are proxy of the hydrologica variability of the LIW (Schroeder et .,
2013). The maximum temperature was recorded in early 2005 (more than 14°
C): compared to the mid 1980s, when the average was 13.6 °C, up to 2005 there
has been an increase of +0.4°C. It is interesting to note that within one year
(2005-2006) the highest and lowest values of the 1985-2012 time series were
observed. There is a striking similarity between the annual cycles of transport,
temperature and salinity (Fig. 2d). Maxima are in January-February, and minima
in summer. High transports thus seem to be associated to a larger portion of
purer LIW in the outflow through the Corsica Channel. Being the LIW core (i.e.
the T and S maximum) in the Tyrrhenian Sea located at 500-600 m, and the sill
depth at Corsica only 430 m, according to the Bernoulli principle (see its
application to the Mediterranean Outflow at Gibraltar, by Stommel et a.,
1973), the higher the flow, the deeper the level of “aspiration”. This means that
in winter the strong transport is able to “aspire” water more close to the LIW
core (i.e. warmer and saltier) than in summer, when the transport is reduced, and
thus also the*“aspiration” depth: a behaviour that has been found also by
Astraldi and Gasparini (1992), analyzing the 1985-1988 time series.
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Abstract

Sea surface temperature (SST) data from the NOAA Ol SST V2 High Resolution dataset for 1982-2011 are used to investigate
intraseasonal and interannual variability of Mediterranean SST, their relationships and links to regional atmospheric dynamics

during winter and summer seasons.

Keywords: Temperature, Surface waters, North-Western Mediterranean, South-Eastern Mediterranean

Sea surface temperature (SST) data from the NOAA Ol SST V2 High
Resolution dataset (Reynolds et al., 2007) for 1982-2011 are used to investigate
intraseasonal and interannual variability of Mediterranean SST, their
relationships and links to regional atmospheric dynamics during winter and
summer seasons.

Fig. 1. Spatial patterns of the EOF-1 (a, c) and EOF-2 (b, d) of the winter
(December-February) seasonal mean SST (a, b) and its intraseasonal STDs (c,
d).

An empirical orthogona functions (EOF) analysis has revealed that both in
winter and summer the leading EOFs of the seasonal mean SSTs and the
intensities of their intraseasonal fluctuations (expressed by standard deviations
(STD) of the daily SST data) are characterized by the principally different
spatial patterns. For example, in winter EOF-1 of SST is characterized by east-
west dipole with the largest variability in the western Mediterranean Sea (Figure
1). Wintertime EOF-1 of intraseasonal STD, however, is characterized by the
monopole pattern with the largest variability in the eastern Mediterranean Sea
Note, the EOF-1 of winter evaporation is characterized by monopole pattern
(Zveryaev and Hannachi, 2012). Interannual variability of the leading principal
components was aso different for SSTs and intraseasonal STDs. Therefore,
present analysis did not reveal significant links between interannual variability
of Mediterranean SST and that of the intensity of intraseasonal fluctuations of
SST.
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Fig. 2. Correlations between principal components (PC) of the EOF-1 (g, ¢) and
EOF-2 (b, d) of the winter seasonal mean SST (a, b) and its STDs (c, d) and
respective sealevel pressure fields.

Analysis of the links to the regional atmospheric dynamics has revealed quite
different patterns of correlations between leading principal components (PCs)
and sea level pressure fields obtained for seasona mean SSTs and intraseasonal
STDs. In particular, it was found that during winter EOF-1 and EOF-2 of
seasonal mean SST are associated respectively with the East Atlantic and the
East Atlantic/West Russia teleconnections (Barnston and Livezey, 1987).
Wintertime EOF-2 of intraseasonal STDs is linked to the North Atlantic
Oscillation. Overall, results of the present study suggest that interannual
variability of Mediaterranean SST is not associated with variations in the
intensity of its intraseasonal fluctuations, and that they are driven by the
different modes of regional atmospheric dynamics.
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Abstract

Winter convection occurred during 2012 in the Northern Adriatic produced an exceptionaly dense water, which caused abrupt
thermohaline changes in the bottom layer of the Southern Adriatic after its arrival as a bottom-arrested current. We investigate this
phenomenon merging data from a fixed point observatory and from drifting profiling Argo floats.

Keywords: South Adriatic Sea, Deep waters, Circulation experiments, Deep sea processes

An unusualy harsh and long-lasting (~20 days) episode of Bora wind, which
occurred from 24 Jan to 14 Feb 2012 in the Adriatic Sea, was responsible for a
large production of very dense water (cg > 30 kg m3) in the northern basin,
where maximum depth does not exceed 250m. Here, we merge Temperature (T),
Sdlinity (S), and current time-series collected at the E2M3A deep-ocean
observatory of the Southern Adriatic (41°32' N, 18° 05 E) with CTD
(Conductivity-Temperature-Depth) profiles obtained from freely drifting Argo
profiling floats to analyse the drastic thermohaline changes which occurred in
the deep layer (>1000m depth) of the Southern Adriatic Pit (SAP) after the
arrival of the dense water formed on the northern shelf. The signal of that water
mass arrived in the Jabuka Pit (middle Adriatic) by the end of February 2012,
and its effect was clearly evident in the bottom layer (Fig. 1).

Fig. 1. Average pot. temperature profiles obtained from float data in July-
August 2011 (dashed line) and 2012 (solid line) in the Jabuka Pit (middle
Adriatic).

Afterwards, its arrival in the SAP interrupted the positive T and S bottom
trends observed during the last 5 years, which were quantified by ~0.05°C y1
and ~0.004 y'1, respectively (Fig. 2).

Fig. 2. Map of the Adriatic Sea (left panel) and temperature time series (right
panel) at the fixed point observatory E2M3A from 2006 to 2012.

Previous studies report that, presumably, these trends were associated to the
combined effect of local mesoscale eddies, large scale circulation changes, and
dense water formation processes ([1], [2], [3]). The descent of dense waters of
Northern Adriatic origin (NAdDW) caused an abrupt bottom T and S decrease
(~0.15 °C and ~0.015, respectively). The corresponding density increase was ~
0.02 kg m3. Our data confirm that the deepest part of the SAP undergoes
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intense modifications only when harsh winter conditions are able to produce a
high volume of NAdDW with different properties from those of the previous
years. Moreover, they show that the exceptionally dense waters produced on
the northern shelf arrived in the central, deepest part of the SAP as a series of
individual pulses not earlier than 10 March 2012, while a stronger and prolonged
signa that significantly modified the deep water stratification arrived after 10
April 2012. CTD float profiles collected in the Strait of Otranto, which
connects the Adriatic Seawith the lonian Sea, reveal that the Adriatic outflow in
July 2012 was characterized by relatively cold and dense water (9 ~13.08°C,
S$~38.71, and 64~29.25 kg m3). This fact clearly indicates that the harsh winter
conditions, responsible for an exceptional production of very dense water in the
Northern Adriatic, caused also strong modifications in the thermohaline
properties of the Adriatic outflow with respect to those observed in the
previous years (A6~ -0.2°C, AS~ 0.01, Acg~ +0.02-0.03 kg m3).
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Abstract

CTD data shows long term increase of the Levantine Surface Water salinity (0.01 per year) and temperature (0.1°C/year) during
the last 33 years. Fluctuations of salinity and temperature in the Atlantic Water and Levantine Intermediate Water do not show

substantial long term tendencies.
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The South Eastern Mediterranean (SEM) is the region with the highest
temperature and salinity values in the upper layer. The so called Levantine
Surface Water (LSW) originates from Atlantic Water (AW) whose properties
change through evaporation and heating in the course of their eastward
propagation. During summer the LSW is bounded from below by overturning
halocline and stabilizing seasonal thermocline. The later prevents vertical mixing
of LSW with the less transformed (cold and less saline) AW. During winter, the
overturning halocline sinks as a result of winter cooling. However, AW signa
(minimum salinity) is not typically destroyed. Levantine Intermediate Water
(LIW) formation occurs when LSW cools down and sinks along isopycnals into
intermediate depths. This usually occurs as LSW reaches Rhodes Gyre regions
(Lascaratos et al., 1999). Nevertheless, some indications of intermediate water
formation were observed on continental shelves of Isragl and Turkey (Oszoy et
al., 1989). When sufficiently saline LSW propagates further to the Aegean it can
cool down to reach densities of Eastern Mediterranean Deep Water (EMDW)
and cause intensive deep water formation, as occurred during the Eastern
Mediterranean Transient (EMT) (Roether et a., 2007; Gertman et al., 2006). In
this study we estimated interannual variability of thermohaline structure in the
region where LSW circulates and accumulates before it propagates further to
LIW and EMDW formation regions
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Fig. 1. Long term changes in LSW salinity. Confidence interval (Emery &
Thmoson, 2001) is shown when number of observations is more than 3.

Thermohaline structure was obtained by analysis of CTD profiles from a
regiona cast database containing data from the SESAME project cast DB along
with recent observations made by IOLR and OCUCY . For the analysis we used
only CTD profiles in the SEM which are at least 50 km away from the coast.
This was done in order to eliminate influence of coastal upwelling. To
characterize the thermohaline structure variability we derived the following
parameters from the vertical profiles of potential temperature, salinity and
density: depth of the seasonal mixed layer and its temperature and salinity
(LSW parameters); thickness of minima salinity layer, location of salinity
minimum as well as water temperature and salinity of the minimum (AW
parameters); thickness of intermediate maximal salinity layer, location of
salinity maximum as well as water temperature and salinity of the maximum
(LIW parameters). In order to increase the robustness of the estimated
parameters, al CTD profiles were smoothed initially by low pass median filter
(effective to eliminate spikes) and then by running average filter to finalize the
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smoothing. The depth of the seasonal mixed layer was defined as the size of the
upper layer where total increase in potential density was less than 0.08 kg/m3.
The same depth was used as the upper boundary of AW layer. The low AW
boundary was defined as the depth of isopycnal surface 28.5 kg/m3. The low
boundary of the LIW layer was defined as the depth of isopycnal surface 29
kg/m3.

Thickness of LSW during summer fluctuates between 10 m and 50 m and
between 20 m and 350 m during winter. Time series of summer and winter
salinity show long term increase of the LSW salinity with a rate of about 0.01
per year (Fig. 1). In the summer salinity time series, two periods of salinity
increase can be observed: from 1978 (39.10) to 1991 (39.55) and from 1996
(39.4) to 2008 (39.7). The first period preceded the EMT. It is not yet clear
whether the second increase in salinity will cause another EMT, however data
observed during 2010-2012 shows some decrease of the LSW salinity. The
winter salinities of LSW show the similar behavior. Summer and winter
temperature series shows a long term tendency of the LSW warming with the
rate of about 0.1°Clyear (Fig.2). Fluctuations of salinity and temperature in the
AW and LIW does not show substantial long term tendencies.
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Fig. 2. Long term changesin LSW temperature.
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Abstract

Hydrographic data have been collected for 17 years in the northeastern Levantine by the Cyprus Basin Oceanography (CYBO)
initiative of the Oceanography Center, University of Cyprus. Twenty-three cruises have covered the region extensively, and have
shown significant changes in the sdlinity of the Levantine Intermediate Water (LIW: 250 m depth) from values of around 39.1 to
39.3 since 2007. Profiling float data since 2003 and glider data since 2009 show agreement. LIW temperature shows a very small

change at the same time from all three platforms.

Keywords: Intermediate waters, L evantine Basin

LIW is primarily formed in February and March in the cyclonic Rhodes Gyre
[1]. It is signified by a sub-surface maximum in salinity, around 250 m. During
and after buoyancy driven convection, LIW spreads lateraly around the
Levantine basin, eventually finding its way into the Western Mediterranean, and
to the Atlantic Ocean. Salinity and temperature values at the time of formation
are reported to be 38.95-39.1 and 15-16 deg C [2]. In this paper, the properties
of LIW from 1995 to present is examined.

Since 1995, the CYBO program has carried out 23 hydrographic cruises of up to
ninety stations to 1000 m over 9 days (Fig. 1). For the last 10 years or so,
profiling Argo floats have been deployed in earnest in the Mediterranean Sea
[3]. While coverage is not the same every year, a significant portion of the region
is covered in any given year. The last three years gliders have been used: over
4000 profiles have been collected, most to 1000 m (Fig. 1). The sadinity and
temperature at the depths of the LIW have been extracted from floats and gliders
for the Eastern Levantine each year in order to be compared to the CY BO data.

Fig. 1. Location map of standard Cyprus Oceanography hydrographic stations
(zoom) and Cyprus glider fleet missions (2009-2012).

Results from CYBO show asignificant increase in LIW salinity and temperature
from 39.0 to 39.15 and 15.4 to 16.0 deg, around 2009 (Fig. 2).The glider data
(connected symbols) also show higher salinity and temperature in recent years,
in agreement with CYBO. Maps of sdinity at 200 m (Fig. 2) from floats also
indicate a sudden change in LIW salinity around 2009, with the years before and
after not exhibiting large-scale changes.These results could indicate a change is
taking place on the fresh water budget of the Mediterranean. Besides the slow
changes over the last century because of the damming of major rivers, it could be
that different sites for LIW formation are favored in recent years. The
geographic extent outside the eastern Levantine is not yet known, nor is the
mechanism for this change. Further analysis of the in situ data, as well as model
re-analyses will shed light on the mechanisms at work.
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Fig. 2. Time series of salinity (a) and temperature (b) at 250 m depth from
cruises and from glider missions (lines) with +/- standard deviation. Profiling
float values of salinity at 200 m for March 2006-2007 (c) and March 2009-2010

(d).
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OBSERVATIONS OF DENSE WATER FORMATION AND DEEP WATERS CHANGESIN THE
NORTHWESTERN MEDITERRANEAN OVER THE RECENT PERIOD (2007-2012) FROM IN-SITU
MEASUREMENTS.
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Abstract

We present here new in-situ observations collected since 2007 in the Gulf of Lions that enable to characterize the variability of the
different phase of the deep water formation and the subsequent thermohaline changes.

Keywords: North-Western Mediterranean, Air-sea interactions, Deep waters, Deep sea processes, Water convection

Open-ocean deep convection is a key process that transfers the heat and salt
contents from the surface to the deep ocean. In the Northwestern Mediterranean
Sea, this leads to the formation of the Western Mediterranean Deep Water
(WMDW) which underwent in 2005 an abrupt increase in its thermohaline
properties, and an important modification in the deep stratification (known as
the Western Mediterranean Transition, WMT [1] ).

A mooring line was setup since 2007 in the Gulf of Lions (42°N-4.6°E) to
monitor the deep convection process. This observation system is composed by
20 temperature sensors, 10 salinity sensors and 5 current meters between 150m
depth and the bottom (2330m depth). Theses recent measurements reveal the
temporal evolution of the physical processes interfering in the phases of deep
convection (deepening of the mixed layer depth, violent vertical mixing and
restratification [2]).

Fig. 1. (a) Daily net heat fluxes (W.m-2) from ERA-Interim reanaysis, (b) daily
MLD (m) calculated with a 0.08°C criterion and a 10m depth reference level
(continuous line from November 2009 to July 2012) and with a0.05°C criterion
with a 150m depth reference level (dashed line from October 2007 to April
2009), (c) daily 6 (°C) at 750m depth, (d) daily horizontal speed (cm.s-1) at
1000m depth, (e) bi-hourly vertical current (cm.s-1) at 1000m depth

Some remarkable features point out from the analysis of four deep convection
events observed between 2009 and 2012. The time for the mixed layer
deepening is comprised between 1 and 2 months, while the violent vertical
mixing is in the range of 7-10 days. Due to the strong heat losses, the mixed
layer can reach the bottom (Fig 1.) and its temperature may undergo a 0.02°C
decrease.

Strong currents were also recorded during the different events of deep ocean
convection: high frequencies vertical velocities exceeded 10 cm.s-1 during the
violent vertical mixing phase and strong mesoscale horizontal currents reached
40cm.s-1 during the restratification phase (Fig. 1). Horizontal currents were
strongly barotropic during each deployment. The first EOF dominate the
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variability, containing 85% to 95% of the variance, while the second mode
contains 5% to 10%.

Dense shelf water cascading also contributed to deep water formation during
winter 2012 [3]. Each of these five deep water formation events modified the
deep stratification by producing a new deep water. The thermohaline changes of
the bottom water between 2007 and 2012 corresponds to a potential density (o)
increase of 0.015 kg.m-3in 4 years, linked to a salinity (S) increase of 0.03 and a
potential temperature (0) increase of 0.03°C (Fig. 2). These stepwise increases
in bottom water characteristics are marked by postivie jumpsin 6, S and ¢, and
correspond to the mixed layer reaching the bottom in February. We interpret the
0.02°C decrease in temperature after each jump, already seen in [4], asthe effect
of the persistent net heat losses after that the MLD reached the bottom (Fig. 1).
A remarkable signal corresponding to a strong decrease in 6 and S can be seen in
March 2012, indicating the arrival of dense shelf water to the mooring location
[3].

Fig. 2. (a) Potential temperature (°C), (b) salinity and (c) potential density
anomaly (kg.m-3) from the mooring line at 2300m depth.
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A COMBINED NUMERICAL AND ANALYTICAL MODEL STUDY OF DENSE WATER FORMATION IN
THE NORTH AEGEAN SEA DURING THE YEAR 1987
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Abstract

We investigate the role of year 1987 in a kind of preconditioning the EMT, being the first of a series of increasingly cold winters
affecting the Aegean Sea. Due to the scarceness of direct in situ observations in this sea during 1987, we implement satellite and
in situ data with numerical simulations from Protheus, a coupled ocean-atmosphere model. We use just such numerical
temperature and salinity data to simulate lacking observations in some transects to infer dense water formation sites, evolution and
mixing during this pre-EMT year. We so obtain a detailed description of North Aegean dynamics but that around Cyclades plateau

looks a more complex situation.

Keywords: Deep sea processes, Models, Aegean Sea

The numerical simulation of transects and heuristic T/S diagrams
Information from the simulated Protheus transects is synthesized in some
heuristic hydrologic maps of monthly data, that alow one to infer some
dynamics of the dense waters [Fig 1]. Unfortunately no Lagrangian version
of the Protheus model data has been available. For the PROTHEUS data, the
densest Northern Aegean Sea (NAS) water appears during January over the
shelf of transect M15. From the deep M15 densities, no dense water
cascade is evident, so we assume that such densest M15 water flows
geostrophically over the NAS slopes. Its effect is evident over the Ol sill ,
at ~ 200 m depth, wherec decreases of ~ 0.1 in February and~ 0.2 in
March. In the following months the O1 sill dense water increases slightly its
temperature, perhaps due to a mild mixing with the fresher and colder O3
waters. No evident effect of such dense surface M15 water appears on the
O3 nor M15 deep data, that anyway are ~ 0.5 denser than the sill
waters. We therefore assume that M15 flows as a density current into the
sill, while probably the fresher and colder O3 water diffuses over the NAS
bottom.

In these NAS density evolutions two important effects can be seen. First
the time delay between surface dense water formation and bottom
waterdensity increase (about two months) can be explained by considering
the dense water evolution over a slope with its mild alongflow deepening
due to bottom friction. Considering the distance aong isobaths from the
M 15 shelf and the O1 sill as ~ 200 Km and awater velocity of ~ 4 cm/s, one
indeed has a time delay of 57 days. The second important physical effect
concerns again the sill deepest point (O1 at 200m depth): the dense water
over the sill bottom isincreasingly mixed with the dense M15 (and O3) shelf
January waters while no relation with the Turkish shelf dense water (O1, 30
m) is evident. All this supports the idea that Turkish dense water (O1, 30m)
has no important effect in the NAS dynamics but most probably flows
around Limnos into the central Chios Basin.

The most important question about the thermodynamics of the central basin
concerns the origin of the dense water near the Cycladic Plateau, where in
January, February and Marcho ~ 29.25, then ~29.36 in June to finally
reach 29.5 in August . We examine hydrologic data of the possible sources,
i.e. the O1 sill and shelf, the NE O7 shelf and deep points, the Z5 transect
shelf or the northward flow of salty water along the Turkish shelf during
January, February and March.

In these deep layers, salinities for both NE O7 (~ 500 m deep) and Z5 ( at
~ 250 m depth) increase during January, February and March. At the deep
O7 point near the Cyclades it l0oks reasonable that such NE O7 deep water
during March is mixed with new salty water. This could come from the O1
sill (at a distance of ~ 180 Km from the NE O7 deep point, with model
velocity u ~2 cm/s), or from the Limnos/Gokgeada shelf (~ 320 Km from
the NE O7 deep point, with u~ 3 cm/s), or to dense water formed over the
same NE O7 Turkish shelf at a distance of ~ 160 Km (about 50 m deep ,
with u~ 3 cm/s). It could also have been influenced by aviolent storm.

In the following 3 months, S of this deep NE O7 water increased to ~ 38.2
and T decreased giving a density of about 29.35, most probably due to the
mixing with O1 and salty waters. So in August a very dense water (o ~
29.48) was there found. In synthesis, a general increase of the water
salinities and densities was evident, but no clear effect of the Z 5 transect on
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NE O7 can be found.

A similar effect holds in the other point of interest, the Z5 sill water. Itsc
increased to~ 29.2 in March, from 29.1 in January, while its salinity
increases from 39.72 in January to 38.84 in March. In April, May and June
its densities remained constant but S and T both show a mild decrease, with
alarge o ~ 29.40.

Fig. 1. Map of selected transects to simulate hydrologic data unfortunately
not measured.
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CHANGESIN VENTILATION IN A VIEW OF TRANSIENT TRACERSTIME SERIESAND A
CONSTRAINED TRANSIT TIME DISTRIBUTION MODEL
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Abstract

Measurements of transient tracer in the Mediterranean Sea cover the time frame between pre Eastern Mediterranean Transient
(EMT) state in 1987, the EMT during the 1990’s and post EMT progress as well as the Western Mediterranean Transit (WMT)
up until 2011. The transient tracers can be used to determine the tracer age and mean age of water masses, i.e. the Transit Time
Distribution, and thus provide a significant insight into the temporal variability of the ventilation processes in the Mediterranean Sea.

Keywords: North-Central Mediterranean, South-Central Mediterranean, Circulation, Time series, Models

The time series of transient tracer surveys includes several expeditions in the
Western and Eastern Mediterranean Sea (WMed, EMed) between 1987 and
2011: Meteor 5/6 in 1987, Meteor 31/1 in 1995, Urania MAI2 and Poseidon
234 in 1997, Aegaeo M4AWF in 1988, Urania MAI7 in 1999, Meteor 44/4 in
1999, Meteor 51/2 in 2001 and Meteor 84/3 in 2011 (Fig. 1). Transient tracers
can be used for water mass analysis in terms of tracer age calculations and mean
age modeling. The data sets consist of different combinations of CFC's, Helium
isotopes, Tritium and SFg whereat the extent of the tracer data and sampling
area are relatively similar. Changes in the composition of transient tracers
resulting from changes in ventilation have a direct impact on the different ages,
rates of age growth and age shifts. This provides a versatile and powerful tool to
describe ventilation and transport processes in the ocean. According to this age
applications the classical approach of tracer ages like the 3He/*H-age [1] and the
Inverse Gaussian - Transit Time Distribution (IG-TTD) [2] were used for the
analysis of the time series. The ventilation of the Mediterranean Sea has direct
implications for several biogeochemical processes, such as storage of
anthropogenic carbon, oxygen and nutrient distribution, and transport of labile
dissolved organic matter to the deep interior waters.

The comparison of apparent tracer ages and mean ages over the period of 25
years shows changes in circulation (like the EMT [3,4,5] and WMT [6]) as well
as shortcomings of the different methods and to use them as such. Furthermore,
the relation between the SFg ages in 2011 and the CFC-12 ages in 1997 of the
same oceanic region give additional insights to changes in circulation. This
approach is based on the almost identical atmospheric increase functions of both
tracers with a time shift of 14 years [7]. In a steady-state system the tracer age
of SFg in 2011 should match the tracer age of CFC-12 in 1997. In most tracer
age shifts this was not the case. Increased ages for the eastern basin can be found
below ~1500 m in 2011 and younger waters at depth in the western basin,
respectively.

The comprehensive data set of the latest Meteor cruise M84/3 in 2011
consisting of CFC-12, SFg, Helium isotopes and Tritium indicates that the
EMed returnsinto the pre EMT state with the Adriatic Sea as major deep water
source. Young water masses with higher tracer concentrations intrude the deep
water layer in the lonian Sea. Nevertheless, the Cretan Sea Outflow Water
(CSOW) is still present in the bottom layer of the Levantine Sea shown by
younger mean ages beneath the Tracer Minimum Zone (TMZ) in the
intermediate layer. The WMT between 2005/06 leads to a complete renewal of
the deep and bottom layer in the Western Basin by tracer rich water masses.
Parts of the newly formed deep water spill over the shallow sill between Sicily
and Sardinia intruding the old water masse of the Tyrrhenian Sea along the
continental slope of Italy. Furthermore, the data set allows in addition to the
standard investigation of ventilation processes to constrain the Inverse Gaussian
(IG) - TTD model with either one (1IG) or two (2IG) main water masses, or
transit time distributions. The obtained parameters like D/G-ratios ratios (the
ratio of diffusion over advection) and apha (the relative contribution of one
water mass in a 2IG model) in the EMed give an insight into the
advective/dispersive behavior of the water masses. Based on a constrained TTD
model the mean age can be determined considering the particular water mass
properties. The used tracer couples to constrain the 11G-TTD were CFC-12 /
SFg and Tritium / SFg. However, not al data points were constrainable by those
two couples and there were also small but distinctive differences in mean ages of
the constraints. Therefore, the 2IG-TTD was applied to the tracer data which
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provides possible solutions describing one mean age by three transient tracers.
Building on these results the anthropogenic carbon (C4y) column inventory
might be better estimated compared to the results of the standard TTD model.
A further examination of the practical use and the improvement of the 21G
model within field datawill be part of future work.

Fig. 1. Sampled stations of al nine cruises between 1987 and 2011.
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Acidification
PatriziaZiveri, UAB, Spain

Résumé

The introduction covered the concept of ocean acidification and the unique characteristics of Mediterranean acidification and
biological impacts. It was followed by communications covering diverse topics related to the chemistry, past carbonate chemistry
dynamics, biological impacts and modelling. Severa presentations contributed to the on-going European project
(MedSeA-project.eu) focusing on acidification in the Basin.

During the debate many important issues were discussed:

1. Data on seawater carbonate chemistry are still few, particularly in the southern Mediterranean and there is a need of long-term
time-series stations for monitoring ocean acidification and other biogeochemical and physical parameters. The MedSeA project,
among others, is collecting many new carbonate chemistry and biological datarelated to elevated CO2 conditions.

2. Ocean acidification training activities for scientists and laboratories starting to work on this research field was promoted. Thereis
a need of method standardization for both chemistry (pH, AT, DIC, pCO2) and experimental biological work testing the impacts of
acidification. It is particularly important to have long term monitoring time-series on the seawater carbonate chemistry and target
biogeochemical processes, because only with a long record it is possible to identify trends in seawater pH and relative impacts.
During the presentation new data were presented from the DYFAMED site (North Western Mediterranean) and the LTER-C1
(North Adriatic Sea). Time series stations should be established, especially in the eastern and southern Mediterranean and the Black
Sea. They should follow the same standard operational protocols for measuring the basic carbonate system parameters

3. The negative impacts of acidification could be much more relevant in coastal ecosystems, where marine life is concentrated and
biogeochemical processes are more active. However, changes in pH in these areas are difficult to study due to the multitude of
physical and biological drivers, including watershed processes, nutrient inputs, and changes in ecosystem structure and metabolism.
The next challenge for the ocean acidification research is to focus on these environments, using a multidisciplinary approach;
chemical, physical and biological aspects should be well investigated and integrated.

4. Different kinds of impacts by acidification could exert themselves in the near future. Not only chemical and biological impacts
were discussed, but also the importance of socio-economic aspects arose; collectively these highlight a transversal way that
integrates the main decision making components in a holistic approach.

5. The last point discussed was the potential effects of acidification on metal and contaminant speciation. The MedSeA project only
partly coversthis topic, which also bears on the biota and on human health itself. Thisisan important issue that is just at its infancy.
In the Mediterranean some initial work has been performed in MedSeA project mesocosm experiments. It would be also interesting
to understand the effect of acidification on dust input and elemental availability.

6. An international ocean acidification coordination was launched recently. It provides important information about research status
and OA collaborators (OA-1CC web site: www.iaea.org/ocean-acidification News Stream: news-oceanacidification-icc.org).

7. A dedicated information outlet on Mediterranean Sea acidification, climate and environmental changes is available at
http://medseaclimatechange.wordpress.com.

Bioaccumulation, methodology
Bourhane Belabed, Univ.d'’Annaba, Algérie

Résumé

La protection de la Méditerranée s?é&tait fixé plusieurs objectifs, dont un était la création d?un programme de surveillance de la
pollution marine. Depuis, le programme MEDPOL s?est développé, et remodelé plusieurs fois. Les Etats membres du bassin
meéditerranéens se sont engagés afournir des données sur la qualité des eaux cotiéres. Lestravaux réalisés restent insuffisants pour
estimer |?état des écosystémes marins. De plus, la situation est rendue complexe par une forte urbanisation, une explosion
démographique et surtout des usines le long du littoral. Ces zones présentent des habitats riches et variés, un réservoir de
biodiversité, et des espaces de développement d?activités: portuaires, industrielles, urbaines et touristiques et jouent un role
nourricier pour de nombreuses espéces de poissons. Face aux risques environnementaux générées par |2introduction de substances
chimiques dans le milieu marin il est urgent de mettre en place des outils pertinents- notamment des bio indicateurs quantitatifs- afin
d?évaluer les perturbations des écosystémes.
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Les participants de la session 82 ont proposé de suivre, & |?échelle internationale, les concentrations de contaminants dans les
organismes vivants en vue de surveiller le milieu. Les stratégies de surveillances présentées sont diverses; |?utilisation de
mollusgues, et surtout de poissons- mulet et thon- dans les programmes de surveillance, ont rencontré |e plus de succes.

La douzaine de travaux présentés lors de cette session ont montré que les métaux lourds et certaines substances radio-nucléiques
entrainent des modifications du comportement et des perturbations du métabolisme et des réponses génétiques, pouvant avoir des
répercussions a toutes les échelles trophiques, affectant ainsi Ie fonctionnement des écosystemes. Lors du débat les participants ont
pu conclure:

- qu'il n?existe pas de bio-indicateur universel. L'utilisation d?indicateur biologique répond a une problématique appliquée;
- al'intérét d'indicateurs basés sur 17individu comme les indices de croissance et de condition.

- que la création d?un réseau de suivi de la contamination littorale était donc un objectif socio- économique vital pour la région
considérée.

Chemical fluxes-1
N/A

Résumé
Modérateur absent

Chemical fluxes- 2
Christian Tamburini, MIO, Université Aix-Marseille, France

Résumé

In this session, 12 speakers presented their results in front of a large audience (the room was full). The short introduction
presentation provided a brief overview of the different presentations focused on: (i) eutrophisation in the Black Sea leading toward
anoxic conditions in the water column (three talks: A. Alkan, S. Trugul and A. Alkan); (ii) benthic nutrient fluxes in Adriatic and
Aegean Seas and geochemical characteristics in recent deep sediments under influence of open sea convection in the Gulf of Lion
(three talks: F. Spagnoli, C. Dumas and M. Stabholz,); (iii) the silica budget at the scale of the Mediterranean Basin (one talk: M.
Krom); (iv) production of dissolved organic matter (DOM) in culture experiment and in coastal zone and its degradation (three talks:
E. Sanchez-Perez, B. Charriere and C. Tamburini).

While the panel of presentations was relatively large, the discussion was rich, active, well distributed through the different
presentations and crossing the many themes.

Coastal lagoons status
Michéle Forestier, Univ. Geneve, Suisse

Résumé

Durant cette session, 4 auteurs ont présenté leurs résultats, apres une courte introduction de la modératrice sur les lagunes cotiéres:
(i) H. Chalghmi, Suivi de la réponse des biomarqueurs de métabolisation de phase | et Il dans le Lac de Tunis (Tunisie); (ii) D.
Munaron, Assessment of chemical contamination of french coastal lagoons using passive sampling techniques; (iii) U. Sunlu,
Distribution of Some Heavy Metals in Surface Sediments From The Homa Lagoon (Izmir Bay, Turkey). (iV) M. Forestier,
Historical trace metal contamination assessment of Orikum Lagoon, Albania, based on dated recent sediments record.

Ces présentations ont contribué a la mise en lumiére de différentes méthodes d'évaluation des systémes lagunaires selon diverses

approches (biologique, géologique et chimique). La discussion fut riche et pertinente, rappelant les difficultés que les auteurs ont pu
rencontrer atravers I'étude de tels systémes dynamiques complexes.

Ecosystem modelling
J. Tronczynski, Ifremer, France

Résumé
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Absence de résumé

Estuaries status
Ana-Marija Cindric, Ruder Boskovic Institute, Zagreb, Croatia

Résumé

The session ?Estuaries status? hosted in total eight presentations covering specific, but quite different topics: the intrusion of
seawater into the surrounding aquifer, lithogenic and biogenic particle fluxes, distribution of water masses and nutrients, distribution
and behavior of metal contaminants, application of specific techniques for the speciation of trace elements, the intrusion of aien
species and their use as possible bio-indicator of pollution. The use of radon and radium isotopes for estimating submarine
groundwater discharge (SGD) and the study of anchialine caves were presented as particular environments with freshwater and
seawater mixing.

All these systems present environments in which freshwater and seawater are mixed, causing dramatic changes in physical, chemical
and biological properties. Significant differences in hydrology as well as chemical properties between estuaries in the south and in
the north of the Mediterranean were clearly exemplified by the Mafragh estuary with periodic offshore bar causing closure of the
estuary?s mouth and the permanently highly stratified Krka River estuary. Contrary to these mostly ?pristine? estuaries, untreated
discharges to Dil Creek estuary increase the level of inorganic and organic contaminants. Particularity of estuary hydrodynamicsis
presented by the Alexander River estuary where partial salinization of the adjacent aquifer takes place. Populated, industrialized and
touristic regions are prone to threaten the sensitive estuary ecosystems.

Biological responses as well as chemical changes of contaminants occurring within estuarine salinity gradient affected by the
anthropogenic pressure were identified as topics of primary research interest. Identification of the specific physico-chemical
processes, increase of the sampling frequency as well as number of samples and sites, was highly recommended in order to better
understand and to predict the behavior of contaminants. Finally, modeling of contaminants transport and behavior across the salinity
gradients was pointed as one of the tasks which would help in predicting their negative effects.

Fouling, status and novelties
Christine Bressy, University of Toulon, France

Résumé
This session focused on (i) the fouling communities which could colonize any substrata immersed in the Mediterranean Sea and (i)
antifouling strategies.

The moderator outlined that surfaces immersed in seawater are subjected to biofouling, i.e. the settlement of undesired marine
micro- and macroorganisms. This leads to negative economic consequences on marine structures such as vessels, offshore platforms,
sensors and fishnets in aguaculture. Ocean-going vessels have been plagued by the deleterious effects of biofouling for centuries. In
addition to marine 'bio' risks from non-invasive species transfers, biofouling reduces vessel speed due to a reduction in
hydrodynamics and maneuverability, causing increased fuel, gas emissions and maintenance costs.

The design of more environmentally-friendly coatings and the use of non-toxic active molecul es extracted from sponges, macroalgae
and metabolites of macroalgae as promising antifouling strategies were discussed. Taxa of micro- and macro-organisms which
colonize surfaces immersed in Mediterranean Sea were reported and the microbial processes were shown to be spatialy and
temporally variable.

It was concluded that developing antifouling surfaces presents a major challenge due to the environmental impact on the marine
environment. New environmental concerns related to antifouling strategies have been highlighted for marine renewable energy
resources including tidal marine turbines, wave energy and ocean thermal energy converters where fouling could degrade
performances over time.

Marine litter
Frangois Galgani, France

Résumé

11 presentationg/posters were planned for thisfirst session on Marine litter in a CIESM meeting. The presentations covered al fields
on the topic, including (i) the processes of degradation of polymers at sea, (ii) assessments of marine litter on beaches, sea floor and
deep seafloor from various regions of the Mediterranean sea, (iii) the evaluation of densities of microplastics on beaches and at sea,
(iv) methodological developments , including monitoring protocols and new methods, (v) monitoring within the Marine Strategy

221
Rapp. Comm. int. Mer Médit., 40, 2013



Framework Directive and finally (vi) social awareness, reporting about the impact of marine litter, in order to support the reduction
of thelitte at sea.

The session was followed by more than 50 attendants. It was very active, with a dense and open discussion on the different aspects
of the issue, demonstrating the importance of this new topic, especially in CIESM related seas. The presentations and discussion
enabled to identify the scientific questionsto be

addressed in the future and the specific issues in both the Mediterranean and black seas. Typically, a consistent evaluation of
densities , a better understanding of harm and degradation pathways, the importance of circulation in driving the transport of litter
and the transborder transportation within the CIESM areas, the occurence of trophic transfer or not, will facilitate the investigations
on processes and help to understand why the Mediterranean and Black seas are the most affected basins in the world.

Overall, the session provided a basis for the networking of scientists
from both the Mediterranean and Black seas, the support of further research,

the harmoni sation of common projects and the implementation of monitoring.

Mercury in the Mediterranean
Donata Canu, Italy

Résumé

Seven presentations were given in this session, addressing different aspects, such as the state of mercury contamination in its
different forms, in different substrates, including biota, at different sites such as local hotspots located in Turkey, Tunisia, Croatia,
Italy, Slovenia, and sampling stations in the Adriatic and in the Mediterranean basins. Mercury budgets, isotopes tracking and
dynamic model results were also presented.

The open discussion touched general and specific aspects of the biogeochemistry of mercury, highlighting knowledge gaps and open
scientific questions. It emerged that -in general- the information regarding transformation rates and processes is still highly uncertain
and -in particular those involved in methylation- need to be better evaluated in order to improve the general understanding of the
global mercury cycle. Examples of open issues were cited, such as the observed increasing mercury concentration in open seafishes
and un-correlation between mercury concentration in sediment and in the corresponding biota.

More information is needed regarding the environmental variables influencing mercury transformations and speciation, and their
synergistic effects, also including the role of the microbial community. The identification of new methylation potentia of various
microbial taxa could also benefit of recent advances in genomics. It was generally agreed that the integrative analysis of mercury
transport and transformation processes should be improved, also considering biogeochemical and physical oceanographic processes,
such as DOC complexation or the and dawn-ward transport of mercury during the dense water formation and spreading in the North
Adriatic.

The same integration should be viewed as a medium-long term goal of mercury modeling, improving current mercury modelling
performances with a full coupling with physical and biogeochemical models. The modeling approaches should be developed and
used in parallel with measurements to investigate the effects of changesin given parameters, forcing and inputs, and to evaluate the
effects of future natural and anthropogenic changes in environmental variables.

M ethods and technics - chemical and toxicological monitoring
David Sanchez Quiles, IMEDEA, Esporles, Spain

Résumé

The Mediterranean Sea is under intense pressure because of the anthropogenic impacts caused by population growth, which
inevitable leads to the introduction of organic and inorganic chemicals in the marine environment. In that context, some studies
presented during this session focused on human activities proper, such are the dredging of polluted coastal sediments, the effects of a
common insecticide as permethrin over the acetylcholinesterase activity in Chelon labrosus, or the use of sunscreens in touristic
beaches of the Mediterranean. The other communications, indicated or suggested specific organisms (i.e. protists, ragworms,
Paracentrotus lividus, and Pinna nobilis among others) for the monitoring of specific contaminants or for signaling contamination in
agiven area (i.e. near Rovinj, Croatia).

While monitoring and biomonitoring programs are powerful tools to know the level of pollution in the Mediterranean, there is an
urgent need to improve the analytical processes and analytical techniques in order to obtain results of high quality. In that sense, the
importance of the Proficiency Test for trace elements, the problematics of an inappropriate pre-treatment of the samples and the need
of increase the number of laboratories participating in these tests were highlighted.
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Oxygen depletion
Nadira Ait-Ameur, Algérie

Résumé

This session dealt with the problem of oxygen depletion in Mediterranean sea at two scales- the coastal area and the open sea. The
Mediterranean Seais very sensitive to anthropogenic pressure and to Climate change and warming. The dissolved O2 in seawater is
important for the viability of the ecosystems. The anthropogenic and river input in the coastal area could lead to eutrophication and
hypoxia. In the open sea, the surface warming could induce a stratification which could lead to a decrease in the ventilation of
intermediate and deep water, and so deoxygenating.

The coastal areas studied included a presentation on the Black sea (A. Capet), were it is shown, using a biogeochemical model, that
climatic stressors intensify the response of hypoxia to nutrient discharge, and affect the seasonal dynamics of hypoxia. For the North
Adriatic Sea (T. Djakovac), marked hypoxia has been often observed in bottom layers during autumn. This feature seems to be
related to the circulation in the area and not exclusively to eutrophic pressure. In the southwesternMediterranean Sea (Algerian
coast, N. Ait-Ameur), the anthropogenic input in phosporus (enrichment from domestic waters and fresh water input) reduces the
N/P ratio but the amount in dissolved O2 seems to be above the critical limit of eutrophication. In the bay of Algiers, where the
air-sea CO2 exchange is mainly controlled by the fresh water input, the circulation may ventilate the waters.

For the open sea, the time series (D. Lefevre) collected since 2008 at the ANTARES fixed moored site has shown a decrease of 2.5
UM O2 during three years of observation. This depletion is associated to hydrological and biological events at the basin scale. The
ensuing debate concerned mainly the lack or paucity of accurate data for dissolved O2 in sea water. The need for time series in open
sea in the eastern and southernwestern sectors of the Mediterranean Seais critical.

The importance of using sensitive and accurate sensors for O2 and the need for calibration with standardized protocols and to
intercalibrate the method and protocols were stressed. The problem of O2 depletion in intermediate and deep water in open sea
remains. Observation and the implementation of long-term monitoring sites appear necessary to understand this phenomenon.
Comparing both basins in terms of the processes affecting the O2 content of intermediate and deep waters, and investigating the
impact of climate forcing are also needed. Another question, still open, was raised: the possible link between the downward trend of
02 in the intermediate waters of the Western basin and the EMT (Eastern Mediterranean Transient, deep change in the flow of water
in the Eastern basin).

Transitional habitats - biological and chemical process
N/A

Résumé
Modérateur absent
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Modérateur ;: Patrizia Ziveri



EFFECTS OF OCEAN ACIDIFICATION ON THE PRECIOUS MEDITERRANEAN RED CORAL
(CORALLIUM RUBRUM)

L. Bramanti 1*, J. Movilla2, E. Calvo 2, A. Gori 2, C. Dominguez-Carri6 2, J. Griny6 2, A. Lopez-Sanz 2, A. Martinez-Quintana 2,
C. Pelgjero 3, S. Rossi 4 and P. Ziveri 4
1 UPMC LECOB Observatoire Océanologique Banyuls sur Mer - philebo@gmail.com
2|CM CSIC, Barcelona
3 |CREA, Barcelona
4 CTA-UAB, Barcelona

Abstract

Corallium rubrum is an octocoral endemic to the Mediterranean Sea. Slow growing and long living, it has been harvested since
ancient times determining overexploitation due to the high economic value of axia skeleton. Moreover the Mg rich calcite skeleton
make it vulnerable to ocean acidification. To understand the effects of elevated pCOy, colonies of C. rubrum were maintained for
314 days in aquarium tanks at 2 pH levels (8,16 and 7,84). Buoyant weight, biochemical balance (protein, carbohydrates and lipids)
and spicules morphology were measured. Buoyant weight increment was significantly different between controls and acidified
treatment. Aberrant spicule shapes were observed only in acidified treatments. Total organic matter was higher in acidified
treatments while no difference was found in carbohydrates, lipids and proteins contents

Keywords: Global change, Conservation, Mediterranean Ridge, Cnidaria, Ph

Introduction: Mediterranean Sea is is considered one of the world's most
sensitive regions to Ocean Acidification (OA) [1]. OA is a threat for
calcifying organisms and can aso have regional socio-economic effects
related with the reduction in the harvest of high commercial interest species
[2]. Red coral, Corallium rubrum is a long-lived, slow-growing gorgonian
endemic to the Mediterranean Sea, where it dwells between 10 and 600 m
depth. The high economic value of the skeleton used for jewelry, determined
overexploitation [3]. The axial skeleton and the sclerites, coated with living
tissue, are both composed of Mg-rich calcite [4] which solubility is greater
than that of aragonite or calcite [5], moreover the seawater saturation state
with respect to carbonate minerals decreases with increasing latitude [6].
Thus C. rubrum is expected to be highly susceptible to OA. We evaluated
the effects of OA on CaCO3; deposition, sclerites morphology and
biochemical balance.

Methods. 48 colonies of C. rubrum (from 40 m depth) were distributed
among 6 aquaria, further subdivided into 2 treatments (3 replicates): control
(~8.10) and low pH (~7.81), simulating, respectively, seawater in
equilibrium with ~380 and ~800 ppm CO, (current and projected levels for
year 2100). Seawater pH was adjusted by bubbling CO, and monitored by
glass electrodes connected to a pH controller. Additionally, total akalinity
was analyzed by potentiometric titration and pH using spectrophotometry.
Buoyant weight, sclerites morphology, organic matter (OM) content and
biochemical balance were measured quarterly during 314 days (Time 0 to
Time 3). At the end of the experiment, specific microdensity and porosity
were estimated on 6 colonies (1 from each aquarium). Sclerites
(photographed at SEM) were categorized in 3 morphological types (1, Il and
aberrant) and the ratio area/perimeter, width/height and circularity were
calculated and analysied by PERMANOVA. OM content was determined
as the difference between dry and ash weight. Total carbohydrates, protein
and lipid content were quantified colorimetrically and results analysed by
ANOVA.

Results and discussion. No significant differences were observed, neither
in microdensity nor on porosity, indicating that the structural material
composition of skeleton was not affected by treatment. Calcification ratesin
low pH treatment was significantly lower (59%) with respect to
control, confirming the expected detrimental effect on skeleta
formation. Sclerites morphology was significantly different at Time 3, and
aberrant shapes were detected only in low pH treatments. According to [7]
the main function of scleritesis the mechanical protection, athough [4]
suggested a role in CaCO3 temporary stocks. Therefore, in the long term,
OA should affect C. rubrum compromising the CaCO3 stocking capacity
and skeleton biomechanical properties. OM content was significantly higher
in the low pH treatment with stable values through time while changed in
control treatments from TO to T3. According to [8] metabolism is affected
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under low pH conditions and the energetic cost of calcification is higher.
Therefore we hypothesize that C. rubrum respond to low pH by increasing
the formation of OM, consequently decreasing calcification rates. Total
protein, carbohydrate and lipid content were not different between
treatments but the Coefficient of Variation (CV) was lower in low pH
treatments indicating a more dimmed seasona trend, probably due to
endogenous processes or dormancy activated to save energy. A decrease in
calcification rate together with a metabolic depression could have negative
rebounds on the economy of the jewellery industry linked to this species
leading to a price deflation. Furthermore some populations may suffer local
extirpation due to the combined effects of climate and athropogenic threats.
Projections of population structure under OA scenarios based on our results
can be used to give advices for management and conservation [9] to
preserve C.rubrumwith the associated biodiersity and the economy linked
to its exploitation.
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CARBONATE SYSTEM AND ACIDIFICATION IN THE MEDITERRANEAN SEA: VARIABILITY,
IMPACTSOF PHYSICAL AND BIOLOGICAL PROCESSES AND VALUATION OF CARBON
SEQUESTRATION

G. Cossarini 1*, D. Melaku Canu 1, A. Ghermandi 2, P. A. Nunes3, C. Solidoro 1 and P. Lazzari 1
1 OGS- Ist. Naz. di Oceanografia e di Geofisica Sp. - geossarini @ogs.trieste.it
2 University of Haifa
3 Marine Economics Research Program, CIESM; WAVES - Word Bank

Abstract

We evaluated the biogeochemical impact of planktonic related processes on the space-time distribution carbonate system variables
(e.g. dkalinity, pH, air-sea CO2 fluxes) in the Mediterranean Sea and related economic implications by using a validated 3D
coupled transport-biogeochemical model (OPATM-BFM). Simulations provided a reconstruction of the state and variability of
contemporary carbonate system and an assessment of the relative impacts of the biogeochemical processes on the carbonate
system dynamic and on the sea-air CO2 fluxes. Basing on these data a microeconomic valuation of the economic impacts of

changes in marine carbon sequestration was then performed.

Keywords: Air-sea interactions, Economic valuation, Ecosystem services, Geochemical cycles, North-Western Mediterranean

The Mediterranean Sea shows alkalinity and dissolved inorganic carbon
concentrations much higher than those observed in the Atlantic Ocean at the
same latitude and strong spatial gradients [1]. Estimating the scale of variability
of carbonate system and the processes involved may help in understanding the
amplitude of the acidification processes due to atmospheric carbon
sequestration and its possible evolution. In this work we use a validated
biogeochemical model in order to estimate the scale of spatia-temporal
variability of the carbonate system properties and to estimate the impact of
physical and biological processes involved. The physical-biogeochemical model
OPATM-BFM [2] has been coupled with the OCMIP2 carbonate system
model and initial condition and boundaries conditions have been estimated from
existing dataset. The reference simulation covers the contemporary conditions
(1998-2005) forced by ECMWEF fields and an atmospheric pCO2 ranging from
360 to 380 ppm. Results of the simulation show that a spatial gradient from the
Gibaltrar strait to the marginal seas (Aegean and Adriatic seas) of DIC and
Alkalinity is a permanent structure along the water column (Fig. 1) although it is
less marked in the intermediate and deep layers. Vertica profiles are generally
characterized by lower values at surface, a sharp increase between surface and
200 meters and almost stationary values below 500 meters. At surface,
alkalinity dynamics are driven by the terrestrial input, mainly located in the
eastern marginal seas and the basin wide surface circulation, dominated by the
intrusion toward east of the surface atlantic water and the two thermoaline cells
of the western and eastern sub-basin.
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Fig. 1. Alkdinity distribution in the surface layer of the Mediterannean Sea.

The results show that primary producers affect the carbonate system by fixing
CO2 into organic carbon that eventually sinks under the mixed layer as
particulate organic matter. Organic carbon is then respired within the deep
layers, contributing to carbon oversaturation especialy in the western
Mediterranean sub-regions. The carbon pumps combined with the inverse
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estuarine Mediterranean circulation results in a net carbon export toward the
Atlantic sea of about 45TgC per year. This net carbon loss is compensated by
the sinking of atmospheric CO2 through the water-air exchange (20TgC per
year) and by the input from rivers (25TgC per year). Further, primary
production processes, such as nutrient uptake, ater the alkalinity at surface and
consequently the carbonate system equilibrium by increasing the solubility of
CO2 and the sinking of atmospheric CO2. Results of the numerical simulation
show that the most productive areas such as mixing and coastal aress (i.e. the
Gulf of Lion, the Adriatic Sea and the Alboran Sea) present the highest seasonal
variations of akalinity (up to more than 20 mmol/kg) and the highest rate of
atmospheric CO2 sequestration. Additional simulations were then run aiming at
evauating the impacts of the biogeochemical processes on CO2 sequestration.
Monetizing the loss of the environmental service, in this specific case under sea
acidification scenarios, can be performed applying different economic theories
and valuation methodologies. Notwithstanding the ample variability, the
assessment literature can be grouped into two large streams: “partia
equilibrium” and “ genera equilibrium” methodologies. Both are widely applied
in the area of climate-change economics. Partia equilibrium analysis is based
upon appropriate microeconomic-econometric valuation techniques, including
market-based economic valuation tools (eg., market price, direct-costing
analysis) as well as non-market valuation tools (such as contingent valuation
method, travel cost method, meta-analysis and value transfer). Its main
characteristic is to quantify a damage without considering the potential feedback
and rebound that this damage can trigger onto the macroeconomic context. The
micro-economic element of the study relies on the use of market-based, unitary
values for carbon, which are multiplied by the carbon flux estimates resulting
from the biogeochemical model to obtain a spatially explicit estimate of the
yearly flow of values. In other terms, the air-sea CO, exchanges are regarded as
additional, spatially distributed, sources (or sinks) of CO, for the atmosphere,
which therefore trandate into a socia cost (or benefit). In order to vaue the
carbon sequestration services in the Mediterranean Sea in monetary terms and
reflect the uncertainties in the damages caused by different degrees of climate
change, we consider in this study a range of estimates of the Socia Costs of
Carbon, and a set of simulation scenarios aimed at varying the biogeochemical
properties of the Mediterranean Sea system, in order to take into account the
socio-economic and the natural variability, aso in response to future climate
changes impacts.
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PHOTOTROPHIC AND HETEROTROPHIC BENTHIC COMMUNITIESIN A SHALLOW CO,-
DOMINATED HYDROTHERMAL VENT (PANAREA ISLAND, TYRRHENIAN SEA)
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Abstract

To assess the ability of communities to adapt following prolonged exposure to locally elevated CO» and temperature levels,
phototrophic and heterotrophic benthic communities were analysed at the natural seepage site of Panarea Island. Preliminary
results highlight that microalgal proliferation seems to be stimulated by gas emissions and warm temperatures as shown by the
elevated abundances and the high primary production rate. In contrast, the low densities of meiofauna suggest that this community
could be less tolerant to higher CO2 concentration and temperature.

Keywords: Tyrrhenian Sea, Diatoms, Hydrothermal vents, Copepoda

Introduction

Carbon capture and storage (CCS) is considered as a valid option to
‘permanently’ store carbon dioxide (CO,) from large anthropogenic point
sources, providing a short-term approach for mitigating potential global
climate change due to anthropogenic CO, emissions. Nevertheless, several
concerns exist regarding the long term safety of sub-seabed CO, storage,
including the potential impact of CO, leakage on the biota In marine
environments the potential leakage could cause local high concentrations of
CO, and consequently a pH decrease, with possible significant impact on
marine organisms. Although laboratory experiments can be performed [1],
the study of natural analogue systems likely provides a more complete (and
redlistic) understanding of the potential hazard associated to CO, leakage
from CCS. In the framework of the* Sub-seabed CO, Storage: Impact of
Marine Ecosystems’ (ECO2) project (EU project FP7 n. 265847), OGS and
the University of Rome “La Sapienza’ performed two field campaigns near
the island of Panarea (Aeolian Islands, Italy) in June and October 2012. The
site is characterised by natural, thermo-magmatic CO, leakage from the
seafloor at water depths ranging from 5 to 30 m. Early surveys showed that
the system is relatively stable in both gas chemistry (i.e. 98% CO,, 1.7%
H,S plus other trace gases) and flux rates (7-9 x 108 L/d) [2]. Although from
most release points only gas lesks, various points also release water of
different origin, ranging from geothermal to seawater end-members that are
mixed to variable degrees [3]. On the bases of these peculiarities, Panares
represents an exceptional location to study natural processes and impacts
related to shallow seabed CO, leakage. Both structural and functional
parameters have been considered and integrated following a holistic
approach directed to the study of the overall benthic ecosystem functioning.

Materialsand M ethods

During both campaigns, sediments were sampled at two points at a shallow
site to the NE of Panarea Island: one characterised by the emission of hot
water from the coarse sand and one, located 1 m away, where sediments
were characterised by in situ temperatures (St. Hot-Cold). Two benthic
chamber experiments were performed at both points to measure the flux of
dissolved CO,, heat and the main carbonate system parameters from the
sediments to the overlying water. Temperature and pCO, were measured in
continuum using a probe while the water for the other parameters was
sampled thrice (once every 10 minutes). Sediment samples were collected
for the analyses of abiotic parameters (sediment grain-size, Total Organic
Carbon, Biopolymeric ~ Carbon) and benthic ~ communities
(microphytobenthos and meiofauna). Along with the biological and chemical
structural characterisation during both campaigns, in October 2012 some
preliminary estimates of functional parameters, i.e. Primary Production and
Prokaryotic C Production (PCP), were also carried out at this site.

Results

During the benthic chamber experiments the hot part of St. HC was
characterised by a gradual increase of both temperature and CO,
concentration while the cold counterpart did not show any evident variation
for these parameters. The microphytobenthic assemblage in the hot gas/fluid
emission site was more abundant particularly in June 2012, when the
densities were two orders of magnitude higher than in the cold sediments
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nearby. Pennate diatoms belonging to the family Naviculaceae dominated the
microalgal community in both periods. The species Navicula cfr. cancellata
alone exceeded 30% of the total abundance, whereas in the nearby cold site
its density was negligible. Primary production rates which strongly depend
upon the microphytobenthic abundances were six times higher in the hot site
(42.88 + 5.75 mg C m2 h'l) than in the cold one (7.16 + 0.13 mg C m2 h'1).
During both campaigns, meiofaunal abundances in the cold part of St. HC
were higher than those within the sediments exposed to high temperatures,
characterised by the almost absence of organisms. From a qualitative point
of view, the community of the cold part of St. HC was dominated by
Copepoda, followed by Nematoda and Ostracoda. In October 2012, lipids
were the dominant fraction of the biopolymeric carbon pool, followed by
proteins while carbohydrates were negligible. Both lipid and protein
contents were 2-fold higher in hot sediments than in cold ones.

Discussion

Preliminary results highlight that benthic communities at different trophic
levels could respond differently to gas emission and warm temperatures.
The elevated abundances of microalgae inhabiting the hot sediments suggest
that higher CO, concentration and temperatures could exert a stimulatory
effect on this community which seems also active as shown by the elevated
primary production rates. The organic enrichment observed in the
sediments, particularly in terms of proteins and lipids, could be ascribable to
the proliferation of microalgae. On the contrary the meiofaunal contribution
was an unimportant source of carbon due to extremely low densities. These
organisms in fact showed a limited tolerance to increased CO, concentration
and temperatures. The integration of these results with others, particularly
those related to benthic prokaryotes, is expected to shed more light on the
benthic ecosystem functioning in this natural analogue system.
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Abstract

The Mediterranean Sea is one of the most impacted ecosystems by anthropogenic pressure. Several published papers have shown
that al Mediterranean waters (from surface to the bottom) are already contaminated by significant concentrations of
anthropogenic CO2. The accumulation of anthropogenic CO2 contributes for a large percentage of the pH decrease in seawater
(phenomenon of acidification). However, since anthropogenic CO2 cannot be measured at sea, this property is estimated using
various models. Since uncertainties still exist on the concentration of anthropogenic CO2, it is difficult to precisely estimate the
level of acidification. In the present poster, another approach is proposed to assess the level of acidification. It consists in the
reconstruction of times-series using data from the 2002 Medar/Medalas and Dyfamed databases.

Keywords: Surface waters, Ph, Ligurian Sea

The ocean acidification is under interest by the scientific community for his
effects on our environment. This study presents an approach to asses the
level of acidification in the Mediterranean Sea. Results highligth the
importance of the phenomenom is this sea.

pH evolution

The ocean acidification is under interest by the scientific community for his
effects on our environment. According to several studies around the world,
acidification of seawater has increased since the beginning of the industrial
era. For instance, pH measured at the times-series stations during several
decades, and located in the Pacific Ocean (station HOT) and in the Atlantic
Ocean (station BATS) indicate significant pH decreases of -0.0019 + 0.0002

yr-1 (Dore et a., 2009) and-0.0017 + 0.001 yr-1 (Bates, 2007),
respectively.
M edar/M edalas database (82-92)

For the present study, we focus on pH data within the surface layer (0-
10m) located in the area close to the Mediterranean Dyfamed site. Figure 1
shows the map (using the Ocean Data View software) with the localization
of the measurement spots. Figure 2 draws the corresponding pH according
to the period of time (from 1982 to 1992), with the linear regression on this
period.

Fig. 1. Localizations of the data sites used in the estimation

The figure presents pH measurements in the surface water around the
Ligurian Sea. The Linear regression shows a decrease of 0.009 pH unit per
year (6599 points considered).

Dyfamed database (95-2011)

The Dyfamed site is located in the North Mediterranean Sea (see Figure 1).
The location is part of the previous map to alow us to compare or complete
the observations. A study made using the Dyfamed database (Yao,
submitted to Ocean Acidification) to rebuild pH time-series from 1995 to
2011 has underlined an average decrease of -0.003 pH units.yr-1. The
evolution is calculated from total dissolved inorganic carbon, total akalinity,
temperature, salinity and some incomplete pH data. The results are indeed
more accurate than the previous one thanks to the precision of the values.
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Fig. 2. Medar/Medalas pH data and linear regression from 1982 to 1992

Conclusion

Observations between Medar/Medalas and Dyfamed databases present an
important difference, from-0.009yr-1 to -0.003 yr-1. These results show
that this decrease is much higher than those observed in other oceanic region.
It clearly strengthens the need to develop projects to study the impact of
acidification in the Mediterranean Sea
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Abstract

Microbial processes can be affected either directly or indirectly through changes in seawater pH. The results presented here are
part of the MedSea project -Mediterranean Sea Acidification in a changing climate-obtained through laboratory microcosm
experiments. The main aim was to describe the effect of acidification on bacterial and virus communities as well as on microbial
metabolism. Natural bacterial populations exhibited increased production under more acidic conditions and changes on the reaction
velocity of extracellular enzymes could affect the processing of organic matter in the sea.

Keywords: Bacteria, Enzymes, Organic matter, Aegean Sea

Bacterial communities play an important role in organic matter cycling and
the carbon balance in the future ocean [1]. The oceanic uptake of CO,
emissions leads to an ateration of seawater carbonate chemistry, manifested
as a drop in seawater pH. This process, called “ocean acidification” have
direct and indirect effects on the growth and physiological processes of a
range of marine organisms [2]. Little is known about the response of marine
microbes to increasing pCO2 [3].

The effect of lowered seawater pH was investigated during a microcosm
experiment, on bacteriad and vira communities as well as on microbia
metabolism in natural bacterioplankton communities. Our study included a
laboratory 10-day incubation experiment, with natural 0.8um filtered
seawater, under past -8.13, present-day -8.04 and predicted for the year
2100-7.83 pH conditions.

Bacterial production was remarkably enhanced after the start of the
experiment (up to 342 ngCl-1h1) under the more acidic conditions.

Fig. 1. Changes in bacteriad production, bacterial / virus abundance, and
enzymatic activities during the experimental period. Error bars correspond
to standard deviation.

Values were progressively decreased similar or lower, compared to the past
and present-day pH treatments. The same trend was observed for bacterial
abundance that reached quickly high values (up to 1.34x10° cells mi-1) under
the acidified conditions. Viral abundance was not significantly different
among treatments (varied from 6.67x10° - 1.88x107virus miY) (Fig.1) In
agreement with bacterial production data, increased dissolved organic carbon
(DOC) concentration was observed in low pH microcosms, possibly due to
increased  exudation of photosynthetic cyanobacteria.  Dissolved
monosaccharide (MCHO) concentration decreased with time in experimental
bottles, showing no influence from the different pH concentration. On the
contrary dissolved polysaccharide (PCHO) rose as the pH value lowered,
with two peaks on day 1 and 4, acting also as precursors for the abiotic
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formation of transparent exopolymer particles (TEP), rich in acidic
polysaccharides. TEP-C formation peaked on days 3-4 (Fig.2).

Fig. 2. Dissolved organic carbon (DOC) , monosaccharide (MCHO),
polysaccharide (PCHO) concentration and Transparent Exopolymer
Particles (TEP) during the experimental period. Error bars correspond to
standard deviation.

B-glycosidase specialised in the degradation of polysaccharides showed no
significant variation in activity among different pH’s and an increasing trend
towards the end of the experiment. For akaline phosphatase lowered
activity was recorded in acidified environments, translated to a potentia
inhibition of phosphate turnover whereas leucine aminopeptidase (protease)
activity which degrades polypeptides was enhanced under lower pH
conditions (Fig.1).

The ongoing pH decline has the potential to cause changes at the bottom of
the food web and consequent shifts in plankton community composition
and food web functioning. The impact of ocean acidification on the reaction
velocity of extracellular enzymes could affect the processing of organic
matter. An increase in bacterial concentration could increase the transfer of
carbon between bacteria and protists, ater the community composition of
microbia top predators and give an advantage to the heterotrophic food
web.
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Abstract

A 2 years surveys showed that the variations of pH and of the carbonates system in a coastal area of the northern Adriatic sea
resulted mainly affected by the seasonal thermal cycle, by the inputs of carbonates from riverine waters of karstic origin and from
degradation processes taking place below the main pycnocline in the warm season. The CO» air — sea exchanges showed that the
gulf was a sink during cold months and a source during the warm period.

Keywords: Ph, Carbon, North Adriatic Sea, Coastal processes

The effects of acidification, caused by the uptake of anthropogenic CO,
from atmosphere, can be additional to those produced by natural biological
processes such as respiration and organic matter degradation [1]. The Gulf
of Trieste, which lies in the northernmost part of the Adriatic (Fig. 1), isa
region of freshwater influence under the inflow of the eastern Adriatic
Current. Seasonal variations of the carbonate system and of the seawater
biogeochemistry, were investigated in the framework of MEDSEA
(Mediterranean Sea Acidification in a changing climate) FP7 Project, for 2
years along a transect (Z1-Z4 stations) from the Isonzo River mouth to the
centre of the Gulf, on a 2-months sampling frequency, and monthly at
coastal site (C1-LTER site, Fig.1).

Fig. 1. Sampling sitesin the gulf of Trieste (Northern Adriatic Sea).

Total akalinity (A1) was measured by open cell potentiometric titration
[2]. The titration has been carried out in a cell thermostated at 25 °C.
Dissolved Inorganic Carbon (DIC) and the partia pressure of CO, (pCO,)
have been calculated by CO2SY'S program [3]. Certified reference materials
(CRM Batch 107 supplied by University of California, San Diego USA) for
DIC were used to check the accuracy of the results. pH (pHr) was
measured by m-cresol violet colorimetric method iby a double beam
spectrophotometer with cell thermostated at 25 °C [4]. Prokaryotic Carbon
Production (PCP) was measured by the incorporation of 3H-Leucine [5].
Seawater temperature ranged from 2.88 to 26.98 °C whereas the sdinity
variations were comprised between 27.04 and 38.50. The At varied from
2663 to 2933umol kgl and was inversely correlated with salinity
(p<0.0001) due to the inputs of local rivers with karstic watersheds. The
contribute of riverine inputs to the increase of At and DIC resulted
particularly evident in surface waters. The annual pHy variations ranged
from 7.878 to 8.259. Strong seasonal variations of pCO, occurred in the
water column due to the thermal effect, to primary productivity and to the
degradative processes. The thermal effect was predominant, the biological
drawdown of CO, occurred mainly from March to July and was more
relevant in the waters above the pycnocline. From August to September in
the oxygen depleted bottom waters, the remineralization processes prevailed
increasing the pCO, and nutrients and, notwithstanding the lowering of pH,
the waters remained always oversaturated in carbonates with respect to the
more soluble biogenic carbonate form (i.e. aragonite). The seasonal thermal
effect resulted the main driver of variations in the carbonates system,
whereas the not-thermal effects prevailed in the bottom water during late
summer where the respiration processes consume O,, regenerate nutrients
and increase CO,. The air-sea CO, exchanges showed a marked sink during
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the winter dense water formation which can act as a physical pump
transporting the CO, towards the southern Adriatic sea and the Eastern
Mediterranean Deep Waters. The winter CO, atmosphere-seawater invasion
determined an increase of dissolved inorganic carbon (DIC) which gradually
decreased with warming (Fig. 2). The strong seasonal thermal increase (AT
up to 22.4 °C) shifted the carbonate equilibria towards the dissociate species
with the effect of lowering the pH. On this process superimposed the CO,
produced by degradation processes, particularly evident in bottom water
during late summer-autumn. This resulted supported by a negative linear
correlation (p<0.001) between pH+ in situ and secondary carbon production
(PCP). The PCP maxima occurred in late summer whereas the pHy minima
were temporaly delayed. The seasonal changes of this shallow semi-
enclosed sub-basin showed a strong temporal and spatial dynamics of the
carbonate system due to the complex coupling of circulation patterns, heat
exchanges, riverine inputs and biological processes.

Fig. 2. Variations of dissolved inorganic carbon (DIC) as a function of
seawater temperature.
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Abstract

A monthly climatological dataset is proposed to model the seawater carbonate system in the Mediterranean Sea. We exploit
gridded objective analysis of hydrochemical parameters and literature-based empirical relationships to estimate total alkalinity and
total dissolved inorganic carbon. The comparison of the reconstructed fields with the experimental data of two oceanographic
cruises highlighted the consistency of the total alkainity field, while the estimate of total carbon was more uncertain.

Keywords: Carbon, Pelagic, South-Central Mediterranean

The Mediterranean Sea is characterized by high values of alkainity [1], which
are likely to contrast the impacts of anthropogenic acidification on the carbonate
system. Nevertheless, the scarcity of long-term basin-scale observations and the
lack of knowledge of the response of Mediterranean key species have increased
concern on the vulnerability of this system to acidification. The EU FP7 project
MedSeA (www.medsea-project.eu) has been conceived to investigate this
vulnerability by combining new observations of the carbonate system and
numerical models that will allow analyses of acidification at the basin scale.

The historical observations of the carbonate system are sufficient to describe the
east-west distribution for total akalinity (TA) and total dissolved inorganic
carbon (TC), and to provide the first estimates of the concentration of
anthropogenic CO, [2]. The available experimental datasets are however
confined to very short time windows and are not evenly distributed across the
basin. These limitations become a critical issue when dealing with numerical
models, as they require spatialy continuous data for initiaization and
validation.

As a mandatory first step to the modelling of the carbonate system in the
Mediterranean Sea, a monthly climatology has been developed. The
reconstruction of TA and TC fields was achieved through the application of
empiricaly estimated relationships available in the literature [see 1,2,3], which
make use of temperature, salinity and dissolved oxygen as input data. The
backbone of the carbonate system data climatology is composed of the
objectively analysed monthly climatologies of ocean hydrochemical parameters
from the SeaDataNet project (www.seadatanet.org). These gridded products
cover the period 1985-2007, with a horizontal resolution of 1/8 of degree and 33
vertical levels.

A comparison with the experimental data collected in the METEORS51
(October-November 2001) and METEORS2 (April 2011) trans-Mediterranean
cruises was carried out to assess the skills of the reconstructed carbonate
system fields. Data were extracted from the corresponding monthly fields by
interpolating the values at the same depth of each sample for the nearest grid
point to the considered sampling station. Only data below a threshold depth of
400 m were used, according to literature findings on the reliability of the
empirical relationships[1,2].

The Mean Absolute Error (MAE) and the standard deviation of absolute errors
(SD) were computed for each reconstructed field and the two oceanographic
cruises. The following relationships lead to the smallest differences with the
experimental data: TA=76.631*S- 369.51 [3] and TC=3915.55 + 4.30*0 -
0.33*A0U - 43.54*S[2]. In particular, a good agreement was obtained with the
METEORS51 data (TA: MAE=6.01, SD=4.30 pmol/kg; TC: MAE=18.85,
SD=6.02 pmol/kg), while the statistics indicated larger differences for the
METEORS2 cruise (TA: MAE= 13.55, SD=8.09 pmol/kg; TC: MAE= 44.83,
SD=57.07 umol/kg).

The reconstructed TA (Fig.1) compared well with the data thus indicating the
robustness of the adopted formulation. Conversely, the empirical relation used
to estimate the TC (not shown) was in a better agreement with the METEORS51
cruise rather than METEORS2. This was clearly related to the use of the data
from the first cruise to estimate the coefficients of the multiple linear regression.
Nonetheless, the large discrepancy in the MAE of the TC can also be attributed
to the accumulation of anthropogenic CO, within the Mediterranean Sea, as the
two cruises were made ten years apart. Further non-parametric statistics were
also applied to extend the skill assessment and provide a broad picture of the
differences within the different sub-basins.

This preliminary analysis of the reconstructed carbonate system monthly
climatology showed that the TA can be reliably derived from the salinity data
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and it can be used to initidize predictive biogeochemica models, while the
determination of the TC from other hydrochemical parameters is affected by
larger uncertainties.

Fig. 1. Comparison of the total akalinity (umol/kg) between the experimental
data of the METEORS51 (top) and METEORS82 (bottom) cruises and the
reconstructed fields for the months of October and April, respectively. Data for
each sampling location (east-west going from left to right) is described by means
of box-whiskers and outliers are indicated by the cross symbol.

References

1 - Schneider A., Walace D.W.R., Kortzinger A., 2007. Alkalinity of the
Mediterranean Sea. Geophys. Res. Lett. 34: L15608.

2 - Touratier F. and Goyet C., 2009. Decadal evolution of anthropogenic CO5 in
the northwestern Mediterranean Sea from the mid-1990s to the mid-2000s,
Deep-SeaRes. |, 56: 1708-1716.

3 - Touratier F., 2012. Climatological maps of carbonate species distribution in
the Mediterranean Sea. MedSeA Project Deliverable 2.2, 1-5.

Rapp. Comm. int. Mer Médit., 40, 2013



AIR —SEA CO, FLUXESIN THE ADRIATIC SEA: TWO SEASONAL SNAPSHOTSIN FEBRUARY AND
OCTOBER 2008

Carolina Cantoni 1, Stefania Sparnocchia ! and Anna Luchetta 1*
1 CNR - Istituto di Scienze Marine Italy - anna.luchetta@ts.ismar.cnr.it

Abstract

We present the air-sea CO» fluxes in the Adriatic Sea calculated from shipboard pHT and akalinity measurements, under two
contrasting seasona conditions. During February 2008 the whole basin was undersaturated with respect to the atmosphere and
acted as a CO> sink, with higher fluxes on the Northern Adriatic shelf, where dense water formation was occurring. In October
2008, under late summer stratified conditions, the North Adriatic was still a CO» sink, with weaker fluxes, while the central South

Adriatic was acting as aweak CO» source.

Keywords: North Adriatic Sea, Air-sea interactions, Carbon, South Adriatic Sea

Inorganic carbon cycle and air - sea CO, exchange in the Mediterranean basin
have received, in the past, little attention by the oceanographic community.
In the last years some studies have started to fill this gap [1, 2, 3, 4] and
they put in evidence that the signal of anthropogenic CO, has already
reached the interior of the basin. The Mediterranean is hence emerging as one
of the basins more impacted by acidification process and where a faster
carbonate ion concentration decrease is likely expected in response to
anthropogenic CO, invasion.

Within this framework, all authors underpin the potentia role of the dense
waters formed in the Adriatic sea (NADDW and ADW) as preferred
pathways for transferring atmospheric CO, into Mediterranean deep layers,
but the air-sea CO, fluxes available are limited to two fixed stations in the
northernmost part (the Gulf of Trieste) [5,6].

The state of the art presented in this work derives from two cruises carried
out in February and October 2008, in the framework of SESAME-EU-FP6
and Italian VECTOR projects and presents the first air-sea CO, fluxes data
(FCOy), at sub-basin scale, both for North and the South Adriatic sea

The fluxes were calculated from the sea—air gradient of fCO, across the sea
— air interface (DfCO, =fCO,gqy — fCOp4m) according to Wanninkhof,
(1992); fluxes towards the sea are denoted with a negative sign.

Sea  surface fCO, values have been caculated from experimenta
determinations of pHt (SD + 0.002) and total alkalinity ( SD * 2 pmol/kg)
using the CO2SY S program; the accuracy of both parameters was assessed
by measurements of certified reference materials. Wind field at 10 m and
mean sea level pressure were derived from the atmospheric model COSMO-
17 (courtesy of ARPA — SIMC Emilia Romagna). Atmospheric fCO, values
were calculated from XCO, concentrations measured during the February
2008 cruise, SST and SSS from cruise CTD data and pressure derived from
model.

During the winter season, cooling and evaporation trigged mixing leading to
dense water formation over the northern shelf (sigma-t > 29.3 kg m3), and
deep convection in the Southern Adriatic (SA). Under these conditions all
the Northern Adriatic shelf (NAs) was strongly undersaturated in CO, (avg
DfCO, = -92 patm). During the cruise bad weather conditions prevailed and
average daily wind speeds recorded were up to 10.3 ms’. Air-sea CO,
fluxes reached values up — 23 mmol m?2 d'1, in the middle of the basin, off
the Po delta (Fig 1) with an average vaue of -8.3 mmol m2 d'1 over the
whole shelf (depth< 80 m).

In this period the convection reached 700 — 800 meter depth in the SA
allowing mixing and outcropping of older LIW water masses enriched in
COy; nevertheless the area remained undersaturated with respect to the
overlying marine air (avg DfCO, = -33.9). The lower undersaturation and the
absence of strong wind events sustained lower CO, fluxes (avg FCO, = -1.9
mmol m2 d'Y) and during February 2008 the SA acted as a moderate CO,
sink.

In October 2008 the water column presented a marked thermal stratification
with production processes prevailing in the upper water column. The effect
of biologica CO, drawdown in the NAs prevailed over the fCO, increase
determined by the SST increase and the whole area remained undersaturated
with respect to the overlying marine air (avg DfCO, =- 50 patm). As
already observed in February, also in October the NAs acted as a CO, sink,
but the lower wind speeds (< 3.97 ms'1) resulted in weak CO, fluxes (avg.
FCO, = -1.34 mmol m2 d1).
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In the central part of the SA, the temperature driven fCO, increase was only
partially compensated by biological CO, drawdown and the area resulted
slightly oversaturated (avg DfCO, = 8.0 patm), on the contrary to the more
productive western shallower area (DfCO, =-27.1 patm). Air-sea CO,
fluxes were low in the central part of the basin (FCO, = 0.31 mmol m2 d'1)
and directed to the atmosphere while the more coastal area, also in fal, acted
asaweak CO, sink (FCO, = -1.6 mmol m'2 d'1).

Fig. 1. Spatial distribution of air-sea CO, fluxes [m mol CO, m2 d] in the
Adriatic Seaduring 16-27 February 2008.
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Abstract

The main aims of this study were to quantify the response of a marine planktonic system to increasing CO» levels as well as to
identify the potential changes of key biological processes (e.g. primary production, secondary production, copepod grazing) to
ocean acidification. In order to address these overall goals, experiments were carried out in small volume enclosures (200 ) during
April 2012 in a Mediterranean coastal station. Two different CO2 levels were tested: (1) present pCO» (380 patm) and (2) future
pCO, (750 patm). The obtained results showed that the different functional groups of plankton and biological processes presented
diverse response to increased CO».

Keywords: Food webs, Plankton, Biomass, Global change, Aegean Sea

Rising atmospheric carbon dioxide (CO,) is causing global warming and ocean
acidification (e.g. [1]), which are increasingly recognized as important drivers of
changein biologica systems ([2]). During this study we quantified the effects of
increased CO, on the stock and composition of several functional groups of
plankton, attempting to investigate the impact of OA on planktonic food web
processes in a coastal area of the Eastern Mediterranean Sea.

For this purpose, four small volume (200 L) enclosures were used, filled with
filtered (through 200 um to exclude grazers) sea water collected from a station in
Saronikos Gulf (Greece) during April 2012 (period of maximum copepod
abundance). Targeted pCO, levels in the mesocosms were: 1) present pCO,
(380 patm) and (2) future pCO, (750 patm) and were regulated via CO,
injections controlled automatically by a continuous pH-stat system (IKS,
Karlsbad, Germany). The measured chemical and biological parameters were
nutrients, Cy and pH (pH+, expressed on the total hydrogen ion concentration
scale), DOC, bacteria, viruses, picoplankton, Chlorophyll a (<2.0 um and >2.0
um), phytoplankton pigments, nanoflagellates and ciliates, whereas the
measured biological processes were phytoplankton production (<2.0 um and
>2.0 um), copepod feeding and copepod fecal pellet production.

The results showed that nutrients and DOC exhibited similar variation in both
treatments. Also, the abundances of bacteria and virusespresented similar trend
regardless of pCO, levels. Chlorophyll a and PP didn’t reveal any significant
difference between treatments, and the observed values were similar to those
recorded in oligotrophic ecosystems. However, phytoplankton pigments
differentiated considerably in both pCO, levels. Copepod feeding rates and fecal
pellet production were lower in the future pCO, conditions compared to the
current environmental state (Fig.1). Our findings revealed that the different
functional groups of plankton and biological processes presented diverse
response to increased CO, that might have impact on the structure of the
pelagic food web of the Mediterranean Sea.

Fig. 1. Clearance rate on phytoplankton and fecal pellet production of Acartia
clausi in both treatments (pHpq and pH1gg)-
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Abstract

The dynamics of marine carbonate chemistry and biocalcification in the Mediterranean Sea are to date poorly understood, mainly
due to a dearth of observationa data of sufficient length and spatial coverage to document the biogechemical response(s) of the
basin to the ongoing rise in atmospheric CO» concentrations. To fill this gap in our understanding we use a paleoceanographic
approach. We present a suite of new micropaleontological and geochemica results portraying the varigbility of the carbonate
system parameters and the attendant response of the main planktonic calcifying organisms across key intervals of the recent
palaeoceanographic history of the Mediterranean Sea, such as the last interglacial period (~125,000 years ago), the last glacial -
interglacia transition (19,000 to 8,000 years ago), and the last millennium.

Keywords: Ocean history, Carbon, North-Western Mediterranean, South-Central Mediterranean, South-Eastern Mediterranean

The Mediterranean Sea is a semi-enclosed marginal sea connected via the Strait
of Gibraltar to the Atlantic Ocean, with which it exchanges water and chemica
properties, such as, nutrients and carbon [1]. Multiple sites of intermediate to
deep convection and a vigorous basin-wide thermohaline circulation [2] result in
a relatively short residence time of the waters in the basin. These features
collectively account for the observed invasion throughout the water column of
the so-called “ anthropogenic carbon” [3], i.e., the excess carbon injected into the
atmosphere by fossil fuel burning, cement production, and deforestation since
the beginning of the industrial era. High alkalinity levels and a prominent CaCO3
supersaturation are observed throughout the basin with the former partly
balanced by carbonate sedimentation [4]. However, the response of the
carbonate chemistry changes and their impacts on biocalcification during the
rapid rise of atmospheric CO, concentrations of the |ast several decades remains
elusive, mostly because only few time-series are available (e.g., DYFAMED)
and their spatial and temporal coverage are insufficient to provide a conclusive
picture. As part of the EU-funded project MedSeA (Mediterranean Sea
acidification under changing climate) we have generated several geochemical (e.g.,
boron isotope-pH proxy) and micropaeontological (eg., planktonic
foraminiferal shell weight and coccolith mass) time-series to reconstruct
carbonate chemistry and biocalcification changes across the Mediterranean Sea
(Figure 1) during key intervals of the Late Pleistocene featuring different
magnitude of atmospheric CO, and climate forcing. A pertinent feature of our
results is the marked decrease of both foraminiferal shell weight and coccolith
mass at different locations of the Mediterranean Sea during intervals of
increasing atmospheric CO, concentrations, such as the last deglaciation. This
aludes to considerable changes in biocacification also in an “supersaturated”
basin like the Mediterranean Sea. These results will be further discussed in the
contexts of similar “proxy records’ from open ocean settings to provide a first
order assessment of the main factors controlling the variability of the
Mediterranean Sea carbonate chemistry and biocalcification on decada to
millennial timescales.

Fig. 1. time-series to reconstruct carbonate chemistry and biocalcification
changes across the Mediterranean Sea
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RESEARCH TURNSTO ACIDIFICATION AND WARMING IN THE MEDITERRANEAN SEA: THE
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Abstract

The Mediterranean Sea Acidification in a changing climate (MedSeA), a project funded by the European Commission (EC)
under the 7th Framework Programme, is assessing uncertainties, risks and thresholds related to Mediterranean acidification and
warming at organism, ecosystem and economic scales. A main goal is to identify where the impacts of acidification on
Mediterranean waters will be more severe, taking into account the complete chain of causes and effects, from ocean chemistry
through marine biology to socio-economic costs. As a practical outcome, it proposing policy measures for adaptation and mitigation
that may geographically vary and at the same time requiring coordination between regions or countries.

Keywords: Carbon, Temperature, South-Central Mediterranean, North-Western Mediterranean, South-Eastern Mediterranean

Although the general impact of acidification on water chemistry is globally
well understood, fine-scale regiona models are needed to resolve the
complexity of the physical and ecological interactions of small and complex
basins, such as the Mediterranean Sea. The Mediterranean Sea is considered
a small-scale ocean with high environmental variability and steep
physicochemical gradients within arelatively restricted region. Its circulation
is characterized by zonal gradients of physicochemical variables, with
salinity, temperature, stratification and alkalinity all increasing towards the
east. The generally low-nutrient (from oligotrophic to ultraoligotrophic)
waters offshore stand in contrast to many near-shore regions, often
containing coral and seagrass ecosystems, which are affected by human-
induced eutrophication. Thus acidification is an additiona anthropogenic
pressure on Mediterranean Sea ecosystems, dready suffering from
overfishing, increasing sea surface temperatures, and alien species invasions.
To properly project how key biogeochemical and ecosystem processes will
change, it is fundamental to adequately represent the general circulation of
the Mediterranean basin, i.e., both the fine-scale processes that control it
(e.g. eddies and deep convection), and the highly variable atmospheric
forcing. With their relatively short residence times, Mediterranean Sea deep
waters are likely to lag changes in surface waters by a few decades at most.
Changes in deep-water formation sites, such as characterized by the
dramatic shift with the Eastern Mediterranean Transient, are likely to
coincide with changes in the hot spots where much of anthropogenic CO, is
taken up from the atmosphere and transferred into the deep sea (where it is
stored for longer periods). The efficiency of carbon uptake and export from
the surface waters to the basin interior depends on the relatively rapid time
scales for surface-to-deep water exchange and the Mediterranean general
circulation. Thus the combined effect of Mediterranean seawater
acidification (absorbing anthropogenic CO, per unit area), with low
tropospheric warming on Mediterranean biogeochemistry, ecosystems, and
the ecosystem services they support, through direct impacts on its highly
adapted cal careous and non-cal careous organisms, may be large.

The EC MedSeA project (medsea-prject.eu) is assessing the chemical,
climatic, ecological, biological, and economical changes of the Mediterranean
Sea driven by increases in CO, and other greenhouse gases (ocean
acidification (OA) and ocean warming). Our findings suggest that the degree
of OA and warming expected over the next 100 years may have major
consequences for the biodiversity and biogeochemistry of endemic and
keystone species of Mediterranean coastal ecosystems, such as coraline
algae. Other habitats such as sea grass meadows are expected to suffer from
elevated seawater temperature and invasion by non-indigenous algae species,
which benefit from increased pCO, and elevated temperature. A central goal
is to provide science-based projections of Mediterranean acidification under
the influence of climate change as well as associated economic impacts.
Projections will be based on new observations of chemical conditions as well
as new observational and experimental data on the responses of key
organisms and ecosystems to OA and warming, which will be fed into
existing ocean models that have been improved to account for the
Mediterranean “s fine-scale features. These scientific advances will alow us
to provide the best advice to policymakers who must develop regional
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strategies for adaptation and mitigation. A MedSeA strategy is to focus on
a selected set of key ecosystem and socio-economic variables that are likely
to be affected by both acidification and warming, studying the combination
of both effects through ship-based observations, laboratory and mesocosm
experiments, physical-biogeochemical-ecosystem modeling, and economical
analyses. It aims to provide best estimates of future changes, and related
uncertainties, in Mediterranean Sea pH, CaCO3 saturation states, and other
biogeochemical-ecosystem variables. In addition, it assesses the changes in
habitat suitability of relevant ecological and economically-important
species.

Here we are presenting an overview of the project and of selected important
scientific achievements. Initial project results confirmed that the
concentration of anthropogenic carbon extrapolated from Mediterranean
field measurements is high and penetrating the deep sea. It is clear that due
to the complexity and high variability of the basin, this process will have
different regional impacts. This is anticipated to occur in regions where
future model projections of sea surface temperature indicate a mean increase
of winter and summer temperature of up to 2-4 degrees by the year 2050 if
anthropogenic emissions remain unchanged. In terms of impacts on
Mediterranean marine species and ecosystems, the extensive work using
Mediterranean CO, vents as natural acidification laboratories showed
consistently a decrease in benthic species biodiversity. Ocean warming
and/or acidification impact Posidonia oceanica, coralligenous reef, Corallium
rubrium, and vermetids. Experimental work is also showing that there is a
strong influence of temperature on jellyfish.

Finally to convey acquired scientific knowledge to a wider audience of
policy-makers, decision-makers, marine managers and other stakeholders, we
are developing the formation of the Mediterranean Reference User Group
(MRUG). We will suggest policy measures for adaptation and mitigation
that will vary from one Mediterranean area to another. As a result, project
managers and stakeholdersin the different Mediterranean areas will have, for
the first time, a set of up-to-date vulnerability maps upon which future
action plans can be designed.
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NEW RESULTS CONCERNING ACCUMULATION RATE OF METALSIN ALGAE CYSTOSEIRA
BARBATA AND IN ALGINATE
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Abstract

New results concerning Cu, Zn, Cd, Pb accumulation rate in algae and alginate extracted from agae Cystoseira barbata
collected in March 2012 from Mangalia, located in the southern part of the Romanian Black Sea coast, are reported. The patterns
of heavy metal accumulations rates of contaminated algae and alginate extracted from contaminated algae, in increments, were for

algae Zn < Cd < Cu < Pb and for alginate Pb < Cd < Cu < Zn.

Keywords: Algae, Black Sea, Metals

Introduction

The ecosystem of the Romanian Black Sea coast has been damaged as a result
of metal contamination. Marine algae are frequently used as biological indicator
of heavy meta pollution [1]. The results of heavy metal accumulation in algae
of the Romanian Black Sea coast are reported [2]. Brown algae are known to
have high concentration of aginate, which is extracted and largely exploited in
various domains. Evaluation of metal accumulation rate in aginates isolated
from contaminated algae is highly important, considering the diversified usage
of alginates in food industry and medicine. No studies have been carried out in
Romania concerning heavy metal accumulation in alginate extracted from
contaminated algae, correlated with contamination rate of algae with metals.

The aim of this study was to determine the accumulations rates of Cu, Cd, Zn,
and Pb in algae Cystoseira barbataand in the alginate extracted from the
contaminated algae.

Materials and methods

Samples of agae Cystoseira barbata have been collected in March 2012 from
Mangalia Gulf, located in the southern part of the Romanian coast. The
accumulations rates of Cu, Cd, Zn, and Pb in agae Cystoseira barbata
were realized by means of contamination procedure of algae with metals. Batch
contamination experiments of algae were carried out using the following
materials: fresh biomass, contaminated sea water with heavy metal ions such as
Cu (1), Cd (1), Zn (I1), Pb (1) (60mg/L for each metal). Alginates were
extracted from contaminated algae by a specific method [3]. The algae and
aginate have been carefully prepared (washed, dried) and subjected to
dissolution with nitric acid and hydrogen peroxide in a Digesdhal device. Meta
concentrations were determined by atomic absorption spectrophotometer
(GBC Avanta). The accumulation rate of heavy metas in fresh algaewas
caculated considering the initidl concentration of this metalsin algae
(uncontaminated). Analyses were made three times in the same conditions and
the mean values were reported.

Results and discussion
Results obtained in this experiment are shown in Table 1.

Tab. 1. The metal concentration and accumulation rates in algae and aginate

Cu Zn Cd Pb
The mean metal concentration in uncontaminated® and contaminated® algae
(mg/Kg dry wt)
5.72 £0.38 26.00 £ 2.052 095+ 0.072 TI3+1492
365.00 = 24 38° 107.25 + 8450 185.50 + 13.74b 1206 +£233.00b
The mean metal tration in inated® and ted® algi
(mg/Kg dry wt)
235+£0.16* 452 +036° 0.19=0.01* 144+028
6.84 £ 0.46° 6.82 £ 0.54% 122+ 009" 761+ 147"
The mean lation rates of inated algae® and contaminated alginate”
(%0)
19.96° 4512 10.252 66.50*
0.45b 1.02b 021k 0.19%

than the concentrations obtained for uncontaminated algae of our study (2012)
[4]. Cystoseira barbata is a biological indicator of heavy metal pollution and
our results obtained for the uncontaminated algae suggests that pollution rate
on the Romanian Black Sea coast decreased at the end of the period 2006 —
2012. Zn and Pb concentrations were higher than Cd and Cu in uncontaminated
algae probably because of sulphur water springs existing in the Mangalia gulf
coastal area. Concentrations of metals were higher in contaminated algae and
alginate than concentrations found in uncontaminated algae and alginate. On the
other hand, Pb accumulation rate was higher in algae and lower in aginate and
Zn accumulation rate was lower in agae and higher in alginate. The lead is a
toxic metal for human body and our results showed that the accumulation rate
of Pb in aginate extracted from contaminated algae was lower than
contaminated algae (0.19 versus 66.5). This fact is very important for human
health.

Conclusions

Accumulation rates of the heavy metals in algae and aginate increases as
follows: for algae Zn < Cd < Cu < Pb and for alginate Pb < Cd < Cu< Zn. It is
very important for human health that accumulation rate of Pb in aginate
extracted for contaminated algae to be lower versus contaminated algae. There
is no evidence in current literature to confirm or invalidate the results obtained
through this experiment, regarding accumulation rate of metals in alginate
extracted from contaminated algae.
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Abstract

Les teneurs en fer, cuivre, zinc, chrome, nickel, plomb, cadmium et mercure ont été déterminées par SSA dans les sédiments, les
moules et les poissons. La pollution montre un degré de contamination inquiétant; résultat de I’ activité portuaire et a I’ exposition
directe aux effluents d’origine anthropique. Ils ont aussi permis de valider I’ utilisation de deux organismes, un mollusque (Perna

perna) et un poisson (Mugil cephalus) pour un biomonitorage.

Keywords: Pollution, Algerian Sea, Metals

Introduction

Ce travail sintéresse a une pollution chimique par les métaux lourds, ces métaw
sont présent naturellement et au dessus d'un certain seuil ils deviennen
toxiques [1]. Les éléments retenus dans cette éude sont au nombre de 8 métaux (Fe
Cu, Zn, Ni, Cr, Pb, Cd et Hg). Certains sont essentiels alavie comme le cuivre et I¢
zinc et d' autres toxiques comme le plomb, le cadmium et le mercure. Ces éément:
sont des produits d’ usages domestiques, urbains, industriels et agricoles, ces métaw
on lesretrouve aux niveaux des eaux les sédiments et |es organismes vivants drainé
par les eaux ou par voie amosphérique. Ces derniers sont bio accumules et bic
amplifies, dans la chalne alimentaire et par conséquent a certains seuils il:
deviennent dangereux. La présente éude se propose de déterminer le degré di
contamination par les huit éléments traces au niveau des principales matrices dt
complexe industrialo—portuaire de Annaba & savoir les moules (Perna perna), le
poissons (le mulet Mugil cephalus) et les sédiments. Cette zone est exposée
divers polluants de différentes origines.

II. Matériel et Méthodes: I1.1 Présentation de la zone d’étude : Le golfi
d’ Annaba est limité al’ Est par le cap Rosa (8° 15'E et 36° 58'N) et al’ ouest par ¢
cap degarde (7° 47'E et 36° 58'N) . Six stations ont été choisies, dont six pour le
sédiments et les moules et deux pour ceux des poissons.

1.2 Stations de préléevement : Station ST1«Sidi Salem»: a proximité de
I”’embouchure de I’ oued Seybouse et de I’ ensemble des rejets industriels et urbain:
de toute la plaine de la ville d’Annaba. Station « ST2» la petite Darse. Statior
«ST3» la grande Darse. Station « ST4» 3%M€ hassin. Port de péche Station ST
« Lever del'aurore» se trouve du coté ouest du port. Station ST6 «La kyenne
en dehors de la zone urbanisée. L’ échantillonnage du sédiment a été effectué a
cours d'une seule campagne de prélévement par site durant I'année 2011; de
moules d'une campagne mars, avril 2011 ; pour les poissons’une campagne e
période printaniére de I'année 2012. Le calcul de I'indice de contamination selor
1" agence du bassin du Rhone( 1990) : a établit trois classes de pollution en fonctior
de I'indice de contamination Ic, qui est |e rapport entre la valeur considérée comme
normale [2] et celle observée dans le sédiment , lc< 3 sédiment de référence !
<lc<10 sédiment pollué 1c> 10 sédiment arisque.

11.3 Préparation et analyse des échantillons: La minérdisation est effectué
selon les méthodes : [3]- sédiments, [4]- moules, et [5]- poissons. Les teneurs de:
ETM sont déterminées par spectrophotométrie d'absorption atomique a flamme de
type PERKIN-ELMER Anayst 100; Pour le mercure sdlon la méthodk
IAEA/UNEP (1984). Les analyses statistiques ont été effectuées a |’ aide du logicie
STATISTICA.

I1l. Résultats et discussion :

Tab. 1. Teneurs en métaux (enmg.kg™! de poids sec ) chez le poisson au niveau de
deux stations (Stlet St2) et les moules au niveau des 6stations de la zone
industrial o—portuaire de Annaba.

Tab. 2. Indice de contamination métallique (IC) des sédiments prélevés au nivea
delazoneindustrialo- portuaire durant I’année 2011.
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Dans
les sédiments on observe un degré de contamination inquiétant. On note a cet effet
des indices de contamination élevés, en plomb 20.45-7.95, en mercure 19-5.50,en
zinc 11.84-3.42, en chrome 9.22-4.22, en cuivre 7.84-3.07, en cadmium 7-4.16, en
fer 3.60-3.06, résultat probable de I'importance activité au niveau de port; et a
I"exposition directe aux effluents d' origine anthropique, classant les sédiments de
ces stations de sédiments pollués par le zinc, le chrome, le cuivre ; le cadmium et le
fer et de sédiment a risque par le plomb au niveau des stations 1,2, 3,4 et 5 et
pour le mercure au niveau des stations 2, 3 et 4 .Les teneurs en métaux relevées
dans la chair de moules , on observe une contamination dominée le plus souvent
par les métaux toxiques tels que le plomb (1.67-2.68) mg.kg'?, le mercure (0.16-
0.20) mg.kgL, le cadmium (0.25-0.90) mg.kg'! et le chrome  (2.24-2.80) mg.kg® -
comparées aux médianes Frangaises. Quant aux teneurs relevées dans les muscles
de poissons ; on note des teneurs éevées ;notamment par le plomb (1.19-1.99)
mg.kgl, le mercure (0.02-0.15) mg.kg?l, le cadmium (0.040-0.08) mgkgl et le
chrome (0.79-0.90) mg.kg'L.Quant aux basses teneurs relevées dans la station 6, elles
s'expliqueraient par I’ éoignement de toute activité.
1V. Conclusion : Les résultats obtenus font état d’ une contamination métallique. La
consommation des moules et des poissons peuplant, I'intérieur du port et
I'embouchure est dangereuse notamment pour le plomb. Ces résultats ont aussi
permis d'identifier les principales sources de pollution, et de valider I utilisation de
deux organismes marins, un bivalve Perna perna et un poisson Mugil cephalus pour
un biomonitorage.
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HEAVY METALSBIOACCUMULATION IN TWO SPECIESOF MOLLUSCSIN N.EVOIKOS GULF-
GREECE

Leila Bordbar 1* and Manos Dassenakis 1
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Abstract

Two different species of Moalluscs (Monodonta turbinata and Patella caerulea) from seven stations around the smelting plant in
the bay of Larymna (N.Euvoikos Gulf-Greece) were sampled seasonally from Autumn 2009 to Autumn 2010. Iron, Mn, Zn and Cu
were determined in the soft tissues of organisms using Atomic Absorption Spectrometry (AAS). The highest concentration of Fe,
Mn in both species were detected at the station near the smelting plant .All metals measured in M. turbinata were higher in
spring 2010, while in P. caerulea the highest Fe and Mn concentrations were measured during the cold period of the year (winter
2010). Higher mean levels of Cu (six fold) and Mn (two fold) were measured in soft tissues M. turbinata than in P. caerulea.

Keywords: Bio-accumulation, Metals, Mollusca, Monitoring, Aegean Sea

Introduction: aguatic environments are highly impacted by human
activities, either by its use for resources exploitation, transportation,
recreational proposes or as dumping .The heavy metal pollution of the
marine environment has long been recognized as a serious environmental
concern (2) The bay of Larymna in the N. Evoikos Gulf (Central-Greece),
receiving huge a mount of waste from the most important ferronickel
smelting plant in the country (3) since 1963. The by-product of smelting
plant is deposited in Gulf includes iron oxides, silicon dioxide as well as Fe,
Al, Mn, Cr, Ni and Co (5). The Hellenic Centre for Marine Research
(HCMR) has been charged for monitoring the impact of dumping slag in N.
Evoikos gulf, since 1983 (4). The aim of the present study is to select the
most appropriate sentinel species naturally growing in the areato use for the
monitoring of the metal pollution in the coastal environment.

Material and Methods: two different mollusc species (Monodonta
turbinata and Patella coerulea ) from seven stations around the smelting
plant and two stations from the other side of Gulf as a reference area have
been collected .(120 individuals from each species per each station) figurel.

Fig. 1. The location of stations around the smelting plant.

Ten individuals from P. caeruleaand 15 from M. turbinata were pooled;
freeze dried. One gram of sample was digested with 6 ml of concentrated
HNO3 (65%) (Merck, Germany) and 2 ml of concentrated H,O, (30%)
(Merck,Germany) in microwave digestion system and diluted to 20 ml with
Milli-Q water (blank digest was carried out in the same way).Four heavy
metals' i.e" Fe, Mn, Cu and Zn measured by Atomic absorption
spectrometry AA20. The accuracy of our measurements were verified by
analysis of certified reference materials.( Ulva (CRM NO 279) ) and IAEA
(NIST 2976). More than 90% recovery for all metals were obtained.

Results and discussion: the box plot distribution of Fe and Mn inP.
coerulea and M. turbinata were presented in table 1. It is detected that Fe
and Mn were in their highest concentration in the station near the smelting
plant (LA4) in the both species, suggesting the direct water discharging from
the smelting plant in the Gulf and the metal dust around the smelting plant
cause the high concentration of mentioned metals as form of dissolved and
particulate in water samples (1). Zn & Cu, metals not directly related to slag
(5).The highest concentration of Cu was detected in LAS5, in M. turbinata,
while inP. coerulea the highest concentration was found in LA6.both
stations are near to an aguaculture farm and the high concentration of this
metal would probably due to the antifouling used in fish farm. LAS station
is located near village of Larymna and Zn concentration is significantly high
in this station. Zn and Cu are known to be related to direct anthropogenic
inputs such as sewages, aquaculture and agriculture activities. (3), therefore
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the high concentration of this metal could be attributed to vicinity of this
station to the rural area . For all metals the highest concentration in M.
turbinata were determined in Spring 2010, while in P.caerulea the highest Fe
and Mn were measured in Winter 2010, and Zn and Cu were marked in
Autumn  2010.Comparision of metal concentration in the two
species showed Significantly higher level of amost all measured metals in
M. turbinata expect for Fe in P. caerulea which was two times more than
M. turbinata.

Fig. 2. Fe and Mn (ug/g dw) box-plot distribution of P. coerulea (B&C) and
M. turbinata (A& D).
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FUKUSHIMA RADIOACTIVITY IN TUNA: IMPLICATIONS FOR PUBLIC HEALTH AND TRACING
MIGRATIONS
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Abstract

Bluefin tuna accumulated 134Cs and 137Cs released from the Fukushima nuclear power plant in Japan and transported these
isotopes to the eastern Pecific. Radiation doses to the tuna and to human seafood consumers are below doses from natura
radiation background, but these isotopes can be used to trace migratory routes and timing in large pelagic animals.

Keywords: Fishes, Radionuclides, Pollution, North-Central Mediterranean

The damage to the Fukushima Da-ichi nuclear power plant in Japan in March
2011 resulted in a the largest accidental release of radioactivity to the oceansin
history. The principal radionuclides released into the Pacific were 131|, 134Cs,
and 137Cs, but others were also found in biota and marine sediments. Nearly al
the short-lived 131/ decayed away within afew months, but 134Cs (ty/, = 2 y)
and 137Cs (ty, = 30 y) are detectable in water and biota in coastal regions near
Japan. We used gamma spectrometry to analyze biota in Japanese waters in
June 2011, 2.5 months after the date of maximal release of radioactivity. We
found that zooplankton were contaminated with equal quantities of 134Cs and
137Cs (~15 Bq kgl each), as well as119MAg (~8 Bq kg'L). Small myctophid
fish were found to have both Cs isotopes (~10 Bq kg each) but no Ag [1]. In
August of 2011, we aso collected Pacific bluefin tuna from waters off
California; this species spawns in the western Pacific and migrates eastward to
Cdlifornia, often at the age of 1-2 years.

All 15 bluefin tuna that were new arrivals to Californiain August 2011 were
found to have both Cs isotopes in their muscle, resulting in concentrations that
were over ten times the amount of radioactivity from anthropogenic
radionuclides prior to the accident [2]. Yellowfin tuna, a residential species,
also collected off California had no 134Cs and only “background” 137Cs (from
nuclear weapons testing in the 1960s), indicating that the radioactivity in the
bluefin tuna off California was accumulated in waters off Japan and
transported via migration to the eastern Pacific. The radioactivity in bluefin
tuna caught off California that derived from Fukushima was only about 3%
above the radioactivity from the naturally occurring 49K .

Using a simple model, we calculated that the radioactivity from 134Cs and
137Csin these tuna prior to their departure from Japanese waters was about 15
times higher than at the time of capture in California waters [2], matching
independent measurements of tuna radioactivity near Japan. The decrease
during the migration across the Pacific was attributable to excretion of the Cs,
which has an efflux rate constant from marine teleosts of ~2% d'1. We also
evaluated the radiation risks to human consumers of the contaminated bluefin
tuna in Japan and in the USA. Japanese eat more seafood, on average, than
Americans (57 vs. 24 kg y1). The total estimated annual dose from
consumption of these fish in August 2011 from 134+137Cswould be 0.9 uSv in
the US and 33 uSv in Japan in April 2011 [3]. By comparison, the annual dose
to tuna eaters from the naturaly occurring 4K and 210Po in the same fish
would be 570 uSv in the US and 1340 puSv in Japan (Table 1) [3]. Doses from
210pg to the tuna exceed doses from radiocesium by 2-3 orders of magnitude

3.

The radioactivity from the Fukushima reactor to human consumers of Cs-
contaminated tuna would thus be well below the natural radiation background
to which we are all exposed, and estimated additional cancers from tuna
consumption would be ~2 per 10 million people, although this estimate is
highly uncertain. Other species of fish in Japanese coastal waters have also
been reported to be contaminated with 134Cs and 137Cs, particularly benthic
species [4]. As with the tuna, consumption of most other contaminated
species would not exceed human safety limits, although some greenlings are
extremely contaminated (7400 times the Japanese lega limit for Cs), and
although banned, fishermen who ignore regulations and eat them would exceed
human safety limits. In 2012, 50 additiona bluefin tuna off California had
134+137Cs concentrations < half the levels found in 2011 [5], reflecting the
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dilution of the radioactive wastes in the Pacific. By studying the 134Cs:137Cs
ratios in the fish, it is possible to discern the timing of migration of these fish
and to assess the fraction of total fish in the eastern Pacific that are recent
migrants [2, 5]. Such information is vital for proper management of this
imperiled fishery. One positive outcome of this accident is that the application
of radioactive tracers for evaluating migration routes and timing could be
extended to understanding dynamics of other migrating animals, including other
fish, turtles, birds, and mammals.

Tab. 1. Radioactivity in biota (Bq kg™ dry wt) and radiation doses to tuna and
humans

This study highlights the possibility of using point sources of contamination,
not restricted to radioactivity, to trace migration patterns of animals in any
body of water, including the Mediterranean. The Mediterranean and Black Seas
have numerous point sources of chemical contaminants whose background
concentrations in uncontaminated seawater are negligible; bioavailable
contaminants can be used to trace the movement of animals in these waters, as
exemplified by tuna transporting Cs. Thus, any future radioactive releases
from nuclear installations or accidents could be used to better understand
animal migrations in these waters. And, importantly, detectability of
contaminants in seafood does not necessarily imply significant risk for
consumers.
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RECENT ADVANCES IN THE BIOMONITORING OF TRACE ELEMENTSUSING POSIDONIA OCEANICA
(L.) DELILE
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Abstract

One of the most studied bioindicator in the Mediterranean is the seagrass Posidonia oceanica. Trace element (TE) monitoring
surveys using that species have however mostly focussed on a few elements (e.g. Pb, Cd), while numerous others, efficiently
bioconcentrated by the plant and potentially toxic, have been barely or not studied (e.g. Ag, V, Bi). Furthermore, although P.
oceanica bioaccumulation behaviour relies on synergistic effects between the sampling environment and its ecophysiology, this
aspect has been mostly underestimated until now. This study presents recent advances in the biomonitoring of TEs using P.
oceanica and insists on the necessity of developing consensual monitoring protocols in order to improve its use as bioindicator.

Keywords: Trace elements, Bio-indicators, Ecotoxicology, North-Western Mediterranean

Coastal ecosystems are submitted to numerous anthropogenic pressures:
among them, the chemical pollution by traces elements (TES). Biomonitoring
surveys using the marine magnoliophyte Posidonia oceanica (L.) Delile,
endemic to the Mediterranean, have mainly focussed on contaminations by
Cr, Ni, Cu, Zn, Cd, Pb and Fe. However, other TEs like As, V, Ag, Be, Al,
Mn, Co, Se, Mo, Sn, Sb and Bi, categorized as elements of “ environmental
emerging concern”, have been subject to nearly no ecotoxicologica survey
with that species. As the worldwide evolution of our technologies and of our
lifestyle increases the extraction and production of most of the listed TEs,
their environmental monitoring remains a topical subject. Furthermore, little
is known about TE kinetics within P. oceanica meadows. The respective
importance of the plant ecophysiology and its sampling environment
henceforth needs further investigations in order to properly use this
bioindicator in intercomparative monitoring surveys. We firstly monitored
TE mean annual levels in P. oceanica shoots sampled during 3 years (2008-
2010) in front of the oceanographic station STARESO (Cavi Bay,
Northwestern Corsica, France). Results showed that P. oceanica shoots
bioaccumulated TES of emerging concern to levels ranging from 0.001 (e.g.
Bi) to 100 (e.g. Mn) pg.gpw ! of shoot [1]. A spatial monitoring survey
(April 2007) along the French Mediterranean littoral further pointed out that
many of these TEs effectively threatened its chemical integrity: the observed
spatial variability of P. oceanica shoot TE levels (in pg.gpw ™t of shoot)
could be linked to specific anthropic activities like agriculture (Mo: up to 27
+ 14), mining (Sh: up to 0.70 * 0.13), storage and refinement of oil products
(V: up to 23 £ 7), or the presence of major urban centres (Bi: up to 0.049 +
0.004). Their monitoring, along with the one of TEs classicaly studied in
that species, turned out to be essential [2]. A complementary small-scale
study (May 2010) of TEs contents in P. oceanica shoots sampled along a
radial located at the back of the Ajaccio Bay (western Corsica) further
demonstrated that the spatial variation of their TE contents (e.g. Bi, in
ug.gpw' ! of shoot) could vary as much at the scale of 1 km (from 0.009 +
0.004 to 0.061+ 0.012) than at the scale of the French Mediterranean
littoral (from 0.004 + 0.000 to 0.049 = 0.004; Richir, 2012). The election of
a representative monitoring site to characterize the global health status of a
wider area (e.g. a Bay) is thus a very important step when planning a
monitoring survey based on benthic (and rooted) organisms. We aso
studied the physiological mechanisms of accumulation, storage and excretion
of a mix of 15 TEs by P. oceanica though thein situ contamination of
seagrass bed portions (June 2009). Realistic low TE concentrations within
the experimental setup (from 0.018 + 0.004 ug.L™1 for Agto 16 + 8 ug.L1
for Zn, as measured with DGTs) were similar to pollution levels recorded in
contaminated coastal areas of the Mediterranean. Plant compartments
responded differently to TE exposures: adult senescent leaves assimilated
TEs less rapidly than young intermediate actively growing ones. Mean
contamination factors were3.0+ 1.7 for P. oceanicaintermediate leaves
(min. = 1.2 for Fe; max. = 7.4 for Bi) and 2.0+ 0.9 for adult leaves (min. =
0.95 for Cd; max. = 3.7 for Bi), at the levels of contamination tested. TES,
once accumulated, could be redistributed between plant compartments,
notably towards rhizomes buried in sediments. Rhizomes could therefore
play the role of storage organs, in particular for essentia nutrients such as
Cu or Zn, and thereafter supply plant demands during the moment of
maximum leaf growth [3]. TE levels and kinetics in P. oceanica beds will
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thus evolve seasonally and spatially according to the synergistic effect of
both environmental biocavailable TE levels and the plant ecophysiology.
However no general sampling rule and/or protocol prevails nowadays when
using that species in biomonitoring surveys, contrary to other species (e.g.
M. galloprovincialis). In the light of our observations, we strongly
recommend developing consensual monitoring protocols in order to improve
the use of P. oceanica as bioindicator of TE pollution, although we are
conscious of the difficulty of such atask.
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PECULIARITIES OF MACRO- AND MICROELEMENTSACCUMULATION IN CYSTOSEIRA SPP.IN THE
COASTAL WATERS OF SOUTH-WESTERN CRIMEA (THE BLACK SEA)
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Abstract

The peculiarities of 26 macro- and microelements accumulation in the thalli of brown algae Cystoseira from the coastal waters of
south-western Crimea (the Black Sea) were studied using instrumental neutron activation analysis (INAA). The possibility of using
brown algae Cystoseira as a biomonitor of coastal waters pollution was shown.

Keywords: Black Sea, Algae, Bio-indicators, Trace elements

Macroalgae can accumulate trace elements in concentrations that are orders of
magnitude greater than their content within the environment. This ability allows
them to indicate the level of coastal waters pollution [1]. Although features of
macro- and microelements accumulation by Black Sea macroagae (Chlorophyta,
Rhodophyta and Ochrophyta) have been described by a number of authors [2],
the data about relationship between concentrated elements and plant age,
morphostructural elements of the thalli and seasons are scarce. Therefore it is
difficult to give a science-based recommendation for their use as biomonitors of
the coastal waters pollution. The aim of our work was to study features of
accumulation of macro- and microelements by brown macroagae Cystoseira
barbata C. Ag. and Cystoseira crinita (Desf.) Bory from the coastal waters of
south-western Crimea (Sevastopol region) and relate their concentrations with
the seasons, ages and different parts of the thalli. The study was carried out at
five aguatic sites in Sevastopol area with different degree of anthropogenic
pollution. The plants of Cystoseira species were sampled at the depths of 0,5
1,5 m during spring and summer seasons in 2012. The concentrations of 26
macro- and microelements (Na, Mg, Al, Cl, K, Ca, Sc, V, Mn, Fe, Co, Ni, Zn,
As, Br, Rb, Sr, Sb, I, Cs, Ba, Sm, Nd, Ag, Au and U) were determined by
means of INAA, which is widely used in current ecological studies [3].
INAAwas performed in the radioanalytical laboratory at the fast pulsed reactor
IBR-2 of the Frank Laboratory of Neutron Physics, JINR (Russia). Average
concentrations of macro- and microelements in the thalli of Cystoseira barbata
and C. crinitawidelydiffer and are dependent on ecological conditions. The
results showed a tendency to increase concentrations towards more polluted
waters. The highest concentrations of trace elements were found in young plants
less than one year old at al stations, regardiess of their degree of pollution
(figure 1).
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Fig. 1. Average concentrations of Al, Fe and As (mg/kg) in Cystoseira spp.
stems at various ages in summer season 2012 (Sevastopol region).

The content of trace elements in the stems and branches of the thalli from the
same station differed by a factor of 1,5-7. In the spring, the greatest
concentration of elements in stems was higher than in the summer; the reverse
was observed for the branches (figure 2). In the summer season the epiphytic
macroalgae are an additional source of elemental sorption from the aguatic
environment resulting in raised concentrations in the branches of Cystoseira
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barbata and C. crinita.
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Fig. 2. Total concentration of elements (g/kg, dry weight) in Cystoseira barbata
and Cystoseira crinita thalli in spring and summer season 2012 (Sevastopol
region).

Taking into account a wide range of variation in concentrations of elements in
Cystoseira species thalli and their relationship with ecological factors, structure
and the age of the thalli, it was recommended to use stems and branches of the
same age for biomonitoring purposes that were sampled in the same season. The
stems of 2-3 year old plants of Cystoseira barbata and C. crinita, sampled in
the summer season, could be the biomonitors of water pollution in the
Sevastopol coastal zone. Acknowledgements. This research has received funding
from the EC (FP7/2007-2013) under Grant Agreement No. 287844 for the
project CoCoNet ("Towards Coast to Coast NETworks of marine protected
areas (from the shore to the high and deep sea), coupled with sea-based wind
energy potentia").
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Abstract

Heavy metals (Cd, Cu, Hg, Pb and Zn) concentration were determined in the marine bivalve Pinna nobilis along the Balearic
Islands, comparing a protected area with two sites with strong anthropogenic influence. Analyses of Cabrera and Mallorca
indicated that heavy metal concentration were generaly higher in the most of samples, specially in Santa Maria bay (Cabrera,
MPA), and Magauf (Mallorca, with strong anthropogenic influence). Pinna nobilis appears to efficiently bioaccumulate heavy
metals exhibiting large differences in a range of anthropic scenarios. The results on P. nobilis metal accumulation show that the
concentrations decrease according to order: Zn > Cu >Pb> Cd > Hg.

Keywords: Balearic Islands, Bivalves, Metals, Bio-accumulation

Introduction

Heavy metals in marine biota have natural and anthropogenic origin, and are
regarded as serious pollutants of the aguatic environment because of their
toxicity, persistence, low biodegradability and their tendency to concentrate in
aguatic organisms [1]. Many benthic organisms accumulate trace metals to the
levels reflecting those in the environment, and the molluscs in particular may
therefore be sensitive biomonitors of metal inputs. Pinna nobilisL., 1758 is a
fan mussel endemic to the Mediterranean Sea and is consideredthe biggest
bivalve mollusc of this area [2]. It is commonly found within the seagrass
meadows, especially those of Posidonia oceanica [3], and the speciesis along-
lived filtering bivalve. There are numerous studies on heavy metals in the
Mediterranean Sea, especiadly in sediment [4], seagrass meadows [1] and
benthic invertebrate species [11], but there are few studies on large filter
feeders like P.nobilis.

Materials and methods

The study area is the Balearic 1dands coast, includes two islands, Mallorca
(Andratx and Magaluf) and Cabrera (Santa Maria bay) included within a zone
of integral protection. Fourteen P. nobilis samples were taken in October 2011
with scuba diving. Concentrations of Cd, Cu, Pb and Zn were determined by
atomic absorption spectrometry (AAS), and Hg was determined by an
Advanced Mercury Analyzer AMA 254. For comparison of total metals at the
sampling sites, the metal pollution index (MPI) was applied ([8]; [9]; [1]):
MPI= (Cfq x Cf ... Cf)UM; where the Cf,, is the metal concentration n in the
sample.

Results and discussion

Metal concentrations in soft tissues of P. nobilis samples (dry weight) range
from 1.21 to 33.1 mg/Kg for Cd, from 4.1 to 319.2 for Cu, from 0.247 to 1.158
mg/Kg for Hg, from 0.58 to 39 mg/Kg for Pb and from 1244 to 4529 mg/Kg for
Zn (Table1).

Tab. 1. Mean SD (min-max) mg/Kg dry weight and metal pollution index
(MPI) by site. (n= number of samples)

All examined metals had maximal concentration in Santa Maria bay in Cabrera,
excepte for Cu at Magaluf, and Zn in Andratx. The obtained concentrations are
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comparable with those reported for Pinnidae elsewhere ([4]; [5]; [6]; [7]). We
compared the concentrations of al heavy metals by metal pollution index
(MPI), and the MPI reaches the maximal value for site 3 (Santa Maria bay)
linked to the highest concentrations of three metals (Cd, Pb and Zn).

Conclusions

Elevated metal concentrations can cause a severe reduction or elimination of
intolerant species, thereby having a significant effect on the diversity and
trophic structure of the biologica community [10]. In view of the range of
concentrations that can be found in the soft tissues of bivalves species, the
magnitude of metals in theP. nobilis can be considered high. The species
shows a high bio-accumulation capacity, thus further analysis are needed to
assess their tolerance ranges to metal pollution and monitoring data indicate
that the bioacumulation potential is sufficient to be of concern.
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TRACE METAL CONCENTRATIONSIN THE DATE MUSSEL S, LITHOPHAGA LITHOPHAGA (L., 1758)
FROM IZMIR BAY (EASTERN AEGEAN SEA)

Meral Ozsiler 1 and Ugur Sunlu 1*
1 Ege University, Faculty of Fisheries - ugur.sunlu@ege.edu.tr

Abstract

This study determined zinc (Zn), cadmium (Cd), lead (Pb) and copper (Cu) in the bivalve Lithophaga lithophaga from |zmir Bay
(Aegean Sea) in 2011 seasonally. All values were measured by voltammetry. Mean values of trace metals for al seasons were
49.07 pg Zn gL, 0.34 pg Cd g1, 1.69 pg Po g1 and 12.65 pg Cu g1 as wet weight.

Keywords: Trace elements, Bio-accumulation, |zmir Bay, Bivalves

Introduction

Aquatic organisms are in a fragile equilibrium with the aquatic environment
which they inhabit and they can biologically represent its level of pollution The
aim of the study was to determine the concentrations of Zn, Cd, Pb and Cu
accumulated in L. lithophaga in the middle part of 1zmir Bay.

Materialsand M ethods
Izmir Bay is a part of the eastern coast of the Aegean Sea Yassica Ada is an
island located at the middle part of the bay (Fig. 1).

Fig. 1. Izmir Bay and the sampling area (*).

A bivalve of the Mytilidae family, L. lithophaga is an endolithic species
inhabiting limestone rocks.The species has been protected by the Bern
Convention and Barcelona Convention — Genoa Protocol. Only consuming by
local fishermen they are not commercialy exploited and there aren’'t any lega
restrictions on harvesting and collecting them in Turkey.

Individuals of L. lithophaga were collected by SCUBA diving from the coastal
area of the Isle of Yassica Ada between August 2010 and May 2011 in a
seasonal study. The metal contents of individuals were extracted according to
international standard methodology[1] Trace metal concentrations were
measured using a hanging drop electrode voltammetric analyzer. Inter-calibration
homogenate samples (IAEA-142/TM) for mussel, from the IAEA, Monaco
Laboratory were used as a quality control for the analytical methodology.
Detection limits for 5 g wet weight (ww) were 0.001 ppm for Cd and Pb and
0.02 ppm for Zn and Cu.

Results and Discussion

Voltammetric analyses of extracted forms of L. lithophaga are presented as
mean values in Table 1. Our results showed that the pattern of trace metal
occurrences in the mussel was Zn>Cu>Pb>Cd. Only one study [2] could be
found in the literature concerned about the same species as in our study.
Keeping in the mind that trace metal levels and their bioavailibity in water are
affected by numerous variables (both anthropogenic and natural); differencesin
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concentrations might be expected. Dissimilar results of the two studies also
could stem from different device and methods of the measurement. The table
further shows the permissible upper limits of metals in edible bivalves, as
published in the Turkish Food Codex [3], European Regulations EC1881 [4]
and the world Health Organization [5].

References FZn FCd ¥ Pb ¥ Cu

Thits work 4907 0.34 1.69 12,65
Deudero et

&l 2007(dw) 341.50 2.1 920 18.40

WHO 50.0 0.2 20 200

EC - 1.0 1.5 -
Turkish
Food Codex 50.0 1.0 15 200

Fig. 2. Results of another study and legally permissible amounts of trace metals
as well as mean concentrations measured in the present study (ppm ww).

The results from our study for Pb are not below the established EC or Turkish
Food Codex guidelines and level for Cd is not below the WHO guideline. High
Zn concentration is just below the guidelines, suggests a need for further
monitoring of seafood species from this immediate area that are harvested for
human consumption.
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THE MEDITERRANEAN MUSSEL WATCH, TEN YEARSAFTER: SUCCESS AND END
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Abstract

A regional monitoring program - the CIESM Mediterranean Mussel Watch (MMW) - has been running for 10 years, using the
mussel Mytilus galloprovincialisas unique bio-indicator specie. The network consists of some 20 marine environmental
laboratories from 18 different Mediterranean and Black Sea countries. As of today, more than 100 sites have been sampled to
produce the first distribution map of 137Cs in coastal waters at the Mediterranean basin scale. Despite repeated efforts to set up
more permanent monitoring on this basis, the second phase of the program did not found the necessary institutional and financial

support which brought the project to its end.

Keywords: Monitoring, Bio-indicators, Radionuclides, Mediterranean Ridge

Introduction

Coastal management requires complete information on baseline levels of
contaminants for any impact assessment, especialy for semi-enclosed
Mediterranean and Black Seas with very long water residence time. Although
included in the Barcelona Convention protocol, radioactivity monitoring was not
implemented in the MEDPOL program. Then, as part of its observation and
monitoring programs, the CIESM launched in 2002 a regiona “ Mediterranean
Mussel Watch (MMW)” to record levels and trends of radioactivity in the
environment. In addition to some existing monitoring activities at the nationa
levels, the objective of the MMW was to promote the common production of
large and reliable datasets, on a long term basis, throughout the network of
Mediterranean marine research ingtitutes. This was achieved during the course
of a dedicated workshop resulting ina consensual agreement on monitoring
strategy, procedures and methods [1].

M ethodology and implementation

The Mediterranean mussel Mytilus galloprovincialis was selected as unique bio-
indicator specie, widespread in the region and capable of accumulating many
contaminants including radionuclides. In sectors where natural populations are
rare, samples were obtained from transplanted mussels, a technique initiated in
France and successfully extended to the entire Mediterranean Sea [2]. Trace
level measurements of radionuclides are performed by direct gamma
spectrometry as a routine technique. Intercaibration of all participating
analytical laboratories was achieved with the making of a specific reference
materia, AIEA-437 [3]. Some 20 marine environment laboratories from 18
Mediterranean countries have been involved in the MMW and more than a 100
sites have been sampled so far. The database of radionuclides measurements
comprises some 500 original values. Results have been discussed among
participants within dedicated round-tables during the course of CIESM
congresses from 2004 to 2010.

Fig. 1. Distribution of 137Cs concentrations in mussels collected in 2004-2009.
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Results and conclusion

Among artificial radionuclides, 13Cs is the main element regularly detected in
mussel tissues. By 2009, the MMW network has been able to produce the first
comprehensive distribution map of 137Cs at the regional level (Fig. 1). This
artificial radionuclide, mostly originated from global fallout of former nuclear
weapons tests, is now detected at very low level in al Mediterranean coastal
waters [4]. The mean value is 0,085 Bq.kg'! wet weight, which is three orders of
magnitude below the compliance level for human consumption of seafood
products. However, in the Black Sea and North Aegean Sea, 137Cs activity in
mussels is still remarkably higher than in the Western basin (max value of 1,5
Bg.kgl w.w.), showing the remaining impact of Chernobyl accident. The
MMW was quite successful in its implementation phase and brought much
interest from monitoring activity of other regional seas (i.e. ROPME in the
Gulf). In European countries of the Mediterranean basin, this program is also
considered as a good basis for the mandatory radionuclides monitoring provided
for by the European Marine Strategy Framework Directive. The second phase
of the program was planned to set up more permanent monitoring and to extend
the network activity to emerging contaminants [5]. However, despite repeated
efforts from the coordination team and many participants, the program did not
found the necessary institutional and financial support to go beyond the
initial involvement of CIESM. This action was not considered with high priority
for the Mediterranean marine environment, possibly due to the low level of
artificial radionuclides.
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ETUDE PRELIMINAIRE DESMETAUX TRACES AU NIVEAU DE CYMODOCEA NODOSA A PROXIMITE
DU PORT DE PLAISANCE EL KANTAQUI
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1 Unité de Recherche de Bio-écologie et Systématique Evolutive - zakhamarym@yahoo.fr

Abstract

Les herbiers de Magnoliphytes sont reconnus comme un outil efficace pour I'étude de I'environnement cotier car ils sont trés
répandue dans le bassin méditerranéen, sont fixés sur le fond et ils sont sensibles a la pollution. Dans la présente étude, on a
analysé la concentration de cing éléments traces (Cd, Zn, Pb, Cu et Ni) au niveau des différentes parties de Cymodocea nodosa.
Clest au niveau des stations a proximité du port et du point de rejet d'eau usé de Hammam Sousse que I'on enregistre les
concentrations les plus élevés en ééments traces. Par ailleurs, la comparaison des teneurs des différentes parties de la plante en
métaux traces montre gque c'est au niveau des feuilles de la C. nodosa que la concentration est la plus élevé en particulier pour le

Cd, lePb et leCu.

Keywords: Metals, Phanerogams, Tunisian Plateau

Introduction

Cymodocea nodosa est une phanérogame marine abondante au niveau des faibles
profondeurs des cotes tunisiennes (Sghaier et al., 2011) ou elle constitue des
herbiers denses durant les saisons estivales et printaniéres; par ailleurs, les
angiospermes ont un pouvoir accumulateur des polluants dans leurs tissus.
Pour toutes ces raisons, C. nodosa semble une candidate intéressante pour
I étude des métaux traces au niveau des zones cotieres Tunisiennes. La présente
étude s'intégre dans le projet de recherche MAPMED (Management of Port
Areain the Mediterranean Basin). Ce projet vise a développer des indicateurs
rapides et simples a identifier de la qualité des eaux cdtiéres autours des ports
touristiques en M éditerranée.

Matériels & méthodes

L’ échantillonnage a été effectué par plongée sous-marine en mars 2012, au
niveau de 4 stations aux alentours du port touristique d El Kantaoui entre 2 et
3m de profondeur (Fig. 1). La densité des faisceaux a été estiméin situ en
utilisant un cadre de 20cm de coté avec 10 réplicas. Trois échantillons de 15
faisceaux de C. nodosa chacun ont été collectés pour I'andyse des métaux
traces. Lesfaisceaux sont séparés en différents compartiments (feuilles, pétioles
et rhizomes). Aprés séchage, les échantillons de C. nodosa ont été calcinés &
450°C, digérés avec I'eau régale dans un systéme fermé ensuite analysés par la
méthode de spectrométrie d'émission atomique ICP.

Fig. 1. Localisation des stations d'étude

Résultats

La densité des faisceaux (Fig. 2) montre un gradient croissant des stations a
proximité de I'émissaire d’eau traité de Hammam Sousse (C1 et C2) vers les
stations les plus éloignées (C3 et C4) avec une différence significative. Les
échantillons de C. nodosa collectés au niveau des quatre stations contiennent
des traces des 5 métaux étudiés et ce dans les différents compartiments
( Feuilles, Pétioles et Rhizomes).

C'est au niveau des stations a proximité du port et du point de rejet d'eau usé de
Hammam Sousse que I'on enregistre les concentrations les plus élevés en
éléments traces en particulier pour le Cadmium, le Cuivre et le Plomb (Fig. 2).
Par ailleurs, la comparaison des teneurs des différentes parties de la plante en
métaux traces montre que c'est au niveau des feuilles de laC. nodosa que la
concentration est la plus éevé en particulier pour le Cadmium, le Plomb et le
Cuivre.
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Fig. 2. Variation spatiadle de la densité deCymodocea nodosaet de la
concentration en métaux traces dans les différentes parties de la plante

Discussion et Conclusion

Les métaux lourds analysés dans cette étude (Cd, Ni, Pb, Cu et Zn) ont été
sélectionnés car ils représentent des métaux traces les plus communs dans les
communautés cotiéres (Roberts et al., 2008). Tous ces métaux ont été détectés
avec des concentrations plus ou moins importantes au niveau des échantillons de
C. nodosa collectés dans les herbiers étudiés. Les concentrations trouvées sont
comparables avec ceux enregistrées dans d'autres pays de la Méditerranée
(Llagostera et a., 2011). Ces résultats préliminaires montrent que laC.
nodosa peut étre utilisé dans les études d'impact et le monitoring des aires
portuaires touristiques. Pour une meilleure conservation de la plante, les feuilles
peuvent étre le seul tissu prélevé pour les analyses de métaux traces.
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PERSISTENT ORGANIC POLLUTANTS (POPS) IN OPEN SEA SURFACE WATERS AND ATMOSPHERE
ACROSSTHE MEDITERRANEAN AND IN THE BLACK SEA
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1 IDAEA-CSIC Department of Environmental Chemistry - javier.castro-jimenez@idaea.csic.es

Abstract

The most complete and comprehensive assessment of base line atmospheric and water concentrations and derived atmospheric
deposition fluxes of PCDD/Fs, PCBs, PAHs and OCPs across the Mediterranean Sea open waters and in the South-West Black
Seais presented in this work. The main findings from this extensive investigation based on samples collected during two West-East
oceanographic cruises in the Mediterranean Sea will be presented. Key processes controlling the air-water exchange of the
studied POPs, spatia variability and potential sources will be also discussed.

Keywords: Atmospheric input, Air-sea interactions, Open sea, Black Sea, Pollution

The Mediterranean and Black Seas are two semi-enclosed marine
environments under an intense anthropogenic pressure, which have resulted
into different degrees of chemica contamination of their waters as well as
the overlying atmosphere, among other compartments. One of the many
contaminant classes occurring in these two environments are organic
chemicals, in particular persistent organic pollutants (POPs) and related
compounds. In this work we present a synthesis of various investigations
reporting on baseline amospheric and water concentrations of
polychlorinated  dibenzo-p-dioxins and dibenzofurans (PCDD/Fs),
polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls
(PCBs) and selected organochorine pesticides (OCPs) in all Mediterranean
Sea basins and in the South-West Black sea. Air-water exchange and
atmospheric deposition of the studied POPs, their spatial variability across
the Mediterranean as well as potential sources will be also discussed. The
presented data set was produced from the anaysis of a large number of
atmospheric (gas and aerosol phases) and water (dissolved and particulate
phases) samples collected across the Mediterranean Sea and in the SW Black
Sea during two sampling cruises undertaken on June 2006 and May 2007. In
both campaigns, Barcelona was the initial and fina port, with Istanbul and
Alexandria being the intermediate stops, respectively (Figure 1). Air samples
were taken by using high volume samplers. Particulate phase collection was
performed by quartz fiber filter (QFFS) whereas gas phase trapping was
achieved by polyurethane foams (PUFs). Seawater was pumped on board
and low/high sampling systems were used achieving the retention of the
particulate water phase by glass fiber filters (GFFs) or QFFs and the
dissolved water phase by XAD columns. [1-5]. One of the main findings
was that the Mediterranean Sea open waters may act both as sink or source
for most of the studied contaminants, depending on the regions and the
specific chemical. The total atmospheric loading of organic contaminants
(PAHs + OCPs + PCBs + PCDD/Fs) to open Mediterranean sea waters is
estimated to varied from 2100 to 4360 tons each year.

W

35"W

Fig. 1. Oceanographic campaigns performed across the Mediterranean Sea
and SW Black Sea in 2006 and 2007 on board of the R/V Garcia del Cid
(CSIC)
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ATMOSPHERIC LEVELS OF ORGANOPHOSPHATE ESTER (OPE) FLAME RETARDANTS ACROSSTHE
OPEN MEDITERRANEAN AND IN THE BLACK SEA

Javier Castro Jménez 1*, Berrojalbiz Naiara 1 and Jordi Dachs !
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Abstract

First measurements of organophosphate esters (OPE) flame retardants in the atmospheric aerosol over the Mediterranean open
waters and in the South-West Black Sea are presented in this work. sum50PE atmospheric concentrations across the open
Mediterranean Sea ranged from 60 to 700 pg m-3, whereas levels in the atmosphere over the SW Black sea varied from 150 to
400 pg mr3.

Keywords: Air-sea interactions, Atmospheric input, Open sea, Black Sea

Organophosphate esters (OPEs) are a group of organophosphorus flame global occurrence. Environ. Sci.Technol. 46, 3127-3134
retardants which are currently used in many industrial applications as 3 - Mdoller A. Xie Z., Ceba A., Sturm R, Ehinghaus R. 2011.
substitutes of polybrominated diphenylethers(PBDESs) due to their recent ban Organophosphorus flame retardants and plasticizers in the atmosphere of the
[1]. Recent investigations pointed to the global occurrence of OPEs in the North Sea. Environ. Pollut. 159, 3660-3665
atmosphere of marine environments, even in remote regions of the world [2].

However, no data have been reported on the presence of OPEs over the open

Mediterranean Sea and in the Black Sea to date. This work fills this gap

providing with the first data on atmospheric levels of OPEs in these two semi-

enclosed marine environments. Atmospheric aerosols across the Mediterranean

Sea and in the SW Black Sea were collected during two sampling cruises

performed on June 2006 and May 2007 on board of the oceanographic vessel

R/V Garcia del Cid (CSIC). In both campaigns, Barcelona was the initial and

fina port, with Istanbul and Alexandria being the intermediate stops,

respectively. The samples were analyzed for tris-(dichloroisopropyl)phosphate

(TDCP), triphenyl phosphate (TPhP), 2-ethylhexyl diphenyl phosphate

(EHDPP), tris(2-ethylhexyl)phosphate (TEHP) and trycresyl phosphate

(TCrP). sum50PE atmospheric concentrations across the open Mediterranean

Sea ranged from 60 to 700 pg m3, whereas levels in the atmosphere over the SW

Black sea varied from 150 to 400 pg m3. This levels are comparable with

measurements undertaken in the atmosphere over the North Sea waters in 2010

(SUmBOPE ranging from 110 to 1400 pgm3)[3]. Atmospheric dry deposition

fluxes are under calculation and will alow to estimate the main atmospheric

loading pathway of OPE to Mediterranean and Black seawaters.

Fig. 1. Spatia variability of OPEs across the studied marine basins

The highest Y OPE level was found in a sample collected in the Western
Mediterranean, while the lowest in a sample collected in the Aegean Sea. Y OPE
atmospheric concentrations showed a high within-basin spatial variability.
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FLUORESCENT DISSOLVED ORGANIC MATTER IN COASTAL WATERSFROM THE NORTH-
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Abstract

The characteristics of FDOM from waters sampled in the Rhone River and at different distance from the river mouth in Marseille
Bay were contrasted. In the Rhone River, the terrigenous material was the most abundant with elevated protein-like material
contribution. In marine waters, the biologica activity significantly contributed to the FDOM pool. The Rhone River impacted
sporadically the coastal water with an increase of humic-like material in FDOM. This signature was coupled to an increase of
protein-like material due to the biological activity when simultaneous nutrient input occurred.

Keywords: Coastal waters, Estuaries, Geochemistry, River input, North-Western Mediterranean

The Rhone River is the major source of freshwater and terrigenous materia to
the Mediterranean Sea (1, 2). Generaly, the plume of the Rhone River moves
toward the west due to the North Current, but under particular meteorological
conditions, it may reach the Bay of Marseilles (3). The objective of thiswork is
to characterize and to assess the seasonal variation of fluorescent DOM
(FDOM) in the Rhone River and in marine coastal waters potentially under the
influence of freshwater inputs. Three stations were sampled bi-monthly from
February 2011 to January 2012: one in the Rhone River and two stations in the
Bay of Marseilles (Fig.1). Two PARAFAC analyses were performed, one on
the Rhone water and another on the marine water dataset. In freshwaters, the
PARAFAC analysis validated a model at three components, two humics and
one protein. In marine water, a model at three components including one humic
and two proteins was validated. In the Rhéne River, humic-like materia
dominated, while protein-like fluorophores were the most abundant in the
marine waters. These fluorophores displayed a seasonal pattern. The humic-like
fluorophores in the Rhone River were more abundant in winter. This would be
due to the higher inputs of terrigenous material from higher plants and soil to the
river in relation to rain events. The tryptophan followed an opposite pattern
with higher concentrations during the summer compared to the winter that most
probably related to the phytoplankton activity (4).In marine waters, both
humic-like and protein-like materials exhibited the highest concentration values
during the summer and weaker values during the winter due both to the plankton
activity (4) and to the freshening events that occurred mostly during the
warmest seasons. The influence of Rhone River in marine waters was evidenced
by the decrease in salinity and changes in the marine FDOM composition. At
Couronne, the Rhone plume intrusion increased the humic acids proportion
whereas the nutrient-rich intrusions increased the amount of proteins. At
Sofcom, the plume effect on FDOM composition was limited because of its
location in the south Bay,far from the Rhone river mouth.

Fig. 2. Fluorophore abundance and salinity during the sample period
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Abstract

Recent nutrient budgets for the Eastern Mediterranean Sea (EMS) indicate a significant role of Mediterranean aerosols as a net
supplier of macro- and micro- nutrients to the Low Nutrient Low Chlorophyll EMS. A mesocosm experimental study was
performed in Crete during May 2012 examining the overall response of the oligotrophic EMS (Cretan Sea) to two different types
of aerosol additions, “pure” Saharan dust (1.6 mg/L) and mixed (polluted and desert origin) aerosols (1 mg/L). Generaly, the
additions triggered an increase in several of the performed rate (primary production, bacterial production, phosphate turnover time,

No-fixation) and state measurements, showing relatively larger impacts by the mixed aerosols.

Keywords: Air-seainteractions, Cretan Sea, Aerosols, Atmospheric input, North-Eastern Mediterranean

Significant quantities of leachable nutrients from dry atmospheric inputs become
potentially bioavailable and may influence bacterial production and abundance,
primary production rates, chlorophyll a (or other phytopigments), diversity of
pico and nanophytoplankton communities, and may also affect diazotrophs and
nitrogen (N,) fixation rates! 2. To date, these influences were assessed by on-
board, dust enrichment, microcosm experiments, while no previous mesocosm
experiment has been performed in the EMS. A mesocosm experiment in the
Western Mediterranean examined the addition (~0.8 mg/L) of a dust anaog
(treated Saharan soil) to surface seawater  (Corsica, www.obs-
vifrfr/LOV/DUNE). Here we present preliminary results of a mesocosm
experimental study performed in Crete in May 2012 examining the overall
response of the oligotrophic EMS (Cretan Sea), during a transitional spring
season, to two different types of aerosol additions, “pure” Saharan dust (1.6
mg/L) and mixed aerosol (1 mg/L) containing a natural mixture of desert dust and
polluted aerosols. The second treatment represents an aerosol with more
leachable nutrients and metals, and somewhat higher N/P ratios. The two
treatments, run in triplicates (3 m® each), were compared to control runs.
Preliminary measurements show an average addition of approximately 2-3 and
65-75 nM dissolved inorganic phosphorous (DIP) and dissolved inorganic
nitrogen (DIN), respectively, representing 30% of the ambient concentrations.
Converting the estimated nutrient addition to potential carbon production (or
chlorophyll a increase) reveas values similar to the observed changes. The
additions triggered an increase in severa of the performed rate and state (Table
1). Considering similar aerosol/dust particle concentrations, larger biological
impacts were observed in the polluted aerosols treatment (Figure 1).

Tab. 1. Response to dust/aerosol additions to East Mediterranean seawater,
statistical comparison (ANOVA and Fischer's test) between the different
mesocosm treatments (control, Saharan dust and aerosol). S- statistically
significant (P < 0.05) difference from the control; NS- not statistically
significant.Response to dust/aerosol additions to East Mediterranean seawater,
statistical comparison (ANOVA and Fischer's test) between the different
mesocosm treatments (control, Seharan dust and aerosol). S- statistically
significant (P < 0.05) difference from the control; NS- not statistically
significant.
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Fig. 1. Primary and bacterial production in the different treatments as a function
of time (total of 8 days). Inserts— differences between the dust/aerosol
additions and control, normalized to the addition of 1 mg particles/L. Rates of
bacterial production were determined by incorporation of tritium-labelled
leucine using the procedure of [3] and primary production was measured, using
the 14C incorporation method of [4].
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ACCURACY OF ANNUAL AND MONTHLY LUMPED WATER BALANCE MODELSFOR THE
ASSESSMENT OF RIVER DISCHARGE IN THE MEDITERRANEAN AND BLACK SEAS DRAINAGE
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Abstract

Accuracy of 16 annua and monthly water balance models (WBM) for modelling annual river discharge were assessed on an
extended discharge series data set for Mediterranean and Black Sea rivers. Results indicate a better accuracy of some monthly
models to reproduce inter-annual mean, variability and trends. Using gauged discharge filled with monthly WBM and extrapolating
to the whole drainage basins, freshwater discharge to the Mediterranean Sea (excluding the Nile) significantly decreased in 1960-
2009 (-22%, p<0.05), while decrease was not significant for the Black Sea.

Keywords: North-Western Mediterranean, Hydrology, Black Sea, South-Eastern Mediterranean, River input

Materials and Methods: A previous data set of discharge series [1] in
Mediterranean and Black Sea rivers was extended through data mining from
national and international water agencies. This new data set includes 467
monthly or annual series within the 1960-2009 period for downstream stations
and sub-catchments greater than 1000 kn?. If possible, gaps in time series were
completed using linear regression with neighboring stations (r2 > 0.80). The
corresponding rainfall and potential evapotranspiration time series were
extracted from the CRU TS 3.10 climatologies. For water discharge modeling,
we tested the accuracy of 16 monthly and annual WBM: 3 free-parameter
annual WBM, 6 one-parameter annual WBM and 8 monthly multiparameters
WBM. Parameters were calibrated by maximizing an objective function (Favg)
which is the average of Nash-Sutcliffe model efficiency coefficient (NS), the NS
of logarithmically transformed flow, the Pearson correlation coefficient and the
bias score. The magnitude of discharge trends was estimated using the slope of
the Kendall-Thell robust line. We used the Kolmogorov-Smirnov test (KS) to
compare the equality of observed and modeled trend distributions. The Pearson
correlation coefficient and the mean absolute error were used to test the
similarity of trend patterns. For extrapolation of the water budgets to the entire
19602009 period, we combined observed and modeled discharge values in order
to fill the data gaps in the observed time series. We extrapolated to the whole
drainage basins using ratio between discharge modeled with free-parameter
annual WBM in and outside gauged catchments.

Results: For the Mediterranean Sea drainage basin, the mean coverage of the
whole basin by gauged catchments is only about 20% (excluding the Nile).
Taking account spatial variation in precipitation depth, this coverage increases
to 36% for total precipitation. Using the 3 free-parameter annua WBM, gauged
discharge account for about 50% of the total freshwater discharge. For the Black
Sea, the mean coverage by gauged catchments is better and reaches 73% of the
whole drainage area, 77% of total rainfall and 85% of the total freshwater
discharge. Model calibration of WBM for discharge series >10 years alow to
increase the spatial coverage with 26% for the Mediterranean Sea and 81% for
the Black Sea. This coverage represents 43% of precipitation and about 55% of
freshwater discharge for the Mediterranean Sea and, respectively, 84% and 91%
for the Black Sea. WBM performances are highly dependent on the model type.
The lowest Favg scores are observed for the three free-parameter WBM, with
only 1 to 7% of the discharge series having Favg > 0.60. For one-parameter
WBM, these percentages increase to 13-20%. The WBM performing best are
multi-parameters monthly models. Here, Favg > 0.6 could be reached for 51 to
54% of the discharge series with the models GR2M [2], ABCD [3] and ZH3
[4]. Using observed discharge series filled with these three monthly WBMs and
extrapolating discharge to the whole Mediterranean (excluding the Nile) and
Black Sea drainage basins, we computed an interannual mean of freshwater
discharge of 365-367 km3.yr! and 351-355 km3.yrl for the 1960-2009
period. Correlations between observed and modeled absolute trends are
significant (p < 0.05) for all WBM. Best Pearson correlation coefficient reaches
0.75 for two monthly WBM: ZH3 and GR2M. Lowest mean absolute error was
about 1.4 mmyrlfor 3 monthly WBM: GR2M, ZH3 and ABCD. The
hypothesis of the KS test for similar distributions was rejected for all WBM.
All WBM slightly overestimate the occurrence of weak negative trends (74-87%
for modeled discharge and 60% for observed discharge) but underestimate
occurrence of strongest negative trends. Looking the cumulative trends at
downstream gauging stations, observed and modeled value for the Mediterranean
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Sea are very closed with respectively -38 km3 and -34 to -36 km3 for GR2M,
ABCD and ZH3. For the Black Sea, the cumulative trends is <-1 km3 for
observed discharge but between -34 and -36 km? for this three models. This
difference is mostly explained by the difference between observed and modeled
trend for the Donau. Using gauged discharge filled with monthly WBM and
extrapolated to whole drainage basin, a 22-23% decrease in river discharge was
calculated for the Mediterranean drainage basin (p<0.05, excluding the Nile)
while no significant trend was detected for the Black Sea drainage basin.

Fig. 1. Modeled annual river water discharge from 1960 to 2009 for 26% and
81% of the whole Mediterranean (MED) and Black Sea (BLK) drainage basins.
AN: Annua water balance, MO: Monthly water balance. The last number
specifies the count of calibrated parameters.
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Abstract

The data collected in the Gulf of Naplesin summer 2012 indicates that dissolved organic matter distribution is strongly affected by
the complex pattern of circulation typical of the Gulf. Interestingly, freely dissolved extracellular enzymatic activity showed
different values of Vmax depending on DOC concentrations. Mineralization experiment indicated a 10 uM DOC removal in two
months in the stations characterized by the highest DOC concentrations. These data suggest that the surface water masses

circulating in gulf of Naples show different biogeochemical properties.

Keywords: Gulf of Napoli, Organic matter, Enzymes, Coastal waters, Coastal processes

The Gulf of Naples is a semi-enclosed bay, strongly affected by anthropogenic
pressures. It is characterized by a marked spatial and tempora variability in
hydrodynamic processes, that make it a natural laboratory to investigate the
interaction between physical and biogeochemical processes[1].

The main goal of this study is the biogeochemical characterization of different
water masses in the Gulf of Naples during summer 2012. Surface distribution of
dissolved organic carbon (DOC) and chromophoric dissolved organic matter
(CDOM) were combined with the information coming from mineralization
experiments and determination of freely dissolved microbia extracellular
enzymatic activity (leucine aminopeptidase and B-glucosidase), in order to gain
information about the biogeochemical properties of this area.

DOC and CDOM data were collected in 64 stations during July/August 2012
during the GELaTo (Gulfofnaples Eulerian/LAgrangian TOsca) 2012
experiment, carried out in the framework of the MED TOSCA project.
Mineralization experiments and microbial extracellular enzymatic activity
measurements were carried out in 7 stations, representative of the different
water masses circulating in the Gulf.

DOC showed a surface distribution consistent with the occurrence of different
water masses as indicated by salinity and temperature distributions (Fig. 1). The
lowest DOC concentration (50-60 uM) was observed in the southern side of
Bocca Grande, in the water mass incoming from the Tyrrhenian Sea and
characterized by the highest salinity. Surprisingly the highest DOC values (85-
90 pM) were not found in proximity to the Sarno river mouth, but in front of
Naples city and in the northeastern part of the Gulf. High DOC values (75-80
1M) were aso found in the northern side of Bocca Grande in correspondence
with the salinity minimum. In the southern part of the Gulf, near the coast and
in front of the Sarno river, DOC showed concentrations of 70-75 uM (Fig. 1).
Information on CDOM pool were obtained through absorption spectra and
fluorescence excitation-emission matrix (EEMs) associated with parallel factorial
(PARAFAC) anadysis. Four fluorophore groups were identified and their
emission/excitation spectra suggested the occurrence of protein-like, humic-like,
fulvic-like compounds and of a fourth group with spectral properties similar to
phenols. The distributions of CDOM was consistent with the temperature and
sdlinity distributions, suggesting the occurrence of different fluorophores and/or
different CDOM concentrations in the different water masses. In particular, the
incoming water from the Tyrrhenian Sea was characterized by very low vaues
of absorption and fluorescence, while the highest values were found close to the
coadt, in front of the Sarno river mouth and the Naples city, especialy for
humic and fulvic-like. This pattern is clearly due to terrestrial input.
Extracellular enzymatic activities can give indirect information about the
substrates that are readily transformed and metabolized. Vmax of p-glucosidase
(0.72-2.87 nM h-1) and leucine aminopeptidase (1.15-5 nM hl) were in
agreement with the total enzymatic activity reported for the Mediterranean Sea
[2], but surprisingly they showed a contrasting pattern. Vmax of -glucosidase
was maximum in the southern part of the Gulf in correspondence with the
lowest DOC values and it progressively decreased until @ minimum in front of
Naples, where the highest DOC concentration were observed. In contrast, the
Vmax of leucine aminopeptidase showed the highest value in front of Naples.
Mineralization experiments suggested the occurrence of variable concentrations
of labile DOC. In the samples collected in the northern stations (characterized
by high DOC concentrations), 10 uM of DOC were removed in two months,
while in the stations with DOC concentrations of 65 uM 2-4 uM were removed
during the same period.
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These data suggest that the surface water masses circulating in Gulf of Naples
show different biogeochemica properties (DOC, CDOM, enzimatic activity,
mineralization experiments) and that CDOM is a very good tracers of fresh
water.

Fig. 1. Surface distribution of DOC in the Gulf of Naples. The Vmax of leucine
aminopeptidase  and p-glucosidase is reported for the seven stations
investigated.
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Abstract

This study report the first Dissolved Organic Carbon (DOC) and Cromoforic Dissolved Organic Matter (CDOM) data for a large
coastal area of the southern Tyrrhenian Sea strongly impacted by river inputs. The input of both DOC and CDOM iswell visible at
the mouth of al rivers and it is correlated to the river discharge. CDOM optical properties show the occurrence of humic-like,
fulvic-like and protein-like fluorophores in the riverine plumes. This work was supported by the Italian Project RITMARE.
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Dissolved organic matter (DOM) is the main reservoir of reactive carbon on the
Earth and represents the main source of energy for heterotrophic prokaryotes.
The fraction that absorbs light (UV and visible) is defined chromophoric DOM
(CDOM) and affects the penetration and diffusion of the UV and visible light in
the water, in particular in the costal environment. In coastal areas, riverine
DOM undergoes to different physical-chemical (dilution, photodegradation,
flocculation [1]) and biological (consumption and transformation by microbes
[2]) processes.

The main goa of thiswork isto study DOM dynamics in alarge coastal area of
the Tyrrhenian Sea (from the Gulf of Salerno to the Tevere river) strongly
impacted by river inputs, with particular regards to the physical and biological
processes affecting riverine DOM at the river mouth.

More than 600 samples were collected for DOC analysis in October-November
2010. CTD data were kindly provided by CNR-ISAC. Information about
CDOM pool were obtained on 260 selected samples, through absorption
spectra and fluorescence Excitation Emission Matrix (EEM) combined with
parallel factorial anaysis (PARAFAC). EEM showed the occurrence of 4
different components with spectral characteristics similar to proteins, humic and
fulvic acids [3].

Fig. 1. Surface map of DOC and humic-like component of CDOM, individuated
by EEM combined with parallel factorial analysis (PARAFAC).
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The input of DOM was well visible at the mouth of al the rivers and was
correlated to river discharge. DOC (73-89 uM) and CDOM (both humic and
protein-like component) showed their maximum in the river plume (salinity
minimum) and decreasing values going far from the coast (Fig. 1). The four
groups of fluorophores showed a similar distribution confirming that rivers are
an important source of CDOM in coastal areas.

The good linear correlation between DOC and sdlinity alowed arough estimate
of the DOC concentration in the rivers. This estimate indicates that the carbon
input due to these rivers is about 50.000 ton C yr1, and represents the 21% of
the whole riverine carbon input in the Western Mediterranean Sea [4, 5, 6].

In the samples collected in the riverine plume, microbial mineraization
experiment showed a 6-7 uM DOC decreases in 2 months, suggesting removal
rates of 3uM month™l. A decreasing gradient in DOC removal rate was
observed going from the costal to the open sea. CDOM, in particular the fulvic-
like component, showed an increase in al the mineralized samples. This
suggests that microbes can be a source of CDOM in both coastal areas and open
seawater, in agreement with previous studies[7].

Our data indicates that: (1) DOC and CDOM distribution are clearly affected
by river input; (2) minor rivers are important in the western Mediterranean Sea
carbon budget and (3) CDOM could be released by heterotrophic prokaryotes
during mineralization.

This work stress the necessity of intensifying the studies in coastal areas
impacted by river inputs and improving experiments with estuary microbial
communities to better understand the role of heterotrophic prokaryotes in
DOM transformation.
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Abstract

In this study the speciation, the sources and the biogeochemica significance of soluble atmospheric P and N over the North-
Western Mediterranean is investigated. Our results show that the annual average atmospheric deposition of TDN and DIN are
estimated at 62.9 and 51.9 mmol m~2 y~1 respectively, while the average percentage contribution of DON to TDN was 25%. The

yl
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The Mediterranean Sea (MS) has any of the most oligotrophic surface
waters in the world, but displays a great heterogeneity, especially in the
Western Basin [1]. The average annual productivity in the Mediterranean
Sea is typical of oligotrophic waters, ranging from 80-90 g C m2 y-1
estimated by the classical methods [2] to 130-140 g C m2 y-1 given by
satellite images [1]. Previous studies have shown that atmospheric inputs
are an important source of nutrients (N and P) to the MS [3,4], even in
productive zones such as the NW Mediterranean [5]. Atmospheric
dissolved inorganic nitrogen (DIN) input to the Western Mediterranean is of
the same order of magnitude as riverine input [6]. During the last decades,
special attention has been drawn to the inorganic forms of nitrogen and
phosphorus and particularly to the inorganic forms of nitrogen (NO3" &
NH4Y).

This study aims to investigate the sources, forms and the biogeochemical
significance of soluble atmospheric P & N over the North Western
Mediterranean Sea. Bulk deposition samples (n=84) have been collected at
Cape Bear (Perpignan, France) during a seven year period (2005-2011)and
analyzed for P and N speciation. The dissolved inorganic nitrogen (DIN)
was measured by ionic chromatography. The dissolved organic nitrogen
(DON) was determined by subtracting DIN from the total dissolved
nitrogen (TDN), measured as NO3" after persulfate oxidation. Details about
the methodology can be found elsewhere [7]. Total dissolved phosphorus
(TDP) was measured on the acidified samples following by persulfate
digestion method. Dissolved organically bound phosphates (DOP) were
determined by subtracting TDIP from TDP. Details about the analytical
protocol can be found elsewhere [8]. Our results show that the annual
average TDN and DIN atmospheric deposition fluxes are 62.9 and 51.9
mmol m~2 y~1, respectively, while the average percentage contribution of
DON to TDN is 18%. The dominance of inorganic nitrogen speciesin Total
nitrogen pool N is presented in Fig.1.

DON
mDIN
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0

Fig. 1. The percentage contribution of nitrogen species to TN during the
years 2005-2011.

The annual average atmospheric deposition of DIP is 0.6 mmol m™2 y~1,
while the average TDP is 2.9 mmol m~2 y~1. The average DIN/DIP ratio in
atmospheric deposition samples is calculated at 86, which is in agreement
with previous study (Markaki et al., 2010). Almost equal contribution of
organic and inorganic forms of total phosphorus has been observed as
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annual average atmospheric deposition of DIP was calculated to 0.6 mmol m=2 y~1, while the average TDP was 2.9 mmol m—2

depicted in Fig.2.

Fig. 2. The percentage contribution of phosphorus species to TDP during
the years 2005-2011.

A source apportionment analysis is performed from the chemical speciation
for the major ions. The results will be presented and the factors controlling
the P & N concentration levels in deposition samples over the North
Western Mediterranean will be thoroughly examined.
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Abstract

Water column winter nutrient profiles were evaluated of 250 m especially oxic/anoxic interface layer in Southeastern Black Sea.
Although nutrient concentrations according to the depth are difference, density profiles are similar. Silicate concentrations were
increased depending on depth while maximum phosphate concentration observed with the boundary of the 16,2 density.
Ammonium concentrations increased depending on depth below 16.2 density layer. Minimum temperature of the CIL were
measured at 100 meter depth of TY, OM and OF statiton while were measured at 75 meter of AA and SB stations. Nitrite
maximas were usually observed bottom boundary of oxic layer except for AA station. Nitrate maximas were showed differences
on stations according to depth and concentration. Chlorophyll-a maxima, usually at a depth of 30 m and 13.8 sigma-t.
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Introduction

The Black Sea is the world's largest anoxic water body and H2S gas available
below oxic layer which isinitial depth depending on the region [1-4]. The Black
Sea, due to their characteristic hydrochemical structure, is used as a natura
laboratory for studies of actual processes in oxic / anoxic intermediate layer.
Winter mixing leads to formation of a cold intermediate layer oxygen-enriched at
a depth of approximately 60-100m[3]. Also the Black Sea is serious threat of
climate change and intensive anthropogenic pollutants. Various changes were
observed in the natural ecosystem of the Black Sea as a results of changesin the
composition of nutrients (increase in nitrate, decrease in Si), entry of aien
species (mneiopsis, beroa), due to international shipping etc. For this reason,
temporal variation of the processes that occur in the Black Sea's the chemical
system and the redox boundary is actual and important issues [3]. This study
was conducted at least affected areas from two factors are important for the
Black Sea hydrodynamic.

Material Method

This study was carried out in February of 2012 in selected 5 stations to
represent the Southeastern Black Sea. Stations were 10 nautical miles from the
shore (Figl).

Fig. 1. Map of sampling area

Physicochemical parameters (Temperature, salinity, conductivity, pH, DO,
ORP, chlorophyl-a, transmission) of the water column were measured with Sea
Bird SBE 25 CTD profiler.Sampling was made at intervals of 5 meters in
oxic/anoxic interface layer. DO were measured by winkler method and H2S was
measured by titration. Nutrient analyses made with the Seal CFA.

Results and Discussion

SST were measured 8,61-9,69°C at stations. Minimum temperatures were
different depths of the cold intermediate layers at the stations and the lowest
temperature was measured as 7,23°C in the CIL. Average nutrient
concentrations were determined for nitrate, nitrite, phosphate and silicate as
0.48 uM, 0.07 uM, 0.02 uM, 4.16 pM and 0.11 pM, respectively in the first
50-meter oxic layer. Maximum nutrient concentrations were measured for nitrate
as 5,54 uM, for nitrite as 0,25 uM, for phosphate as 6,87 uM, for silicate as
161 pM and for ammonium as 22 uM in the water columns. Si concentrations
increased depending on depth and phosphate maximas were observed at 16.2
density layer. It was found that hydrogene sulphide starting depth was under
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150 meter. Average H2S was determined as 0.18+0.09 mg/L at 175 m,
0.60+0.06 mg/L at 200 m, 0.92+0.18 mg/L at 225 m and 1.52+0.05 mg/L at 250
m. Dissolved oxygen values started to decrease rapidly after 50 meters and
drops close to zero at 160-200 meter depth related to stations in this study. It
was found that ORP values were started to decrease rapidly after 150-160 m
depths all stations. Maximum chl-a concentrations were differ from each
stations and chl-a maximas were found about 30 m depth at all stations. Except
OM station, nitrite maxima usually was determined at 15.6 sigmat density
layer (Fig 2)
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Fig. 2. Nutrient concentrations of Black Seawater column
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Abstract

The role of phytoplanktonic DOM release is poorly understood. In the framework of a CNR-CNRS cooperation project, strictly
linked to MERMEX, we studied the release of extracellular dissolved organic matter (DOM) by viable phytoplankton in a culture
of E. huxleyi during four months. DOM was mainly released after 41 days even if the highest increase in both DOC and CDOM
was observed after 4 months. The fluorescence increased with CDOM content but its relative composition remained constant
along the experiment. The DOM release by E. huxleyi can be mineralized with high mineralization rates by heterotrophic

bacteria isolated from Mediterranean coastal seawater

Keywords: Geochemistry, North-Western Mediterranean, Diatoms

Results Phytoplankton plays a key role in DOM production and release in
oceanic water, sinceit is the most important group capable of producing organic
molecules starting from CO, and inorganic nutrients. Primary production sets an
upper limit to DOM production. It is not clear what is the most important
mechanism of DOM release through the food web, however phytoplankton
seems to be the main producer of labile DOM, that is the DOM that can be
used by heterotrophic prokaryotes on atemporal scale of hours-days. Literature
data show that the amount and molecular characteristics of organic molecules
released by phytoplankton depends on the specie, growth phase as well as the
health of the population [1]. Here we report the results of a5 month experiment
focused on the study of dissolved organic matter released by a 2 liter culture of a
non-axenic strain of E. huxleyi (Strain CS 57 from CISRO culture collection) .
Dissolved organic carbon (DOC), absorption spectra and fluorescence excitation
emission matrix (EEM) of CDOM as well as phytoplankton cells (measured by
flow cytometry) were measured during time course experiment. This algae is an
interesting model since it is cosmopolitan and a major contributor to primary
production in the open oceans. The results (Fig. 1) showed an exponentia
growth of E. huxleyi in the first 8 days, while DOC concentration showed just
small variations, with a dlight increase (30 uM) at day 8. In the following 8 days
E. Huxley declined and DOC was characterized by a second pick of 284 uM at
day 14s, when the number of cells was at its lowest (at the end of the decline
phase). Surprisingly, after the decline, the population started to growth again
and entered in stationary phase in which DOC showed a 133 uM increase until
the 41 day. EEM showed the occurrence of three groups of fluorophores with
characteristics similar to proteins (hex = 280 nm, Aem= 350 nm), Fulvic
(Aex=310 nm, Aem=435) and humic (Aex=270, 360, .em=480 nm) acid.
Surprisingly, after 4 months all the parameters showed an impressive increase.
We found that the number of E. huxleyi cells was 3-times higher than after 41
days, whereas DOC concentration reached 1031 uM and both absorption and
fluorescence increased 3.5 times in the same period.

Fig. 1. Cell abundance (by flow cytometry) and DOC content during the growth
of E. huxlei.
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Such dynamic was not observed in previous studies because the experiments
were generally stopped after 15-22 days [1, 2]. In order to test the lability of
DOM released during the various stages of cell growth, the exudates collected
after 14 days (285 uM DOC) and 4 months (1030 uM DOC) were inoculated
with coastal seawater from Pisa (filtered at 0.8 uM) and DOC was measured
monthly for the following three months, in order to study its removal rates.
This second experiment showed an exponentia decrease of DOC concentrations
with the total removal of 22 and 117 uM in the exudates collected after 15 days
and 4 months, respectively indicating the DOM released by E. huxleyi is labile
and its removal rates are markedly higher for the molecules released in the old
culture (4 month), when the highest DOC concentration were observed.
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Abstract

Few studies dealing with geochemical properties of the sediment have been done in the abyssal plain. This work aims at assessing
the role of physico-chemical conditions and diagenetic processes on trace metals enrichment, and especially on anthropogenic
inputs. It is based on samples taken during the CASCADE campaign in the Gulf of Lion (March 2011).

Keywords: Trace elements, Organic matter, Deep sea sediments, Gulf of Lyon, North-Western Mediterranean

Most studies on the geochemical properties of the sedimentation in the western
Mediterranean Sea have been performed in slope and margin environments of
the Gulf of Lion ([1], [2], [3]). On the contrary few have been done in the
abyssal plain ([4], [5]) where sedimentation rates have been modeled and where
enrichment of contaminants has been evidenced ([6]).

Geochemical characterization of the deep deposits is of importance in the global
study of benthic processes and their modifications through anthropogenic
inputs. Discrimination between natural and anthropogenic origins is rather
complicated here due to diagenetic transformations that happen in deep
sediment and that can cause misinterpretation in trace metals accumulations.

The aim of thiswork is to assess the role of physico-chemical conditions during
the sedimentation and early diagenesis processes in the control of trace metal
accumulation in deep environments of the Gulf of Lion.

During the CASCADE cruise (1-31 March 2011) sediment cores were collected
using amulti-tube corer at three stations located between 1957 and 2657min the
northwestern mediterranean basin (Fig.1).

Fig. 1. Location of CASCADE sediment core sampling in the Gulf of Lion

Physico-chemical conditions such as redox potential, pH, porosity and grain-
size distribution were considered in order to evaluate changes in relation with
environmental and hydrodynamic factors. The first indication for diagenetic
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processes is given by the thickness of the oxidised mud layer. We find that in
these deep-sea deposits the redox discontinuity is located below 25 cm depth.
Oxidised layers are hence important and correspond to low sedimentation rates,
i.e. a long residence time at the sediment-water interface (SWI). This is
supported by the vertical distribution of Mn in the cores which follows a
positive gradient from the deepest layers to the surface.

Porosity profilesin sediment cores show aregularly decreasing trend. Grain-size
distribution allows to define the sedimentological facies and is hence an
important parameter in the interpretation of geochemical data.

The role of carbonates and organic meatter is especially important with respect
to the enrichment and complexation of metallic elements in sediment. Organic
carbon (OC), total nitrogen (TN), C/N ratios, have been measured in order to
determine the organic matter origin, abundance and distribution with burial
depth. Trace metal concentrations are of the same order of magnitude in each
core, with a mean of 42 ug/g of Ni, 33 pg/g of Cu, 76 ug/g of Zn and 26 pg/g of
Pb.

The south core (MO1) is a classic example where values (OC, trace metals
concentrations) are high at the top of the core and then decrease with depth.
Nevertheless this core exhibits the highest concentrations of Cu, Zn and Ni
(with 230, 160 and 106 pg/g respectively) in asingle peak at 2 cm depth.

The north core (M08) shows high values of OC and C/N at 6 cm depth, which
is likely the signature of a terrestrial imprint. Trace metals, and Mn
concentrations in particular indicate the buria of a redox front at 15cm depth
which implies alate turbidite deposition.

The central core (SC2400) shows a classic profile except for a pesk in OC at
3cm depth that is characterized by high concentrations of trace metals (Mn, Ni,
Cu, Zn).

All these results alow us to draw a first cartography of this abyssal
environment in terms of sedimentological properties.
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Abstract

An updated silica budget for the Eastern Mediterranean Sea (EMS) including both silicate and particulate biogenic silica (BS)
showed a net outflow of 27 x 109 molesSi/yr. This deficit suggests that the terms in the budget are still as not well defined. The
major term in the budget is the exchange at the Straits of Sicily with 137 x 109 molesSi/yr flowing into the EMS and 258 x 10°
molesSi/yr flowing out. Other important terms are the riverine input (34 x 109 molesSi/yr) and diagenetic supply of silicate from
underlying sediment (54 x 10% molesSi/yr). Dust is aminor input (5 x 109 molesSi/yr). New focused measurements needed to close
the budget should include improved riverine flux, better measurements of diagenetic weathering of clays in the water column and

sediment, sediment burial flux and coastal recycling processes.

Keywords: Nutrients, South-Eastern Mediterranean

Nutrient budgets have been used extensively to understand biogeochemical
cycling processes in the Eastern Mediterranean[1-2].The most recent silica
budget for the EMS [3] found that the net flux of silica out of the basin was
far higher (157-250 x 10° molesSi/yr) than the best estimates available for
the inputs from rivers and other sources. Here we present an improved
updated budget that takes into account fluxes of biogenic silica (BSi) which
is likely to dissolve in the highly unsaturated waters of the EMS. The
silicate flux through the Straits of Sicily was calculated using water flow
rates determined in 1997 [4] . Measured silicate from the MTPII-MATER
database was used. Crombet et a., [5] found 0.25umoles/l of BS
concentration in the upper (inflowing) water column with no BSi in the
outflowing water in July 2009 when primary productivity was at a
minimum. Here we assumed that dissolved silicate measured in November
surface waters (mean value = 3 pmoles/l) was representative of the winter
bloom conditions (6 months) and will be taken up as BSi and that total
average BSi concentration of 1umoles/l during summer stratified
conditions The calculated flux of silicate from diagenetic processes in the
sediment was 54 x 10° MolesSi/yr [6]. We assume that this silicate is all
formed from in-situ clay diagenesis since there is no evidence of dissolution
of BSi derived silica in the uppermost layer7]. The estimated average
riverine flux between 1963 and 1998 was 23 x 10° molesSi/yr [8] but they
underestimate the global flux of silica to the ocean because it does not
include BSi [9]. We therefore used the global average of 50% for BSi to
modify our riverine flux. Finally we determined the atmospheric flux as 5.2 x
10° molesSi/yr.

Tab 1: of calculated fluxes of silicate and BSi into and out of the EMS
Input to the EasternFlux (109Comment

M editerranean Mol/yr)
Straits of Sicily — dissolved(121
silicate

Straits of Sicily —BSi

<100m in summer & <200m

in winter [4]

See text above for BS

concentrations converted to

flux using Astradi et al., [4]
ater flow rates.

16

Riverine input— dissolved23 Ludwig et al., [8]

silicate

Riverine input — BSi 115 Assumed value from Conley
[91

Sediment pore water flux |54 Jones [6] assumed to be al
fluxing Si is diagenetic based
on [7]

Atmosphericinput—BS 5.2 Krom unpublished data

Total input 203.7

Output from the eastern Mediterranean
Straits of Sicily — dissolved258

silicate
Sediment burial flux 0
Net export flux -27.3

>100m in summer & >200m
in winter.[4]
Assumes al BS dissolves
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With the inclusion of BSi in this budget and maximising al possible external
inflow terms, the net deficit of silica, 27.3 x 10° MolesSi/yr is much reduced
compared to previous estimates of 157-250 MolesSi/yr. We conclude that
dissolution of external biogenic silica and diagenetic clay weathering is an
important source of silicate to the basin. Another potentialy important
process not included in this budget is silica cycling processes in coasta
areas. To further improve the budget it is necessary to better quantify the
annual BSi in the surface inflowing waters at the Straits of Sicily and
contribution from rivers and from the sediments both offshore and in coastal
regions. References:
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Abstract

Polycyclic aromatic hydrocarbons (PAHS) were investigated in surficial sediments collected from 46 stations in the open Eastern
Mediterranean Sea (Aegean, lonian and NW Levantine basins), in order to assess their distribution, sources and transport
pathways. Total PAH concentrations were generally low ranging from 8.76 to 184 ng g-L. Their molecular profiles reveal
contributions from both pyrolytic and petrogenic sources, with their relative importance displaying significant regiona variability.
PAH concentrations are significantly correlated with the total organic carbon (TOC) content of sediments, which indicates that the
latter exerts an important control on their transport and ultimate accumulation in sediments. Strong sub-basin variability of water
masses also impact the regional patterns of sedimentary PAH accumulation.

Keywords: Pah, Sediments, Pollution, North-Eastern Mediterranean

Polycyclic aromatic hydrocarbons (PAHs) are widespread components in
marine systems in which they enter through both atmospheric and aquatic
pathways. Therein association with sinking particles is considered as the major
mechanism of their downward transport through the water column and
subsequent accumulation in sediments. Mostly originating from various
anthropogenic activities, PAHs are included in lists of priority pollutants (EU-
EEA, US-EPA) since certain homologues are highly carcinogenic/mutagenic to
both aquatic and sediment dueling organisms. The Eastern Mediterranean Sea
(EMS) is a region under intense anthropogenic pressure resulting in pollutant
discharges [1]. Although PAH burden of surficial sediments in the EMS has
been thoroughly studied in coastal sites, much less attention has been given to
open sea and deep basin settings [2, 3].

In this study, surficial sediments from the open EMS including Aegean, lonian
and NW Levantine basins were analyzed for fourteen PAH compounds (parent
and alkyl substituted), in order to assess their distribution, major sources and
transport pathways. Samples were collected from 46 stations during various
oceanographic cruises between 1998-2012 and PAHs were analyzed by GC-MS
[2, 3].

Total PAH concentrations (Figure 1) were generally low ranging from 8.76 to
184 ng g1 comparable to those reported in relatively unpolluted open sea and
coastal marine areas. Within the Aegean Sea, higher concentrations were
recorded in the northern part (max. 184 ng g1, aver. 91.1 ng g'1) which likely
reflects anthropogenic inputs from major rivers outflowing in the area. The
lower concentrations recorded in South Aegean Sea (max. 147 ng g'2, aver. 49.9
ng g'1) are related to the absence of fluvial inputs and the oligotrophic character
of the area, which results in lower accumulation of sedimentary organic matter
and associated pollutants. In the deep basins of the lonian Sea and NW
Levantine Sea, PAH concentrations averaged 50.4 ng g1 showing an increasing
westward trend with maximum concentrations (153 ng g'Y)found in the central
lonian Sea. TOC contents presented a similar spatial trend.

Fig. 1. Concentrations of sedimentary PAHs across the open Eastern
Mediterranean Sea
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The molecular profile of low- and high- MW PAHS reflects an admixture of
both unburned fossil sources and combustion/pyrolysis of fossil fuels. The
composition of PAH mixtures displayed significant variability which reflects
regional differences in the relative importance of sources. PAH concentrations
correlated significantly with the TOC content of sediments, indicating that
organic carbon exerts an important control on their transport, fate and ultimate
accumulation in the study area, while strong sub-basin variability of water
masses also impact their regional characteristics. Our results imply a transport
of more soluble, light petrogenic PAHs from the central Aegean Sea towards the
EMS through the western Cretan-Antikythera straits canyons, the latter acting
asasink of organic carbon and associated PAHSs.
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Abstract

Un suivi multiparamétrique de 8 mois sur une station cétiére (golfe du Lion, Méditerranée Nord occidentale) permet de décrire la
variabilité saisonniéere de la matiere organique dissoute colorée (CDOM) et de préciser son origine et son devenir. Au cours du
cycle saisonnier, la concentration de la CDOM permet de montrer |'importance dominante des apports continentaux par rapport a
la production autochtone de matiére, méme lors du développement d'efflorescences phytoplanctoniques et de montrer I'importance
relative de |'exportation vis & vis des consommations par e compartiment bactérien.

Keywords: Organic matter, Gulf of Lyon, North-Western Mediterranean, Nutrients, Phytoplankton

La matiere organique dissoute colorée (CDOM) joue un rdle clé dans la
régulation de la pénétration de la lumiére dans I'océan, en absorbant les ondes
éectromagnétiques a forte énergie du spectre (visible et rayonnement
ultraviolet). D'un coté, cela protége les organismes aquatiques d'une photo-
dégradation potentielle, mais d'un autre c6té, cette énergie n'est plus disponible
pour la photosynthese (1, 2). Outre des apports continentaux, les principales
sources de CDOM en milieu marin sont différents processus physiques et
biologiques tels que le photo-blanchiment, la photo-humification, ou la bio-
génération, qui agissent autant comme des puits que comme des sources de
CDOM. L'objectif de la présenteétude est d'apporter des infor mations quant
a l'origine et a la dynamique de la CDOM dans les écosystémes marins
cotiers méditerranéens. La CDOM est dosée par fluorescence de I'échantillon
d'eau de mer filtré sur 0.2um et quantifiée a I'aide d'une gamme d'étalonnage de
quinine. L'interprétation est faite en utilisant les valeurs de couples
émission/excitation (EM/EX) caractéristiques: 370/460 et 370/450 caractérisent
deux types de substances humiques d' origine terrestre et 370/500 caractérise
plutdt des substances d'origine marine (3). Cela permet d'avoir des informations
sur la composition et l'origine de la CDOM sur la base de fluorophores
dominants.

La zone d'étude (station "SOLA" 42°29'300 N — 03°08'700 E) est caractérisée
par un cycle saisonnier bien marqué avec le développement d'un bloom
phytoplanctonique printanier (avril) qui consomme rapidement les sels nutritifs
introduits au cours de I'hiver. Au cours du suivi, les températures sont
minimales alafin de I'hiver (11°C) puis augmentent pour atteindre un maximum
(23 °C) en début septembre (Figure 1a). La salinité (proche de 38) est marquée
par des épisodes de légere dessalure (mai, juillet aolt et octobre) traduisant
I'influence d'apports continentaux pendant les périodes de précipitations
intenses et/ou de crues des riviéres locales ou du Rhéne. Les concentrations en
sels nutritifs sont variables, avec des valeurs minimaes en éé (limite de
détection des méthodes classiques) qui atteignent respectivement 1.06 UM et
0.06 uM en nitrate et en phosphate (Figure 1b). La diminution des sels nutritifs
est concomitante & I'apparition d'un bloom printanier prononcé (1.8 ugCHL.LL,;
Figure 1c).

Les variations saisonnieres et a méso échelles décrites précédemment, sont
également bien observées dans le compartiment organique dissous. Les
concentrations en carbone organique dissous (DOC) sont marquées par 2
maxima, I'un en fin de printemps en relation avec la fin du bloom printanier et
l'autre en fin d'été, suite al'accumulation de DOC dans les couches superficielles
comme déja discutées pour l'azote (4). Ce processus daccumulation est
accentué par les apports continentaux et par les processus de photo-
dégradation.

Au cours du suivi, quelque soit le couple EM/EX considéré, les concentrations
en CDOM sont faibles en hiver (<0.2 QSU en février et septembre) et
maximales au printemps (<1.4 QSU en avril) au moment des maxima mesurés
DOC (Figure 1d). La valeur maximale (1.8 QSU) est mesurée pour le couple
370/500 en mai, c'est-a-dire aprés le bloom printanier lorsque les nutriments
sont faibles et la colonne d'eau stable et stratifiée. Un second maximum en
CDOM (1.4 QSU) est mesuré en novembre, de nouveau apres le pic de
chlorophylle, mais sans augmentation significative du DOC cette fois-ci. D’une
facon générale la station SOLA en surface est plutét influencée par des
substances humiques d'origine terrestre. Cela indique notamment le rdle

265

important et dominants des sources continentales allochtones en zone cotiére
quelques soit le débit des fleuves. Seules 8 (3/03 ; 10/05 ; 25/06 ; 02/07 ; 16/07 ;
29/08 ; 03/09 ; et 22/10) des 23 dates échantillonnées sont caractérisées par une
CDOM dorigine plutdt marine, démontrant qu'a I'échelle annuelle, la MOD
autochtone est rapidement exportée soit vers la profondeur soit vers les zones
plus au large (r6le de source de matiére des zones cotiéres).

Fig. 1. Suivi a la station SOLA de a) Salinité et Température (°C) et des
concentrations en b) nitrate (NO3) et phosphate (PO4) en uM, c) en
chlorophylle a (Chla en ugCHL.L1) et en carbone organique dissous (DOC,
pM), et d) en CDOM (QSU) selon les 3 couples EM/EX (307/460, 370/450 et
370/500).
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Abstract

Pore waters were collected and benthic fluxes were calculated at the sediment water interface in 7 stations in Adriatic and lonian
sea to asses the importance of different hydrodynamic and morphological features on early diagenetic processes. Benthic fluxes
reflect regiond differences due to different quality and quantity of organic matter inputs.

Keywords: Geochemical cycles, lonian Sea

Establishing the magnitude of benthic fluxes is important for understanding
geochemical budgets and for determining the role of early diagenetic processesin
sediments. It is known that the burial of organic carbon (OC) in marine
sediments is one of the major long-term sinks of reduced carbon on Earth ([1];
[2]) and the long-term sink of particulate OC in marine sediments contribute to
moderate atmospheric CO, levels on geological time scales [3]. For this reason
several efforts have been made to understand early diagenetic zonation and
evaluate the associated benthic fluxes. The objectives of the present study are to
document the features controlling the early diagenetic processes in areas of
different sedimentation in the centra Mediterranean Sea (Adriatic and lonian
seas) and to quantify the related reaction rates and fluxes. The study has been
carried out in 7 stations characterized by different bathymetry, hydrological
setting and trophic conditions. Northern stations, located in the central and
southern Adriatic depressions, are characterized by shallow depths, higher
sedimentation rates and higher organic matter inputs. Southern stations, located
in the Northern and Central lonian Sea, are characterized by increasing depths,
different provenances of terrigenous sediments, lower productivity, lower
sedimentation rates and organic matter inputs. In each stations sediment cores
were collected to extract pore waters and to caculate diffusive benthic fluxes.
Benthic diffusive fluxes highlighted regional differences between the Adriatic and
lonian basins reflecting the early diagenesis processes recorded in the Adriatic
and lonian pore water profiles. Higher inputs of reactive organic matter promote
a northern-southern and shallow-deep trend in Adriatic sediments. These
sediments are characterized by lowering of remineralization processes in accord
with bathymetry, dissolved oxygen fluxes (Fig. 1) into the sediments and
Dissolved inorganic Carbon (DIC) fluxes outside the sediments (Fig. 2).
Ammonium and nitrate fluxes are complicated by the nitrification/denitrification
processes occurring in the oxic zone. In the lonian basin the remineralization
processes takes place mainly by means of oxic reactions-the depth of oxygen
penetration is higherthen a lower oxygen uptake and intense NH4 production
occur (Fig. 1, 2), the denitrification processes reach greater depths and produce
lower organic matter degradation product. This means that the inputs of reactive
organic matter in this area are lower for the lower productivity of this basin, for
the greater water column depth and for the higher distance from fluvial inputs.
However, an inverse DIC flux occur, Adriatic sediments are a net source of DIC
while lonian sediments show negative fluxes (sink of DIC) suggesting a possible
precipitation of carbonate.

Fig. 1. Oxygen and nitrate fluxes at sediment water interface calculated by Fick's
law (black line) and by model (grey line).
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Fig. 2. Ammonium and DIC fluxes at sediment water interface calculated by
Fick'slaw (black line) and by model (gray line).
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Abstract

The deep outer margin Gulf of Lions and the adjacent deep basin, in the western Mediterranean Sea, are regularly impacted by
open-ocean convection, a magjor hydrodynamic process responsible for the ventilation of the deep waters. The impact of open-
ocean convection on the flux and transport of particulate matter remains uncertain. We present results of 5 mooring lines deployed
in the deepest part of the continental margin and the deep basin between September 2007 and April 2009. Our results on
temperature, salinity, currents, and near-bottom fluxes suggest that the winter 2008-09 open-ocean deep convection event resulted
in significant remobilization of bottom sediment with a subsequent ateration of the seabed likely impacting the functioning of the
deep-sea ecosystem.

Keywords: Particle flux, Deep sea sediments, Water convection, Organic matter, North-Western Mediterranean

Introduction deep OOC. This variability confirms similar patterns previously reported in
Albeit the deep-sea is the largest ecosystem on Earth, not much is known the Gulf of Lions and in the Ligurian Sea for winters with deep OOC. The
about how it is affected by changes in environmental conditions controlling discrepancy between the fluxes at mid-depth and near the bottom, and the
the cycling of biogeochemical compounds, the distribution of deep-sea low POC content close to that of the sediment, observed for the highest
habitats or the functioning of ecosystems. Dense water convection fluxes in winter 2008-2009 highlight the role of sediment resuspension by
represents, among physical processes influencing circulation in the deep-sea, strong currents taking place during the deep OOC.

one of the few linking the surface ocean to the deep ocean and, ultimately, to 2. Near-bottom fluxes are believed to vary according to the deep-water
the seabed. The Gulf of Lions and the adjacent basin, in the western formation intensity from (1) moderate TMF (< 1000 mg.m2.d %) from &
Mediterranean Sea, are regularly impacted by open-ocean deep convection dominant biological source resulting from the surface production export
responsible for the ventilation of the deep water in the western during the winters of shalow OOC; (2) large TMF (up to 10
Mediterranean Basin. However, the impact of open-ocean convection on the 000 mgm 2d~1) from a dominant sedimentary source due to the
flux and transport of particulate matter remains poorly understood. remobilization of surface sediment of the deep basin during winters with
Material and method deep OOC and shallon DSWC; and (3) extreme TMF (> 10
The variability of water mass properties (i.e., temperature and salinity), 000 mgm 2d~1) from a dominant sedimentary source due to the
currents, and particle fluxes were monitored between September 2007 and remobilization of surface sediments from the shelf and slope and mainly
April 2009 at five instrumented mooring lines deployed between 2050 and from the deep basin during winters with deep OOC and deep DSWC.
2350-m depth in the deepest continental margin and adjacent basin of the 3. The observations suggest that the recurrence of deep OOC in the area has
Gulf of Lions. Four of the lines followed a NW-SE transect, while the fifth a long-term effect on seabed morphology (i.e., by prevention of particle
one was located on a sediment wave field to the west. sedimentation) and thus should be considered as a major driving force for
Results deep sedimentary dynamics.

The results of the main, central line SC2350 (“LION”) located at 42°02.50 4. Open-ocean deep convection has to be considered, together with dense
N, 4°410E, at 2350-m depth, show that open-ocean convection reached shelf water cascading, as a major driving force for benthic ecosystems as it
midwater depth (= 1000-m depth) during winter 2007—2008, and reached occasionaly fuels them with |abile POC from the surface layer and/or
the seabed (=~ 2350-m depth) during winter 2008-2009. Horizontal currents disrupts the benthic habitats by reworking superficial sediment. A better
were unusually strong with speeds up to 39cm.s™! during winter 2008- understanding of the composition of the particulate flux (i.e., biogenic and
2009. The measurements at all 5 different locations indicate that mid-depth lithogenic contents), and its associated elements (including contaminants)
and near-bottom currents and particle fluxes gave relatively consistent values generated by deep OOC events is now required to better assess the impact
of similar magnitude across the study area except during winter 2008-2009, of such events on benthic ecosystems.

when near-bottom fluxes abruptly increased by one to two orders of These observations support the view that open-ocean deep convection
magnitude. Particulate organic carbon contents, which generaly vary events in the deep margin of the Gulf of Lions can cause significant
between 3 and 5 %, were abnormally low (<1 %) during winter 2008—2009 remobilization of sediments in the deep outer margin and the basin, with a
and approached those observed in surface sediments (= 0.6 %). Turbidity subsequent alteration of the seabed likely impacting the functioning of the
profiles made in the region demonstrated the existence of a bottom nepheloid deep-sea ecosystem.

layer, several hundred meters thick, and related to the resuspension of

bottom sediments. References
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The major outcomes of this study are: Taupier-Letage |., Testor P., Heussner S., Kerhervé P., Delsaut N., Houpert
1. Particle fluxes at the different sites between 2050 and 2350-m depth L., Lastras G., and Dennielou B., 2013. Impact of open-ocean convection on
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signa of late winter—early spring maxima. The interannua variability was
largely dominated by large fluxes in February—March 2009, which relates to
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PROKARYOTIC DEGRADATION OF NATURAL DISSOLVED ORGANIC MATTER IN THE DEEP-SEA
WATERS OF NW MEDITERRANEAN SEA DURING CONTRASTED HYDROLOGICAL CONDITIONS
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Abstract

Dissolved organic carbon (DOC) is divided into three reservoirs of different reactivities (Iabile, semi-labile and non-reactive). The
contribution of the semi-labile DOC to the global prokaryotic production has been assessed in very few previous studies.
Interestingly enough some experiments show rapid utilization of semi-reactive DOC by prokaryotes, while other experiments show
amost no utilization at al (1,2). However, al these studies did not take into account the role of hydrostatic pressure for the
degradation of organic matter (3). In this study, we investigate the degradation of HMW-DOM incubated with deep-sea water
samples (2000 m-depth, NW Mediterranean Sea) collected under in situ pressure conditions with their own prokaryotic

assemblages during stratified water conditions (summer) and mixed water conditions (winter).

Keywords: Deep sea processes, Bacteria, Carbon, Geochemical cycles, Ligurian Sea

In the framework of MERMEX (Marine Ecosystems Response in the
Mediterranean Experiment, Chantier MISTRALS), we attempt to better
understand the role of prokaryotes into the degradation of dissolved organic
matter in the deep-sea Mediterranean waters (4). Deep-sea water samples,
recovered under in situ pressure conditions, were enriched with natural
occurring organic matter [high molecular weight dissolved organic matter or
HMW-DOM (corresponding to the organic matter > 1000 Da)], and
incubated for 10 days under atmospheric (ATM) andin situ hydrostatic
pressure (HP) conditions. Total organic carbon (TOC), dissolved sugars
(DCHO), and bacterial abundance were monitored overtime. Using these
parameters we estimated TOC and DCHO decay rates (k) as well as
prokaryotic growth rates (u). Our results indicated that during HP
incubations TOC and DCHO exhibited the highest degradation rates (kyp
Toc = 0.82 dL; kyp peno = 0.98 d'1) compared to the ATM conditions
were no degradation was observed (Katm Toc= 0.007 d_l, KATM DCHO=
0.002 d'1). Similarly prokaryotic growth rate was higher in HP than in ATM
conditions (uyp = 0.47 d1 vs paty = 0.39 d'1). These results suggest that
deep-sea prokaryotic communities are autochthonous to the deep-sea realm
and therefore more adapted to degrade HMW-DOC under in situ hydrostatic
pressure conditions. An opposite trend was observed for the HP
incubations from mixed deep water masses (MWM). HP incubation
measurements displayed the lowest TOC degradation and prokaryotic
growth rates (kyp Toc=0.031 d'%; kyp pcHo=0-35 d; pyp = 0.25 d'l)
compared to the ATM conditions (katm Toc=0-62 d'%; (katm bcHo=0.60
d; patm = 0.46 d'). These results imply the presence of allochthonous
prokaryotic cells in deep-sea samples after a winter water mass convection.
Apparently, these prokaryotic communities are more adapted at
atmospheric pressure conditions, pointing to a surface origin. This study
demonstrates that remineralization rates of semi-labile DOC in deep NW
Med. Sea are controlled by the prokaryotic communities, which are
influenced by the hydrological conditions of the water column.
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NUTRIENT EXHANGESBETWEEN THE MARMARA AND BLACK SEAS TROUGH THE BOSPORUS

STRAIT
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Abstract

Chemical datacollected systematicaly by the METU-IMS and IU-IMSM groups between 1987-2010 were compiled to assess
temporal changes in the concentrations and fluxes of nutrients (DIN, PO4; TP) and total organic carbon (TOC) exchanged
between the adjacent seas of Marmara and Black Sea via the two-layer flow regimes in the Bosporus. Chemicals exported by the
Black Sea outflow (0-30 m depth) increased in winter due to changes in both the concentrations and volume fluxes; but no long
term trend was seen in this period. The majority of the Black Sea input accumulates in the Marmara lower layer waters entering

the Black Sea.

Keywords: Nutrients, Bosphorus Strait

The less saline Black Sea surface waters (S~17) polluted by the major rivers
exports nutrients to the Sea of Marmara. The first estimates of the nutrient
exchanges between these adjacent seas were carried out in the 1990's [1]. The
study evaluates data sets collected seasonally/monthly by the two groups at the
Bosporus exits since 1987. The Black Sea inflow is nearly two-fold the more
saline Marmara waters (S~38) flowing into the Black Sea annualy [1]; the
surface N, P fluxes increase in winter-spring periods (Figire 1). The Marmara
lower layer waters flowing into the Black Sea are enriched in nitrate and
phosphate concentrations (NOg: 8-12 pM and PO,4: 0.7-1.2 pM phosphate;
N/P: 8-10). No significant long-term trend has been seen in the exchange fluxes
during the last two decades. However, the nitrate outflux (6.6 x108 moles/year)
from the Black Sea was about 4- 6 times the summer and autumn
outfluxes. Seasonal variations were less pronounced in the TN, (1.2x10°
moleslyear), TP (0.24 x107 molelyear) and TOC (~2.5x101! tonslyear).
Phosphate constituted about 30% of the Black Sea TP outflux whilst the nitrate
outflux was about 10% of the TN export. However, the nutrient exports from
the Marmara basin to the Black Sea have been introduced in the forms of nitrate
and phosphate ions. Therefore, the Black Sea DIN and DIP exports to the
Marmara are much less the inputs from the Marmara lower layer. The Black
TOC outflux was about 5 times that of the Marmara export via the Bosporus
underflow. However, the Marmara TP export the Black Sea dlightly exceeded
the TP input from Black Sea via the Bosphorus surface flow, indicating that the
TN (biochemically labile) and TP export to the Marmara is nearly compensated
by the Bosporus underflow in the forms of phosphate and nitrate with molar
ratios of about 8-10.

Fig. 1. Variations of nitrate, phosphate and N/P ratio in the Black Sea outflow
between 1986-2010
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THE ANTHROPOGENIC EUTROPHICATION OF THE BLACK SEA:
QUANTITATIVE REGULARITIESAND MECHANISMS
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Abstract

The work investigates the main aspects of the Black Sea eutrophication that have never been addressed before. Among the
aspects addressed are: 1) the quantitative analysis of the eutrophication made on annual primary production which was calculated
for the pre-eutrophication period (1960s) and the period of intensive eutrophication (late 1980s - early 1990s) for al regions; 2)
eutrophication mechanisms in the shallow and deep parts of the sea; 3) the main effect of eutrophication on marine ecosystems,
namely its impact on the redistribution of incoming organic matter in the pelagic food web.

Keywords: Eutrophication, Black Sea

Materials

This study is based on data mainly pooled from 2 databases created within
the framework of the NATO TU Black Sea and MEDAR/MEDATLAS II
Projects at the end of the 1990s and beginning of the 2000s [1, 2]. These
databases include principal oceanographic data from amost al Black Sea
riparian countries. The data are generally on a basin-wide scale and cover the
period of most dramatic changes for the Black Sea ecosystem, starting from
the “little impact” state in the 1960s[3, 4, 5, 6].

Results

The work shows that in the pre-eutrophication period (1960s) the annual
primary production (APP), the factor which is commonly used to evaluate
the rate of organic matter income into marine ecosystems, was below 65 g C
m2yrlin most parts of the Black Seaincluding its deep regions. We are the
first one to show that this low level of APP in the deep regions in that
period were determined by the deep nitrates maximum localization and the
presence of the highly-stratified zone of upper half of pycnocline which
separates the nitrates from a photosynthetic layer and, thus prevents their
penetration into a photosynthetic layer. It was shown that in the shelf
regions affected by the Danube River nutrient loads, intensive
eutrophication resulted in significantly increased levels of APP, up to 250-
350 g C m2yr1, having reached the eutrophic level. The rest of the regions
and the Black Sea on average became mesotrophic with APP of
approximately 145 g C m2yr-1in the late 1980s - early 1990s. It was also
shown that the second half of the 1990s - early 2000s was characterized by
oligotrophication of all regions of the Black Sea caused by the decreasing rate
of input of organic matter into the ecosystem. Moreover, we are the first
one to use the international oceanographic databases to comprehensively
analyze the long-term changes in related to eutrophication hydrobiological,
hydrochemical and hydrooptical parameters in the shallow and deep regions
of the Black Sea [3, 4, 5, 6] and to demonstrate that in both regions the
eutrophication developed in two phases (from the beginning of the 1970s to
the mid of the 1980s and from the mid of the 1980s to the beginning of the
1990s), which differed from each other changes in functionaly
related eutrophication characteristics (Fig. 1).
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Fig. 1. Long-term changes of eutrophication characteristics in the surface
layer of the shelf (a) and in the depth maxima in the open part (b) of the
Black Sea

We further analyzed the role of various natural and anthropogenic factorsin
the bi-phasic nature of eutrophication of the Black Sea. Finally, the work
demonstrated that the eutrophication resulted in significant reduction in the
efficiency of transformation of phytoplankton production in the food web
in the pelagic zone and in the dominance of a jellyfish-headed trophic chain,
that, despite of the high levels of primary production, determined the low
energy level of the present Black Sea ecosystem.
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Abstract

L’ objectif de ce travail est d'évaluer la qudité du lac de Tunis en utilisant des biomarqueurs biochimiques chez la palourde
Ruditapes decussatus. Les résultats ont montré une augmentation des activités benzo(a)pyréne hydroxylase et glutathion-S-
transférase chez |es palourdes collectés dans trois sites du lac. Cette augmentation est due a la présence de différentes sources de

pollution aux alentours des sites d’ étude.

Keywords: Bivalves, Lagoons, Monitoring, Gulf of Tunis

Introduction

Pour la surveillance de la qualité de |'environnement, deux approches
biologiques complémentaires sont utilisées de nos jours : la premiere est
basée sur les communautés ou populations. Il sagit notamment des indices
biocénotiques, qui de par la présence ou I'absence de telle ou telle espece,
nous renseignent sur I'état de santé d'un milieu, mais maheureusement 3
postériori. La seconde approche est plus prédictive sur I'état de santé du
milieu, elle se situe au niveau de l'individu et concerne I'utilisation de
biomarqueurs [1]. Cette étude a pour but d'utiliser et de suivre
mensuellement deux biomarqueurs biochimiques pour évaluer la quaité d’'un
milieu lagunaire (lac de Tunis).

Matériel et méthodes

Les pal ourdes Ruditapes decussatus ont été récoltées chague mois dans le lac
de Tunis durant la période allant de Novembre 2008 jusqu’'a Mai 2009 a
partir de trois zones: Z1 (une zone recevant les effluents de plusieurs
industries), Z2 (proche du canal de navigation) et Z3 (se localise au voisinage
d'un port commerciale qui est le port de Radés). Les palourdes témoins sont
des palourdes destinées a la consommation. Les glandes digestives de 18
palourdes/site ont été prélevées et récupérées en pools de trois individus.
Dans ce travail on s'est intéressé & deux marqueurs biochimiques qui sont
I"activité benzo(a)pyréne hydroxylase (BPH) qui est un biomarqueur de
métabolisation des contaminants organiques de phase | et I'activité
glutathion-S-transférase  (GST), biomarqueur de métabolisation des
xénobiotiques organiques de phase 1. L’ activité BPH a été mesurée selon |a
méthode fluorométrique décrite par de [2]. L’ activité GST a été déterminée
selon laméthode de [3].

Résultats et discussion

WTémoin WZ1 ®EZ2 ®Z3
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Fig. 1. Variation mensuelle de |’ activité Benzo(a)pyréne hydroxylase chez la
palourde Ruditapes decussatus

Les résultats de I'activité BPH sont présentés dans le fig. 1. L'analyse
comparative entre les mois montre que I’ activité BPH chez les palourdes
provenant des trois sites (Z1, Z2 et Z3) est faible durant les mois de
décembre, janvier et février par rapport aux autres mois. L’ activité BPH la
plus élevée a été enregistrée durant les mois de juin et octobre. On peut
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souligner que le systéme CYP chez les bivalves est sujet a des variations
saisonnieres importantes, ce qui ne facilite pas I'utilisation de ses
composants en tant que biomarqueurs pour des étudesin situ [4]. L’ analyse
comparative entre les sites montre que I’activité BPH chez les palourdes
collectées dans Z1, Z2 et Z3 est plus importante par rapport a celle des
palourdes témoins. Ces résultats montrent que les sites d’ étude choisis sont
contaminés par les xénobiotiques. Les résultats de I'activité GST sont
rapportés dans la figure 2. L’analyse de cette figure montre que I’ activité
glutathion-S transférase (GST) a subi une fluctuation temporelle. Comparés
aux palourdes témoins les trois sites d' études présentent une activité GST
élevée. Ces résultats plaident en faveur d'une contamination des sites
d'étude.
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Fig. 2. Variation mensuelle de I'activité glutathion-S-transférase chez la
palourde Ruditapes decussatus

Conclusion
Les biomarqueurs biochimiques utilisés dans ce travail ont montré la
présence d’ une contamination dans le lac de Tunis.
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HISTORICAL TRACE METAL CONTAMINATION ASSESSMENT OF ORIKUM LAGOON, ALBANIA,
BASED ON DATED RECENT SEDIMENTSRECORD
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1 nstitut F.-A. Forel, Université de Genéve - forestm7@etu.unige.ch

Abstract

In the present research we reconstructed the time evolution of the metal contamination of Orikum Lagoon on the Albanian coast
of the Adriatic Sea. The lagoon is directly connected to the sea on one side and agricultural fields on the other. The lagoon is
exposed to severa potential contaminant sources. Two dated sedimentary cores allowed for assessing the contamination history of
the lagoon in the last century. Metal contents increased by a factor 2 to 4 in the last fifty years, with concentrations of Cr and Ni

that could impact the benthic biota

Keywords: Geochemistry, Lagoons, Sediments, Trace elements, South Adriatic Sea

Sedimentary records are archives of the environmental evolution of awater body
and of its watershed. They are especially valuable in region with poor
knowledge of environmental contaminations. The present study focused on the
Orikum lagoon, asmall coastal water body with an area of approximately 1 km2
and a maximum depth of 2.5m (Peja et al. 1996). It is located on the southern
end of the gulf of Vloré on the Albanian Adriatic coast (figure 1). The lagoon is
connected to the sea by an artificial channel on its northern margin, and is
supplied with freshwater from the south. The lagoon has been potentialy
contaminated by several sources, including agricultural effluents, municipal and
military wastes, or uncontrolled domestic dumping.

Fig. 1. Location of the sediment cores (#5 and #6) retrieved in the Orikum
Lagoon (base image from Google Earth). Inset: situation of the lagoon on the
Albanian Adriatic coast

To reconstruct the contamination history of the lagoon, two sediment cores
were retrieved, one located on the northern side (#5, figure 1), in the deepest
part of the lagoon, whereas the second was collected on the southern side (#6),
closed to the freshwater inputs. Dating based on 137Cs and 21%Pb methods
showed that the sediment were deposited during the last century. Profiles of
137Cs activity, sand, calcite, and metal contents, of the sediment core #6 are
presented on figure 2.
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Fig. 2. Depth profiles of 137Cs activity, selected metal concentrations, sand and
calcium carbonate percentage in core #6.

The 137Cs activity profile didn't show peaks that could be attributed to
Chernobyl (1986) or atmospheric nuclear weapon tests (1964). However no
activity has been recorded below 33 cm, indicating that the upper sediment
section (0-33 cm) was deposited after the first atmospheric fallouts in 1954-
1955, and the lower sediment section was deposited before this date. The
profile of sand percentage correlated with the profile of carbonates, indicating
that the main source of carbonate probably comes from shell fragments. ICP-
MS analysis results showed that the metallic concentrations between 32 and 67
cm corresponded to natural background levels found in the continental crust
(Wedephol, 1995), except for As and Cd that were 2 to 4 times more
concentrated than natural levels. A significant increase in metal concentrations
was observed after 30 cm depth. Concentrations of trace metals ranged in the
intervals 1.2-12.6 mg/kg (As), 0.2-1.4 mg/kg (Cd), 27-213.2 mg/kg (Cr), 5.4-53.7
mg/kg (Cu), 1-4 mg/kg (Mo), 36.3-195.0 mg/kg (Ni), 3.1-33.6 mg/kg (Pb) and
20.9-188.7 mg/kg (V). Mean values in the upper section were 2 to 3 times (Cr,
Cd and Ni) and 3 to 4 times (Cu, As, Pb and V) more concentrated than in the
lower core section. These results showed clearly the beginning of the sediment
contamination, corresponding to the mid of the 20th century. The maximum
surface values of Cr et Ni (213.2 and 195.0 mg/kg) are above their respective
values of Probable Effect Concentration (MacDonald et al, 2000) of 111 mg/kg
for Cr et 48,6 mg/kg for Ni. Therefore metal concentrations recorded at the
sediment surface may cause adverse effects on benthic organisms.
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Abstract

Since 2008, projects supported by french government agencies were dedicated to improve the assessment of chemical
contamination of water bodies defined by the Water Framework Directive (2000/60/CE)(Munaron et al, 2012 [1]). Among these
studies, the aim of PEPSLAG was to investigate the utility of passive samplers for sampling contaminants present at trace levelsin
coastal lagoons environments, and to realize a first assessment of the contamination on the French Mediterranean coastal lagoons.

Keywords: Pollution, Coastal waters, Pesticides, Metals, North-Western Mediterranean

The aim of PEPSLAG was to investigate the utility of passive samplers for

sampling contaminants present at trace levels in coastal lagoons environments,

and to redize a first assessment of the contamination on the French

Mediterranean coastal lagoons. 23 transitional lagoons water-bodies were

investigated aong the French Mediterranean coast, using three passive samplers

(DGT, POCIS and SBSE). Passive samplers were exposed in water during one

(DGT) or threeffour weeks (POCIS), between june and july 2010. A water

sample was collected for SBSE extraction at each sample point.

141 contaminants from various chemical families (trace metals, pesticides,

pharmaceuticals, alkylphenols, PAHs, PCBs...) were investigated and their

concentrations compared to Environmental Quality Standard (EQS) defined

until now.

Various analytical methods were used to quantify these contaminants: atomic

absorption for metals in DGT, on-line extraction of SBSE and analysis of

organochlorinated pesticides, PAHs and PCBs by GC-MS, off-line extraction of

others organic contaminants sequestred in POCIS and analysis by HPLC-M S-

MS (ESi+ and ESi -) or GC-MS... Several methods devel opted were previoulsly

published (Roy et al, 2005 [2]; Togola and Budzinski, 2007 [3]; Tapie et d,

2011 [4]).

With passive sampling techniques used, concentrations of many dissolved

contaminants were detected during analysis and measured.

The study showed the operational assets of these systems, as low

quantification limits required by the WFD reached and ensure measurement of

metals and organic contaminants at trace levels, which are generally difficult to

quantify with classical methods, especially in marine waters. In this study, Fig. 1. French mediterranean lagoons sampled during the PEPSLAG project

many usua contaminants that have an EQS did not overstep it except some

insecticides and trace metals. In spite of this, many water bodies have been

considered in a bad chemical quality according to WFD. These passive samplers References
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DISTRIBUTION OF SOME HEAVY METALSIN SURFACE SEDIMENTSFROM THE HOMA LAGOON
(IZMIR BAY, TURKEY).
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Abstract

Homa Lagoon is one of the commercially important fishing areas in 1zmir Bay (Aegean Sea, Turkey) which is under the influence
of heavy metal pollution due to the urbanization, industrial and agricultural activities. The purpose of this study was to determine the
levels of some heavy metals such as Cd, Cu, Pb, Zn, Cr, Fe in surface sediment. The sediment samples were collected from 10
stations during autumn 2012. Mean concentrations of heavy metals in sediments are 0.65 ppm for Cd, 18.10 ppm for Cu, 16 ppm
for Pb, 68.8 ppm for Zn, 156.6 ppm for Cr and 23900 ppm (d.w.) for Fe in Homa fisheries lagoon. Sediments which was taken
from Homa Lagoon were most toxic for Cr due to exceedance of the LEL and SEL values.

Keywords: Sediments, Metals, Pollution, |zmir Bay, Aegean Sea

Introduction

Marine sediments are considered a sink for metals in aguatic environments,
especidly in estuarine and coastal waters. Generally, sediments contain three
or five times higher concentrations of heavy metals than sea water samples.
Consequently, sediments usually provide useful information for environmental
and geochemical research about marine pollution. The study area, Homa
Lagoon is located middle part of the |zmir Bay (Aegean Sea, Turkey) (Fig.1.).
It's the only active coastal lagoon located in the Gediz Delta where agricultural
drainage water, industrial and domestic wastewater are transported by Gediz
River. The Homa Lagoon has approximately 1824 ha of surface area and a
depth varies between 0.5-1.0 m. It is added to The Ramsar Convention and
preserved by Ministry of Environment in 1998. The main aims of this study
are to investigate the present status and distribution of heavy metal
concentrations (Cd, Cu, Pb, Zn, Cr, Fe) in the sediments of the Homa Lagoon
and compare these sediment results with other study in the same area done
previously.

Fig. 1. The locations of sampling stations.

Materials and Methods

This study was carried out 10 stations of the Homa Lagoon. The sediment
samples were collected using Van-Veen grap for heavy metals in autumn 2012.
Two stages of preparation, consisting of drying and screening, were performed
on the sediment samples [1]. The heavy metal analysisin all sub samples was
performed using the 4 acid digestion and ultra trace ICP-MS method by the
ACME Analy. Lab. Ltd. (Vancouver, Canada). Reference materials (STD DS9
and STD OREASA5EA) were used as a control for analytical methods.

Results and Discussion

The ranges of Cd, Cu, Pb, Zn, Cr and Fe contents of the surface sediments
from the Homa Lagoon are 0.5-0.8, 9-24, 6-30, 38-88, 92-220 and 16500-
28300 ppm d.w., respectively. Metal concentrations in sediments of this
study were compared to other studies performed in Homa Lagoon and Gediz
River. As aresult of the evaluation between 1990 and 2012, the heavy metal
concentrations in sediments of Homa Lagoon were generally similar, except Cr
(Tab.1.). Meta distributions show that Cu (24 ppm), Zn (88 ppm) and Fe
(28300 ppm) concentrations in sediments of Station 5 were higher than those
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from the other stations. Sediments from Homa Lagoon were most toxic for Cr
due to according to the LEL (26 ppm) and SEL (110 ppm) values [8].
According to the results, high Cr values confirm that the pollution is caused by
untreated waste water of espcecially leather industry. The concentrations of Cr
were generadly higher in the Gediz that the other contaminated rivers
worldwide due to the leather tanning plants, which use large quantities of Cr in
the tanning procedure [3] (Tab.1.). Sediment characterization was sandy mud
in the Homa Lagoon. The percentage of sandy-clay varied between 2%-34%,
the percentage of silt-clay 3%-43% and the percentage of silt-sand 34%-93%
in the sampling period. The sediment organic carbon content varied from
1.22% to 4.2% with an average of 2.6% throughout the Homa Lagoon [7]. The
organic matter is a major factor controlling the distrubition of Hg, Pb, Cr, Cu,
Zn, Ni and Fe in the Gediz River [3]. The order of heavy meta concentrations
were: Fe>Cr>Zn>Pb>Cu>Cd. In conclusion, the study area Homa Lagoon
located in the Gediz Delta is under the effects of Gediz River which is
transported industrial and domestic wastewater, agricultural drainage water
(Tab.1.).

Tab. 1. Metdl levels of sediments from Gediz River and Homa Lagoon (ppm).
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Abstract

This work aims at assessing the role of plankton in the transfer of PCBs to higher trophic levels in the Gulf of Lions by coupling
biogeochemical and hydrodynamical processes and taking into account the physico-chemical properties of PCBs (PCB153 and
PCB28). Plankton plays indeed a key role in biogeochemical cycles of PCBs in aquatic environments. Phytoplankton and bacteria
sorb persistent organic contaminants by diffusive processes of the planktonic cells and the surrounding waters. On the other hand,
for zooplankton, which feeds on them, two contamination pathways must be considered: diffusive transfer and ingestion of
contaminated food.

Keywords: Adsorption, Bio-accumulation, Plankton, Pollution, Gulf of Lyon

The environmental occurrence of persistent organic pollutants (POPs), such input appears to play a major role in the PCB contamination of the
as polychlorinated biphenyls (PCBs), is amatter of concern for ecosystems. planktonic trophic chain of the Gulf of Lions. The contamination
PCBs are mainly characterized by their persistence, long-range transport in propagation from east to west, from the coast to the sea, from the surface to
the atmosphere and the ocean, bioaccumulation, and toxicity. Thus, the bottom and its transfer from water and particules to bacteria and
understanding and quantifying the dynamics of PCBs are important to plankton is displayed according to seasonal events. The riverine PCB
assess their environmental impact and final fate. The ocean is considered to adsorbed to particulate matter desorbs into the water phase and, then
be the one of the global PCBs reservoirs. The Mediterranean Sea and the contaminate the lower trophic levels (phytoplankton and bacteria) by
Gulf of Lions are uniqgue marine environments subject to important sorption process. The higher trophic levels (zooplankton) are contaminated
anthropogenic pressures due to riverine and atmospheric inputs of PCBs. by PCBs mostly by grazing (feeding on the contaminated lower trophic
Plankton plays a key role in the biogeochemical cycles of PCBs in aquatic levels) and dlightly by sorption.

environments. Since phytoplankton and bacteria are only exposed to the
contaminants via water, it seems probable that the bioaccumulation is

governed by sorption between the cells and the surrounding water [1,2]. On References
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studied: PCB153 and PCB28. Progress in Oceanography 71: 34-58.

Transport of various PCB species were simulated during one year: tota
dissolved, freely dissolved, particulate, biosorbed on plankton, assimilated
by zooplankton. PCB budgets and fluxes into the Gulf of Lions between
various species were governed by different processes, such as:
adsorption/desorption, bacteria and plankton mortality, zooplankton
excretion, grazing, mineralization, volatilization and biodegradation.

In the first step, the simulated PCBs distributions within particulate matter
and plankton were compared with several in-situ measurements performed
in the Gulf of Lions (COSTAS and Merlumed campaigns) for two size
classes of plankton X (60um<X<200pm and 200um<X<500pm). The
model reproduces quite well the orders of magnitudes. Although the model
can not be fully validated for PCBsin terms of transfersin the trophic chain,
its application on an annual period can highlight the impact of dominating
forcings and the importance of processes necessary to explore in future
research. Processes influencing PCB transfer were thereby analysed: (i)
physical and chemical processes, such as riverine and atmospheric inflow,
volatilization, sorption and resuspension and (ii) biogeochemical processes,
namely grazing, mortality, mineralization and excretion. The Rhone River
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BIOKINETICS OF RADIOCESIUM IN PRAWN (PALAEMON ADSPERSUS): SEA WATER AND FOOD
EXPOSURES
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Abstract

In the present study, the biokinetics of cesium was investigated in prawn (Palaemon adspersus). Prawns were contaminated
either from sea water or food exposures under laboratory conditions by using 134CsCl. CF (Concentration Factor) of 134Cs in
whole body of prawn was found to be ~15 at steady state. The biological half-lifes were found to be 85.5 and 79.2 days for sea

water and food pathways.

Keywords: Biokinetics, Radionuclides, Crustacea, Marmara Sea, Bio-accumulation

INTRODUCTION

Cesium was accumulated in soft tissues of living things. Also cesium is carried
to human through the food chain [1]. The aims of this study are: to investigate
CF of 134Cs, to determine radiotracer distribution among edible and inedible
parts, to examine the uptake and differences the depuration kinetics following
seawater and food exposures.

MATERIALSAND METHODS

Approximately 140 samples of prawn (Palaemon adspersus) were collected
from Marmara Sea coast. Uptake kinetics was followed in 30 | closed circuit
spiked sea water (salinity: 24.6%0, temp: 16 + 1 °C). Activity of 134Cs was
arranged to 2582Bqy/l. During the experiment, spiked sea water was renewed
every other day and animals were fed with Isochrysis galbanaduring 30
minutes in uncontaminated sea water. At the end of the exposure period, 45
prawns were transferred to another aquarium which has running uncontaminated
sea water. For the food experiment, 70 mussels were exposed to!34Cs by sea
water pathway during 18 days [2] then the prawns were fed with radiolabelled
mussels (Mytilus galloprovincialis) during 3 hours (pulse-chase feeding method)
[3]. Loss experiment was carried out following the feeding.

RESULTSAND DISCUSSION

Uptake experiment continued 27 days and during this period accumulation of Cs
was followed in prawns. CF value was found to be~15 at end of the uptake
period. CF was found to be 19 and 21 in edible and inedible parts, respectively.
After a 27 days exposure, the prawns were maintained for 38 days in
uncontaminated sea water to follow depuration kinetics. Biological half-life was
found to be 85.5 and 79.2 days following the sea water and food exposure,
respectively. Biological half-life of cesium found to be 85.5 days for the slow
component which found to be longer for mussel (47 days) [2]and winkle (75
days) in some investigations [4]. On the other hand, under Chernobyl field
conditions Csypy/» Was determined to be 63 days [5]. CFcg values found to be
lower than previous studies carried out in Turkey which are mussel (Mytilus
galloprovincialis) and clam (Ruditapes philippinarum) respectively [2, 6].

Fig. 1. Uptake kinetics of 134Cs
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Fig. 2. Depuration kinetics of 134Csin prawn following dissolved radiotracer
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Abstract

Atmospheric deposition, and particularly diffusive air-water exchange, is the main entrance and driver of the concentrations of
many persistent organic pollutants (POPs) in the surface waters of open oceans and Lakes. Once in the water, partitioning
processes influence the transport pathways, degradation processes, residence times and the fina fate of the compounds. In fact,
the occurrence and impact of pollutants in the aguatic environment are the result of the interplay of numerous trophic and physica
drivers. The main objective of this estudy is to clarify the interactions of atmospheric inputs of POPs and the biogeochemical
processes occurring in the surface ocean mixed layer emphasizing the implications of the biological pump and degradation in such

processes.
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Atmospheric deposition, and particularly diffusive air-water exchange, is the
main entrance and driver of the concentrations of many persistent organic
pollutants (POPs) in the surface waters of open oceans and Lakes. Once in the
water, partitioning processes influence the transport pathways, degradation
processes, residence times and the final fate of the compounds. In fact, the
occurrence and impact of pollutants in the aquatic environment are the result of
the interplay of numerous trophic and physical drivers. Nevertheless, there are
till major gaps in our knowledge regarding to the relative importance of each of
the factors controlling the occurrence of those pollutants in marine waters. The
main objective of this estudy isto clarify the interactions of atmospheric inputs
of POPs and the biogeochemical processes occurring in the surface marine mixed
layer emphasizing the implications of the biological pump and degradation in
such processes. An air-water-phytoplankton coupled model to calculate air-
water, water-plankton and settling fluxes have been developed modifying the
approach developed by the group previously. In addition, we have included the
degradation in surface waters in the model. Field measurements of air (Cg),
seawater (Cyy) and plankton (Cp) POP concentrations have been used in the
vaidation of the model. All samples were obtained on board of RV-Garcia del
Cid research vessel during two Mediterranean sampling cruises on June 2006
and May 2007. Both transects from Barcelona to Istanbul and from Barcelona
to Alexandria respectively alowed the sampling of many different
Mediterranean regions including Marmara Sea and Black Sea. The used sampling
strategy has allowed the simultaneous collection of atmospheric and aquatic
matrices to enable the parametrization of atmosphere-ocean-plankton
interactions. All samples were analyzed for PCBs, PAHs, HCHs and HCB
covering a wide range of physical-chemical properties. Concentrations of the
more hydrophobic PCBs in phytoplankton decreased at those locations with
higher biomass, following the equation:

Log Cp = -b Log Biomass + constant [1]

Conversely, ligther PAHs, which undergo degradation in surface waters,
followed the same trend, with lower concentrations in phytoplankton at higher
biomass. These results are important because show that the concentrations of a
wide range of organic pollutants in the water column depend on the trophic
status of the sea, and not on other variables such as distance to coast. The
extend of the dependence of concentrations on trophic status, measured as
biomass, is given by the term b of equation [1]. When b is ploted versus the
octanol-water partition coefficient (Kow), then HCB, PCBs and high mollecular
weight PAH fall in a line (Figure 1), showing a higher value of b, thus major
dependence of the concentrations of organic pollutants in phytoplankton with
biomass. Conversely, for HCH and low MW PAHS, such as phenanthrene and
methylphenanthrene, which are subject to microbial degradation in the water
column, the concentrations in phytoplankton decrease to greater extend (higher
b) for the les hydrophobic compounds (Figure 1). These trends can be explained
using the developed air-water-phytoplankton model and are the result of the
relative contribution of the biological pump, the degradative pump, and the
dilution effect operating in the surface water column of the Mediterranean Sea
Thisisthefirst time that it is shown that concentrations of organic pollutantsin
open sea phytoplankton depend on the trophic status rather than distance to
sources.
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Fig. 1. The concentrations of most PCBs, HCH and PAHSs in phytoplankton
were higher when lower concentrations of phytoplankton biomass (B) occurred
in the water column (following equation 1). However, the intensity of the
response varies upon the chemical and their physical chemical properties
(Kow).Chemicals with higher values of b (see Equation 1), mean that their
concentrations in phytoplankton show a greater dependence on biomass. The
high b values for chemicals with low Kqyy are due to degradaton in the water
column, conversely, the high b values at high Koy, are due to the biological
pump.
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Abstract

A three dimensional (3D) ocean biogeochemistry model is used to describe the carbon (C), nitrogen (N) and phosphorus (P) cycles
in the Mediterranean Sea in order to estimate the carbon export to the deeper layer (deep water circulation). Combining a high-
resolution version of the physical model NEMO and a biogeochemical model with flexible stoichiometry (Eco3M), we investigate
the contribution of particulate and dissolved organic matter to the total carbon export.

Keywords: Models, Carbon, North-Western Mediterranean

Introduction

The export of organic carbon into deep waters can be divided into two
processes: the sink of large particles and the accumulation followed by vertical
transport of dissolved organic carbon. While particulate export is usualy
considered as the main mechanism in the world ocean ([1]), the dissolved organic
carbon export may represent the most part of the total organic carbon export in
specific areas like the NW Mediterranean Sea ([2]) characterized by Low P Low
Chlorophyll (LPLC) conditions[3].

A 3D physical-biogeochemical model has been developed on an off-line
approach in order to investigate dissolved versus particulate organic carbon
export to the deep layers of the Mediterranean Sea.

Model

Daily physical parameters are produced by a high-resolution model of the
Mediterreanean Sea, NEMO-MED12. This model is a Mediterranean version of
the NEMO numerical ocean model here used over the whole Mediterranean
basin on a 1/12° horizontal resolution grid with a 50 levels vertical resolution.
An exhaustive description of the ocean model can be found in [4].

The atmospheric forcings are derived from ECMWF on a~50 km grid using the
dynamic downscaling tool ARPERA. Ocean physical forcing are available from
1958 to 2010 and they provide realistic representation of deep water formations
and extreme events.

The pelagic ecosystem model (figure 1) is a multi-nutrient multi plankton
functional types (PFTs) model with a flexible stoichiometry working with 34
variables. It has been implemented in the Eco3M numerical platform [5]. It
includes six plankton types (3 phytoplanktons, 2 zooplanktons and bacteria)
and represents the cycles of C, N and P. Organisms are also represented through
cellular abundances [6]. A constant sinking velocity is applied to the particulate
organic matter compartment corresponding to large dead organisms and feca
pellets. Most processes are described with mechanistic formulations
(photosynthesis, photoacclimation, exudation,...) and biogeochemical processes
including nutrients assimilation and growth are governed by variable intracellular
quotas.

In the western boundary of the domain, a nudging to climatic field derived from
MEDATLAS for nutrients and in situ measurements for chlorophyll is applied
on a buffer zone from 11°W to 6°W.

Rivers inputs are derived from the Ludwig's study [7] and the model includes
inputs of dissolved organic carbon, total nitrogen and total phosphorus
representing 32 rivers, coastal discharge and the Black Sea.

Results

We obtained a first twenty-year hindcast from 1990 to 2010 validated using in
situ  biogeochemical parameters and multi-satellite surface chlorophyll
measurements. The mean annual total organic carbon export to the deep layer
was estimated for the whole Mediterranean Sea and at basin scale, together with
the ratio between dissolved and particul ate carbon export.
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Fig. 1. Schematic representation of the biogeochemical model ([8])
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Abstract

The Northwestern Mediterranean Sea (NWMS) is biologically one of the most productive areas of the Mediterranean Sea. The
functioning of the NWMS pelagic planktonic ecosystem is strongly influenced by hydrodynamics, in particular deep convection that
shows a strong interannual variability and that could be strongly impacted by climate change. We investigated the response of the
NWMS pelagic planktonic ecosystem and associated carbon cycle to the interannual variability of oceanic and atmospheric
circulations and to climate change. For that we developed and used a dedicated tridimensiona coupled physical -biogeochemical

model.
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Deep convection is one of the mgor processes of the NWMS circulation.
Winter atmospheric events associated to cold winds (Mistral and Tramontane),
high evaporation rates and strong buoyancy losses are at the origin of surface
dense water formation. Thisinduces vertical mixing that brings nutrients initially
present in the deep layers up to the surface, resulting in spring phytoplanktonic
blooms when the water column restratifies. Deep convection shows a strong
interannual variability [1] and could severely weaken as a consequence of
climate change [2]. Our objective is to understand how this variability and long-
term evolution could impact the functionning of the NWMS pelagic planktonic
ecoystem and associated carbon cycle. For that, we developed a coupled
physical-biological regional model and performed two groups of simulations
under respectively the present and future (end of the XXIth century) climate
conditions.

Numerical tools and design

The 3D primitive equation ocean model SYMPHONIE [3] is used at 3 km
resolution to compute the evolution of the NWMS planktonic pelagic
ecosystem due to the hydrodynamics. The biogeochemical model is a multi-
nutrient and multi-plankton functional types model that simulates the dynamics
of several biogeochemical decoupled cycles of biogenic elements (carbon,
nitrogen, phosphorus and silicon) and of non-redfieldian plankton groups. The
model structure used in this study is the same as the one used by [4] and [5],
with 6 main groups and 33 state variables.

The coupled model was forced by atmospheric and large-scale oceanic fields
coming from a basin-scale Mediterranean simulation over the period 1960-2011
under the IPCC A2 scenario assumptions [2]. Due to numerical cost, we could
not perform a 140 year simulation with our model. We therefore selected two
groups of 7 years for the present (1970-2000) and future (2070-2100) periods
and performed the corresponding coupled physical-biogeochemical simulations.
[6] presented the results of the simulations concerning the hydrodynamics.

Results

First, our coupled model reproduces correctly and quantitatively the seasonal
evolution of the NWMS pelagic planktonic ecosystem in terms of
biogeochemical components and processes. It however overestimates the
contribution of nanophytoplankton to the total phytoplanktonic biomass and
primary production. Our model confirms that the control of phytoplanktonic
development and bacteria growth by the phosphorus availability is a marked
specificity of the NWMS,

Second, our results show that the seasonal evolution and annual carbon balance
of this ecosystem show generally a weak interannua variability, though the
strong interannual variability of winter deep convection induces a strong
variability of the nutrients availability. The net metabolism and deep carbon
export show larger variabilities related respectively to the variability of the
euphotic layer temperature and the deep convection intensity. The NWMS
however seems to be systematically a sink for the organic and dissolved
inorganic carbon.

Finally, our results suggest that the evolution of oceanic and atmospheric
circulations during the XXlst century does not significantly influence the
functioning of the NWMS pelagic planktonic ecosystem and associated carbon
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cycle at a first order. However differences mainly induced by the deep
convection weakening and the surface layer warming are obtained at a second
order. The spring bloom occurs one month earlier. Resulting from the decrease in
alochtonous nutrients availability, the bottom up control of phytoplankton
development and bacteria growth by the nitrogen and more particularly
phosphorus availability strengthens, the microbial loop intensifies and the
contribution of regenerated primary production increases.

Fig. 1. Surface density (left) and nitrate concentration (middle) on end of
February and surface chlorophyll concentration (right) on mid-May for one of
the present period year.
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Abstract

The main scientific goal of COSTAS project is to bring useful knowledge to the understanding of the conditions, which favor the
accumulation and transfer of organic and metallic contaminants at the primary trophic levels (autotrophes and hetetrophes), and
then within the food web of small pelagic fish (anchovy and sardine) in the Gulf of Lion, Western Mediterranean.

Keywords: Plankton, Bio-accumulation, Trace elements, Pcb, Gulf of Lyon

In the integral scheme of biogeochemical cycles of contaminants in marine
ecosystems, the assimilation of anthropic compounds and elements at
primary trophic levels, in plankton, is not yet well known [1,2]. However,
planktonic populations play a key role in the trophic food webs in marine
ecosystems by the mobilizing and transfer of organic matter towards higher
trophic levels [3,4]. Thus our study focuses on the whole food web,
including water column/ phytoplankton/ zooplankton/ and small pelagic fish.

The main groups of compounds and trace elements were considered:
persistent organic contaminants (polychlorobiphenyls PCBs and
polybrominated diphenyl ethers PBDES), mercury (Hg) and methylmercury
(CH3Hg), other trace metals (Pb, Cd, Co, Cu, Ag, Zn), natural radioelements
(210pp, 210pg) and stable lead isotopes (294Pb, 296Pp, 207ph, 208pp). The
presented approach embraces the ecologica and biogeochemical dimensions
of the food web. It is also based on the simultaneous use of chemical
“tracers’ (organic and metallic contaminants) and biological “ tracers’ (stable
isotopes of 313C and of 815N and fatty acids).

The presented results show also the mechanisms of the bioaccumulation of
toxic substances in the tissues of small pelagic fish (tissue distributions,
excretion, metabolization), as well as the influence of ontogenic factors
(growth, reproduction, migration) [5]. Finally, the modeling alow us the
spatial and dynamic interpretation of data [6], as well as at the first attempt
to integrate the biogeochemical, ecological, and physica behavior of
contaminants in their transfer at primary trophic levels, including also
development and application of the dynamic energy budget model (DEB) of
anchovy in the Gulf of Lion [7,8].

The research work was carried out within COSTAS project and calls for
competence in marine biology, ecology, biogeochemistry and physics
employed together in the scientific tasks of data acquisition during
oceanographic cruises, laboratory analysis, and coupled modeling.

Fig. 1. Conceptual diagram: Dynamic Energy Budget DEB model comprises
a good knowledge of physiology of fish contralling vital functions (such as
reproduction and growth) and fate of contaminantsin fish [9].
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Abstract

Polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEsS) were investigated in European anchovy
(Engraulis encrasicolus) collected in the Gulf of Lions. The contaminants were determined in different organs and tissues of
male and female adult fish sampled during the spawning and resting seasons. The influence of sex, age and reproduction on

contaminant concentrations was evaluated.
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Small pelagic fish, such as European anchovy (Engraulis encrasicolus),
stand at intermediate levelsin food webs and play an essential role in North-
Western Mediterranean ecosystems [1]. Understanding their contamination
by persistent toxic contaminants is therefore of importance. The
contamination of selected organochlorinated (polychlorinated biphenyls -
PCBs) and organobrominated (polybrominated diphenyl ethers-PBDEs)
contaminants was investigated in European anchovy collected in the Gulf of
Lions (North-Western Mediterranean Sea). The spatial distribution of
contamination was assessed at different locations throughout the Gulf of
Lions, from the mouth of the Rhone River in the Eastern part of the Gulf, to
Port Vendres in the South-Western part. Mae and female adult fish of
homogeneous size were sampled during the spawning and resting seasons
(i.e., July 2010 and March 2011, respectively). Contaminant determination
was done on pooled individuals of similar size and sex, and replicate pools
were analysed when available. Extensive determination of contaminants in
different organs and tissues (muscle, liver, gonad, viscera and carcass)
allowed to calculate the whole body's contamination levels and to assess the
effects of anchovy's reproductive activity on the distribution and levels of
organic chemicals. Fish contamination was examined together with total lipid
content. Lipid classes (triacylglycerols, sterols and phospholipids) as well
as carbon and nitrogen stable isotopes were aso determined in selected
tissues in individual anchovies. Finaly, contaminants, lipids and stable
isotopes were assessed in anchovy main diet (small zooplankton), and BMF
and TMF were evaluated. No significant differences in anchovies
contamination levels were observed throughout the Gulf of Lions, revealing a
fairly homogeneous population within the study area and no local influence
of contaminant inputs on fish contamination. During the spawning season,
females exhibited lower contamination levels than males, while no
stetistically significant difference was found during the resting season. CB-
153 (predominant PCB congener) concentrations ranged from 4.1 ng g-1 wet
weight (ww) to 9.3 ng g-1 ww in females and males respectively during the
reproductive season; they ranged from 9.6 ng g-1 ww to 12.2 ng g-1 ww
during the resting season. BDE-47 (predominant PBDE congener)
concentrations were 40- to 60-fold lower than those of CB-153. The lower
PCB and PBDE levels measured in females during the spawning season
could result from a decontamination process that occurred during spawning
[2]. Moreover, a modelling approach based on the Dynamic Energy Budget
(DEB) theory revealed age differences between fish of given sex and length
between the two seasons [3]; this could also explain the differences observed
in anchovies contamination.
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Abstract

Distribution of trace metal(oid)s (Zn, Cd, Pb, Cu, Ni, Co and As) along vertically stratified Krka river estuary was studied. The
concentrations of trace metals are maintained at low levels across the estuary during winter, because of low input of trace metals
by the Krka River and the lack of permanent diffusive sources. Localized anthropogenic influence was identified in the harbor of
Sibenik town and in the two nautical marinas. However, due to the intensive nautical traffic during summer periods, a significant
increase of metal concentrations (especialy of Cu and Zn) in upper brackish layer was evidenced as a conseguence of release of

metals from the antifouling paints.

Keywords: Trace elements, Estuaries, Vertical profile, Electrochemistry, Central Adriatic Sea

Introduction

Karstic river Krkais situated on the East coast of the Adriatic Sea (Croatia) and
is partly located within the National park Krka. Numerous lakes formed by tufa
barriers rendered concentration of trace metals in water at very low levels [1].
The Krka river is forming 22 km long estuary which is, due to the low tidal
range and sheltered geography, permanently vertically stretified. The three
separate layers in a vertical profile exist along the estuary and could be easily
spotted: upper brackish layer, freshwater — seawater interface (FSI) with high
salinity gradient and bottom seawater layer. Halocline is mostly formed between
1.5 and 2.5 m from the surface with the gradient of more than 20 salinity units
within 1 m. Strong salinity gradient is controlled by hydrological conditions
(river flow) and weather (precipitation, wind). First measurements of trace
metals in a vertical profile of estuary conducted 20 years ago [2] showed their
very low levels and the absence of anthropogenic pressure. An increase of
nautical tourism and the harbor activities in the last decade refer to the possible
anthropogenic influence [3]. Thus, the objectives of this study were to indentify
major sources of trace metal inputs to the estuary, as well as to estimate and
quantify their influence and distribution in both, horizontal and vertica
directions.

Sampling and measur ements

Water samples were collect aong the estuary transect at total 14 sites in
summer 2011 and in winter 2012. Additional freshwater sample was collected in
the Krka river, while seawater end-member sample was taken at position far
from the estuary. At each estuary sampling site, samples were taken at three
depths covering the whole salinity range (upper brackish layer with variable
sdlinity, intermediate layer with salinity ~20 and bottom seawater layer with
salinity >37). In order to identify the main sources of trace metalsin the Sibenik
bay, a high resolution sampling of surface layer at 40 sites was conducted in
summer 2012 (Fig. 1).
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Fig. 1. Locations of sampling sites in the Sibenik bay and diss. Cu distribution

All samples aong the vertical profile were sampled by using horizontal water
sampler, while surface samples in the Sibenik bay were taken by grab sampling
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using homemade "swing sampler” (1 L FEP bottle mounted at the end of the
long stick). Trace metal concentrations were determined by standard addition
method on fully automated auto-sampler. Differential pulse anodic stripping
voltammetry (DPASV) was used for measurement of Zn, Cd, Pb and Cu, while
adsorptive cathodic stripping voltammetry (DPAdCSV), with Nioxime as a
ligand, was used for analysis of Ni and Co. Hydride Generation Atomic
Fluorescence Spectroscopy was used for As analysis.

Results and discussion

A non-conservative behavior of metals with salinity was observed because of
low content of particulate matter and additional sources of metals within the
estuary. Regarding the trace meta distribution along the estuary transect, a
significant increase of metals concentration, especialy Cu, was found in
brackish layer in the summer period (Table 1). Change in concentrations is
related to the increase of nautical traffic in touristic period, primarily because of
metals leached from the antifouling paints [3]. Due to a progressive enrichment
by metals scavenged from the more polluted brackish layer there is an upstream
increase in bottom seawater layer. Highest concentrations of al metals were
found in the Sibenik bay. Detailed mapping (Fig 1.) has demonstrated that
concentrations are highest in nautical marina (Cu diss. ~ 70 nM) and in the
Sibenik harbor (Cu diss. ~ 49 nM). Comparing to average concentration of Cd in
the bay (0.07 nM), increased concentrations (0.19 nM) were found in part of
the harbor where transshipment phosphate ores is located. Zn is significantly
correlated to Cu because of the same sources. Difference between unfiltered and
filtered metal concentrations (Cu/Zn) is low, indicating that they are mostly
added to the ecosystem in a dissolved form and thus are potentialy
bioavailableftoxic for microorganisms. Taking into account a previous speciation
study conducted in this estuary [4], toxic levels of free Cu could be expected in
areas of the highest copper concentrations. A survey on a globa scale and a
study of metal speciation in the coastal zone is needed in order to estimate a
potential toxic effect on sensitive organisms such as planktons.

Tab. 1. Ranges of dissolved Cu concentrations (in nM)
Layer Summer Winter
Brackish 1.36 £ 0.46 - 27.6 +1.16 176 £0.14-7.29+0.37
FSI 3.79+0.36 - 16.01 £+ 0.29 3.07+6.17-6.17£0.15
Seawater 2.57 £0.35-9.25 £ 0.27 298 +0.19-5.90 £ 0.20
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Abstract

Submarine Groundwater Discharge (SGD) may represent important inputs of water and associated elements to the coastal zone.
We evaluated such SGD fluxes on two contrasting environment: the Mar Menor lagoon (Cartagena, Spain) and the Port-Miou
karstic springs (Marseille, France). In both cases we used radon and radium mass balances to quantify and/or locate SGD. In the
Mar Menor we combined radon and radium surveys with an hydrodynamic modeling of the lagoon.

Keywords: Radionuclides, Lagoons, North-Western Mediterranean, Coastal systems

Coastal areas are vulnerable environments undergoing increasing
anthropogenic pressures. Various processes can affect them, and one
particularly important is the degradation of water quality in the continent or
in the ocean. In this context, the groundwater discharge into the coastal zone
has received increased attention in the last years as it is now recognized that
this process may represent an important pathway for the delivery of
nutrients, and metals to the ocean. SGD have been evidenced as submarine
springs (Karstic springs) or diffuse seepage across the seafloor. SGD could
be freshwater (Submarine Freshwater Groundwater Discharge, SFGD) or
recirculated saline groundwater (RSGD), i.e. seawater intrusion into coastal
porous sediments, mixed with continental freshwater discharged back to the
sea. SGD fluxes are less affected by surface drought than rivers and can
occur al the year, in contrast to Mediterranean temporary rivers.
Furthermore, because groundwaters can have higher concentrations of
dissolved chemicals (nutrients, metals) than most terrestrial surface waters,
SGD can make a disproportionately large contribution to the flux of
dissolved constituents from continent to ocean. In the Mediterranean Sea,
SGD was not studied at the global scale, whereas an estimate from
UNESCO (2004) indicates that the karstic areas bordering 65% of the
coastline could contribute for 75% of the total freshwater runoff mostly
through SGD. However, recent papers underlined the occurrence of SGD in
Spain, France or Italy and revealed the different influences they could have
on coastal fluxes of elements ([1], [2], [3], [4]).

In the two studied areas we used radon and radium isotopes as tracers of
SGD. These elements are enriched in groundwater compared to coastal
waters and the estimation of their budget in a coastal area allows locating and
quantifying SGD.

222Rn was analysed with a RAD-7 system on 250 mL bottles
(groundwater and river water) or in continuous by surface water pumping
on-board of small vessel along the coast. 15 L of water were collected for
radium isotopes, preconcentrated on Mn-fiber. And analysed using a
RaDeCC system designed by Moore and Arnold [5].

In Mar Menor (Spain), we used an approach combining radon (222Rn)
and radium (223Ra, 224Ra) surveys together with an hydrodynamic modeling
of the lagoon. This allowed to decipher the radionuclide signa issued from
surface water, atypically highly enriched in radionuclides and nutrients, than
those issued of SGD. Radionuclides mass balances provide SGD fluxes of
water of 26-58 (22Rn), 10-20 (??*Ra) and 18 m3/s (?23Ra). The budget
evidences that sea-level variation islikely to be an important process for this
SGD by adding recirculated seawater from the sediment to the water
column, while fresh groundwater discharge from the aquifer is about 1% of
total SGD. This corresponds to a fresh groundwater input of 0.2 m3/sthat is
similar to river flux (0.33 m3/s) and clearly lower than inter and outer water
fluxes exchanged with the Mediterrenean Sea.

The Port-Miou karstic submarine spring (France) is typical of brackish
groundwater discharging through karst conduits, and it was investigate in
order to validate the mass balance model approach. Combining 222Rn, 223Ra
and 224Ra mass balances with water and salt budgets, we obtained a SGD
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value of 3.6 m3/s, consistent with the discharge estimated by an hydraulical
approach based on pressure sensors. This validation allows the use of 222Rn
as a tracer for other important karstic areas in the Mediterranean Sea
(Croatia, Greece, ....) where discharges data are not available.
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