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WORKPACKAGE 1
DEWEX
OSMO

Impacts of deep water formation
Mediterranean pelagic ecosystems
Oxygen sensors monitoring project

on

WORKPACKAGE 2
ICOCE
SPECIMED
POISSONS

Impact of Climate change on Coastal
Ecosystems
Structures of planktonic ecosystems i n the
northwestern Mediterranean Sea
Ecology of pelagics fishes in the northwestern
Mediterranean Sea

WORKPACKAGE 3

RIVERS

COPEL/COBEC
C3A
SDG
CASCADE
TUCPA

Influence of extreme events on river delivery
of particulate organic carbon, nutrient and
contaminants, their fate in the delta and
continental shelf and their impact on
ecosystems
Contamination of pelagic and benthic chains
Contamination pathways and spatial scale of
impact of large cities on the marine
ecosystems
Influence
of
submarine
groundwater
discharges on marine ecosystems
Influence of Cascading, Storm, Convection,
Advection, and Downwelling Events on shelfslope exchanges
Influence
of
submarine
groundwater
discharges on marine ecosystems

WORKPACKAGE 4
CALIBORON
CARBORHONE

Calibration of paleo-pH reconstruction
technique based on boron isotopes in
calcareous species (corals and bivalves)
Carbon Cycle in the Rhône estuary and Gulf
of Lions
14

MEDSEA-14C-MESO
PARTICULE

CHIPIE

eFOCE-SEDIMENT
SAM
SUNMEX
PHOTOMED

C incorporation techniques applied to a
large scale mesocosm experiment
Impact of anthropogenic particles on coastal
zones in PACA area
Comportement des éléments d’intérêt
biogéochimiques et du carbone particulaire
aux
interfaces
atmosphère-océan
et
continent-océan
Impact: Study the effects of ocean
acidification on planktonic and benthic
ecosystems and biogeochemical cycles
Sources
of
marine
aerosol in
the
mediteranean atmosphere
Potential effect of aerosol and tropospheric
ozone attenuation on marine ecosystems and
seagrass rarefaction
Metabolic and structural changes of the
bacterial community in response to the

WORKPACKAGE 5
REGIONALISATION
COORDINATION

TOTAL

Marine regionalisation planning
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GENERAL INFORMATIONS
1.1 COORDINATION
C. Guieu (LOV, Villefranche-sur-Mer)
X. Durrieu de Madron (CEFREM, Perpignan)
R. Sempéré (MIO, Marseille)
I. Pairaud (Ifremer, La Seyne sur Mer)

1.2 WORKPACKAGES
The project is divided into several thematic approaches that were group into five work packages :

WP1 - Impact of hydrodynamics on biogeochemical budgets and ecosystems
Leaders:
P. Conan (LOMIC, Banyuls/mer). F. D’Ortenzio (LOV, Villefranche/mer), C. Estournel (LA, Toulouse),
P. Testor (LOCEAN, Paris)
WP2 - Ecological processes: biogeochemistry and food web interactions
Leaders:

S. Bonhommeau (IFREMER, Sète), F. Van-Wambeke (MIO, Marseille), F. Carlotti (MIO, Marseille)

WP3 - Land-Sea interactions and extreme events
Leaders:

C. Rabouille (LSCE, Gif/Yvette), O. Radakovitch (CEREGE, Aix-en-Provence)

WP4 - Natural and anthropogenic air-sea interactions
Leaders:

E. Pulido-Villena (M I O, Marseille), K. Desboeufs (LISA, Créteil), M. Mallet (LA, Toulouse)

WP5 - Marine regionalisation planning
Leaders:

J-O Irisson (LOV, Villefranche/mer), Charles Figuières (LAMETA, Montpellier)

Data management : C. Estournel (LA, Toulouse) in relation with L. Fleury (SEDOO, OMP, Toulouse)

1.3 NATIONAL STEERING COMMITTEE
MerMex coordinators and work packages leaders participate to the national steering committee.
Some members of the MerMex steering committee are also participants of ChARMeX and HYMeX.

1.4 INTERNATIONAL STEERING COMMITTEE
The formation of an international committee is planned with the participation of the National steering committee,
representatives of collaborating Mediterranean research institutes (ISMAL, CNR, HCMR…).

1.5 INTERNATIONAL COLLABORATIONS
Several projects focusing on anthropization on coastal northern and southern Mediterranean (northern Africa) are
currently in preparation for the period 2013-2015 in the framework of several national programmes such as EnviMed.
Note that the recently accepted LABEX entitled ‘Objectif Terre-Mediterranée’ (OT-Med) project that aims to create a
multidisciplinary “Earth Institute” for Mediterranean basin within the Aix-Marseille University (AMU) is largely based on
MISTRALS program and supports partly MerMex. For instance, one PhD scholarships (2012-2014) for WP2 as well as
one fellowship (2013-2014) for modelling (WP1-WP2) related to MerMex Science are funded by.. OT-Med. Similarly,
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one joint IRD-laboratoire mixte international (LMI) involving ECOSYM and MIO French laboratories as well as INSTMTunisian marine research institute and Bizerte University is currently in preparation (submission Septembre 2013).
Such a laboratory will concentrate on MerMex Science and will focus on several research objectives of WP2, WP3
and WP4 including chemical/biological contamination of marine coastal waters as well as Saharan dust impact on
marine coastal biogeochemistry of Tunisia. Finally, the Menaphy- ENVIMED project (PI : L. Thyssen, M I O) has been
recently accepted (2013). The overall aim of MENAPHY is to build a network between Mediterranean research groups
located in France, Italy and Turkey to initiate a larger network addressing the monitoring of Mediterranean
phytoplankton at high frequency with automated flow cytometry both from ships of opportunity and observation buoys.
Furthermore, following discussions between MerMex and MOOSE PIs and marine scientists from Algeria in February
2012 (http://mermex.com.univ-mrs.fr/spip.php?article144), a MerMex-research program related to hydrological
circulation and chemical/biological contamination in Algerian coastal area is currently in preparation. A convention
d’échanges between CNRS and Italian CNR has been accepted in 2012 for funding WP4 science related to solar
radiation attenuation in Mediterranean marine waters (PIs: B. Charrière, C. Santinelli).
Multiple international collaborations are undertaken in the framework of the FP7 PERSEUS an MEDSEA programs
that comprises numerous research objectives of MerMex. One international workshop will be held in Zagreb-Croatia
(9-12 June 2013) for organizing observation and researchs at typical coastal stations in the Mediterranean Sea.

2. ORGANISATION OF THE PROJECT
Most of the studies will be based on the combination of in situ observations, laboratory and in situ experiments, and
numerical modeling. Interactions between pressures and processes will be addressed. Observations will be used for
the improvement and validation of the coupled models.
- Budgets: Dedicated campaigns to assess the biogeochemical budgets in specific regions are planned. They are
necessary components coupled with long-term observing systems and modeling.
- Processes: Parameterizations of the processes that govern the biogeochemical cycles and ecosystems will be
addressed. New observations at key locations and periods (e.g. productive spring period and oligotrophic summer
period) will be made.
- Experimental studies: A variety of experimentation in the laboratory (e.g., chemostat experiments under controlled
atmosphere and light) and field studies in large mesocosms will be conducted to parameterize the processes
associated to specific forcing (e.g., acidification, atmospheric inputs).
- Modeling : Coupled models will be used to assess the current and future trophic regime of the Mediterranean Sea
considering different scenarios (e.g., those developed for the Marine Strategy Framework Directive to reach the Good
Environmental Status by 2020). These models aim at (1) representing complex situations with multiple natural or
anthropogenic pressures, and (2) responding to a broad spectrum of issues ranging from functional aspects (e.g.,
capacity of ecosystems to sequester carbon) to influence of contaminants along the food chain or influence of global
change on ecosystems. A working group including all modellers from the MERMEX community was formed in 2012
and a list of the models with their use objectives was established. A meeting of the group will be organized in 2013.

- Data Banking. In close relation with PI of SEDOO, LEFE-CYBER and SISMER data bases, a new procedure have
been decided in 2012 in order to organize the MERMEX data banking. Claude Estournel is the contact point between
MERMEX and the data bases.
- Data from oceanographic campaings (such as CASCADE, SPECIMED, DEWEX and future campaigns) will be
stored at LEFE-CYBER that remains the reference for biogeochemical data. The work have to be planned with
Catherine Schmechtig responsible of the data base (a protocol have been defined concerning both metadata and data
banking). Data from coastal campaigns and processes studies (such as CARBORHONE, RIVERS, C3A, SDG,
PHOTOMED and future campaigns), should be stored at SEDOO/MERMEX data base. The work is done is close
collaboration with the responsible of that data base (Guillaume Brissebrat et Laurence Fleury (mermexdatabase@sedoo.fr).
- The goal of this implementation is that no matter where the data are stored, they should be available from the
SEDOO/MERMEX homepage, according to the following sketch.
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Sketch for the MERMEX data banking showing the interactions in between the different existing data bases. All the MERMEX data
and metadata will be accessible from the SEDOO/MERMEX homepage.

3. LINKS WITH OTHER PROJECTS
2.1 LINKS WITH OTHER MISTRALS PROJECTS
•
HYMEX (common field work in the NW mediterranean in 2012-2013). A common coordination of the
field work at sea between MERMEX and HYMEX has been set up.
•

CHARMEX (the on going ANR-SAM project (Source of marine aerosols in Mediterranean atmosphere). In
preparation: a proposal for a common field cruise in the Mediterranean Sea in 2015: " PEAcEtIME - ProcEss
studies at the Air-sEa Interface: a Mediterranean Experiment)

2.2 LINKS WITH EU PROJECTS
•
HERMIONE (Hotspot Ecosystems Research and Man’s Impact on European Seas, 2009-2012)
•
MEDSEA (Mediterranean Sea Acidification in a Changing Climate, 2011-2013)
•
PERSEUS (Policy-oriented marine Environmental Research for the Southern EUropean Seas, 20122015)
2.3 LINKS WITH OBSERVATION SYSTEM
•
•

MOOSE (Mediterranean Ocean Observing System on Environment)
SOCIB (Balearic Islands Coastal Observing and Forecasting System)
2.4 SUPPORT / ENDORSEMENT FROM INTERNATIONAL IGBP PROGRAMS

•

SOLAS (Surface Ocean Lower Atmosphere Study) (endorsed since 2011)

•

IMBER (Integrated Marine Biogeochemistry And Ecosystem ResearcH) (endorsed since 2012)

•

LOICZ (Land Ocean Interaction In The Coastal Zone) (endorsed since 2012)

2.5 LINKS WITH ANR AND REGIONAL PROJECTS
•
Current projects: EQUIPEX NAOS, LABEX-OT-MED, ANR SAM, ANR COSTAS, ANR FOCEA, ANR
ECOGELY, ANR MELODIE, ANR IBISCUS, ANR AMPED, RECIF PRADO, FRIOUL, JELLYWATCH, FRB
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EMIBIOS, eFOCE, MERCATOR-CORIOLIS SIMED2, KARST’EAU, GIS CLIMAT ENV SOC MED-ICCBIO,
EMERGENCE-CHIPIE, Observatoire Sédiments Rhône
•

Submitted projects : ANR I-DEWEX, ANR RISCO, ANR MED-SDG, AMIDEX, ENVI-MED

5. SCIENTIFIC RESULTS AND PERSPECTIVES, AND WORKPLAN BY WP
WP1 is dedicated to impact of hydrodynamic changes on biogeochemical budgets and focused on “key” bloom events
(i.e. its upset and decay) in relation with the physical forcing mechanisms occurring in NW Mediterranean through the
DEWEX-MERMEX experiment by using an integrated combination of autonomous platforms, in situ ship’s sampling
and modeling. DEWEX started in winter 2011-2012, however a three-year proposal (I-DEWEX: Multiscale and
multidisciplinary approaches of the North Western Mediterranean marine ecosystems variability) has been submitted
to ANR in 2012. WP1 is also supporting OSMO analytical action that aims to build a laboratory automated calibration
facility for oxygen sensor at 8 oxygen concentration and 8 temperatures. The access to this platform will be available
to the community after validation.

WP2 is dedicated to ecological processes and food web interactions and focus on three actions including (1) ICOCE,
(2) POISSONS, (3) SPECIMED actions. ICOCE is dedicated to assess the potential impacts of climate change on the
NW Mediterranean marine biodiversity by combining monitoring of stressors (warming, acidification, deoxygenation) in
coastal waters and shifts in species geographical distribution and migratory patterns, numerical simulations and
laboratory experiments for key species. First results obtained by combining projected temperature conditions with
information on the populations locations and thermal stressors during Medchange ANR and CLIMARES (Total
Fundation) projects allowed of impacts/risks maps for the conservation of model species. In 2013 the modelling work
dealing with mortality events due to climate change will be continued based on IPCC-A2 scenario from NEMO-MED8.
POISSONS actions focused on integration and joint field studies at different scales, diet composition of Bluefin tuna
(BFT) in the Gulf of Lions through the analyses of stomach content, genetic and isotopes samples. These data are
compared to similar historical data as well as other feeding grounds including Bay of Biscay, Adriatic Sea and
Levantine Sea. SPEciMed action aims at establishing a 4-year observation platform of plankton communities incl.
bacteria, phyto-, microzoo- and mesozooplankton and associated biogeochemical cycles of major elements (C, N, P,
and Si) on the existing SOMLIT coastal stations of Marseille (SOFCOM) and Banyuls/mer (SOLA) and implements the
two shelf stations JULIO (SE entrance of the GoL) and MOLA (SW exit). In addition, following the dialogue with the PI
of MOOSE, we plan to associate the examination of samples taken on the two sites: Antares and 42°N/5°E.

WP3 is dedicated to the land-Sea interactions including extreme events and focus on three actions including (1)
Rivers, (2) COBEC/COPEL and (3) C3A, (4) CASCADE and (5) SGD. Rivers is dedicated to the influence of extreme
events on Rhône River delivery of particulate organic carbon, nutrient and contaminants, their fate in the delta and
continental shelf and their impact on ecosystems. This action is based on a multidisciplinary observatory development
at the Rhone River mouth and on the shelf offshore of Sète y as well as on regular ship transects and Gulf of Lions
satellite imagery analysis coupled to physical-biological models. COBEC/COPEL action focus on the consequences of
resuspended polluted sediments on pelagic microorganisms (diversity and functions) in the Bizerte Lagoon (Tunisia)
and assess the consequences of multi-contamination of PAH on phytoplankton. C3A action is related to the main
biogeochemical processes, including bacterial degradation, redox processes and resuspension influencing
contaminants (Me-Hg, TBT, Pb…) and major elements transfer at the continent/marine interface and fate to the open
sea in Marseille and Toulon Bays. Based on one oceanographic cruise, carried out in March 2011, as well as on
MOOSE observation network, CASCADE action aims to determine the impact of dense water formation and storm on
mass transfer of organic and inorganic particulate and dissolved from the surface to the deep basin, and shelf to the
NW Mediterranean slope. SGD action focus on the influence of submarine groundwater discharge in the case of
porous and karstic aquifer (case study, Cassis Calanque area) on geochemical budgets and on coastal ecosystem.

WP4 is dedicated to natural and anthropogenic air-sea interactions and three actions including (1) CarboRhône, (2)
MedSeA-14C-Meso, (3) Particule, (4) Chipie, (5) SAM, (6) SunMex and (7) Photomed. CarboRhône is dedicated to
the surface pCO2 distribution and air-sea CO2 flux in the Rhône River plume and surrounding surface waters.
MedSeA-14C-Meso, focus on the impact of ocean acidification (OA) by using a combination of isotopes and
biomarkers in the frame of a mesocosm experiment. Particule focus on the impact of atmospheric flux of particles
derived from plastic waste (and associated phthalates) and forest fires lates both in urban and coastal sites in
Marseilles and adjacent areas (PACA-Corsica regions). Chipie focus on nutriments and trace metals at the
atmosphere- and land-Ocean interface according to different environmental conditions. SAM (ANR) project aims to
better understand the fine marine aerosol production from seawater and characterisation in the western
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Mediterranean region, based on experiments on real sea waters samples performed in controlled and semi-controlled
environments (laboratory and mesocosms). Sunmex focus on the potential effect of UV/Visible radiation on marine
ecosystems and seagrass rarefaction in Marseille Bay by using a bio-optical mooring line deployed, a CIMEL
photometer as well as discrete measurements. Photomed focus on the study of the effects of solar radiation on the
alteration of contrasted DOM and POM originating from the Rhône River (i.e., terrestrial origin) and a phytoplanktonic
culture (Emiliana huxleyi) (i.e., recent biological origin) and the consequences of these alterations on the metabolism
and the diversity of the marine bacteria using this organic matter.
WP5 objectives are (i) to synthesise existing and future data in the Mediterranean Sea to delineate regions,
homogenous in their composition and ecological functioning, and (ii) to link ecosystem functioning and anthropogenic
activities, by looking at both the services that the ecosystems provide to humans and the pressure that human
activities exert on marine ecosystems.
Thus, this WP is not organised, as the others, in different field operations but must be viewed as a transversal action
involving operations developped in other MERMEX WPs as well as other projects. This is also the reason why it
started later than the others and why most actions are still prospective.
Two sets of actions are carried out:
- regionalisation analysis from data in international databases complemented by data collected by the other work
packages of MERMEX. This action is mainly funded by the EU project PERSEUS but MISTRALS funding is used
for the coordination and for valorisation in the coming years.
- topic studies regarding anthropogenic activities at basin scale and in specific locations. For example, on-going
work on the development of an index of ecosystem services or planned collaborations on black carbon and
carbon sequestration. For these actions, MISTRALS funding is used to kick start larger scale projects.
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Description of the actions funded by MISTRALS
WORKPACKAGE 1
DEWEX

Impacts of deep water formation on Mediterranean pelagic ecosystems

OSMO

Oxygen sensors monitoring project

WORKPACKAGE 2
ICOCE

Impact of Climate change on Coastal Ecosystems

SPECIMED

Structures of planktonic ecosystems in the northwestern Mediterranean Sea

POISSONS

Ecology of pelagics fishes in the northwestern Mediterranean Sea

WORKPACKAGE 3
RIVERS

Influence of extreme events on river delivery of particulate organic carbon, nutrient
and contaminants, their fate in the delta and continental shelf and their impact on
ecosystems

COPEL/COBEC

Contamination of pelagic and benthic chains

C3A

Contamination pathways and spatial scale of impact of large cities on the marine
ecosystems

CASCADE

Influence of cascading, storm, convection, advection, and downwelling events on
shelf-slope exchanges

SDG

Influence of submarine groundwater discharges on marine ecosystems

WORKPACKAGE 4
CALIBORON

Calibration of paleo-pH reconstruction technique based on boron isotopes in
calcareous species (corals and bivalves)

CARBORHONE

Carbon Cycle in the Rhône estuary and Gulf of Lions

MedSeA-14C-Meso

14

PARTICULE

Impact of anthropogenic particles on coastal zones in PACA area

CHIPIE

Comportement des éléments d’intérêt biogéochimiques et du carbone particulaire aux
interfaces atmosphère-océan et continent-océan

SAM

Sources of marine aerosol in the mediteranean atmosphere

SUNMEX

Potential effect of aerosol and tropospheric ozone attenuation on marine ecosystems
and seagrass rarefaction

PHOTOMED

Metabolic and structural changes of the bacterial community in response to the
phototransformations of dissolved and particulate organic matter

C incorporation techniques applied to a large scale mesocosm experiment

WORKPACKAGE 5
REGIONALISATION

Eco-regionalization of the Mediterranean Sea

REGIONALISATION

Socio-economical topic studies
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MERMEX- WP1

IMPACT OF HYDRODYNAMICS ON
BIOGEOCHEMICAL BUDGETS AND ECOSYSTEMS

Responsibles:
P.Conan (LOMIC, Banyuls/mer), P. Testor (LOCEAN, Paris),
F. d’Ortenzio (LOV, Villefranche/mer)

Objective 1
Spatio-temporal evolution of biogenic elements budget and pelagic ecosystem functioning of
the Mediterranean in response to changes of deep water formation
Objective 2
Production of good data quality and reproducibility in oxygen measurements

MERMEX Implementation Plan 2013-2015

WP1 - Objective 1
Name and acronym : DEWEX
Impacts of deep water formation on Mediterranean pelagic ecosystems
Duration : 60 months (2012-2016)

Main participants :
P. Conan (LOMIC)
F. D'Ortenzio (LOV)
C. Estournel (LA)
P. Testor Pierre
F. Carlotti
L. Coppola
X. Durrieu de Madron
JF Ghiglione
M. Goutx
G. Gregori
O. Grosso
K. Leblanc
D. Lefèvr
P. Marsaleix
L. Mortier
M. Pujo-Pay
V. Taillandier
M. Thyssen
F. Touratier
C. Ulses
F. Van Wambeke

LOMIC (Banyuls/mer) PI, Biogeochemistry
LOV (Villefranche/mer) PI, Physical biological interactions
LA (Toulouse) PI, Hydrodynamic modelling
LOCEAN (Paris) PI, Physical oceanography
MIO (Marseille) Zooplankton
LOV (Villefranche/mer) Biogeochemistry, Zooplankton
CEFREM (Perpignan) PI, Physical oceanography
LOMIC (Banyuls/mer) Microbiology
MIO (Marseille) Biogeochemistry
MIO (Marseille) Planktonic communities
MIO (Marseille) Biogeochemistry
MIO (Marseille) Biogeochemistry
MIO (Marseille) Biogeochemistry
LA (Toulouse) Physical modelling
LOCEAN (Paris) Physical oceanography, MOOSE coordinator
LOMIC (Banyuls/mer) Biogeochemistry
LOV (Villefranche/mer) Autonomous platforms
MIO (Marseille) Planktonic communities
IMAGES (Perpignan) Biogeochemistry
LA (Toulouse) Biogeochemical modelling
MIO (Marseille) Microbiology

Principal objectives :
Phytoplankton blooms in the Mediterranean Sea are intrinsically tied to deep and bottom water formation. The
ubiquitous oligotrophy of the basin derives by the upper layer density stratification, which is primarily induced by the
eastward flow of the Atlantic Water and by the relatively weak atmospheric forcing. However, in the regions where
deep water formation occurs, the preconditioning mechanisms (i.e. large scale cyclonic circulation) and the intense
mixing induced by local atmospheric conditions strongly increase the nutrients uptake in the surface layers, generating
favorable conditions to phytoplankton growth.
In the NW Mediterranean, although the general mechanisms are relatively well elucidated, the relationship between
bloom and mixed layer depth (and more particularly deep convection) is still unclear. The simple equation “more
convection equals more phytoplankton” is probably misleading.
Firstly, the impact on the bloom of the mesoscale processes, which have certainly a key role in modulating the
nutrients redistribution after deep convection events, is still poorly characterized. More importantly, the
characterization of the “history” of the water column and of the mixed layer depth, from the first cooling occurring in fall
to the definitive restratification at the end of winter, is probably a crucial factor to establish more robust cause-effect
relationships between the physical forcing and the phytoplankton response in the area.
The objectives of DEWEX-MERMEX experiment are to better understand “key” bloom events (i.e. its upset and decay)
in relation with the physical forcing mechanisms occurring in NW Mediterranean Sea all along the year by using an
integrated combination of autonomous platforms, in situ ship’s sampling and modeling. The central idea of DEWEX is
to continuously sample at mesoscale the evolution of the mixed layer and of its biogeochemical material content over
the whole NW Mediterranean area and for a complete seasonal cycle.
A three-year proposal (I-DEWEX: Multiscale and multidisciplinary approaches of the North Western Mediterranean
marine ecosystems variability) has been submitted to ANR. It proposes an innovative, coupled hydrodynamic
biogeochemical modelling of the North Western Mediterranean, together with an observation program of the
interannual variability at key periods (convection and spring bloom) with dedicated ship-based operations and by
reconstructing the in-between cruises with the endurance observations provided by autonomous platforms.
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There are strong complementarities with the HyMeX SOPs in 2012 and 2013 which carried out intense monitoring of
the ocean and atmosphere mixed layers and air/sea fluxes in the NW Mediterranean area. Similarly, Gliders lines in
the NW Mediterranean basin during 2012-13 were operated in the framework including MOOSE, HYMEX as well as
the FP7 European IP PERSEUS projects (Figure 1). Moreover, the Equipex NAOS project started to deploy the first 5
PROVBIO profiling floats in early 2013.

Implementation:
The SOP program was designed in the framework of the MERMEX project for a full year observation cycle (20122013) to document the seasonal variability of hydrological, biogeochemical and biological properties in the NWM. It
will be used to validate the coupled biogeochemical-physical models through a large amount of parameters sampled
at relatively high resolution (from the physical and chemical states to the different compartments of phyto-and zooplankton).

Figure 1:
Cruises and
autonomous
platforms schedule
during the I-DeWEX
SOP 2012- 2013

This EOP (Figure 2) will rely on (1) the long-term observation program MOOSE through the LION mooring line
located in the centre of the convection zone (as, it is essential for the project to monitor continuously basic
biogeochemical parameters during the EOP, sensors of nitrates and oxygen will be added on the mooring lines)
and repeated sections by gliders equipped with biogeochemical sensors, (2) the NAOS EQUIPEX project with the
deployment of Bio-Argo floats and (3) complementary observations taken at key periods, mainly cruises targeting
the spring bloom interannual variability.

Figure 2:
Operations
scheduled during the
EOP

Results
An extensive effort was carried out during the February 2013 cruise onboard the R/V Le Suroît. This cruise
enabled to sample a network of 76 stations covering the basin (Figure 3A and B), based on the July 2012 MOOSE
cruise and September 2012 DOWEX cruise even though with less parameters (only T/S, O2, pigments, nutrients
and DIC). The work carried out during the February cruise (DEWEX Leg1) allowed to document (1) the deep
water formation, (2) the impacts of vertical mixing on the nutrients budget in the different layers, (3) the winter
stock of phytoplankton which actually forms the inoculum for spring production. The April 2013 cruise (DEWEX
Leg2) with about the same number of CTD casts aimed at characterizing the relationships between physical
structures and biological communities during the spring bloom, and the spreading of newly formed dense water.
Real-time and 5-day forecasts were carried out every day during the two legs with the hydrodynamic
biogeochemical coupled model SYMPHONIE/Eco3M-S. Figure 4 presents the surface chlorophyll concentration at
the surface during the winter period and the spring period.
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Figure 3:
A.
3-D distribution of the
temperature
during
the
DeWEX leg1 cruise. from
ship’s
thermosalinograph
and CTD profiles. The red
polygon
represents
the
convection zone inferred
from Chl-a satellite image.

B.
Superimposed map of the
location of the stations
sampled during DEWEX
Leg1 (in blue) and Leg2 (in
red)

Figure 4:
Surface chlorophyll
concentration simulated for
10 February 2013 (left) and
10 April 2013 (right) with
the coupled model
Symphonie –Eco3M-S
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Fundings (in K€, requested in bold) and person month:
Year
Europe
ANR
2012
2013
110
2014
110
2015
2016
Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels / Wages
2014
63.5
14

Mistrals
80
115
102
30
30

Person months
180
200
120
100
100

Shiptime
24.5

Total
102

Master, PhDs and post-doc :
Master
Rembauville M. (LOMIC) Etude physique et biogéochimique de la convection hivernale en Méditerranée NordOccidentale - Projet MerMEX-DeWEX 2013

PhD
T. Severin (LOMIC). Impact des plongées d’eau dense sur les écosystèmes pélagiques : biogéochimie et boucle
microbienne. (2011-2014)
D. Sanchez-Perez (LOMIC). Importance du forçage des paramètres environnementaux sur la productivité des
écosystèmes pélagiques et les cycles biogéochimiques. (2011-2014)
P. Damien (LA) Etude du rôle des petites échelles sur la circulation océanique en Méditerranée occidentale à
l’aide d’un modèle numérique à haute résolution. (2011-2014)
F. Kessouri (LA) Etude des processus biogéochimiques couplés à la physique en Méditerranée nord-occidentale
à l’aide de la modélisation numérique. (2012-2015)
O. Pasqueron de Fommervault (LOV). Impact des changements climatiques et environnementaux sur la
dynamique des nutriments en Méditerranée Nord Occidentale (2012-2015)

Links with other workpackages :
WP2 (SPECIMED), WP3 (CASCADE)

List of Publications / Communications :
Bosse A. et al., New insights of the Northern Current in the Western Mediterranean Sea from Gliders data: Mean
structure, Transport, and Seasonal Variability, EGU, Vienna 2013
Damien P. et al., High resolution modelling of the oceanic circulation and winter vertical mixing in the northwestern
Mediterranean, EGU, Vienna 2013
Houpert L. et al., Seasonal cycle of oceanic mixed layer and upper-ocean heat fluxes in the Mediterranean Sea
from in-situ observations. EGU, Vienna 2013
Severin T et al. Influence of deep water formation on the nutrient stoichiometry of the northwestern Mediterranean
Sea. 40th CIESM Congress, Cassis 2013
Sanchez-Perez D. et al. Variabilité saisonnière de la matière organique dissoute colorée en zone
méditerranéenne côtière. 40th CIESM Congress, Cassis 2013

Data banking:
Metadata on MOOSE data base
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Objective 2
Name and acronym : OSMO
Oxygen sensors monitoring project
Duration : 60 months (2011-2015)
Main participants
D. Lefèvre
L. Chirurgien

MIO (Marseille) PI, Biogeochemistry
MIO (Marseille) Development engineer

Principal objectives (max 300 words):
Climate changes are altering our oceans in two well-known ways: acidification and sea level rise. But oceanic
temperature increase has another effect: oxygen depletion.
Oxygen depletion poses a growing problem for marine life and fisheries. At first, as concentrations of greenhouse
gases rise and the Earth warms, ocean temperatures rise, and since warmer water not only expands but also
holds less oxygen than colder water. Second, and more importantly, global warming stratifies the upper ocean,
further limiting the oxygen supply to deeper waters. It is predicted that global ocean oxygen levels to drop
anywhere from one to seven percent over the next century. Also this process will expand regions of low oxygen
water (OMZ) which have stressful and even deadly potential for marine life.
For these many reasons, over the years, in our laboratory we have built up different strategies to monitor the
oxygen concentration in the ocean and its associated dynamics (Lefevre et al. 1996, Lefevre et al, 2007,
Maixandeau et al. 2005, Lefevre et al. 1997). More recently (2007), with have been involved in the challenging
opportunity of joining the ANTARES telescope consortium. This allowed us to deploy oceanographic sensors for
real time observation of the environment. Throughout numerous projects (ANR POTES, Univ. Med AAMIS, LEFE
CYBER OPERA, LEFE APO, CPER OCEANOMED PRIMA, MERMEX, MOOSE, EUROSITES, NoE ESONET),
we managed to build up some oxygen concentration and oxygen dynamics time series to monitor the deep
Mediterranean sea oxygen content in relation to hydrological and biological properties. These time series require
long term efforts and careful procedure for preparing the deployed sensors. The critical point for oxygen sensor is
to be able to calibrate the sensor prior and after deployment.
The aim of this project is to build a laboratory automated calibration facility for oxygen sensor at 10 oxygen
concentration and 10 temperature dedicated to the community after validation.

Major results :
In year 2011, our activity was dedicated to the design the equipment (Glassware, temperature control, gaz control,
etc ..) in close relationship with Aanderaa, Ifremer, and CSIRO who have already developed different platform.
In 2012, under the PRIMA CPER project we managed to purchase most of the basic equipment for setting up the
first prototype generation (figure 1).
Most of the activity has been focused in setting up the instrumentation and developing the Labview software
platform for controlling the calibration facility and collecting the relevant data.
The efficiency and robustness of this setup is based on reactivity of the platform (Fig.1) to shift from one oxygen
concentration to another according to the gaz input and temperature control. The dynamic of the system is
regulated by the Henry law FO2/dt=Kla(C*-CO2). The dissolved oxygen concentration is dependant on
temperature, gas mixture, mixing rate, etc ... These parameter are described in figure 2. We are currently setting
up series of experimental work to optimise the Kla value, key parameter in our system. Most of the work is
focussed on optimising the bubble size and mixing process in order to increase surface to volume ratio the
residence time in to the liquid phase.
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Figure 1: Descriptive scheme for the oxygen optode calibration platform.
The gas flow is represented by the red arrows, the water flow is represented by the blue arrows and data collections or devices controls are
represented by the black arrows. The sensors are immerged in water in a temperature controlled glass container. The dissolved O2 concentration is
set using computer controlled mass flow controller for N2 and O2 gaz. O2 gas concentration is controlled using a dedicated instrument for O2 gas
measurements.

Figure 2: Theoretical sequence for one set temperature of the calibration facility according to different 8 O2 concentrations. a) Conceptual model of
control parameter on oxygen concentration in the chamber, in red gas phase, in green, thermodynamics parameters, in blue water phase. b) Gas
mixture forcing (green), O2 gas (red) N2 gas (blue). c) Dissolved O2 concentration time evolution at 8 successive O2 levels from 0 µM to 320 µM. d)
O2 saturation percentage versus time in the liquid phase at 8 successive O2 levels.

Fundings (in K€, required in bold) and person month:
Year
2011
2012
2013

CPER
22
-

Region / University
-

MISTRALS
1.8
4

Person Months
4.2
5
4
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2014
2015

-

-

Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels
2014
2
0

3
3

3
3

Equipment
1

Total
3

Master, PhDs and post-doc : precicer les années, l’université
Master
M.Réjon
(MIO) Dynamique de l'oxygène dans une enceinte fermée
B. Ramout (MIO) Dynamique de l'oxygène dans une enceinte fermée
Links with other workpackages :
None yet. Mostly dedicated to mooring lines, gliders and profilers
WP2 for IODA deployment
List of Publications / Communications :
NA
Data banking:
NA, will be metadata only
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MERMEX- WP2
ECOLOGICAL PROCESSES: BIOGEOCHEMISTRY
AND FOOD WEB INTERACTIONS

Responsibles:
F. Carlotti (MIO, Marseille), F. Van Wambeke (MIO, Marseille),
S. Bonhommeau (IFREMER, Sète)

Objective 1
Sensitivity and response of key pelagic and benthic species to changing environmental factors
Objective 2
Response of trophic food webs in term of community structure, functioning and adaptation
Objective 3
Feedback of marine ecosystem impacted by global change on biogeochemical cycles and fish
stocks
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WP2 - Objective 1
Name and acronym : ICOCE
Impact of Climate change on Coastal Ecosystems
Duration : 36 months (2013-2015)
Main participants :
I. Pairaud
IFREMER (LER PAC, La Seyne/mer) PI, Coastal modelling and data analysis
P. Garreau
IFREMER (Dyneco-Physed, Brest) Regional modelling of climate change impacts
J. Garrabou
MIO (Marseille) Observation of mass mortality events of coralligenous assemblages
N. Bensoussan
MIO (Marseille) In situ observation and data analysis
V. Garnier
IFREMER (Dyneco-Physed, Brest) Modelling
N. Reul
IFREMER (LOS, Brest) Satellite data
S. Sartoretto
IFREMER (LER PAC, La Seyne/mer) Observation of mortality events, benthic species
S. Somot
CNRM-Meteo-France (Toulouse) Modelling of climate change scenarios in the Mediterranean
Principal objectives :
This action is dedicated to assess the potential impacts of climate change on the NW Mediterranean marine
biodiversity. Improvement in our knowledge of involved processes and future trends is needed to further focus on
the conservation of the rich marine Mediterranean biodiversity. To achieve this goal, a strategy is developed
combining monitoring of stressors (warming, acidification, deoxygenation) in coastal waters and shifts in species
geographical distribution and migratory patterns, numerical simulations and laboratory experiments for key
species.
Among the different objectives, a highlight is made on:
1. the development of realistic modelling scenarios of change in coastal areas using larger scale scenarios,
in particular for warming (Somot et al., 2006 and 2008)
2. assessing the biological responses to changes like warming or acidification (mechanisms), including
themo-tolerance information (obtained from field observations, experimental aquarium set-up and
bibliographic study)
3. developing experiments to understand the interactions between stressors and their cumulative impacts
4. increasing
the
knowledge
of
potential
impacts
for
the
conservation
of
target
species/populations/communities.
The first objective is linked to the activities of the Work Group 1 and modelling task team of HYMEX.
Major results :
First results have been obtained during the ANR MECHANGE, then during the CLIMCARES project funded by the
TOTAL fundation (Pairaud et al., in rev.). The aim was to investigate the potential risks of mortality outbreaks in
coastal ecosystems with special emphasis on coralligenous communities of the NW Mediterranean Sea. Based on
positive modelled temperature anomalies. maps of impacts/risks for the conservation of model species were
obtained by combining projected temperature conditions with information on the populations locations and thermal
stressors. The following work was achieved :
1- Assessment of the ecological consequences of warming, using the information provided by the T-MedNet
temperature data series and communities monitoring for the distribution of observed species and their thermotolerance. Thermo-tolerance functions were built for the red gorgonian Paramuricea clavata.
2- Validation of MENOR MARS3D model temperature at the T-MedNet observation locations (see Figure)
3- Extraction of MENOR temperature hindcasts along the coastline for the years 2001-2010, in order to get
parameters such as the number of days of the summer period above different critical temperature thresholds, and
merging of thermo-tolerance temperature thresholds and MENOR temperature hindcasts to assign a degree of
mortality risk based on cumulative impact of the different temperature thresholds
4- Extraction of temperature from IPCC A2 scenario from Somot at al. (2006) at T-MedNet observation locations in
order to get temperature projections and areas of potential warming affecting populations
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Model

Obs

Figure: Comparison between model (left) and T-MedNet observation (right) temperature (°C) time series for
summer 2006 at the Riou location, showing an intense warming.

Work to be done in 2013 :
In 2013, the modelling work on Paramuricea clavata areas affected by mortality events due to climate change will
be continued based on the IPCC-A2 scenario from NEMO-MED8. This will be done through impact mapping using
st
scenario of the end of the 21 century. Additional ecosystems will also be considered with the same approach. In
order to get a scenario more adapted to the coastal zone for the ocean temperature, the MENOR model will be
forced by NM8 scenarios in order to provide scenarios at the regional scale.
Fundings (in K€, requested in bold) and person month:
Year
Europe / ANR
Total Fundation
2013
0
3
2014
0
0

MISTRALS
0
3.5

Person Months
5
3

Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels
2014
0
3.5

Equipment
0

Total
0

The FP7 SWIMMERS project did not succeed. The budget will be further discussed during the first meeting of the
ICOCE group in 2013.
Master, PhDs and post-doc :
Links with other workpackages :
List of Publications / Communications :
Publications :
Pairaud I., N. Bensoussan, P. Garreau, V. Faure, J. Garrabou (under review) Impacts of climate change on
coastal benthic ecosystems: assessing potential risk of mortality outbreaks under thermal stress in the NW
Mediterranean coastal areas. Ocean Dynamics
Conferences :
Pairaud I., N. Bensoussan, P. Garreau, S. Somot, J. Garrabou. Impact of climate change on coastal benthic
ecosystems from a modelling study of the NW Mediterranean Sea, IMMC, Banyuls, March 2013
Data banking:
Data from the temperature sensors are stored in the T-MedNet data base
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WP2 - Objective 2
Name and acronym:
POISSONS
Action résultante de PPNWMS (Pelagics populations in the Northwestern Mediterranean Sea)
(Trophic ecology of bluefin tuna in the northwestern Mediterranean Sea)

et TEOBFT

Duration: 48 months (2011-2014)
Main participants:
J.-M. Fromentin
S. Bonhommeau
L. Métral
B. Brisset
C. Mellon
M. Potier
F. Ménard
D. Banaru
N. Bierne
D. Ross
C. Bacher
I. Palomera, J. Navarro
E. Massuti

IFREMER, UMR EME (Sète) PI, Ecology of bluefin tuna
IFREMER, UMR EME (Sète) Ecology and data analysis
IFREMER, UMR EME (Sète) Data collection
IFREMER, UMR EME (Sète) Data collection
IFREMER, UMR EME (Sète) Ecology
IRD, UMR EME (Sète) Stomach content analysis
IRD, UMR EME (Sète) Trophic ecology
MIO (Marseille) Trophic ecology
CNRS (station biologique de Sète) Genetic analysis
IFREMER, UMR EME (Sète) Small pelagic ecology, data collection
P. Garreau IFREMER (Brest) Ocean modelling
CSIC (Espagne) Small pelagic ecology
IEO (Espagne)Small pelagic ecology

Other participants of the initial meeting in Sète
M. Pagano
MIO (Marseille)
M. Harmelin
MIO (Marseille)
F. Carlotti
MIO (Marseille)
B Queguiner
MIO (Marseille)
F. Van Wambeke
MIO (Marseille)
D. Bonnet
ECOLAG (Montpellier)
I. Pairaud
IFREMER, LER/PAC, (La Seyne sur mer)
D. Ross
IFREMER, UMR EME (Sète)
C. Bacher, P. Garreau
IFREMER (Brest)
I. Palomera, J. Navarro
CSIC (Espagne)
E. Massuti,
IEO (Espagne)
V. Tirelli
OGS (Italie)
Principal objectives:
Small pelagic fishes are an important economic issue and are key species of marine ecosystems by their large
biomass at an intermediate level in food webs. They correspond to trophic links located between plankton and
fish-eating species, and to top predators, and thus play an essential role in the transfer of energy and matter in
food webs. These species have life traits that make them particularly sensitive to environmental conditions and
anthropogenic pressures: short life cycle (2-3 years), relatively high mobility, diet based on phyto- and
zooplankton. Two of the most abundant species are particularly representative: the anchovy (Engraulis
encrasicolus) and sardine (Sardina pilchardus). A number of assessments can be drawn on the basis of current
knowledge in the Gulf of Lions and Catalan Sea, whether derived from stock assessment programs, physical and
biogeochemical modeling, and regional, national or international scientific projects :
1. The monitoring of populations of small pelagic fish (anchovies, sardines) show a strong temporal variability
of stocks and catches with a recent decrasing trend (see figure).
2. Circulation and biogeochemical characteristics of water masses show complex structures at mesoscale,
which affect the dynamics and spatial distribution of small pelagic fishes populations
3. The large interannual fluctuations of predators, such as bluefin tuna, are related to their population dynamics
resulting from a life cycle combining movement across the Atlantic and Mediterranean and stages in highly
localized habitats (e.g., juveniles in the Northwest Mediterranean). However, the strong overexploitation of
this highly emblematic fish species during the last two decades has led the ICCAT commission to take
strong management measure. Among the various regulations, a major one has been to increase the
minimum size limit for fishing to 30 kg which roughly corresponds to the age-at-maturity (with a tolerance for
some artisanal fleet). Consequently, the total catch extracted from the Gulf of Lions has decreased
substantially since 2008 (by about 90%). Scientific surveys carried out by Ifremer (through aerial spotting)
indicated that higher abundance of juveniles bluefin tuna in the northwest Mediterranean could reflect the
positive outcomes from this increase minimum size regulation. According to these scientific surveys, the
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densities of juveniles BFT in the Gulf of Lions have doubled over the last two years (2009-2010) in
comparison the previous period (2000-2003). While this result is undeniably a good news for the stock-status
and management of this endangered species, such an increase in abundance of this voracious and
opportunistic top-predator may affect the pelagic ecosystem functioning by inducing a substantial increase in
predation on small pelagic fish (anchovy, sardine, blue whiting, sprat, mackerel) and other pelagic organisms
(shrimps, especially Meganyctiphanes norvegica, squids, pelagic crabs). This possibility has recently put
forward to (partially) explain the steep decline in anchovy and sardine populations of the Gulf of Lions.
4. ECOPATH type modeling highlights the important of the direct consumption of (1) small pelagic byhake and
bluefin tuna, two heavily exploited species, and (2) of plankton by small pelagics.
5. The mortality by fisheries and predation is similar for the sardine while predation prevails for anchovy.
Therefore, the principal aims of this study are to:
- Integrate data / models and joint field studies at different scales. For modeling, the latest generation of
biogeochemical models (ECO3M), hydrodynamics (MARS3D, ICHTYOP), biological (DEB) and 'end to end'
(ECOPATH, OSMOSE) will be used in a complementary way.
- Evaluate the diet composition of BFT in the Gulf of Lions through the analyses of stomach content, genetic
and isotopes samples.
- Compare these estimates with information from past studies (especially those carried out by the Marseille
Oceanographic Centre during the early 2000s) to evaluate potential changes in diet composition through
time.
- Compare these estimates with information from studies carried out in other feeding grounds (mostly Bay of
Biscay, Adriatic Sea and Levantine Sea) to evaluate potential changes in diet composition through
space/area.
- Estimate the potential predation rate of bluefin tuna on the small pelagic fish and other foraging
compartments of the Gulf of Lions ecosystem.
Major results:
A meeting between the various scientific Mediterranean partners has be held from March 26 to 28, 2012. This
meeting allowed the sharing of knowledge on the issue of small pelagics in the Mediterranean and also to a state
of the art on data available to address these major issues. This meeting has initiated collaboration between the
Spanish Research Institute on Oceanography (IEO) and Ifremer Sète and has led to the application for an
Eurocean grant for the organization meeting.
Sixty four juvenile BFT have been collected in 2012. However, due to market changes (fish traders sold the
whole fish this year), fish capture was rather difficult. Biological information (weight, length) have been collected
and 40 stomachs have been collected and analyzed. The results indicated that the diet composition was mainly
anchovies (80% of stomach contents) followed by sardines, sprats, and squids. No trace (after genetic analyses)
of jellyfish were reported. The results will be analysed in 2013 (over the last 3 years) to be able to compare the
difference in diet between years.
Work to be done in 2013
The meeting funded by Eurocean will be held in Sète in March 23-26 2013 and will mainly focus on ecosystem
modeling approaches (Ecopath – Osmose) to better understand the population dynamics of small pelagics in the
northwestern Mediterranean Sea.
In addition, we will collect around 100 bluefin tuna and follow the same protocol as in 2011 and 2012. We will
analyze the data collected over these three years and compare the diet with other studies about bluefin diet in
the Mediterranean Sea. We will analyse the isotope results to investigate the position of bluefin in the food web.
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Figure : Fluctuations of sardine
and anchovy biomasses in the
northwestern
Mediterranean
Sea.

Figure : Composition of Bluefin tuna diet in the Gulf of Lions in 2012
Fundings (in K€, requested in bold) and person month:
Year
Europe / ANR
ICCAT
2011
5
2012
2013
2014
2015
** action PPNWMS, * action TOEBTF
Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels
2014
13
2

MISTRALS
5.3*+4.5**
3*+2.5**
6
15
-

Equipment
0

Person Months
12
14
14
14
-

Total
15

List of Publications / Communications:
This work started in 2011 and data have to be collected on a long-term period to have results that can be
published.
Data banking: Data are stored locally and can easily be available.
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WP2 - Objective 3
Name and acronym:
SPECIMED
Structures of Planktonic Ecosystems in the North-western Mediterranean
Duration: 60 months (2010-2014)
Participants:
B. Queguiner
F. Carlotti
S. Blain
I. Obernosterer
J.L. Devenon
A. Doglioli
A. Petrenko
I. Pairaud
K. Leblanc
U. Christaki
F. Diaz
I. Salter
R. Vuillemin
G. Gregori
F. Van Wambeke
R. Seridji
T. Touharia
N. Daly
O. Daly Yahia

MIO (Marseille) PI, Phytoplankton
MIO (Marseille) Zooplankton and plankton size-spectrum modelling
LOMIC (Banyuls/mer) Biogeochemical data acquisition,
LOMIC (Banyuls/mer) Bacterial diversity,
MIO (Marseille) Towed captors and integration of physical data and modelling
MIO (Marseille) Turbulence measurements,
MIO (Marseille) Turbulence measurements,
IFREMER (La Seyne/mer) ADCP implementation and satellite data,
MIO (Marseille) Biogeochemical data acquisition,
LOG (ULCO) Nanoflagellates and microzooplankton,
MIO (BMarseille) iogeochemical data integration and modelling,
LOMIC (Banyuls/mer) Biogeochemical data acquisition
LOMIC (Banyuls/mer)Biogeochemical data acquisition
MIO (Marseille) Flow cytometry studies (Marseille sites)
MIO (Marseille) Bacterioplankton studies (Marseille sites)
USTHB (Alger) Coordinator for Algeria,
USTHB (Alger) Phytoplankton,
Faculté des sciences (Bizerte) Coordinator for Tunisia, Zooplankton,
Faculté des sciences (Bizerte) Responsible for phytoplankton,

Principal objectives :
SPEciMed aims at establishing a 4-year observation platform of plankton communities incl. bacteria, phyto-,
microzoo- and mesozooplankton and associated biogeochemical cycles of major elements (C, N, P, and Si). As a
step towards operational management of marine ecosystems SPEciMed will develop a predictive understanding
of how marine biogeochemical cycles and ecosystems respond to changing forcings, including how large-scale
climatic variations impact regional ecosystems quantitative functioning through the changing physical dynamics
and the alteration of biogeochemical cycles. SPEciMed relies on the joint expertise of oceanographers from the
fields of physics, chemistry and biology to comprehend the whole reactional continuum ultimately controlling the
response of ecosystems.
The 4-years project relies on the existing SOMLIT coastal stations of Marseille (SOFCOM) and Banyuls/mer
(SOLA) and implements the two shelf stations JULIO (SE entrance of the GoL) and MOLA (SW exit). In addition,
following the dialogue with the PI of MOOSE, we plan to associate the examination of samples taken on the two
sites: Antares and 42°N/5°E. Specific objectives assigned to SPEciMed include the establishment of a multi-sites
plan of joined observations relying on the OSUs of the GoL, the implementation of modern methods of
investigation to describe the temporal evolution of the coast-shelf continuum (moving vessel profilers equipped
with in situ particle analyzers – LISST, LOPC, CTD –, en route shipboard measurements – fluorescence, flow
cytometry, ADCP, CT –, discrete continuous vertical measurements at stations – LOPC, LISST, fluorescence,
CTD, SCAMP), and the development of a coupled physical-biogeochemical modelling approach as a predictive
tool for the temporal evolution of disturbed ecosystems. The initial strategy rests on monthly visits using the ships
of stations (Néréis and Antedon, 8 times/year over two days) and of the regional ship Tethys II (4 times/year over
7 days for a complete transect including the 4 sites of study in the GoL). In parallel, SPEciMed wishes to gradually
initiate the same type of approach in other Mediterranean sectors (Nice-Calvi transect in collaboration with the
Université de Liège, transfer of competences towards the University of Bizerte then the University of Algiers, with
which co-operations have been in progress with the MIO for a few years).
Operations conducted since 2010:
Marseille site :
SPEciMed started in May 2010. On the Marseille study site, 32 operations at-sea were carried out between May
2010 and February 2013, including three seasonal cruise SPEciMed/MVP onboard Tethys II. Details of the
parameters measured during each routine operation have been updated on the SPEciMed web site at
http://www.com.univ-mrs.fr/~queguiner/SPEciMed.html (“Summary of operations since 2010”).
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Hydrological parameters (CTD / chlorophyll fluorescence), biogeochemical parameters (nutrients, particulate
matter composition: POC, PON, POP, BSi/LSi) and biological parameters (water samples for the enumeration of
microphytoplankton organisms, net samples for microphytoplankton and mesozooplankton) were sampled
regularly since the beginning of the program. All the chemical analyses from May 2010 to June 2012 have been
performed.
The analyses of biological samples are underway. The mesozooplankton samples from Marseille have been
analyzed for enumeration/identification, ZooScan biovolume estimations, and dry weight. Phytoplankton
countings/identification have been made until the end of 2010. The remaining samples will be processed very
soon by a Ph.D. student who has been assigned to the program (see below).

Evolution of C/N/P composition of the particulate organic matter at JULIO station

2010

2011

2012

2010

2011

2012

2010

2011

2012
Station SOFCOM

2010

2011

2012

2010

2011

2012

2010

2011

2012
Station JULIO

Evolution of copepod abundance, POC and chlorophyll biomass at Sofcom (left) and Julio (right) stations over three years.

The protocol of deployment of the various sensors and towed equipments is now set. It remains very difficult to
use all the equipment in routine. For various reasons including troubleshootings, meteorological conditions, and
also commitments in other programs.
Banyuls/mer site :
SPEciMed started in January 2010. On the Banyuls study site, 22 routine at-sea were carried out between
January 2010 and February 2012. Details of the parameters measured during each routine operation can be
found on the SPEciMed web site. All the biogeochemical and biological (community structures) have been
implemented on the site since June 2012. Mesozooplankton samples from Banyuls are currently analyzed in
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Marseille. Phytoplankton countings/identification processing should start very soon with the help of a Ph.D.
student assigned to a connected program.
SPEciMed/MVP cruises in 2012:
The first seasonal SPEciMed/MVP cruise has been realized from 9 to 15 February (chief scientist: F. Carlotti). The
early days of the cruise were used to install the MVP300 on Tethys II. This phase has been completed
successfully and the MVP300 (equipped with an LOPC and a CTD) was deployed on the transect from SOFCOM
to JULIO. Given the sea conditions, it has not been possible to carry out the originally planned sampling scheme
and a fold had to be done in front of the Rhone River where an additional deployment could be performed.
Meanwhile, at the fixed stations, rosette sampling and vertical profiles of LISST and LOPC were also performed.
This first seasonal cruise has demonstrated the feasibility of using the MVP300 in difficult sea conditions. The
realization of the transect passing through the station 42°N–5°E has proved more difficult. Several cruises were
affected by a serie of technical problems.
Indeed, although, the second SPEciMed/MVP cruise was planned between 27 May and 2 June (chief scientist: F.
Carlotti). A general restriction of navigation from the Prefecture Marine, due to Navy exercise, did finally permit to
only make a half-day of the second SPEciMed/MVP cruise in the morning of May 30. Due to the restrictions, no
deployment of MVP was allowed.
The third SPEciMed/MVP cruise was planned from 21 to 28 August (chief scientist: B. Quéguiner) was affected by
a series of technical problems such as the the Bongo net lost at MOLA station after a crew error, Rosette
sampling defficiency also showed deficient, which resulted in the loss of five sampling bottles (probably related to
a malfunction of the trigger system). Finally, in the late afternoon of August 24, the cable connecting the multi–
sensor fish to MVP broke, causing loss of the fish. Although the cause of the rupture has not yet been elucidated
so far, it could be related to potential problems during deployments prior to the MVP–SPEciMed cruise probably
combined with a lack of proper maintenance.

Work to be done in 2013
Data analysis
Chemical analyses from 2013 survey,
Phytoplankton taxonomy for 2011 to 2013 will be processed by a Ph.D. student S. Boussabat.
Physical data treatment,
LISST and LOPC size spectra treatment.
Field surveys
There were high logistic and human difficulties and costs (especially the ship costs) encountered in 2012 for the
operations MVP-SPEciMed. In addition, many of the scientists involved on SPEciMed program are also highly
implicated in the operation Dewex of the WP1. Thus we decided to follow a simpler program in 2013, by making
only the small transects SOFCOM-JULIO and MOLA-SOLA. Thus, the ship cost (12 days of n/o “Antedon”) is
highly reduced. These operations maintained in 2013 and 2014 will allow at least the biological and
biogeochemical monitoring of these stations and to end up, as scheduled, the feasibility study of a 4-year
observation platform of plankton communities incl. bacteria, phyto-, microzoo- and meso-zooplankton and
associated biogeochemical cycles of major elements (C, N, P, and Si).

Fundings (in k€, required in bold) and person month:
Year
Europe / ANR
Region / University
2011
41**
2012
20.5**
2013
20.5**
2014
-

MISTRALS
45.9 (93)
20.8 + 21.9* (74.5)
32.5
25

Person Months
35
55
68
68

*INSU dispense of the payment for ship cost and for the tentative recovery operation of the MVP multisensor
**This funding (50% of total CDD salary) has been obtained through a contract between MIO and the city of Marseille as part
of the study of biological impact of artificial reefs located in the Bay of Marseille (‘Récifs Prado’ program) from 2010 to
2012. The extra 50% were requested from MISTRALS to cover the annual wages. These have not been obtained so far.
From 2013, no support is available anymore from our partners.

Costs eligibility of MISTRALS fundings(in K€):
Master allowance
Year
Consumables
2014
21.7

Travels
2

Ship cost
1.3

Total
25
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Master, PhDs and post-doc: Ajouter années, université
PhD :
S. Boussabat (MIO) Observation of the plankton community structure in relation to the biogeochemical cycles in
the Gulf of Lions and the pelagic ecosystems of North Tunisia (Bay of Bizerte and Gulf of Tunis).
K. Donoso (MIO) Zooplankton community structure and functioning in the North Western Mediterranean sea
List of Publications / Communications :
Communications
Queguiner Bernard, Carlotti Francois, Blain Stéphane, Obernosterer Ingrid, Devenon Jean-Luc, Zhou Meng,
Doglioli Andrea, Petrenko Anne, Leblanc Karine, Christaki Urania, Diaz Frederic, Pairaud Ivane, Pagano Marc,
Botha Delphine, Pinazo Christel, Salter Ian, Vuimellin Renaud, Banaru Daniela, Harmelin-Vivien Mireille, Gregori
Gérald, Van Wambeke France. Specimed : a multi year survey program of Mediterranean pelagic coastal
ecosystems in a context of global change. Ocean Science Meeting, Salt Lake City (2012)
Links with work packages
WP1 (DEWEX), WP5
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WP2 - Objective 1 & 2
Name and acronym : IPP
Interactions between Plankton and Planktivores
Duration : 36 months (2014-2017)
Main participants : MIO (Marseille) IFREMER (SETE) LOV (Villefranche-sur-mer)
F. Carlotti
MIO (Marseille) PI
C Saraux
IFREMER (SETE), co PI
S Bonhommeau IFREMER (SETE) PI, fish modelling and data analysis
JC Poggiale
MIO (Marseille) bioeneretic models and prey predator interactions
D Banaru
MIO (Marseille) End to end modelling, observation of small pelagic
fishes
D Botha
MIO (Marseille) jellyfish, observation & experimentation
M. Baklouti
MIO (Marseille) ECO3M modelling - Impact of planktivores
F. Diaz
MIO (Marseille) ECO3M modelling Impact of planktivores
A Alekseenko MIO (Marseille) ECO3M modelling - implementation of medusae
F. Lombard
LOV (Villefranche-sur-mer) jellyfish, observation & experimentation
J.N. Irisson
LOV (Villefranche-sur-mer) plankton patchiness, observation
Other teams potentially concerned by the project: ECOSYM, CSIC – Barcelone, … (non exhaustive)
Principal objectives:
This action is dedicated to develop an integrated approach to better assess and quantify the
interactions between plankton and their main predators. Planktivores (small pelagic fish, jellyfishes,
crustaceans) are traditionally observed separately.
Among the different objectives, highlights will be made on:
- the implementation of simultaneous measurements of plankton stocks and small pelagic fish
stocks on the Gulf of Lion to assess time and scale variability;
- getting reliable information on prey resources, growth constant, larvae recruitment of small pelagic
fishes;
- the need to better represent the functional groups of planktivores in model developments (firstly,
jellyfish and small pelagic fishes)
To reach these objectives, the project will be built on existing projects, however disconnected. The
added value of IPP will be to reinforce field strategy, better combine observation and experiments with
modelling needs.
Major approaches:
Analysis of already acquired data bases
Analysis of historical data of planktonic and fish distributions in the Gulf of Lion (from 1992 to 2012).
Modelling
Implement dynamic modelling of the interface between plankton and planktivores (fish, gelatinous,
carnivorous macroplankton)
To achieve this, it is required to improve existing representations of higher functional groups and their
trophic interactions with plankton preys (i.e. need to assess properly plankton representation in a
context of trophic flux rather than a biogeochemical flux). It needs also to make an appropriate
coupling between physics and functional groups.
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We will analyse the inputs of recent modelling actions, discuss progress and failures through common
workshops and discussions, and develop representation of trophic interactions.
Synthesis of recent modelling actions:
- EMIBIOS (end 2014 and PERSEUS end 2015) D Banaru. Coupling of low and high trophic levels :
ECOPATH coupled to OPATM-BFM and OSMOSE-ECO3M
- MED-ICCBIO (end 2013) F. Diaz. Coupled physical - biogeochemical model with flexible
stoechiometry (ECO3M) on the whole Med using a high resolution model
- Zooplanktonic population models (Carlotti et el 2013)
- Gelatinous plankton modelling (JELLY WATCH)
- Fish school modelling (thesis C Accola – Poggiale)
- Modelling processes to assess impacts of varying of N/P ratios or nutrients on the stoechiometry of
plankton functional groups, and shifts of trophic web types (post doc Labex OT med A Alekseenko - M
Baklouti)
- Bio-energetic model to simulate growth and larval dispersion of anchovies (Bonhommeau)
Observation
This will be done using already existing structures of observation but trying to get new data types.
- For instance to implement the observation of planktonic environment during field surveys for
estimating fish stocks (IFREMER cruises, June MEDITS, July PELMED). This will allow getting a
characterization of small pelagic fish habitats.
- Another existing platform is the recurrent acoustic detections of small pelagic fish schools and their
trawling. These stations are also sampled using CTD and WP2-nets (analysis of zooplankton by
Banaru and Saraux). During these cruises birds and marine mammals are also observed.
What could be added:
- The CTD cast should be implemented also with instruments like LOPC , LISST and UVP,
zooplankton nets including closing nets (for discrimination in different water column layers) and
jellyfish nets , continuous flow cytometry;
- Sampling of individuals for stomach content analysis, isotopic analysis eggs production
Other existing station: Marseille’s Bay (réseau SOMLIT) could be sampled also for small pelagic
fishes.
Other possible stations (to be identified in the coming year): Rhône plume? Sète? for juvenile fish
sampling)…
Experimentation
Work in controlled conditions to assess growth and feeding processes of jellyfish, experimental
(running task) Work could be also planned in the platform of Palavas equipped with aquaculture
basins (IFREMER) to study physiological growth of small pelagic fishes in captivity (in project).
Time-table :

Meetings

2014

2015

2016

**

*

Mid –term
meeting

First
meeting for
structuring the
project

ANR
preparation

2017
Synthesis

Observation

x

xxx

xxx

xx

Data

xxx

xx

x

x
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synthesis
Modelling
Experimentat
ion

xx

xx

xxx

xx

xx

xxx

*, **, *** : relative importance of the activity
Fundings (in K€, requested in bold) and person month:
Year
2014
2015

Europe /
ANR
0
0

Labex OTMed
40
0

MISTRALS
30
70

Costs eligibility of MISTRALS fundings(in K€):
Consumable
Year
Travels
Equipment
s
2014
25
5
0

Person
Months
44
60

Master
allowance
0

total
30

Master, PhDs and post-doc:
Post doc Alena Alkseenko (M Baklouti): Modelling the impact of the quantity and quality of nutrient
inputs on the structural and functional dynamics of planktonic diversity at seasonal time-scales A case
study on the NW Mediterranean Sea under the influence of the Rhône River
Thesis Maxime Vaugeois (F Diaz, F Carlotti): A mechanistic carbon intake model of Oikopleura dioica
3 Masters 2
Links with other workpackages: WP5
List of Publications / Communications: Not relevant
Publications: Not relevant
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MERMEX- WP3
LAND-OCEAN INTERACTIONS INCLUDING EXTREME EVENTS

Responsibles:
C. Rabouille (LSCE, Gif-sur-Yvette), O. Radakovitch (CEREGE, Aix-en-Provence)

Objective 1
Characterize and model transfers and transformation of carbon, nutrients and contaminants
from the rivers through the coastal zone to the open sea and its impact on ecosystems
Objective 2
Characterize and model transfers and impacts of contaminants through the marine food web
Objective 3
Characterize the contamination pathways and spatial scale of impact of large cities on the
marine ecosystems
Objective 3
Characterize and quantify the influence of submarine groundwater discharges (SGD) on
marine ecosystems
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WP3 - Objective 1
Name and acronym : RIVERS
Influence of extreme events on river delivery of particulate organic carbon, nutrient and contaminants, their fate in
the delta and continental shelf and their impact on ecosystems
Duration : 60 months (2010-2014)
Participants :
C. Rabouille
N. Tisnerat
JL. Reyss
B. Bombled
N. Caillon
G. Monvoisin
O. Radakovitch
P. Kerhervé
D. Doxaran
M. Arnaud, S. Charmasson
I. Pairaud, C. Ravel
R. Verney, D. Le Berre
C. Ravel, M. Répécaud
P. Raimbault, F. Zuberer
Y. Leredde, F. Vidussi, E. Berthebaud

LSCE (Gif sur Yvette) PI, Carbon recycling
LSCE (Gif sur Yvette) 14C measurements
LSCE (Gif sur Yvette) Radionuclides in sediments
LSCE (Gif sur Yvette) Carbon recycling
LSCE (Gif sur Yvette) Diving
IDES (Orsay) Diving
CEREGE (Aix en Provence) Particulate contaminants
CEFREM, Perpignan, Isotopic signature of organic matter
LOV, Villefranche
Satellite observation
IRSN (La Seyne/mer) Radionuclides, altimeters and ADCP
IFREMER (La Seyne/mer) Mesurho station
IFREMER (Brest) Particle dispersion in the coastal zone
IFREMER diving and maintenance of Mesurho station
MIO (Marseille) ISUS sensor and diving
GM et Ecosym (Montpellier), Sète Observatory

Principal objectives:
The Rhone is the largest carrier of particles and freshwater to the Mediterranean Sea, but the coastal rivers can
also bring significant amount of particles and carbon during extreme events. The fate of dissolved and particulate
nutrients and carbon, and associated contaminants is poorly understood. One of the explanations is the fact that
extreme events such as floods represent a major share of the inputs and their deposition/remineralization
processes are largely understudied. Furthermore, secondary transport and dispersion on the shelf is poorly
documented, especially for the transformation of particles during this transport (remineralization, contaminant
desorption, interaction with benthic fauna). In this action, we have three major objectives
1. Develop and maintain multidisciplinary observatories on the Rhone River, at the Rhone River mouth and on
the shelf offshore of Sète for continuously measuring the delivery and deposition/ mineralization/
resuspension of particles especially during extreme events,
2. Investigate transfer and transformation of particles on the adjacent shelf by carrying out regular ship transects
on the continental shelf from the Rhone River to Sete Observatory using towed instruments and discrete
sampling,
3. Integrate large scale patterns on the Gulf of Lions using satellite imagery and coupled physical-biological
models (and possibly ProvBio floats).
Results:
In 2012, 4 cruises (Mermex-ACCESS cruises 1-4, March, June, August and December 2012) were conducted
in the purpose of working towards objectives 1 and 2, i.e. delivery and fate of material near the Rhone River
mouth and investigate the transport and transformation of material on the shelf.
During these cruises, maintenance of the Mesurho monitoring station was achieved, especially concerning the
benthic station of LSCE, which worked efficiently between March and August 2012. The results collected by the
LSCE benthic station during autumn 2011 and spring-summer 2012 reveal the good performances of this new
device which allows the continuous monitoring of benthic mineralization of carbon in the sediments. A 3 weeks
deployment in September 2011 allowed qualification of the measurement during a stable period. As spatial
variability was measured at the start of the deployment, we could assess that the temporal variations were
restricted in the spatial variability range during this stable period (see graphs).
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Spatial ad temporal variations of diffusive oxygen uptake (DOU) by the sediment. Upper panel shows the initial
mapping of DOU (symbols are measured profiles and DOU, colors are interpolations) lower panels shows limited
turbidity variations and limited temporal variations of DOU during this stable period. Green box indicates the
range of spatial variability recorded at the start of the experiment (2 σ).
Another deployment was achieved during spring and summer which captured variability in the bottom water,
especially a large turbidity event (linked to resuspension) in April 2012. The observed result of a large increase
of DOU (a factor of 3-4) during this turbidity event is still being investigated but it could be linked to either the
exposure of reduced layers which would increase the oxygen demand or the deposition of re-aerated sediment
which would favour oxic mineralization of organic matter.

Time series of DOU collected by the LSCE benthic station in March-April 2012. After a period of stability a large
turbidity peak is observed (marked with a red line) which is followed by a large increase in DOU.
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In addition to the time series of benthic minearlization δ C and ∆ C measurements performed on density
fractionated material show a trend in aging towards offshore and an inverse relationship of age of the fraction
with its density (paper accepted).
13

14

During two cruises in March and August, transects were performed between the Rhone River and the city of
Sete with a towed Scanfish measuring turbidity, chlorophyll, T and salinity. A selection of results is shown on the
next Figure. Fixed sampling stations were used to calibrate the Scanfish profiles and collect cores at selected
locations on the shelf.

Chl-a and turbidity continuous profiles measured with the Scanfish on a coast-offshore transect (left=offshore) showing a
progressive shoaling of the chl-a maximum near the coast and sporadic turbidity increase near the sea bottom.

Work to be done in 2013:
In Year 2013, two cruises on board the Tethys II will be devoted to capturing spring floods with the benthic station
whereas the maintenance of station Mesurho and Bessete will be continued. These two cruises will also
investigate the recycling of organic matter at depth in the sediment and its relation with anoxic diagenesis which is
crucial in the prodelta. Benthic station deployments will be performed in the fall with a rented ship in order to
record fall/winter floods. The results from the Mesurho station and from the two sets of transects will be compiled
and a first attempt to synthesize the data set will be done.

Fundings (in K€, requested in bold) and person month:
Year
Europe / ANR
Region / University
2010
2011
2012
5
2013
2014
Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels
2014
32
12

MISTRALS
10
23
44
47
56

Equipment
3.5

Shiptime
8.5

Person Months
10
35
55
40
30

Total
56

Master, PhDs and post-doct :
PhD
F. Toussaint (LSCE) Impact des apports de crues sur le devenir du carbone organique à l’interface terre-mer,
soutenance prévue en Décembre 2013
Links with other workpackages
WP4 (CARBORHONE)
List of Publications / Communications :
Articles :
Cathalot, C., C. Rabouille, N. Tisnerat-Laborde, F. Toussaint, P. Kerhervé, R. Buscail, K. Loftis, M. Y. Sun, J.
Tronczynski, S. Azoury, B. Lansard, C. Treignier, L. Pastor, and T. Tesi (in revision). The fate of river organic
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carbon in coastal areas: a study in the Rhone River delta using multiple isotopic (13C, 14C) and organic
tracers, Geochimica Cosmochimica Acta.
Toussaint, F., N. Tisnerat-Laborde, C. Cathalot, R. Buscail, P. Kerhervé, and C. Rabouille (in revision), Density
separation coupled with ∆14C and ∆13C traces the depositionnal processes of organic matter in the Rhone
River delta (Gulf of Lions, France), Radiocarbon.
Conferences :
Rabouille, C., C. Cathalot, L. Pastor, B. Deflandre, E. Viollier, R. Buscail, A. Grémare, C. Treignier, and A. Pruski
(2011), EGU Vienna, invited. VARIABILITY OF BENTHIC MINERALIZATION IN THE RHONE RIVER PRODELTA
DURING A FLOOD EVENT: THE IMPORTANCE OF ORGANIC MATTER ORIGIN
Toussaint, F., C. Rabouille, C. Cathalot, L. Pastor, B. Deflandre, E. Viollier, R. Buscail, A. Grémare, C. Treignier,
and A. Pruski (2011), Conference “Evenements extremes et impact sur le milieu cotier”, Biarritz. Response of
benthic mineralization in the coastal zone near the Rhone River after flood events: the importance of organic
matter origin,.
Cathalot, C., C. Rabouille, N. Tisnérat-Laborde, F. Toussaint, P. Kerherve, C. Treignier, B. Lansard, K. Bowles, M.
Sun, J. Tronczynski, and L. Pastor (2012), Radiocarbon conference,.Paris. Origin and spatial distribution of the
Rhône River particulate inputs in the Mediteranean Sea: new evidences from radiocarbon measurement
Rabouille, C., F. Toussaint, B. Bombled, C. Cathalot, A. Abchiche, O. Aouji, and G. Buchholtz (2012),
Environmental sensors conference, Biarritz. Time series of oxygen demand in coastal sediments and
environmental parameters obtained by a new benthic station: results from a deltaic environment
Toussaint, F., N. Tisnérat- Laborde, C. Cathalot, and C. Rabouille (2012), Radiocarbon conference, Paris. Density
separation coupled with ∆14C and δ13C to trace deposition processes of organic matter in the Rhône River delta
(Gulf of Lion, France)
Rabouille, C., O. Radakovitch, C. Estournel, X. Durrieu de Madron, C. Guieu, and R. Sempéré (2013), IMBER
"IMBIZO" meeting, Goa, India.The fate of Rhone River carbon on the Mediterranean continental margin, its export
to the open sea and its relation to climatic parameters
Toussaint, F., C. Rabouille, B. Bombled, C. Cathalot, B. Lansard, A. Abchiche, O. Aouji, G. Buchholtz, M.
Repecaud, and I. Pairaud (2013), EGU, Vienna. Time series of oxygen demand in deltaic sediments obtained by a
new benthic station: the Rhone delta (NW mediterranean Sea)
Toussaint, F., N. Tisnérat- Laborde, C. Cathalot, and C. Rabouille (2013), EGU, Vienna. Tracing sources and
deposition processes of organic carbon in river deltas: carbon isotopes (Δ14C and δ13C) coupled to density
fractionation in the Rhône River delta (Gulf of Lion, France)

Data banking:
Metadata on SEDOO in progress
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WP3 - Objective 1
Name and acronym : CASCADE
Impact of Cascading, Storm, Convection, Advection, and Downwelling Events on shelf-slope exchanges
Duration : 60 months (2010-2014)
Participants :
X. Durrieu de Madron
P. Kerherve
D. Aubert,
D. Cossa
P. Testor
C. Tamburini
P. Conan,
L. Stenman
T. Calafat
P. Puig
R. Danovaro
F. Touratier
C. Estournel
B. Ferrari,
F. Bourrin
L. Béguery
D. Stuart
I. Pairaud
D. Le Berre
R. Verney

CEFREM (Perpignan) PI, Hydrology et hydrodynamics
CEFREM (Perpignan) Particulate organic matter, stable isotopes
CEFREM (Perpignan) Metallic contaminants
LBCM (La Seyne/mer) Mercury
LOCEAN (Paris) Glider operation
MIO (Marseille) Bacterial production, degradation flux, oxygen
LOMIC (Banyuls/mer) Primary production, nutrients, DOM, pigments
LOV (Villefranche/mer) Zooplankton
GRGM (Barcelone) Sedimentological analysis
CSIC-ICM (Barcelone) Mooring lines
DISMAR (Ancone) Benthic biology
IMAGES (Perpignan) CO2 analyses
LA (Toulouse) Modelling
AAMP (Port-Vendres) Marine protected areas monitoring programme
CEFREM (Perpignan) PI, Hydrodynamics, suspended particles dynamics
DT INSU (La Seyne-sur-mer) Glider deployment
DT INSU (La Seyne-sur-mer) Glider deployment
IFREMER LER-PAC (La Seyne sur mer) Hydrodynamics
IFREMER LER-PAC (La Seyne sur mer) ADCP
IFREMER DYNECO/PHYSED (Brest) Suspended particles dynamics

Principal objectives :
The deep basin and the continental shelf of the Gulf of Lions (northwestern Mediterranean) are regions known
for the formation of dense water in winter due to N-NW continental winds. The area of Cap de Creus canyon and
adjacent area is the main export of dense shelf waters. Dynamics of dense water on the continental shelf is also
influenced by the E-SE storms. The mass transfer of organic and inorganic particulate and dissolved from the
surface to the deep basin, and shelf to the slope, by these physical processes strongly influences the
redistribution of chemical elements in sediments, and the structure and functioning of benthic and deep pelagic
ecosystems ecosystems.
The CASCADE cruise, carried out on the R/V L’Atalante between the 1st to the 23th of March 2011, aimed to
determine the characteristics of these two physical mechanisms and their multiple impacts, and to monitor the
hydrological, hydrodynamical, sedimentological and biogeochemical characteristics of these shelf ad open-sea
water masses. We propose a qualitative and quantitative evaluation of the fluxes of particulate and dissolved,
organic and inorganic matter exported to the slope and deep basin by these mechanisms. Despite the stormy
conditions, the cruise has been successful with the collection of many CTD profiles, water, plankton and
sediment samples, hyperbaric experiments as well as the deployment and retrieval of mooring lines, and use of
underwater gliders.
This experiment was supported by the MOOSE observation network that provides multiplatforms (gliders,
mooring, ship) observations prior during and after the experiment, but also enables to tackle the interannual
variability of dense water formation in the Gulf of Lion.
CASCADE has been extended in 2013 by the integration of a project funded by EC2CO DRILL: TUCPA
(Characterization of coastal turbidity during extreme events). This project emphasizes on measurements of
suspended sediment concentrations through turbidity and current velocity measurements for estimating sediment
fluxes at the interfaces of the coastal area. It also investigates the spatio-temporal scales of turbidity, from few
meters to several kilometres (continental shelves) and from few seconds to the scale of climatic events (few
days). Turbidity measurements will be investigated from both acoustics and optics in order to characterise the
whole spectrum of suspended particle in coastal waters.
The strategy is twofold: validation of a fixed measurement system with appropriate sensors on existing coastal
platforms, and cross-calibration/validation towards mobile platforms such as autonomous underwater gliders with
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similar sensors.
Two existing pilot sites were chosen in the Gulf of Lion, NW Mediterranean Sea to deploy and analyze the in-situ
response of an adapted instrumental packages to measure natural suspended particles. The POEM buoy
operated by the CEFREM front to the coastal Têt river, is located in an area characterized by low to medium
values of turbidity. The buoy MESURHO managed by IFREMER and IRSN in front of the Rhône river mouth is
located in an area characterized by values of medium to high turbidity.
The package of both acoustic and optical sensors adapted on fixed and mobile platforms will allow us at terms the
validation of satellite measurements and modelling. This system could be then duplicated to other coastal areas of
interest.
The main goals of this project are:
− Better characterize the suspended particles (size, shape, quality and quantity) in 2 sites with various turbidity
gradients under different fluvial systems.
− Comparison of suspended particles measurements from various platforms (buoy, ship, glider) and from various
techniques (optics vs. acoustics), during various environmental conditions (fair conditions vs. extreme events).
− Quantification of suspended particles fluxes at the scale of a continental shelf.

Major results :
The winter 2011 cruise allows to describe and monitor the impact of different processes (convection, cascading,
storm) and their interactions on the entire Gulf of Lions margin. Three separate events were observed during the
cruise: (1) the transition period between the convection and restratification in the deep basin, (2) a major SE
storm inducing a downwelling, followed by cascading of dense shelf water, in the canyon of Cap de Creus, and
(3) the dispersal of river plumes on the inner shelf successive to the E-SE storms and floods These observations
are currently used to supply and validate the coupled model (hydrodynamic / sediment dynamics /
biogeochemistry) model developed by LA.
The additional observations collected during the winter 2012 evidenced the interplay of very intense events of
dense shelf water cascading and open-sea convection in the northwestern Mediterranean deep basin. The
hydrodynamical modelling of this winter is in progress.

Storm induced coastal
plume on the Gulf of Lion‘s
shelf during March 2011
showing the along-shore
propa-gation of a turbid
plume of buoyant (cold but
fresh)
coastal
water
toward the Cap de Creus
at the south-western end
of the shelf.
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Storm-induced
downwelling in the Cap de
Creus
canyon
during
March
2011
strong
Eastern storm showing the
intrusion of turbid coastal
water down to 400 m
depth in the canyon head
during the storm.

Work to be done in 2013:
The work to be done in 2013 correspond to those of the TUCPA project. It will be focused on the Têt prodelta
buoy (POEM) and adjacent shelf. A benthic tripod equipped with acoustics and optics will be deployed under the
buoy at 28m water depth to study both hydrodynamics and suspended particles dynamics. A slocum glider
equipped with optics will be deployed at the same time close to the buoy and will repeat section from the
nearshore to the shelf edge. At the same time, in situ measurements from the R/V Néréis will be done from CTD
casts and additional instruments (optics) to better characterize suspended particles dynamics.
The working plan includes simultaneous survey from mobile and fixed platforms in front of the Têt river (POEM
buoy) and the Rhône river (MESURHO buoy).

Fundings (in K€, requested in bold) and person month:
Year
2010
2011
2012
2013
2014

Europe / EC2CO
Region / University
86
177
17
5 +16 (EC2CO DRILL)
16 (EC2CO DRILL)

MISTRALS
65
57.3
-

Person Months
10
96
70
70
30

Master, PhDs and post-doc :
Master
T. Severin (LOMIC). Année ? Impact des plongées d’eau dense sur le fonctionnement des écosystèmes
pélagiques : bilan de matière et production primaire. UPMC
A. Chabi (CEFREM) 2012. Caractérisation, analyse de la taille et de la forme des particules marines en
suspension par Holographie numérique et Diffractométrie Laser

PhD
L. Houpert (CEFREM). Dynamique de la couche de mélange et des formations d'eau dense dans le Golfe du
Lion.
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C. Dumas (CEFREM). Impact des évènements de crues et de tempêtes sur le transport d’éléments métalliques
entre le continent et le basin profond.
M. Higueras (CEFREM). Origine et export de la matière organique particulaire dans le Golfe du Lion pendant les
évènements de crues et de tempêtes.
T. Severin (LOMIC). Impact des plongées d’eau dense sur les écosystèmes pélagiques : biogéochimie et boucle
microbienne.
D. Sanchez (LOMIC). Importance des facteurs environnementaux sur l'organisation des communautés
phytoplanctoniques et sur la production et le devenir de matière organique dissoute colorée.
M. Boutrif (MIO) Dégradation de la matière organique dissoute de fort poids moléculaire par les communautés
procaryotiques des zones méso- et bathypélagique.
P. Damien, (LA) Etude du rôle des petites échelles sur la circulation océanique en Méditerranée occidentale à
l’aide d’un modèle numérique à haute résolution.
F. Kessouri (LA) Etude des processus biogéochimiques couplés à la physique en Méditerranée nord-occidentale
à l’aide de la modélisation numérique.
Links with other workpackages :
WP1 (DEWEX)
List of Publications / Communications :
Publications
Puig. P., X. Durrieu de Madron, J. Salat, K. Schroeder, J. Martín, A.P Karageorgis, A. Palanques, F. Roullier, J.L
Lopez-Jurado, M. Emelianov; T. Moutin, L. Houpert (2013) Thick bottom nepheloid layers in the western
Mediterranean generated by deep dense shelf water cascading. Progress in Oceanography (sous presse)
Martin J., X. Durrieu de Madron, P. Puig, F. Bourrin, A. Palanques, L. Houpert, M. Higueras, A. Sanchez-Vidal,
A.M. Calafat, M. Canals, S. Heussner Sediment transport through Cap de Creus Canyon during the CASCADE
cruise in March 2011. Biogeosciences (sous presse)
Durrieu de Madron X., L. Houpert, P. Puig, A. Sanchez-Vidal, P. Testor, A. Bosse, C. Estournel, S. Somot, F.
Bourrin, M.N Bouin , M. Beauverger, L. Beguery, A. Calafat, M. Canals, C. Cassou, L. Coppola, D. Dausse, F.
D'Ortenzio, J. Font, S. Heussner, S. Kunesch, D. Lefevre, H. Le Goff, J. Martín , L. Mortier, A. Palanques, P.
Raimbault. Interaction of dense dense shelf water cascading and open-sea convection in the Northwestern
Mediterranean during winter 2012. Geophysical Research Letters (sous presse)
Bourrin, F., Durrieu de Madron X.., Beguery, L., Kunesch, S. (In prep.). Sediment resuspension and fluxes
estimated from glider during a typical winter storm (Gulf of Lions, NW Mediterranean), Journal of Marine
Systems.
6 other papers in preparation
Communications
Durrieu de Madron et al., HERMIONE annual meeting (2011)
Durrieu de Madron et al., HERMIONE annual meeting (2012)
Houpert et al. AGU Ocean Science meeting, Salt Lake City (2012)
Durrieu de Madron et al., EGU General Assembly, Vienna (2013)
Bourrin, F., Durrieu de Madron, X., Mahiouz, K., Béguery L., Houpert L. Sediment resuspension observed by an
optical slocum glider during a typical Mediterranean winter storm. Ocean Science 2012, Salt Lake City
Severin et al., CIESM Congress Marseille (2013)
Dumas et al., CIESM Congress Marseille (2013)
Higueras et al., CIESM Congress Marseille (2013)
Bourrin et al., CIESM Congress Marseille (2013)
Data banking:
Metadata on SEDOO in progress
Transfer of data to CYBER LEFE and SISMER to be done
Glider data transferred to CORIOLIS

WP3 - Objective 2
Name and acronym : COBEC/COPEL
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Characterization and modeling of transfers and impacts of contaminants through the marine food web
Duration : 48 months (2011-2014)
Main participants :
O. Radakovitch
O. Pringault
M. Harmelin-Vivien
F. Joux
D. Cossa
J. Tronczynski
L. Méjanelle
F. Charles
C. Rabouille
M. Tedetti

CEREGE (Aix-en-Provence), Metal geochemistry, sedimentology, radionuclides
ECOSYM (Montpellier) , Microbial biogeochemistry
MIO (Marseille) Benthic food webs
OOB (Banyuls/mer) Microbiology
IFREMER (La Seyne/mer) Metal geochemisrty, Hg
IFREMER (Nantes) Organic geochemistry
OOB (Banyuls/mer) Organic geochemistry
OOB (Banyuls/mer) Benthic biology
LSCE (Gif/Yvette) Benthic biogeochemisrty
MIO (Marseille) Transfers and impacts of contaminants

Principal objectives:
Evaluate the consequences of resuspended polluted sediments on pelagic microorganisms (diversity and
functions) in the Bizerte Lagoon (Tunisia). Assess the consequences of multi-contamination of PAH on
phytoplankton.
Major results:
During 2012, a series of experiment was performed to assess the consequences of polluted sediment
resuspension on phytoplankton communities. Lagoon waters (Bizerte Lagoon) and Mediterranean waters were
incubated with this contaminated water during 5 days under in situ conditions (Fig. 1). Functions (net oxygen
production, respiration, gross production) and biomass (phytoplankton and bacteria) were measured daily.
Diversity of bacterioplankton (analysis in progress) and phytoplankton was measured initially and at the end of
incubation. As observed in the North ecosystem (Thau lagoon, experiments conducted in 2011), sediment elutriate
(nutrient and contaminants) strongly stimulated growth of phytoplankton together with an increase in metabolic
activity (production and respiration). These changes were however not followed by noticeable modifications of the
phytoplankton community structure. Future works will be performed in 2013 and 2014 to better understand the role
of nutrient as a control of the pollutant toxicity with the support of the ANR project RISCO.
Work to be done in 2013 :
Identification of the impact of pollutants on bacterial communities in the Toulon Bay and the Bizerte Lagoon
(molecular biology analyses).
16
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Picture of the microcosm incubated in situ and gross production as a function of incubation time

It has to be noted that this COPEL/COBEC ACTION has been mainly based on two ANR already obtained: ANRCostas (Contamination dans le système Trophique phytoplankton, zooplancton, anchois et Sardine) and now
ANR RISCO. In 2013, this action will be defined in order to develop new works not covered by these two
projects. That is the reason why the budget for the next coming years is not well defined, except for a small
participation of Mermex and Mistrals to the present works.

Fundings (in K€, requested in bold) and person-month:
Year
Europe / ANR
Region / University

MISTRALS

Person Months
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2011
2012
2013
2014
2015

150 k€ (ANR RISCO)
150 k€ (ANR RISCO)
150 k€ (ANR RISCO)

10 k€
10 k€
-

5
5
-

2
18
24
24
24

Master, PhD and post-doc :
PhD :
H. Ben Otthman (ECOSYM), Impact of polycyclic aromatic hydrocarbon on phytoplankton. Soutenance prevue
2013. Univ Montpellier 2 et Univ Carthage
Post-doc :
C. Lafabrie (ECOSYM), Consequences of sediment resuspension on phytoplankton (2012-2013).
Links with other workpackages :
WP3 (C3A Contaminant inputs from large Cities in the Coastal Area)
List of Publications / Communications :
Lafabrie C, Hlaili AS, Leboulanger C, Tarhouni I, Ben Othman H, Meddeb M, Sahraoui I, Pringault O. Impact of
contaminated sediment resuspension on a Mediterranean phytoplankton community (Bizerte lagoon, Tunisia).
In prep.
Data banking:
Metadata on SEDOO in progress.
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WP3 - Objective 3
Name and acronym : C3A
Contaminant inputs from large cities in the coastal area
Duration : 72 months (2010-2015)
Main participants:
C. Garnier
PROTEE (Toulon) Coordinator, trace elements transfer in coastal systems
I. Pairaud
IFREMER (La Seyne/mer) Coordinator, Coastal modelling and measurements
G. Durrieu
PROTEE (Toulon) Sampling and major element analysis
J.F. Ghiglione
LOMIC (Banyuls/mer) Microbiology in sediment
O. Pringault
ECOSYM (Sète) Microbiology in sediment
B. Lauga
IPREM (Pau) Microbiology in sediment
C. Pinazo
MIO (Marseille) Coupled physical-biogeochemical modelling and measurements
M. Goutx
MIO (Marseille) Chemical contamination, sensor developments
J. Schäfer
EPOC (Bordeaux 1) Pb isotopes, MeHg/TBT compounds in sediment
Principal objectives:
Large coastal cities could be a significant source of marine pollution in the Mediterranean Sea because of the
rapid population increase. The associated inputs of particles, organic matter and numerus contaminants are
confined in the coastal area and thus impact the ecosystems in these areas. However, a spread of this
contamination can occur in relation to weather conditions (e.g. intensive rain, storm, wind). These dissemination
processes require careful analysis in order to be compared to other contaminant sources like large rivers or
atmospheric inputs. In this action, the sites of Marseille and Toulon have been chosen: (1) Marseille city as a
major agglomeration, submitted to strong anthropogenic pressures exemplified by large inhabitant density and
past or present industrial activities, comparable to other similar cities like Athens, Barcelona or Genova; (2) Toulon
Bay, a semi-closed bay with long water residence time, hugely contaminated (partly due to historical military
activities), surrounded by aquaculture activities as well as urban river/emissaries.
Scientific questions already identified will be more particularly studied:
1. main biogeochemical processes influencing the chemical compounds transfer at the continent/marine
interface and fate to the open sea will be constrain at the Marseille site, including measurements and a
modelling approach combining hydrodynamics, sedimentary, biogeochemical and chemicals compartments.
2. mechanisms of contaminants transfer at the water/sediment interface have to be studied. Indeed; sediment
are considered as a pollutant sink, but in some specific conditions could become a non-negligible source to
the water column and subsequently to the biota. Biogeochemical processes involved in these transfer like
redox processes or resuspension are relatively known, but there are few works in the context of the
Mediterranean sea. Additionally, the reciprocal influences of such heavily polluted sediments on benthic
communities have to be evaluated.
Major results:
Marseille bay:
− Daily oceanographic cruises during strong rain events have been carried out along transects in front of the
main tributaries output (Huveaune/Jarret in Le Pradot, WWTP/Huveaune/Jarret in Cortiou) to evaluate their
impact on the spreading of hydrocarbons, PAHs, trace metals, organic matter, nutrients and chlorophyll
− Seasonal monitoring of biogeochemical parameters, dissolved organic matter, PAHs and biocides in the
studied zone
− Evaluation of dissolved/particulate metals discharge to the coastal zone, and fate in the salinity gradient,
during dry/wet periods: evidencing the predominance of treated wastewater on the global elements discharge
to the coastal zone during dry periods
− Characterization (settling rate, major/trace elements contents) of flood/base flow particles from Marseille main
tributaries: implementation of the hydrosedimentary MARS3D model
− 3D modelling of chemical contamination in the bay: first simulations of Pb using the hydrosedimentary
MARS3D model coupled with chemical contamination (link with the FP7 PERSEUS project)
− 3D coupled physical-biogeochemical modelling to assess the influence of physical events and anthropogenic
nutrient inputs over ecosystems (first trophic level)
Toulon bay:
− Distribution (surface/historic) of MeHg and TBT compounds in the sediments, in relation to other pollutants:
considering the huge amount of Hg and TBT in Toulon bay sediments, their respective debuthylation and
methylation have to be studied

MERMEX Implementation Plan 2013-2015

−
−
−
−

Determination of sediments' Pb isotopic signature: will be compared in 2013 to the one recorded in the
mussels databank from Ifremer
Molecular fingerprints Archaea and Bacteria established by T-RFLP in sediments
Seasonnal monitoring of the elements (diagenetic tracers, metals/metalloids) dynamic and fluxes at the
water/sediment interface
Study of metals/metalloids remobilisation during sediment resuspension events: results from batch
experiments will be compared in 2013 to samples collected during a dredging operation of one of the most
polluted zone

Marseille city: Map of dissolved Lead
concentration. Isovalues have to be multiplied by
the background value (20 ng/L).

Toulon bay: Hg enrichment factor values of surface sediments (0-5
cm) (Tessier et al., 2011)

Work to be done in 2013 :
Marseille Bay:
- 3D modelling of chemical contamination in the bay: simulations of Pb using the hydrosedimentary MARS3D
model coupled with chemical contamination (link with the FP7 PERSEUS project)
- 3D coupled physical-biogeochemical modelling to assess the influence of physical events and anthropogenic
nutrient inputs over ecosystems (first trophic level) : focus on raining, upwelling and Rhone river intrusion
events monitored between 2008 and 2012
- Monitoring of metallic contamination in the water column during the PERSEUS fall cruises
Toulon bay:
- Determination of sediments' Pb isotopic signature on surface and deep sediments in order to identify major
sources of pollution and to compare to the one recorded in the mussels databank from Ifremer (Lazaret
station, period: 1979-2013)
- Monitoring of metallic contamination in the water column (DGT sampling during 10 months for 3 stations,
monthly water sampling at given stations, mapping of the chemical contamination for 2 different periods) in
order to establish the level of contamination of the bay, identify hot spots and principal diffusive sources
- Preliminary studies on sediment remobilisation for key contaminants (Pb, Cu, Hg, organo-Sn,...) during highly
contaminated sediment resuspension (dredging operations in the military area).
Fundings (in K€, requested in bold) and person month:
Year
Europe / ANR
Region / University
2011
43.75
65
2012
63.75
95.25
2013
34.6
31+30
2014
15
20+51
2015
10
51
Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels
2014
27.4
1
Master, PhD and post-doc :
Master :

MISTRALS
2.7
8
14
30
20

Wages
1.6

Person Months
34
55
32
8
8

Total
30
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M. Laqbaqbi (PROTEE): Etude des mécanismes de transferts de contaminants inorganiques en zone côtière sous
différentes conditions hydriques: cas de l’agglomération Marseillaise. 2011-2012, M2 de l'Université de Fez
(Maroc), stage au laboratoire PROTEE
F. Pougnet (EPOC): L’étain dans la Rade de Toulon: distribution et spéciation. 2011-2012, M2 de l'Université
Bordeaux1.
J. Vouge (PROTEE): Mécanismes de remobilisation des contaminants métalliques au cours d'épisodes de remise
en suspension: approches expérimentales et terrain. 2012-2013, M2 de l'Université du Sud Toulon Var, stage
au laboratoire PROTEE
PhD : rajouter les années, les universités etc.
E. Tessier (PROTEE), Diagnostic de la contamination sédimentaire par les métaux/métalloïdes dans la Rade de
Toulon et mécanismes contrôlant leur mobilité . 2008-2012, soutenue le 15/05/2012 à l'Université du Sud
Toulon Var, laboratoire PROTEE
M. Fraysse (Ifremer/MIO), Rôle du forçage physique sur l'écosystème à l'est du Golfe du Lion : modulation de
l'impact des apports anthropiques en sels nutritifs et matière organique étudiée par modélisation 3D couplée
physique et biogéochimique.
B. Oursel (PROTEE), Transferts et dynamique des contaminants métalliques en zone côtière – impact d'une
agglomération méditerranéenne. . 2010-2013, Université du Sud Toulon Var, laboratoire PROTEE
D.H. Dang (PROTEE), Dynamique sédimentaire et mécanismes de transferts des métaux/métalloïdes dans un
écosystème contaminé : la Rade de Toulon. 2011-2014, Université du Sud Toulon Var, laboratoire PROTEE
N. Ferretto (MIO, PROTEE), Evaluation of anthropogenic pressure in the Mediterranean Sea: Development of
chemical indicators of urban contamination. 2010-2013, Aix-Marseille Univ., laboratoire MIO et laboratoire
PROTEE
Post-doc :
M. Tedetti (MIO) Anthropogenic organic matter input in Marseille-Toulon coastal area. (2012-2013)
Links with other workpackages :
WP2 (SPECIMED)
List of Publications / Communications :
Publications :
Oursel, B. Garnier C., Durrieu G., Mounier S., Omanović D., Lucas Y. (2013) Dynamic and fate of trace metals in
coastal zone impacted by large urban area diffusive inputs: the case of Marseille (France). Marine Pollution
Bulletin 69, 137-149
Cossa D., Garnier C., Buscail R., Elbaz-Poulichet F., Mikac N., Patel-Sorrentino N., Tessier E., Rigaud S., Gobeil
C (submitted) A general Michaelis-Menten type equation for describing methylmercury dependence on total
mercury in aquatic sediments. Biogeochemistry, submitted
Dang D.H., Tessier E., Lenoble V., Durrieu G., Omanovic D., Mullot J.-U., Mounier S., Garnier C. (submitted) Key
parameters controlling arsenic dynamics in coastal sediments, an analytical and modelling approach. Marine
Chemistry, submitted
Fraysse M., C. Pinazo, V. Faure, R. fuchs, P. Lazzari, I. Pairaud (in prep.) 3D coupled physical-biogeochemical
model development around Marseille's coastal area (NW Mediterranean Sea): impact of the phosphorus
cycle.
Pougnet F., Schäfer J., Dutruch L., Garnier C., Tessier E., Dang D.H., Lanceleur L., Mullot J.-U., Lenoble V.,
Blanc G. (in prep.). Sources and historical record of tin and butyl-tin species in a Mediterranean bay (Toulon
Bay; France).
Oursel B., Garnier C., Omanovic D., Durrieu G., I. Pairaud, Le Poupon C., Thouvenin B., Lucas Y. (in prep.).
Behaviour and fate of urban particles in coastal waters: size distribution, settling velocity and metal
contamination characterization.
Patel-Sorrentino N., Tessier E., Garnier C., Cossa D. (in prep.). Methylmercury production and mercury
mobilization at the water-sediment interface in a polluted Mediterranean coastal area: the Toulon Bay
(France).
Lauga B., Garnier C., Ghiglione J.-F., Duran R., Pringault O. (in prep.). Links between chemical contaminant
diversity and prokaryotic diversity in polluted benthic marine environments.
Conférences :

MERMEX Implementation Plan 2013-2015

Vincent Faure, Christel Pinazo, Marion Fraysse, and Ivane Pairaud. 3D coupled physical-biogeochemical
modelling of the Bay of Marseille: role of the physical forcing on the modulation of natural and anthropogenic
nutrient inputs. EGU2011, march 2011, Vienna, Austria
Marion Fraysse, Christel Pinazo, Vincent Faure, and Ivane Pairaud. 3D coupled physical and biogeochemical
modelling approach: limitation on biological productions by the different nutrients in Marseilles coastal area.
EGU2011, march 2011, Vienna, Austria
Ferretto,et al., Ocean Optics XXI, Glasgow, Ecosse (2012)
M. Fraysse, I. Pairaud, V. Faure, C. Pinazo. 3D coupled physical-biogeochemical modelling in ma coastal area:
Study of Rhone River diluted water intrusion in Marseille's Bay. Joint Numerical Sea Modelling Group, Brest,
France, 21-23 may 2012
Dang D., E. Tessier, V. Lenoble, J. Vouge, G. Durrieu, D. Omanovic, J.-U. Mullot, S. Mounier, C. Garnier . Arsenic
behaviour in coastal sediments - an analytical and modelling approach, 29th International conference of the
Society for Environmental Geochemistry and Health (SEGH2013), Toulouse, 8-12 juillet 2013
Oursel B., C. Garnier, G. Durrieu, S. Mounier, D. Omanović, Y. Lucas. Inorganic contaminants inputs to the sea
from a large urbanized mediterranean city under various weather conditions, 29th International conference of
the Society for Environmental Geochemistry and Health (SEGH2013), Toulouse, 8-12 juillet 2013
Oursel B., C. Garnier, G. Durrieu, S. Mounier, D. Omanović, Y. Lucas. Usefulness of voltammetric measurements
to assess trace metals transfer at the continental/coastal zone interface: example of Marseille agglomeration
(SE, France), COST-GEOTRACES Voltammetry Workshop, Sibenik, Croatie, 6-9 octobre 2012.
Oursel B., C. Garnier, G. Durrieu, S. Mounier, D. Omanović, Y. Lucas. Marseille agglomeration (SE, France),
inputs to coastal waters: metal behaviour study in the wastewaters/rivers mixing with sea using voltammetric
techniques, 14th International Conference on Electroanalysis (ESEAC12), Portorož, Slovenia 3-7 juin 2012
Dang D., E. Tessier, V. Lenoble, C. Le Poupon, J.-U. Mullot, S. Mounier, C. Garnier. Analysis and modelling of
arsenic dynamics in coastal sediments, Goldschmidt 2012, Montreal, Canada, 24-26 juin 2012
Garnier C., E. Tessier, B. Oursel, A.-M. Blatarić, H.D. Dang. Transfer and speciation of trace metals in coastal
environments: analytical and modelling approaches, 6èmes Journées franco-italiennes de chimie, Marseille,
16-17 avril 2012.
Oursel B., C. Garnier, G. Durrieu, S. Mounier, Y. Lucas. Marseille agglomeration (SE, France) inputs to coastal
waters: contaminant behaviour study in the wastewaters/rivers mixing with the sea, 12th European Meeting on
Environmental Chemistry (EMEC12), Clermont-Ferrand, 7-10 Décembre 2011
Tessier E., C. Garnier, N. Patel, J.-U. Mullot, V. Lenoble, S. Mounier, L. Demoulin, D. Cossa. Mercury distribution
and fate in Mediterranean coastal area sediments: the Toulon Bay (France), a case study, 10th International
Conference on Mercury as a Global Pollutant (ICMGP), Halifax, Canada, 24-29 juillet 2011
Oursel B., C. Garnier, M. Zebracki, G. Durrieu, S. Mounier et Y. Lucas. Caractérisation des rejets (urbains et
naturels) de l’agglomération Marseillaise sous différentes conditions climatiques, 22ème Journée de la Chimie
SCF-PACA, Toulon, 11 mars 2011
Pougnet F., J. Schäfer, L. Dutruch, C. Garnier, H. Dang, L. Lanceleur, J.-U. Mullot, G. Blanc. Sources and
historical record of tin and butyl-tin species in a Mediterranean bay (Toulon Bay; France), 29th International
conference of the Society for Environmental Geochemistry and Health (SEGH2013), Toulouse, 8-12 juillet
2013
Cossa D., C. Garnier, C. Gobeil, F. Elbaz-Poulichet, N. Mikac, N. Patel-Sorrentino, E. Tessier. Total Mercury and
Methylmercury Accumulation in Aquatic Sediments, Goldschmidt 2012, Montreal, Canada, 24-26 juin 2012
Dang D., E. Tessier, V. Lenoble, G. Durrieu, D. Omanović, J.-U. Mullot, S. Mounier, C. Garnier. Modeling as a
complementary tool to understand arsenic behavior in marine sediments, 6èmes Journées franco-italiennes
de chimie, Marseille, 16-17 avril 2012.
Dang Duc, E. Tessier, V. Lenoble, C. Le Poupon, J.-U. Mullot, S. Mounier, C. Garnier. Analysis and modelling of
Arsenic dynamics in coastal sediments and fluxes to the water column (Toulon Bay, France), 12th European
Meeting on Environmental Chemistry (EMEC12), Clermont-Ferrand, 7-10 Décembre 2011
Oursel B., C. Garnier, J. Gorny, G. Durrieu, B. Thouvenin, S. Mounier, Y. Lucas. Behaviour and fate of urban
particles in coastal waters: size distribution, settling rate and metal contamination characterization, 12th
European Meeting on Environmental Chemistry (EMEC12), Clermont-Ferrand, 7-10 Décembre 2011
Oursel B., C. Garnier, G. Durrieu, M. Zebracki, B. Thouvenin, S. Mounier, Y. Lucas. Dynamic of contaminant
inputs to the sea from large coastal cities: the case of Marseille (France), 11th European Meeting on
Environmental Chemistry (EMEC11), Portorož, Slovénie, 8 au 11 Décembre 2010
Zebracki M., C. Garnier, B. Oursel, D. Cossa, J.-F. Chiffoleau, S. Mounier, D. Zohra, I. Pairaud, B. Andral .
Contaminant inputs from large coastal cities into the sea: the case of Marseille (SW France), 11th European
Meeting on Environmental Chemistry (EMEC11), Portorož, Slovénie, 8 au 11 Décembre 2010
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Data banking:
Metadata on SEDOO in progress
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WP3 - Objective 4
Name and acronym : SDG
Characterize and quantification of the influence of submarine groundwater discharge on marine ecosystems
Duration : 36 months (2013-2015)
Main participants:
C. CLAUDE
O. RADAKOVITCH
B. ARFIB
S. COCKENPOT
A. MAYER
Y. TRAVI
E. GAREL
F. HUNEAU
T. STIEGLITZ
P. RAIMBAULT
N. GARCIA

CEREGE (Aix-en-Provence) PI, Geochemistry
CEREGE (Aix-en-Provence) PI, Geochemistry
CEREGE (Aix-en-Provence) Hydrogeology
CEREGE (Aix-en-Provence) Geochemistry
EMMAH (Avignon) Geochemistry
EMMAH (Avignon) Hydrochemistry
Univ. de Corse (Corte) Hydrogeology
Univ. de Corse (Corte) Hydrogeology
Marine Geophysical Laboratory (Brest) Radioisotopes, ecology
MIO (Marseille) Marine biology
MIO (Marseille) Marine biology

Principal objectives:
This action studies the influence of submarine groundwater discharge on the ecosystem in the case of porous and
karstic aquifer. One objective is to estimate the flux of submarine groundwater introduced into the water column of
a continental shelf through direct inputs from continental aquifers (groundwater discharges) or through exchanges
of pore waters at the sediment interface (groundwater exchanges). Important SGD at such scale have been
reported by recent publications and can have an influence on geochemical budgets. A second objective is to
characterize the influence of SGD on coastal ecosystem, and this must be done at local scale. Two sites will be
studied within the next years, corresponding to the main kind of coastal aquifer encountered in the Mediterranean
sea: porous and karstic aquifer.
The karstic site is located in the Calanques near Cassis. It is part of the limestone karst extending from Marseille
to Toulon where about ten springs were studied by hydrogeologists. The brackish water injected by this spring in
the coastal area results from a mixing of fresh and seawater within the karst. The site is presently studied and
equiped to determine the variation of water flux in link with continental hydrosystem. Data are available online in
the framework of the project Karst-eau. However few works were done on the quality of the brackish waters
(nutrients) and on the influence of these waters on the adjacent coastal area.
226
228
Ra and
Ra activities in the Gulf of Lion is consistent with the contribution of SGD
Preliminary data set of
(diffuse through sediments) to the coastal zone. To confirm this finding, a first step is to re-evaluate the
222
224
223
importance of groundwater fluxes based on new radioactive nuclides ( Rn, Ra, Ra). This work will start in
Marsh-April 2013 during the RADLIT cruise which will take place in the coastal area of the gulf of lion (shoreline
transect between Port-Saint Louis du Rhône and Banyuls-sur-mer).
Major results for 2012:
223
224
1. Setting up of Ra and Ra analyses in the CEREGE laboratory. This action is performed in collaboration
with the MEL of Monaco (IAEA). It is now possible to analyze in routine discrete samples (from 15 to 90 L) of
coastal water..
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2. First sampling cruises on karstic sites (SGD).
223

Calanques: The area of the Calanques was investigated in July 2012. Discrete samples were taken for Ra and
224
222
Ra analyses and continuous transects were done for Rn. Higher activities were associated to SGD inputs as
evidenced on figure 1. Except from the well-known Port Miou spring, we observed another one in the central part
of the Calanques. The next step is to determine the water flux based on radioisotopes budget. The unexpected
difficulty is related to the fact that brackish groundwater did not mixed well in the water column and form a distinct
surface layer. The surface and volume of this layer must be extrapolated from CTD profiles.

222Rn activities and conductivity in the surface water
along the shoreline (white line = transect) of the Calanques
.

Bonifacio (Corse): a preliminary campaign took place in October 2012 and was dedicated to the geochemical
characterization of the coastal aquifer. The next campaign planned for fall 2013 will be done to estimate the
radium and radon mass balances and associated water flux in the coastal area of Bonifacio.
Mar Menor (Spain): Studies on this site (SICMED and MERMEX program) are already finished. The
radioisotopes balances were combined with nutrient analyses, hydro-geological data and hydrodynamic modeling.
The budgets indicate that SGD have probably low inputs on this area. In contrast, we demonstrated the very high
influence of nutrients inputs through a small river draining brines from private brackish groundwater desalination
plants and rejects from a sewage water treatment plant. These “artificial” inputs are also highly enriched in
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radionuclides and clearly influenced the radioisotopes budget. Hydrodynamical model helped to better construct
the budget.

Interpolated maps of

222

3

Rn (Bq/m ) during three cruises in the Mar Menor lagoon. Higher values in the western part are due to
enriched river inputs. Areas of points 1 and 2 could be associated to SGD

Oualidia (Morocco) : A first sampling campaign for radioisotopes took place in December 2012 in the Oualidia
Lagoon. The second one is planned for 2013.
Process studies : Several experiments are undergoing since May 2012 in order to understand the effect of the
wind and associated atmospheric evasion onto the inventory of radon in a Mediterranean lagoon.

Work to be done in 2013 :
222
224
223
- Evaluation of the importance of groundwater fluxes based on new radioactive nuclides ( Rn, Ra, Ra)
during the RADLIT cruise (March-April 2013), which will take place in the coastal area of the gulf of lion
(shoreline transect between Port-Saint Louis du Rhône and Banyuls-sur-mer)
- A sampling campaign is planned near Cassis
- A campaign is planned for spring 2013 to estimate the radium and radon mass balances and associated water
flux in the coastal area of Bonifacio
- A sampling campaign for radioisotopes is planned in a new lagoon in Tunisia, and another will be done in the
Oualidia lagoon in fall 2013.

Fundings (in K€, requested in bold) and person month:
Year
2011

Europe / ANR
-

Region / University
-

2013

38 (region)
100 (Amidex)

MISTRALS
7 (Sicmed)
7 (Mermex)
20 (Mermex)
10 (Sicmed)

2012

2.5 (Morroco)

3 (Corte University)

2014

200 (Amidex)

20 (Mermex)

35

2015

100 (Amidex)

10 (Mermex)

20

Shiptime
9.5

Total
20

Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels
2014
5
5.5
Master, PhD and post-doc :

Person Months
6
27
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Master
A. Anselmet (CEREGE) Rôle des apports d’eaux souterraines en zone côtière : étang de Berre et golfe du Lion
2013.
PhD
S. Cockenpot (CEREGE) Caractérisation des échanges d’eaux souterraines en zone côtière à l’aide des isotopes
du radon et du radium2011- 2014. Université Aix-Marseille
P.Baudron (Université Paris VI): Evolution d’un aquifère côtier multicouche soumis à une forte pression
anthropique. Approche multi-isotopique. Campo de Cartagena. Soutenance prévue 2013. Université Montpellier
2.
Links with other workpackages :

List of Publications / Communications:
Publications
Baudron P., Cockenpot S., Lopez F., Mayer A., Gilabert J., Garcia-Arostegui J.L., Radakovitch O., Claude C.
Radon, Radium and hydrodynamic modeling to assess Submarine Groundwater Discharge from an anthropized
watershed to a coastal lagoon (Mar Menor, SE Spain). (submitted Estuarine Coastal Shelf Science)
Communications C
Cockenpot S., Christelle C., Paquier A.E., Meulé S., Radakovitch O. Wind influence on 222Rn air-sea exchange
in coastal shallow water. Land-Ocean Connectivity meeting. Brest, Septembre 2012.

Data banking:
Metadata on SEDOO in progress.
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MERMEX- WP4
NATURAL AND ANTHROPOGENIC AIR-SEA INTERACTIONS

Responsibles
Pulido-Villena (MIO, Marseille), K. Desboeufs (LISA, Créteil), M. Mallet (LA, Toulouse)

Objective 1
Assessment of gas fluxes and acidification – Impacts on ecosystems and biogeochemical
cycles
Objective 2
Assessment of fluxes of atmospheric particles to the interface air-sea and impact on
biogeochemical cycles
Objective 3
Influence of solar radiations on ecosystems and biogeochemical cycles
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WP4 - Objective 1
Name and acronym : CALIBORON
CaliIbration of paleo-pH reconstruction technique based on boron isotopes in calcareous species (corals and
bivalves) from the Mediterranean Sea: quantification of surface water acidification due to industrial era
Duration : 48 months (2010-2013)
Main participants:
E. Douville
C. Gonzalez
P. Montagna
F.Gazeau
P. Ziveri
L. Bramanti
C.Pelejero
S.Reynaud

LSCE/IPSL (Gif/Yvette) PI
LSCE/IPSL (Gif/Yvette) Biology, PhD’s student
LSCE/IPSL (Gif/Yvette)
LOV (Villefranche), Marine Biology,
UAB (Barcelona), Marine Biology
CSIC-ICM (Barcelona)
CSIC-ICM, (Barcelona)
CSM, Monaco

Principal objectives and results:
We propose here to develop and apply the paleo-pH technique based on boron isotopes for new specific
calcifying species (bivalves and corals) for the reconstruction of recent past pH changes in the Mediterranean
Sea. This relatively closed oceanic basin is necessarily under the influence of greenhouse gas and the potential
consequences of decreasing pH levels on bivalves or corals present in this basin are still totally ignored. Thus we
suggest here through national and international collaborations between geochemist and biologist experts to
develop new laboratory and field calibrations of the boron isotope technique for such species. This calibration
procedure is an important pre-requisite for a precise quantification of the rate of acidification and its impact on
calcareous organisms in the Mediterranean Sea.
This project clearly integrates the objectives of the WP4 of the Mermex project that mainly focus on the evaluation
of anthropogenic pressure (through air-sea interactions) on Mediterranean marine ecosystems. Some evident
links will be also done with the Paleomex project COFIMED for paleo-pH reconstruction for the older pre-entropic
period. Laboratory cultured species of bivalves or corals reared at various pH or pCO2 conditions will be analyzed
for boron isotopes and trace elements (B/Ca). Field calibrations will also be performed by using existing seawater
pH measurements (MOOSE, MedSea) coupled to the sampling of specific species of interest. Finally,
physiological studies will be also be conducted by the biologists partners (size, shape, growth rate, density, etc.).
Results:
This project started in 2011 with the main contribution of Cécile Gonzalez (LSCE’s PhD student). The growth rate
of corals or Mediterranean bivalves cultured at various temperature or pH conditions being low, the amount of
carbonate materials available for isotopic analysis are about 5-10 mg. So the first objective of CALIBORON has
been to revisit the LSCE’s chemistry (today adapted for 200-400 mg of coral: ~20 µg of B) to extend further boron
isotope studies for smaller samples (Figure 1). This work has been successfully completed and today we have the
ability to properly analyze 5 mg of carbonates concentrated at 50 ppm (~ 250 ng of B). Boron isotopes were
plus
at the LSCE with an accuracy of ± 0.3 ‰. To obtain this result, we
measured by using MC-ICPMS Neptune
upgraded the production system of ultrapure water MQ which is now equipped with B-specific resin.
After this analytical step necessary for the future progress of this project, we organized a meeting in Barcelona the
th
15 of December in order to 1) visit the aquariums where corals or bivalves (mussels) are cultured and 2) define
the materials already available for the future geochemical investigations. The first measurements of boron
isotopes for Mediterranean shallow, deep-sea corals or red corals are planned in 2012.
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Development of a new chemical protocol at the LSCE for the extraction of boron before isotopic measurement by
plus
using MC-ICPMS Neptune . a) Application for seawater standard NASS II,
b) Example of application for a tropical coral specimen (Porites)
Fundings (in K€, requested in bold) and person month:
Year
Europe / ANR
Region / University
2010
2011
5 (EPOCA)
10
2012
2.5 (EPOCA)
2.5
2013
2.5
2014
2.5 (ANR CARBORIC)
-

MISTRALS
5
5
3
3

Person Months
12
12
10
10

Master, PhD and post-doc :
C.Gonzalez-Roubaud (UVSQ, 2012-2014) Quantification de l’acidification de l’océan par l’analyse géochimique
des coraux profonds
Links with other workpackages :
Link with the program MISTRALS/PALEOMEX/COFIMED for the reconstruction of paleo-pH for the Mediterranean
Sea
List of Publications / Communications:
Gonzalez-Roubaud C., Douville E. & al. (2013, in prep. to be submitted to Science) High acidification rate of the
Norwegian Sea over the last 4 decades recorded by deep-sea corals
Data banking:
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WP4 - Objective 1
Name and acronym : CARBORHONE
Carbon Cycle in the Rhône estuary and Gulf of Lions
Duration : 48 months (2011-2014) (extended to install the pCO2 sensor on MESURHO in 2013/2014)
Main participants:
Y. Bozec,
T. Cariou
E. Collin
E. Macé
P. Marrec
M. Vernet
D. Thuillier
C. Rabouille

SBR (Roscoff) PI, Chimie Marine
SBR (Roscoff) Chimie Marine
SBR (Roscoff) Chimie Marine
SBR (Roscoff) Chimie Marine
SBR (Roscoff) Chimie Marine
SBR (Roscoff) Chimie Marine
LOCEAN/SNAPOCO2 (Paris) Chimie Marine
LSCE/IPSL (Gif sur Yvette), Geochimie

Principal objectives:
The constraint of air–sea CO2 fluxes and their variability at various time and spatial levels remain a central task in
global carbon and climate studies. Over the past decade, the coastal oceans have been the focus of several
studies highlighting the key role of these ecosystems in the global budget of air-sea CO2 fluxes (Thomas et al.
2004; Cai et al. 2006). The spatial variability in air-sea CO2 fluxes is large from one coastal ecosystem to the other
-2
-1
and Chen and Borges (2009) recently proposed to classify continental shelves as sinks (-0.7  1.2 molC m yr ,
-2
-1
Laruelle et al., 2010) and near-shore ecosystems as sources (21.0  17.6 molC m yr , Laruelle et al., 2010) of
atmospheric CO2. However, the latest estimates of air-sea CO2 fluxes in coastal ecosystems are subject to large
uncertainty. At present, the lack of sufficient data is the major limitation in the quantification of the spatial and
temporal variability of these CO2 fluxes in coastal environments (Laruelle et al., 2010). This lack of data is even
more relevant for coastal ecosystems of the Mediterranean Sea and estuarine plumes (Laruelle et al., 2010). The
Gulf of Lions is a coastal ecosystem considerably impacted by freshwaters inputs from the largest estuary
surrounding the Mediterranean Sea namely the Rhône. In CARBORHONE, we investigate the processes
controlling the air-sea CO2 fluxes from the inner Rhône estuary to the estuarine plume located in the surface
waters of the Gulf of Lions.
Major results:
Four cruises have successfully been carried out during spring 2011, fall 2011, winter 2012 and summer 2012
onboard R.Vs. L’Europe and Téthys 2. During each cruise a grid of stations covering the Gulf of Lions has been
sampled with a CTD SBE 911/Rosette SBE 32 (Figure 1). Stations 1 to 25 were covered during the spring cruise
with 6 additional stations covered during the three other cruises. We acquired a comprehensive dataset in the
entire water column for the CO2 system parameters and ancillary data. Moreover, along the cruise tracks (Figure
1), the continuous surface measurements of temperature, salinity, partial pressure of CO2 (pCO2) and dissolved
oxygen concentrations provided a spatial coverage of the plume for these parameters.
During spring, the Rhône plume did not significantly influence the surface pCO2 distribution; pCO2 values were
below atmospheric equilibrium and in a similar range for the plume and surrounding surface waters. The fall
situation showed that the plume was characterized by lower pCO2 than in the surrounding surface waters with
values below atmospheric equilibrium thus increasing the CO2 sink compared to adjacent surface waters of the
Gulf of Lions. The winter situation (Figure 1) reveals a strong impact of the temperature and of the circulation in
the Gulf of Lions with a westward transport of cooler surface waters from the plume to the western part of the Gulf
of Lions. The CO2 remaining strongly undersaturated compared to the atmosphere in these cooler surface waters.
The summer 2012 situation showed relatively higher surface pCO2 values at or above atmospheric equilibrium.
Overall these preliminary results suggest that the Rhône plume has the potential to influence the seasonal
dynamics of air-sea CO2 fluxes at regional scale. The seasonal cruises were not designed to capture extreme
events but to study the seasonality of air-sea CO2 fluxes, we therefore did not capture extreme conditions.
However, the strongest signals in pCO2 have always been observed at the mouth of the Delta. To assess this
short-scale variability and complete our seasonal dataset, we maintain our request for funding of a CARIOCA
sensor to be installed on the MESURHO Buoy in 2013/2014 (see work planned in 2013).
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Grid of stations and main cruise track implemented for the CARBORHONE cruises and preliminary surface
data from the Winter 2012 cruise for salinity, temperature (°C) and pCO2 (uatm).
Work planned in 2013
The cruises datasets will be finalized to allow the determination of the physical, biological and chemical
(mixing, NCP, thermodynamic) processes driving the air-sea CO2 fluxes over an annual cycle. The main goal is to
acquire a CARIOCA pCO2 sensor (30 k€) to install on the MESURHO buoy (2013/2014) for a complete
assessment of the short-scale dynamics of air-sea CO2 fluxes.
Fundings (in K€, requested in bold) and person month:
Region /
Year
Europe / ANR
University
2011
7.5
2012
5.2
2013
5
2014
Costs eligibility of MISTRALS fundings (in K€):
Year
Consumables
Travels
2014
3
2

MISTRALS

Person Months

30
10
17
5

14
14
12
5

Equipment
-

Total
5

Master, PhD and postdocs
Master
Edouard Collin (Univ. Bordeaux) 2010-2011, Mise au point d’un protocole expérimental pour la mesure d’alcalinité
totale à partir de petits volumes sur le titrateur AS-ALK2 (Appollo SciTech).
Axel Durand (UPMC) 2010-2011, Etude de la chimie du CO2 en Manche et Méditerranée Occidentales.
Hugo Bertelot (UBO), 2011-2012, Interaction entre la minéralisation de la matière organique et le devenir des
carbonates dans les sédiments du delta du Rhône.
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PhD
Pierre Marrec (UPMC), 2011-2014, Dynamics of air-sea CO2 fluxes in the NW European shelf seas based on
novel sensors, time-series, Voluntary Observing Ships, and remote sensing approaches.
List of Publications / Communications:
Bozec, Y. , T. Cariou, E. Collin, A. Durand, E. Macé, P. Marrec, D. Thuillier, M. Vernet. 2013. Seasonality of the
processes driving the air-sea CO2 fluxes in Gulf of Lion (Mediterranean Sea), en préparation.
Links with other workpackage:
WP3 (RIVERS, CASCADE) for further determination of the processes controling the air-sea CO2 dynamics,
notably for the plume dispersal and processes occurring at the benthic interface.
Data banking:
pCO2 data will be made available for the SOCAT (http://www.socat.info/) and SEDOO/MERMEX databases.
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WP4 - Objective 1
Name and acronym : eFOCE
European Free Ocean Carbon dioxide Enrichment
Duration : 12 months (2014)
Main participants:
E. Cox
P. Mahacek
F. Gazeau
J.P. Gattuso

LOV (Villefranche/mer)
LOV (Villefranche/mer)
LOV (Villefranche/mer)
LOV (Villefranche/mer)

PI, Chimie Marine
Chimie Marine
Chimie Marine
Chimie Marine

Principal objectives :
The oceans play a crucial role in the global carbon cycle and store about one third of the anthropogenic carbon
dioxide (CO2) emissions since 1800. When CO2 dissolves in seawater, it generates a decrease in pH and in the
2concentration of carbonate (CO3 ) ions. Since pre-industrial time, surface ocean pH has declined by 0.1 unit and,
according to model projections, a further decrease of 0.2-0.4 unit is anticipated for the end of the century. On one
hand, this pH decrease could impact the marine biota as pH is a key parameter in both marine biology and
chemistry, controlling the physiology and metabolism of marine organisms. Moreover, the decreased availability
2of CO3 could impact marine calcareous species that make use of these ions to build their shells or skeletons. On
the other hand, primary producers that use CO2 to produce organic matter may take advantage of its increased
availability. Therefore, ocean acidification and its impacts on organisms is the subject of a growing research
interest. Most of the data acquired so far has been obtained through laboratory perturbation experiments whilst
only studies performed on site could allow investigating the effects of ocean acidification, over long time periods,
on the structure and functioning of natural communities. In the frame of the eFOCE project (European Free
Carbon dioxide Enrichment Experiment, http://efoce.eu), in situ benthic experimental systems, allowing the
regulation of pH in coastal areas, have been developed thanks to a funding from the “Fondation BNP-Paribas”.
Due to major technical problems with the Seabird CTDO that had to be shipped back to the US, the testing phase
of the eFOCE system has been delayed. This phase has been completed in November 2013 and, starting in
December 2013, these facilities will be used to assess the effect of ocean acidification on a key shallow
community of the Mediterranean Sea: the Posidonia bed. This experiment gathering the expertise of partners
from LOV (France), PML (UK), IMEDEA (Spain), SBR (France), LSCE (France) will last one year. In the original
eFOCE plan, we did not consider studying the biogeochemistry of the sediment. This will be performed by LSCE
thanks to a funding obtained through MISTRALS in 2013 that allowed modifying their microprofiler in order to
deploy it in the eFOCE chambers.

Figure : The eFOCE system that comprises a surface plateform (energy production, CO2 enriched seawater
production, data transmission) and two plexiglass chambers equipped with various sensors (temperature, light,
salinity, oxygen and pH).

In June 2014, LOV will acquire a complete analytic platform that will allow quantifying the isotopic signature of the
organic and inorganic matter (C, N, O). We will analyze the chemical composition of P. oceanica and other
producers and invertebrate consumers from the eFOCE chambers to determine if food web and plant-herbivore
interactions are affected by acidification. C, N, and phenolic content in seagrass leaves will be analysed to
assess changes to food value for grazers. C and N stable isotopes occur naturally and biochemical processes
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13

12

change the ratio of heavy to light isotope in a process called fractionation. In the same environment, C/ C and
15
14
13
N/ N (expressed in delta notation) of a species is dependent on the source. For plants, d C varies with C
13
15
fixation pathways. Productivity affects d C values as enhanced C demand results in isotopic enrichment. d N
13
15
values in animal tissues tends to increase by 3-4 ‰ with trophic level. Thus d C and d N of organisms can be
used to examine trophic linkages and productivity. Replicate samples of plants, leaf litter, algae, sediment, and
species of epifauna and infauna will be collected from mesocosm communities and two nearby ambient areas at
the end of the experiment for determination. C debris will be removed and samples dried and ground. Bulk
13
analyses will be used. The d C of seawater and CO2 tanks will be measured to account for these C sources.
Linkages will be modeled with IsoSource software and compared with multivariate statistics. C, N content and it
isotopic signature will be measured at LOV, this institute will acquire an Isotope Ratio Mass Spectrometer (IRMS)
coupled with a gas chromatography and an elemental analyser in June 2014. Phenolic contents will be measured
at the University of Bordeaux by Micheline Grignon. The requested budget will allow performing these analyses
that have not been included in the initial eFOCE project.
Means (observations at sea, experiment/ modelling):
-

eFOCE experimental system (LOV)

-

Total alkalinity titration unit, dissolved inorganic carbon analysers, spectrophotometric pH sensor, oxygen
titration unit (LOV)

-

The requested budget here relates to analytical costs (phenolic contents and C, N and isotope
measurements)

Fundings (in K€, requested in bold) and person month:
Year
Europe / ANR
BNP-PARIBAS
2011
250
2012
250
2013
100
2014
50
Costs eligibility of MISTRALS fundings (in K€):
Year
Consumables
Travels
2014
10
2

MISTRALS
10
10

Equipment
-

Person Months

Total
10
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WP4 - Objective 1
Name and acronym : MEDSEA-14C-MESO
14C incorporation techniques applied to a large scale mesocosm experiment in the bay of Villefranche during the
bloom period
Duration : 24 months (2013-2014)
Participants :
F.Gazeau
C. Guieu
JP. Gattuso
L. Maugendre

LOV (Villefranche/mer) PI, marine biology
LOV (Villefranche/mer) Nutrients and trace element chemistry
LOV (Villefranche/mer) Marine biology
LOV (Villefranche/mer) Marine biology

Main objectives :
Due to anthropogenic CO2 emissions, ocean pH has decreased by 0.1 pH unit since 1900 (Orr 2011). Future pH
decrease is estimated to another ~0.3-0.4 pH unit for 2100 depending on the oceanic region. This Ocean
Acidification (OA) process will probably have an impact on biological processes. With a decrease in pH, carbonate
2ions (CO3 ), used to build calcium carbonate structures, will become less available. This might force calcifying
organisms to use strategies, more energy consuming, in order to keep up their actual calcification rates. Changing
seawater carbonate chemistry can also have consequences on primary production through the increasing
availability of CO2. However, as phytoplanktonic species have developed carbon concentration mechanisms of
very variable efficiency, the effects of OA are expected to be profoundly species-specific with associated
modifications of the phytoplanktonic assemblages.
This OA process will favour some species while other will not be impacted. Another impact of OA could be in the
way phytoplankton produce organic matter. An important part of the fixed inorganic carbon is transformed into
dissolved organic component (DOC) and released by phytoplankton, increasing the global carbon fixation budget.
This DOC production is most of the time misestimate and more data are needed. In brief, due to OA, the global
carbon budget will be modified with uncertainties on the direction (more or less carbon sequestration) and
amplitude with strong variations depending on the trophic regime.
In the Mediterranean Sea, we propose to study the impact of OA on the planktonic community scale and carbon
transfers using isotopes. Carbon isotope such as carbon 14, radioactive, is powerful giving information on
particulate and dissolved community production and calcification rates. A small volume of sample is inoculated
with 14C-NaHCO3 and phytoplankton uses part of this labelled pool to grow (all phytoplankton) and built skeleton
(calcifying phytoplankton). The 14C isotopic method has been used in previous OA experiment. Stable isotope,
13C, can also be used to estimate primary production (PP). This method has different advantages compared to
14C as the PP is measured without the need of a sub-sampling. Combined with biomarkers, molecules specifically
produced by one species, 13C analysis provides information on phytoplankton species primary production and
growth rates.
The combination of these two isotopes and biomarkers in the frame of a mesocosm experiment is very powerful.
In the Arctic Ocean, an area more investigated for OA, these types of measurements have been performed in
2010 in the frame of the FP7 European project EPOCA. An equivalent OA mesocosms experiment has been
carried out for the first time in Mediterranean Sea in 2012 in the frame of the FP7 European Project MedSeA
organised by LOV. The second experiment will be conducted in the bay of Villefranche in February 2013 during
the bloom period. Due to heavy regulations, it was unfortunately not possible to use radio-isotopes during the first
experiment conducted in Stareso in Summer 2012. These techniques will be applied in the frame of the second
experiment in the bay of Villefranche, we request an additional budget of 10 k€ in order to perform these
measurements (consumable and analyses costs).
Means (observations at sea, experiment/ modelling):
− Mesocoms : mesocosms have been designed by the LOV for previous experiments (DUNE, C. Guieu) and the
same equipment will be used for our ocean acidification experiment. Mesocosms will be deployed in the bay
of Villefranche in February 2013 during the bloom period. Samples will be taken during one month.
− The requested budget here relates to the use of the 14C incorporation measurements (sources, analyses,
small consumables).
− Modeling at ecosystem scale: a carbon cycling model has been developed (Karline Soeteart, NIOZ, The
Netherlands)
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Fundings (in K€, requested in bold) and person month:
Region /
Year
Europe / ANR
University
2012
20
2013
20
-

Master, PhD and postdocs
Laure Maugendre, PhD UPMC
Margaux Gaubert, M2 UPMC
List of Publications / Communications:
none
Links with other workpackage:
none
Data banking:
Data will be uploaded to Pangaea.

MISTRALS

Person Months

8

12
18
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WP4 - Objective 2
Name and acronym : PARTICULE
Impact of anthropogenic particles on coastal zones in PACA area
Duration : 12 months (2013)
Participants :
E. Pulido-Villena
R. Sempéré
F. Galgani
I. Pairaud
O. Radakovitch
T. Wagener
J.F. Rontani
C. Panagiotopoulos
F. Vaultier
B.Charrière/A. Delmont

MIO (Marseille) PI, Biogeochemistry
MIO (Marseille) Marine and atmospheric chemistry
IFREMER, LER/PAC (La Seyne/mer) Biology, Biogeochemistry
IFREMER, LER/PAC (La Seyne/mer) Modelling
CEREGE (Aix-en-Provence) Geochemistry
MIO (Marseille) Biogeochemistry
MIO (Marseille) Organic geochemistry
MIO (Marseille) Organic geochemistry
MIO (Marseille) Organic geochemistry
MIO (Marseille) Marine and atmospheric chemistry

Main objectives :
The main goals of PARTICULE are:
−

To quantify the atmospheric flux of particles derived from plastic waste and forest fires both in urban and
coastal sites in Marseilles and adjacent areas (PACA-Corsica regions).

−

To estimate the flux of phthalates, lipids, and organic acids transported through the atmosphere towards
coastal areas.

−

To experimentally assess the photochemical transformation of plastic fragments and phthalates in seawater

−

To experimentally assess the bacterial transformation of atmospheric organic compounds and its stimulation
by associated nutrient inputs in seawater.

Selected compounds will constitute the focus of this study: (1) the phthalates (contained in plastics), (2) the
levoglucosan and the Po/Pb isotopes (biomass burning tracers), (3), nitrogen, phosphorus and trace metals
(which can stimulate the bacterial degradation of anthropogenic organic compounds).
PARTICULE is currently at its first stage which consists on acquiring, during 2013, a sampling and
treatment device for both atmospheric and marine samples.The sampling device to be acquired is composed
of: two high-volume aerosol samplers, one total atmospheric deposition sampler, one pneumatic Teflon pump for
clean seawater sampling. The sample treatment/analysis device is composed of: one laminar flow hood for
treatment of aerosol and seawater samples in clean conditions, one temperature controlled incubator for the
degradation experiments and one automatic burette for voltammetry system existing in MIO for trace metal
analyses.
This study will be conducted by researchers from the MIO (‘Environmental Chemistry’ and ‘Biogeochemical cycles’
teams), CEREGE and IFREMER (LRER/PAC). It integrates the MERMEX WP4 in relation with the CHARMEX
WP5. PARTICULE will benefit from the hydrological and meteorological data set provided by the Observation
Service of the M I O in the Institute Pytheas OSU.
Planned activities in 2013:
During 2013, the received funding will be used to complete the necessary budget to acquire the sampling and
treatment device described above.
Indeed, we have recently asked for funding to the 2013 call “APOG Région PACA” in order to acquire
atmosphere/seawater sampling and sample treatment devices. The project has succeeded the first stage of the
evaluation process. The definite proposal will be submitted before 29th March. Since the region can fund up to
50% of the total budget, this proposal concerns the partial co-funding (15%) of such equipment. The rest of the
co-funding will be shortly asked to both the MIO internal call (15%) and has already be accepted by the LABEX
OT-MED call for internal projects (20%).
Following planned activities (out of the scope of the current call): Once the stage of equipment acquisition is
achieved, we propose, starting in 2014, to simultaneously collect atmospheric and marine samples. Sampling will
be conducted on a monthly or bi-monthly basis for aerosols, total atmospheric deposition and surface seawater.
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Samples will be distributed among the project partners, who, depending on their expertise, will perform the
analyses for total organic carbon, lipids, sugars, trace metals, nutrients, Po and Pb isotopes, plastic fragments
and phthalates. Aerosol and seawater samples will be also used for performing controlled incubations in order to
experimentally assess the photochemical and bacterial degradation of the organic compounds in aerosols.
Funding for these activities is not demanded yet since their feasibility depends on the success of the equipment
demand funding.

Fundings (in K€, requested in bold) and person month*:
Labex OT-Med /
Region /
Person
Year
MISTRALS
MIO
University
Months
2013
10 + 7.5
25
7.5
10
2014
5
5
10
*Since the current stage of the project consists on the acquisition of equipment, no person/month is detailed
Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels
2014
3.5
1.5

Equipment
-

Master, PhD and postdocs
One PhD scholarship requested in 2013. Project currently under evaluation
List of Publications / Communications:
none
Links with other workpackage:
WP3
Data banking:

Total
5
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WP4 - Objective 2
Name and acronym : CHIPIE
Evolution of the behavior of chemical elements with biogeochemical interest (N, P, Fe etc.) and carbon at the
atmosphere-ocean interface under changing environmental conditions
Duration : 36 months (2012-2015)
Participants :
C. Guieu
F. Gazeau
ML. Pedrotti
D. Doxaran
J.M. Grisoni

LOV (Villefranche/mer) PI, nutrient and trace element chemistry
LOV (Villefranche/mer) carbonates chemistry
LOV (Villefranche/mer) TEP, bacteria and viruses
LOV (Villefranche/mer) Marine optics
UMS, Observatoire Océanologique de Villefranche ; Instrument developpment

Principal Objectives and Results:
Main goal of CHIPIE is to quantify by the mean of well controlled experiments conducted in clean room, the
evolution of the behavior of chemical elements with biogeochemical interest (N, P, Fe etc.) and carbon at the
atmosphere-ocean interface in a context of evolving environmental conditions (ocean acidification, increase in
temperature).
This project fits the main objective of the ‘Objectives 2’ of WP4 ‘assessment of fluxes of atmospheric particles to
the interface air-sea and impact on biogeochemical cycles’. It is also a main focus of the on-going and future
activities of the SOLAS international program (Law et al., 2013), in particular for the Mediterranean Sea and a
federative approach between MERMEX and CHARMEX as the new approach proposed will be used during the
PEACETIME cruise.
The technical approach proposed is the use of large seawater volumes collected in ultra clean conditions at
contrasted time of the year in the bay of Villefranche/mer when biological activity, chemical composition, organic
material (dissolved and particulate) are different. Each time (3 experiments planned using seawater sampled
during winter mixing, post-bloom and end of the stratification period), atmospheric deposition will be simulated on
top of those large tanks (300L; 0.2 µm filtered seawater) and several scenario of ocean acidification will be
considered. Nutrients will be measured with nano-molar techniques (for phosphate, nitrite, nitrate and iron) during
one week following the seeding. The formation of organic aggregates will be also studied, in particular the TEP
(transparent exopolymeric particles) that are precursors of the large carbon aggregates that constitute the large
pool of particulate organic carbon sinking to the deep ocean. Optical measurements will be performed to quantify
the evolution of amount and quality of particulate matter and CDOM.
Work for 2013
The first step of the work is an important technological development to adapt commercial 300L PE tanks in order
to conduct those kinetics experiments in the clean room. The interest to work with those tanks is that the vertical
dimension (sinking of particulate matter) is taken into account. The development concern the elaboration of an
integrated sampling (height = 1 m), the setting up of a turbulence system that mimic the in situ conditions, the
control of the temperature conditions and the setting up of a system to collect the exported material. The
experiments will be first conducted in abiotic condition (0.2 µm filtered seawater) to study the changes in nutrient
concentrations and speciation (organic/inorganic) and when environmental conditions are changed (pH,
temperature, turbulence).
The achievement of this setting up and conduct of those experiments will be determinant for a part of the work
that will be proposed in the frame of the PEACETIME campaign. Indeed, during PEACETIME, we will propose to
study different important forcing (atmospheric deposition, pH, temperature) at very contrasted sites of the
Mediterranean Sea. Those experiments are thus planned to be embarked on a R/V, for example in a clean
container. For the first time, we propose to develop an original experimental approach to simultaneously follow the
behaviour of chemical elements (nutrients, carbon, metals) and the fate of particles combining atmospheric
deposition and various environmental conditions such as pH, temperature, mixing, quality of organic material.
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Sketch of the evolution of the behaviour of
biogeochemical elements at the atmosphere-ocean
interface and the upper water column associated to
environmental conditions (temperature, acidification)

Fundings (in K€, requested in bold) and person month:
Region /
Year
Europe
Mistrals
University
2013
6*
9
2014
4*
10
*Ce montant est en plus du financement intégral de la thèse de Justine Louis.
Costs eligibility (in K€):
Year
Consumables
2014
8

Travels
2

Equipment
-

Person
months
18
17

Total
10

Master, PhD and postdocs
PhD
J. Louis (UPMC) Comportement des éléments d’intérêt biogéochimiques et du carbone particulaire aux interfaces
atmosphère-océan et continent-océan dans un contexte d’évolution des conditions environnementales
List of Publications / Communications
none
Links with other workpackage:
none
Links with other OA MISTRALS programme:
CHARMEX
Data banking:
Metadata and experimental data will be stored at SEDOO. Parameterisation of key processes will be available for
modeling (MERMEX transversal action)
Ref. citée dans le texte.
Law C. S., Brévière E., de Leeuw G., Garçon V., Guieu C., Kieber D.J., Kontradowitz S., Paulmier A., Quinn P.K., Saltzman
E.S., Stefels J. and von Glasow R., 2013, Evolving reserach directions in Surface Ocean-Lower Atmosphere (SOLAS)
science, Environmental Chemistry, 10 :1-16.
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WP4 - Objective 2
Name and acronym : SAM
Sources of marine aerosol in the Mediterranean atmosphere
Duration : 36 months (2012-2014)
Participants :
B. D’Anna
K. Sellegri
N. Marchand
R. Sempéré
B. Charrière

IRCE Lyon (Lyon), Chamber experiments, Aerosol chemistry
LaMP (Clermont-Ferrand), Mesocosm experiments, Aerosol microphysics
LCE (Marseille), Aerosol chemical composition
MIO (Marseille). Marine biogeochemistry
MIO (Marseille). Marine biogeochemistry

Principal Objectives :
The aim of the SAM project is to provide quantitative and qualitative understanding of the fine marine aerosol
production and characterisation in the western Mediterranean region, based on experiments on real sea waters
samples performed in controlled and semi-controlled environments (laboratory and mesocosms) (Figure 1). The
main focus of SAM is to provide estimations of the marine aerosol physical and chemical properties, as a function
of the sea water composition and photochemical conditions. The instrumental set-up involves a variety of state-ofthe-art on-line and off-line instrumentation to characterize on one hand the primary fraction of the organic aerosol
(POA) and its photochemical aging (oxidized primary organic Aerosol OPOA) and on the other hand the
secondary fraction of the organic aerosol (SOA). POA is produced by bubble bursting technique to simulate wave
breaking aerosol production, while SOA is characterized by exposing the sea-surface layers to environmental
oxidants and light.
Results :
A first set of laboratory experiments and analytical protocols were performed late 2012 using sea samples from
the bay of Marseille. Mesocosm experiments are scheduled for June 2013

Structure of the SAM project

Fundings (in K€, requested in bold) and person month:
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Year

Europe / ANR

2012
2013
2014

180 (ANR SAM)
180 (ANR SAM)

Costs eligibility (in K€):
Year
Consumables
2014
-

PhD
C. Rose (LaMP 2012-2014)
E. Sarrasin (IrceLyon 2012-2014)
postdocs
M. Vaintilingom. (MIO 2012-2013)
A. Schwier (LaMP 2013-2014)
A. Meme (IrceLyon 2013)
J. Pey (LCE 2013-2014)
Communications:
none
Links with other workpackage:
none
Data banking: to be done

Region /
University
-

Travels
3

3
4

Person
Months
60
100
100

Wages
1

Total
4

MISTRALS
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WP4 - Objective 3
Name and acronym : SUNMEX
Potential effect of aerosol and tropospheric ozone attenuation on marine ecosystems and seagrass rarefaction
Duration : Long term
Participants :
R. Sempéré
B. Charrière
M.Mallet
J. Piazzola,
T. Missamou

MIO (Marseille). PI. UV/Visible radiations. CDOM, Photochemistry
MIO (Marseille). UV/Visible radiations. CDOM, Photochemistry
LA (Toulouse), Aerosols measurements
MIO (Toulon), Aerosols measurements
MIO (Toulon), Aerosols measurements

Principal Objectives and Results:
The scattering and absorption of radiation by aerosols in the atmosphere attenuate the intensity of solar radiation
available at sea surface and water column. In case of significant emissions such as those encountered in
episodes of Saharan dust, the radiation attenuation can be the basis of a decrease in photosynthesis (Mallet et
al., 2009). Although it has been little studied so far, it is likely that aerosol emissions from fires, combustion of
fuels episodes of fossil attenuate UV and visible radiation reaching the Earth's surface and affect both
phytoplankton growth and the intensity of photochemistry in the marine surface layer. In addition, natural and
anthropogenic aerosol deposition may stimulate or inhibit primary and secondary productions. These processes
are certainly exacerbated near urban megacities in the Mediterranean because of the intensity of radiation, the
summer dust episodes and regular anthropogenic aerosols inputs.
Solar radiations and Aerosol impacts on Mediterranean marine coastal waters are studied in MERMEX WP4
Sunmex
action
by
monitoring
aerosol
optical
depth
(with
a
CIMEL
photometer:http://aeronet.gsfc.nasa.gov/cgibin/type_one_station_opera_v2_new?site=Frioul&nachal=2&level=3&
place_code=10) and UV/Visible radiations in the atmosphere and in the water column as well as, CDOM, marine
particles and Chlorophyll a fluorescence in Marseille Bay by using a bio-optical mooring line deployed (Figure 1 &
2). All the parameters are measured continuously and the data are sent by GPRS and available on a web site
(http://www.com.univ-mrs.fr/ssc/info/sunmed/?page_id=26).

Design of the Bio-optical mooring
line deployed in the bay of
Marseille
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Arpil 2011

October 2011

Radiometric data in the atmosphere and at 2 depths in the water column at SUNMEX station

Fundings (in K€, requested in bold) and person month:
Region /
Year
Europe / ANR
University
2011
80
2012
6
2013
2
2014
2
Costs eligibility (in K€):
Year
Consumables
2014
3

Travels
2.5

8

Person
Months
6
4
4
4

Wages
2.5

Total
8

MISTRALS

Master, PhD and postdocs
PhD
J. Para (MIO, AMU). Etude de la Matière Organique Dissoute Chromophorique et du rayonnement
solaire (UV-visible) dans les eaux de surface côtières Méditerranéennes et Arctiques (2011)

List of Publications / Communications:
Sempéré, R. Para, J., Tedetti, M., Charriere, B., Mallet, M. (2013). Attenuation of UVR and PAR in relation with
chromophoric dissolved organic matter in surface coastal waters of the Northwestern Mediterranean Sea.
submitted.
Links with other workpackage:
WP3
Data banking:
To be done
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WP4 - Objective 3
Name and acronym : PHOTOMED
Metabolic and structural changes of the bacterial community in response to the phototransformations of dissolved
and particulate organic matter in the Mediterranean Sea
Duration : 36 months (2012-2014)
Participants :
F. Joux
JF. Ghiglione
R. Sempéré
J-F. Rontani
C. Panagiopoulos
B. Charrière

LOMIC (Banyuls/mer), PI, Metabolic activities
LOMIC (Banyuls/mer), Molecular diversity
MIO (Marseille), Organic matter
MIO (Marseille), Photodegradation POM, lipids analysis
MIO (Marseille), HMW DOM, nuclear magnetic resonance spectroscopy
MIO (Marseille), Fluorescence, CDOM absorbance, OH radicals

Principal Objectives :
Due to high solar radiation, Mediterranean Sea is the place of intense photochemical transformations of both
DOM and POM. The expected increase of thermal stratification in 21st century Mediterranean Sea should
reinforce the photochemical processes at the surface. Understanding of current and expected effects of solar
radiation on DOM and POM and their consequences on the bacterial metabolism and diversity is a major goal for
the biogeochemical cycles studies in this area. In the PHOTOMED project, we propose to study the effects of
solar radiation on the alteration of contrasted DOM and POM originating from the Rhône River (i.e., terrestrial
origin) and a phytoplanktonic culture (Emiliana huxleyi) (i.e., recent biological origin) and the consequences of
these alterations on the metabolism and the diversity of the marine bacteria using this organic matter. A set of
experiments in controlled conditions will be used to measure the phototransformations of DOM (monosaccharides,
organic diacids, excitation-emission matrices) and POM (lipids, chlorophyll and sterol oxidation products) and the
subsequent response on marine bacterial activities (production, respiration) by considering free-living and particleattached bacteria. Moreover, these experiments will be also used to determine the changes in the composition of
the bacterial community in response to theses phototransformations by DNA & RNA fingerprints, and
pyrosequencing. The importance of structural modifications will be compared to the metabolic changes.

Results :
The major results are the following :
1. Responses of the marine bacterial communities to the phototransformations of the DOM from the Rhone and
from phytoplanktonic culture (Marine Blanchet, PhD). Preliminary experiments were carried out to determine
the best conditions to measure the response of the marine bacterial communities (activity and diversity) after
the addition of DOM phototransformed or not. In particular, we worked over the exposure time of the DOM of
the Rhone, the volume of water of the Rhone to be injected into seawater microcosms and on the prefiltration
of the seawater to be realized during the preparation of the microcosms. During 2012 we conducted two
experiments with DOM coming from the Rhone (sampled in March and June) and one with DOM coming from
phytoplanktonic culture (Chaetoceros sp.). Photodegradation of DOM from the Rhone results in contrasting
effects on both bacterial activity and diversity (DNA fingerprint by CE-SSCP) depending of the dates: when a
stimulation and a change in diversity were observed in March, no effects on both parameters were measured
in June. Concerning the photodegradation of phytoplanktonic DOM, we observed a decrease in bacterial
activity and a modification in bacterial structure (454 pyrosequencing) (see figure).
2. Transfer of photochemical processes from senescent phytoplanktonic cells to the attached bacteria (Morgan
Petit, PhD). Senescent cells of Emiliania huxleyi from non-axenic cultures were irradiated using a solar
simulator (full sun) in sea water. A kinetic study was carried out. We could observe a very good correlation
between photooxidation state of vaccenic acid (fatty-acid specific to Gram-negative bacteria) and chlorophyll
concentration (photosensitizer), while vaccenic acid of bacteria irradiated without phytodetritus appeared to be
unaffected by photochemical processes. Irradiation in increasing proportions of D2O allowed us to confirm the
role played by singlet oxygen in the transfer of photooxidation processes from phytodetritus to attached
bacteria. During irradiation experiments, we could also detect significant amounts of 11,12-epoxyoctadecanoic
acid, the production of these epoxyacids was attributed to the intervention of peroxygenases (enzymes
allowing the bacteria to reduce the concentration of toxic hydroperoxides). These first results confirm the
existence of an important oxidative stress in the bacteria attached to phytodetritus. It now remains to
determine if this stress has a significant effect on the growth and diversity of attached bacteria.
3. Autoxidative processes occurring in the POM in a salinity gradient. In order to confirm some of the
observations made in the MacKenzie estuary (Beaufort Sea, Arctic), particles collected from the Rhone River
were incubated in the dark in 3 conditions: in solution in seawater, in solution in MilliQ water and in the air.
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The results obtained showed a very intense autoxidative degradation of some lipidic components (unsaturated
sterols and fatty-acids) of these particles in seawater and not in MilliQ water. This induction of autoxidative
processes was attributed to radical cleavage of photochemically-produced hydroperoxides (formed on land
during the senescence of higher plants) catalyzed by some metal ions released by the particles during the
increase in salinity. In order to confirm these very important results, we will analyze various sediments taken
along the plume of the Rhone. A field sampling is also envisaged on the Rhone estuary to sample particles
along the salinity gradient.

Fundings (in K€, requested in bold) and person month:
Labex OT-Med /
Region /
Year
MIO
University
2011
6
2012
6
2013
2014
-

Costs eligibility (in K€):
Year
Consumables
2014
2

Travels
-

8.9
5
2

Person
Months
16
16
16
?

Equipment
-

Total
2

MISTRALS

Master, PhDs and post-doc :
PhD
Morgan Petit (UPMC) Photo-oxydative processes in marine microorganisms. Case study : Mediterranean Sea
(2010-2013)
Marine Blanchet. (UPMC) Role of priming effect and ultraviolet radiation on the organic matter dynamic in coastal
waters. (2011-2014)

Links with other workpackages :
WP2 (SPECIMED), WP3 (RIVERS).
Publication / Communications:
Publications
Petit M., Sempéré R., Vaultier F. et Rontani J-F. (2013) Transfer of photooxidative processes from senescent
phytoplankton cells to attached bacteria: formation and behavior of cis-vaccenic photoproducts. Int. J. Mol. Sci.,
14, 11795-11815; doi.:10.3390/ijms140611795.
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Communications
Petit et al. 25th International Meeting on Organic Geochemistry. Interlaken, Switzerland (2011)
Petit et al. ASLO Aquatic Sciences meeting. Learning form the future, New Orleans, USA (2013)
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MERMEX- WP5
MARINE REGIONALISATION PLANNING

Responsibles:
J-O Irisson (LOV, Villefranche/mer), C. Figuières (LAMETA, Montpellier)

Objective 1
Bio- and eco-regionalization of the Mediterranean Sea
Objective 2
Topic studies on the socio-economic impact of environmental change and anthropic pressures
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WP5 - Objective 1
Name and acronym: REGIONALISATION
Bio- and eco-regionalisation of the Mediterranean Sea
Duration : 48 months (2012-2015)
Major participants :
P. Koubbi
S.D. Ayata
G. Reygondeau
S. Gasparini
J.O. Irisson
F. Benedetti
C. Guieu

LOV (Villefranche/mer) Pelagic ecology
LOV (Villefranche/mer) Pelagic and numerical ecology
LOV (Villefranche/mer) Eco-regionalization
LOV (Villefranche/mer) Pelagic and numerical ecology
LOV (Villefranche/mer) Pelagic and numerical ecology
LOV (Villefranche/mer) Eco-regionalization, modeling
LOV (Villefranche/mer) Marine biogeochemistry

Principal objectives:
The objectives are to synthesise existing and future data in the Mediterranean Sea to delineate regions,
homogenous in their composition and ecological functioning, and to quantify the impact of multiple natural and
anthropogenic pressures within those regions to estimate their vulnerability.

The first step consisted in consolidating, validating and standardizing open access databases: remote sensing
observations, fisheries datasets, oceanographic campaign data and physical modeling outputs.
Environmental variables (Bathymetry, Chlorophyll-a concentration, Temperature, Nutrients, Salinity, Oxygen, Wind
, Intensity and depth of the thermocline, Mixed layer depth, Euphotic depth, Distance to coast) have been selected
to characterize specific oceanographic features (gyral systems, frontal structures, continental shelves, river
runoffs, etc.). Datasets from cruises from other work packages (DEWEX in particular) will serve for validation
purposes.

The trophic composition of each selected area will be compiled into a comprehensive database ranging from
phytoplankton to top predators. All existing biological collections from local time series to oceanographic cruises
(SARDARA, ECOSCOPE) will be associated to macro ecological dataset from various organizations (IOBIS,
COPEPOD). Biota variables collected from database are phytoplankton (5 functional groups and 515 species),
zooplankton (1008 species), forage species and fish (411 species), and top predators (131 species). This data will
be used in its raw form to plot maps and as the basis to construct species or communities distribution models.
Similarly to the environmental data, datasets collected in actions from other work packages on the large-scale
distribution of organisms will be used to validate species distribution models.

To incorporate the human pressure on marine ecosystems partitions, several variables were downloaded
according to the previous work performed by Halpern et al. (2008). Here the main components of direct
anthropogenic pressure as defined by the ecosystem millennium assessment (2005) have been approximated
using: Boat cruises; Nutrients (fertilizer); Organic pollutants (pesticides); Inorganic pollutants (impervious
surfaces); Direct human (population density); Fishing pressure (Effort of Long liner, canner and purseiner);
Shipping. All dataset were downloaded separately according and processed according to the procedure proposed
by Halpern et al. (2008).

Results:
For the bioregionalisation, the first step of the methodology consists in a statistical selection of a set of crucial
environmental factors to propose the most parsimonious bio-geographical approach that allows detecting the main
oceanographic structure of the Mediterranean Sea. Then, based on restrictive set of environmental parameters,
both non-hierarchical and hierarchical clustering algorithm will be tested. Outputs from each methodology are
inter-compared to propose a robust map of the biotopes of the area. The first results are below (Reygondeau et
al., 2013).
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Map of the
strength of
frontiers
between bioregions for all
clustering
algorithmsl, up
until the
optimal
number of
clusters.

Map of the
resulting
clusters.

Map of the
stability of
clusters across
time.

Work for 2013:
All kinds of datasets will be standardized in terms of resolution and stored in a local database of netCDF files. The
bioregionalisation will be validated with data from cruises. This will allow to assess the pertinence of the
parameters chosen and the overall methodology. The distribution of some target species will be modelled using a
variety of techniques, using either only presence information or presence and pseudo-absences. This work will
start with Copepod species. Based on environmental data and on biological data (or on species distribution
models), ecoregions will be defined. To make ecoregions less static in their definition, the advection of water
masses will be considered through Lagrangian modelling. This work will be carried on by a future PhD student.
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Fundings (in K€, requested in bold) and person month:
Year

Europe

2012
2013
2014

44
36
36

Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
2012
2.5
2013
0
2014
-

LEFE

Travels
0
0
0.5

2.5
0
3

Person
months
17
20
20

Wages
2.5

Total
2.5
0
3

Mistrals

Master, PhDs and post-doc :
Master
F.Benedetti, 2013, Master student, Université Paris VI (will start a PhD funded by KIC Climat-UPMC in oct 2013)
Post doc
G. Reygondeau, (2012-2014) (LOV) Eco-regionalization of the Mediterranean Sea

Links with other workpackages :
All WPs
List of Publications / Communications :
Reygondeau G., et al., EGU, Vienna 2013
Reygondeau G., et al., CIESM, Marseille 2013

Data banking:
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WP5 - Objective 2
Name and acronym : TOPICS
Topic studies on the socio-economic impact of environmental change and anthropic pressures
Duration : 48 months (2012-2015)
Major participants :
J.O. Irisson
C. Figuières
D. Ami
S.D. Ayata

LOV (Villefranche/mer) co-PI, Ecologie pélagique et numérique
LAMETA (Montpellier) co-PI, Economie
GREQAM (Aix-Marseille) Economie
LOV (Villefranche/mer) Ecologie pélagique et numérique

Principal objectives :
Those topic studies are meant to tackle local issues which link marine ecosystems functioning and stakeholders,
and to generalize them to whole regions based on the ecoregionalization work.
So far, the energy has been spent on defining partnerships. During the last two years, collaborations where
started between oceanographers and economists, through a seminar at LOV (Laboratoire d'Océanographie de
Villefranche, supported by LOV) and at LAMETA (Laboratoire Montpellierin d’Economie Théorique et Appliquée,
supported by LAMETA).
This resulted in:
-

a M2 internship to work on the definition of an index of ecosystem services for the open sea. The internship
stipend is supported by MISTRALS while the rest (travels etc.) is supported by PERSEUS.

-

a project submitted to study the influence of cruise ships on black carbon emissions and the local economic
assessment of the benefit/cost ratio. The application was the bay of Villefranche. Unfortunately, the project
was not funded.

-

projects in preparation between LOV and LAMETA regarding black carbon (a reboot of the project mentioned
above), connectivity and MPAs, and global oceanic CO2 storage

Work for 2013:
The definition of an index of ecosystem services can be seen as a possible way - in the spirit of the Millenium
Ecosystem Assessment (2005) - to understand the relationship between ecosystem functioning and satisfaction,
or well-being, of individuals. After the definition of the ecosystem services index, we plan to couple this work with
the regionalization studies to produce maps of ecosystem services index.
The projects currently in gestation between LOV and LAMETA aims are: i) to evaluate the economic
consequences of cruise ships arrival in the bay of Villefranche, to identify the socially optimal traffic and parking
docked of cruise ships, and to design economic instruments in order to decentralize this state of affairs on a non
cooperative basis; ii) to evaluate economic models of long term CO2 storage. Master students could start working
on these questions. The first one would be focused on assessment and economic valuation questions. The
second one should be interesting in modelling, particularly large scale models.
Finally, beyond the existing collaboration between LOV, LAMETA and, to a lesser extent GREQAM, new topic
studies should emerge from new partners. Collaboration between economists, sociologists and oceanographers is
particularly difficult to get started, because the language and topics of interest are so widely different at first. Our
experience is that people need to meet and discuss a while before finding common topics of interest. This is
towards what most of the funding is targeted.
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Fundings (in K€, requested in bold) and person month:
Year

Europe

Other

Mistrals

2012
2013
2014

2

2

2.5
15
19

Costs eligibility of MISTRALS fundings(in K€):
Year
Consumables
Travels / Wages
2012
2.5
0
2013
5
13
2014
3
12

Equipment
0
2
4

Master, PhDs and post-doc :
Master
M.Sy (LOV-LAMETA) Master student
Links with other workpackages :
Particularly WP2 (diversity), 3 (chemical contaminants) and 4 (CO2, black carbon, etc.)
List of Publications / Communications :
None so far
Data banking:

Person
months
7
15
15

Total
2.5
15
19
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ANNEXES

 Notification 2013

 Annonces Worshops


DEWEX: workshop post-cruise WP1



Journée WP3



Journée Economie des services écosystémiques et milieu marin_WP5


 Documents des groupes de travail transverse:


Bilan modèles Sept 2013

