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1. EXECUTIVE SUMMARIES
Impact of contaminants - The MERITE (Marine ecosystem response to the input of contaminants in the coastal
zone) action aims at investigating the fate of chemical contaminants and their impacts on the benthic and pelagic
habitats, in specific coastal ecosystems, such as urbanized bays and contaminated fishing grounds in the western
and central Mediterranean. The integrative approach is mainly based on in situ observational data (existing
databases and targeted new data collection), experimental work and modeling research. Numerical modeling
allow the examination of physical, biogeochemical and anthropogenic drivers in the studied coastal ecosystem,
at the relevant time scales. The achievement of the objectives is based on an integrated study of biotic and
abiotic compartments conducted in coordinated way in different sites (mainly located in the Gulf of Lion,
Provence area, and in the Sfax Bay and Gulf of Gabes).

Impact of atmospheric deposition - The PEACETIME (Process studies at the air-sea interface after dust
deposition in the Mediterranean) action proposes to study the fundamental physical, chemical and biological
processes and their interactions at the atmosphere-ocean interface. The objective is to assess how these
mechanisms impact, and will impact, the functioning of the marine biogeochemical cycles, the pelagic
ecosystem and the feedback to the atmosphere. It is focussing on a crucial mechanism forcing the
biogeochemical coupling between the ocean and the atmosphere: atmospheric Saharan dust deposits. The
highlight of the project was an oceanographic campaign in the Mediterranean Sea 10 May- 10 June 2017 when
strong dust deposition events usually occur.
The PEACETIME project results from a joint reflection and a share of implementation between two components
of the MISTRALS program: CHARMEX and MERMEX.

Impact of dense water formation - The PERLE (Pelagic ecosystem response to dense water formation in the
Levant experiment) action aims at describing the formation and spreading of Levantine Intermediate Water
(LIW), and determining its role in the distribution of nutrients and on the structuration of the planktonic
ecosystems in the eastern Mediterranean. The LIW is one of the most crucial water mass of the Mediterranean: it
contributes to most of the sub-surface water and salt transport between the eastern and western basins of the
Mediterranean, it plays a key role in the deep convection both in the North Western Mediterranean and in the
South Adriatic, and it fills nearly all the intermediate layer of the Eastern basin, where it is prone to vertical
exchanges with the surface layer that supply nutrients to the photic layer and support a significant fraction of the
primary production. Modeling at regional (Levantine basin) and large (Mediterranean) scales will be an
important component of this action. It aims at improving the simulation of the LIW formation mechanisms and
locations, and better assess the effect of the regional physical conditions (including transient mesoscale
structures) on the occurrence of blooms disrupting the ultra-oligotrophic character of the Levantine basin.
The PERLE project results from a joint reflection and a share of implementation between two components of the
MISTRALS program: MERMEX and HYMEX
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2. PREVIOUS AND PROVISIONAL YEARLY ALLOCATIONS OF MISTRALS FUNDING

Previous MISTRALS funding (K€)
Total amount
2010

50

2011

200

2012

213

2013

314

2014

350

2015

253

2016

200*

2017

200

Total MISTRALS funding (2010-2017)
(*) reliquats

: 1580 K€

Total co-fundings (2010-2017)

: 9010 K€

General requested budget (K€)
(see details and co-fundings in specific sections of each operation)

Merite

Peacetime

Perle

Coordination

Total

2018

50

55

80

35**

220

2019

100

23

120

10**

253

2020

50

0

80

35**

165

(**) incluant les frais d’organisation du colloque MERMEX.
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3. MERMEX LIST OF PEER REVIEWED SCIENTIFIC PUBLICATIONS
See MERMEX web page (https://mermex.mio.univ-amu.fr/?page_id=1792) for details
Normal
issues
2010

1

2011

4

2012

3

2013

17

2014

16

2015

17

2016

18

2017

12

Special
issues

62

Special issues
MEDSEA – Ocean acidification in the Mediterranean Sea: pelagic mesocosm experiments (Estuarine, Coastal
and Shelf Science, 2017, Vol. 186) [12 articles]
MERMEX – Marine ecosystem response in the Mediterranean experiment-The MERMEX project (Progress in
Oceanography, 2017) [22 articles]
DEWEX (MERMEX / HYMEX / MOOSE) – Dense water formations in the Northwestern Mediterranean: from
the physical forcings to the biogeochemical consequences (Journal of Geophysical Research, 2017, in press) [28
articles]

4. MERMEX LIST OF MASTERS AND PhDs
See MERMEX web pages ( https://mermex.mio.univ-amu.fr/?page_id=1679 ; https://mermex.mio.univamu.fr/?page_id=1977 ) for details

Master

PhD

2010

3

0

2011

5

1

2012

10

5

2013

14

7

2014

7

16

2015

5

8

2016

2

5

2017

12

-

On going

-

29
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1. EXECUTIVE SUMMARY

Impact of contaminants - The MERITE (Marine ecosystem response to the input of contaminants in the coastal
zone) action aims at investigating the fate of chemical contaminants and their impacts on the benthic and pelagic
habitats, in specific coastal ecosystems, such as urbanized bays and contaminated fishing grounds in the western
and central Mediterranean. The integrative approach is mainly based on in situ observational data (existing
databases and targeted new data collection), experimental work and modeling research. Numerical modeling
allow the examination of physical, biogeochemical and anthropogenic drivers in the studied coastal ecosystem,
at the relevant time scales. The achievement of the objectives is based on an integrated study of biotic and
abiotic compartments conducted in coordinated way in different sites (mainly located in the Gulf of Lion,
Provence area, and in the Sfax Bay and Gulf of Gabes).
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2. MARINE ECOSYSTEM RESPONSE TO THE INPUT OF CONTAMINANTS IN THE COASTAL
ZONE (MERITE)
COORDINATORS
F. Carlotti (MIO, Marseille), C. Garnier (PROTEE/MIO, Toulon), J. Tronczynski (IFREMER/RBE/BE, Nantes)
PERIOD
2016-2020
PARTICIPANTS
A total of ~85 participants from 17 French labs and 5 abroad.
French Participants: CEFREM (Perpignan), CEREGE (Aix-en-Provence), EPOC (Bordeaux), IFREMERLERPAC/LBCM (La Seyne/mer), IFREMER-RBE/BE/EMH/LBCM (Nantes), IFREMER-DYNECODHYSED/REM-GM-LGM (Brest), IFREMER-RBE/MARBEC-LMH (Sète), IPREM-EEM (Pau), IRSN (La
Seyne/mer, Cadarache), LA (Toulouse), LSCE (Saclay), MIO (Marseille), OSU OREME Montpellier
(Géosciences Montpellier, Hydrosciences Montpellier and MARBEC), PROTEE (Toulon), OOB-LOMIC
(Banyuls).
Foreign Participants: CBs (Sfax, Tunisia), University of Carthage/BFSA (Bizerte, Tunisia), HCMR-IO (Athens,
Greece, external collaborator); NIMRD (Constanta, Romania, external collaborator); RBI (Zagreb, Croatia,
external collaborator)
RATIONALES
The Mediterranean is a trans-regional and transboundary semi-enclosed sea that nowadays shares all marine
ecosystems key challenges related to the growing anthropogenic pressures (biodiversity losses, climate change
impacts, overfishing and pollution). The surrounding coastline is characterized by a high population density,
especially increasing in the big coastal urban centers. The Mediterranean Sea is also an ultimate sink for a range
of harmful chemical substances and plastic wastes which form a marine litter. The recent assessments of present
status and trends show that pollution in the Mediterranean and Black Seas by the harmful substances continue to
degrade mainly coastal areas but also their more remote settings (Azoury et al., 2013; Bordajandi et al., 2006;
Castro-Jiménez et al., 2013; Carubelli et al., 2007; Gonzalez-Fernandez et al., 2014; Harmelin-Vivien et al.,
2012; Martí-Cid et al., 2007, Thébault et al., 2008). The marine litter plastic has now become ubiquitous and
may comprise up to 95% of debris accumulated on shorelines or sea floor and this figure can reach up to 100%
on the sea surface (Galgani, 2015; Jambeck et al., 2015). The Mediterranean Sea is one of the most affected
areas by marine litter in the world and the highest densities of marine litter stranded on the sea floor (Barnes et
al., 2009).
This semi-enclosed sea is highly vulnerable to chemical pollution, because of long history of Europe’s
industrialization, high density of coastal populations and also because of its natural characteristics (such as large
watersheds, high continental loads and long water residence times,…). The historical and present continuous
inputs of persistent organic contaminants and trace elements entering the Mediterranean Sea are mainly related
to the land watershed loads (rivers and groundwaters) and direct releases (from urban, industrial and transport
activities), affecting mostly coastal areas (e.g. Dang et al., 2015; Guigue et al., 2011, 2014; Tedetti et al., 2010,
2012, 2013; Tessier et al., 2011), whereas atmospheric fallouts/depositions dominate contaminant inputs in more
remote offshore areas of the open sea (Castro-Jiménez et al. 2012; Berrojalbiz et al., 2014; de Madron et al. 2011
and references therein). Once contaminants (such as metals, radionuclides and organic compounds) are released
in the coastal areas, their environmental fates are mainly governed by interactions with particle dynamics,
dissolved organic matter and marine biota which offer sites for sorption (e.g. Cindrić et al., 2015; Ferretto et al.,
2014; Guigue et al., 2014; Oursel et al., 2013, 2014b), and processes at the sediment/water interface including
bioturbation/biotransformation (ex. Dang et al., 2015a). In these shallow environments, the contaminants fate is
mainly driven by chemical speciation, phototransformation, interactions with particles and primary trophic levels
(autotrophs and heterotrophs) (Guigue et al., 2014; Tiano et al., 2014, Dufresne et al., 2014). Therefore, in the
coastal areas the contaminants fates are very sensitive to intense events (storms, floods, stormwater and sewage
discharges, plankton blooms…) which mobilize large quantities of particles capable of sorbing, transporting,
releasing or burying contaminants in the continental shelf and slope. At the wider regional sub-basins scales their
fates are mainly controlled: i) by atmospheric deposition, ii) exchanges at the air/sea interface and iii) by water
column fluxes to the deep bottom sediments, all intertwined with biodegradation processes and with primary
trophic levels dynamics, as well as with their transfer within marine food webs (up to the higher predators)
(Benlamine et al., 2015; Cossa et al., 2012; Dachs et al., 2002; Dierking et al., 2009; Ensibi et al., 2015a, 2015b;
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Fouin et al., 2013; Harmelin-Vivien et al., 2009, 2012; Lohmann et al., 2007; Ourgaud, 2015, Ourgaud et al.,
2015; Salen-Picard et al., 2002; Sauret et al., 2015a; Strady et al., 2015; Tiano et al., 2014).
During the first phase of MERMEX, the attention was given to the identification of the source loads of carbon,
nutrients and chemical contaminants and on their impacts at the different scales. The efforts were also seeking at
an integrated approach combining observation, experimental work and modeling. Several aspects relative to the
ecosystem response to these anthropogenic pressures in the coastal zone were thus explored: characterization of
the status of coastal zones facing contrasted degrees of anthropization and inputs of materials; characterization of
the behavior and fate of particles, nutrients, carbon and contaminants on the biogeochemistry and on plankton
communities in the coastal zone; typology of community structures from heterotrophic prokaryotes to
mesozooplankton and of trophic interactions zooplankton/small pelagic fish/tuna; identification of the
mechanisms controlling the contaminants transfer from abiotic compartments to organisms, their accumulation
throughout the trophic chain and their potential impact on community structures; characterization of the biodegradation of contaminants and the relative role of degraders (ex. bacteria and fungi) on the eco-dynamics of
the contaminants in pelagic and benthic environments.
The choice of the Gulf of Lion (GoL) and Provencal sub-basin area as experimental site for the first phase was
mainly justified by the existence of a sound knowledge of basic processes and database in this area achieved
during the last decades. This helped in the development of modeling. Furthermore, the GoL biogeochemical
features provide also appropriate environmental context for these studies, with: i) the high riverine inputs of
nutrients, carbon and contaminants from the Rhone River that influences the broad shelf as well as the presence
of smaller rivers such as Têt, Hérault, Orb, Aude; ii) big cities such as Marseille and Toulon, where a number of
case studies were developed and iii) the existence of some submarine groundwater discharges evidenced in the
framework of MERMEX, especially along the karstic coast.
The results of the first phase of MERMEX were detailed in the syntheses report including WP1 – WP4 actions
(Cobec, Copel, Rivers, Specimed, Poissons, IPP, C3A, Costas,...). Important gaps were identified concerning the
availability of biogeochemical and chemical data at sufficient spatial and temporal resolution. Filling the gap is
very important to enhance our ability to reproduce the biogeochemical functioning of ecosystems and the
behavior of particles and contaminants in the coastal area. Information is still needed on the stocks of the
different chemical compounds, including legacy and emerging contaminants in the different compartments
(water, sediment, biotic compartment), and on the fluxes between them. A better understanding of the
contaminants kinetics and transfer processes under various forcing is also required. In addition, the fate and
impact of contaminants may also be strongly affected by biodegradation and/or biotransformation processes
driven by microorganisms as well as phototransformation processes.
The MERITE action will operate interlinked with other components of MISTRALS and connected relevant
studies. These connections are precisely identified below, under the description of the types of specific
Mediterranean ecosystem which will be studied. This concern components and actions such as SICMED,
BIODIVMEX and HYMEX of MISTRALS, and regional projects like SEDILION and LASERMED-OTMED,
as well as the "Littoral and City" working group of MISTRALS. Furthermore the marine litter issue, while
emerging as significant pressures in the Mediterranean Sea and potential vector of toxicants and pathogens will
also be considered in the number of MERMEX related projects (ex. JPI Oceans PlasTox, …), including also a
better evaluation of the rate of abiotic and biotic degradation of plastic items in the environment (ex OXOMAR
project).[CG1]
OBJECTIVES
The general objective of MERITE focuses on a better understanding of exploited resources and ecosystems
responses to contaminants. The emphasis is given to chemical contaminant transfer processes during their high
loads related to intense events. The urban areas are zones of high inputs of multiple contaminants and fishing
grounds are characterized by habitats which are diversely sensitive to contaminants. The understanding of
contaminants impacts needs an integrative approach including studies of the ecosystems, their trophic
interactions and contaminants transfer along the food webs. It also requires an increased knowledge of the
related transport (of water and particles) mechanisms away from the sources. Recent studies highlighted this
need for an integrative approach and a coupling of observations (ecological, biogeochemical, physical) and
modeling activities (like in projects MerluMed, METROC, ANR/COSTAS, RETROMED…). The integrative
approach will be improved in targeted habitats in the framework of MERITE. The studies will be conducted in
selected types of specific Mediterranean coastal ecosystems, namely:
•

Contaminated urbanized bays in the Western and Central Mediterranean selected pilot areas;

•

Contaminated fishing grounds across the Western and Central Mediterranean areas.
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The spatial implementation of the project in the Western Mediterranean refers more precisely to several
relatively well-known strongly anthropized urban sites of Marseille and Toulon bays and to the pertinent scales
of fishing areas in the Gulf of Lion. In the southern part of the Central Mediterranean, the efforts are undertaken
to conduct and develop parallel mirror activities, in particular in the urban Sfax bay and on the fishing grounds
of the Gulf of Gabes (Tunisia). The studied systems are characterized by different levels of anthropogenic
pressures, distinct biogeochemical features and spatial extents (Figure 1).
Figure 1. Map of the study sites

SCIENTIFIC STRATEGY
The proposed strategy merges different approaches that were previously used during the first phase of
MERMEX in the northwestern Mediterranean Sea.
An integrated experiment combining observation, experimental work and modeling will take place in the coastal
area. These studies rely on the following strategies:
•

The simultaneous combination of a number of short-medium and long-term observational resources
(such as fast deploying zodiac-type vessels, coastal vessels, moorings, gliders, profilers and satellite…)
in order to investigate the key physical and biogeochemical, biological parameters and compartments
impacting the contaminant transfers, especially during and after intense events (from a few days to
weeks after an event).

•

The development of experimental work and dedicated field sampling in order to assess processes,
related kinetics and speciation of selected contaminants. This will notably include the study of
contaminants transfer and exchanges through the different compartments (water/sediment/biota up to
secondary trophic level small pelagic fish and targeted demersal/benthic species);

•

The implementation, validation and improvement of physical, biogeochemical, chemical, sedimentary
and ecological/ecosystem (including the associated contaminant transfers) coupled or
connected/interfaced numerical models.

•

Statistical and numerical modeling using physical, chemical and biological data will be interactively
used to better characterize habitats, their abiotic and biotic components and related biological
assemblages. The influence of contaminants on the distribution and abundance variation of species in
these habitats will be assessed. The study of selected types of specific Mediterranean ecosystems across
west-central transects will be undertaken, (i) on one hand, offering contrasted characteristics and
processes, in terms of chemical multi-contamination (source/nature/amplitude…), ecosystems and
hydrodynamic constraints, and (ii) on the other hand, benefiting from relatively wide existing
knowledge and collaborative partnership and facilities.
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CALENDAR AND IMPLEMENTION
Although the general objectives of MERMEX-MERITE will be fully maintained, a new integrative step will be
implemented within the next three years (2018-2020), by adding a new task (Task 3). The tasks 1 (urbanized
bays) and 2 (fishing grounds) (Figure Xa) are continued thanks to Regional, National and European fundings
obtained as additive resources for MERITE. MERMEX-MERITE (in addition to the LMI CosysMed) will help
to maintain the northern and southern communities working together. The new task 3, which will be the priority
in term of support from MERMEX funding, will be implemented by a North South transMediterranean joint
survey, conducted also with concerted field study and sampling activities and focusing on the uptake of
contaminants by planktonic biota in various coastal zones and in offshore stations identified as references.
Marseille
Bay
Toulon
Bay

Gulf of
Lion

Gulf of
Gabes
Sfax
Bay

MERITE studied areas
Urbanized bays
Contaminated fishing grounds

MERITE

Figure 2: (left) studied areas in tasks 1 (urbanize bays) and 2
(contaminated fishing ground); (right) sampling location of the MERITE's
2019 oceanographic cruise in task3
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Valorisation (conferences, publications)

The 3 scientific tasks of the MERITE project are described below.
Task 1. To study contamination processes in urbanized bays.
This task has the goal to study at high time resolution the kinetics of chemical contaminants transfer through the
biotic and abiotic components after intense events. This is carried out by the ability to mobilize coordinated
forces during these intense events.
These intense events are: (1) contaminated sediment resuspension, resulting either from natural (wind/storm) or
human-driven action (e.g. dredging or large boat manoeuvre or trawling - Toulon and Sfax Bays), (2) urban
agglomeration effluents discharge, either from natural rivers or sewerage network, draining the domestic and
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industrial wastewater (Marseille: Huveaune and Aygalades Rivers, Cortiou / ALTEO Industry outfall in the
Cassidaigne canyon; SIAPE Industry outfall and flash floods outfall in Sfax Bays).
The overall observation strategy consist in monitoring the response of similar abiotic and biotic compartments to
contaminants in the different contrasted sites, using similar techniques and analytical methods, even if the
followed contaminants are specific to the different coastal urban sites. The contaminants concentrations and
chemical speciation are characterized in the water column and the sediment (including anoxic, anaerobic parts).
For the biotic components planktonic food web up to their planktivorous predators and benthic communities are
studied.
Similar protocols are used in all sites including water pumping in the water column, sediment core drilling,
plankton nets, diving sampling. The choice of chemical compounds has beeb defined accordingly to (i) their
occurrence in the area, (ii) the analytical/observation capacities of the involved partners, (iii) their relevance
from both the geochemical and eco-toxicological point of view, and (iv) the available budget dedicated to the
MERITE project.
These activities are particularly at interface with the "Littoral and City", a working group of the last MISTRALS
prospective (2015), an interface again focused by the SIC prospective.
Pertinence for the choice of sites and main contaminants:
•

Toulon Bay is a semi-enclosed bay (52 km2) surrounded by a half-million inhabitants agglomeration,
which presents a significant sediments contamination by metallic (e.g. Ag, Cd, Cu, Hg, Pb, Sn, Zn),
organo-metallic (e.g. BTs) and organic (e.g. PAH and PCB) compounds, issued both from historical
events (2nd WW) and recent inputs (e.g. nautical activities). Processes inducing contaminated sediments
resuspension could be a major threat for the surrounding ecosystem.

•

Marseille Bay is directly impacted by the chemical contamination inflows resulting from (1) the urban
agglomeration including discharges of the sewerage network, which drains the domestic and industrial
wastewaters, and semi artificial water courses and untreated storm water drain outlets, (2) the Rhone
River inflows and (3) the ALTEO industrial outfall in the Cassidaigne canyon. The different outfalls
and urban rivers release both organic and metallic contaminants.

•

Sfax Bay is the largest industrial and commercial city harbor of south Tunisia, situated in the north
coast of the Gulf of Gabes, covering around 150 km2 and near half million inhabitants. It is a major
fishing harbor in Tunisia in terms of landings and employments. The main industrial activities are the
artificial fertilizer production by SIAPE, the largest phosphate company. Organic and metallic
contaminants are linked with phosphogypse outfalls.

Task 2. To study contaminated fishing grounds.
The general objective of this task will be a better understanding of exploited fish contamination in important
selected commercial industrial fishing grounds in the Western and Central Mediterranean (i.e. Gulf of Lion shelf,
Gabes Gulf shelf). This implies assessments of contaminants transport from their sources (large riverine
discharges, urban and direct littoral release and atmospheric fallout) to the fishing grounds habitats and
subsequent contaminants uptake by the primary trophic levels and their transfer along biota food webs.
Fundamental ecological questions are related with potential impacts of these anthropogenic pressures. This refers
to the understanding of what and how natural and anthropic environmental forcing drives and affects fishing
grounds habitats and their good ecological status in the Western and Central Mediterranean Sea. It is relevant for
socio-economic issues regarding fisheries, biological resources and sanitary questions.
Biological habitats component
Specific objectives and approaches: The specific objectives of the biological habitats component consist in
gaining a better understanding of functional dynamics of food web structures focused on targeted species (in
both pelagic and benthic compartments) and their interactions with their physical and trophic habitats and a
better identification of contaminant trophic pathways in short pelagic and benthic food webs. The spatial
implementation of this part refers to the pertinent scales of fishing areas in the Gulf of Lion in the Western
Mediterranean and in the Gulf of Gabes in the Central Mediterranean. The work is divided into two phases: in
the first phase acquisition of additional new data obtained by targeted sampling cruise on the selected fishing
ground habitats, and in the second phase workshops and historical existing database examination.
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New data acquisition and targeted cruise: The focus is given on how plankton (including bacterioplankton) may
interact with contaminants and how these biological loops may enhance the bioaccumulation of contaminants
and enrich the base of food webs up to the planktivorous small pelagic fish. Characteristics of biological
structures (e.g.: plankton and micronekton biomass size spectrum, stable isotope signatures δ15N and δ13C,
changes in elemental stoichiometric composition, pigments composition, flux cytometry and communities
structures, fatty acid profiles…) are used to better constrain “diet” sources and to determine bioaccumulation
pathways, trophic gradients and biogeochemical conditions in which contaminants are taken up by plankton and
small pelagic fish.
The activities are implemented at two temporal scales: seasonal sampling conducted during two years survey
mainly at two sites: Marseille bay and La Ciotat - national Calanques Parc, giving mainly emphasis on planktonfish trophic interactions related to qualitative and quantitative seasonal changes of plankton communities (which
are ongoing); second targeted surveys during short periods (2-3 weeks) before and during plankton blooms such
as the two seasonal surveys done in 2017 in the Gabes Gulf;The new task 3 will propose a major survey
including both targeted shelf areas.
Historical and new database analysis: Statistical and numerical modeling using physical, chemical and
biological data will be interactively used to better characterize habitat of key fish populations. This work is based
on the experienced gained from the recent study conducted in the PERSEUS project, uses a morphological traitsbased approach to construct functional groups of fish species in the Mediterranean Sea and to study the relative
changes in functional group biomasses over the last two decades across 12 Mediterranean areas. Using
contaminants data from previous project and relationships with stable isotopes, we intend to address the
spreading of contaminants within the different food webs. Such analyses will help identifying the main trophic
pathways of contaminants in different parts of the gulf of Lion.

Space- time dynamics component: from sources to fishing grounds
Specific objective and approaches: The specific objective will be to improve our knowledge and our ability to
model the transport and transformation of particulate matter, carbon, nutrients and associated contaminants from
rivers to outlets of the coastal environment toward the open sea in the northwestern Mediterranean.
Complementary to the habitat process studies, the temporal and spatial dynamics of both the particles associated
with contaminants and the marine ecosystem from end to end is targeted at the scale of the Gulf of Lion.
The goal is to gather over an annual cycle the information necessary to calibrate the models in order to simulate
the transport of matter and contaminants that have an affinity for particles, with an emphasis on intense events
during which strong pelagic benthic exchanges occur, and the main functional groups of the first trophic levels
from bacteria to mesozooplankton. The aim is to finally assess the transfer of selected contaminants along the
trophic chain.
The activities are interlinked with other projects and at interface with MISTRALS components of continent/sea
interface (mainly SICMED and HYMEX MISTRALS programs, and SEDILION project).
To study the seasonal cycle a one-year observation period started to be implemented on the SOMLIT-like
monitoring that will be enhanced by biologic observations (microscopy, cytometry, HPLC, Zooscan) at the
Bessète site (in front of Sète) and high frequency observations of T, S, O2, fluorescence and turbidity operated at
the Bessète, MesuRho (in front of the Rhône mouth) and POEM (in front of the Têt mouth) sites. The
observations on the shelf and slope waters rely on autonomous platforms (especially gliders transects) equipped
with T, S, O2, fluorescence, turbidity sensors, and an ADCP (developed in the framework of the ANR
MATUGLI), together with benthic stations equipped with ADCP and CTDs.
The new task 3 will dedicate stations to observe the organization of the ecosystem in relation with continuous
hydrologic, sediment and biogeochemical measurements along a cross shelf transect and within the path of the
Rhone freshwater.
A modeling part based on the coupling/interfacing of hydrodynamic, sediment, contaminants and
biogeochemical models isis pursued in parallele to MERMEX ensuring the end to end integration of the project,
and providing fluxes of matter to the deep environment, and hence bridging the gap between the coastal and deep
environments should allow tracking the chemicals (C, N, P, some contaminants) throughout the Mediterranean
basin.
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Task 3. 2018-2020 MERITE implementation & funding – a joint oceanographic cruise from urbanized bays
to fishing grounds.
New strategy for incentive well-coordinated scientific research
In order to further strengthen the coherence between the research actions of MERITE project, it is now proposed
to evolve into single consistent working plan for task 3 of MERITE project for the 2018-2020 period. Whereas,
conserving the initial thematic and scientific questions of the Mediterranean coastal ecosystem response to the
inputs of chemical contaminant substances and elements, we propose to focus mainly on the key biogeochemical
processes controlling the transfer of representative chemical pollutants from the water to the 1st levels of the
trophic chain including microbial loop, phytoplankton and zooplankton components. The planktonic populations
play a key role in the trophic food webs in marine ecosystems by mobilization and transfer of organic matter and
energy towards higher trophic levels. However, the role of plankton in the transfer of contaminants is still not yet
very well documented. Special attention will be indeed given to microbial loop component sampling –
developing also new and approved techniques of isolation and characterization of this fraction of
bacterioplancton, including experimental mesocosms set-ups.
The new knowledge will advance our capacity for environmental modelling of contaminants fates and impacts in
the Mediterranean Sea. Furthermore, a sound scientific understanding of the factors influencing the chemical
contaminants uptake by first planktonic trophic level in both southern and northern western Mediterranean will
benefit environmental evaluations at basin to coastal scales. The coastal versus more off-shore contaminants
accumulation will also provide new data for ecological status indicators. Whereas more largely, in the context of
global change, plankton responses to the natural and anthropic pressures including global warming, ocean
acidification, pollution, and toxic algal blooms become now key challenges in the field of marine ecology and
biogeochemistry research. The Mediterranean Sea is recognized as particular system and “hot spot” for such
studies.
Specific objectives and approches. The main objective will be thus to mount and carry out the joint
oceanographic cruise in spring 2019 during post-planktonic bloom period in the Mediterranean. This joint
oceanographic cruise will relate southern and northern selected study working areas of MERITE project that is
urbanized bays of Toulon, Marseille and Sfax and fishing grounds in the western Mediterranean of the gulf of
Lion and the southern Central Mediterranean of the gulf of Gabès. All components of the planktonic pelagic
food web that can influence the transfer of contaminants and energy towards higher trophic levels (mainly
plankton eating small pelagic fish) will be studied using an end-to-end sampling approach. Physical and
chemical parameters of the water column and the size and biomass of planktonic components, ranging from
pico- to mesoplankton, will be investigated to describe the structure of the plankton trophic relation and infer
potential contaminants transfer pathways. Finally, the present proposal allow us to rely on relevant experience
and data already obtained in 2017, to keep the competences of the partnership and to benefit from the others
founded research projects related to MERITE /MERMEX study.
Task 3 implementaion working areas and program
Positions of sampling stations and working areas

N/O Antea
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Provisional trajectories for the survey

Task 3 proposed working program and associated MERITE/MERMEX founding request is:
- 2018: investigation tools breakthrough and study of biogeochemical processes in natural and controlled
conditions.
Most of the activities will focus on the identification and development of ad-hoc methodologies for sampling of
different plankton fractions, experimental set-ups and examination of existing data base on contaminants
including statistical analysis, which actually make challenging:
(a) the evaluation of chemical contaminants speciation and dissolved/particulate fractionation;
(b) the assessment of chemical contaminants levels in the 1st trophic levels coupled with organisms
diversity/abundance determination as well as stable isotopes use to evidence trophic pathways;
(c) the study of model chemical contaminants propagation in the trophic food webs;
(d) the study of these chemical contaminants impact onto these organisms.
To reach this goal:
• organization of a 1-day meeting (with visioconference), in February 2018, to gather the scientific
community in order discuss the various approaches;
• development of the methodologies through the adaptation of existing sampling/sample treatment
technics, analytical tools set-ups;
• evaluation of their efficiency from field experiments in the studied urbanized bays allowing to use
smaller vessels and to easily scan strong gradient of chemical contaminants concentrations;
• performing lab experiments to investigate certain processes influencing contaminants distribution and
impact onto the 1st trophic levels;
• examination of contaminants transfer on the basis of functional dynamics and structure of trophic
webs in the gulf of Lion.
- 2019: MERITE's oceanographic cruise - practices and planned approaches is given bellow
A 25-30 days sampling campaign will be organized in spring 2019 (i.e. during post planktonic bloom period)
with sampling stations distributed in the 2 studied fishing ground areas (Gulf of Lion, Gulf of Gabes) and the 3
urbanized bays (Toulon, Marseille, Sfax). Such a strategy will allow to cover various conditions especially in
terms of anthropogenic pressures and compare specificities of north vs. south of the Mediterranean Sea,
highlighting the biogeochemical processes involved in the transfer and impact of chemical contaminants onto 1st
levels of pelagic trophic food web. The different biogeochemical statuses of marine ecosystems study areas (e.g.
oligotrophy vs. mesotrophy) will also be examined and compared. Finally biological tracers (δ15N, δ13C,
CHN…) and plankton community’s structures will be used to better constraint “diet” sources and to determined
trophic gradients in planktonic food webs.
MERITE-MED will fully contribute to the following sub-tasks:
(1) Studies of the link between hot spots urbanized contaminated bays and contaminants uptake by plankton and
pollutant dispersion;
(2) Assessment of contaminants impacts on plankton communities in biological habitats and fishing areas;
(3) Uptake, bioaccumulation and biomagnification of contaminants in planktonic food webs and higher trophic
levels.
Competences and consortium
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The proposal is that the joint oceanographic research cruise would be organized on the ANTEA French research
vessel with research scientist gathering all needed competences under truly inter-institutional cooperation and
fully fitted in the scope and well experienced. The scientific and administrative dossier will be submitted for
evaluation in due time to CNFC (Commission Nationale de la Flotte Côtière).
Physical oceanography, marine ecologists, biologists, microbiologists and chemists will be shared from the
French and Tunisian partner teams involved in the MERITE project.
- 2020: Completion of sample analysis and scientific valorization of results by scientific publications and
communications and data base archives.
Working areas and positions of planned stations and their water depth
Three working areas were provisionally selected as:
(1) golf of Lion with sampling stations in both bays Toulon and Marseille, stations under the influence of the
Rhone plume and coastal imputs and a few stations along the transect which can be identified as closing limit
of the golf system;
(2) reference off-shore stations in both western and central-southern basins of the Mediterranean and
(3) golf of Gabès with one station at Sfax bay and a few stations in the golf.
The selection of exact common sampling station locations will allow complementing and sharing observations
and data which was already obtained and planned in both tasks "urbanized bays" and "fishing grounds". In
particular this concerns "space- time dynamics component" and actually developed and planned study within
CHIFRE project and related intended research actions.
On the other hand the working plan between 12 to maximum 24 hours at each station will allow conducting
intensive full and maximized surveys and sampling including:
(A) deployment of a cluster of sensors for physical, biological and chemical measurements and water column
sampling (CTD casts with ultraclean Niskin/Go-Flow rosette bottles for depth profils of chmical
contaminants concentrations, nutrients and main physic-chemical parameters, and sampling for plankton
biomass, abundance and community structure determinations …);
(B) intensive plankton sampling and in size class fractionations (such as in situ submersible pumps for
bacterioplankton, cascade on line size class fractionation and “hydrobios” type horizontal repeated net tows
deployments...) and;
(C) on-board mesocosms modern set-ups for targeted experimental investigations of plankton-chemical
contaminants interactions: on coastal and off-shore plankton communities submitted either to a gradient of
contaminants (to reach levels encountered in harbor areas or during polluted sediment resuspension events)
or reversely to a reduced contaminants exposition (e.g. through the addition of chelates reducing the
bioavailable fraction of trace metals and the use of accumulating membrane decreasing exposition to organic
pollutants).
This work plan will be complemented by actions and developments in 2018.

MERMEX 2016-2020 prospective

Page 12

February 2016

The provisional cruise plan is given below including preliminary inventory of methodological procedures.
Depth (m)

Stations description

Lat

Long

Golf of Lion and Toulon, Marseille bays
ST1
Toulon Bay

43° 3'49.17"N

5°59'4.80"E

34

ST2

Maures Escarpement C.

42°56'1.20"N

5°58'2.46"E

1864

ST3

Cassis canyon

42°58'51.01"N

5°24'2.33"E

1461

ST4

Marseille bay

43°17'21.45"N

5°13'46.19"E

33

ST5

Sete canyon

42°35'30.81"N

4°18'49.27"E

71

ST6

Rhone plume

43°10'54.48"N

4°30'6.12"E

96

ST7

Sète Agde

43° 9'6.80"N

3°54'55.46"E

1580

ST8

Cabo Creus canyon

42°19'52.73"N

3°32'48.37"E

809

Reference off-shore stations
ST9
Western Ref1

42° 4'42.03"N

5°56'19.23"E

2533

ST10

Western Ref2

39°50'34.76"N

6°23'32.79"E

2855

ST11

Off –shore Tunis

37°53'18.18"N

10°21'32.05"E

433

ST16

Tyrrehnian

39°38'4.23"N

11°11'59.17"E

2985

Golf of Gabès and Sfax bay
ST12
Gabès 1

34°15'29.41"N

11°31'33.59"E

58

ST13

Gabès 2 Sfax

34°42'12.73"N

10°47'49.07"E

6

ST14

Gabès 3

34°15'57.96"N

10°28'7.01"E

25

ST15

Gabès 4

34° 3'44.43"N

10°43'51.18"E

20

INTERNATIONAL COLLABORATIONS
MERITE provides a general framework and the opportunity for collaborative work to be developed in other pilot
urbanized and fishing areas of middle/eastern Mediterranean and Black Sea. The inclusion of western, central
and eastern pilot areas in the Mediterranean and Black Seas (Gulf of Lion, Gulf of Gabès, Adriatic, northern
Aegean and Danube shelf) will on the short-term provide the needed dimension for federating international
projects sharing same objectives.
The Sfax Bay/Gulf of Gabes region will allow setting up an action of international dimension by fostering
collaboration with Tunisian partners (CBS, FSB,…), enabling the integration of competences, supports, and
implementation means. Additionally, a Croatian partner (RBI, Zagreb) is developing similar approach in the
Krka Estuary (Adriatic Sea), which will be interlinked with MERITE, as well as Italian colleagues (CNR,
ISPRA, Genova and Cagliari universities) involved in Interreg Marittimo projects (started in 2017-2018) relating
to coastal contamination (chemicals, microplastics) and impact onto more remote areas such as Marine Protected
Areas. Fishing grounds habitats in the Athens/Saronikos Gulf and Constanta/Danube area in the Black Sea will
be studied with MERITE similar approaches through collaborative work carried out with external partners
(HCMR and NIMRD).
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3. FINANCIAL ALLOCATIONS, IN CASH OR IN KIND
PROVISIONAL YEARLY ALLOCATIONS OF MISTRALS FUNDING
YEAR

REQUESTED

ALLOCATED

2016

110 K€

2017

70 K€

2018

50 K€

2019

100 K€

2020

50 K€

Details of 2018-2020 MERMEX funding request:
- 2018: 50K€
5K€ travel costs for partners meeting
25K€ for consumables/small equipments/anlaysis for methodological developments
15K€ for complementary analysis of samples from 2017 campaign in Gabes/Sfax bay (to assess chemical
contaminants levels and microorganisms abundance/diversity)
5K€ for historic data collection of fishing grounds contamination
- 2019: 100K€
20K€ travel costs for the oceanographic cruise
25K€ for consumables/small equipments/products/… for on board sampling, sample treatment and analyse
15K€ for consumables/small equipments/products/… for on board mesocosms experiments
40K€ for biological and chemical analysis expenses
- 2020: 40K€
35K€ for biological and chemical analysis expenses
15K€ for the organisation of the final MERITE meeting

CO-FUNDINGS
MERITE
Acquis
ANR AMORAD

2013-2019

620 K€

ANR MATUGLI

2015-2017

150 K€

UTLN+TPM+CD83-PREVENT

2015-2017

93 K€

EC2CO-IMPRECI-M²

2016-2017

38 K€

EC2CO CHIFRE

2017-2018

18 K€

AERMC METFLUX

2016-2019

187 K€

AERMC BLUE-POLUT

2016-2019

70 K€

French-Tunisian actions

130 K€

INTERREG MARITTIMO SEDRIPORT

2017-2020

187 K€

INTERREG MARITTIMO IMPACT

2017-2020

217 K€

LABEX-OTMED MEDPOP

2015-2017

110 K€

JPI OCEAN-ANR PLASTOX

2016-2018

200 K€

ALTEO HYDROCALCITE

2016-2018

155 K€

ALTEO DYMERE

2016-2017

28 K€
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ENVIMED COZOMED

2016

18 K€

IRD MICROGYPSE-1

2016

6 K€

PACA-PARTICULE / LEFE BATO

2016

12 K€

FFP GALION

2016-2019

H2020 DISCARDLESS

2015-2019

EC2CO DYNAMICA

2017-2018

37 K€

2017

92 K€

INTERREG MARITTIMO GEREMIA

2018-2021

253 k€

INTERREG MARITTIMO SPLASH!

2018-2020

231 k€

2017-2018

39 K€

Parc National des Calanques

2017

10 K€

Mairie de marseille

2017

8 K€

LMI COSYS-Med

2017

15 K€

AO IRD

2017

5 K€

AO IRD

2017

6 K€

IRD MICROGYPSE-2

2017

5 K€

FEAMP SWORDFISH

2016-2017

AMIDEX UECOCOT

2018-2020

APOG PACA DECOMAR

Demandés
EC2CO SPECIPHYCO
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1. EXECUTIVE SUMMARY
Impact of atmospheric deposition - The PEACETIME (Process studies at the air-sea interface after dust
deposition in the Mediterranean) action proposes to study the fundamental physical, chemical and biological
processes and their interactions at the atmosphere-ocean interface. The objective is to assess how these
mechanisms impact, and will impact, the functioning of the marine biogeochemical cycles, the pelagic
ecosystem and the feedback to the atmosphere. It is focussing on a crucial mechanism forcing the
biogeochemical coupling between the ocean and the atmosphere: atmospheric Saharan dust deposits. The
highlight of the project was an oceanographic campaign in the Mediterranean Sea 10 May- 10 June 2017 when
strong dust deposition events usually occur.
The PEACETIME project results from a joint reflection and a share of implementation between two components
of the MISTRALS program: CHARMEX and MERMEX.

Figure 1. (left) Original track of the PEACETIME cruise: 11 short stations and 3 long stations in the Central
Mediterranean Sea. (right) Final track of the PEACETIME cruise on board R/V Pourquoi Pas?. The original
track was modified following the forecast for atmospheric deposition, this strategy was part of the cruise
strategy: it allowed us to study a Saharan dust event during our ‘Fast’ Station (= Fast Action station).

2. PROCESS STUDIES AT THE AIR-SEA INTERFACE AFTER DUST
DEPOSITION IN THE MEDITERRANEAN (PEACETIME) - A MERMEXCHARMEX PROJECT
RESPONSIBLES
Cecile Guieu (LOV, Villefranche/mer) and Karine Desboeufs (LISA, Paris)
DOCUMENT LOG
Cruise from May 11 to June 10 2017 on R/V Pourquoi Pas?
Data Meeting 6 -7 November 2017 at M I O in Marseille
PERIOD
2016 – 2020
The 4-year project is centered both on a cruise in the central Mediterranean Sea (planned in May 2017 when
strong dust deposition events usually occur) and on modeling developments (from 0-D to 3-D).
PARTICIPANTS
A total of ~ 80 scientists from 16 French labs and 10 abroad.
French Participants: LOV (Villefranche/mer) and LISA (Paris) (coordinating the project), MIO (Marseille),
LOMIC (Banyuls/mer), AD2M, Station Biologique Roscoff;, LOCEAN (Paris), LSCE (Gif-sur-Yvette); LAMP
(Clermont-Ferrand); LA (Toulouse), CNRM-GAME (Toulouse); ENSTA; LPC2E; Universite du Littoral;
SEDOO; DT-INSU
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Foreign Participants: Univ. Maine (USA); GEOMAR (Germany); Univ. Vigo (Spain); CSIC-ICMAN, Cadiz
(Spain); Instituto de Química Física Rocasolano, CSIC, Madrid (Spain), FMI (Finland), Univ. Dalhousie
(Canada), ENEA (Italy); ISAC-CNR (Italy);

2.1 RATIONALES
Understanding the exchange of energy, gas and particles at the ocean–atmosphere interface is critical for the
development of robust projections of future climate change and its consequences on marine ecosystems and the
services they provide to society. PEACETIME is instrumental in tackling such challenges on air-sea interaction
in an area considered as a hot-spot for biodiversity but also a hotspot for climate change and anthropogenic
pressure: the Mediterranean Sea. Indeed, the evolution of climate conditions, i.e. changes in the rain regime and
increase in temperature, and increase in the occurrence of heat waves, clearly indicate a dryer and warmer
climate in the Mediterranean region (e.g. Déqué, 2007). On-going and future anthropogenic and global changes,
both increasing atmospheric emissions (nitrogen for ex., Duce et al., 2008) and modifying in situ marine
conditions (stratification, temperature, pH) may induce changes in atmospheric deposition fluxes/turn over time
in the surface mixed layer and in the stoichiometry of the ‘new nutrients’ coming from the atmosphere. Profound
changes can be expected that will likely result in changes in both biodiversity and microorganism adaptive
strategies to compete for nutrients (e.g. Guieu et al., 2014a). In this context, there is a strong need to improve
understanding of the relevant processes at the scale of a small ocean such as the Mediterranean Sea in order to
predict changes in ecosystems functioning, which obviously influence the cycles of major biogenic elements,
biodiversity, productivity in the ocean, atmospheric CO2 uptake, fisheries that ultimately have socio-economic
impacts.
Our understanding of the exchange of energy, gas and particles at the ocean–atmosphere interface has advanced
rapidly over the past decade but we remain unable to adequately parameterize fundamental controlling processes
as identified in the new research strategies of the international Surface Ocean–Lower Atmosphere Study group
(SOLAS; Law et al., 2013). A critical bottleneck is the parameterization and representation of the key processes
brought into play by atmospheric deposition in Low Nutrient Low Chlorophyll (LNLC) regions such as the
Mediterranean Sea where the ecosystem functioning may be modulated by pulsed atmospheric inputs (Guieu et
al., 2014b). Indeed, the Mediterranean Sea is a typical LNLC region particularly well adapted to assess the role
of ocean–atmosphere exchanges of particles and gases on marine biogeochemical cycles. Previous works
(mainly published by the PEACETIME consortium - more than 200 papers published since 2010 related to
PEACETIME topics) have shown that this region is characterized by (1) high aerosol concentrations and strong
atmospheric deposition, (2) atmospheric inputs that are the main external source of nutrients during summer and
likely significantly impact biological processes, (3) unknown aerosol production from the sea surface and (4)
strong on-going environmental changes such as increase in temperature and decrease in pH.
Thus, 1) proximity and diversity of the sources of aerosols emission, 2) a long warm season characterized by a
stratified water column, 3) low primary productivity, 4) nutrient limitation and high aerosol concentrations and
deposition, and finally 5) the vulnerability of atmospheric inputs to global and regional anthropogenic changes
makes the Mediterranean Sea an excellent natural laboratory to study the forcing of atmospheric deposition on
ecosystem functioning and their feedbacks on the atmosphere and climate.

2.2 OBJECTIVES
The PEACETIME project aimed at extensively studying and parameterizing the chain of processes occurring in
the Mediterranean Sea after atmospheric deposition, especially of Saharan dust, and to put them in perspective of
on-going environmental changes. More specifically, PEACETIME aimed at assessing:
•

the contribution of atmospheric deposition to nutrient concentrations and budgets in the Mediterranean
Sea,

•

the impact of atmospheric deposition on biogeochemical processes and fluxes in various trophic
regimes and various climate conditions,

•

the impact of aerosol deposition and marine aerosols emission on optical properties above and below
the air-sea interface,

•

the improvement of the representation of atmospheric deposition, its nutrient inputs and impacts on
biogeochemistry at the process scale and at the basin scale using regional high resolution atmospheric
and marine biogeochemical modeling of the Mediterranean basin.
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2.3 SCIENTIFIC RESULTS
PEACETIME strategy was two-fold: (1) a cruise in the central Mediterranean Sea in May when strong dust
deposition events usually occur and stratification is established, (2) substantial atmospheric and oceanic
modeling developments (from 0D to 3-D). The PEACETIME cruise took place May 10-June 11 2017 on board
R/V Pourquoi Pas?. All the objectives of the campaign has been reached. In particular, a real dust wet deposition
and its impact on marine biogeochemistry and ecosystems, radiative fluxes and retroaction towards atmopshere
has been observed thanks to a strategy of daily survey of forescast (FAST ACTION).
All the work envisaged upstream has been achieved, PEACETIME is already a success. In terms of operation at
sea, we were able to carry out 90 profiles with the conventional rosette-CTD loaded with optical instruments
with sample collection for the measurement of stocks and biological and chemical fluxes (including Hyperbaric
conditions) and Physical characterization of the water column; We carried out the collection of samples in 'ultra
trace' condition thanks to the realization of 27 profiles with the "clean" rosette: measurements of metals could be
made on board (Aluminum and dissolved iron) making it possible to indicate the regions impacted by
atmospheric Saharan deposits of which these elements are the tracers (note that this work is done within the
framework of the international program GEOTRACES). The zooplankton biodiversity will be studied through
27 strikes along the transect. The micro-layer, which is the area of the interface between the atmosphere and the
ocean, could be sampled 17 times from the ship's zodiac and will be characterized from a biological and
chemical point of view. An innovative system of continuous "clean" pumping at 5 m under the boat thanks to a
large peristaltic pump allowed the automatic, chemical, biological and physical analysis (with a focus on optical
measurements) throughout the transect. The water thus conveyed in a dedicated laboratory has also been studied
continuously with regard to its particle and gas emission properties in order to study the feedbacks from the
ocean to the atmosphere. At the same time, atmospheric sampling was carried out throughout the transect using a
dedicated container to monitor continuous air composition, parameters of atmospheric dynamics such as the
boundary layer, and radiative parameters (incident radiation , Optical thickness, optical properties of the
particles). In addition to these continuous sampling, 3 rains were collected and analyzed during the campaign,
including the expected rainfall in FAST ACTION.
Several profiler floats were recovered / dropped during the journey: they will allow us to continue to study the
system that we have characterized at a given moment. Three drifting moorings could be launched during the two
long stations and the FAST station: exploitation of the results of this large-scale operation (line loaded with
different types of sediment traps, measuring devices In situ respiration and physical instrumentation) will allow
us to better understand the future of matter between the surface and the bottom, in particular the link between the
deposits of Saharan dust and the export of carbon. SVP (Surface Velocity Program) drifters launched at the long
duration stations provided information on the current at 15-m depth.
The ocean dynamics at fine scale was explored thanks to the deployments of the Moving Vessel Profiler in order
to understand its possible impact on the biogeochemistry of the surface layer (0-300-m depth). Everyday, with
the help of the onshore SPASSO team, satellite maps of altimetry-derived currents, sea surface temperature and
chlorophylle was providing regional information around the cruise route and eventually guiding this latter.
Another specific feature of PEACETIME was to embark on "climatic reactors", installations that reproduce on a
small scale the air-sea exchanges under present and future environmental conditions (acidification and increase
of the temperature of the sea water). 5 days were successfully conducted in 3 distinct regions of in situ
characteristics involving a large number of scientists on board.
Finally, thanks to our FAST ACTION strategy, which was thought well upstream of the campaign, we were able
to observe in situ the deposition of Saharan dust and monitor the effects in the ocean and the feedbacks to the
atmosphere for 6 days. We are expecting particularly original results from this FAST ACTION.

Only some of the work performed during the PEACETIME cruise are detailed below. The
full description of the work accomplished on board will be detailed in the Cruise Report
currently under preparation.
Air sampling
Air sampling was carried out throughout the whole campaign using a dedicated container to monitor continuous
air composition (gas and particles), parameters of atmospheric dynamics such as boundary layer, and radiative
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parameters (incident radiation fluxes, optical thickness, optical properties of the particles). The meteorolical
conditions during the campaign enabled to sample air masses coming from various origins: European polluted,
marine and southern African air masses (Figure 1). A large range of concentrations of gas and particles has been
observed as well for typical atmospheric pollutant (NOx, O3, Soots..) as for marine/natural species (biogenic
VOC, marine aerosols,..).
In parallel, continuous sampling of surface seawater (5m) carried out thanks to an original pumping system
deployed for the first time during the campaign (see further). This continuous pumping was also used to provide
a “marine aerosol chamber”, i..e a chamber where the bubble bursting produced within foamy whitecaps is
mimiced by bubbling, in order to quantify the seasalt aerosols fluxes.
This dataset enables to provide a good cartography of atmospheric and marine composition on the Western
basin. In order to study the potential link between air and marine composition, a work of data analysis is going
on to understand what are the parameters conditioning the variations of atmospheric concentrations, as
atmospheric boundary layer, photochemistry, air masses origin, marine biological activities...
In complement of this work, the study on optical properties of aerosols and in particar their diming effect will be
confront with the measurements of radiative budget in the surface seawater.
In addition to these continuous sampling, 3 rains were collected and analyzed during the campaign, including the
expected rainfall during FAST ACTION. Two rains of these rains present a chemical signature of polluted rains
and the FAST ACTION rain is marked by dust rain characteristics. The analysis of these rains will enable to
have a best idea of chemical composition of wet deposition in remote marine area (in general wet depsoition is
collected in the coastal environments). Following these rain events, a survey of water column was done by
CTD…

Wind direction of sampled air during the peacetime cruise

Characterization of the seasurface microlayer
Sampling on board and later analysis in the lab aim to study the chemical (trace metals, organic matter) and
biological (pico and nano-plankton) composition of the SML in order to understand the role of this layer in the
exchange of material and energy between the atmosphere and the sea. We carried out a total of 17 sampling in
different sea and weather conditions. Dissolved (<0.22 µm) and total (unfiltered) samples were collected for
trace metals analysis, as well a subsurface (0-1 m) dissolved sample. In addition, samples were collected for total
combined carbohydrates, total hydrolysable amino acids, gel particles (TEP and CSP) as well as DNA filters
from the surface microlayer and the subsurface at around 20 cm. Three incubation experiments were also carried
out on board.
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Two ‘clean’ sampling devices were used when sampling from the ruber boat, to characterize the chemical
(trace metals, organic matter) and biological (pico and nano-plankton)

Hydrology, Water sampling and processes studies in the water column
•

Hydrology One of the specificities of the Mediterranean Sea belongs to the presence of
various marine ecosystems over relatively small regions, that, reinforced by mesoscale eddy
activity of the sea circulation, makes each station of the cruise plan singular. In order to
characterize in real time such diverse marine environment, collections of CTD casts were
collected at every stations and vertical profiles of core environmental parameters (pressure,
temperature, salinity, dissolved oxygen, biooptical properties : fluorescence of chlorophyll-a,
fluorescence of CDOM, particle transmission, light radiation) were acquired, processed and
dissimineted on board and sent to Coriolis GDAC center.
To do so, two CTD-systems were operated; both are composed of SeaBird’s SBE911 upmost
accurate technology and a set of 24 sampling bottles fired at chosen pressure levels. The first
system (so called “classical”) used Niskin bottles; it was hanged on a metallic cable and
deployed from the vessel’s winch. The second system so called “trace-metal-clean” used GoFlo bottles; it was hanged on a Kevlar cable and deployed from its own winch.
The initial sampling plan has been fully reached thanks to the reliability of the instruments, as
well as the scientific quality of the measurements thanks to the stability of the sensors. It
consisted on at least three casts at short stations: one shallow (0-500m) and one deep (0bottom) with the classical system, one deep (0-bottom) with the trace-metal-clean system. At
long stations, the CTD operations were intensified in order to characterize short term
variations of the ecosystem (until the diurnal cycle) and eventually to adapt the vertical
discrete sampling to surface processes. Overall 118 casts were collected, 91 with the classical
system and 27 with the trace-metal-clean system.
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Collection of CTD-casts collected at the FAST station, before, during (red frame), and after the dust event.
Time series of six environmental paramters on the first 150m of the water column.

•

Water sampling and processes studies in the water column Saharan dust deposition can
enhance the export of particulate organic carbon (POC) to the deep ocean by fertilizing and acting as
ballast and facilitating aggregation processes. In the framework of the PEACETIME cruise, this last
hypothesis has been investigated through several approaches detailed below: oxygen consumption rates
(using several tools RESPIRE, IODA and HPB-O2 measurements), prokaryotic activities (heterotrophic
production, dark CO2 fixation and ectoenzymatic activities), structure and diversity of microorganisms,
remineralization rate of suspended matter estimated using particulate biogenic barium (barite)
concentrations, and sinking particles experiments.
o

o

o
o
o

Oxygen consumption rates. Several tools have been used during the PEACETIME cruise: the RESPIRE
and the IODA have been deployed on the mooring line during both ‘Long Stations’ while measurements
of oxygen both under in situ pressure conditions (HPB-O2) and at atmospheric pressure conditions have
been performed on discrete samples.
Fate of organic matter. Prokaryotic heterotrophic production and ectoenzymatic activities. Fate of organic
matter was flowwed by simulteneously determining hydrolysis of macromolecules and heterotrophic
bacterial production. Their controlling factors by N, P and labile C sources were determined by
enrichment experiments processed at sites TYR, ION and FAST.
Structure and diversity of microorganisms. MiSeq sequencing will be done to determine the structure and
the diversity of microorganisms.
Remineralization rate of suspended matter estimated using particulate biogenic barium (barite)
concentrations
Sinking particles experiments.

Drifting moorings were successfully deployed at the three long stations, ST_TYRR, ST_ION, ST_FAST. The
morring was designed and carried out by the team of the DT INSU in Brest in close connection with the team on
board to ensure its implementation during the mission (no DT people embarking). SVP drifters were also
deployed at the long duration stations, providing information on the current at 15-m depth.
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The originality of this mooring lies in its modular design allowing it to be adapted to the needs of the campaign.
Realization of the anchor lines of the 0-250m part with halyards of different elementary lengths (1m-5m-10m20m-50m), which can be easily interchanged to adjust the immersion of the various instruments depending on
the hydrological conditions (in particular the depth of the mixing layer) found at the different stations.
The instruments attached to the mooring were:
• 3 Technicap particle traps type PPS5 equipped with StarOddi inclinometer (Tilt, P and T).
• 3 IODA (In situ Oxygen dynamics Auto-analyzer).
• 2 Clean Sediment Trap RESPIRE – (UTAS, Hobart)
• 2 Sediment Trap RESPIRE Titanium (UTAS, Hobart)
• 1 Sediment Trap PVC tube type KC 28
• 4 SeaBird Microcat SBE37 type CTD / O2.
• 4 Aquadopp Nortek Doppler current transmitter.
• 5 RBR Autonomous Temperature and Pressure Sensors.
• 5 RBR stand alone temperature sensors.

Design of the drifting mooring during PEACETIME. It was successfully deployed at the 3 long stations.
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Ocean Dynamics at (Sub)Mesoscale using the MVP
The MVP (Moving Vessel Profiler) was used to perform high frequency 0-300m profiles of CTD (and
fluorescence and LOPC-Laser Optical Particle Counter, when the “big fish” was towed instead of the “small
fish”) between the short stations and in the long station areas as frequent as possible. A total of more than 1000
profiles have been obtained enabling to identify nice structures such as submesoscale processes in action (Figure
6, left) or strong changes in salinity probably associated with rain (Figure 6, right).

(left) MVP Transect PL11 across the Sardinia Channel toward ST9. A rapid change in water masses is
observed when entering in the Algerian basin and again approching the ST9, where a complex vertical
structure in T and S is present. (right) MVP Transect PL08, the small cross in the ST_ION area. A surface
low-salinity anomaly is observed in the Southern part of the transect.

Underway
The underway objectives were to provide multiparametric information on the response of the oceanic mixed
layer to atmospheric forcing such as dust input. Chemical properties (carbonate chemistry, O2), microbial
assemblages, hydrological properties, optical properties related to community and particle composition and
aerosol production (chemical composition, particles spectrum). A large peristaltic pump was installed to
distribute the surface water from the TRAVOCEAN hole to the different instruments.

Underway lab on board RV Pourquoi Pas?: the large peristaltic pump (left), the different water arrivals to
distribute surface water to all the 9 instruments installed in the lab (right).
Twenty one parameters (stocks and flux –chemical, biological and optics) were measured either continuously or
from discrete sampling. The underway has been working continuously except when the Climate Reactors were
filled (3hours max at long stations).
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Map of particulate backscattering at 700 nm along the cruise track at ~5 m. The gap at the end of the cruise
correspond to data not processed yet.(data N. Haëntjens)

Process studies in Climate Reactors
The impacts of Saharan dust deposition on the composition and functioning of Mediterranean surface
communities were investigated during the Peacetime cruise. Three experiments in 300 L experimental tanks have
been conducted during the Peacetime cruise (Station TYR, ION and FAST). Experiments (involving people from
11 labs on board!) have lasted 72h for TYR and ION and 96h for FAST. The experimental tanks were filled with
seawater from the continuous surface upon arrival at the stations TYR (17/05) and ION (25/05) and one day after
arrival at station FAST (02/06). Tanks C1 and C2 were unmodified “control” tanks, D1 and D2 were enriched
with dust, and G1 and G2 were warmed (+3°C) and acidified (-0.3 pH unit) tanks enriched with dust. Tanks C1,
C2, D1 and D2 were flushed with ambient air and tanks G1 and G2 were flushed with air enriched with CO2 (at
1000 ppm) in order to prevent CO2 degassing from the acidified tanks). The tank’s closed atmospheric
headspace were continuously monitored for their gas-phase composition, related to seawater emissions, and for
the formation of new atmospheric particles. When filling the tanks, seawater was sampled for the measurements
of selected parameters (sampling time = T-1). After filling the tanks, seawater was slowly warmed in the G1 and
G2 tanks overnight. 13C-bicarbonate was added to all tanks at 4 am (local time) and G1 and G2 tanks were
acidified by addition of CO2 saturated seawater at 4:30am. Sampling for many parameters took place (see list
below) prior to dust seeding (sampling time = T0). Dust seeding was performed between 7am and 9am in tanks
D1? D2, G1 and G2. Thereafter, seawater sampling was conducted 1h (T1), 6h (T2), 12h (T3), 24h (T4), 48h
(T5) and 72h (T6) (+ 96 h = T7 for station FAST) after dust enrichment.
Samples to analyse more than 40 parameters (stocks and fluxes) were collected during those experiments.

Six Climate Reactors were installed inside the container kindly provided by our colleagues from M I O. Two
other serving as incubators with the same temperature conditions as the one used for the experiments were
installed inside the thermostated laboratory.
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pH on the total scale
Experiment A

Experiment B
8.2

8.0

8.0
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7.8

C1
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D2
G1
G2

pHT

8.2

7.6

7.6
18/05

19/05

20/05

26/05

21/05

27/05

28/05

29/05

Date

Date

pH (on the total scale: pHT) conditions during the TYR (left) and ION (right) experiments.

Fast Action
Fast Action team was devoted to identify an eventual dust deposition event in the Mediterranean area during the
PEACETIME cruise. Based on models forecast and on available observations, two teams (on board and on land)
have a daily meeting to discuss possible modification of cruise plan to sample a dust deposition event.
A FAST ACTION was finally launched in the Algerian sector from 2th to 7th of June. Rain was sampled during
the 4th to 5th of June night.
Observations and models outputs from several sources were pooled together and analyzed in real time on land
and transmitted on board. A daily meeting was organized on board to communicate with the on-land team
(through telephone satellite com). The on-land team commented the available previsions and observations,
whereas the on-board team informed on the cruise advancement and on the data collected. Generally, all the data
were pooled together in a single file, produced daily and available on the ship network and on the web site of the
Peacetime Operational Center (http://poc.sedoo.fr, managed by SEDOO). The whole data set used by the Fast
Action team is available permanently on the POC for the following analysis. Important dust wet deposition was
forecasted for the 28th of May over the Alboran Sea sector, initially only by some models (i.e. Skiron). The 29th
of May, a first modification of the initial plan was decided (i.e. skipping Station 9 and moving eastward Station
8) as the event on Alboran was confirmed by others models. At the end of station 8 (i.e. 30th of May), the Fast
Action Team decided to move westward, along the southern Sicilian coast (instead of through Messina Channel
as planned), in order to reach a “Decision Point”, located in the Sicilian Channel. The “Decision Point” was
positioned to allow a rapid movement toward the Alboran Sea (if fast Action declared) or to come back to initial
plan (i.e. Thyrrennian Sea). The “Decision Point” was reached the 31st of May, and during a dramatic and full of
consequence meeting, the Fast Action Team decided to declare the FAST ACTION operation in the Algerian
Sector. A “new” station (i.e. station 9) was also decided in an intermediate point between Sardinia, Baleares and
Algerian coastlines. The area interested by the dust load was confirmed by satellite observations, although for
rain areas (required to have sufficient deposition at sea to be detectable at water), prediction models were not
unanimous. The discussion with the Captain (as no authorizations were demanded for this area) conducted to fix
the FAST Station southward of the Majorca Island, in the only very narrow corridor still considered as
“International”. The PP? reached the FAST station the 2nd of June in the afternoon, and an intensive sampling
was suddenly initiated. During the night between the 4th and the 5th of June, intense rain was detected by
meteorological radar on the Iberian and Algerian sectors, moving toward the Balearic Sector (i.e. FAST station).
Intense rain occurred at early morning of the 5th of June on the PP? location. The FAST ACTION was
considered terminated the 7th of June.

MERMEX 2016-2020 prospectives

Page 12

July 2017

Fast Action: Rain Radar observations for the 5th of June at 2h30 in the Western Mediterranean Sea (blue
areas indicate rain zones, yellow cross lighting strike). Position of the FAST station is also indicated (i.e.
rain icone). EEZ are also depicted for Spain (yellow) and Algeria (green).
Interesting observations have been made during this Fast action, and this is one example showing the feedback
of the deposition to the atmosphere. The continuous sampling during the FAST ACTION enabled to emphasize,
the day after the rain, an increase in concentrations of several sulfur-containing gases and particles, as SO2,
MSA, Sulphate… which correspond to the products of reaction of atmospheric oxidation of DMS. This increase
of concentrations was also associated to an event of formation of new particles (Figure 9). These preliminary
results are maybe the first observations of a nucleation event linked to the production of DMS caused by the
growth of phytoplankton after a rain dust event.

Particle concentration during the day after the dust wet deposition event. The increase of concentration
observed after 12:00 is associated with an increase of particle size, characterizing a nucleation event, i.e. the
formation of new particles.
Next step of the work is to finish analyse samples collected and interprete the numerous data acquired during the
cruise both in situ (air and seawater) and from the Climate Reactors experiments. A goal of this was to improve
the current biogeochemical modelling of the Mediterranean ecosystem. Unfortunately, this task was not funded
(proposal PARIMED21 submitted to BNP-Paribas foundation, project preselected but not funded then). The
modelling task will be done without fundings with the collaboration of colleagues from the LSCE (Samuel
Albani, post doc Marie Curie with Yves Balkanski) and LOCEAN (Olivier Aumont. The first step of this work
will be to work on the parameterization obtained from the Climate Reactors experiments conducted during the
PEACETIME cruise in order to improve their representation in current PISCES biogeochemical modelling of the
Mediterranean Sea.
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Outreach and Communication.
Making science accessible to the general public, the young ones in
particular, is a major goal of PEACETIME. We have develop several
strategies to communicate to scientist and general public all along the
project, and not only during the cruise.
First, building upon the outreach project and web platform "mon océan
& moi" (monoceanetmoi.com), we are bringing to schoolchildren the
PEACETIME science. We propose to develop science based-content
focused on biogeochemical impacts of desert dust with dedicated
resources. In addition, thanks to the numerous media types video,
photo and audio acquired during the PEACETIME cruise, a video
about the oceanographic observing tools is under preparation and will
be part of the “mon ocean & moi” ressources. Within the "mon océan
& moi" project, the initiative "adopt a float" is also used to invites
schoolchildren to adopt the autonomous profiling floats deployed
during the PEACETIME cruise, follow their journeys, interpret their
measurements and share experiences with scientists and other students.
Secondly, Thomas Jessin (LOV) have developed a dedicated website
for the project with a strong focuss on the oceanographic campaign
http://peacetime-project.org/. Before the campaign a twitter account
was launched in order to inform daily about the activities on board:
114 tweets were posted during the cruise and we were followed by at
least 130 subscribers but much more if we consider that twitter is open
to anybody without an account. A book of a selection of the tweets
posted during PEACETIME is currently under preparation and anyone
interested will be able to order a copy.

Press Release
•

Dernière nouvelles de l’INSU: (2 Mai 2017)
http://www.insu.cnrs.fr/node/6468?utm_source=DNI&utm_medium=email&utm_campaign=DNI

Articles Journaux et presse internet:
•
•
•
•
•

Le Sahara, nourrice de la Méditerranée, Le Monde, 17/05/2017 (edition abonnés)
Méditerranée : la mission scientifique Peacetime est achevée, Le Marin, Lemarin.fr, 09/06/2017
“Peacetime”: à la recherche de la poussière en Méditerranée, Lamarseillaise.Fr. 14/05/2017
Sciences, La Marseillaise BDR Marseille, 11/05/2017
Sciences, La Marseillaise Languedoc, 16/05/2017

Emissions radio et TV:
•
•
•

RTBF: interview de C. Guieu dans le journal de 8h. 5 mai 2017
JT 19/20 Var – France 3 Provence-Alpes- Côte d’Azur. 10 Mai 2017
France Culture, La méthode Scientifique, émission du 13/06/2017, Méditerranée : peut-on encore la
sauver ?

2.4 DATA BASES
•

LEFE-CYBER - LEFE CYBER Database: http://www.obsvlfr.fr/proof/php/PEACETIME/peacetime.php

•

SEDOO MISTRALS - MISTRALS database for PEACETIME: http://mistrals.sedoo.fr/PEACETIME

•

BGC-Argo Floats - Biogeochemical-Argo Profiling Floats: http://biogeochemical-argo.org/float-mapinteractive-map.php

•

PEACETIME OPERATING CENTER - @SEDOO: http://poc.sedoo.fr/?current=20170316
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2.5 CALENDAR AND IMPLEMENTATION

2.6 NATIONAL AND INTERNATIONAL CONTEXT
At the national level, in addition to MISTRALS, PEACETIME is of interest to the CNES TOSCA program since
it will provide a data set of optical atmospheric and marine properties from the remote Mediterranean that are
useful for the validation of spaceborne products. PEACETIME is also linked to the DIADEME project (PI: C.
Ridame, Co-PI: K. Desboeufs), funded by LEFE/CYBER-CHAT for 2015 which the goal of this project is to
determine trace metals (other than Fe) released by Saharan dust which control N2 fixing activity.
At the international level: One of the major lessons learned over the past decade of research is that the evolution
of climate and global environmental quality over the next century is intimately linked to air-sea fluxes.
Interdisciplinary approaches such as those proposed in PEACETIME is directly in the scope of the international
programs: SOLAS (Surface Ocean Lower Atmosphere Study: http://solas-int.org/) or GEOTRACES
http://www.geotraces.org/). More specifically, the sensitivity of marine biogeochemical cycles and ecosystems to
external forcing such as atmospheric inputs, that will be studied in PEACETIME is relevant to the international
project IMBER. PEACETIME has received support from SOLAS and IMBER and was also endorsed by
GEOTRACES as a process-study. Both SOLAS and IMBER are now under the umbrella of Future Earth.
Other links to international community projects and observation concern near-real time products on aerosols
(AERONET, MSG/SEVIRI, MODIS) based on the ICARE data center and facilities that PEACETIME will use.
PEACETIME will also contribute providing data to the Maritime Aerosol Network (MAN) of AERONET.
PEACETIME will intensively use altimetry and ocean color satellite products (MODIS, AVISO) in order to i)
guide the adaptive, Lagrangian sampling strategy for in situ process study and ii) to provide insights into the
spatial and temporal variability of the physical and biogeochemical characteristics of the surrounding waters of
the cruise. In return, the field campaign will provide to the satellite oceanography community new in situ data
(relative dispersion based on drifter release, detailed thermohaline structure and fluorescence distribution in the
surface layer) for satellite calibration/validation.

2.7 STUDENTS AND POST-DOCS INVOLVED IN PEACETIME
Master 1
Stolpe Christian. Master 1. International Master of Science in Marine Biodiversity and Conservation (EMBC+,
2016-2018). University of Ghent (Belgium). Present and future impact of atmospheric deposition on the
structure and functioning of plankton communities in the Mediterranean Sea (Peacetime cruise project). 2
months: 19/04/2017 to 19/06/2017.
Marine Canesi, Mercury in PEACETIME sediments, M1 student at UPMC, M I O, (Lars Heimburger)
PhD Students
Djaoudi Kahina, Impact des apports atmosphériques sur le réservoir de matière organique dissous en mer
Méditerranéenne. Université d'Aix Marseille. Octobre 2014. 3 ans.
Zäncker Birthe, Characterization of Biogenic Material and Microorganisms of the Surface Microlayer in the
Ocean, GEOMAR and Kiel University, April 2015 - March 2018 (3 years)
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Nicosia Alessia, Ice Nuclei propreties of atmosphérique aerosols », University of Ferrara (Italy)/University
Clermont Auvergne, 2016-2018
Haëntjens Niels, Combining optics and imagery to study plankton dynamics, University of Maine, 2017-2019
Yinghe FU, Estimation des flux atmosphériques et de la speciation chimique des métaux traces en Méditerranée,
Université Paris Diderot, 2015-2018
Post-Doctorat
Albani Samuel, Marie Curie Fellow, Laboratoire des Sciences du Climat et de l'Environnement
LSCE/IPSL, CEA-CNRS-UVSQ, Gif-sur-Yvette, France
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3. FINANCIAL ALLOCATIONS, IN CASH OR IN KIND
3.1 PROVISIONAL YEARLY ALLOCATIONS OF MISTRALS FUNDING
YEAR

REQUESTED

ALLOCATED
136 K€

2016
2017

135 K€

2018

55 K€*

2019

23 K€**

2020

0 K€

80 K€

*funding request for 2018 corresponds to the finalization of analysis = the amount requested in 2017 and not
funded
**In 2019, only the valorization is requested: publication of a SI in a journal type JGR Ocean-Atmosphere (to be
shared with CHARMEX). Based on 15 papers x 1500 euros = 22,5 KE

3.2 CO-FUNDINGS
PEACETIME
Acquis
FONDS DE SOUTIEN CNFH

2017

42 K€

NAOS

2017

15 K€

CNES-TOSCA

2017

40 K€

CHARMEX

2017

75 K€

2017

125K€

Demandés
IUF
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1. EXECUTIVE SUMMARY
Impact of dense water formation - The PERLE (Pelagic ecosystem response to dense water formation in the
Levant experiment) action aims at describing the formation and spreading of Levantine Intermediate Water
(LIW), and determining its role on the distribution of nutrients and on the structuration of the planktonic
ecosystems in the eastern Mediterranean. The LIW is one of the most crucial water mass of the Mediterranean: it
contributes to most of the sub-surface water and salt transport between the eastern and western basins of the
Mediterranean, it plays a key role in the deep convection both in the North Western Mediterranean and in the
South Adriatic, and it fills nearly all the intermediate layer of the Eastern basin, where it is prone to vertical
exchanges with the surface layer that supply nutrients to the photic layer and support a significant fraction of the
primary production. Modeling at regional (Levantine basin) and large (Mediterranean) scales will be an
important component of this action. It aims at improving the simulation of the LIW formation mechanisms and
locations, and better assessing the effect of the regional physical conditions (including transient mesoscale
structures) on the occurrence of blooms disrupting the ultra-oligotrophic character of the Levantine basin.
The PERLE project results from a joint reflection and a share of implementation between two components of the
MISTRALS program: MERMEX and HYMEX
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2. PELAGIC ECOSYSTEM RESPONSE TO DENSE WATER FORMATION IN THE
LEVANT EXPERIMENT (PERLE) - A MERMEX-HYMEX PROJECT
RESPONSIBLES
MERMEX : Fabrizio D’Ortenzio (LOV, Villefranche/mer), Pascal Conan (LOMIC, Banyuls/mer), Xavier
Durrieu de Madron (CEFREM, Perpignan), Franck Dumas (SHOM, Brest), Thibaut Wagener (MIO, Marseille)
HYMEX : Claude Estournel (LA, Toulouse), Pierre Testor (LOCEAN, Paris)

PERIOD
2017 – 2020

The 4-year project is centered both on a series of cruises in the eastern Mediterranean Sea (planned in 2018-2019
in collaboration with eastern Mediterranean partners) and on strong modeling developments.

PARTICIPANTS
A total of ~ 50 scientists from 9 French laboratories and 7 laboratories abroad.
French Participants: LOV (Villefranche/mer); MIO (Marseille); LOMIC (Banyuls/mer); LSCE (Gif/Yvette);
LOCEAN (Paris); CEFREM (Perpignan); LA (Toulouse); SHOM (Brest), CNRM (Toulouse)
French Collaborators: SEDOO; DT-INSU
Foreign Participants having declared interest on the project: OGS ( Italy); HCMR (Greece); METU (Turkey);
IOLR (Israel); Hebrew Univ. (Israel); UoC (Cyprus); NIOF (Egypt), IKI/RAS (Russia)

RATIONALES
The Mediterranean is characterized by two major thermohaline cells (Figure 1) that steer the circulations of the
western basin (with the deep water formation in the Gulf of Lion) and of the eastern basin (with the deep water
formation in the Adriatic and Aegean Seas since 1995, Tsimplis et al., 2006). These two cells are connected by a
third thermohaline cell, which unlike the previous ones concern the entire Mediterranean. It is driven by the
formation of Levantine Intermediate Water in a geographical region between Rhodos and the Middle East coast.
The LIW water mass is clearly identified by concomitant sub-surface maxima of temperature and salinity, which
are ubiquitous all over the basin, although they are observed at different depths over the water column (i.e. 300700m). The different depth positioning of the LIW (and, consequently, its modified T/S characteristics) reflects
the transformations that the LIW experiences during its spreading in the Mediterranean. In fact, following its
formation in the Levantine area, the LIW flows westwards, enters the Ionian through the Cretan Passage where it
can split into two branches (according to the circulation regime of the northern Ionian), one flowing northward
towards the Adriatic Sea, and the other one flowing westwards to reach the Sicily Channel. A similar bifurcation
occurs after passing the Sicily Channel in the Western Mediterranean, where one branch flows northwards to
reach the Ligurian Sea and the other flows around Sardinia and along the west coast of Corsica to join the first
branch in the Ligurian Sea. A variable fraction of LIW escapes the Mediterranean through the Strait of Gibraltar.
Its transit into the Atlantic (with so-called meddies) is easily identifiable and seems participate in the salt intake
necessary to force the deep convection in the North Atlantic.
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Figure 1. Sketch of the circulation
of the major water masses in the
Mediterranean Sea
AW : Atlantic Water;
LIW :
Water

Levantine

Intermediate

WMDW : Western Mediterranean
Deep Water;
EMDW : Eastern Mediterranean
Deep Water

The LIW is probably one of the most crucial water mass of the Mediterranean: it plays a key role in the deep
convection both in North Western Mediterranean and in South Adriatic, it contributes to the hydrodynamic
exchanges in straits (Sicily and Gibraltar), it fills nearly all the intermediate layers of the Eastern basin, those
where nutrients are most easily remobilized under the action of physical mixing (even if limited). It is well
known that the hydrological and biogeochemical characteristics of Mediterranean deep water depend upon the
surface water mass present during the winter mixing phase, but they also reflect the change in the properties of
the eastern water masses, with an estimated delay of about 30 years (transit time from eastern to western basin)
(Millot, 2009; Millot et al., 2006). Hence, the LIW is THE water mass that contributes to most of the sub-surface
water and salt transport between the eastern and western basins of the Mediterranean. Moreover it appears to be
prone to vertical exchanges with the surface layer in the Eastern basin, and therefore able to supply nutrients to
the photic layer and support a significant fraction of the primary production.
Most of our knowledge about LIW derived from an intense effort of the POEM (an international cooperative
effort) and the GOIN (an initiative of the former USSR) observation projects conducted during the mid-80s-mid90s. Both projects elucidated many of the phenomenological and theoretical questions concerning the Eastern
Mediterranean circulation (Gertmann et al., 1994; Malanotte-Rizzoli et al., 1997; Ozsoy et al., 1993; Popov,
1991; Robinson and Golnaraghi, 1995; Robinson et al., 1992; Özsoy et al., 1989).
Nevertheless, many problems and questions remain and require further investigation and confirmation.
Knowledge and data gaps still exist on LIW formation mechanism, on its variability, and more importantly in the
context of MERMEX, its role in the biogeochemical cycles of the basin. Moreover, climatic changes already
significantly affected the thermo-haline properties of the LIW (Schroeder et al., 2017) and is likely to impact the
functioning of the ecosystems (Durrieu de Madron et al., 2011).
From hydrological and physical point of view, two main questions are still open on the LIW dynamics:
LIW formation areas - The region of LIW formation is generally assumed to be the oceanic area interested by
the Rhodes Gyre (Lascaratos, 1993). This region is characterized by a cyclonic circulation, which preconditions
the water column by uplifting isopycnals depths, and inducing LIW formation under specific atmospheric
conditions (Lascaratos and Nittis, 1998). LIW formation was observed also on other regions: Sur et al. (1992)
also observed LIW formation in the whole northern Levantine Sea concomitant with Deep Water formation in
the Rhodes Gyre. Nittis and Lascaratos (1998) proposed that intense atmospheric forcing could induce LIW
formation on the regions bordering the Rhodes gyre, in particular the southeastern areas. Finally, Moutin and
Prieur (2012) evidenced LIW formation in the core of the Cyprus gyre. In conclusion, although the Rhodes gyre
region appears as the focal point for the LIW formation, a more complete description of the LIW formation in
coastal and off-shore areas of the eastern Mediterranean is missing.
LIW forcing factors - LIW formation process appears as a specific combination of hydrological
preconditioning and atmospheric forcing factors (Nittis and Lascaratos, 1998). The relative contribution of the
two mechanisms is, however, not completely clear (see previous section) and the current hypothesis is that
interannual variability of atmospheric forcing could modify the rate of formation of the LIW. Additionally,
recent hypothesis (Gačić et al., 2011; 2013) advocated that internal variability of Ionian circulation (as induced
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by large scale atmospheric patterns) could alter surface circulation in the Ionian Sea, inducing then substantial
modification of the sub-surface hydrographic structure with eventual repercussions on the LIW formation. Ozer
et al (2016) indeed shows a decadal variation in salinity and temperature of surface and intermediate waters in
the eastern Levantine basin that could be related to the reversal of the circulation in the North Ionian Gyre.
Specific winter regimes of the northern Atlantic, such as the East Atlantic pattern and the East Atlantic/West
Russian pattern, are identified as favourable to strong buoyancy losses and therefore dense water formation in
the eastern Mediterranean (Josey et al., 2011; Papadopoulos et al., 2012). Overall, the complex interactions
between water column characteristics (in particular stratification) and atmospheric forcing driving LIW
formation are not completely understood.
The incomplete description and comprehension of the LIW formation and dynamic imply several knowledge
gaps on the biogeochemical cycles of the Levantine area, and, more importantly, of the whole Mediterranean
basin.
Oligotrophy of the basin: - The intermediate position of the LIW and its low residence time were posited (Crise
et al., 1999; Crispi et al., 2001; Moutin and Prieur, 2012; Pujo-Pay et al., 2011) to explain in part the
oligotrophic feature of Eastern basin. The LIW would act as a kind of "conveyor belt" which, by intercepting the
sinking organic matter issued from the surface biological production, and transporting it to the west, would
prevent the formation of deep stock of nutrients in the Eastern basin. Anyhow, the average atmospheric forcing
cannot mix the water column beyond 100-200 meters deep (D’Ortenzio et al, 2005, Houpert et al., 2015). This
shallow mixing prevents any significant injection of nutrients from the nutrient-rich LIW to the nutrient-depleted
surface layer, because the mixed layer does not extend down to the nutriclines. However, ocean color satellite
observations show that algal growth episodes can occur in spring (D'Ortenzio and d'Alcala, 2009, Mayot et al.,
2016). This implies that locally and under certain conditions (perhaps related to extreme weather events and/or to
the coincidence with mesoscale structures) an effective transfer of nutrients to the surface layer is possible (as
recently shown using Bio-Argo profiling floats, Pasqueron de Fommervault et al., 2015).
Stoichiometric balancing: The Mediterranean Sea (and in particular its eastern part) is known for its anomalous
values in nutrient stoichiometry as compared to other oceanic provinces (Bethoux and Copin-Montegut, 1988;
Ribera d'Alcalà et al., 2003; Krom et al., 2005; Pujo-Pay et al., 2011). Similarly, the difference between the
depths of the nitracline and phosphacline (the former frequently associated with thermocline whereas the latter
being usually found at greater depths) was suggested to follow a strong west-east gradient (Pujo-Pay et al., 2011,
Moutin and Raimbault, 2002). Tanaka et al., 2007 suggested this gradient to be the first indication of the strong
phosphate limitation in the eastern basin, and to have important biogeochemical consequences. This gap between
the two nutriclines was considered at a maximum of about 50 m in the Western basin (Conan et al., 1999) but
reached more than 100 m (Pujo-Pay et al., 2011) or 600 m (Ediger and Yilmaz, 1996) in the Levantine basin and
300-400 m in the south-eastern Ionian Sea (Klein et al., 2003). Nevertheless, the use a radioactive isotope of
phosphorus to quantify change in phosphate availability (Moutin et al., 2012) to estimate phosphate
concentrations give similar depths for the nitracline and this “other phosphacline”, in complete contradiction
with the other findings. Furthermore, recent work indicated that the top of the phosphacline coincide with the top
layer of LIW in the Levantine basin, showing an important role of the intermediate water in the shaping of the
distribution of nutrient (Van Cappellen et al., 2014). Moreover, a deeper and higher oxygen minimum layer
(OML) is observed in the Eastern basin than in the western basin: the core of the OML in the eastern basin is
located below the LIW whereas it is located at the LIW depth in the western basin (Pujo-Pay et al., 2011, Tanhua
et al. 2013). This difference is mirrored by the nutrient maximum layer. This OML results from the
remineralization of the organic matter produced at the surface layer and the oxygen supply from the diffusion
and advection processes. In the Eastern basin, the stronger stratification and the complex morphology seem to
limit the spreading of new, dense and more oxygenated waters into the deep waters. However, the ventilation
process and its impact on the deep waters evolution have been poorly observed and need further investigations.
Biological effects: The complex stoichiometry of the basin induces specific biological effects that are only
partially understood. Such a discrepancy are clearly illustrated by the first comparison of the elemental
stoichiometry of the different dissolved and particulate compartments of each basin in the figure 9 in Pujo-Pay et
al. (2011). In the Eastern basin very few is known about the role of the prokaryotic communities on the
regulation of biogeochemical cycles (C, N, P), which may substantially explain the anomalous values in nutrient
stoichiometry and its relation with primary production. Indeed, numerous studies in the Western basin revealed
the influence of prokaryotic diversity on the regulation of remineralization activities (Pulido-Villena et al.,
2012), whereas studies in the eastern basin are scarce. Particular attention should be taken on particle-attached
prokaryotes diversity and activity, for which role on biogeochemical cycles are underestimated and not taken
into account in numerical models (Ghiglione et al. 2009). In such oligotrophic environments, multiple strategies
are used to alleviate phosphorus limitation, like sulfolipid synthesis, grazing by chlorophyll-containing
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nanoflagellates, phosphatase alkaline synthesis by both photosynthetic eucaryotes and prokaryotes, photoheterotrophy, dark nitrogen fixation The microbial loop prevails on the classical food web in the EMed, with a
large production of DOM as compared to that of POM. Additionally, the relationship between primary
production and prokaryotic production clearly shows a significant difference in the functioning between the
Western and the Eastern sub-basins (Pulido-Villena et al., 2012), although observations are critically missing to
comparatively understand the coupling/uncoupling of the productions in the two sub-basins. Other differences
between the two sub-basins are observed in the DOC contribution to carbon export. The nature (i.e. semi-labile
(SLDOC), semi-refractory (SRDOC,...) and eventually the fate of these high amounts of DOC produced in the
euphotic layer in the Emed are still poorly characterized. In fact, DOC removal in the core of the LIW is likely
due to the microbial mineralization and to the export of SLDOC during the LIW travel from the Levantine Basin
to the Sicily Channel (Santinelli, 2015), and DOC accumulation and possible sequestration appears tightly
coupled with phosphate availability (Thingstad et al., 1997; Moutin, 2000; Van Wambeke et al., 2002;
Guyennon et al., 2015) and/or phytoplankton diversity (Conan et al., 2007). In addition, there is a surprising
homogeneity of the stoichiometric ratios of the matter mineralization in the East as well as in the West, which
tend towards the canonical Redfield values. In fact, very few observations are however available in the Eastern
basin, in particular during winter time (i.e. when LIW forms) and over the presumed areas of LIW formation.
All the above indicates that the Levantine area, although have a critical impact on the whole Mediterranean
functioning, is still tremendously undersampled, de facto preventing the verification of the existing theories (see
Figure 2 for an example of data availability for two core biogeochemical parameters, Chl and NO3).

What is particularly tricky is that existing theories on the phytoplankton development (i.e. Behrenfeld and Boss,
2014) have only marginal applications in the eastern Mediterranean Sea. For the most based on the role of
physical forcing, they only slightly consider the role of internal biological mechanisms, of the nutrients
unbalancing and of the role of phytoplankton traits. All these processes, which seem to affect the biogeochemical
dynamics in the Levantine area more than the “simple” physical forcing (Siokou-Frangou et al., 2010), require a
dedicated experimental effort.

Figure 2. Spatial distribution of Chl-a-Fluorescence (left panel) and Nitrate (right panel) profiles in the
historical data base (between 1961 and 2010 for NO3, and from 1994 and 2014 for the fluorescence (from
Lavigne et al. 2013, and Lavezza et al. 2010)

The choice of this experimental site was decided on the basis of new scientific knowledge, such as the definition
of Mediterranean "eco-regions" or "bio-regions" (Reygondeau et al, 2014). The correspondence, in the
Mediterranean, of deep and intermediate convection regions like the northwestern Mediterranean, the Adriatic
Sea and the Rhodos Gyre, with areas of high biological variability, evidences the importance of studying these
sites that are crucial for the Mediterranean pelagic ecosystems. These sites have also significant gaps in terms of
observations and understanding of the physical-biogeochemical coupling. After the northwestern Mediterranean
(studied in the framework of the first phase of Mermex, 2012-13 Dewex Experiment, Estournel et al. 2016,
Mayot et al. 2017), Adriatic (studied by the Italians, 2013-14 ADREX experiment), the Rhodos Gyre (presumed
as the main LIW formation region) remains the last major site to investigate.
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OBJECTIVES
PERLEt aims at determining the role of LIW in the general context of the Mediterranean basin. Specifically, it
will focus on
●

The characterization of the regions of formation and the description of formation phases (preconditioning, formation, and spreading); the Rhodes Gyres area is generally considered as the main
area for the LIW formation, although various authors advanced different/complementary sites (i.e.
Turkish coastlines, permanent dynamic structures on the southern areas). The timing of the LIW
formation at Rhodes is generally indicated at the end of the winter, although it could be anticipated (or
retarded) if other areas are confirmed to form (or pre-form) LIW. The spatial, seasonal and interannual
variability of the forcing factors (prevalently atmospheric) could strongly impact on the formation areas
and timing, although, again, uncertainness on the formation areas make ambiguous the role of the
forcing factors.

●

The description and analysis of its impact on dissolved oxygen, nutrients distribution and
planktonic production; generally observed around 250/350 meters depth, the LIW occupies the layer
where the gradients of the main macro-nutrients are the most sharp. It is then often hypothesized that
the LIW strongly participate to the distribution of these elements and that it deeply impacts on the
oligotrophy of the area (or at least on the weak biomass response). However, available observations on
the vertical, geographical, seasonal and interannual variability of nutrients have two main limitations: 1)
they are almost all effectuated during summer 2) the very low concentrations of the Levantine area
avoid accurate estimations of the gradients. Overall, the number of observations of the inorganic
elements supporting primary production are scarce.

●

Improve our modelling performances by using the historical and the newly collected data: even if
it is recognized that LIW is the conveyor belt for the climatic signal from the eastern Mediterranean to
the western Mediterranean and to the Atlantic, it is also a water mass whose formation and propagation
has been little studied by models and above that, has not been the subject of a concerted effort by the
modeling community. The interweaving of communities of physical modelers ranging from process
studies to the climate community is promising because of the importance of (sub)meso-scale
circulations) that regulate formation rates in the Rhodes gyre and which "organize" the dispersion of the
LIW in the Levantine basin (Lascaratos and Nittis, 1998). Concerning biogeochemistry, two issues
constitute priorities. The first one is to improve the representation of the biogeochemical/biological
functioning of the Rhodes gyre and the surrounding ultra-oligotrophic regions. The network of
biogeochemical measurements covering the organic and inorganic compartments of C, N, P measured
in different seasons and with precision is a prerequisite for improving the biogeochemical models. The
second point, in the longer term, concerns the sequestration and subsequent degradation of organic
matter that falls from the surface and which ultimately leads to the export of nutrients to the western
Mediterranean and then to the Atlantic. Properly representing this process, which results from a fine
balance between the physical export of organic matter and remineralization / nitrification, is major for
the modelling the future evolution of biogenic elements and marine ecosystems in the Mediterranean.

SCIENTIFIC STRATEGY
The PERLE strategy is based on two essential approaches:
●

An intensive field works activity : the concentration of all the observation means (cruises, moorings,
gliders, profilers, and satellite) of the key physical and biogeochemical parameters in an experiment
lasting one full annual cycle, and the use of longer-term observations from existing and future
observation systems (Figure 3).

●

A massive modelling effort: the implementation, validation and improvement of physicalbiogeochemical coupled models to reproduce the past and new observations, spatially and temporally
interpolate the data from the experiment, simulate the recent trends on the basis of observations and the
future with scenarios.

The two approaches are intimately connected, and form a package in which the observation effort is closely
related to the needs and modus operandi of the models and, conversely, models are involved in the definition of
the observing strategy for the operational phase. During the interpretation phase, the experimental and modeling
approaches also interact and overlap (e.g., models appear to be effective spatial and temporal interpolators).
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Task 1. Field works
To observe the LIW formation and spreading, and its effect on the nutrient distribution and the
planktonic ecosystem structuration.
The proposed field work is an adaptation of the strategy used during 2012-2013 DEWEX experiment in the
northwestern Mediterranean (carried out in the framework of MERMEX and HYMEX projects, Estournel et al.,
2016, Mayot et al., 2017) and the 2013-2014 ADREX experiment in the Adriatic/Ionian seas (carried out by
Italians colleagues in the framework of the PERSEUS FP7 program) on the impact of dense water formation on
pelagic ecosystems. We are thus targeting a "temporal" approach (i.e. concentration of observation means in the
same area on an annual cycle), which will allow to compare the results of DEWEX and ADREX experiment,
with an equivalent experiment in the eastern Mediterranean, and thus to assess these different trophic systems.
From an observational standpoint the major constraints are :
● Addressing a region far from the French coasts will increase the logistical constraints, but it will also
allow to setup an action of international dimension by fostering collaboration with Italian, Greek,
Cypriot, Turkish, and Israeli scientists, as well as enabling the integration of competences, supports, and
implementation means. The PERLE proposal has been setup and is supported by a large
international community (see later for details of the international institutes participating),.
●

LIW formation appears strongly dependent of pre-conditioning. Although the Rhodes gyre region is
established as the preferential area of formation, pre-conditioning regions and timing appear less
understood. Geographically, observations indicate that pre-conditioning occurs in a large area extending
from Crete to Cyprus, where pre-conditioned LIW was observed. Circulation patterns (though not well
established) seem to concentrate pre-conditioned LIW in the Rhodes Gyres area, where specific
atmospheric forcing determines the LIW formation (apparently in a pure 1D framework, see Lascaratos
and al. 1993, and Lascaratos and Nittis, 1996). After formation, LIW flows westward and its
circulations patterns are established to occur along the Cretan island. Modifications (by mixing with
subducted waters of Aegean origin) are however hypothesized at the Cretan and Kithira straits. In the
Ionian, LIW is relatively well tracked. A large survey of the Levantine basin over a complete
seasonal cycle is required to identify the main patterns of circulation of the pre-conditioned and formed
LIW.

●

The biogeochemical response at surface (as inferred by satellite data) seems relevant only in the Rhodes
region (although blooming area is extending southwest in comparison with the supposed LIW formation
region). The observed bloom is submitted to a strong interannual variability (Mayot et al. 2016), in
particular concerning the spatial extent of the surface showing high value of chlorophyll. A specific
survey on the Rhode Gyres area (i.e. the region exhibiting the surface bloom) is also required.

●

The stock of nutrients and the position of sub-surface maximum of biomass appear relatively
homogenous eastward of the Cretan Island, although recent observations from autonomous platforms
indicate that a sub-surface variability exists (De Fommervault et al, 2015). Few indications, however,
exist to elucidate if this variability is driven by the seasonal cycle or by local (i.e. mesoscale) processes.
A network of autonomous biogeochemical platforms is required to characterize the main
characteristics of the sub-surface seasonal variability for nutrients and biomass and to infer on the effect
of local, small scales, influences.
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Figure 3. (Left) Positions of the available T/S profiles in the Levantine area. Colors indicate the depth of the
isopycnal level 29.05 (considered as proxy for LIW; blue color indicates shallow values, red color deep
values). Data are obtained from Coriolis data base and include CTD, Argo and gliders profiles.
(Right) Stations network planned for the PERLE 1/2/3 cruises and existing observing systems (red stars:
moorings; Yellow lines: glider endurance lines; blue lines: hydrographical section)

Task 2. Modelling
To improve the coupled physical-biogeochemical numerical modeling
Physical and biogeochemical modeling will be involved at different stages of the project. Coordination will be
provided at international level to share identical versions of the datasets, models initial states and organize
intercomparisons through the definition of common metrics.
●

Climate modelling: the representation of the transitions and trends observed in the Mediterranean since
several decades are a focal point of the MEDCORDEX program dedicated to the study of climate in the
Mediterranean regions. As such, the dense and intermediate water formations, signature of these
changes are ideal benchmarks for intercomparison exercises. The different ocean models (with identical
meteorological forcing) show a high variability of the maximum mixed layers in the Levantine basin,
some of which showing each year unrealistic values of mixing over 2000 m (Figure 4). PERLE should
provide to the climate community a one-year data set with quantitative estimations that all models will
be able to confront.This exercise will be all the more fruitful as it will be shared with the community of
process studies and the observing community as was the case with the DEWEX experiment (see the
special issue of JGR-Oceans).

●

Process studies: hydrodynamic models at high resolution will be used to model LIW formation and
spreading. As during DEWEX, regional analysis will be generated starting from operational analyses
(Copernicus and Mercator-Ocean), by intensively using the in situ data (from ships and autonomous
platforms). A major point will be to represent the recurrent and/or permanent and semi- permanent
mesoscale structures which conditions the upper layers dynamics in the Levantine basin and influences
the preconditioning. The different regions of water formation including the coastal ones will be
identified. Budgets of heat and salt will be established to disentangle the role of 1D processes driven by
surface heat losses and horizontal processes, namely the advection of light water by baroclinic eddies in
the formation zone. The high resolution will allow representing the mesoscale and submesoscale eddies
responsible of the LIW spreading and the main pathways of the LIW in the Levantine basin.

●

Coupled hydrodynamic biogeochemical processes. Coupled physical-biogeochemical numerical
modeling will be used to determine how regional physical conditions do act on the occurrence of
blooms observed in the area of LIW formation. During such event, mixing processes are likely to uplift
sufficient nutrients in the euphotic layer with a possible time lag between nitrate and phosphate due to
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the decoupling of nutriclines. The shallow mixed layer depth in the LIW formation zone compared to
the northwestern Mediterranean should reduce the light limitation during winter. A correct timing of
the mixed layer and of restratification by baroclinic eddies in the hydrodynamic models should allow to
examine the validity of current theories on the factors triggering the bloom. How the interactions of
major current veins with mesoscale eddies will impact the nutrients and organic matter distribution in
the Levantine Basin will be studied.

Figure 4. Comparison of the yearly maximum of the
mixed layer depth (upper plot), and dense Mass
Formation Rate in the Rhodos gyre region based on
“evaluation runs" of different climatic simulations.
Dashed blue line: NM8_ARPERA
Dashed green line: NM12_ARPERA
Dashed black line: ALERMO30_ARPERA
Solid green line: NM12_ALDERA
Solid red line: MIT12_ALDERA
For the MLD computation either the turbocline
depth, i.e. adopting the criterion of the vertical
mixing exceeding the threshold of 5 cm s-2 (NM12
simulations), or the criterion of a homogeneous
density (within 1% from the surface) are considered
as representative of the actual mixing in models.
Yearly dense water formation rate was computed as
the volumes (in Sv) of water formed within the MLD
and exceeding the given density threshold of 28.95
during the period from December to April of each
year. (M.V. Struglia, pers. comm.)
●

Biogeochemical modelling. Biogeochemical modelling will have to meet several challenges. First they
will have to represent the decoupling of the nutriclines which is specially marked in the Levantine basin
(of course this should not be to the detriment of the modelling of other regions as the western basin
where this decoupling is much lower). The second point is to understand how the decoupling of
nitracline and phosphacline impacts the composition of plankton bloom (presence of diatoms or not and
their size if present, dominance of intermediate or small cells, etc.) and consecutively the composition,
mean size and amount of exported matter following the bloom? The quantification of carbon export
and sequestration in the LIW will also be an objective which presupposes additional work on the
biogeochemical processes affecting detrital organic carbon production and removal, not only in the
euphotic layer but in deeper layers, and especially in the 100-500m of the LIW. The models at the basin
scale will be expected to represent the increasing concentration of nutrients and decreasing
concentration of dissolved oxygen along the pathways of LIW from the formation area to the western
basin (the oxygen minimum is a clear signature of the LIW in the northwestern basin). The observations
network should allow to contrast the Rhodes gyre with the ultra-oligotrophic regions encircling it to
understand how these ecosystems differentiate and what are the physical and biogeochemical controls
of the planktonic ecosystem in each of these bioregions.

The coordination group will organized strong interaction between modellers. Several modelling groups are
already declared their interest for PERLE. Others will be contacted. Different communities from the climate to
process studies and operational services will be involved. The expertise of the observation community will be
systematically sought for the quality of data, the definition of metrics.
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Objectives of modelling
●

properly simulate the regional circulation in the Levantine and the water formation

●

improve the biogeochemical models

●

simulate the bloom in the Rhodes gyre and the associated budget of C, N, P

●

simulate the impact of LIW in the Mediterranean basin

Modelling activity
●

need for an initial state : assess the quality of operational analyses, reanalyses and datasets such as EN4
or the specific Mediterranean one developed at IMEDEA by G. Jordà

●

if needed develop a regional analysis based on recent in-situ data and altimetry

●

assess the quality of various atmospheric forcing (with the specificity of the complex topography
influencing the wind field)

●

evaluate the volume of new water formed, pathways of spreading

●

evaluate the import of nutrients in the euphotic zone

●

organic matter, primary production, planktonic communities, export: comparison with observations.
Iterations with the other working groups

●

intercomparison of models

●

interannual simulations

IMPLEMENTATION: FIELD WORK
Objectives of field works
The primary objectives of the PERLE field works will be:
1. a better definition of the formation areas (and possibly of the main forcing factors)
2. the role played by the LIW in redistributing macro nutriments and of its effect on primary producers
Some secondary objectives are also identified (although they need refining), aiming to a better assessment of;
1. the inorganic stocks (in particular during winter): POC, DOC, etc
2. the primary production and export
3. the Levantine intermediate and surface circulation (in particular to assess the flow from formation
areas)
4. the bio-optical behaviors of the Levantine waters
5. the meso-scale activity
6. the secondary producers and the grazing

Cruises plan
Four cruises are planned over a complete annual cycle for the period 2018-2019 (Figure 5).
●

PERLE 0:
Organizing entity: CNRS (FR)
Status: Programmed
Objective: set up of autonomous network
Period: June/July 2018
Vessel: Tethys-II (FR)
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●

PERLE 1:
Organizing entity: SHOM (FR)
Status: Programmed
Objective: LIW preconditioning, fall nutrients distribution
Period: October 2018 (3 weeks)
Vessel: PourquoiPas? (FR)

●

PERLE 2
Organizing entity: CNRS (FR)
Status: Preparation of application to French National Fleet (deadline September 2017)
Objective: LIW formation, winter nutrients distribution, biomass growth
Period: February to mi March 2019 (6 weeks, 2 legs)
Ship: Thalassa (France)

●

PERLE 3
Organizing entity: CNRS (FR)
Status: Preparation of application to French National Fleet (deadline September 2017)
Objective: LIW fate, summer nutrients distribution, coordination with Go-Ship
Period: July 2019 (2 weeks, 1 legs)
Ship: Thalassa (France)

Figure 5 - Calendar of the different cruises with respect to the seasonal evolution of the climatological surface
Chl-a in the region of the Rhodos gyre

Stations typology
Four type of stations are planned (see table below for more accurate description of parameters) 1:
1. “CTD”: simple CTD casts (red points in figure 5);
2. “Zeus” 2 : CTD cast and “basic” parameters water samples (blue points in figure 5);
1

Considering the international and mythic character of PERLE, the name of the differents PERLE stations are
inspired by the ancient mythology of the Eastern Mediterranean civilisations.
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“Tarhun” 3: as “Zeus” + biogeochemical parameters, mostly particulate elements (yellow points in figure 5);
“Dagon” 4: as “Tarhun” + tracers + primary and bacterial production + zooplankton (white points in figure 5)

3.
4.

Stations Array
The array (Fig. 6) is designed for the PERLE-1 period (19 days on site). It means that it will be actually feasible
to the PERLE-2 cruise (20 days on site), and PERLE-3 (20 days on site).
●

The “Zeus” stations will be located on a grid with an increased station density along the slope and in the
center of the Rhodos gyre.

●

The “Tarhun” stations will be located on a cross, centered on the southern part of the Rhodos gyre, with
the two branches following respectively an east-west (around 35°N) and a north-south sections (around
28.5°E).

●

The “Dagon” stations will be positioned at the extremity of the “Tarhun” transects and in the central
cross-over point, to explore the different ecosystem scenarios (coastal vs open ocean, very oligotrophic
vs less oligotrophic, ...). One “Dagon” station will be used for intercomparison with the 2008 BOUM
and 2018 Med-Ship cruises.

Station
type

Cast#

Depth
range

CTD

Zeus

Tarhun

Parameters from
sensors
0-bottom
all

Surface
Bottom
CTD
L-ADCP
Dissolved oxygen
Fluorescence
Turbidity
PAR / S-PAR
LISST
UVP
CTD
L-ADCP
Dissolved oxygen
Fluorescence
Turbidity
PAR / S-PAR
LISST
UVP
CTD
L-ADCP
Dissolved oxygen
Fluorescence
Turbidity
PAR / S-PAR
LISST
UVP

Parameters from
water samples
(1st cast)
0-bottom
1st cast

Surface
Bottom

NO3
NO2
PO4
Si(OH)4
NH4
DOC
Flux cytometry
Pigments (1:3)**
DO (1:3)**
NO3
NO2
PO4
Si(OH)4
NH4
DOC
Flux cytometry
Pigments (1:3)**
DO (1:3)**

Parameters from
water samples
(1st cast)
0-bottom
1st cast

Parameters from
water samples
(2nd cast)
0-bottom
2nd cast

Surface
Bottom

Surface
Bottom

Specific
parameters
3rd cast
Net vertical
tows
Surface
300m

IOPs/EOPs
(1 per day)
(midday cast)

DIC / AT
POC
PON
POP
DON
DOP
Bacterial diversity

2

the king of gods in ancient Greek mythology.
the Hittite god of weather
4
an ancient Mesopotamian Assyro-Babylonian and Levantine deity also present in the H.P. Lovecraft pantheon
3
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Dagon

CTD
L-ADCP
Dissolved oxygen
Fluorescence
Turbidity
PAR / S-PAR
LISST
UVP

NO3
NO2
PO4
Si(OH)4
NH4
DOC
Flux cytometry
Pigments (1:3)**
DO (1:3)**

DIC / AT
POC
PON
POP
DON
DOP
Bacterial diversity

Tracers

(*)

SBE9/11/32 CTD/sampler systems (Sensors, 21 bottles, 12 L Niskin bottles)

(**)

(1:3) Every third station

Zooplankton
(WP2 triple net
vertical tows at
night and day)
Primary
production
(CTD/rosette
cast before
dawn)

Figure 6 – Network of CTD stations for the PERLE-1/2/3 cruises. Black dots indicate the position of the ADCP
mooring in the Kasos and Karpathos straits that will be deployed during the PERLE 1 cruise. Stations
nomenclature : CTD stations (red dots), Zeus stations (blue dots), Tarhun stations (yellow dots), and Dagon
station (white dots)

Cruise authorizations
Laurent Mortier proposes to write a very short note on the PERLE experiment to inform rapidly the French
Ministry of Foreign Affairs (which is charge to verify EEZ issues). In parallel, specific contacts with the
Turkish, Greek and Cyprus office devoted to deliver authorizations (through the colleagues involved in PERLE)
could be initiated.
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Autonomous network plan
Profiling Floats - The fleet of Argo and Bio-Argo floats (5 T/S France, 5 T/S Italy, 6 BioArgo France, 6 T/S/O2
France) will be deployed on the PERLE-0 cruise (June 2018). It has also been decided to keep 20% of the floats
available for the next PERLE cruises, to eventually sample important regions not covered (mixed patch, bioregions, eddies). Parking depths and deployments areas are still under discussion (i.e. monitoring of the LIW
spreading vs staying in the region). Possible adaptive sampling strategy have been discussed and explored but
are still under debate. A working group on floats has been established (see later “Stations parameters and
autonomous platforms WG”).
Gliders - National frameworks are not always favorable but significant activity is planned for PERLE. The
french team plans to deploy gliders for a total period of 24 months. The greek Team plans to monitor the Cretan
passage throughout the year, if technical problems are solved in the next months, or a section south of Crete
across the boundary circulation. Italians could provide 2 gliders for a total period of 6 months, and Cyprus fleet
could be partially used, if not interference with the long term monitoring of South Cyprus region. Israeli gliders
will monitor the boundary circulation off Israel as an upstream monitoring system for the PERLE region,
throughout the year. PERLE gliders activity will be then focused on the East-West "Cyprus/Crete" transect
(already done in the past as a "radiator" in 4 months and could be done in about 3 weeks if direct). There is the
possibility to deploy gliders during PERLE-0 and PERLE-1 cruises and also from small boats at local support
bases for glider operations, that could be set up in Crete, Rhodos and Cyprus. A working group on glider is
decided (see later “Stations parameters and autonomous platforms WG”).
Moorings - Two moorings (ADCP + microCats sensors) will be deployed during PERLE-1 cruise by France
(SHOM) in the Kasos and Karpathos straits and they will be recovered nine months later. A plan to deploy a
deep mooring in the center of the Rhodos gyre has been discussed with contributions from Greece (sediment
traps), Cyprus (microcats, acoustic release and floatation), and France (current-meters, acoustic release). The
availability for the French instruments and how to recalibrate the microcats needs to be checked. A working
group on moorings has been established (see later “Stations parameters and autonomous platforms WG”).
Surface drifters - 30 surface drifters (10 from Italy-OGS, from 20 France-SHOM) are available for the project.
Preferential deployments areas are in Asia Minor Current, along the Southern coast of Turkey, in the core of the
Ierapetra eddy, and in the Rhodos gyre region. They will be deployed during PERLE-1 (20) and during PERLE 2
cruises (10). A dozen or so of free-drifting meteorological buoys from France (Marisonde from Meteo France),
with complete atmospheric instrumentations and 300m long thermistance chain are also available. They will
probably be deployed during PERLE-2 cruise. A working group on drifters has been defined (see later “Stations
parameters and autonomous platforms WG”).

Data policy
All PERLE data will be shared after data quality control. The database archive has not been decided yet (might
be SEDOO who is in charge of MISTRALS programs or CYBER, but also regional data centers). Autonomous
plateformes data will be stored and distributed by Coriolis Data center
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Stations parameters and autonomous platforms WG
Working groups have been defined to facilitate the discussions and to prepare scientific, logistical and
administrative issues. Note that additional parameters/plateformes (i.e. not listed in the table) can be still
implemented, although, at this stage, they are very difficult to integrate in the PERLE experiment. People
interested on a parameter/platform should contact the parameter leader.

Parameters/Plateformes

Leader

CTD, FLUO, BB, O2, LISST, UVP, LADCP

Xavier Durrieu de Madron (demadron@univ-perp.fr)

Macronutrients

Pascal Conan (pascal.conan@obs-banyuls.fr)

Winkler

Thibaut Wagener (thibaut.wagener@mio.osupytheas.fr)

DOC

Mireille Pujo-Pay (mireille.pujo-pay@obs-banyuls.fr)

HPLC

Fabrizio D’Ortenzio (dortenzio@obs-vlfr.fr)

Primary and Bacterial
Production/Respiration

Pascal Conan (pascal.conan@obs-banyuls.fr)

Carbonates

Thibaut Wagener (thibaut.wagener@mio.osupytheas.fr)

Nano Nutrients

Elvira Pulido (elvira.pulido@mio.osupytheas.fr)

Zooplankton

Maria Grazia Mazzocchi (grazia@szn.it)

Particulate Matter

Aris Karageorgis (ak@hcmr.gr)

Biomarkers

Alexandra Gogou (agogou@hcmr.gr)

Biodiversity and Cytometry

Jean-François Ghiglione (jean-francois.ghiglione@obs-banyuls.fr)

R/V

Xavier Durrieu de Madron / Pascal Conan

Gliders

Pierre Testor (pierre.testor@locean-ipsl.upmc.fr)

Drifters

Franck Dumas (fdumas@shom.fr)

Moorings

Laurent Coppola (coppola@obs-vlfr.fr)

Profiling Floats

Fabrizio D’Ortenzio (dortenzio@obs-vlfr.fr)

Remote Sensing

Fabrizio D’Ortenzio (dortenzio@obs-vlfr.fr)

Modelling

Claude Estournel (claude.estournel@aero.obs-mip.fr)

MERMEX 2016-2020 prospectives

Page 17

July 2017

CALENDAR

The 2017 activity will be primarily devoted to the international coordination, in the framework of specific
actions with contributing partners. The shiptime proposal for the French cruises in 2019 (i.e. PERLE 2 and 3)
will be submitted in September 2017.
Preliminary studies will be primary devoted to studies of existing data/simulations, which should provide
scientific results to prepare and supported the design of the experiment. These studies should be also integrated
in the ship applications documents, in general for all the countries, and, more specifically, for the French ships
applications. Four axes have been identified:
●

Reappraisal an reanalysis of the existing databases in the Levantine area; identification of seasonal and
spatial patterns; remote sensing multi-platform analysis;

●

OSSE in the Levantine area, to validate implementation plan and the cruise(s) an autonomous platform
strategy;

●

Evaluation and adaptation of numerical systems in the region, adaptation on the basis of the existing
and recent (i.e. autonomous platform, BioArgo) observations

Most of field work will concentrate from mid-2018 to mid-2019, and the most of the resources will be devoted to
the cruises, the autonomous network operations, and the samples analysis.

MISTRALS CONTEXT
PERLE is completely inscribed on the MISTRALS working plan, as defined 10 years ago. The project is multilaboratories (in French), multi-program (in the MISTRALS framework, but also in more general context),
strongly international (not only at European level, but also, and more importantly, it involves Middle East
countries) and, by definition, multi- and inter- disciplinary. For the MISTRALS projects, few details are given in
the following (for the international context, see next paragraph):
●

MISTRALS-MERMEX: PERLE is on the continuity of the two main past actions of MERMEX.
PERLE will apply methods, approaches and scientific background developed (and successfully
exploited, Estournel et al, 2016, Mayot et al, 2017, several papers in under press in a JGR Special
number) of DEWEX. PERLE will also strongly coordinates with PEACETIME project (see also later
for links with CHARMEX), by partially sharing geographical regions of interest. In particular,
PEACETIME data will be used to have very recent information on the Eastern Med, PEACETIME
contributed to the realization of the autonomous network for PERLE, and modelling results on the
atmospheric radiative transfer in the Mediterranean will be used in the modelling effort of PERLE.

●

MISTRALS-HYMEX: PERLE is a real MERMEX-HYMEX actions. The two communities discussed
and realized project and implementation plans in strong collaboration. PERLE will be a case study for
the MEDCORDEX initiative strongly linked to HyMeX.

●

MISTRALS-CHARMEX: on the continuity of the collaborations during PEACETIME, discussions
are on going to verify the level of involvement of the CHARMEX community in PERLE. Scientifically,
the region is considered as high priority. Implementation plans and involvement are under discussion.
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INTERNATIONAL CONTEXT
At the international level, a lot of non-French researchers are involved in discussions for collaborating in the
project since early 2015. The present implementation plan describes the general philosophy of the operations
(which will be carried out in a pan-Mediterranean coordination), pointing out the activities which will be directly
coordinated in a French framework (MERMEX and HYMEX). A workshop was organized in Athens in
September 2016, and individual meetings were done in February 2017 to establish the final design of the
operation, and determining the different countries contribution.
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3.

FINANCIAL ALLOCATIONS, IN CASH OR IN KIND

PROVISIONAL YEARLY ALLOCATIONS OF MISTRALS FUNDING
YEAR

REQUESTED

ALLOCATED

2016

MERMEX (10 K€)

2017

MERMEX (10 K€)

2018

MERMEX (80 K€)
HYMEX

2019

MERMEX (120 K€)
HYMEX

2020

MERMEX (80 K€)
HYMEX

CO-FUNDINGS
PERLE
Granted
NAOS

2009-2019

280 K€

2018-2019

120 K€

LEFE-GMMC

2018

In kind (6 floats approx
140K€)

FOND DE SOUTIEN AUX CAMPAGNES

2019

50 K€

Requested
ANR-TUBITAK

Planned

ANR-PERLE

2018-2020

Others
FP7-PERSEUS

2016

10 K€

SHOM

2018-2019

In kind

OGS, Italie

2018-2019

In kind

HCMR, Grece

2018-2019

In kind

IOLR, Israel

2018-2019

In kind

UCY, Chypre

2018-2019

In kind

METU, Turquie

2018-2019

In kind
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