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Abstract

The French national program on the coastal environment Programme National Environnement Côtier (PNEC) represented during the last
decade a major support for the pluridisciplinary oceanographic research in the Gulf of Lion. During the second phase of the program, that
lasted from 1997 to 2001, the main objective for this worksite was to establish an annual budget of carbon and associated biogenic elements
to characterise the role of this region as source and the sink of elements. This introductory paper provides an overview of the research
framework and recapitulates the major scientific outcomes.
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Résumé

The Programme National Environnement Côtier (PNEC) a fourni, durant la dernière décennie, un soutien important pour la recherche
océanographique pluridisciplinaire sur le golfe du Lion. L’objectif principal de la seconde phase du programme, entre 1997 et 2001, était de
construire un bilan annuel de carbone et d’éléments biogéniques associés afin de caractériser le rôle de cette région comme source ou puits de
matière. Cet article introductif présente une vue d’ensemble du cadre de recherche et récapitules les résultats scientifiques majeurs.
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1. Introduction

1.1. The Gulf of Lion worksite

The Gulf of Lion in the northwestern Mediterranean Sea
is, since its creation in the early 1990s, one of the worksite of
the French national program on the coastal environment
Programme National Environnement Côtier (PNEC). This
region offers several factors of interest: it represents a well-
defined continental shelf that receives considerable inputs

from the Rhone river and is one of the most productive
regions of the Mediterranean. Mesoscale features large
shelf–slope exchanges and specific wind-driven processes
(upwelling, downwelling, and dense water formation) domi-
nate the water circulation. Hence, the Gulf of Lion is a
favourable site to investigate the interactions between the
spatial and temporal variability of water circulation, the in-
puts of riverine nutrients and biological activity. It provides a
complex example of the carbon cycle in a coastal environ-
ment (Fig. 1). This introductory paper aims at setting the
framework of the research project for the Gulf of Lion and at
recapitulating the major scientific outcomes that are pre-
sented in the following papers as well as previously pub-
lished papers.
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1.2. Objectives for the 1997–2001 period

During the second phase of the program, that lasted from
1997 to 2001, the main objective for this worksite was to
establish an annual budget of carbon and associated biogenic
elements to characterise, in particular, the role of this region
as source and the sink of elements. The different facets of this
study concerned (i) the quantification of the riverine dis-
charges, (ii) the dispersal of the freshwater plume and the
short-term impact of riverborne nutrients on the pelagic pro-
duction, (iii) the seasonality of the distribution on the whole
shelf of nutrients and primary production with respect to the
mesoscale dynamics of the water masses, as well as the
variability of benthic response and nutrients fluxes at the
water–sediment interface, (iv) the exchanges of matter be-
tween the shelf and the slope and (v) the effect of climatic
hazards (e.g. large southeastern storm) on the benthic and
pelagic ecosystem.

The complexity and interdisciplinary nature of the project
required a substantial coordinated effort, and diverse scien-
tific expertise. Height laboratories and 48 scientists partici-
pated to the project. Eighty cruises, totalling about 450 d at
sea, were carried out. The budget allocated for the 1997–
2001 period amounted to Q375 000. The program was back
up by the French national program on atmospheric and oce-
anic research at mesoscale Patom (Programme Atmosphère
et Océan à Moyenne Echelle) and three European projects:
Metro-Med (dynamics of matter transfer and biogeochemi-
cal cycles: their modelling in coastal systems of the Mediter-
ranean Sea), Mater (mass transfer and ecosystems response)
and MFSPP (Mediterranean forecasting system pilot
project), that addressed specific points such as the modelling
of the water circulation and the characterisation of shelf-
slope exchange processes. All the data collected are now
included in database that will be in free access in 2003
(http://www.com.univ-mrs.fr/). The locations corresponding
to the different field works conducted between 1997–2000
and 2000–2001 are presented in Fig. 2a,b, respectively.

2. Main results

2.1. The Rhone river and the plume

2.1.1. Nutrients inputs
From the work carried out over the last 20 years, it has

been first concluded that the mean annual nitrate concentra-
tion in the Rhone increased by 50% during the last decade
(Moutin et al., 1998). However, data collected between
1997 and 2000 lead to the conclusion that nitrate concentra-
tion started to decrease since 1997. We estimated the annual
input of nitrogen and phosphorus to 123 and 8 kt, respec-
tively. Whereas most of the nitrogen inputs (68%) are inor-
ganic nitrogen (nitrate) immediately used by phytoplankton,
a large part of the phosphorus (52%) is in organic forms not

Fig. 1. Location of the Gulf of Lion and major hydrological regions on the
continental shelf.

Fig. 2. Map of the Gulf of Lion showing locations of main investigated sites:
(a) during the 1997–1999 period and (b) during the 2000–2001 period.

a

b
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immediately available for primary producers. Moreover,
25% of the phosphorus inputs are in forms of particulate
matter that rapidly sinks near the Rhone river mouth.

2.1.2. Freshwater plume dynamics
Broche et al. (1998) studied the dynamic and hydrological

field on the basis of Eulerian VHF radar mapping of surface
current coupled with Lagrangian in situ physical and
geochemical measurements. They show that the plume mor-
phology (i.e. orientation and offshore extension) is con-
trolled by the wind and outflow forcing conditions, and that
vertical structure changes from an almost unaltered two-
layer distribution, to an evolving and deepening mixed layer,
or even to a more complex superimposed multi-layered struc-
ture.

The modelling work of Estournel et al. (2001) success-
fully reproduces the main characteristics of the Rhone river
plume subject to varying wind. In the case of a constant wind
blowing from the Northwest, the plume is pushed to the open
sea, and therefore, does not playa major role in enriching the
coastal zone of the Gulf of Lion. On the contrary, changes in
the wind lead to larger dispersion and longer residence times
on the shelf, leading to more enrichment of the coastal zone
in riverborne elements.

The numerical modelling work by Arnoux-Chiavassa et
al. 2003, presented in this volume, addresses the effects of
discretization scheme on the description of 3D Rhone river
plume dynamics. For the case without wind stress, associated
to supercritical values of the Richardson number, optimised
turbulent parameterisation allows to recover the plume
spreading and thickness, although local diffusion mecha-
nisms are not precisely described. For the seaward wind case,
associated to subcritical values of the Richardson number,
numerical results and in situ data well agree on both the
surface flow and the vertical density structure.

2.1.3. Dispersal of particulate and dissolved matter
Thill et al. (2001) combined field studies and laboratory

experiments to assess the importance of salt induced floccu-
lation in the case of the salt-wedge estuary of the Rhone river.
Sampling of the mixing zone was performed in contrasted
hydrodynamic conditions from a low water discharge period
to a small flood event. They argued that the particulate matter
has a poor average reactivity regarding salt induced floccula-
tion and that the evolution of the concentration of larger
particles (>5 µm) can be explained by settling and dilution. In
contrast, the smallest measured fraction (2–5 µm) shows a
more complex behaviour and it is suggested that colloid
aggregation could participate to their formation.

Concerning remote-sensed observations of the turbid
plume, Forget et al. (1999, 2001) studied the sensitivity of
spectral reflectance to variations of solid suspended matter
concentration with depth. They developed an inversion
method for the radiative transfer model restricted to the
simple case of a two-layer ocean and tested it on various

documented experimental data. Reasonably good estimates
of the mean sediment concentration of the upper layer were
obtained, but only the order of magnitude of the mean con-
centration of the lower layer was recovered.

The 1996–2000 Sorcom time series, consisting of a bi-
weekly hydrological transect between Marseilles and the
Rhone river’s mouth, aimed at characterising spatial exten-
sion and temporal evolutions of the freshwater plume
(Younes et al., this issue). The Gulf of Marseilles, which is
seldom influenced by the Rhone freshwater, showed classical
marine water seasonality, but with earlier phytoplanktonic
bloom than usually reported. The region of freshwater influ-
ence showed a weaker seasonal variability of the phytoplank-
tonic biomass.

Naudin et al. (2001) focussed on biological processes
involved during mixing of a river plume with the marine
underlying water, using a Lagrangian sampling strategy.
They show that temperature, light conditions and suspended
matter play a minor role upon biological activity by compari-
son with freshwater plume’s dilution and nutrient availabil-
ity. In windless conditions and close to the river mouth, the
density gradient between marine and river water induced
limited exchanges between the nutrient-rich freshwater and
the potential consumers in the underlying marine water.
Offshore, mixing is enhanced and a balance is reached be-
tween salinity tolerance and nutrient availability to form a
favourable zone for marine phytoplankton development. Un-
der windy and wavy conditions, the rapid mixing of the
plume reduced the extension of the “enhanced production
zone” and even inhibits the bacterial activity.

2.2. Circulation and distribution of elements at mesoscale

2.2.1. Water mass circulation

The water mass circulation on the continental shelf and its
spatial and temporal variability were not very well known.
Acoustic Doppler current profilers (ADCPs), now hull-
mounted on some of the research vessels, provide data to fill
this gap. Three seasonal surveys performed by the R/V Le
Suroît, during the Moogli cruises (Fig. 2b), provide quasi-
synoptic pictures of the surface layer circulation. Besides,
current meter moorings and hydrological surveys on the
continental slope (Billion and HFF arrays) provided a
complementary description of the intermediate layer circula-
tion. These data, complemented with sea surface temperature
images, allow to determine the origin and seasonality of the
major hydrodynamic features.

During Moogli cruises the Mediterranean Northern Cur-
rent (NC), with a transport of ~2 Sv (2 × 106 m3 s–1), is
clearly detected along the continental slope and intrudes on
the eastern side of the shelf. During summer, the NC is wider,
shallower and slower than during winter (Petrenko, this is-
sue; Lapouyade and Durrieu de Madron, 2001). The mean-
ders of the NC are interpreted as due to baroclinic instabili-
ties propagating along the shelfbreak (Flexas et al., 2002).
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The paper by Estournel et al., 2003 deals with the obser-
vation and modelling of the effect of the wind forcing on the
oceanic circulation and the hydrological structures. It reveals
that the mesoscale structure of the wind field, constrained by
the local orography, controls the generation of oceanic eddies
on the shelf and the exchanges of water between the shelf and
the slope.

Other circulation features are season-specific. Petrenko
(this issue) shows that the summer stratification leads to the
development, after strong wind variations, of strong and
coherent inertial currents with their characteristic two-layer
baroclinic structure. During winter 1999, dense water forma-
tions, due to strong wind-induced cooling, are observed both
on the continental shelf and offshore.An intense cascading of
dense shelf water, detected in February 1999 on the lower
slope, is believed to be at the origin of the new deep water
anomaly observed throughout the western Mediterranean
basin during spring and summer 1999 (Béthoux et al., 2002).

2.2.2. Numerical modelling of oceanic circulation
Echevin et al., 2003a demonstrates the feasibility of a

downscaling system composed of a general circulation and a
regional model within the framework of the MFSPP. The
regional model reproduces several realistic features of the
large scale and mesoscale circulations (i.e. mean cyclonic
circulation, mesoscale variability and meanders of the NC,
formation of Winter Intermediate Water).

Echevin et al., 2003b studied the interaction of a coastal
current with a shallow shelf and its application to the Gulf of
Lion. An analytical analysis of the wave propagation along a
step-like bottom topography in a two-layer fluid reveals the
propagation of two different waves along the shelfbreak.
More realistic configurations (idealised shallow gulf and
realistic topography) were explored using a primitive-
equation model. It is shown that the steady current compo-
nent of the coastal current follows the shelfbreak, and that a
transient cross-shelf transport can be induced by the current
fluctuations.

Verdier-Bonnet et al. (1999) studied the relevance of the
isotropic eddy viscosity assumption of the standard k–e
model for stratified and shallow-water flows submitted to the
Coriolis force with two corrected k–e models. They focus
onto two main sources of turbulent oceanic energy: the sur-
face current shear induced by wind and the bottom stress due
to tidal circulation. The k–e closure model corrected to ac-
count for non-isotropic effects is used to model idealised
wind-driven stratified coastal flows such as coastal up-
welling.

The 3D hydrodynamic coastal model, symphonie, devel-
oped at Laboratoire d’Aérologie from Toulouse has been
used as a tool to analyse the data collected during the Moogli
cruises. Inverse modelling based on the linearised equations
of the coastal model enabled to reduce the unrealistic spin up
of a free surface model resulting from unbalanced dynamical
initial fields under bottom slope influence (Auclair et al.,

2000a). This inverse method was successfully extended to
the reduction of the truncation errors characterising sigma
coordinate model over steep bathymetry (Auclair et al.,
2000b). Practically, inverse modelling has been used to pro-
vide an initial state and time variations of the open boundary
conditions to a high resolution free surface sigma coordinate
model, using weekly averaged fields of a large scale rigid lid
z-coordinate model of the Mediterranean sea. The interaction
of the slope current with the shelf circulation of the Gulf of
Lion was then investigated (Auclair et al., 2001). Sensitivity
of the Gulf of Lion circulation to various forcing, wind stress,
fresh water discharge, 3D hydrologic structures and inflow
characteristics of the NC were recently studied thanks to an
“ensemble simulation” method (Auclair et al., 2003).

Estournel et al., 2003 showed for the Moogli 1 cruise
(April-May 1998) that the mesoscale wind curl linked to the
channelling effect of the Rhone valley for the Mistral and of
the Naurouze passage for the Tramontane is the driving force
for the shelf circulation. The export of water out of the Gulf
by the complex wind driven coastal currents is compensated
by offshore water intrusions onto the shelf achieved through
cross-slope currents. An important conclusion of this study is
that the wind field at a high spatial and temporal resolution is
a crucial parameter for the quantification of the exchanges
between the coast and the open ocean. A simulation for the
Moogli 3 cruise (winter 1998–1999) reproduced the ob-
served meanders of the NC along the slope. It further indi-
cates that the dense water flow observed by Béthoux et al.
(2002) in the western part of the gulf originate from the
Roussillon’s coast, large heat losses associated to persistent
strong winds and cold weather were recorded.

2.3. Pelagic production and vertical fluxes

2.3.1. Seasonal variation
Diaz (2000) measured primary production, using the 14C

tracer coupled with nitrogen uptake experiments using 15N-
tracer, on a monthly basis at the SOFI site and on the whole
gulf at three seasons during Moogli cruises. Annual budgets
of primary production and new production are estimated to
71 ± 7 and 37 ± 4 g C m–2, respectively. Furthermore,
measurements of dissolved organic matter and particulate
organic matter (POM) reveal a net accumulation of dissolved
organic carbon (DOC) during summer. DOC accumulation
represents more than 55% of primary production, values
higher than those observed in other parts of the Mediterra-
nean Sea (6–23%). This DOC accumulation is certainly
strongly marked by the permanent Rhone input and can be
explained by the phosphorus limitation, which leads to an
incomplete DOC utilisation by bacteria. Diaz et al. (2000)
emphasised the importance during spring of short-term
changes in water masses around the shelfbreak on biological
productivity. They show that the production regimes changed
within a few weeks because of intrusions of nitrate-rich
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coastal water and intermediate slope water. Van Wambeke et
al. (2002) similarly concluded, through a comparison of
primary production with measured and estimated organic
carbon removal terms (sinking, cycling through the micro-
bial food web, grazing by ciliates and metazoans), that lateral
advection of carbon and accumulation of DOC play a signifi-
cant role in the carbon cycle at the shelfbreak.

In the latter context of the spring short-term variability in
water masses, a fine depiction of nitrogen fluxes as the
heterotrophic ammonium regeneration, the bacterial nitrifi-
cation and the losses of dissolved organic nitrogen by phy-
toplankton assemblages that have been rarely measured in
the Gulf of Lion worksite was given in Diaz and Raimbault
(2000). They emphasise the implications of these latter nitro-
gen fluxes for the estimation of the spring new production.

Gaudy et al., this issue study the biomass, nutrition and
metabolisms of zooplankton during the three Moogli cruises,
and conclude that nitrogen and phosphorus excreted by zoop-
lankton accounted for 31 and 10% of the primary production
requirements in spring and for 32 and >100% in winter.
Grazing impact ranged between 9 and 69% of the primary
production in spring and 6–83% in winter. The average
secondary production was 54 mg C m–2 d–1 in spring and 19
mg m–2 d–1 in winter, which represents 11 and 12% of the
primary production, respectively.

2.3.2. Phosphorus limitation
Diaz et al. (2001) show from the distribution of dissolved

inorganic nitrogen and phosphorus distributions a clear
phosphorus-deficiency in the Gulf of Lion. Below 150 m
depth, nitrate/phosphate ratios are close to the typical Medi-
terranean ratio of 21, but values observed in surface waters
are much higher (up to 100). This imbalance appears imme-
diately at the end of winter when phosphate concentrations
become undetectable, while nitrate concentrations remain to
significant values (2 µmol l–1). P-deficiency limits the nitrate
utilisation by phytoplankton and is the main factor control-
ling primary production.

2.3.3. Silicon seasonal cycle
Leblanc et al., this issue conducted a study of the bio-

geochemical cycle of silicon (Si) at the SOFI site from
September 1999 to September 2000. They show a clear
seasonal cycle of biogenic silica (BSi) and lithogenic silica
(LSi) standing stocks. Integrated biogenic silica was highest
in spring and summer during the major phytoplankton devel-
opments. In winter relatively high Chl a concentrations origi-
nating from non-siliceous phytoplankton were sustained
over the water column. Due to frequent wind events the water
column was well mixed during winter, allowing sediment
resuspension and resulting in high LSi integrated stocks. The
observed cycle is similar to that observed in other olig-
otrophic open-ocean systems in terms of stocks, annual Si
production rates, and the relative contribution of diatoms to
phytoplanktonic primary production.

2.3.4. Numerical modelling of the pelagic trophic food
web

A biogeochemical model composed with seven variables
in terms of nitrogen and four in terms of phosphorus is
coupled with the hydrodynamical model (Diaz, 2000). Bio-
geochemical processes that are taken into account are new
production, regenerated production, recycling processes (ni-
trification, dissolved organic nitrogen, ammonium and phos-
phate regeneration), grazing by zooplankton, phytoplankton
aggregation and predation by zooplankton. Special charac-
teristic of Mediterranean nutrient fields (i.e. dissolved inor-
ganic phosphorus deficiency regarding dissolved inorganic
nitrogen) is considered by including an explicit limitation of
new production by phosphorus. The first study focuses on the
validation of the biogeochemical model from the Moogli
1 cruise performed during the 1998 spring bloom. Results of
model were compared to field results obtained during the
second set of sampling 3 weeks later. The first results of this
model concern the annual budget of carbon and the fate of the
production. The Gulf of Lion appears as a privileged region
for production and export. Biomass fluxes are more impor-
tant in the west than in the east in relation with meteorologi-
cal conditions, especially wind forcing.

Tusseau-Vuillemin et al. (1998) estimated nitrogen fluxes
in the Gulf of Lion during an annual cycle from a bio-
geochemical model coupled with a general circulation
model. The simulation of chlorophyll a, nutrient concentra-
tions and primary production is quite satisfactory compared
with coastal zone colour scanner images and other data
collected in the gulf. Model results indicate that, regarding
the open sea, the margin acts most of the time as a sink for
nitrate. However, during winter, when phytoplankton growth
is reduced and cascading of dense waters is active along the
shelf, the margin is shown to export nitrate towards the open
sea.

2.4. Benthic response and exchanges at
the water–sediment interface

2.4.1. Biochemical characteristics of sedimented
particulate organic matter

Grémare et al., 2003a, 2003b aim at identifying biochemi-
cal descriptors of sedimented POM nutritive value to unravel
the effects of digestibility and limitation by micronutrients in
controlling benthic fauna production. They focussed on the
“ total” and “available” (i.e. enzymatically hydrolysable)
fractions of nitrogenous compounds (amino acids). This ap-
proach was conducted at fixed stations (Bay of Banyuls, Sofi,
HFF), along a depth gradient (BBLL), and over the whole
Gulf of Lion (Moogli, Grémare et al., 2002). Available amino
acid concentrations showed important seasonal changes in
relation both with pelagic primary production and sediment
resuspension. Organic matter and carbohydrate concentra-
tions were associated to the most refractory fraction, whereas
lipid and available amino acid concentrations were associ-
ated to the most labile fraction of sedimented POM. Tempo-
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ral changes in total amino acid spectra always remained low
(Medernach et al., 2001). When existing those changes were
mostly associated to strong hydrodynamic events enhancing
sediment resuspension. Temporal changes in available amino
acid spectra were even lower. Their spatial changes were
negligible as well. This suggests that digestibility is the most
important factor when assessing sedimented POM nutritive
value.

Rosenberg et al., 2003a, 2003b recently tested the use of
sediment profile imagery (SPI) as a surrogate for classical
fauna analysis to assess the quality of benthic habitats in the
Gulf of Lion. Their sampling design encompassed five dif-
ferent areas located: in the Berre Lagoon, in the Gulf of Fos,
off the mouth of the Rhone river, off Saint Cyprien and off
Banyuls-sur-Mer. Results support the use of SPI as a basis for
the classification of Mediterranean benthic habitats and con-
firmed the good correlation between labile fraction of sedi-
mented organic matter and both the abundance and the com-
position of benthic fauna. They also pinpointed the potential
importance of trawling in structuring benthic habitats.

2.4.2. Water–sediment exchanges
Denis et al. (2001) and Denis and Grenz, this issue as-

sessed water–sediment exchanges of oxygen and nutrients
using core incubation technique. Because of the general
oligotrophy in the Mediterranean Sea, exchanges remain low
for a continental margin. Both the oxygen benthic demand
and the release of nutrients tend to increase towards the coast
and the mouth of the Rhone river, with a temporal variability
linked to the river discharge and to the spring phytoplankton
bloom. Dissolved fluxes are positively correlated with sedi-
ment organic content. The influence of the Rhone river de-
creases near the continental shelfbreak because of the forcing
by the North-Mediterranean current. In the whole Gulf of
Lion, superficial sediments mineralise 342 kt of organic
carbon a year, and the subsequent release of nutrients is
comparable to the inputs from the Rhone river or from the
North-Mediterranean current. This constitutes a non-
negligible fraction of nutrient requirements for primary pro-
duction, showing the importance of water–sediment ex-
changes in controlling continental margin biogeochemical
cycles.

2.4.3. Effect of meteorological hazards
Grémare et al., 2003a, 2003b this issue described the

effect of a severe winter storm on the functioning of the
coastal ecosystem. This storm induces a significant increase
in total suspended matter, of the proportion of refractory
POM and the nutrient availability in the water column
through resuspension and desorption processes. Bacterial
biomass and production are significantly, albeit temporarily,
enhanced by the storm. The distribution of plant pigments is
modified at the immediate vicinity of the water–sediment
interface but the storm had no effect on integrated phy-
toplanktonic biomass. The storm induces a significant de-
crease of meiofauna abundance. The duration of the relax-

ation periods varied among parameters. It lasted 2 weeks for
total suspended matter, surface sediment granulometry and
carbohydrate contents.

2.5. Budgets of matter

2.5.1. Budgets of mass, organic carbon and phosphorus
Durrieu de Madron et al. (2000) built a budget of particu-

late matter and organic carbon considering the inputs (river
supply, atmospheric deposition and primary production) and
outputs (sediment burial, off-shelf advective export, degrada-
tion of particulate organic carbon in the water column and at
the sediment–water interface). They estimated that mass and
particulate organic carbon budgets are balanced within un-
certainties and suggest that less than 10% of the total inputs
are exported toward the adjacent deep basin. Lapouyade and
Durrieu de Madron (2001) further showed the advective
fluxes of matter at the limit of the gulf yield a larger export in
winter than in summer. The winter increase results from an
increase of the reservoir of material on the shelf and the
intensification of the physical shelf–slope exchanges. Export
of the particulate matter by the horizontal currents is two
orders of magnitude larger than vertical particulate fluxes
measured simultaneously with particles traps on the conti-
nental slope.

For Van den Broeck and Moutin (2002) the total phospho-
rus pool in the upper 10 cm-layer of the sediments in the gulf
was estimated at 562 kt with about 80% trapped into the
shelf. Annual phosphorus deposition was estimated as 7.2–
12.4 kt, which is equivalent to the Rhone river input. As the
Rhone is the major river flowing into the Mediterranean Sea,
surface sediments of the Gulf of Lion should be taken into
account in phosphorus budgets at the scale of the Mediterra-
nean Sea.

2.5.2. Seasonal budgets of nutrients during the Moogli
cruises

A work conducted in collaboration with the Land–Ocean
Interactions in the Coastal Zone (LOICZ) program aims at
assessing the current knowledge of carbon, nitrogen and
phosphorus fluxes on the Gulf of Lion’ continental shelf on
three Moogli surveys (Durrieu de Madron et al., 2001,
2003a). It attends to provide a robust quantification of the
flow of dissolved and particulate nutrients across the system
boundaries so as to quantify the nutrients budgets on the
shelf. These budgets consider river discharges, urban sewage
supply, fish catches, atmospheric deposition, and fluxes at the
water–sediment and shelf–slope interfaces. Results indicate
that shelf–slope exchanges by mixing predominate with re-
spect to the major input terms (river discharge and sediment
release). Budgets for inorganic nutrients, that show a strong
concentration gradient between the shelf and the slope wa-
ters, are significantly different from zero and indicate an
excess of these elements in the shelf water. For all surveys,
these surpluses suggest (i) that the whole shelf system is
autotrophic (1.6–4.3 × 103 mol C s–1) and acts as a sink of
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CO2, and (ii) that it is a site of net denitrification
(119 mol N s–1) and acts as a sink of N2. Average shelf–slope
fluxes of dissolved and particulate organic elements suggest
an export to the open sea.

In the framework of the Continental Margin Task Team
(CMTT) of the LOICZ and JGOFS programs, the previous
budgeting work was integrated in a review of the input,
transport and fate of nutrients on major continental margins
of the Mediterranean Sea (Durrieu de Madron et al., 2003b).
It provides the general characteristics of the Mediterranean
Sea in terms of physiography, oceanic circulation, nutrients
inputs and distribution, then describes the flux of nutrients
for the major sub-systems (i.e. the Gulf of Lion, the Adriatic
Sea and the Aegean Sea). These descriptions define the criti-
cal input/output terms and the key shelf–slope exchanges
processes. It finally addresses the temporal changes of the
input of nutrients to the Mediterranean Sea and the trends of
the chemical characteristics of the water masses.
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