S. Hättenschwiler © UMR CEFE

S Designing a Mediterranean
forest ecosystem associating
temporary microcosms and
decomposing organisms
(detritivores).
W Pelagic mesocosm experiment
at the MEDIMEER platform.

Biodiversity—Science for humans and nature

M. Trousselier © UMR ECOSYM

22

Functional
biodiversity

Gaining insight into, preserving and even improving
ecosystem services is a major scientific challenge.
These services include biogeochemical cycles, primary
production, pollination, agricultural pest control, air
and water purification, waste decontamination and
treatment, biodiversity development and conservation,
and providing a source for new medication and crop
varieties. Their economic value may be hard to assess
but clearly these services—despite being affected by
human activities—are incredibly valuable for humankind.
An ecosystem is made up of thousands of species and
extremely complex interactions ensure its overall
functioning, as reflected by its functional biodiversity
dynamics. There are two main biodiversity constituents,
one ‘remarkable’ constituent, corresponding to entities
(genes, species, habitats) that society consider to be
of special interest (heritage, emblematic or usage
value), and an ‘ordinary’ constituent with no clear
intrinsic value, but which is essential for ecosystem
functioning. Interactions between relatively abundant
ordinary entities may potentially contribute to the
production of substantial ecosystem services. Links
between functional biodiversity dynamics and provided
services are, however, very hard to evaluate because
they are more associated with the inception of new
interactions between species than with species diversity
or abundance. One of the major roles of biodiversity—
regardless of how it is viewed—in the current climate
change setting is offering biological alternatives to help
cope with environmental instability.
The introduction of plant and animal species warrants
special attention since these species often carry
pathogens that are able to colonize new areas via
native species. However, bioinvasions can also create
conditions that will place selection pressure on native
species, but also in turn on introduced species. Crops
undergo many attacks from harmful organisms. To
preserve biodiversity, it is thus essential to gain greater
insight into prevention and control strategies for
effective management of bioinvasion risks associated
especially with trade globalization, land use and
landscape change and global warming.

Pest control should also be geared towards managing
pathogens and their hosts, and developing sustainable
resistance in target plants. Initiatives concerning
the transmission of diseases affecting both wild and
domesticated animals (even humans) are aimed
at determining the role played by the functional
biodiversity of animal populations and transmitted
pathogens, while focusing specifically on multispecies
systems (humans-livestock-microorganisms). Finally,
the awareness of risks associated with bioinvasions in
aquatic systems is quite recent. The increase in merchant
shipping associated with globalization is responsible
for some biodiversity erosion due, for instance, to the
invasion of the Mediterranean Sea by Lessepsian species
migrating from the Red Sea via the Suez Canal.
Irrespective of the ecosystem considered, biodiversity
is structurally and functionally dominated by
microorganisms, which in turn have a major role
in biomass production and mass and energy flows
(production, predation, nutrient recycling), and all of
these processes interact with the atmosphere and
climate. Microbial symbioses that occur in soil highlight
the functional biodiversity of certain associations
with the plant community, thus enabling sustainable
enhancement of ecosystem services provided, including
agricultural and forest production, while restoring
certain threatened environments. All soilborne biological
activities associated with the functional biodiversity
of microfauna (e.g. nematodes) and soil engineering
macroorganisms (e.g. earthworms and termites) shed
light on processes involved in regulating nutrient
dynamics and availability, carbon sequestration, in a
setting of improved ecosystem services provided by soil.
Field studies are essential for understanding ecosystem
functions, but further experimental analyses (European
Ecotron of Montpellier, MEDIMEER in Sète, France)
are required to assess the role of biodiversity in this
function. These studies range from gaining insight into
aspects of the fundamental role of biodiversity in
ecosystem functions to aspects applied to the use of
biodiversity for ecological engineering purposes.
Integrated species management seems promising
in the current setting of accelerated anthropogenic
modifications on molecular to landscape scales,
while accounting for interspecific relationships and
evolutionary processes that ensure the sustainability
of adaptive processes of natural Mediterranean and
tropical systems.
Marc Bouvy (UMR ECOSYM),
Éric Blanchart (UMR Eco&Sols)
& Alain Brauman (UMR Eco&Sols)
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T

he Earth hosts extraordinary biological
diversity, or ‘biodiversity’, encompassing
millions of different species. Species
biodiversity is multifaceted, including the genes,
molecules, physiologies and behaviours of species, as
well as the many ecological interactions with their
environment, and the variety of complex ecosystems
that they form. The vitality of the Earth and humanity is
dependent on the extraordinary diversity in life forms,
especially the functional constituent of this diversity,
which is the basis of ecosystem service provision.
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Main teams
UMR CBAE
Centre de Bio-Archéologie et d’Écologie
(CNRS, EPHE, Inrap, UM2)
Some 20 scientists
Jean-Frédéric Terral,
terral@univ-montp2.fr
www.umr5059.univ-montp2.fr
X Presentation page 28

UMR CEFE
Centre of Evolutionary
and Functional Ecology
(CIRAD, CNRS, EPHE, INRA, IRD,
Montpellier SupAgro, UM1, UM2, UM3)
125 permanent staff (or 160 scientists)
Director: Philippe Jarne,
philippe.jarne@cefe.cnrs.fr
www.cefe.cnrs.fr
X Presentation page 24

UMR Eco&Sols
Functional Ecology and Biogeochemistry
of Soils and Agroecosystems
(CIRAD, INRA, IRD, Montpellier SupAgro)
63 scientists
Director: Jean-Luc Chotte,
jean-luc.chotte@ird.fr
www.montpellier.inra.fr/ecosols
X Presentation page 29

UMR ECOSYM
Écologie des systèmes marins côtiers
(CNRS, IRD, UM2)
82 permanent staff
Director: Marc Troussellier,
marc.troussellier@univ-montp2.fr
www.ecolag.univ-montp2.fr
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UMR EME
Exploited Marine Ecosystems
(IFREMER, IRD, UM2)
56 scientists
Director: Philippe Cury,
philippe.cury@ird.fr
www.crh-sete.org
X Presentation page 38

UMR LECOB
Benthic Ecogeochemistry Laboratory
(CNRS, UPMC)
16 scientists
Director: Nadine Le Bris,
lebris@obs-banyuls.fr
http://lecob.obs-banyuls.fr
X Presentation page 41

... continued on page 26

From evolutionary
population biology to
material and energy cycles
in ecosystems
The Centre of Evolutionary and
Functional Ecology (UMR CEFE,
CIRAD, CNRS, EPHE, INRA, IRD,
Montpellier SupAgro, UM1, UM2,
UM3) conducts research ranging
from population biology and
evolution to studies on ecosystem
matter and energy cycles. In the early
1980s, based on its long-standing
experience in plant ecology*, the unit
diversified its research in terms of
issues investigated and biological
models. A common focus, with a
balance between empirical and
naturalist approaches and theoretical
precepts, then emerged and is the
current thrust of CEFE. Within
a dynamic and varied research
system on the environment and
biodiversity, CEFE has become
pivotal in ecological research in
Montpellier (France). This research
fosters an integrative view of ecology,
focusing especially on fundamental
research via various complementary
approaches, while reformulating
them in an ecological setting:
empirical approaches, molecular
marker analyses, experiments,
multidisciplinary investigations
in human and social sciences,
biomathematics, modelling and
chemical ecology.
CEFE activities combine
evolutionary and functional ecology
research with cross-disciplinary

research on the ecological implications
of anthropization. Human activities
have many omnipresent and
complex impacts on ecological
systems. This includes climate
change and modifications in uses
of the environment, e.g. land use,
transportation, etc. The anthropogenic
impact is also the result of interactions
between these two types of change
affecting all levels of ecological
organization. CEFE is divided into
three departments**:
 The Population Biology department
focuses research on the role of
adaptation and stress in biodiversity
dynamics. It pools internationally
renowned research teams in the fields
of population dynamics and genetics,
evolutionary biology and coevolution.
In recent years, a critical mass of
research in behavioural ecology led to
significant progress, e.g. in the fields
of visual and olfactory signalling. A
large share of the activities are devoted
to interactions in areas such as hostparasite relationships, pollination
and other mutual relationships.
Research on anthropogenic impacts
on biodiversity concern vertebrate
conservation biology, investigated
from a population dynamics
perspective, and the role of humans
in the generation of biodiversity via
domestication. The team includes staff
from CIRAD, CNRS, IRD and UM2.
 The Ecological System Dynamics
department involves teams conducting
research on several organization levels,
including populations, communities
and landscapes. One key aim is to gain
insight into mechanisms that control

M. Razafindrakoto © IRD

Soil engineers—diversity and functions

These macroinvertebrates are considered as soil engineers
because the soil environment modifications that occur via
their construction activities (castings, galleries, nests) have a
significant impact on microbial diversity and activities. However,
the beneficial role of these organisms in soil functioning
and the provision of ecosystem services is still relatively

community and landscape dynamics.
In addition to primary topics such
as reproduction systems, dispersal
and colonization mechanisms, and
relationships between functional
traits and plant successions, the
department devotes much of its
activity to ecological impacts of
human activities, especially the
effects of land use changes, which
in turn interact with climate
change. These changes are also
analyzed through interdisciplinary
conservation science and human and
social science research.

unknown and seldom used by soil managers (farmers, etc.).
However, they are indicators of the quality of soil and should
be considered as a resource that can enhance agroecosytem
service provision.
The joint research unit (UMR) Eco&Sols studies the
diversity and functions of these organisms in different
projects: taxonomic diversity of soil engineers in Malagasy
soils (‘Faune-M’ programme funded by the Institut Français
de la Biodiversité), diversity and role on carbon dynamics in
conservation agriculture (‘Pépites’ programme funded by the
French Research Agency/Systerra), regulation of microbial
diversity and activity by soil engineers [‘Endemic’ programme
funded by CNRS-EC2CO (Ecosphère Continentale et Côtière)].
Contacts: Éric Blanchart, eric.blanchart@ird.fr
& Alain Brauman, alain.brauman@ird.fr
S Madagascar earthworm (Megascolecidae family).

 The Ecosystem Functions
department groups two functional
ecology teams. The focus on
material and energy flows associates
landscape aspects in catchments, e.g.
via remote-sensing approaches, with
life history traits through analyses
of functional ecology mechanisms.
Much of the research involves the
analysis of ecological impacts of
global change, including climate
change and features associated
with the carbon cycle, or the effects
of biodiversity erosion, through
studies of biodiversity-functioning

relationships. This department
previously hosted the European
Ecotron of Montpellier project, which
is now a standalone CNRS internal
service unit (UPS). •••
* The Centre d’Études Phytosociologiques et
Écologiques, which was founded in the early
1960s, became CEFE in 1989.
** In 2011, UMR CEFE has been reorganized
around four research departments: Evolutionary
Ecology; Interactions, Ecology and Society;
Dynamics and Governance of Ecological
Systems; and Functional Ecology.
www.cefe.cnrs.fr/departements.htm
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The soil represents one of the most diversified habitats on
Earth, i.e. one of the three ‘biotic frontiers’ of ecologists, along
with the tropical forest canopy and the ocean depths. The
taxonomic diversity of soil organisms is extraordinary—around
a quarter of all currently described living species. These species
are microorganisms (bacteria, archaea, fungi, protozoans),
microfauna (nematodes), mesofauna (mites, springtails) and
macrofauna (annelids, macro-arthropods). Within this diversity,
macroinvertebrates (earthworms, centipedes, insects) have
a key role in soil functioning. They decompose litter and
incorporate it into the soil, protect plants from diseases and
pathogens, construct and preserve the soil structure by digging
galleries and modifying soil aggregation.
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S Ecotron—south view
J.Roy © UPS Ecotron

The European Ecotron
of Montpellier to analyse
the role of biodiversity in
ecosystem functioning
and its response to
climate change
Main teams
UMR LOMIC
Microbial Oceanography Laboratory
(CNRS, UPMC)
18 scientists
Director: Stéphane Blain,
stephane.blain@obs-banyuls.fr
http://lomic.obs-banyuls.fr
X Presentation page 40

UMR LSTM
Laboratory of Tropical
and Mediterranean Symbioses
(CIRAD, INRA, IRD, Montpellier SupAgro, UM2)
42 scientists
Director: Michel Lebrun,
lebrun@univ-montp2.fr
www.mpl.ird.fr/lstm
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UMS 2348 OOB
Laboratoire ARAGO – Observatoire
Océanologique de Banyuls-sur-Mer
(CNRS, IRD, UPMC)
140 scientists
Director: Philippe Lebaron,
lebaron@obs-banyuls.fr
www.obs-banyuls.fr
X Presentation page 36

UPR Locust Ecology and Control
(CIRAD)
11 scientists
Director: Michel Lecoq,
lecoq@cirad.fr
www.cirad.fr/ur/acridologie
http://locust.cirad.fr
X Presentation page 34
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Living organisms regulate
ecosystem biogeochemical cycles
(carbon, nitrogen, phosphorus,
water, etc.), while their diversity
dynamics, under the influence
of environmental variations,
determines the fate of services
that these ecosystems provide to
society. The European Ecotron of
Montpellier (France)—belonging
to the very large-scale research
infrastructure of CNRS—is used to
study these relationships between
diversity at different trophic levels
and matter and energy flows in
ecosystems, as well as how these
relationships are modified by
environmental change.
The Ecotron provides a key link
between the analysis of elementary
functions under very simplified
conditions and in situ ecosystem
studies. Ecosystems are confined
in chambers, thus facilitating:
i) simulation of a broad range
of environmental conditions
(temperature, water conditions,
CO2, pollutants), ii) comparison
of levels of several factors, iii)
accurate measurement of the main
fluxes generated by the ecosystem,
and iv) determination of mass
budgets. The distinctive feature of
the Ecotron is in providing online
measurements of photosynthesis,

respiration, transpiration, methane
and nitrous oxide release and
CO2 isotope ratios, i.e. 13C/12C and
18
O/16O. The isotopic approach will
also include 13C-labelling of newly
formed organic matter. These
measurements are supplemented
by noninvasive measurements
(spectral reflectance, etc.) or soil or
plant sampling.
Issues that can be dealt with in
the Ecotron include fundamental
aspects of the role of biological
complexity in ecosystem functions
(e.g. interactions between diversity
at different trophic levels), as well
as applied aspects such as the
use of biodiversity for ecological
engineering purposes (e.g.
optimization of water use efficiency
under future climatic conditions).
The ‘environmental conditioning’
capacity allows studies on
biodiversity dynamics under forcing
variables, and can lead to functional
analysis of these dynamics. The
‘process measurement’ capacity,
applied on complete ecosystem
or constituent levels, allows
researchers to establish the
relationships between diversity
and functioning and to assess their
mechanistic bases.
The Ecotron is set up on Baillarguet
Campus, north of Montpellier.
It consists of three research
platforms designed for studying
realistic complex ecosystems as
well as simplified ecosystems
under artificial conditions. The
macrocosms (12 units, 35 m3) can
handle 1–8 t ecosystem samples
under natural lighting conditions.

The first initiative in the mesocosm platform of the European
Ecotron of Montpellier was associated with an important field
study that had been carried out for 10 years by the University
of Jena in Germany to assess the role of plant diversity in
ecosystem functioning. The field findings demonstrated that
the species number and type had a major role in the main
biogeochemical cycles (carbon, nitrogen and water). The
overall analysis of the results indicated that this effect could be
explained by the species complementary for resource use, but
the mechanisms underlying this complementarity would be hard
to clarify in the field.
Ecosystem samples (2 m3) will be collected in 24 plots with
different diversity levels, placed in lysimeters and transported to
the Ecotron. Each lysimeter will be surrounded by a soil thermal
regulation system and enclosed in a climate-control chamber.
During one growing season, the climate of Jena will be recreated
and the ecosystem function measured. For instance, molecules
marked with different isotopes will be inserted at different soil
depths and at different periods of the year to determine which
species utilize what resource and when.

The mesocosms (24 units, 2–3 m3)
can handle 0.2–1 t ecosystem
samples, especially the standard
lysimeters currently in service in
Europe. The microcosm platforms,
with an L2 confinement level, can
handle microecosystems (24–400
units, depending on their nature) in
volumes ranging from 1 to 200 dm3,
thus enabling separate analysis of
ecosystem constituents (physiology
of organisms, soil biology,

© UMS GmbH

We will thus test the hypothesis whereby an increase in diversity
would be accompanied by a decline in individual species niches
and an increase in the global community niche. Continuous
measurements of canopy and soil physiological processes will
also help determine the periods and time scales for which
the biodiversity effect is most marked and the associated
environmental conditions. This could also reveal further
mechanisms via which biodiversity has a role.
Ecotron’s three experimental platforms (macro-, meso- and
microcosms) will be able to host a broad scope of applied and
theoretical studies on intact complex or simplified ecosystems
subjected to realistic or specific artificial environmental
conditions. The biodiversity-functioning relationship will be
pivotal to all of these studies.
Contact: Jacques Roy, jacques.roy@ecotron.cnrs.fr
S Overview of 24 plots of different diversity levels, prior to
insertion in lysimeters (inset) and Ecotron studies (p.26).

simplified biotic interactions, etc.).
Most studies are comparative—to
determine differences between
environmental conditions,
ecosystem types, community
complexities, species or genotypes.
The Ecotron is open to the
international scientific community
through calls for proposals. Its
European Scientific Committee
selects highly innovative projects

submitted by consortiums of
teams with sufficient scope to
be able to fully exploit the entire
potential offered by the Ecotron
infrastructure in studying all
ecosystem processes. The role and
response of biodiversity will be
the main thrust of most projects,
regardless of whether they are
oriented towards ecosystem
physiology or community
biology. •••
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Functional role of biodiversity:
complementarity of in situ and Ecotron research
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When evolution maximizes
ecosystem diversity and functioning
P. Venail © UMR ISEM

CNRS researchers based
at UM2 (UMR ISEM, UMR
ECOSYM) have shown that
evolution can lead to greater
biodiversity and especially
better ecosystem functioning.
In the current biodiversity
erosion setting, these results—
which were published in the
journal Nature*—highlight the
importance of evolution in
ecosystem structuring.

The experiment was
conducted in the laboratory.
After creating microcosms
consisting of several carbon sources to generate heterogeneous
environments, the researchers monitored the evolving
diversification pattern of the bacterium Pseudomonas fluorescens.
A single clone of this bacterium was inoculated in each
microcosm (microplate in which each well contained a different
carbon source), and the bacteria were left to evolve for over
500 generations. The researchers also allowed migration of

bacteria between wells on the same microplate at clearly
defined levels. The ultimate findings revealed that intermediate
rates of dispersal enabled evolution towards greater bacterial
diversity and enhanced ecological productivity.
Considering the current rate of biodiversity erosion, it is
essential to develop a conceptual approach to biodiversity
organization, to gain insight into relationships with ecosystem
functioning and to predict the potential impacts of its decline.
The overall research findings of these scientists suggest that
evolution could give rise to high ecosystem complexification,
leading to enhanced functioning. This process peaks when
available resources are heterogeneous and the biological
processes are properly linked—conditions which are not in
line with the current trend towards the homogenization of
ecosystems by human activities. In the longer term, these
results suggest that homogenization could reduce the future
diversification capacity of living organisms.
Contact: Nicolas Mouquet, nmouquet@univ-montp2.fr
* Venail P.A., MacLean R.C., Bouvier T., Brockhurst M.A., Hochberg M.E., Mouquet N.
2008. Functional Diversity and Productivity Peak at Intermediate Levels of Dispersal
in Evolving Metacommunities. Nature.

Main teams
UPR AGIRs
Animal and Integrated Risk Management
(CIRAD)
22 scientists including 10 ecologists
Director: François Roger,
françois.roger@cirad.fr
www.cirad.fr/ur/agirs
X Presentation page 35

UPR AMRBET
Pests and Diseases:
Risk Analysis and Control
(CIRAD)
12 scientists
Director: Christian Cilas,
christian.cilas@cirad.fr
http://www.cirad.fr/en/researchoperations/research-units/pests-anddiseases-risk-analysis-and-control
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UR COREUS
Biocomplexité des écosystèmes
coralliens de l’Indo-Pacifique
(IRD, UPMC)
21 scientists
Director: Claude Payri,
claude.payri@ird.fr
www.coreus.ird.fr
X Presentation page 40

UPS European Ecotron of Montpellier
(CNRS)
8 scientists
Contact: Jacques Roy,
jacques.roy@ecotron.cnrs.fr
www.ecotron.cnrs.fr
X Presentation page 26
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Changes in ancient
environments and
biodiversity dynamics
The activities of the Centre de BioArchéologie et d’Écologie (UMR
CBAE, CNRS, EPHE, INRAP, UM2)
are aimed at: (i) understanding how
ancient environments changed over
the last centuries or millennia, and
(ii) determining links between global
change and biodiversity dynamics,
ecosystem functioning, community
organization and the geographical
distribution of species. Past
environmental changes were further
affected by land-use modifications
(agriculture, resource use), as
well as climatic or palaeographic
changes. CBAE focuses research
in the Mediterranean Basin,
including the Middle East, but also
in tropical (Africa, South America)
and northern (Canada, Scandinavia)
regions.
CBAE analyses these processes
by implementing strategies and
methods based on the use of
biological indicators present in soils,
archaeological sites, and natural
archives such as tuffs, lacustrine

sediment or peat, as well as tree
anatomy (growth rings and vascular
features). Biological archives have
accumulated over the last centuries
and millennia in most cases, or
even during the Quaternary. These
deposits have been subject to
changes in plant cover, climatic
conditions and in land-use practices
of societies.
The laboratory’s researchers also
investigate the conditions of
biological resource exploitation
and use, from their gathering or
harvest to their processing for
potential domestic use. The origins
of domestication, agricultural
development, the evolution and
geographical dispersal of crop plants
are correlated with human migration
patterns and agricultural practices.
Studies on archaeological botanical
remains are useful for tracking the
history of human feeding habits,
agricultural practices, product
processing and uses. The key issues
studied by this group concern
the investigation, preservation,
promotion and reconstruction of
the history of biological heritage as
represented by certain emblematic
crop plants (e.g. date palm) and

their wild ancestors (still unknown
for this latter palm tree).
The UMR’s priority research themes
are: (i) the spatial and chronological
dynamics (since the last glacial
maximum) of biodiversity, in
relation to environmental change,
(ii) the role of disturbances (fires,
avalanches, insect infestations)
on biodiversity dynamics, (iii)
the biodiversity of domesticated
organisms, and biological resource
exploitation, use and processing,
and (iv) the impact of agropastoral
abandonment on the ecodiversity of
current forest landscapes.

Functional ecology,
soilborne organisms and
plants, and the fate of
biocontaminants
The joint research unit (UMR)
Functional Ecology and
Biogeochemistry of Soils and
Agroecosystems (Eco&Sols,

CIRAD, INRA, IRD, Montpellier
SupAgro) studies biogeochemical
cycles of carbon and other
nutrients (especially nitrogen [N]
and phosphorus [P]), and their
coupling in Mediterranean and
tropical agroecosystems. This
involves describing, understanding
and predicting ecological
processes regulating carbon and
other nutrient fluxes in these
agroecosystems. UMR Eco&Sols
implements a functional ecology
approach to investigate the
following issues:
 the role of soilborne and plant
organisms, and interactions
with their environment, in
biogeochemical cycles within soils
and agroecosystems
 the fate of biological
contaminants (Bt, prions, viruses)
in soil.

these flows so as to ensure
sustainable production within
agroecosystems, i.e. production
that is compatible with the
provision of environmental services
such as carbon sequestration.
Ecological engineering strategies
are designed for the management
of functional communities
(plants, soil organisms) and their
interactions. One of the main
goals of UMR Eco&Sols is to gain
insight into biodiversity functions
(microorganisms, nematodes,
macrofauna, plant roots) in order
to develop ecologically intensive
agricultural systems.
The unit focuses research on three
themes: (i) Soils, activities and
biological networks, (ii) Nutrients
and ecological intensification, (iii)
Carbon and global change. •••

The ultimate aim of describing,
gaining insight into and
predicting combined fluxes of C,
N and P is to be able to manage

Temporal activity and structure patterns of
a bacterial community monitored at the MOLA observatory
a

The figure on the left illustrates the temporal activity and structure patterns
of a bacterial community monitored at the Microbial Observatory of the
Laboratoire Arago (MOLA, 42° 27’2 N; 03° 32’6 E) located offshore, 20 miles
from the port of Banyuls-sur-Mer (France).

b

b: Bacterial diversity was determined by using clonal libraries based on the
gene encoding rRNA 16S. Each colour on the circular charts represents a
different bacterial phylogenetic group. The bacterial diversity measured at
the surface during the lower salinity episodes in May 2007 and June 2008
were significantly different from the levels measured during a phytoplankton
bloom (April 2007). The Alphaproteobacteria group (red) dominated during
the lower salinity episodes, i.e. representing 38–56% of the total clone
sequences of each library, whereas the Bacteroidetes group (blue) prevailed
during the phytoplankton bloom. Although the lower salinity episodes had
a substantial impact on the bacterial diversity, none of the bacterial groups
present during these episodes was specific to this situation (Laghdass et al.,
2010)*.
Contact: Ingrid Obernosterer, ingrid.obernosterer@obs-banyuls.fr
*Laghdass M., West N.J., Batailler N., Caparros J., Catala P., Lantoine F., Oriol L., Lebaron P.,
Obernosterer I. 2010. Impact of lower salinity waters on bacterial heterotrophic production and
community structure in the offshore NW Mediterranean Sea. Env. Microbiol. Rep. (in press).
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a: The salinity profiles reveal lower surface salinity episodes (salinity <37.9)
that took place in May-June 2007 and June-July 2008. These episodes were
certainly associated with freshwater intrusion from the Rhône River.
Depending on the wind conditions, lower salinity water lenses could become
detached from the Rhône River plume and circulate along the coast for
several hundreds of kilometres. These lenses may be an external source of
nutrient salts and organic material, thus stimulating biological production
in the marine environment. These inputs were clearly associated with an
increase in bacterial production and community respiration.
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S Ectomycorrhizae
of Scots pine.
© UMR LSTM

Other teams focused
on this topic
Tour du Valat
25 scientists
Director: Jean Jalbert,
jalbert@tourduvalat.org
www.tourduvalat.org
X Presentation page 53

UMR AMAP
Botany and Computational
Plant Architecture
(CIRAD, CNRS, INRA, IRD, UM2)
44 scientists
Director: Pierre Couteron,
diramap@cirad.fr
http://amap.cirad.fr
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UMR BIOM
Biologie Intégrative
des Organismes Marins
(CNRS, UPMC)
18 scientists
Director: Hervé Moreau,
herve.moreau@obs-banyuls.fr
http://biom.ent.upmc.fr
X Presentation page 21

UMR CBGP
Center for Biology and Management
of Populations
(CIRAD, INRA, IRD, Montpellier SupAgro)
35 scientists
Director: Flavie Vanlerberghe,
Flavie.Vanlerberghe@supagro.inra.fr
www.montpellier.inra.fr/CBGP
X Presentation page 10
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The first theme is focused specifically
on studies of functional biodiversity
in soil, with 16 researchers and 15
engineers and technicians involved.
In a given setting (climate, soil,
uses and management methods),
microbial communities responsible
for organic matter mineralization
leading to C, N and P flows are
regulated by: (i) bacterivorous
and fungivorous organisms (e.g.
nematodes), (ii) soil engineering
organisms (e.g. earthworms) that
modify the physical environment
and resource availability, (iii) the
quantity, quality and location of
organic matter, and (iv) abiotic
determinants. Gaining further insight
into the functional diversity of soil
organisms, while accounting for
interactions between organisms
within complex assemblies and for
abiotic determinants of biological
processes, is pivotal to this research
theme.
The research includes experimental
laboratory (in microcosms and
mesocosms) and field approaches.
These experimental approaches
are closely associated with a
modelling approach devoted to the
formalization of biological processes
that govern soil functioning.
These studies are carried out in
different soil-climate settings, i.e.
Mediterranean and tropical (Senegal,
Burkina Faso, Madagascar, Kenya,
Thailand), within the framework of
collaborations with institutions in
industrialized countries and national
agricultural research centres and
universities in developing countries.

The biodiversity research theme is
supported by top notch technical
platforms, especially a protein research
laboratory, a biology laboratory
(mainly for studying soilborne
nematodes) and two molecular biology
laboratories in Montpellier (France)
and Dakar (Senegal).

Biodiversity, symbiotic
microorganism
functioning
and plant adaptation
The Laboratory of Tropical
and Mediterranean Symbioses
(UMR LSTM, CIRAD, INRA, IRD,
Montpellier SupAgro, UM2)
is a microbiology and plant
biology research unit specialized
in biodiversity, symbiotic
microorganism functioning
mechanisms and in responses
and adaptations of plants to these
microorganisms and to harsh
environmental conditions.
Research conducted by the laboratory
ranges from characterizing and
analyzing the biodiversity of
symbiotic microorganisms to gaining
insight into molecular mechanisms
involved in plant/bacteria
interactions. These studies and scopes
of application concern Mediterranean
and tropical environments in which
microorganism/plant symbiotic
interactions can help to sustainably
enhance agricultural and forest
production and restore threatened
environments.

LSTM includes five teams:
 Ecology and molecular physiology
of photosynthetic Bradyrhizobium
 Biodiversity and evolution of
symbioses
 Plant responses to
microorganisms
 Plant and microorganism
adaptation to nickel
 Symbiotic functioning of
ecosystems
LSTM focuses research on:
 characterizing the biodiversity of
symbioses in Mediterranean and
tropical ecosystems
 gaining insight into the
structuring and evolution of the
genetic and functional diversity of
symbiotic bacterial populations
(population phylogenetics and
genetics approaches)
 characterizing legume nodulation
strategies of bacteria by comparative
genomics approaches.
 studying genomic diversity and
bacteria/host plant interaction

mechanisms and light-induced
regulation mechanisms in
photosynthetic Bradyrhizobium
strains
 characterizing the nodeindependent symbiotic
pathway recently detected in
the Bradyrhizobium ORS278/
Aeschynomene interaction. The
absence of common nodulation
genes in these photosynthetic
Bradyhizobium strains suggests
the presence of a possible new
signalling pathway between a
rhizobium and a legume. The unit
is investigating the determinants of
this pathway
 assessing signalling pathways
of plants in response to bacteria.
In addition to identifying these
pathways, the aim is to gain
insight into their interaction and
to characterize bacterial genes
involved in their induction
 studying the adaptation
mechanisms of plants and
associated microorganisms to

extreme edaphic constraints
of ultramafic soil in New
Caledonia. New functional
genomics approaches are used
to characterize mechanisms
of: (i) plant resistance to and
hyperaccumulation of metals,
(ii) adaptation of microorganisms
associated with plants
 transferring and promoting
sustainable development
technology for developing
countries in order to develop
methods of potential interest for
the sustainable development of
biotechnology companies.
LSTM offers many courses and
participates in organizing biology,
microbiology and physiology
courses at UM2, Montpellier
SupAgro and in several African
countries. It also provides training
support through interventions
and supervision of professional or
research training sessions. •••

An observatory for long-term biodiversity monitoring
in Mediterranean underwater canyons

In recent explorations (May-June 2008) carried
out by the Observatoire Océanologique de Banyuls
and the Regional Environment Directorate, with
the technical support of COMEX (Minibex research
ship, Super Achille ROV and Remora submarine), the
deep coral populations observed over 40 years ago were
found again and other even denser populations of these
species were also detected. Lacaze-Duthiers Canyon is now a
reference site for these species in the French Mediterranean
region.

These are associated with highly diversified
populations of sessile invertebrate
fauna such as sponges, brachiopods,
echinoderms, bivalves, ascidians,
bryozoans, and vagile organisms such
as cephalopods and fish, some of
which are of considerable economic
interest (cutlassfish, grenadiers).
Many invertebrate species could
turn out to be beneficial, e.g. for the
characterization and exploitation of
biomolecules of pharmacological value.

These observations, along with those
obtained more recently in this target
© DIREN
zone (especially by the Agence des Aires Marines
Protégées), will serve as a starting point for future research. The
Observatoire Océanologique de Banyuls will also set up a deep-sea
observatory on the basis of these findings which, in addition
to continuous in situ measurements of physicochemical and
biological parameters within the canyon, will enable longFour deep coral species are present in the Lacaze-Duthiers
term monitoring of deep coral communities and setting up of
Canyon, and some of their populations are relatively substantial: programs geared towards preserving these vulnerable heritage
Lophelia pertusa, Madrepora occulata, Desmophyllum dianthus
species.
and Dendrophylllia cornigera. These species all benefit from a
Contact: Philippe Lebaron, lebaron@obs-banyuls.fr
French, European and international protection status. The coral
S Cold coral and associated fauna
populations thrive on the rocky slopes of the canyon, at depths
in Lacaze-Duthiers canyon.
ranging from -180 to -365 m.
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The first observations of deep corals in the
Mediterranean Sea were achieved by researchers
from the Laboratoire ARAGO offshore of Banyulssur-Mer (France), in the Lacaze-Duthiers Canyon
in 1961 and 1963, during explorations using
Captain Cousteau’s SP 600 diving saucer.
No expeditions had been undertaken since
then at this site to assess the state of coral
populations in this setting.
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S Black leaf streak disease (Mycosphaerella
fijiensis) symptoms on a banana leaf.

Other teams focused
on this topic
UMR CMAEE
Emerging and Exotic Animal
Disease Control
(CIRAD, INRA)
36 scientists
Director: Dominique Martinez,
dominique.martinez@cirad.fr
X Presentation page 17

UMR ESPACE-DEV
Espace pour le développement
(IRD, UM2, Université Antilles-Guyane,
Université de la Réunion)
60 scientists
Director: Frédéric Huynh,
huynh@ird.fr
www.espace.ird.fr
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UMR InterTryp
Host-Vector-Parasite Interactions in
Infections by Trypanosomatidae
(CIRAD, IRD)
25 scientists
Director: Gérard Cuny,
gerard.cuny@mpl.ird.fr
www.cirad.fr/en/research-operations/
research-units/host-vector-parasiteinteractions-in-infections-bytrypanosomatidae
X Presentation page 15

UMR ISEM
Institut des Sciences
de l’Évolution de Montpellier
(CNRS, IRD, UM2)
117 scientists
Director: Jean-Christophe Auffray,
jean-christophe.auffray@univ-montp2.fr
www.isem.cnrs.fr
X Presentation page 8

... continued on page 36

Management of tropical
tree crop pest and
disease risks
The internal research unit (UPR)
AMRBET - Pests and Diseases:
Risk Analysis and Control (CIRAD,
Biological Systems Department)
is in line with CIRAD’s long
standing focus on tropical tree crop
protection (cocoa, coffee, coconut,
natural rubber, palms). It aims
at improving the management of
disease and pest risks.
Pests and diseases reduce crop
yields, thus jeopardizing their
sustainability and affecting the
produce quality. They are especially
important for tree crops since
the damage they induce is often
cumulative (over several years).
The use of pesticides and biocides
is a major financial expense for
smallholders, while having negative
impacts on the environment and on
produce quality. The development
of new control strategies that have
a much less harsh effect on humans
and the environment is thus a key
challenge for our societies.
The two main objectives of the unit
are as follows:
 developing crop management
sequences that are tailored to
cropping systems while reducing
the impact of pests

 building up sustainable resistance
to pests and diseases.

The UPR conducts research along
two lines in order to meet these
objectives:
 understanding epidemics
and pest population dynamics,
developing models, assessing the
effects of different agricultural
interventions on pest populations
 identifying sustainable resistance
in plant material, assessing their
pest control efficacy in the field.
The plant/pest models studied
concern the main organisms
that are harmful to cocoa, coffee,
coconut, natural rubber and oil
palm trees. Some of these pests and
diseases attack fruit, while others
target the vegetative, above or below
ground organs. Factors affecting the
intensity of attacks or symptoms
may be identified and classified
through observations, surveys and
participatory in situ trials carried
out in plot networks, on farms or
private plantations.
The research initiatives are
carried out in partnership with
international organizations
(Biodiversity International, Cocoa
Research Unit, PROMECAFE,
International Rubber Research
and Development Board, etc.),
national research bodies (Institut
de Recherche Agricole pour le
Développement, Instituto del Café

Understanding the origins of desert locust plagues

In collaboration with national locust control centres and the
Food and Agriculture Organization of the United Nations,
CIRAD’s Locust Ecology and Control research unit is
conducting research in Africa to facilitate detection of high
risk situations. Molecular biology techniques (microsatellite
markers, AFLPs) are used to gain insight into and more

de Costa Rica, Empresa Brasileira
de Pesquisa Agropecuária, etc.) and
development agents. There are also
interdisciplinary collaborations with
other research units (BGPI, CBGP,
DAP, etc.).
The unit generates knowledge
in the fields of pest biology and
ecology, plant epidemiology and
sustainable resistance. These results
contribute to enhancing pest
management, thus reducing damage

accurately monitor migrations and solitary population
variations during pre-invasion phases so as to assess the
extent of risk. In addition, the unit is working on enhancing
the use of spatial remote sensing and geographic information
systems so as to be able to detect conditions suitable for
locust breeding even earlier. These habitats are located in
remote and relatively uninhabited desert areas. Satellite data
can provide continuous estimations of rainfall and green
grassy vegetation development, i.e. key factors for predicting
desert locust development and outbreaks. Satellites such as
METEOSAT, SPOT-VGT, MODIS and SMOS are used and fine
calibrations are under way. All of these studies should further
enhance the desert locust plague prevention strategy which
has already proven its efficacy over the last 50 years.
Contact: Michel Lecoq, michel.lecoq@cirad.fr

and improving produce quality.
The study findings are promoted
through the dissemination of
new methods for forecasting and
managing biotic risks, and by the
identification of plant material with
sustainable resistance.
The unique feature of this unit is
the multidisciplinary aspect of the
research, combining mycology,
entomology, epidemiology,
population dynamics, genetics,

S A gregarious desert locust,
Schistocerca gregaria Forskål.

landscape ecology, integrated
control and biostatistics in different
agroecological settings and on
scales ranging from the tree to the
landscape, including village plots
and commercial plantations. •••

Biodiversity—Science for humans and nature

The desert locust is a major pest. Spectacular plagues can
span an area of over 29 million km² from Mauritania to India,
inducing considerable material, human and environmental
damage. Controlling this insect is thus crucial, and a
national priority in many developing countries. Preventive
desert locust control requires permanent monitoring of
environmental conditions in the outbreak source areas,
which account for only 0.25% of the total invasion area. Each
concerned country should have a fast reaction capacity so as
to be able, if necessary, to carry out preventive treatments
of the first outbreaks before they spread. Rapid interventions
are essential.

A. Monard © CIRAD
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Preservation of the environment
and biodiversity, and the reduction
in quantities of pesticides required
to control locust outbreaks are key
concerns of the internal research
unit (UPR) Locust Ecology and
Control (Acridologie, CIRAD).
It contributes to enhancing
knowledge on pest locusts so as
to improve outbreak prevention
strategies and control methods. The
aim is to improve management of
this natural hazard in order to curb
its catastrophic economic, social
and environmental impacts.

Biodiversity—Science for humans and nature

The unit is striving to gain
further insight into biological
and ecological mechanisms
underlying the locust outbreak
process: understanding clustering
and gregarization phenomena,
the dynamics and genetics of very
low density locust populations
preceding outbreak phases, the
functioning of outbreak areas and
the use of spatial remote sensing
for early detection of ecological
conditions that could be conducive
to outbreaks. The unit is also trying
to improve locust risk management
methods, including estimating
the socioeconomic impact of
locusts, justifying and assessing
the efficacy of control strategies,
determining methods for managing
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the most effective
and sustainable
preventive systems,
developing
decision-support
tools by testing
alternative
solutions
to chemical
pesticide
treatments.

Control in the Sahel).
It helps manage the
Orthopterists’ Society
and its Journal
of Orthoptera
Research.
Operationally, the
unit belongs to the
main global locust
networks that bring
together technical
and scientific
organizations
concerned about locust
outbreaks.

The unit is a
component of the
A. Fo
ucart © CIRAD
agricultural research
platform in Montpellier
The unit is thus directly involved
and a member of the Agropolis
in bodies dealing with the desert
Foundation ‘Montpellier
locust management problem via
Agricultural Sciences and
links with the Food and Agriculture
Sustainable Development’ thematic
Organization of the United
network for advanced research. It is
Nations (and its locust information
attached to the federative research
service) and the Desert Locust
structure (SFR) ‘Montpellier
Control Committee in the western
Environnement-Biodiversité’,
region, with which it has signed a
and is a host laboratory for the
scientific and technical cooperation
graduate school ‘Systèmes Intégrés
agreement. It also collaborates
en Biologie, Agronomie, Géosciences,
closely with many locust control
Hydrosciences, Environnement’ (see
services, especially in West Africa,
page 81).
North Africa and Madagascar.
Finally, the unit belongs to the
The unit has developed a largeAssociation for Applied Acridology
scale global network of scientific
International, an international
and technical partnerships on the
association of scientists and
locust issue.
experts devoted to improving the
management of locust issues.
It collaborates especially with the
Financially, the unit depends
University of Sydney, Australia, as
on funding from CIRAD and
well as with many other universities
from research and development
and research organizations
contracts, as well as expertise
worldwide (e.g. the AGRHYMET
missions for public and private,
Regional Centre, Niger, a specialized
national and international partners.
institute of the Permanent
Interstate Committee for Drought

S Migratory grasshopper swarm in
Madagascar during the widespread
outbreak of 1996-2000.
Inset – A solitary desert locust,
Schistocerca gregaria Forskål.

M. Lecoq © CIRAD

Pest locust and
grasshoppers—preventive
strategies and control
methods

S Monitoring bird movements by
satellite telemetry to gain insight
into spreading patterns of the H5N1
virus (avian flu causal agent).
N. Gaidet © CIRAD

In tropical ecosystems, wild
animal populations are affected
by global change, including the
transformation of habitats and their
functions, within a climate change
and intensified economic trade
setting. Contacts between humans,
domesticated animals and still
highly diversified wildlife are thus
increasing, often to the detriment
of all. These ‘human–wildlife’
interactions involve greater risks
with respect to wildlife conservation
and rural community development.
The emergence, circulation and
transmission of diseases common
to wild and domesticated animals
and humans is a clear illustration of
this trend.
Studies carried out by the internal
research unit (UPR) Animal and
Integrated Risk Management
(AGIRs, CIRAD) are focused on
gaining insight into and managing
health risks associated with
wild and domesticated animal
populations and their interactions
within communities.
The UPR thus carries out
research on the ecology of animal

communities involved in the
emergence or persistence of
zoonotic diseases, such as avian
flu, Rift Valley fever and bovine
tuberculosis. It focuses especially
on multispecies ‘human–wildlife–
livestock’ systems in areas in
sub-Saharan Africa where there
is very little human activity and
in periurban areas in Southeast
Asia. The research concerns the
ecology of these communities, with
investigations on: (1) biophysical,
ecological and anthropogenic
factors involved in the emergence,
circulation and persistence of
pathogens, and (2) the potential
role of the functional, specific
and genetic diversity of animal
populations, including pathogen
populations. The last research focus
is (3) on the mobility of individuals
and populations and their
determinants as a factor of contact
between community constituents.

domesticated congeneric species
(cattle, poultry, pigs). This field
ecology research is supported—
within the UPR or through
partnerships—by a geographic
information system (GIS), remote
sensing, biostatistics, serological or
virological modelling and analysis.

Field studies are carried out within
a network of complementary
monitoring sites located in humid
regions (Niger Delta in Mali, Lake
Aloatra in Madagascar, rice fields in
Vietnam), on the edges of protected
areas (Great Limpopo Transfrontier
Park in southern Africa) and in
rainforests (Gabon). The research
unit studies herbivores (African
buffalo), wild aquatic birds
(Anatidae, Laridae, shorebirds, etc.),
as well as Suidae (bush pigs) and

It also collaborates with European
teams (Erasmus and Wageningen,
Netherlands; Padova, Italy;
Kalmar, Sweden; London, UK),
universities in developing countries
(Universities of Zimbabwe, Pretoria,
Niger and Kasetsart) and the United
States Department of Agriculture
(USDA). The UPR works in the
field on disease surveillance and
control with veterinary services and
managers of protected areas. •••

The unit coordinates or participates
in projects funded by the French
National Research Agency, the
French Ministry of Foreign and
European Affairs (Fonds de
solidarité prioritaire), the European
Union, the Food and Agriculture
Organization of the United Nations
and the World Organisation for
Animal Health. It has major
partnerships with CNRS and INRA
research units, veterinary schools,
and universities via its participation
in research MSc programmes and
graduate schools (including UM2,
Paris 6 and 10).
Biodiversity—Science for humans and nature

Understanding and
managing health risks
associated with wild and
domestic animals
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Biodiversity and function of
trophic networks in coastal marine ecosystems
Ecosystem biodiversity encompasses the organisms ecosystems
contain as well as their many interactions (predation,
competition, mutualism, parasitism, etc.). Because of these
relationships between organisms, the extinction of a species
could directly or indirectly lead to the disappearance or
proliferation of other species via chain reactions. Trophic
networks are formed by organisms and the interactions that
bind them, and the diversity of organisms and their interactions
affect the stability and resiliency of these networks when
environmental change occurs.
There are two main types of trophic networks in marine
ecosystems: conventional trophic—or herbivore—networks
that are dominated by generally large-sized phytoplankton
communities (primary producers) that serve as food for
zooplankton and fish, and microbial trophic networks dominated
by autotrophic microbial communities (cyanobacteria, small
phytoplankton) and heterotropic organisms (flagellates and
ciliates). Microbial networks generally prevail in oligotrophic
areas or during unproductive periods in marine ecosystems and

Other teams focused
on this topic
UMR TETIS
Spatial Information and Analysis for Territories and Ecosystems
(AgroParisTech, CEMAGREF, CIRAD)
58 scientists including 10 involved
in the ‘Biodiversity’ topic
Director: Jean-Philippe Tonneau
jean-philippe.tonneau@cirad.fr
http://tetis.teledetection.fr
X Presentation page 54

UR Tropical Forest Goods and Ecosystem
Services: Facing Global Change
(CIRAD)
36 scientists
Director: Alain Billand,
alain.billand@cirad.fr
www.cirad.fr/ur/bsef
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UR Green
Management of Renewable Resources
and Environment
(CIRAD)
15 scientists
Director: Martine Antona,
urgreen-perm@cirad.fr
www.cirad.fr/ur/Green
X Presentation page 60

USDA-ARS-EBCL
European Biological Control Laboratory
9 scientists
Director: Kim Hoelmer,
khoelmer@ars-ebcl.org
www.ars-ebcl.org
X Presentation page 20

they contribute very little to material exportation, contrary
to herbivore networks, which have a significant role in carbon
sequestration in oceanic regions.
Human activities are known to be modifying the environment to
an increasing extent. These modifications concern climate change
on a global scale (e.g. increased temperatures, UV radiation
and carbon dioxide pressure) and more localized scales (e.g.
eutrophication and overfishing). Environmental change affects
planktonic trophic networks directly by modifying the physiology
of organisms, or indirectly by modifying interactions between
communities and/or via changes in abiotic factors (e.g. nutrient
availability). To gain insight into modifications in the diversity
of trophic networks and the functioning of coastal marine
ecosystems following environmental change, it is essential to
account for both their direct and indirect effects, which is the
strategy implemented by the ECOSYM research unit.
Contact: Marc Bouvy, marc.bouvy@ird.fr

Marine ecology,
biogeochemistry,
microbiology and
biology of model marine
organisms
The laboratory ARAGO
(Observatoire Océanologique
de Banyuls-sur-Mer, CNRS, IRD,
UPMC) is a natural site for studying
biodiversity in the French PyrénéesOrientales department, and more
generally in Languedoc-Roussillon
region. This site is located on a
rocky coast at the eastern tip of the
Pyrenees mountain range and on
the western side of the Gulf of Lion.
It has an exceptional environment
because of the diversity of the
series of biotopes ranging from
the Mont Canigou peaks to the
Massane forest and the depths
of the underwater canyons. This
biodiversity is partially associated
with this elevation gradient, which
ranges from almost 1 000 m at the
Col de la Massane to more than
1 000 m below sea level within a
distance of less than 60 km.
This laboratory has four main
objectives, i.e. training and
outreach activities, research,
monitoring and hosting. It was set
up as a CNRS laboratory in 1967,
and became an internal training

school of the Université Pierre et
Marie Curie (UPMC) in 1985, and
then obtained the national status
of Oceanological Observatory of
the Institut National des Sciences
de l’Univers. ARAGO thus conducts
long-term monitoring of different
environmental parameters. This
monitoring now includes biological
parameters. It has very close links
with regional authorities, which
benefit from the laboratory’s
expertise on coastal environments.
The laboratory initially served as a
base for harvesting material. Then
it was soon associated with many
discoveries, including underwater
canyons and their biodiversity,
cell division in sea urchins, and
the smallest eukaryotic organism
known to date, in addition to the
ongoing discovery and description
of many biological species.
Internationally renowned scientists
have conducted and directed
research in the laboratory, which
has also hosted several Nobel Prize
winners.
The laboratory’s research has
always been biodiversity oriented,
and it has been instrumental in
creating two natural reserves in
France (Forêt de la Massane, Réserve
marine de Cerbère-Banyuls). Inland
research is currently conducted by
hosted researchers.

Heterotrophic
flagellates

Virus

Bacteria

Ciliates

Copepods

Small phytoplankton
<20 µm

Large phytoplankton

Microbial trophic network

Bivalves,
fish, etc.

Macroorganisms of a
herbivore trophic network

S A simple diagram of a microbial trophic
network and a herbivore trophic network.
The arrows indicate the predation and/or
infiltration of prey by predators.

A service unit (UMS) provides
support for ARAGO by pooling its
logistical and analytical tools while
also coordinating other initiatives
of the observatory.
As part of its knowledge
dissemination mission, the
laboratory is developing a
large-scale scientific mediation
programme aimed at boosting the
awareness of various audiences,

including school children, on
Mediterranean marine and
terrestrial biodiversity through its
‘Biodiversarium’, an outreach center
which includes an aquarium and
a Mediterranean garden located at
two sites. It has interactive spaces
where people can become familiar
with Mediterranean terrestrial and
marine species and the laboratory
research orientations, and for
children it also illustrates the tasks
fulfilled by researchers.

on investigating the effects of local
and global changes associated with
human activities on coastal marine
ecosystems and the communities,
populations and organisms living in
them. This involves analysis of the
diversity of these ecosystems while
considering the main categories
of micro- and macro-organisms
present at different organization
scales, and their responses to
modifications of environmental
factors.

The European Community
recently classified the ARAGO
laboratory amongst the most
important marine biology research
infrastructures over the next 20
years.

Research carried out by ECOSYM is
oriented towards: (i) determining
a type of element (coastal marine
ecosystems, communities and
populations living therein), (ii)
formalizing questions on the
impacts of environmental change
on the main biological constituents
(from individual to ecosystem
levels), and (iii) designing and
developing tools that can be used
to gain insight into and predict the
impacts of such changes. •••

Environmental change
and coastal marine
ecosystems
Coastal marine ecosystem
dynamics are impacted by local
human activities in addition to
global modifications induced by
climate change, which can alter the
structure of species communities
and lead to overall ecosystem
breakdown. In this setting, the joint
research unit (UMR) Écologie des
systèmes marins côtiers (ECOSYM
CNRS, IRD, UM2) focuses research

Biodiversity—Science for humans and nature

The research involves several
fields of excellence, including
marine ecology, biogeochemistry,
microbiology and biology of model
marine organisms (sea urchins,
Ostreococcus, amphioxus, seabass, etc.). Studies are supported
by solid national, European and
international partnerships and
close collaborations with industrial
stakeholders, especially in the
field of marine biotechnology and
pharmacology. Four research units
are integrated in the observatory,
including three CNRS/UPMC units:
 LOMIC (Microbial Oceanogaphy
Laboratory)
 LECOB (Benthic Ecogeochemistry
Laboratory)
 BIOM (Laboratoire de Biologie
Intégrative des Organismes Marins)
 COREUS (Laboratoire de
Biocomplexité des écosystèmes
coralliens, IRD/UPMC research
unit).

B. Mostajir & F. Vidussi © RESEAUX team
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Biodiversité fonctionnelle

M. Taquet © FADIO/IRD-IFREMER
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This research is supported
by a combination of three
methodological mainstays that
enable knowledge acquisition
and ecosystem analysis, i.e.
observation, experimentation and
modelling. Conceptual approaches
and methodological tools are also
geared towards characterizing
the spatiotemporal dimensions
of coastal marine ecosystems.
In addition to understanding
the effects of physicochemical
factors on the structural and
functional characteristics of coastal
marine ecosystems, the aim is to
specifically investigate human–
coast–sea, benthos–pelagos and
macroorganism–microorganism
interactions involved in observed
balances/imbalances.
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The three scientific priorities of
ECOSYM are:
 describing, understanding and
modelling the impacts of locally
and globally induced environmental
change on biological constituents
(networks, communities,
populations, organisms) of coastal
marine environments in terms of
adaptive capacities, diversity and
interactions
 assessing the impacts of structural
modifications within micro- and
macro-organism assemblies on their
ecosystem functions
 contributing to the development
of conceptual and methodological
bases for the management of

resources and ecosystem services
provided by coastal marine
environments.
The UMR has an exceptionally high
research and training potential in the
fields of ecology and coastal marine
biology in several respects:
 mixed staff (member organizations
and missions)
 balance between research and
training potentials
 critical masses achieved by the
main biological compartment
categories.
ECOSYM research activities are
backed by different joint technical
supports: two joint services,
six technical platforms, one
experimental microbiology platform
(MICROBEX) located on the UM2
campus and the Mediterranean
Platform for Marine Ecosystem
Experimental Research (MEDIMEER)
research and monitoring site located
at the Station Méditerranéenne de
l’Environnement Littoral (UM2) in
Sète (France), which is the unit’s
second site in metropolitan France.
The creation of the experimental
microbiology platform to pool
part of the unit’s technical support
for microorganism culture and
characterization, and to enhance its
small volume in vitro experimental
capacity and to develop an interface
between these resources and external
users. Two secondary sites (Dakar,
Hanoi) serve to develop partnership

research and training projects on
the unit’s themes in developing
countries.

Global change and
exploited marine
ecosystems
The aim of the joint research unit
(UMR) Exploited Marine Ecosystems
(EME, IFREMER, IRD, UM2) is to
study the impact of global change
on marine ecosystems, their
governance and exploitation, while
developing evolution scenarios
using empirical models and
analyses.
UMR EME consists of three research
teams focusing on three crosscutting
themes:
 The Habitats and resource
dynamics research team
(organization and adaptive
strategies of fisheries resources)
studies mesoscale structuring of
different levels of marine ecosystems
in relation to global change. It
correlates the spatiotemporal
dynamics of productivity, trophic
interactions and population
dynamics with physical dynamics.
 The Trophic networks and
biodiversity research team studies
ecosystem functioning using tracers
(gut contents, stable isotopes,
contaminants) and combined spatial
models to gain greater insight into

BIOPS—biodiversity of marine pelagic
environments in the Indian Ocean
Terrestrial ecosystems have been the focus of considerable attention by the scientific
community but, because of their remoteness, relatively little is known about pelagic marine
ecosystems, despite the fact that marine biodiversity is an important natural and cultural
resource for many developing countries, such as Indian Ocean Island countries. The BIOPS
programme, funded by the Foundation for Research on Biodiversity, aims to study pelagic
marine biodiversity in the western Indian Ocean region through a broad range of data
sources in order to characterize and monitor this pelagic biodiversity. The project aims to
draw up an inventory of pelagic biodiversity through various ‘samplers’ which are, for the
first time, pooled and used towards fulfilling this objective: (i) large pelagic fishing vessels
(observers onboard longliners), (ii) large predatory fish that sample intermediate trophic
levels via their opportunistic feeding habits, and (iii) fish aggregating devices which have a
natural capacity to aggregate many pelagic fish species. The analyses aim: (i) to determine
the most relevant indices for characterizing pelagic biodiversity from these mixed data, and
(ii) to analyze their spatiotemporal patterns.
Besides reviewing the pelagic marine biodiversity situation in the western Indian Ocean
region, including retrospective analyses and new data acquired during the project, BIOPS
will ultimately propose methods for monitoring this biodiversity, including systems for the
collection of regular and original data by industrialized and developing countries, and rapid
and robust analysis tools to detect changes in this biodiversity and their causes (climate and
anthropogenic changes).

resiliency and regime changes in
marine ecosystems.
 The Exploitation, industry and
governance research team focuses
on the dynamics of world markets
and stakeholder behaviour (largescale bioeconomic coupling, fleet
strategies, management of dumping
and bycatches), fisheries governance
and evolution within the framework
of an ecosystem approach.
The Mediterranean and tropical
observatory platform includes two
teams:
 The Mediterranean and tropical
observatory provides statistical
and scientific monitoring of French
surface tropical tuna fisheries in the
Atlantic and Indian oceans, along
with Mediterranean coastal fisheries
monitoring.
 The Ecoscope project is focused
on capitalizing, promoting and
disseminating knowledge acquired
by the research unit.
The Tropical and Mediterranean
fisheries expertise platform covers
activities dealing with analyses and
individual or collective fisheries and
resource expertise via an ecosystemoriented approach to fisheries.
The Teaching–training platform is
involved in supervision of university
courses and a network of graduate
schools:
 in France, with the ‘Ecosystem
approach to exploited marine

Contact: Frédéric Ménard, Frederic.Menard@ird.fr

resources’ module offered in the
M2 MSc and PhD programmes as
part of the ‘Aquatic bioresources
in Mediterranean and tropical
environments’ course of the
‘Integrated Systems in Biology,
Agronomy, Geoscience,
Hydroscience and Environment’
graduate school
 in Europe, on the ‘quantitative
marine ecology’ theme with the
support of the European Network
of Excellence for Ocean Ecosystem
Analysis (EUR-OCEANS) Consortium
hosted by the Centre de recherche
halieutique méditerranéenne et
tropicale de Sète (France).

Marine ecosystem
microorganisms and
global change
Microorganisms have a crucial
role in the structure and function
of marine ecosystems. They are
involved in chemical changes
which—on a geological scale—have
determined the composition of the
atmosphere and the balance of the
main nutrient salts in oceans and
which phytoplankton depend on
to ensure primary production. All
of these processes interact with the
atmosphere and affect the climate.
The scientific challenge is
to describe and understand
environmental factors controlling

marine microbial communities so
as to be able to predict the impacts
of global change on the biology and
chemistry of oceans. Global change
includes modifications in ocean
temperatures, circulation, nutrient
availability and pH associated
with the increase in greenhouse
gases, as well as alterations in
the marine environment linked
with the increase in human
pressure (habitat destruction,
eutrophization, pollution, etc.).
The advent of molecular tools for
ocean micoorganism studies 20
years ago revealed the exceptionally
high phylogenetic and functional
diversity present, even though
there is still much more to explore.
Less than 1% of marine bacteria
can presently be cultured in the
laboratory, so the development
of new microorganism culture
techniques is a constant challenge
for microbiologists in order to be
able to describe the ecological and
biotechnological properties of yet
unknown species. •••
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SMultispecies fish school in
a fish aggregating buoy in the
Indian Ocean.
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S Banc d’Arguin, Nouakchott, Mauritania.

In this setting, the aims of the
Microbial Oceanography Laboratory
(UMR LOMIC, CNRS, UPMC) at
Banyuls-sur-Mer are:
 to identify the main stakeholders
and quantify key processes
governing the biogeochemical
properties of oceans
 to gain insight into links
between the diversity of microbial
communities, their functions/
metabolic activities, and features of
the environment
 to study links between the
physiology of microorganisms and
their environment
 to make effective use of marine
microorganisms in partnership with
industrial stakeholders.

Sea, Indian Ocean, Arctic Ocean) and
is combined with laboratory studies
associated with physiology studies
on model marine microorganisms
such as the microalga Ostreococcus
tauri, with the isolation and
description of new bacterial strains,
and with the assessment of their
potential for bioremediation and for
the production of pharmacologically
and dermocosmetically beneficial
biomolecules.

LOMIC has four teams to address
these different issues:
 Responses and functions
of microorganisms in marine
biogeochemical environments
 Microbial biodiversity and
biotechnology
 Joint Pierre Fabre/CNRS/UPMC
research team
 Systemic biology of environmental
responses.

Structure and function
of coral ecosystems

The range of expertise available
within LOMIC (biogeochemistry,
genetics, integrative physiology)
is pooled to develop original
approaches that combine so-called
‘omic’ techniques (genomic,
metagenomic, transcriptomic,
proteomic) with biogeochemical
measurements associated with
microorganisms. This research
is carried out in different ocean
environments (e.g. Mediterranean

LOMIC research is backed by the
monitoring service, marine bacterial
strain collection and cytometry
and molecular biology platforms of
the Observatoire Océanologique de
Banyuls-sur-Mer (France).

Coral ecosystems, as well as
mangroves and marine herbal
communities, are major coastal
habitats in tropical and intertropical
regions. These essential ecosystems
serve as biodiversity reservoirs, with
complex trophic networks and biotic
interactions, high spatial structuring
and production. Complex and fragile
coral reefs and associated ecosystems
are endangered, which in turn
impacts some 500 million people who
directly or indirectly depend on them
in around 100 different countries,
mostly in the developing world.
France, with 55 000 km² of coral reefs,
is responsible for one of the largest
great reefs in the world. It is thus
essential to preserve these exosystems
by acquiring baseline knowledge

on the biodiversity within these
systems so as to promote sustainable
management concepts.
The health status of coral reefs, their
biodiversity and fate in a global
change setting is a challenge for
the scientific community. These
issues, which include a substantial
social constituent, may be dealt with
through ecosystem biocomplexity
oriented research. The research
unit (UR) Biocomplexité des
écosystèmes coralliens de l’IndoPacifique (COREUS, IRD, UPMC) is
addressing this situation by studying
the structure of coral ecosystems
and their functions on different
spatial and organizational scales.
This involves, for instance, analyzing
biodiversity erosion mechanisms
and long-term impacts on their
functioning, especially with respect to
ecosystem services. It is thus possible
to gain greater insight into the
resistance and resiliency of systems,
while focusing especially on phase
changes. The unit is often requested
to assess the health status of reefs, to
quantify the efficacy of implemented
protection measures and to outline
conservation strategies that could be
proposed to preserve biodiversity,
ecosystem services and fisheries
resources in coral environments.
In addition to the Observatoire
océanologique de Banyuls-sur-Mer,
the unit has sites set up in four other
geographical areas in the Pacific
and Indian Oceans, and in the West
Indies, with its main site being in
New Caledonia. The UR has a broad
range of expertise in biology, ecology,

taxonomy, phylogeny, biogeography,
phylogeography, population genetics,
fisheries, resource management,
marine remote sensing and
modelling. This scope of expertise
in different fields enables the unit to
develop a comparative, integrated
and multidisciplinary approach and
come up with responses to major
biocomplex problems currently
affecting coral ecosystems and other
large-scale global ecosystems.
In addition to recurring budgets
provided by donors, the unit
obtains funding from the European
Development Fund, the territories
(ZoNéCo programme), calls for
projects of the French Ministry
of Overseas Affairs and the Fonds
Pacifique, the French Development
Agency (Coral Reef Initiative for
South Pacific), and finally from the
French Ministry of the Environment
through the Initiative Française
pour les REcifs Coralliens (IFRECOR)
programme. COREUS is a member
of the international Écosystèmes
Coralliens research group, while also
participating in the Biodiversité et
Chimiodiversité Marines (BioChiMar)
research group. The unit’s scientific

research activities are conducted
within the framework of the Grand
Observatoire de la biodiversité marine
et terrestre du Pacifique Sud for which
it coordinates the marine research
component.

Biodiversity and
ecogeochemistry of
benthic environments
Marine benthic environments
host various processes of
organic and inorganic matter
transfer, transformation and
accumulation. This material
serves as a substrate for highly
diversified communities, from
microorganisms to macrofauna,
which play a major role in these
processes. At the water-sediment
interface, the combination of energy
resources and environmental
constraints exerts high pressure
on benthic communities and leads
to the development of complex
associations capable of utilizing the
available energy.
Gaining insight into mechanisms

F. Lebaron © Observatoire Océanologique de Banyuls-sur-Mer

that govern the dynamics of
biodiversity in response to
resource availability and related
ecogeochemical processes is the
primary research objective of the
Benthic Ecogeochemistry Laboratory
(LECOB, CNRS, UPMC). The
approach mainly applied by the
laboratory is focused on interactions
of variable intensity between
organisms and the chemical and
physical constituents of their
environment, along the shallow
to deep water continuum. It aims
to set the basis—through the
study of complex ecogeochemical
networks—for a new approach to
relationships between community
diversity, energy transfer and
chemical transformation processes
in benthic environments.
The laboratory has a broad
range of expertise in biology,
ecology, biochemistry, physical
oceanography, marine chemistry
and biochemistry. This enables it to
develop multidisciplinary integrated
approaches on model environments
such as coastal zones, submarine
river fans and canyons, or deep-sea
chemosynthetic ecosystems. •••

S Study on the impact of mining
activities in the coral reefs and lagoons
of New Caledonia.

In New Caledonia, the challenge is to determine the
extent to which coastal resources can withstand (without
irreversible degradation) human activities, especially those
associated with the economically important nickel industry.
Assessing the direct or indirect disturbances is crucial.
The COREUS research unit and partners, in collaboration
with local authorities, are addressing this issue through the
‘Co-management of reefs and lagoons with high natural value
in New Caledonia’ (COGERON) project developed in North
province. This project follows up the Koniambo mining project
in Voh-Koné-Poinbout region. The main aim is to provide

stakeholders with the means to manage access to the lagoon
and fisheries, and thus to reduce environmental degradation.
From 2006 to 2008, fisheries surveys and assessments
of fishing activities concerning crabs and reef fish have
highlighted the importance of nonprofessional fishing in this
area. Fisheries pressure is still reasonable, but there is a risk
of overfishing due to the increase in anthropogenic pressure
in the region. The results of these studies should help improve
management of this risk.
Contact: Claude Payri, claude.payri@ird.fr
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Functional biodiversity

‘Identification and analysis of operating principles
for the eastern coastal region of Madagascar—
towards integrated management’ project
E.Rakotoarisoa © CIRAD

S Contrasting uses of the sea in
Madagascar—coastal fisheries and
petroleum development.

Coastal regions of Madagascar are of major ecological
and economic interest for the sustainable development
of Madagascar and the Indian Ocean region. For instance
the coral reefs and mangroves, breeding sites for shrimp
and most of the coastal fauna, represent a potential
annual income of €100–200 million. This income includes
the environmental services that these habitats provide.
It is thus essential to preserve the diversity, health and
complementarity of coastal ecosystems in Madagascar.
However, the coastal ecosystems on this island are
now seriously threatened by natural phenomena, but
especially by human activities. This raises questions on the
urgency and necessity of applying strategies for effective
management of coastal areas: Is it possible to implement
integrated management strategies for coastal areas in
Madagascar, and what relevant monitoring-assessment
methods could be introduced to protect coastal areas and
especially to ensure sustainable development?
This study strives to address these questions through a
systemic-type approach. It accounts for different scales
at which significant interactions between biodiversity
constituents take place, social organization conditions,
public policies (international and national), forms of
local governance, and economic development activities.
This will help to gain greater insight into the features
of the ecosystems present in Madagascar and how
they are managed. This project, which is funded by the
Institut Français de la Biodiversité, CNRS and IRD, is
focused on studying the eastern region, which is typically
representative of the coastal biodiversity of Madagascar.
Researchers of different disciplines (law, economy, biology,
sociology, anthropology, computer science), from both
industrialized and developing countries, are involved.
Contact: Philippe Karpe, karpe@cirad.fr
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For further information: http://sites.google.com/site/gizcmadagascar
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LECOB implements in situ and
mesocosm experiments, as well as
long-term monitoring of biodiversity,
to validate the predictions of
modelling approaches.
In addition to its basic support from
the CNRS Institute of Ecology and
Environment and the Université
Pierre et Marie Curie, the unit is
funded through French National
Research Agency projects, CNRS
‘Continental and coastal ecosphere’

projects, a Fondation TOTAL and
Université Pierre et Marie Curie Chair
on ‘Extreme Marine Environment,
biodiversity and global change’, and
two European Commission projects,
including a Marie Curie research
training network. LECOB participates
in the French Réseau National
des Stations et des Laboratoires
Marins and in the CNRS-Ifremer
ECCHIS research group devoted
to chemosynthetic ecosystems.
Its international involvement

also involves the coordination of
a working group of the Scientific
Committee for Ocean Research
(SCOR) as well as the CNRS European
research group on the Diversity of
Organisms Associated with Marine
Wood Falls (GDRE DiWOOD). 
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