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Current and past origin,
dynamics and evolution
of biodiversity
For over 30 years the Institut des
Sciences de l’Évolution de Montpellier
(ISEM, CNRS, IRD, UM2,) has been
conducting research on the origin
and dynamics of biodiversity, and
on the conditions and mechanisms
underlying its evolution. This research
is focused on both current and past
biodiversity trends, encompassing
a broad range of organisms and
environments via field, experimental
and theoretical approaches.
Basic evolutionary biology issues
(adaptation and speciation
mechanisms, etc.) are relevant for
understanding the mechanisms
underlying biodiversity, its structuring
and functioning, but research carried
out by ISEM also incorporates:
(i) accelerated data production
methods and the enhanced capacity
to perceive different structural and
functional aspects of living organisms
(from genes to ecosystems) so as to
be able to understand evolutionary
mechanisms responsible for
biodiversity on a global scale, and
(ii) scientific and social queries on the
response capacities of biodiversity
(organisms and/or communities)
to global change. This shifts the
evolutionary research in a more
applied and/or predictive direction.

 The Diversity Department addresses

the need to compare evolutionary and
ecological processes (evolutionary
ecology) to gain insight into
mechanisms underlying biodiversity
dynamics. This department is focused
on understanding the effects of global
change on organisms, populations
and communities. The development of
theoretical models is just as essential
as experimental evolution research.
 The Form Department is geared
towards boosting knowledge on
mechanisms by which development
dynamics affect phenotypic evolution
variation—these mechanisms are
essential in biodiversity emergence.
The proposed approach combines
studies on fine mechanisms
responsible for the emergence and
variability in forms. The paleonological
approach to this evolution, i.e. taking
paleobiodiversity into account, is an
integral feature of this department.
 The Conservation and

Domestication Department embodies
the unit’s activities in promoting
applied evolution and biodiversity.
The department documents and
makes effective use of baseline
knowledge on ichtyological diversity,
the adaptive potential and structuring
of populations to come up with
means necessary for the development
of conservation, management
and domestication (aquaculture
production) methods.
 The Environment Department

 The Genome Department was

founded in response to the increased
importance of genomics in the
approach of ISEM to evolution and
biodiversity. The research of this
department benefits from access
to genetic information to unravel
evolutionary processes, especially
those involved in molecular evolution
and phylogeny, adaptation and
speciation mechanisms.

conducts research on two major
topics: reconstitution of climate
change and the dynamics of former
ecosystems. These two topics are
based on the acquisition of new data
(environmental proxies) and modelling
to gain further insight into current and
future processes. One of the aims of
this research is to manage biodiversity
at species and ecosystem levels in a
global change setting. •••

W A 7 month old tilapia (Sarotherodon melanotheron)
reared in the Système Aquacole à Recyclage Intégral (SARI).
TSARI prototype set up in Senegal.

S. Gilles © IRD

Researchers of the Conservation and Domestication
Department are highly involved in the development of specific
aspects derived from evolution studies. Some of these scientists
are posted in developing countries, such as Indonesia and
Peru, working specifically on issues concerning tropical species
(Pangasius, Colosoma, etc.). European species are also the focus
of indepth studies, e.g. trout, Mediterranean sea bass and
sturgeon. Highly theoretical research is under way to determine
the species and populations, their origins and interactions
with the environment, along with highly applied research on

S. Gilles © IRD

As evolution has a major impact on all aspects of biology,
biological tools and concepts are implemented to an increasing
extent to address socioeconomic issues. This also applies to
aquaculture. It is essential—due to the stagnation and even
regression of fisheries catches and rising human population
growth—to characterise fish diversity in order to be able to
ensure its preservation and sustainable management. Solid
scientific foundations are thus essential for the development of
environment-friendly aquaculture. ISEM thus aims to participate
in acquiring the baseline knowledge required for understanding
evolutionary processes, while also using this insight to answer
practical questions.

rearing techniques to ensure sustainable aquaculture. All of this
complementary research is tightly integrated and coordinated,
which is also an innovative aspect that ISEM intends to promote.
Contacts: Marc Legendre, marc.legendre@ird.fr
& Jean-François Agnèse, jean-francois.agnese@ird.fr
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Tree species diversity
in French Guianan forests
In tropical rainforests, community ecology studies are
hard to carry out because of the extremely
high biological and structural diversity,
and also due to the lack of knowledge
on the resident flora. In French
Guiana, there are on average
150–170 different tree species
per forested hectare, whereas
this French department hosts
1 600 species overall, and
new ones are described
every year. Moreover,
floristic composition varies
considerably within short,
medium and long distances.
Describing and analysing these
variations in both composition
and species diversity is a key
challenge in terms of obtaining
baseline knowledge and facilitating
sustainable management of natural
D. S
abati
er © UMR AMAP
resources. This theme is studied by UMR AMAP
through a network of permanent study plots in which
the local species diversity of tree communities is measured via
detailed botanical inventories.

Main teams
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
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Data from these test plots—supplemented by remote
sensing data, soil and geological sampling, genetic
analyses and archeological data—enable the
development of models and testing of
hypotheses on the causes of variations in
species diversity. This is how the influence
of current environmental factors
(climate, soils, natural disturbances) on
tree diversity has been documented
at local and regional scales.
Moreover, these permanent plots
in French Guiana are part of a
large international network of the
same type. Data from this network
revealed large-scale gradients of
floristic composition and diversity
across the Guiano-Amazonian forest
basin. These gradients were correlated
with soil fertility and dry season length
gradients.
Contacts: Daniel Sabatier,
daniel.sabatier@ird.fr
& Jean-François Molino, jean-francois.molino@ird.fr

Systematics, genetics,
ecology and evolution
of populations of target
organisms
The Center for Biology and
Management of Populations
(UMR CBGP, CIRAD, INRA, IRD,
Montpellier SupAgro) conducts
research in the fields of systematics,
genetics, ecology and the evolution
of populations and communities
of organisms that are important
for agriculture, human health and
biodiversity in a global change
setting. This research is geared
towards the development of
conceptual, theoretical and technical
tools required for the identification,
monitoring and management of
these interacting organisms and
communities. A range of biological
models are studied, including
arthropods, nematodes and rodents,
as well as the communities with
which they may be associated.
CBGP focuses on characterizing
biodiversity through a
multidisciplinary approach.

S In tropical rainforests (here in French Guiana),
adjacent trees are often of different species.

This involves identifying and
determining the biological entities
and assessing diversity through the
development of molecular biology
and computer tools to facilitate and
enhance taxonomy and systematics
research. CBGP has expertise
in systematics and maintains
large germplasm collections
(over a million specimens) and
entomology, acarology, nematology
and mammalogy databases. These
databases pool taxonomic, biological
and georeferenced information.
CBGP is involved in international
projects aimed at developing a
barcode of living organisms to serve
as a standard taxonomy tool (see
the Consortium for the Barcode
Of Life). CBGP is also focused on
determining the origin, history
and spatiotemporal distribution
of this diversity by studying:
(i) the diversity of these organisms
on different geographical scales,
(ii) factors affecting the geographical
distribution of the studied entities,
and (iii) phylogenetic relationships
between the different entities. It
is now possible—thanks to the
development of georeferenced

databases—to explain the
distribution of certain taxa according
to factors such as climatic conditions
and available resources, thus
boosting insight into mechanisms
underlying the formation of
communities of organisms. These
different approaches are essential
for characterizing studied taxa and
more accurately determining their
evolutionary history, especially
with respect to: (i) invasive species,
(ii) pathogen reservoirs, and (iii) crop
and stored food pests.
CBGP has developed a broad network
of collaborations and scientific
partnerships. In Montpellier
(France), it is collaborating directly
with other joint research units to
develop research in the fields of
evolutionary and ecological biology,
and with ISEM, CEFE, AMAP and
the Genetics and Evolution of

Infectious Diseases laboratory
(GEMI). CBGP is a member of
the Montpellier, Environnement,
Biodiversité federative research
institute. Finally, CBGP has set up a
diversified national and international
partnership (industrialized and
developing countries) formalized by
the French National Research Agency
(ANR) as well as European and
international projects.

Molecular diversity
central to host-parasite
interactions
The scientific activities of the joint
research unit (UMR) Biologie et
Écologie tropicale et méditerranéenne
(BETM, CNRS, UPVD) are focused on
analysis of the diversity of interactions
between parasites and their
surrounding environment.

This latter environment encompasses
host species that the parasites utilize
depending on the environment in
which they are transmitted.
Multiscale integrative approaches
(from molecules to populations) are
implemented by the research unit
to analyse genetic and epigenetic
mechanisms of phenotypic diversity/
plasticity and thus the adaptability to
environmental variations impacting
these species.
One of the laboratory’s key models is
the metazoan parasite Schistosoma
mansoni (schistosome) which causes
schistosomiasis, a parasitic disease that
affects over 200 million people in 74
intertropical countries. This parasite
uses various freshwater molluscan
species as intermediate hosts, in which
the larval forms that infect humans are
propagated asexually. •••

Left. Culex pipiens.
Right. Ixodes ricinus.
Bottom. Phlebotome
piquant L.

B. Pesson © Université Louis Pasteur

S Top. Camargue horses.

An international conference held in May 2010, in Montpellier
(France), marked the end of the Emerging Diseases in a changing
European eNvironment (EDEN) project, which was launched by the
European Commission (6th Framework Programme of Research and
Technological Development). This large project (49 partners in 24
countries in Europe, the Middle East and Africa) was designed to
assess the effects of environmental changes on the risk of human
disease emergence and to characterize the most exposed ecosystems.
Vector- (ticks, insects, etc.) and rodent-borne diseases were selected
because they are highly sensitive to such changes. The results
showed that social, economic and behavioural factors are often more
important in explaining emergence than climate change. However,
each epidemiological system is a special case and it is essential to have
access to top quality field and public health data to be able to draw
conclusions.
In addition to these results, the project led to the completion of
some 60 university theses and the construction of a research network
recognized by the European Community (EC) and public health
agencies. The EC has also just launched the EDENext project, around
the same scale as EDEN, and which can be considered as a follow
up that also deals with animal health. EDENext is focused on gaining
insight into the risks of introduction, installation and dissemination
of vector-borne diseases, and on the systematic assessment of
vector population control methods. The socioeconomic dimension is
taken into account, with studies on stakeholder risk perception and
management. EDENext, like its predecessor, is a developing country
oriented project coordinated by CIRAD and IRD.
Contact: Renaud Lancelot, renaud.lancelot@cirad.fr
For further information: www.eden-fp6project.net
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EDEN and EDENext: understanding emerging diseases
to enhance their prevention and control
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Evolutionary dimension in biodiversity studies:
contributions of phylogenetic and phylogeographical approaches
Phylogeny and phylogeography (see fig. next page X) are disciplines
that facilitate the description and understanding of evolutionary
relationships between groups of organisms—between populations
of the same species (phylogeography) or between different
species or even genera (phylogeny). In UMR CBGP, these
approaches are used to enhance: (1) the understanding of
diversification patterns of given groups (phylogenetic approaches
in a temporal framework), (2) the analysis of spatial patterns
of diversity distributions on infraspecific (phylogeography) and
supraspecific (historical biogeographical approaches in phylogeny)
levels, (3) the assessment of population parameters (divergence
times, temporal variations in population size) and reconstruction
of colonization events, (4) species distinction and identification of
conservation priorities, and (5) the understanding of evolutionary
conditions with respect to certain characters (life history
characteristics, adaptive characters, genome organization, etc.).
The comparative phylogeny of partners in given interactions
(e.g. mutualistic or parasitic) boosts insight into the evolution of
traits involved in such interactions and their impact on speciation
phenomena.

Moreover, the biogeographical history of species can be charted
to gain further insight into the impact of past and present
bioclimatic cycles on the diversity of species and their current
distributions. Such charting also facilitates identification of
potential refuge areas where species might have survived during
the last paleoclimatic change period. This aspect is crucial in
conservation biology because refuge populations are often more
genetically diversified. Greater genetic diversity gives species more
chance of surviving major environmental modifications such as
those induced by global change currently under way.
Contacts: Emmanuelle Jousselin,
emmanuelle.jousselin@supagro.inra.fr
& Gaël Kergoat, gael.kergoat@supagro.inra.fr
X Figure illustrating the advantages of phylogenetic and
phylogeographical approaches on supra- and infra-specific levels.
On the left - a few applications of phylogenetic studies: species distinction (e.g.
DNA barcoding)/biodiversity description; studies on the evolution of life history
characteristics; historical biogeography studies.
On the right - a few applications of phylogeographical studies: conservation biology
(e.g. identification of populations threatened by global change); biodiversity
distribution (population genetics studies) and invasion biology (history of invasions).

Other teams focused
on this topic
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

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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UMR AMAP
Botany and Computational
Plant Architecture
(CIRAD, CNRS, INRA, IRD, UM2)
44 scientists
Director: Pierre Couteron,
diramap@cirad.fr
http://amap.cirad.fr
X Presentation page 58

UMR CEFE
Centre d’Écologie Fonctionnelle et
Évolutive
(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

... continued on page 16

One of the current lines of research
is aimed at gaining insight into
the spatiotemporal variability in
observed levels of compatibility
between different populations of this
schistosome and their molluscan
hosts. At this stage of the hostparasite interaction, phenotypic
variability is highly expressed in
the key molecules involved in host
defence mechanisms and parasite
infectivity. In this setting, the UMR is
jointly developing:
 functional genomic and proteomic

approaches aimed at characterizing
these molecular determinants
 studies on diversity-generating
processes that genotypically and/
or epigenotypically involve these
determinants
 population-oriented approaches
that enable real-time monitoring of
these markers in their coevolutionary
dynamics.
Male and female schistosome couples
form and sexually reproduce in the
vertebrate host, thus generating
genetic diversity. At this level, the
UMR is developing research on the

impact of reproductive systems and
strategies (genotype-dependent
recruitment, mating choices, divorce
rates, etc.) on phenotypic diversity in
the parasite offspring.
Some of the main programmes
under way, supported by ANR
projects, include BIOMGENIM for
studies on the evolution of innate
immunity in the molluscan hosts,
SCHISTOPHEPIGEN for genetic
and epigenetic mechanisms
underlying phenotypic plasticity,
MONOGAMIX for pairing systems,
and SCHISTOMED for research on
anti-schistosome molecules.
The laboratory, which is a
WHO Collaborating Centre for
Schistosomiasis, experimentally
maintains the complete lifecycles
of several Schistosoma species and
strains. This expertise is utilized for
developing—in partnership with
public and private chemistry and
pharmacochemistry laboratories—
a new and more applied line of
research aimed at testing the antischistosome efficacy of new hybrid
molecules.

Infectious diseases are still a major
public health problem in Europe
and developing countries. In recent
decades, our planet has been
undergoing environmental, climatic,
demographic and economic changes
that could foster the development,
emergence or geographical spread
of epidemic, endemic and even
pandemic diseases.
The goal of the joint research unit
(UMR) Infectious Diseases and
Vectors: Ecology, Genetics, Evolution
and Control (MIVEGEC, CNRS, IRD,
UM1) is to understand—through
integrative research—processes
of replication and transmission
of infectious agents and their
transmission dynamics, to study
their potential vectors, and to analyse
the strategies and mechanisms
(especially genetic) of adaptation
and evolution of host-pathogen
complexes. The unique feature
of MIVEGEC’s research is that it
integrates all levels of study of these
complexes, i.e. from the pathogen
to the environment, including
the vertebrate host and vector.
This research gives rise to the
development of novel disease control
strategies. The research is carried

out on different models, continents
and scales: ecosystems, host and
pathogen populations, individuals
(via genetic and cell biology studies),
while incorporating relationships
between the different constituents.
The diverse range of models studied
(Leishmania/sandflies, Plasmodium/
mosquitoes, Trypanosoma/Triatoma,
arboviruses/Aedes, Borrelia, Babesia/
Ixodidae, pathogenic insects, Buruli
ulcer, toxoplasmosis, Mycobacterium
and tuberculosis, cholera, influenza
A virus, virus–plant interactions) is a
major asset of the UMR. MIVEGEC
consists of 10 teams:
 BEES: Biology, ecology and
evolution of vectorial systems
 DySMI: Systems dynamics–
infectious diseases
 ETE: Theoretical and experimental
evolution
 GAP: Plasmodium genetics and
adaptation
 GeneSys: Genetics and biodiversity
of infectious systems
 IAP: Parasitic interactions and
adaptations
 INCHA: Integrative epidemiology of
Chagas disease
 MeBFEA: Baseline biological
mechanisms of ancestral eukaryotes
 SAT: Transmission strategies and
adaptations
 VECOPS: Strategies for controlling
and preventing human-vector
contacts.

The research is carried out in Bolivia,
Benin, Burkina Faso, Cameroon,
Gabon, Morocco, Thailand, Vietnam
and France (including French
Guiana, Martinique, Mayotte and
Réunion), and in collaboration with
many other developing countries.
UMR MIVEGEC is a member of
two graduate schools affiliated with
Montpellier-based universities,
including ‘Integrated Systems in
Biology, Agronomy, Geoscience,
Hydroscience and Environment’
and ‘Health, Biology and Chemical
Sciences’. It is also a World Health
Organization (WHO) Collaborating
Centre for leishmaniasis and for
the use of pesticides in public
health applications. It hosts the
French National Reference Centre
for Leishmania and the National
Reference Centre for Toxoplasmosis.
Some of the teams have ISO 9001
certification (version 2000).
The unit is involved in around 30
research programmes with various
funding sources (European Union,
French National Research Agency,
French Ministries of Health and
Environment, National Institute of
Health, WHO, industries, etc.) and it
publishes over 150 referenced articles
annually. •••
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of host-pathogen
complexes
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Health ecology and biodiversity:
avian influenza viruses in Camargue region

M. Gauthier-Clerc © Tour du Valat
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Health issues have long been dealt with through symptomatic and
immediate approaches without considering the underlying ecological
and evolutionary mechanisms. This is essential, however, to gain insight
into the role of complex interactions between organisms and their
environment or to foresee the potential impact of pathogen control
initiatives. In a rapidly evolving world under the effect of global change
(habitat alterations, massive use of pesticides and antibiotics, overuse
of natural resources, trade globalization, introduction of exotic species,
intensive livestock production, climate change, etc.), many of these
interactions have now been substantially altered, especially with respect
to parasites and pathogens. This situation is leading to the emergence of
new diseases or the loss of health and biodiversity services.

14

The highly pathogenic H5N1 avian influenza virus recently emerged
and spread from Asia to Europe and Africa. This has altered the
positive view of wild bird migration, even though its role seems to be
M. Gauthier-Clerc © Tour du Valat
disproportionate to that of commercial trade. Wild birds, contrary
to domesticated birds, are seldom infected with highly pathogenic avian influenza virus pathogens. Camargue region (France) is
located at the crossroads of several palearctic bird migration routes and is considered as a prime area for pathogen exchanges.
Research carried out in Camargue by the Tour du Valat centre, the Genetics and Evolution of Infectious Diseases Laboratory and
Institut Pasteur is focused especially on wild avian influenza virus reservoir species, phylogenetic relationships, contamination and
avian influenza virus dissemination pathways. The results show, for instance, the key role of ducks, herring gulls and little gulls in
the circulation of slightly pathogenic forms. Infection rates in ducks can vary markedly between years, but the monthly patterns are
constant, with infection rates decreasing from September to January.
Contact: Michel Gauthier-Clerc, gauthier-clerc@tourduvalat.org
S Teals in Camargue region in winter.
W Inset - Bewick’s swans and wild ducks
in Camargue region in winter.

Animal movements and the emergence of livestock diseases

UPR AGIRs is striving to gain insight into the dynamics of disease
transmission between wild and domesticated herds via direct
and indirect contact. It is focusing on animal movements and
ecological factors or human-related factors that govern sharing
of the same resources and areas. Buffaloes and cattle were fitted
with GPS collars that recorded their locations continuously

Trypanosoma:
identification, genetic
variability, host-parasite
interactions
Parasitic trypanosomosis diseases—
despite initiatives to control them—
are still worrisome public health
and development issues. Despite the
abandonment of mass screening,
the lack of medical surveillance of
threatened populations, the sharp
increase in sandfly–human–cattle
contacts associated with factors such
as climate and demographic change,
as well as the many shortcomings
and unknown aspects of the parasite
traits such as transmission patterns,
human African trypanosomiasis
(HAT, sleeping sickness) is a
reemerging endemic disease that
now ranks as a WHO public health
priority. Animal trypanosomiasis
(nagana) is also a major stumbling
block to the development of livestock
production in sub-Saharan Africa,
Latin America and Asia.
This fact, in addition to the scant
number of studies focused on these
‘vector-borne diseases’, prompted the
joint research unit (UMR) InterTryp
(CIRAD, IRD) to conduct research
on interactions established by the
parasites in the two hosts vital to
their survival:

over annual cycles.
These data enabled
determination
of movement
patterns, vital sites
and the potential
for between-herd
contacts. They
were analysed
with respect
to explanatory
variables such as
vegetation, water,
season, human
presence, etc.
These studies
D. Cornélis © CIRAD
contribute to the
assessment of health risks so as to enhance their management,
and more generally of risks of conflicts between conservation
and development imperatives.
Contact: Marie-Noel De Visscher, visscher@cirad.fr
S Attachment of a GPS collar and collection of a sample from a
buffalo in Gonarezho National Park, Zimbabwe.

an insect host (hematophagous
vector) and a mammal host (a blood
source for the insect) in order to
enhance control of these diseases.
Research conducted concomitantly
on natural human diseases by IRD
and on animal diseases by CIRAD
revealed that many questions apply
to both disease types in terms of
epidemiology and control, especially
since the parasites are transmitted by
the same vector (sandflies or tsetse
flies). By pooling complementary
and synergetic expertise in a single
UMR, it is possible to develop a joint
multidisciplinary approach aimed at
fulfilling three research objectives:
 to analyse and identify

trypanosomes (in the host and
vector), their genetic variability,
virulence and/or pathogenicity
factors of the parasite strains
according to their geographical
origins
 to study host-parasite interactions
through the identification of markers
involved in infection tolerance/
susceptibility during disease
development
 to clarify the vectorial transmission
conditions in order to better target
control initiatives.
To fulfil these objectives, the UMR
benefits from teams established
in several countries where these

diseases are present, and where
there are sufficient human and
financial resources to: (i) carry
out screening, (ii) detect and
characterize the parasites in the
vectors and hosts, (iii) provide
support for therapeutic followup and treatment, (iv) determine
the genetic structure of sandfly
populations, i.e. key elements of their
vectorial competence, (v) study the
relationships of three participants in
these parasitic ecosystems in their
environments, and (vi) perform
experimental infections (cattle) with
parasite populations that differ in
terms of their relevant biological
criteria.
This set-up in developing countries is
supplemented by a joint IRD-CIRAD
laboratory hosted on the MontferrierBaillarguet campus (France). This
laboratory features operational
infrastructures that enable molecular
and cellular analyses of factors
underlying the development, or
not, of pathogenic processes and
an insectarium where five sandfly
species and subspecies of medical
and veterinary relevance are reared.
It is thus possible to determine the
different key elements leading to
the abortive or, conversely, optimal
development of trypanosomes
that are transmissible to mammal
hosts. •••
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The African buffalo (Syncerus caffer), an emblematic large African
wildlife species, is found in the main protected areas of Africa.
This species shares a broad range of pathogens with cattle
and humans, including the causal agents of foot-and-mouth
disease, brucellosis, tuberculosis, etc. The buffalo-cattle model
is being studied by UPR AGIRs (CIRAD) to gain insight into
epidemiological interactions between domesticated and wild
animals. Several studies have been carried out since 2007 by
team members within and around protected areas in western
(W Regional Park) and southern (Limpopo Transfrontier Park)
Africa. The risks of interaction between wildlife, cattle and
humans are especially high along the edges of protected areas,
where herding and crop farming are practiced to an increasing
extent. In 1960, for instance, contacts between infected cattle
and buffaloes led to the dissemination of bovine tuberculosis
throughout Kruger National Park (South Africa), and it has
recently spread to Zimbabwe.
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S Plum pox virus symptoms on
nectarines. The plumb pox virus is the causal
© S. Dallot

pathogen of sharka disease, which affects
Prunus species (peach, prune, apricot).

X Electronic microscopic view of the
plum pox virus (x 48 000).

Diversity of pathogen
interactions and adaptive
mechanisms
Interactions between plants
and pathogens are the result of
coevolution, which in turn has been
the driving force of biodiversity
currently observed in environments
least affected by human activities.
Agriculture has greatly modified
these interactions via the reduction
of biodiversity in crop species and
the selection of resistant genotypes
that put high selection pressure
on pathogens. Crop domestication
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Other teams focused
on this topic

16

UR Tropical Forest Goods
and Ecosystem Services:
Facing Global Change
(CIRAD)
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necessitated the selection of plants
sufficiently resistant to pathogens.
The introduction of new crop species
in all regions worldwide has led
to the involuntary introduction of
pathogens in regions where they were
previously absent. This has led to
confrontations between crop species
and pathogens with which they had
not co-evolved.
Large areas under monospecific or
monovarietal crops have offered
pathogens suitable ecological
conditions for switching hosts and for
the onset of devastating epidemics.
The current situation is the result of
changes that began in the early days
of agriculture, but which have been
amplified by the acceleration in plant
exchanges. Modern agriculture has
been constructed via many successes
in reducing epidemics but there
have also been many failures in the
use of varietal resistance and in the
development of crop protection
products. It is thus essential to
gain insight into the biodiversity of
crop pathosystems and pathogen
adaptation mechanisms in order
to be able to assess agrosystem
sustainability and to develop more
reliable methods for reducing losses.
Research carried out by the joint
research unit (UMR) Biology
and Genetics of Plant-Pathogen
Interactions (BGPI, CIRAD, INRA,

Montpellier SupAgro) is aimed
at gaining greater insight into the
diversity of interactions and adaptive
mechanisms of pathogens. Studies
are conducted on viruses and their
vectors, bacteria and fungi. The
research is conducted on different
scales through population biology
studies in which the observed
structures of pathogen populations
are compared to theoretical
population genetics models, and
also by epidemiological approaches,
experimental evolution and
modelling.
Metagenomics analysis is carried
out to assess the overall biodiversity
of viruses present in agrosystems
and closely related ecosystems. The
existence of viruses whose genome
is integrated with the host plant
genome raises specific issues on the
evolutionary roles of integrated virus
sequences and of the genomes of
viruses that cause Caulimoviridae
(banana streak viruses, cacao swollen
shoot virus) epidemics. Studies on the
evolution of these viruses enhance
insight into current epidemics.
The insect vectors cause bottlenecks
that have a major impact on the
evolution of virus populations.
Vection is thus a focus of BGPI
research (cauliflower mosaic
virus, CaMV, and Geminiviridae).
Recombination is a major mechanism

in the evolution of certain virus
families, and studies are under way to
assess its impact on the virulence and
fitness of the viruses (Geminiviridae).
The disease emergence potential
of these recombinant viruses is
assessed through these studies.
Experimental evolution studies may
also be conducted to test theoretical
evolution models with respect to
CaMV. Knowledge on the evolution
of viruses during natural epidemics
is used to enhance spatiotemporal
analyses of vector-borne diseases.
Population biology studies of vectors
and pathogens, fungi (Magnaporthe
grisea, Mycosphaerella fijensis)
and bacteria (European stone fruit
yellows), subjected to different
selection pressures, host species,
resistant genotypes and fungicides,

boosts insight into the underlying
epidemiological and evolutionary
mechanisms, while also making
it possible to evaluate the limits,
with the ultimate aim of developing
sustainable agrosystems.

Plasticity of microbial
and vector genomes
interacting with
pathogens
With the acceleration of infectious
and parasitic health emergency
situations over the last 20 years, the
joint research unit (UMR) Emerging
and Exotic Animal Disease Control
(CMAEE, CIRAD, INRA) develops
research on the dynamics of animal
and zoonotic diseases that have

high economic and health impacts
in developing countries, some of
which also threaten industrialized
countries. The tropical regions
where the unit focuses its activities
are both hotspots of these
infectious diseases and areas where
surveillance and warning systems
are quite inefficient.
The models studied are bacterial
or viral, with transmission direct
or via arthropod vectors (ticks,
Culicoides midges, sandflies or
mosquitoes). An integrated research
approach is implemented to study
interactions between pathogenic
microorganisms, target hosts
(domestic and wild) and vectors,
when they exist, while also taking
interactions with the agroecological
environment into account. •••

Genetic basis of the environmental adaptation
of African malaria vectors

D. Fontenille © IRD

N. Rahola © IRD

S Breeding grounds of Anopheles funestus
a mosquito vector of malaria,
at Lagdo, Cameroon.
Inset – An Anopheles gambiae couple,
mosquito vectors of malaria
(female left, male right).

Gene–environment interactions in A. gambiae can be analysed
by studying chromosomal polymorphism and the distribution of
paracentric inversions in natural vector populations. Large-scale
field surveys have been carried out in Cameroon and Burkina
Faso, and the ecological niche of the main species of the
A. gambiae complex were modelled on the scale of both
countries on the basis of statistical analysis of correlations
between sites where the species is present and a range of GISinventoried environmental factors. A comparative analysis of
the ecological niches of the different species of the complex
led to the identification of discriminant environmental variables.
Advanced molecular biology and genomic techniques are used
to complement conventional cytogenetic studies for detecting
genetic polymorphism associated with phenotypic variations
revealed by these ecological analyses. These studies have
led to decoding of the molecular polymorphism of certain
chromosome inversions in A. gambiae, while also determining
the reservoir role and functioning of adaptive genetic variability
in this vector.
Contacts: Frédéric Simard, frederic.simard@ird.fr
& Carlo Costantini, carlo.costantini@ird.fr
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The main African Plasmodium vectors can colonize markedly
different environments in sub-Saharan Africa—from arid
savannas bordering the Sahara to the centre of the equatorial
forest—in rural areas, farming areas, villages and towns.
UMR MIVEGEC focuses research especially on adaptive
genetic mechanisms of the Anopheles gambiae species complex
(chromosomal inversion, allelic polymorphism, gene expression
levels), selected in response to climatic variables, types of
colonized breeding grounds and anthropogenic pressure
(agriculture, pesticides, deforestation, urbanization), that
enhance their survival and development in different biotopes.
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X Adult parasitic Varroa
destructor mites that attack bees,
killed by Beauveeria bassiana.

Origin and evolution of biodiversity

G. Mercadier © EBCL/USDA

They are aimed at characterizing
determinants of pathogen
emergence, transmission and
dissemination in a multiscale
approach in which epidemiological
modelling is gaining importance.
Two of the four research lines that
structure the scientific project tightly
integrate diversity studies:
 Studies of microbial genome
plasticity (bacteria and viruses) aim
to describe the genetic diversity
and evolutionary forces to which
microorganisms are subjected. High
throughput technologies facilitate
characterization of this diversity in
whole genomes and analysis of it
on a population scale, which is the
only way to assess the complexity of
microbial ecology.
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 Vectors interacting with

18

pathogens, hosts and the
environment. The complexity
of vector systems is assessed in
terms of the diversity of species
involved in pathogen transmission
and also the variability in their
vectorial competence and capacity
with respect to these pathogens,
which in turn feature genetic and
phenotypic diversity. Moreover,
the research focuses on the genetic
diversity of species in order to
characterize population structures
and evolutionary patterns.
The ultimate aim is to contribute to
the assessment of health risks and
develop integrated control strategies
that combine tools developed
via research (diagnostic, vaccine,

therapeutic) and methods based
on an understanding of the vector
ecology, epidemiological processes
and their modelling.
The UMR is striving to ensure
streamlined transfer of these research
products to promote capacity
building and the development of
nonindustrialized countries. It has
thus decided to become involved
in engineering of veterinary public
health networks by contributing to
the development and/or functioning
of regional networks (CaribVET
in the West Indies, AnimalRisk in
the Indian Ocean region, REMESA
in the Mediterranean Basin, etc.),
essentially through research teams
posted in the French overseas
departments and territories.
The unit is involved in many
international partnerships in
industrialized and developing
countries through health and
research networks (European,
global). It has five national and six
international (Food and Agriculture
Organization of the United Nations,
World Organisation for Animal
Health) reference laboratory
accreditations. In Montpellier
(France), the unit integrates its
system of containment laboratories
(L3), animal rearing facilities and
insectaria—managed in compliance
with ISO 17025 quality control
standards—within a network devoted
to vectors and emerging diseases, for
which it is a founding member along
with joint research units of IRD,
universities and EID (Montpellier,
France).

Biodiversity
of crop pest insects
The research projects of the
joint research unit (UMR)
Diversité, Génomes & Interactions
Microorganismes – Insectes
(DGIMI, INRA, UM2) are focused
on the characterization of
entomopathogenic organisms and
studies on their interactions with
insects. In line with the current trend
towards reduced chemical pesticide
use and sustainable development,
these studies contribute to the
development of new strategies for
controlling crop pest insects and
vector insects.
The main entomopathogenic
organisms studied are:
 densoviruses (Parvoviridae
family), small single-stranded DNA
viruses pathogenic to larval insects
(Dynamics of densovirus-insect
interactions team)
 entomopathogenic nematodes
(genera Heterorhabditis and
Steinernema) associated with the
symbiotic entomopathogenic
bacteria Photorhabdus and
Xenorhabdus (Enterobacteriaceae),
which are essential for the
parasitic cycle of their hosts
(Biological & genetic resources of
entomopathogenic bacteria and
nematodes team)
 endoparasitoid hymenopterans
(Hyposoter didymator,
Ichneumonidae) associated
with a symbiont essential for its
parasitic success, belonging to the
Polydnavirus family (Hyposoter

Asian longhorned beetles and biodiversity
Anoplophora glabripennis and A. chinensis (Coleoptera, Cerambycidae) are invasive species
originating from the Far East. The larvae bore tunnels in the wood of many broad-leaved
tree species. Anoplophora directly or indirectly affect biodiversity which in turn affects
Anoplophora populations.

S Female Anoplophora
chinensis.

The direct effect of Anoplophora on biodiversity is associated with its high polyphagy.
The hardwood species attacked include maple, poplar, willow, chestnut, alder, hornbeam,
hazelnut, apple, citrus (for A. chinensis), etc. Urban parks and gardens, nurseries, orchards
and broad-leaved forests are threatened. Successive reinfestations of host plants results
in their death, thus leading to the annihilation or displacement of indigenous biocenoses
normally associated with these species. The indirect effect of Anoplophora on biodiversity
concerns ecosystem disturbances associated with initiatives to eradicate this pest in
urban, agricultural and forest landscapes. The destruction of some forest areas also
results in the disappearance of shrub and herbaceous layers and the displacement
of insect populations, small mammals and birds living in these wooded areas. In turn,
biodiversity has an impact on Anoplophora populations since certain local parasitoid
insects, particularly hymenopterans that are natural enemies of xylophagous insects,
accept Anoplophora as a substitute host.
In northern Italy, the European Biological Control Laboratory found that eight parasitoid
insect species of European fauna, belonging to five different families (Braconidae,
Eurytomidae, Eupelmidae, Bethylidae, Pteromalidae), attack young A. glabripennis and
A. chinensis larvae under the bark. Greater biodiversity has a greater antagonistic impact
on this pest and its populations are thus better controlled.
Contact: Franck Hérard, fherard@ars-ebcl.org

Densoviruses encountered in
the main groups of insects of
agricultural, medical or veterinarian
relevance are biological control
candidates. The UMR aims to assess
their potential and risks associated
with their control application by
focusing on infection mechanisms
through the use of lepidopteran crop
pests and densoviruses (DNV)
as interaction models, by:
 studying the molecular
mechanisms of Junonia coenia
densovirus (JcDNV) entry and
specificity using permissive and
nonpermissive cultured insect cells
 studying densovirus host spectra
and specificity determinants by
comparing a ‘generalist’ multihost
pathogenic densovirus with a
‘specialist’ single-host pathogenic
densovirus in order to gain insight
into the mechanisms that determine
host specificity
 studying mechanisms of
densovirus transmission and
pathogenicity (collaboration with
BGPI).
Concerning nematode insect
parasites (genera Heterorhabditis and
Steinernema) and their symbiotic
entomopathogenic intestinal
bacteria, research to classify these
two bacterial genera have boosted
the laboratory’s international
reputation since the late 1980s.

Between 2005 and 2009, 11 new
Xenorhabdus species and four new
Photorhabdus subspecies have been
described. This research has been
conducted on a unique, globally
reknowned collection of bacteria
isolated from entomopathogenic
nematodes that were collected on
all continents through trapping
operations or from parasite-infected
insects gathered directly in the field.
The topics covered are:
 classification and genealogy of
bacterial species in these two genera
 identification of evolutionary
trends in these associations through
comparisons of genealogical
patterns in two nematode-bacteria
combinations
 determination of host spectra
to identify nematode-bacteria
combinations that are pathogenic to
many insect orders and more specific
to one group of insects
 screening and effective use
of nematodes, insecticide and
antimicrobial molecules in
collaboration with professional
partners.
The laboratory is also a key
stakeholder in pooling genomic
resources of the genera Photorhabdus
and Xenorhabdus, for which
complete sequences of two
Photorhabdus genomes and five
Xenorhabdus genomes will soon
be available (collaboration with
Génoscope, University of WisconsinMadison, Monsanto).

Parasitoid hymenopterans form a
highly diversified group that has an
important population balancing
role in natural ecosystems and
agrosystems. DGIMI focuses research
on the diverse range of development
strategies and virulence factors
of these arthropod population
control agents. The main study
model is the Hyposoter didymator
ichneumonid, associated with a
symbiont virus of the Polydnavirus
family and parasite of noctuid moths
(Chrysodeixes chalcites, Helicoverpa
armigera or Spodoptera littoralis)
on the European continent. In
collaboration with CBGP and other
partners, interactions between
the polyembryonic braconid wasp
Macrocentrus cingulum and Ostrinia
lepidopteran species are studied.
The topics covered are:
 virulence factor similarities
and differences in parasitoid
hymenopterans
 the origin and evolution of
ichneumonid hymenopteran–
polydnavirus associations
 the role of virulence factors and
their variability in the host spectrum
of parasitoid hymenopterans.
These topics are investigated in a
network that includes several French
(universities of Tours, Amiens and
Toulouse, INRA Sophia-Antipolis,
CBGP, etc.) and international (Laval
University, Escola Superior de
Agricultura ‘Luiz de Queiroz’, etc.)
laboratories. •••
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didymator ichnovirus) (Integrative
biology of host-parasitoid
interactions team).
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S Anoplophora chinensis.

Biodiversity and
biological pest
and weed control
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The European Biological Control
Laboratory (EBCL), located on the
Montferrier-Baillarguet campus
north of Montpellier (France), is the
most important research laboratory
of the United States Department of
Agriculture–Agricultural Research
Service USDA/ARS) located outside
of USA.
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Most biological pests introduced into
the United States without their natural
enemies are of Eurasian or African
origin. Because of this situation, the
USDA set up its first laboratory at
Auch, in France, as early as 1919.
Since its founding, its activities have
been oriented towards standard
biological pest and weed control
in North America, while focusing
studies especially on biodiversity in
the source areas of target species. This
biodiversity is investigated through
various naturalist disciplines, such
as entomology, botany, acarology, as
well as community ecology, insect
and plant pathology, phylogeography
and genetic characterization of target
organisms and their natural enemies.
EBCL’s research is devoted to the
identification of natural enemies
worldwide that are associated
with target biological pests,

their morphological and genetic
characterization, studies on their
biology, while also focusing on
different constituents underlying
pest and weed invasions. The
‘invasive plant’ and ‘pest insect’
research units of this multinational
and multidisciplinary laboratory
are supported by a joint molecular
genetics team.
Here are five examples of studies
under way that concern biodiversity:
 Swallow-worts (Vincetoxicum
spp.) are plants of Eurasian origin
that are invasive in northeastern USA
and Canada. The first phase of the
biological control programme (20062008) involved a phylogeograpical
assessment of these plants in
their native area and in the area
of introduction relative to the in
situ entomological biodiversity:
16 phytophagous insects and a
phytopathogenic rust collected in
Europe. The second phase (20092012) involves selecting the best
candidates, via specificity tests, for
their potential future importation into
North America. A chrysomelid beetle,
a noctuid wasp and tephritid fly are
currently being assessed.
 Green spurge (Euphorbia esula)
is an invasive plant in Val de Saône
(France) despite its Eurasian origin.
Insect and pathogen natural enemies
have been sampled with the aim of

studying the feasibility of biological
control via increases and conservation
of these populations: 15 species
have already been trapped in the wet
grasslands of Val de Saône.
 Guinea grass (Panicum maximum),
from the African tropics, is highly
invasive in southern USA, where it
threatens citrus and sugarcane crops.
Surveys conducted in Cameroon
in 2009 led to the identification
of 27 herbivores belonging to 10
coleopteran families, as well as three
bug species and four lepidopterans.
 Lygus bugs are invasive in alfalfa

and vegetable crop fields in the
east and west coast regions of USA.
The natural enemies were surveyed
in Eurasia, especially Spain and
Morocco. Three nymphal parasites of
the Peristenus genus were collected,
reared and sent to the United States
for release. The parasitism rate noted
in Europe is 10–60%, whereas it is
60–90% in areas of introduction where
the beneficial organisms are in the
environmental adaptation process.
 Asian longhorned beetles

(Anoplophora glabripennis,
A. chinensis [= CLB]) are two
cerambycids that seriously threaten
tree fruit crops, forest stands and
ornamental plants in North America
and Europe. Surveys in Lombardy
(Italy) have led to the identification
of eight larval parasites of the

European fauna, which are thus
potential biocontrol candidates. An
Asian oophagous parasitoid specific
to A. chinensis that was incidentally
imported with its host is now
widespread and efficient in the core
of the major CLB infestation areas in
Lombardy.
Other programmes are also focused
on biodiversity, such as that of the
olive fruit fly and the giant reed
(Arundo donax), and various Eurasian
beneficial organisms have already
been sent to USA for potential release.

Marine organisms:
development and
adaptation mechanisms
The main aim of the project of the
joint research unit (UMR) Biologie
Intégrative des Organismes Marins
(BIOM, CNRS, UPMC) is to study
development and adaptation
mechanisms of organisms through
an evolutionary approach. In
addition to this very general goal,
the specific focus of the project

is to use unconventional marine
organism models in original studies
complementary to those carried
out on more conventional models.
This type of approach has often led
to significant advances in various
biological fields by obtaining
responses to certain basic biological
questions. This approach uses the
particular features of the diversity
of target organisms, as well as the
profound unity of living organisms,
thus enabling comparisons between
sometimes very phylogenetically
distant organisms.
This UMR project is divided into
four research themes corresponding
to four currently operational
research teams:
 Environmental factors and
adaptive mechanisms
 Chordate evolution and
development
 Regulation of cellular mechanisms
during development
 Environmental genomics and
phytoplankton adaptation.
The main model organisms used
are marine metazoans such

as echinoderms (sea urchins,
starfish), cephalochordates
(Amphioxus), fish (Mediterranean
sea bass) and eukaryotic microalgae
(prasinophytes, diatoms,
dinoflagellates).
The unit is located at the Banyulssur-Mer Oceanological Observatory.
There is an overall staff of 30,
including 10 researchers and
tenured teacher-researchers. The
available equipment includes the
human and material navigational
resource and various scientific
equipment. The navigational
resources mainly include a 14 m
trawler with a specialized research
team, scientific divers, scientific
aquariums and marine organism
storage/rearing/culture tanks.
The scientific equipment includes
laboratories equipped for cellular
and molecular biology and
ecology experiments, along with a
microscopy/cytometry platform.
The unit is funded mainly by two
custodians (CNRS, UPMC), as well
as through French National Research
Agency or European contracts. 

Seabed explorations have revealed rich
In this setting, the Benthic Ecogeochemistry
abundant deepwater communities,
Laboratory (LECOB, CNRS, UPMC) is using
associated with localized ephemeral
its expertise to gain further insight into the
resources. These communities,
combined dynamics of colonization, organic
which were first described around
matter degradation and chemosynthesis
hydrothermal springs, are now known to
processes in deepwater environments,
live in a broad range of habitats—from
involving microbial pools, fauna assemblies
hydrocarbon-rich sediments to whale
and the physiochemical environment. To this
skeletons to underwater canyons and
end, LECOB is developing a broad range of
sunken wood. Species belonging to these
tools (metagenomics, sensors, biomolecular
communities have a long evolutionary
analyses, geochemical tracers) with the aim
history, as reflected by their adaptations to
of designing in situ experimental approaches
the strong bonds between stress and energy
that have yet to be substantially developed for
that prevail in these extreme marine environments.
deepwater environments. This is a complement to
© WHOI/S. Sievert
While human pressure is greater on these important
the expedition to explore the underwater Lacaze-Duthiers
sites of deepwater biodiversity, there is still insufficient baseline
canyon organized by the Oceanology Observatory. This research
knowledge to be able to predict their sensitivity to direct
is combined with a teachning course on deepwater ecosystems
and indirect disturbances, such as deepwater acidification and
and extreme marine environments, within the framework of
warming. With the support of the Fondation Total, Université
the UPMC Oceanography and Marine Environment Master’s
Pierre et Marie Curie (UPMC)—through the Extreme Marine
programme.
Environment, Biodiversity and Global Change chair—has focused
Contact: Nadine Le Bris, lebris@obs-banyuls.fr
research on these deepwater biodiversity hotspots.
S In situ electrochemical measurements on deepwater
hydrothermal communities obtained from the Alvin submarine.
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Biodiversity and extreme
deepwater environments
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