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INTERNATIONAL
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Agropolis International
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of research and
higher education
in Montpellier and
Languedoc-Roussillon
into partnerships
with local
communities,
companies and
enterprises in the
region, and into
close co-operation
with international
institutions.

Agropolis International is an international agricultural campus.
It represents a significant potential for scientific and technological
capability: over 2,200 scientists in more than 110 research units in
Montpellier and Languedoc-Roussillon region including
300 scientists in 60 countries.

The scientific community focuses on the major issues related to :
• Agronomy in Mediterranean
and tropical agricultural production sectors,
• Biotechnology and food technology,
• Biodiversity, natural resources and ecosystems,
• Water, environment and sustainable development,

Agropolis International
is a world centre open
to the stakeholders
involved in the
economic and social
development in the
following fields:
agriculture, food,
environment

• Rural development and societies,
• Genomics in plant and animal integrative biology,
• Food quality and safety.

Agropolis International is a centre for the capitalisation and
valorisation of knowledge, for training personnel and for technology
transfer; it is a hub for visitors and international exchanges; it promotes
actions based on multilateral expertise and contributes to the scientific
and technological knowledge needed for preparing development
policies.

Competencies in
research in Montpellier
and the LanguedocRoussilon region in
biological control,
biodiversity, and ecology
in plant protection
Scientific activity by naturalists has
become a major issue worldwide
with regard to the environment.
One of the main goals of this
research concerns biodiversity
that needs to be urgently analysed,
preserved, conserved, restored, and
improved, all through a sustainable
approach. In agriculture, the challenge
is to study and preserve biodiversity
in agroecosystems and in natural and
managed landscapes.
Improvement of biological control
strategies, incorporating the study of
population ecology and complexity,
is realized today using
multidiscplinary skills in order to:
• understand the role of biodiversity
in the equilibrium of ecosystems ;
• set up biocontrol strategies using all
available natural resources,
from insects to viruses;
• use appropriate agricultural
practices for preventing
pest outbreaks ;
• account for physical and chemical
constraints influencing development
of organisms in ecosystems ; and
• analyze the role of landscape
structures in the evolutionary
dynamics of living organisms, and
their interactions.
Within the Agropolis International
community, about fifty scientists
are directly involved in research on
biological control as well as several
hundred more indirectly.
This constitutes the premier
French scientific campus of its kind
and one of the most important in
Europe, dealing with various and
complementary competencies such
as those covered
in the following chapters.
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Foreword

Biological control

Populations of species
introduced into foreign
environments without their
native natural enemies
can threaten ecosystems
and biodiversity. Biological
control of such invasive pest
species covers a multitude
of approaches built around
ecological, biotechnological,
and genetic management
options. Historically,
biological control originated
as a technique to restore
an ecological equilibrium
by introducing closely coevolved natural enemies
or antagonists (biocontrol
agents), where the invading
species had taken advantage
of their absence to become
invasive pests.
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iological control of alien
invasive pests is most
commonly split into
“classical” and “inundative”
biological control. Classical biological
control relies on co-evolved, specific
antagonists of the pest from its native
range, which then are screened for
risks to any prospective non-target
native or commercially important
species in the proposed area of
release. In the absence of such risks,
these antagonists are then released
into the pest’s invaded range and
effectiveness is dependent on the
natural enemy establishing itself
and suppressing pest populations to
provide long term control. Classical
biological control is largely restricted
to well-established exotic invasive
species and while costly and slow in
the developmental stage, potentially
provides permanent management
with no further inputs and as such is
typically a non-commercial solution.
Inundative biological control
parallels classical biological
control but is a repetitive approach
using mass-reared antagonists
or commercially developed
and registered non-persistent
biopesticides with the aim of
short-term suppression of pest
outbreaks. Use of either indigenous
or cosmopolitan antagonists has
allowed inundative biological
control in the last 30 years to target
indigenous pests in both the field
and glasshouse. For example, more
than 150 biopesticides have been
commercialised against insect,
phytopathogen or weed targets
and are based on living agents
including fungi (mycoherbicdes),
bacteria (e.g. Bacillus thuringiensis),
microsporidia, viruses, or nematodes.
The term biopesticide is also applied
to “natural” mixtures of active
ingredients (e.g. 2º plant compounds,
allelochemicals, natural toxins)
that are often equally considered as
inundative biological control.

Inoculative biological control
provides a more “classical” option for
indigenous pests where known native
natural enemies are inoculatively
released into outbreak populations
of pests to provide short-term
suppression of pest population
peaks. Furthermore, inoculative
biological control can include
applying benefical species that may
simply pre-empt pest infection or
persistence on the affected crop.
Conservation biological control
has developed in recent years as
systems approaches are used in
pest management. This includes
activities that improve the capacity
of crops to counter attacks from
pests (e.g. manipulating the soil
or microclimate or mutualisms)
or encourage or protect natural
enemy populations already present
in the crop ecosystem. Examples
include increasing biodiversity
as food sources and refuges for
such beneficial species. These
developments have brought most
aspects of the ecology or evolution
of crop-pest-antagonist interactions
within the definition of biocontrolbased research.
Recent molecular technologies are
broadening and diversifying the
definition of biological control.
Now almost any breeding or genetic
manipulation of the crop, antagonist
or mutualist aimed at improving
pest management (including GM
crops) can be included. This makes
biological control a key growth
area in a pest management world
where public and government goals
are aimed at decreasing the use of
chemicals in the environment.
Andy Sheppard
(C.I.L.B.A)

© G. Delvare

Colony of
aphids on a
knapweed plant
(Centaurea
maculosa)
© R. Sforza

Biological control

Podagrion pachymerum (Walker)
(Hymenoptera, Torymidae),
female laying eggs
on an ootheca
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Characterising biodiversity
in agroecosystems

Biological control

S Parcelled landscape
integrating hedges and
borders with high plant
diversity in LanguedocRoussillon.

6

The simple classification of plant and animal organisms at the
genus or species level, whether collected in a far away country
or in France, is a challenge in itself. Identifying studied material is
a key step for a successful biocontrol programme.This requires
precise and important skills that are becoming increasingly
rare in world research institutes and universities.The scientific
community of Agropolis International can provide these skills
for a number of taxonomic groups that play a role in applied
and fundamental research. Biocontrol programmes benefit from
this network to identify key pests and their associated natural
enemies in a local, regional, national, E.U., and world regulatory
framework.

© G. Delvare

Taxonomic tools
serving
biological control

p. 8
© R. Sforza

Due to the increase of worldwide commercial connections
by air and sea, the number of newly introduced species
is continuously rising on all seven continents.These
introductions, often accidental (via tourism, war, seed and
plant trades), may have serious consequences on managed
and natural ecosystems. Long-term solutions to biological
invasions must be sought as invasive species rapidly expand
their ranges. Invasive species are now regarded as the
second-leading threat to imperiled species diversity, trailing
only habitat destruction.
Research in biocontrol follows a series of coordinated
steps, the first of which is studying the target species and
its geographical distribution; literature survey, herbarium
and insect collection consultations, as well as contacts with
boatnists, entomologists, acarologists, and nematologists from
the target’s native and invaded ranges are necessary.This first
step falls under the umbrella of classical systematics, but a
new approach that considers the genetic signature of each
target species is also under study : barcoding.

Considering
invasive species

p. 12
© D. Coutinot

Legislation and
regulatory aspects:
harmful organisms,
agreements and
quarantine issues

C

haracterising biodiversity in biocontrol aims to
precisely define the complex relationships between
a pest and its natural enemies. It may involve a
two-species complex or a multiple-species scheme including
several natural enemies interacting with each other.The
biopest concept is commonly used for indiginous or exotic
species negatively impacting agro-ecosystems. Invasive
species are a major research topic for Agropolis International
scientists.

Field surveys constitute the second step, collecting samples of
the target species in its native habitat with its associated fauna
(e.g. insects, mites, etc.) and pathogens (e.g. bacteria, viruses,
fungi). Systematics skills are required here. In addition, many
ecological traits are reported (impact of natural enemies, soil
type, plant associations, etc.) in order to better understand
the trophic complexes of the target, its natural enemies, and
the enemies of those natural enemies. Official authorizations
to collect in natural habitats are requested for each research
program.This has to be done in foreign countries as well as
for French territory, if necessary (e.g. in the case of protected
plants or insects or collecting in national parks). In the
end, natural enemies are taken back to the laboratory and
reared out either in greenhouses (for French material) or
quarantine facilities (for foreign material).This exchange of
materials from one point to another is framed by official rules
followed by each scentist belonging to Agropolis International
community.
René Sforza (EBCL)
and Marie-Stéphane Tixier-Garcin
(Montpellier SupAgro)

Biological control

p. 20
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Taxonomic tools
serving biological control
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The intensification of global
commerce and travel also
inevitably includes the
unintentional introduction of
new species into non-native
ecosystems. Systematics teams
have a major role to play in
biovigilance programs. The
systematics specialist is called
upon early in a biological
control program to identify
invasive species and their
potentially useful biocontrol
agents. He or she is also
involved later at the level of
quality control, to ensure the
identity of released agents.
Large-scale changes in species
distributions are predicted
based on current and future
global climate trends.
For example, tropical disease
vectors and crop pests could
become established in the
Mediterranean basin, finding
favourable conditions for their
development there. Finally,
increased pressure from pest
species is likely due to recent
restrictions on the use of
certain agricultural chemicals.
Therefore, taxonomic
investigations on complexes
of biological control agents
associated with these pests will
increase in importance.

Systematics
in Agropolis International
Systematics is the science of
classification of living organisms.
Present classifications rely on the
criteria of shared ascendance and
are established through phylogenetic
studies. DNA sequencing,
morphometry, and karyology enable
very fine discrimination of species
complexes or populations with
divergent biological characteristics.
Systematics is the science of
classification of living organisms.
Phylogenetics also enables a better
understanding of the evolutionary
history of taxa and interactions
between organisms (for example
coevolution of parasites with their
hosts).
The mission of the systematics teams
that are present on the Agropolis
International campus is to identify
organisms that are involved in plant
protection, particularly in biological
control projects. They support
research and development through
systematics and identification and
the development of diagnostic aids.
They develop interactive tools (e.g.
databases) for crop pests (including
quarantine organisms and major
pests). They have initiated a molecular
database (« Barcoding » project,
see box) of crop pests, medically
important insects, and organisms
implicated in conservation programs.
They produce phylogenetic
investigations, either to give a basis
for classifications, to understand the
evolutionary history of populations, or
to revise taxonomic relationships.
Biological models that have been
developed include those for pests

(rodents, nematodes, mites,
insects), predatory biocontrol
agents (phytoseiid mites, lacewings,
hyphomycetes, bacteria), parasitic
wasps (chalcidids), pollinators
(honeybee), insects of medical
importance (culicid mosquitoes) and
bioindicators (neuropterans).
The results are made available through
publications and specific teaching
documents*.

Systematics scientists
and biocomputing
scientists at « CBGP »
The studies that were carried out
on the theme « systematics and
phylogenetics » of the Centre de
Biologie et de Gestion des Populations
(« CBGP » UMR 1062 Inra, Montpellier
SupAgro, Cirad, IRD) can be
classified in two categories. The first
concerns strictly taxonomic research,
including revision, description, and
characterization of species ; production
of identification keys ; development of
identification tools ; and development
and maintenance of collections,
which benefit from the development
of a shared systematics database. In
addition there is more fundamental
research dealing with morphological,
cytogenetic and/or molecular
phylogenies of groups of species and
higher taxa, as well as phylogeography
and co-phylogeography of endangered
species and species studied in other
CBGP projects. This research identifies
areas of genetic peculiarity and helps
to optimize the management of these
entities and investigate the speciespopulation interface and the links
between taxonomy and population
genetics.
* Text written by Gérard Delvare (Cirad), delvare@cirad.fr

© R. Sforza

The accurate identification of
research subjects is a sine qua
non condition of the validity of
scientific results. Moreover, fine
characterization of studied species
can reveal species complexes with
contrasting biological characteristics,

and have a strong impact on the
modes and costs of the management
of biological diversity, whether it
is represented by phytophagous
pests, vectors of human diseases, or
heritage species that are the subjects
of conservation efforts.
Several technical platforms are
developed by « CBGP »:
• A platform named « collection »
including about 2 million specimens
• A platform called « Scanning
electronic microscope »,
• A platform called « Molecular
biology » shared with the other teams
of the Joint Research Unit,
• A platform called « technical
documantation »
The team called « Écologie animale
et zoologie agricole » of the « CBGP »
develops four main areas of research
which are strongly linked:
(1) Diagnosis, identification,
taxonomy ; (2) Molecular and
morphological phylogeny ;
(3) Biodiversity, faunistics,
inventories ;
(4) Integrated crop protection;
Research Area 1 deals with one
or various groups of insects or
mites. Diagnosis, identification,
and taxonomic studies are carried
out for research and professional
needs. Organisms of agronomic,

environmental, or heritage
importance are mostly concerned.
These studies draw attention to rising
phytosanitary problems due to new,
native, or introduced pests, and the
need for regular field scouting and
biological supervision of the territory.
They also highlight problems of
species characterization and help
to develop new identification tools,
catalogs, and databases. This unit
has important collections of insects
and mites and a rich technical library
that is unique in France in the field
of applied entomology. Moreover,
it benefits from modern molecular
biology methods and techniques
through collaboration with the CBGP
platform « Molecular biology ».
Research Area 2 deals with the
assessment of evolutionary and
historical relationships between
various taxa at various levels of
investigation. The aim of studying
these relationships is to propose
new classifications and to review old
ones. Current research focuses on
three groups of arthropods of major
economic importance, for which this
team has acknowledged taxonomic
expertise : Phytoseiid mites ;
Diptera (the flies), in particular the
Agromyzidae ; and Homoptera :
Psylloidea. •••

Biological control

The CBGP systematics and
biocomputing team works with
biological models including predators
of crop pests and other biocontrol
agents, as well as vectors of human
diseases. Its main goals include :
• Differentiation of managed species
(control, conservation, etc.) ;
clarifying their taxonomic status and,
if needed, describing new species;
• Developing efficient and effective
tools of morphological, cytogenetic,
and/or molecular (e.g PCR, SCAR,
barcoding database) identification to
characterize biodiversity and provide
diagnostic criteria and detection and
identification tools ;
• Proposing classifications reflecting
the historical relationships of
the studied taxa by integrating
phylogenetic analysis with the study
of the ecological phenomena ;
• Understanding the evolutionary
mechanisms responsible for the
divergence of taxa ;
• Contributing to the management
of organisms or communities by
providing information related to their
biology, ecology, and evolution.

Collecting natural enemies, mainly insects,
on leafy spurge in the Saône Valley

9

1

© G. Delvare

1. Aximopsis sp. (Hymenoptera,
Eurytomidae): frontal view taken with a scanning

2

© G. Delvare

Taxonomic tools serving biological control

electronic microscope, 70x.

2. Eurytoma sp. (Hymenoptera,
Eurytomidae): detail of the ultrastructure of the
top of the antenna; taken with a scanning electronic
microscope, 5000x.

3. Diadromus collaris (Gravenhorst)
(Hymenoptera, Ichneumonidae):
parasitoid of diamondback moth;
adult female.

Main teams

© H.-P. Aberlenc

UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr
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Thematic « Systématique-Taxonomie,
Phylogénie-Phylogéographie »
Researchers involved: Denis Bourguet (Inra),
Gérard Delvare (Cirad), Mireille Fargette (IRD),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro),
Laurent Granjon (Museum National d’Histoire
Naturelle, assigned by IRD),Armelle Cœur-d’Acier
(Inra), Bruno Michel (Cirad), Franck Dorkfeld (Inra),
Johan Michaux (FNRS) Gauthier Dobigny (IRD),
Serge Morand (IRD),Sylvie Manguin (IRD),
Jean-Pierre Quéré (Inra), Maria Navajas (Inra),
Alain Migeon (Inra)

Team « Écologie animale et Zoologie
agricole - Acarologie »
Researchers - teachers involved:
Serge Kreiter (Montpellier SupAgro),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro),
Michel Martinez (Inra), Jean-François Germain (LNPV),
Philippe Reynaud (LNPV), Jean-Claude Streito (LNPV)

Other teams
working on this theme
UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Team « Écologie intégrative des
Systèmes Populations-Environnement »
Researchers involved: Maria Navajas (Inra),
Alain Migeon (Inra)

USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Lutte biologique
contre les bio-invasions »

Biological control

Researchers involved: Walker Jones, René Sforza,
Brian Rector,William Meikle, Dominique Coutinot,
Franck Hérard
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CSIRO,
Laboratoire européen
Team « Lutte biologique
contre les bio-invasions »
Directors and researchers involved:
Andy Sheppard (1st semester 2006),
andy.sheppard@csiro.au
Mic Julien (2nd semester 2006),
mic.julien@csiro.au

The « International Complex of
Biological Control at Agropolis » (C.I.L.B.A.)
C.I.L.B.A, created in 1989, is part of Agropolis International and aims to
organize relationships between its members (Inra, Montpellier SupAgro,
CNRS-CEFE, Cirad, IRD, Universities Montpellier 2 & 3, CSIRO, EBCL
USDA/ARS and SPV), as well as to develop common perspectives in
biological control at the local, national and international level.
C.I.L.B.A comprises fifty scientists who study mechanisms and regulation processes of
pest populations in crop protection, health, and environment, using biological control
strategies. Biological control involves the use of natural enemies of pest species (insects,
weeds, pathogens, etc.) to prevent or limit their damage or nuisance value.
This approach requires both fundamental and applied research, in particular on
population dynamics, genetics, epidemiology and microbial ecology, the selection
and rearing of suitable natural enemies and the development of crop protection
programmes on an international scale.
C.I.L.B.A is an international network of research and education professionals improving
knowledge in IPM strategies for crops, pastures, and natural ecosystems. C.I.L.B.A.
laboratories share multiple programs, skills, technologies, and know-how regarding
taxonomy, molecular biology, classical biological control, and ecology of invasive species.
Studies conducted within the of CI.L.B.A. framework include:
• development of efficient strategies to reduce crop losses and protect natural
resources;
• evaluation of how to reduce chemical inputs;
• participation in the sustainable development of environmental agroecosystems;
• organization of internships and scientific open days on specific topics;
• leading discussion groups such as the Informal group of confined structures advising
different agricultural institutes on security and safety.
Contacts: Andy Sheppard and Régis Goebel, goebel@cirad.fr
Available on www.cilba.agropolis.fr

Characterising biodiversity in agroecosystems

Research Area 3 deals with the
identification of arthropods sampled
in natural or disturbed habitats in
order to assess the biodiversity of
these locations (through ecological
research and inventories) in France
as well as abroad.
Research Area 4 should contribute
to better scientific and technical
knowledge that will be indispensable
to the implementation of
integrated crop protection, with
an ecotoxicological study of the
effects of phytosanitary products on
phytophagous mites, their predators,
and biological control.

This team works with an extensive
network of collaborators in France
and abroad including all the services
of Plant Protection, the Technical
Institutes (ACTA, ITV, CTIFL),
many « CETA » institutes (technical
agricultural teaching colleges),
chambers of agriculture, and
European phytosanitary firms.
This team also takes part in the
activities of « C.I.L.B.A. » (Complexe
International de Lutte Biologique,
see box herewith) and collaborates
with its members. It maintains
relationships with a large network of
French and international, amateur,
and professional entomologists.

The « CIRES » project :
Inter-institutional centre
of research and
expertise in systematics
Soon a centre of excellence in
systematics and diagnosis (CIRES:
Centre inter-organismes de recherche
et d’expertise en systématique) will be
created. It will be integrated within
« CBGP » on the Bailarguet campus
in Montferrier-sur-Lez (34) grouping
together the taxonomic expertise of
many actors at the national level (Inra,
IRD, Cirad, Montpellier SupAgro,
Museum National d’Histoire Naturelle
and the National Laboratory of Plant
Protection). This Centre should be
operational in 2009.

Barcoding: evolution or revolution in diagnosis ?

The first results, showing the accuracy of the identification, its speed,
and its low cost, suggest that within 10 years this type of tool, although currently controversial, will be accessible to nearly all scientists
in the fields of agriculture, health, and conservation. Nevertheless, it
seems possible to improve the method in order to make it more
reliable. Several arguments for using molecular characters for
taxonomic identification include:
1. errors associated with phenotypic variability are eliminated (relative
reliability of the sequences) ;
2. reliable identification from all the stages of development (eggs,
larvae, etc.);
3. detection of cryptic species (i.e. those indistinguishable at the
morphological level);
4. uniformity of the molecular methodology, as opposed to morphological identification, which requires complex keys that are different
for all the taxonomic groups;
5. no training necessary in complicated morphological terminology
that can vary depending on the taxon and the developmental stage;
6. ability to assess the quality and even the probability of error in an
identification;
7. validation of the « Barcoding » approach is possible through trial
application to a large number of taxa from distinct phylogenetic
groups.
Molecular identification, which is regularly used in prokaryotes, is
highly efficienct for the identification of taxa with difficult taxonomy.
However, it is compulsory to establish reference sequences using specimens that have been unequivocally identified by taxonomic experts
using traditional morphological methods. In fact, this is a required
element of the pertinent legislation (regarding quarantine organisms,
protected species, etc.). It is also indispensable to ensure traceability
of data from reference specimens and to maintain a database of

integrated information accumulated from collected and sequenced
specimens. Current molecular methods enable the sequencing of very
small organisms without destroying them, thus allowing retention of
the sequenced specimen in a taxonomic collection.These capabilities
are all the more important when considering that « Barcoding » could
be a particularly effective tool to rapidly detect new introductions of
crop pests or of disease vectors and thus limit their impacts.
A user of the « Barcode » system can get sequence information
for any species of interest by sending a specimen to a sequencing
company, who will follow a standard protocol that can be downloaded from the Internet.This user then submits one or several DNA
sequences obtained in this way into a database via the Internet and
receives in exchange a species identification.The sequence that is
obtained is analyzed with respect to the following:
1. The quality of the sequence is assessed by checking for the
presence or absence of a stop codon, the absence of mutation at
highly preserved sites, and by counting ambiguous nucleotides.
2. The submitted sequence is compared to sequences that are already
in the database ;
3. The user will receive the name of the nearest taxon which is in the
database, with an estimation of the reliability of this identification
based on divergence from the nearest sequence.
An output form including information on synonyms, ecology, distribution, bibliographic references, and even recommendations for biocontrol will be provided with the identification.
If the sequence that is submitted is not found in the database, or if it
corresponds to sequences of exotic species that are not known to
occur in France, it will then be possible to utilize the sequence of this
specimen for additional studies.This user approach also enables the
addition of such new information to continually update the database,
increasing sample sizes and infraspecific variability, thus making the
detection of invasive species easier and more reliable.
The systematics and bio-computing researchers of the CBGP and of
the future CIRES are actively involved in the building of such a
database of crop pests and biocontrol agents (e.g. insects, mites,
nematodes), as well as vectors of human disease.
Contact: Jean-Yves Rasplus, rasplus@supagro.inra.fr

Biological control

A new approach for taxonomic identification of eukaryotic organisms,
based on the diagnostic power of small gene fragments (mainly using
the mitochondrial gene « COI ») has recently been put forward.
This identification method, assisted by biomolecular tracers is known
as « barcoding ». It uses the Internet to link with the « identifier ».
This global approach is based on the investigation of the homology of
the sequences, by computing genetic distance, or by assignment to a
group of sequences that has been previously defined as representative
of the intraspecific variability of a species.
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Assessment of
invasive species

Biological control

Assessment of bioinvasions
is important in a global
context, especially with
the proliferation of
international trade.
Newly introduced alien
species, accidental or
not, may induce serious
damage in all types
of habitats, including
reduction of biodiversity.
Tracing the geographical
movement of these
invasive species, together
with the invasion process
requires multidisciplinary
approaches and
interaction between
scientists of different
backgrounds.
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Bioinvasions:
processes and
consequences

A USDA laboratory
in France combatting
bioinvasions in the U.S.

One of the topics developed by the
team « Écologie des populations
et activités humaines » in the
department « Dynamique des
Systèmes Écologiques » of CEFE
(Centre d’Écologie Fonctionnelle et
Évolutive, UMR 5175-CNRS, UM1,
UM2, UM3, Montpellier SupAgro,
Cirad) concerns bioinvasions
(processes and consequences).
Bioinvasions can seriously inhibit
the restoration of deteriorated
ecosystems, contribute to the
homogenization of flora and fauna
worldwide, and threaten the viability
of indegenous populations. The
introduction of exotic species into
foreign ecosystems creates new
associations and complexes.

Located on the Baillarguet Campus,
north of Montpellier, the European
Biological Control Laboratory (EBCL)
is the main overseas laboratory
of USDA-ARS (US Department of
Agriculture, Agricultural Research
Service) and the only one owned and
built by ARS and staffed by Category
1 ARS scientists. In the United States,
many non-native pests have been
introduced without their natural
enemies. Those originating from
Eurasia or Africa are studied at EBCL,
whose roots trace back to the first
overseas USDA laboratory established
at Auch, France in 1919.
From the beginning, the overall goal
of research at EBCL has been to
develop classical biological control
technologies that can be used
to reduce the impact of invasive
weeds and insect pests. Scientific
disciplines such as entomology,
botany, acarology, and ecology all
come into play. One cornerstone
of classical biological control is
exploration to find natural enemies
(insects, mites and pathogens). These
are characterized through careful
experimentation in quarantine
facilities and eventually developed
as biological control agents. Pest
biology and bioinvasion processes are
particularly studied. EBCL comprises
twenty employees, plus several
students working in an international
and multidisciplinary laboratory.
The main units at EBCL include
molecular biology, insect pathology,
and plant pathology, integrated within
the invasive weeds and insect pests
programs. •••

Predicting the response of indigenous
communities and populations to
such disturbances requires specific
studies on regulatory mechanisms
in population dynamics and
interactions between species and
community structure.
Studies are organized under three
main questions:
1. What is the long term impact
of the invasive species on natural
successions and species interactions?
2. What are the ecological
consequences of invasions on the
structure and dynamics of isolated
communities?
3. What are the biological traits and/
or ecological processes associated
with invasiveness?

© R. Sforza

Will the tree of heaven (Ailanthus altissima) lead us to hell?
A highly invasive tree in Eurasia

© A. Martin

Inflorescence of common ragweed

Invasion, agriculture and public health:
the case of common ragweed

After an initial period of slow population growth, it has been spreading
for many years in several French regions: starting in the Rhône and Saône
valleys. Today it can be found all over France. Its rapid spread through
Europe and France presents serious problems because of its highly allergenic pollen. Common ragweed often dominates in pioneer communities
that colonize abandoned arable lands, roadsides, waste areas and other
degraded and disturbed habitats. In France, it is found mainly along major
thoroughfares, railroads, and in agricultural and riparian zones.
With populations spreading quickly from a few scattered plants to dense
monocultures, common ragweed is becoming a true “plague” as much
for the farmer, whose yields are threatened, as for society at large because of the high allergenic capacity of its pollen. In the agricultural
sector, common ragweed is a problem in crops like sunflower, pea,
soybean, maize, and sorghum. In sunflower fields, where it is adventitious
and very competitive, it can cause total crop loss. However, ambrosia’s
close taxonomic relationship to sunflower limits the possibility of using
herbicides. In pea and soybean, ambrosia can cause difficulties with
harvest in addition to reducing yields. Current integrated weed management practices for control of ambrosia include crop rotation (to enable
effective herbicide use) and cultural practices such as hoeing, hand-pulling,
cultivation, establishment of dense cover crops, and mowing.
Pollen of common ragweed, which is highly allergenic for many people, is
classified as a biological pollutant according to the Rhône-Alpes Regional
Plan on Air Quality. Pollen is produced in great quantity beginning in midJuly. Pollen production can reach three trillion grains per plant while the
threshold of the allergic risk is only 5 grains/m3.
A study in Rhône-Alpes showed that 6-12% of the population suffers
from ragweed allergy, with a possible range of 3-20% (Source: epidemiologic report, CAREPS, 2000).The symptoms include rhinitis, conjunctivitis,
dermatitis, urticaria, and eczema.The financial impact in Rhone-Alpes in

2004 was 1,2 million Euros for the treatment of ragweed allergy sufferers (Source URCAM ) while in 2003, the “Ambrosia” public awareness
campaign (hand-pulling campaign, distribution of brochures, toll-free
number, etc.) cost 268 200 Euros in the Rhône department alone.Thus,
common ragweed poses a broad socio-economic problem on which
many institutions work, including: the French Association of the Study of
Ambrosias (AFEDA), the Regional Directorate of the Environment, the
Department of Road Engineering and Motorways, and various local organizations.A national aerobiological inspection network exists and informs
population of the periods of greatest risk (www.rnsa.fr).
Prefectoral decrees, such as “Fallows Ambrosia” or “Special
Ambrosia” depending on the institution invovled (Departmental
Direction of Agriculture and the Forest or Departmental
Direction of the Medical and Social Businesses, respectively)
stipulate that citizens must: “prevent the growth of seedlings of
common ragweed, clean and maintain all spaces where common
ragweed grows” and that on “cultivated land, the destruction of
common ragweed must be carried out by the owner” in addition
to the obligation imposed on local authorities and managers of
public domains of the State (e.g. transportation routes, working
premises) to prevent the growth and spread of ambrosia (Source: decree “Spécial Ambroisie” Isère).
In spite of this awareness, the control of this species will be able to
be carried out concretely only if 1) an effort is made to better know
the biology, ecology, and demographics of this invasive species and if
2) a concerted and coordinated management plan is established. It is
necessary to act according to the gravity of the problem via preventive actions of private individuals as well as technical personnel, and
preventive or curative controls according to the degree of infestation.
The combination of agricultural and public health problems caused
by common ragweed makes it both a social and economic issue. The
creation of an independent body and/or an interdepartmental structure of “goodwill” would make it possible to establish a coordinated
policy of study and management of this biological invasion.
Contacts: Arnaud Martin and Cindy Adolphe,
arnaud.martin@cefe.cnrs.fr

Biological control

Common ragweed, Ambrosia artemisiifolia L., is a monoecious wind-pollinated
annual plant belonging to the Asteraceae family that comes from North
America. It is now « common » under all the temperate latitudes
throughout the world (Allard 1945 in McKone et Tonkyn, 1986). It was
introduced accidentally into France, perhaps at the end of the 19th century.
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Feasibility of a biological control against an exotic plant
hazardous to public health: Ambrosia artemisiifolia

S Adult of Zygogramma suturalis
released on Ambrosia in Russia
X Larva of Zygogramma suturalis

Main teams
UMR 1062 CBGP,
Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Team « Écologie intégrative des Systèmes
Populations-Environnement »

© M. Volkovicth

Many potential biological control agents (e.g. fungi, rusts, phytophagous
insects) exert pressure on common ragweed (Ambrosia artimisiifolia) in
its native range in North America. Certain organisms are already used
within the framework of classical biological control against ambrosia
and other organisms are being studied for their possible use.
Releases of phytophagous insects originating in North America
have been carried out for biological control of ragweed in various
countries: Epiblema strenuana (Walker) (Lepidoptera: Tortricidae)
in Australia and China; Euaresta bella (Loew) (Diptera: Tephritidae)
in Russia; Tarachidia candefacta (Hübner) (Lepidoptera: Noctuidae)
in Russia; Trigonorhinus tomentosus (Say) (Coleoptera: Anthribidae)
in Russia; Zygogramma bicolorata Pallister (Coleoptera: Chrysomelidae) in
Australia; Zygogramma disrupta Rogers (Coleoptera: Chrysomelidae) in Russia;
Zygogramma suturalis (Fabricius) (Coleoptera: Chrysomelidae) in Republic
of Georgia, Ukraine, Russia, in ex. Yugoslavia, China and Australia. In addition,
Stobaera concinna (Stål) (Homoptera: Delphacidae) has been released in Australia
to control Parthenium hysterophorus, another weed affecting public health.
Of these, Zygogramma suturalis is established in 16 areas and 4 republics of the former
Soviet Union. The elimination of the plants at the points of release and the immediate
vicinity was noted, but the density of Z. suturalis remains low (0,2 insects/m²) in zones
of agricultural production and success seems to be moderate. The use of phytophagous
insects within the framework of a classical biological control program against ambrosia
does not currently seem to be a popular goal in France. Even if the total eradication of
this plant is a utopian goal, a European program on the feasibility of biological control
would be desirable.
Contact: Dominique Coutinot, dcoutinot@ars-ebcl.org

Researchers involved: Maria Navajas (Inra),
Alain Migeon (Inra)

CSIRO,
Laboratoire européen
Thématique « Bioagresseurs émergents
et bio-invasions »
Directors and researchers involved:
Andy Sheppard (1st semester 2006),
andy.sheppard@csiro.au
Mic Julien (2nd semester 2006),
mic.julien@csiro.au

USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Lutte biologique
contre les bio-invasions »
Researchers involved: Walker Jones, René Sforza,
Brian Rector,William Meikle, Dominique Coutinot,
Franck Hérard

CEFE, Centre d’écologie
fonctionnelle et évolutive
(UMR 5175, CNRS,
UM1, UM2, UM3, Montpellier SupAgro, Cirad)
Director: Jean-Dominique Lebreton,
jean-dominique.lebreton@cefe.cnrs.fr

Biological control

Researchers involved: Arnaud Martin, Cindy Adolphe,
John Thompson,Anne Charpentier
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Institut des Sciences de l’Évolution
(UM2, CNRS)
Director: Nicole Pasteur,
pasteur@isem.univ-montp2.fr
Researcher involved: Sandrine Maurice

...continued on page 16

…and the CSIRO unit
to study the bio-invasions
in Australia
The CSIRO European Laboratory
is the European focal point for
CSIRO, Australia’s leading research
organization. In Europe, CSIRO
is primarily engaged in biological
exploration and collaborative
research with international research
institutions and industry involved in
sustainable agricultural development.
The central theme of research is
concentrated on invasive species,
phytosanitary risks, and biosecurity
for agriculture and the environment in
Australia. The laboratory provides the
capacity for research in the following
areas:
• classical biological control of weeds,
insects, and other invasive species.
The main target organisms are pests
in Australia. Selected potential agents
are subjected to host-range studies
along with studies of their biology and
distribution;
• invasive plant ecology: populations
of plant species being targeted for

biological control are studied to
evaluate the factors that contribute
to reproduction and survivorship.
The studies compare the native
environment (Europe) to the exotic
environment (Australia) to understand
the invasive mechanisms;
• genetics of plant and pest
populations: molecular techniques
are routinely used to identify the
right target organism and define its
region of origin. The development
of geographical phylogenies also
forms an evolutionary basis for hostrange studies and for the selection of
effective biological control agents;
• risk assessment: researchers
investigate the risk posed by European
pests and diseases to crops and native
plants in Australia. For biological
control agents, the assessment of
risk ensures that only highly specific
organisms will be selected to be
introduced to Australia;
• counter-season research in
horticulture, shortening the delivery
time of results by taking advantage
of the opposing seasons experienced
by the northern and southern
hemispheres.

Characterising biodiversity in agroecosystems

Studies of
phytophagous mites
Many species of arthropods
are important crop pests. The
management of these organisms
requires a better understanding of the
historical and ecological factors acting
upon the structure and functioning
of their populations (e.g. migrations,
outbreaks, gene flow). Among the
members of the CBGP (UMR 1062
– Inra, Montpellier SupAgro, Cirad,
IRD), this approach is used by the
team ‘Écologie intégrative des Systèmes
Populations-Environnement ’ (group
‘Evolutionary processes of pest
populations’) to study crop pests as
well as medically important insects.
The studied topics are more specifically
related to species complexes, as well as
invasions of new geographical regions
and colonization of new habitats.
Fundamental questions concerning
the evolutionary biology of the studied
species are also addressed.
The team working on phytophagous
mites is specifically interested in:
i) Phylogeography and population
genetics (concerning invasive species,
mainly crop pests such as Tetranychus
urticae and T. evansi, see box on page
17); ii) Morphological and molecular
systematics, phylogeny of species
complexes, and databases (e.g. online
database of the Tetranychidae family;
contribution to the CEE-DAISIE

program on invasive mites in Europe);
and iii) Characterization of important
biological traits by applying a genomics
approach to detect candidate genes.
Studies on systematics, phylogeny and
phylogeography require molecular
tools which are developed in the
CBGP’s molecular biology platform.

Innovation
among mites:
genetic tracking
Study of an important mite crop
pest, Tetranychus evansi, benefits
from the diverse expertise of CBGP
scientists. As a first step to any study,
an unambiguous identification of
the species is needed. This task can
be difficult for very small organisms
like mites whose size is 250 to 500
microns.
Research conducted by different
Agropolis International teams (CBGP,
‘Integrative ecology of populationenvironment systems’ and ‘Animal
ecology and agricultural zoology
– Acarology’) employ complementary
approaches to better understand the
geographical origin and the colonizing
paths followed by this invasive mite.
Goals include finding predatory
mites that can efficiently control the
pest and predicting and preventing
expansion of pest mite populations.

An ongoing study of specimens from
around the world aims to precisely
trace the invasion history of T. evansi.
Besides providing information
about the dissemination pathways
of the mite, the study of the genetic
diversity also strives to detect the area
of origin of T. evansi, which will direct
the search for efficient, well-adapted
natural enemies to control this pest.
Several examples of this approach
exist in entomology, but they are rare
in acarology. This study is conducted
at CBGP (team “Integrative ecology of
population-environment systems’),
in collaboration with the University
of Sao Paulo, Brazil (Departamento
de Zooloia, ESALQ). As an example,
a previous study of another
tetranychid, the cassava green
mite, Mononychellus progressivus,
which originated in South America
and was introduced into Africa,
has contributed to integrated mite
management strategies to control this
pest in colonized regions.
A second example is the coconut
mite, the eriophyid Aceria
guerreronis, an emerging pest of
coconut palms. A genetic study based
on worldwide mite sampling and use
of molecular markers has validated
the hypothesis of a New World origin
of this mite (despite the probable
Asian origin of coconut). This is an
important result affecting quarantine
measures, especially in Asia. •••

Invasion of water primrose in Southwestern France

Biological control

© A. Dutartre
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Using tools of
populations dynamics
and genetics

control but develops and uses tools of
populations dynamics and genetics
with an emphasis on conservation
biology. Methods include modeling,
development of statistical tools,
demographic and genetic study of
natural populations, and experimental
evolution. The main topics are:
• Evolution of life cycles in structured
populations;
• Evolution of specialization and
coevolution of plants and insects;
• Evolution of mating systems;

The team « Métapopulations,
Conservations et Coévolution »
belongs to the « Institut des Sciences
de l’Evolution » (UMR 5554 UM2CNRS). This team includes 10
scientists, 3 technicians and about
ten PhD students and postdocs. The
team is not specialized in biological

© F. Hérard

Director: Denis Bourguet,
bourguet@supagro.inra.fr

Team « Écologie animale et Zoologie
agricole - Acarologie »
Researchers-teachers involved:
Serge Kreiter (Montpellier SupAgro),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro),
Michel Martinez (Inra), Jean-François Germain (LNPV),
Philippe Reynaud (LNPV), Jean-Claude Streito (LNPV)

Team « Écologie intégrative des Systèmes
Populations-Environnement »
Researchers involved: Jacques Fargues (Inra),
Olivier Bonato (IRD), Frédéric Pellegrin (IRD),
Nathalie Gauthier (IRD), Claire Vidal (IRD)

Unité de Recherche
« Systèmes canniers » (Cirad)
Head: Pascal Marnotte,
pascal.marnotte@cirad.fr
Researcher involved: Régis Goebel

USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Unité d’évaluation génétique »

Biological control

Researcher involved: Marie-Claude Bon

16

UMR C53 PVBMT (Peuplements
végétaux et bioagresseurs en milieu
tropical, Cirad/Université de la Réunion)
Head: Bernard Reynaud,
bernard.reynaud@cirad.fr
Researchers involved: Bernard Reynaud, Serge Quilici,
Philippe Ryckewaert, Frédéric Chiroleu,
Jean-Philippe Deguine

© F. Hérard

Thematic « Systématique-Taxonomie,
Phylogénie-Phylogéographie »
Researchers involved: Denis Bourguet (Inra),
Gérard Delvare (Cirad), Mireille Fargette (IRD),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro),
Laurent Granjon (Museum National d’Histoire
Naturelle, assigned by IRD),Armelle Cœur-d’Acier
(Inra), Bruno Michel (Cirad), Franck Dorkfeld (Inra),
Johan Michaux (FNRS) Gauthier Dobigny (IRD),
Serge Morand (IRD),Sylvie Manguin (IRD),
Jean-Pierre Quéré (Inra), Maria Navajas (Inra),
Alain Migeon (Inra)

The latter topics deal particularly
with two rare especies (Centaurea
corymbosa and Brassica insularis)
and one invasive species (Senecio
inaequidens).

Anoplophora spp., Asian longhorned
beetles established in Europe

Other teams
working on this theme
UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)

• Fragmentation, demography,
gene flow, local adaptation and
conservation.

1

Two Asian longhorned beetles, Anoplophora glabripennis
and A. chinensis, have been accidentally introduced into
North America and Europe. Presently, infestations
on trees and on ornamentals have been found only in
urban areas. However, both pests are serious threats to
fruit trees, nurseries, and forests.

In Europe at the present time, both pests have the
status of “introduced pests.” In Italy, however, the
extent of the current infestation by A. chinensis and the
2
increasing speed of its population growth, in conjunction
with inappropriate control measures, could raise this
pest to a status of “invasive species” in that country.
Anoplophora spp. are quarantined species subject to
emergency measures against their spread, starting with
eradication efforts (for Europe, the regulations are held
in the European Community Commission Directives
2000/29/EC and 2002/36/EC). Both species are originally
from
the Far East where they live on numerous species
1. Anoplophora glabripennis
accidentally introduced of deciduous trees. In China, A. glabripennis causes heavy
in Europe in 2000 damage to the genera Populus, Acer, and Salix, principally in
urban areas and in poplar plantations. A. chinensis is one
2. Anoplophora chinensis
introduced into Europe of the major pests of Citrus in Japan. Both pests attack
by bonsaï trade healthy trees, or only lightly stressed trees. Attacks by
A. glabripennis are located in the upper portion of trees
while attacks by A. chinensis are found in the lower portion of trunks, near the collar, and on
visible roots on the ground. The early stage larvae tunnel under the bark creating galleries,
feeding in the cambium and in the phloem layers. Older larvae can bore long galleries into the
heartwood. Attacked trees are unsuitable for lumber processing.
In other respects, the structural weakening of trees, with high risk of branch fall, is problematic
in urban areas. Introductions of A. glabripennis in the West occurred through the importation
of wood packing material, pallets, crates, cable spools, and wedging material made in the Far
East from untreated boards cut up from trunks of infested deciduous trees. On the other
hand, introductions of A. chinensis were made through the importation of bonsais. Adults of
this species have been found attacking maples near greenhouses where bonsais were stored
and grown. Very quickly, many species of ornamentals were affected as well as bushes and
hedges (e.g. Prunus laurocerasus), and even old rose bushes. The known range of A. chinensis
host plants is wider than that of A. glabripennis.
Early detection of the Anoplophora spp. infestations and the eradication of these pests in the urban
areas where they are initially introduced are the major challenges to preserving agri-ecosystems,
nurseries, orchards, and nearby forests. The wide range of host plants of these pests, particularly
deciduous trees, makes them a serious threat to biodiversity in these ecosystems.
Contact: Franck Hérard, fherard@ars-ebcl.org

Characterising biodiversity in agroecosystems

A multidisciplinary study on a spider mite
Tetranychus evansi Baker & Pritchard,
a recent arrival in Europe

Tetranychus evansi appears to have originated in South America
where large numbers were observed on tomato crops for the
first time in 1954. It was then reported in the United States and
later on Mauritius in the Indian Ocean. It was subsequently found
throughout the Mascarenes and along the east coast of Africa.
The species was reported in Morocco at the end of the 1980s.
At the beginning of the 1990s it was observed in Portugal, in
Macaronesia and then in Spain. It was found for the first time in
France in the Roussillon region in 2004.
This history shows that it is a particularly invasive species that
has succeeded in spreading over a large part of the world in just
half a century. It has caused serious damage to tomato crops
wherever it has been introduced. The damage has been magnified
by the cultivation of the crop in new zones. This is the case
in particular for Réunion Island, where the recent increase in
tomato production in a protected environment has run up against
the presence of this spider mite. It is also the case in Morocco,
Spain and in Roussillon, France, where increasing quantities of
tomatoes are being grown.

© A. Migeon

The spider mite Tetranychus evansi belongs to the Tetranychidae
family. This family consists of some 1,200 species worldwide,
about a hundred of which are crop pests with about ten of these
being pests of major importance. Tetranychus evansi is linked
mainly with the Solanaceae and is a threat to tomatoes, potatoes
and other related crops. In our region, host plants include
Solanaceous weeds that are much appreciated by the mite,
providing reservoirs and relay zones. This is the case with black
nightshade (Solanum nigrum) a widespread plant and a principal
host in Spain. Other plants in the family — including weeds and/
or ruderals — may play the same role in other regions.

A female of the mite Tetranychus evansi
The use of molecular markers makes it possible 1) to differentiate
between closely related or cryptic species, 2) to trace the
history of a biological invasion, and 3) to accurately monitor
recent population developments. The use of genetic markers
in spider mite studies has provided a tool for distinguishing
between the species. A PCR-RFLP marker has been developed
to distinguish between T. evansi and T. urticae, two pests
frequently found on the same crops. The precise study of the
dispersal of species in close or similar climatic zones provides
valuable information. It is thus observed that T. evansi is present
throughout Florida. The northern part of the state has relatively
cold winters with a fair number of days with frost and average
winter temperatures below 10°C.•••

Before 1970

1990 - 2000

World distribution map and invasion of Tetranychus evansi

After 2000

From A. Migeon

1980 - 1990

Biological control

1970 - 1980
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W Forecast of
Tetranychus evansi
spread in France
based on climatic
conditions

Probability for the installation
of T. evansi in France

From A. Migeon

Negligible

Moderate

Low

High

A multidisciplinary study on a spider mite
Tetranychus evansi Baker & Pritchard,
a recent arrival in Europe
••• In order to determine the potential for the spread of
Tetranychus evansi in France, we took into account four criteria
determined by its American distribution as well as biological
characteristics already determined in the laboratory. These are:
• average January temperatures of 5°C or higher (the conditions
in northern Florida);
• average maximum January temperatures of 10°C (development
threshold) or higher;
• fewer than 40 days of frost per year (condition in northern
Florida);
• average July temperatures 20°C or higher (this enables the
development of three generations during the two summer
months).

Biological control

In France, the Mediterranean coastal zone, including Corsica,
seems to be most at risk. Risk is moderate in the broader, inland
Mediterranean zone and in the foothills of the Pyrenees. In
addition, it should be noted that like other exotic pests such as the
whitefly Bemisia tabaci, T. evansi is a threat to colonize commercial
greenhouses throughout Europe.
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Various methods for controlling T. evansi populations have been
implemented, in particular in Kenya where the pest is seriously
curtailing production of Solanaceous crops. Neither cultural
practices nor pesticide applications have succeeded in controlling
the spread of T. evansi populations, due in part to low efficacy of
acaricides and the development of resistance. Faced with these
technical hurdles, scientists in Brazil and Kenya began a biological

control program for this pest in the 1990s. However, the predators
commonly marketed and used in biological control of spider mites
around the world were found to be ineffective. Given the poor
results of the various control methods, work on the search for
predators in the zones of origins of T. evansi was started in 2002
with collaboration between Brazil, France and Kenya. Indeed,
T. evansi is commonly observed in Brazil but no outbreaks are
observed, leading to the assumption that effective predators are
present. The principal and most effective predators of Tetranychidae
are also mites, belonging to the family Phytoseiidae.
This work consisted of prospection in different regions of Brazil for
three years. During this survey work, numerous species of predatory
mites were found, including species that were new to science.
The population parameters and the capacity of predation on
T. evansi have been and still are being studied.This long work has
already made it possible to find species exhibiting interesting
characteristics in laboratory bioassays.The results indicate high
potential for effective biological control of T. evansi in the coming
years. Other work on the taxonomic and genetic characterization of
the predators, on their ability to establish in zones of introduction,
on the ability to mass rear them, and on risks associated with
unintentional introduction will be required for these solutions to be
implemented in an optimum, efficacious manner.
Contacts: Maria Navajas, Alain Migeon, Marie-Stéphane
Tixier-Garcin & Serge Kreiter, navajas@supagro.inra.fr

Biological control

Solanum
eleaegnifolium,
a species originating
from North America
that is invasive along
the Mediteranean
basin
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Legislation and
regulatory aspects:
harmful organisms,
agreements, and quarantine issues
Any scientist from the
scientific community can
import soil, plants, microand macro-organisms
onto French territory for
scientific purposes. These
importations are subject
to conditions concerning
harmful organisms, crop
products, or other products
that are prohibited
or subject to specific
regulations of the European
Community.

Main teams
USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Unité d’évaluation génétique »
Researchers involved: Dominique Coutinot and René Sforza

Other teams
working on this theme
CSIRO,
Laboratoire européen
Thematic « Bioagresseurs émergents
et bio-invasions »
Directors and researchers involved:
Andy Sheppard (1st semester 2006),
andy.sheppard@csiro.au
Mic Julien (2nd semester 2006),
mic.julien@csiro.au

Biological control

UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
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Director: Denis Bourguet,
bourguet@supagro.inra.fr

Program « Écologie et gestion
de la diversité des communautés
de nématodes phytoparasites »
Researchers involved: Patrice Cadet (IRD),
Mireille Fargette (IRD),Thierry Mateille (IRD)

T

he term “harmful organism” is
defined as “any species, strain
or biotype of plant, animal or
pathogenic agent harmful to plants
or crop products” according to article
2.1. of the International Convention
for the Protection of Plants (ICPP)
as included in the new text of the
Convention adopted at the time of
the Conference of the United Nations
for food and agriculture (FAO 1997)
and in effect since October 2, 2005.
A list of these harmful organisms,
also known as “quarantine
organisms,” appears in the
appendices of directive 2000/29/
CE of May 8, 2000, which also lists
the plants, crop products, or other
products whose introduction is
prohibited or subject to regulation.
In order to allow importations for
scientific purposes, the conditions
under which an organism can be
introduced or put into circulation
in the European Community for
scientific purposes, as well as the
conditions of detention, are specified
in directive 95/44/CE of July 26, 1995.
These directives were subsequently
transposed into French law (decree
of June 10, 1998, decree of November
22, 2002). Quarantine activities are
subject to preliminary approval and
living material entering the territory
under these statutes must be
accompanied by a document called
the Letter of Authority (LOA).
The application is carried out by the
Regional Director of Agriculture and
Forestry, Regional Plant Protection
Service of Languedoc-Roussillon
(DRAF/SRPV LR). The file of approval
includes descriptions of the species
or objects under consideration in
the importation, the applicable
quarantine installations, the activities
of the applicant, the personnel
of the petitioning organization
(or institution), maintenance
applied to the installations, and
risk management associated with
detention of the materials under
consideration for importation.
Once issued, an agreement is valid

for one five-year period, during
which time the conditions related
to approval must be respected.
Inspections can be organized at
the initiative of the administrative
organization (i.e. DRAF/SRPV LR).
The installation of a containment
“quarantine” must ensure the
protection of the manipulators
as well as the environment and
surrounding community. The
requirements for biological
containment can vary according
to the organisms handled. The
organisms studied or likely to be
present can be subject to a level of
containment that differs according to
whether the organism is conveyed by
imported materials (e.g soil), or can
also be water- or airborne.

Quarantines and
containment facilities
for the study of
living organisms
of foreign origin
Within the framework of its research
activities, the European Biological
Control Laboratory (EBCL) imports
onto French territory living macroand micro-organisms, including
plants, into two quarantines. All
species are imported with regard to
the legislation and regulations in
effect within the European Union
and France. These importations
conform with the Convention on

* Text written by Dominique Coutinot (USDAARS, EBCL) and Pierre Ehret (DRAF-SRPV)
Co-animateurs du Groupe Informel du Confiné
CILBA AGROPOLIS
dcoutinot@ars-ebcl.org,
pierre.ehret@agriculture.gouv.fr
** Text written by Dominique Coutinot
and René Sforza (USDA-ARS, EBCL)
dcoutinot@ars-ebcl.org, rsforza@ars-ebcl.org
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Different steps
for the agreement

1. Envelopes for shipping seeds
and tools used for secure packaging
2. Olives from South Africa
with potential natural enemies in plastic bags
during travel back to Montpellier

International Trade in Endangered
Species of Wild Flora and Fauna
(CITES). Quarantine activities
are approved and all regulated
organisms are imported subject to
a declaration to the official plant
protection authorities (SRPV LR).
The importation of regulated living
materials must be accompanied by
a LOA.
A 25m² quarantine at EBCL allows
the study of insect and plant
pathogens coming from foreign
countries. An obligatory shower is
mandated for each person upon
entry and exit of a facility of this
level of containment. This laboratory
contains equipment that allows
the identification and rearing of
insect and plant pathogens. A 149m²
quarantine for the study of natural
enemies of pest insects and exotic
plants originating from abroad as
well as some from France, is made
up of a laboratory of 55m² and
three greenhouses (each 22,5m²)
in a single, contiguous unit. This
containment facility has equipment
allowing the identification and
rearing of pest insects and their
natural enemies, as well as target

plants and their natural enemies
coming from foreign countries.
Each quarantine is equipped with
an autoclave (for decontamination
of waste), a decontamination tank
(for processing liquid waste before
disposal) and an air-treatment
filtration system (pre-filters and high
efficiency filter). A negative pressure
of 60 Pascals is maintained inside
each structure.
Access to these two quarantines
is for authorized personnel only.
Under established guidelines,
organisms and cultures raised within
these quarantine facilitites may be
exported via air cargo to the United
States for complementary studies
and/or their future establishment
within the framework of a classical
biological control against insect pests
or invasive plants.
Within the framework of studies on
pest organisms and their biological
control agents, other research
institutes also use quarantines
and containment facilities on the
International Campus of Baillarguet
(e.g. CBGP and CSIRO).

The requirements of
containment
• Specific to the “regulated quarantine
organisms” and the type of scientific
work
• Determined by an analysis of risk
carried out by the petitioning institute
• Validation of the analysis of risk by the
expert
• Evaluation of the quality of the technical
choices and organization
• Level of containment according to
the possible mode of dispersal of the
organism(s)

Treatments applied
to organisms or
studied objects according
to levels of containment
1. Imported organisms able to be
conveyed by solid materials but not by
water or air: treatment of the solids
(autoclave).
2. Imported organisms able to be
conveyed by solid materials and water
but not by air: treatment of the solids
(autoclave) and treatment of the liquids
(high temperatures, chlorination).
3. Organisms being able to be conveyed
by the solids, liquids, and air: treatment
of the solids (autoclave) and treatment
of the liquids (high temperatures,
chlorination) and treatment of the
air: pre-filters and high efficiency filter.
According to the organisms studied
a positive or negative pressure can
be applied to the whole structure of
containment.

Biological control

1
© D. Coutinot

• Assemble application materials
• Deliver the application to the service
instructor of DRAF/SRPV
• Appoint an expert - Visit of the expert
- Report and advice of the expert
• Advice of the chief of the SRPV - Advice
of the Director of the DRAF
• Prefectoral ordinance
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© R. Sforza

Larva of the
lepidopteran
Endothenia
gentianaeana
living in
seedheads of
common teasel
(Dipsacus
fullonum)

Biological control

Understanding and evaluating
diversity and its interactions
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From the soil to the air, from the micrometer scale to the
centimeter scale, living organisms from all ecosystems interact
following common ecological rules. For more than one century,
scientists have applied many and various disciplines to biological
control challenges. This diversity in approaches is linked to the
diversity of habitats surveyed: from central Asian steppes to
tropical forests, as well as Mediterranean garrigues and dunes.
Field scientists are tracking bioinvaders and their associated
natural enemies, trying to understand their interactions and
using such knowledge to benefit agricultural or to improve
land management. These interactions are studied by field and
laboratory research teams with technology transfer to land
managers and technical advisors.

Evaluating host specificity
and interactions

p. 24
© S. Maurice

Characterization of
genetic diversity

p. 26

B

iological control is a long process that begins with
field observation, scientific study, and management
of various biological interactions.

These interactions may be interspecific as in predation,
parasitism and competition, or intraspecific amongst
different populations of the same species with different
predation capabilities or variable trophic characteristics
(e.g. monophagous strains vs oligophagous). In order to
evaluate these interactions, host-specificity testing aims to
study interactions between all protagonists of a biological
complex. In addition, studies of abiotic factors inform the
design of field experiements.
Pinpointing the center of origin of a pest species allows
one to characterize the ecosystem in which it evolved
(including plant associations, parasite complexes, and
symbiotic organisms). Comparative climate analysis helps
to determine hygrometric and temperature trends in the
invaded range of the pest in question and identifies areas
presenting similar characteristics worldwide. A climatic
map is obtained that aids in directing foreign exploration
for natural enemies.
The study of interspecific interactions is facilitated by
understanding genetic characteristics of the species
involved. In that regard, phylogeographic analysis of the
target species, based on samples collected in the native
and introduced ranges of the target pest, measures
its genetic variability using neutral molecular markers
like microsatellites or organellar (mitochondrial or
chloroplastic) DNA sequence information. In addition, in
the past decade the importance of performing comparative
phylogeographical studies of both pests and their natural
enemies, in the search for host-specificity traits, has been
debated. Before, only behavioural traits of the beneficial
organism were considered, with a natural enemy selected
for a specified biocontrol program. Consideration of the
genetic structure of natural populations of the pest, of
its natural enemies, and their co-evolution opens new
research perspectives on the evolution of specialization.
René Sforza
and Marie-Claude Bon (EBCL)

Biological control

© R. Sforza
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Evaluating host specificity
and interactions
An important criterion
for selecting potential
classical biocontrol agents
for weeds and insect pests
is that agents will be
reasonably host-specific
and not become pests
themselves. It is commonly
accepted that each invasive
species is attacked by a
minimum of 15 natural
enemies in its native
range, but not all of these
will not be appropriate
as biocontrol agents due
to lack of host-specificity.
In order to evaluate the
level of host specificity
between a natural enemy
and its target plant or
insect, a variety of tests are
undertaken for selecting
the best candidates to
be released in the area
invaded by the pest species.
Main teams
USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Lutte biologique
contre les bio-invasions »
Researchers involved: Walker Jones, René Sforza,
Brian Rector,William Meikle, Dominique Coutinot,
Franck Hérard

Biological control

CSIRO,
Laboratoire européen
Thematic « Bioagresseurs émergents
et bio-invasions »
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Directors and researchers involved:
Andy Sheppard (1st semester 2006),
andy.sheppard@csiro.au
Mic Julien (2nd semester 2006),
mic.julien@csiro.au
Researchers involved: Andy Sheppard, Mic Julien,
Janine Vitou, Mireille Jourdan

Evaluating specificity of
natural enemies
in biological control
The more specific a natural enemy,
(as opposed to generalist enemies
such as predators), the less the risk of
non-target effects such as accidental
feeding or oviposition behaviour on
non-target organisms (e.g. crops,
protected and endangered species).
The need for specificity depends
upon the target species selected;
in effect, if an invasive species has
no closely related native species
or exotic species of environmental
or economic importance in the
introduced range, a less host-specific
biological control organism can be
safely employed.
In order to minimize non-target
effects, extensive host-specificity
bioassays are untertaken in the
laboratory and in the field (EBCL,
team « Lutte biologique contre les bioinvasions »). Many factors play a role
in the selection and utilization of the
target species by its natural enemy.
Phylogenetic, genetic, physiological,
behavioural, and ecological factors
determine the breadth of the
organism’s host range.
In the case of weed biocontrol,
evaluating the host-specificity of
a seed-feeding insect on a target
species requires testing it against
a list of close relatives of the target
species. For that purpose, a list of
20 to 50 plant species is selected
according to a centrifugal approach;
starting with species and sub-species
in the same genus, then related
genera and related families, as well
as crops of high economic impact,
endangered species, and native and
protected species in the introduced
range.

Seeds of each species are obtained
from botanical gardens and other
sources, then grown and placed
together with the natural enemy in
controlled experiments once the
plants have begun to produce seeds.
Feeding activity and oviposition tests
are both performed to assess the
potential host range of a herbivore.
No-choice tests (i.e. testing one plant
species at a time) are conducted,
providing an easy way to ascertain
which plant species are definitely not
suitable hosts and quickly eliminating
them from further consideration.
These multiple-year tests are
conducted under controlled
conditions in garden plots,
greenhouses and growth chambers,
either in a quarantine facility or in
open-air depending on the situation.
If the agent selected possesses
desirable traits (i.e. specificity,
significant impact on the target, ease
of rearing), it may be petitioned for
release into the introduced range
of the target plant, under legal
authorizations.
In comparison, biocontrol tests
for natural enemies of insect pests
are faster and easier. Parasitoid
insects used against important crop
pests such as scale insects, aphids,
and moths, often present a high
degree of specificity for their host.
In addition, unlike phytophagous
natural enemies of weeds, parasitoids
cannot become pests. Nevertheless,
unintended effects may occur with
predators such as when the ladybug,
Harmonia axyridis was introduced
for controlling cereal aphids but
turned out to be more poplyphagous
than expected, with widespread
uncontrolled populations*.
* Text written by René Sforza (USDA-ARS, EBCL),
rsforza@ars-ebcl.org

T Experimental contamination
of the grass Taeniatherum
caput-medusae by the smut
Ustilago phrygica

© R. Sforza

S Setting up a garden experiment to evaluate specificity
of a pathogenic fungus on a wide variety of plant species
(host-specificity test)

© M.C. Bon

How to optimize the control in Africa, and in Cameroon
in particular, of the most aggressive casual agent of the
Black Pod Disease (Phytophthora megakarya, BPD) of
cocoa? How to minimize the cost of treatments and
to preserve the environment while maintaining the
quality of cocoa? These are new challenges for the
biological control of BPD.
In order to satisfy the increase in worldwide
demand for cocoa, the general trend among farmers
in Africa, where 69% of the worldwide production
is concentrated, is to increase the size of cocoa
plantations. This strategy is currently constrained by the
intensification of disease pressure, mainly due to BPD,
afflicting up to 90% of local production.

Cocoa pods

Given the absence of disease-resistant varieties of cocoa and the
need to develop strategies that will both protect the environment through minimal use of
fungicides and also be compatible with the cultural practices of the African farmers, more
consideration has been given to an integrated pest management approach, including biological
control of BPD.
Several isolates of the fungus Trichoderma asperellum collected in Cameroon have shown
mycoparasitic and antagonistic properties and efficient control of the pathogen P. megakarya
in laboratory bioassays under controlled conditions. Determining whether this candidate
would be a good biological control agent in the field and developing methods to help reach
this decision requires study of the population dynamics, genetics, and adaptive capacity of the
pathogen under the pressure of this mycoparasite as well as research into the mechanisms
underlying the interactions between Phytophthora and Trichoderma. In collaboration with the
Institut de Recherche Agricole pour le développement (IRAD) in Cameroon, EBCL and Cirad have
designed a developmental project with basic scientific questions involving biological control and:
(i) evaluation of the diversity and population dynamics of Trichoderma asperellum and the main
species of Phytophthora in Africa; (ii) investigation of their evolution in time and space (through
functional genomics); and (iii) study of the mechanisms underlying the interactions within the
Pathogen/Mycoparasite/Antagonist complex.
Contacts: Marie-Claude Bon, mcbon@ars-ebcl.org
and Michel Ducamp, michel.ducamp@cirad.fr

Other teams
working on this theme
LGEI,
Laboratoire Génie de l’environnement
industriel et des risques industriels et
naturels, École des Mines d’Alès (EMA)
Director: Miguel Lopez-Ferber,
Miguel.Lopez-Ferber@ema.fr

Unité de Recherche
« Systèmes canniers » (Cirad)
Director: Pascal Marnotte,
pascal.marnotte@cirad.fr
Researcher involved: Régis Goebel

USDA-ARS, EBCL,
Laboratoire Européen de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Unité d’évaluation génétique »
Researcher involved: Marie-Claude Bon

UMR C53
PVBMT (Peuplements végétaux et
bioagresseurs en milieu tropical, Cirad/
Université de la Réunion)
Director: Bernard Reynaud,
bernard.reynaud@cirad.fr
Researchers involved: Bernard Reynaud, Serge Quilici,
Philippe Ryckewaert, Frédéric Chiroleu, Jean-Philippe Deguine

UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Team « Écologie animale et Zoologie
agricole - Acarologie »
Researchers-teachers involved:
Serge Kreiter (Montpellier SupAgro),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro)

Unité Propre de Recherche
« Maîtrise des bioagresseurs
des cultures pérennes » (Cirad)
Director: Dominique Berry
Team leader: Christian Cilas, christian.Cilas@cirad.fr
Researcher involved: Christian Cilas

Biological control

Study of interactions in a Pathogen/
Mycoparasite/Antagonist system for
the development of an efficient
pathogen biological control strategy

© R. Sforza
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Characterization of
genetic diversity

Bioinvasions
have undesirable
consequences on world
agriculture. The boost
in human activities
such as agriculture and
global trade increases
the movement of
species outside their
native ranges. Rapid
improvements in
molecular biology
technology have spawned
a broad range of
techniques for measuring
genetic variation that are
now available to explore
the modes of colonization
of foreign species in new
geographical areas.

Selecting the right
natural enemy for
the target plant
A debate has taken place in the
past decade within the scientific
community on the merits of studying
the comparative phylogeography
of host plants and their natural
enemies in search of traits for hostspecialization in candidates for
biological control of weeds. Until
now, only the study of certain
behavioral traits of natural enemy
species and combinations of such
species were taken into account when
insects were being chosen for a given
biological control context.
Data concerning the genetic
architecture and local evolution of
natural populations of both the target
weed and its natural enemies, which
are instrumental in studying the
evolution of specialization, are now
being taken into consideration and
are opening new perspectives.
The genetic diversity of a species,
which can be assessed throughout
its natural range using molecular
markers, allows the reconstruction of
its evolutionary history.

Biological control

Host-herbivore relationships in
plant communities can be highly
specific and the comparative
phylogeography for each protagonist
is mutually informative, allowing
analysis of differential interactions
(e.g. host range) not only within the
context of ecological constraints but
also of the evolutionary history of
each protagonist (see box related to
Lepidium draba p.29).
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The main research activities of the
Genetic Evaluation Laboratory of
the European Biological Control
Laboratory (EBCL) of the United
States Department of Agriculture
Agricultural Research Service (USDAARS) focus on:

• The analysis of comparative
phylogeography of both invasive
species (weeds or insect pests)
and their natural enemies. The
main objectives are to trace the
geographical origin of invading
populations and to assign them to
the most specific entities possible
(i.e. subspecies, or populationspecific genotypes) with the goal of
effective management of the invasive
species. This approach is conducted
in collaboration with Montpellier
SupAgro and CBGP.
• The study of the adaptive capacity
(in particular the pathogenicity)
of Black Pod Disease of cocoa
(Phytophthora megakarya, BPD)
in response to a biological control
agent (Trichoderma asperellum).
These research activities are led
in partnership with Cirad (team
“Biologie et génétique des eucaryotes
phytopathogènes”, the UMR “Biology
and Genetic of interactions between
plants parasites for Integrated
Plant Protection (Inra/Montpellier
SupAgro/Cirad). The ultimate goal is
to propose an alternative approach
to exclusive reliance on fungicides
for control of BPD in cocoa growing
regions.
Several collaborations have been
initiated at the international
level including with the Institut
de la Recherche Agricole pour le
Développement (IRAD) in Cameroon
and Imperial College of London
(UK) regarding the project on the
biological control of BPD; and with
the USDA-ARS laboratory in Sidney
(Montana, USA) and University of
Rome (Italy) concerning the control
of the invasive weed Lepidium draba
by the weevil Ceutorhynchus assimilis
(see box, p.29)*. •••
* Text written by Marie-Claude Bon (USDA- ARS, EBCL),
mcbon@ars-ebcl.org
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1. 2. 3.
Outbreaks
in coconut
caused
by the
phytophagous
mite Aceria
guerreronis
© D. Navia
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Using genetic diversity to trace the origin
and spread of exotic pests
A. Phylogenetic approach

Because of the nature of genetic material, neutral genetic
markers are ideal for tracing the movement patterns of
organisms through both historical and evolutionary time scales.
This information can be used to determine the origins of
populations and the spread of targeted pests.

In order to investigate the invasion process of the species and to
elucidate the putative source of the pest, we analyzed the genetic
relationships of 29 populations of A. guerreronis originating from
most of the geographic areas where the species has currently
been reported (the Americas, Africa, and the Indian Ocean
region). DNA sequence variation was examined in two genomic
regions: the nuclear internal transcribed region (ITS1-5.8S-ITS2)
of the ribosomal cluster and a fragment of the mitochondrial
16S region. These two fragments of 1000 and 404 base pairs,
respectively, were amplified by PCR and sequenced. The
observed genetic variation is summarized on the next page. •••

studied
haplotype

studied
haplotype
From M. Navajas

B. Assignment based approach
locus 1

locus 2

locus 3
potential origin of populations

Genetic approach to pinpoint
the origin of populations

Biological control

A combination of genetic markers and information on lifehistory traits was used to investigate the invasion pathways of an
economically important pest, the coconut mite. This eriophyid
mite, Aceria guerreronis, has emerged over the past 30 years as
an important pest of coconut and has recently spread to most
of the production areas of that crop. The origin of the mite is
unknown. The species was first described in Guerrero, Mexico,
in 1965. However, certain prior records indicate that it had
already been present in South America. The mite was reported
in West Africa, in the Gulf of Guinea islands in 1966, and in Benin
in 1967, and later in East Africa, in Tanzania in the 1980s. The
most recent records of the spread of the mite to new areas
concern India and Sri Lanka in the 1990s. Curiously, the mite has
not been recorded in the Indo-Pacific region, the presumed area
of origin of coconut.

potential origin of populations
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Indo-Australasia region
and Africa

Characterization of genetic diversity

Americas

1 haplotype

1 haplotype

1 haplotype

6 haplotypes
Following the original mitochondrial haplotypes

Following ITS nuclear sequences
From M. Navajas

Phylogeographical history
of the coconut mite.
(a) The various mitochondrial haplotypes
detected and their relative proportions
in the different sampled localities (black
dots) are indicated by the pie charts. The
highest nucleotide diversity was found in
Brazil where six out of the seven haplotypes were present. By contrast, only one
haplotype was found in Central and North
America and another single haplotype was
shared by all non-American mites from
Africa and the Indian subcontinent.
(b) Congruently, the tree constructed with
the nuclear ITS sequences revealed that all
non-American samples (in red) show very
little diversity and cluster together,
whereas the Brazilian samples (in green)
are represented in several branches of the
tree. The rest of the New World samples
(in blue) are gathered in a single cluster.
Samples of each sampling region are
colour-coded as on the map.

Using genetic diversity to trace the origin
and spread of exotic pests
••• Molecular results together with information on records of the presence of the mite
throughout the world help to trace the recent expansion history of this pest. Despite
the practically simultaneous report of the mite in the Americas and Africa, the highest
diversity is found in the Western Hemisphere and suggests that this origin of this species
most likely occurred in South America.
With the hypothesis of a South American origin of the mite, it remains unclear why
none of the New World haplotypes identified in this study were present in the other
continents’ samples. One explanation could be that because genetic variation of the
mite in the Americas is high, we had only partially sampled the entire diversity of species
there.
One issue raised by the hypothesis of a New World origin of A. guerreronis is the
question of the original host plant of the mite. This supports a previous hypothesis that
the mite originally fed on a palm tree other than the coconut palm. As further evidence,
mites collected on another palm analyzed here (Syagrus romanzoffiana), do not represent
a distinct genotype.

Biological control

Some insights into the spread of the pest are provided here. The absence of
polymorphism between African and Indo-Pacific samples is compatible with a recent and
unique infestation of these regions, presumably from the Americas. The dissemination
of the mite within the Americas and from there to other continents appears to be
a realistic hypothesis. Although wind is considered to be the main means of spread
of mites over short distances, human activities (e.g. international trade, tourism, and
germplasm exchange) have clearly facilitated the rapid dissemination of the pest over
long distances.
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It is widely accepted that most spread of the coconut mite to remote areas results
from human activity in the transport or trade of host-plant propagation material. The
transport of any palm tree propagation material thus represents a risk to be managed
using quarantine measures in order to prevent the spread of this destructive mite to
other Asian and Pacific countries where it has not yet been reported but where it
represents a clear and impending threat.
Contact: Maria Navajas, navajas@supagro.inra.fr

Understanding and evaluating diversity and its interactions

A non-invasive genetic
assay of great value to
the field of entomology
The development of non-invasive
molecular techniques opens the
door to some particularly interesting
applications aimed at studying
endangered insects, biological control
candidates, or pest species. The
presence within one insect species
of distinct genetic and biological
entities, despite virtually identical
morphological phenotypes can
present significant challenges to
differentiation of genotypes and can
hinder the success of a biological
control program against a pest or
a program of conservation of an
endangered species. How then, is
it possible to obtain the genetic
signature of such specimens without
destroying them?
A method of typing, both direct and
non-invasive, of the whitetop collargall weevil, Ceutorhynchus assimilis,
has been developed at EBCL. This
innovation is based on the direct

detection of regions of the insect’s
genome, allowing the differentiation
of cryptic genotypes directly from
the fecal excretions of the insect. The
typing of DNA obtained from frass
also allows one to detect feeding by
a particular insect species, even after
the insect has left the plant. Detection
is based on polymorphism in
markers from a given mitochondrial
region, combined with the
technique DSCP (Double Strand
Conformation Polymorphism). This
technique measures differences in
electrophoretic properties of doublestranded DNA fragments with slightly
differing sequences.
Molecular markers allow
identification of individual insects
as well as the host race to which
they belong. From these two levels
of analysis, some biological factors
can be highlighted -- factors that are
essential in the framework of research
on specificity of biological control
candidates towards their hosts. This
first study based on DNA extracted
from insect frass is providing new
information that was not possible

to get through field observations
alone or through a classical genetic
approach. No insects are disturbed or
destroyed. In the future, this method
could be applied to other areas of
research and development including
in quarantine operations.

Diversity of the models of
genetic of invasions
The teams “Écologie intégrative et
gestion des systèmes populationsenvironnement” (CBGP, Team
Processus évolutifs et gestion des
bio-agresseurs) and “Génétique
et environnement” (Institut des
Sciences de l’Évolution) are also
using molecular biology tools to
characterize the genetic diversity
of exotic bio-aggressors. These
two teams are interested in two
different models (see boxes): Aceria
guerreronis (the coconut mite) and
Senecio inaequidens (narrow-leaved
ragwort).

The case study of Lepidium draba:
How to select the right natural enemy

© M. de Freitas

However, differences in behavior and specificity were observed between
populations of the whitetop crown-gall weevil, Ceutorhynchus assimilis,
reared from different host plants. Sequence analysis of mitochondrial
DNA regions from many different populations identified several
distinct genotypes within the species, all morphologically similar
but differing in host range and geographic distribution, including
one race that was highly specific to Lepidium draba ssp. draba.
The observation of host specialization and of a reproductive
barrier between this particular race and the others confirmed
the existence of a race of natural enemy specific to the weed. The
phylogeographical profile of the weevil was further compared to a
Ceutorhynchus
similar profile of the weed in its native area. The comparison clearly
assimilis
showed a congruency between the genetic and geographic distributions
of the two host-races. This study should allow scientists to determine the influence of both
historical and spatial factors on the host-specificity of this natural enemy. Molecular analysis
of two intergenic regions of chloroplast DNA from the weed has helped in retracing the
history of the recent colonization of American territory by this polyploid species. The high
genetic diversity and the multiple geographical origins of the US populations of the weed
suggest recent and multiple introductions of Lepidium draba ssp. draba from Eurasia. All of
this information will be taken into account in the planning of the on-going biological control
program targeting this weed.
Contacts: Marie-Claude Bon, mcbon@ars-ebcl.org
and Jean-François Martin, martinjf@supagro.inra.fr

Main teams
USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Unité d’évaluation génétique »
Researcher involved: Marie-Claude Bon

UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Team « Génétique adaptative
et spéciation »
Researcher involved: Jean-François Martin
(Montpellier SupAgro)

Team « Écologie intégrative des Systèmes
Populations-Environnement »
Researchers involved: Maria Navajas (Inra),
Alain Migeon (Inra)

Institut des Sciences de l’Évolution
(UM2, CNRS)
Director: Nicole Pasteur,
pasteur@isem.univ-montp2.fr

Team « Génétique et Environnement »
Researcher involved: Sandrine Maurice

Biological control

Lepidium draba ssp. draba, a weed that is toxic to cattle and is invading American rangelands,
is cruciferous like cabbage and rape. Recently, researchers involved in the biological control
program for this weed considered the existence of a highly specific biological agent against this
weed unlikely.
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Other teams
working on this theme
UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Thematic « Systématique-Taxonomie,
Phylogénie-Phylogéographie »
Researchers involved: Denis Bourguet (Inra),
Gérard Delvare (Cirad), Mireille Fargette (IRD),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro),
Laurent Granjon (Museum National d’Histoire
Naturelle, assigned by IRD),Armelle Cœur-d’Acier
(Inra), Bruno Michel (Cirad), Franck Dorkfeld (Inra),
Johan Michaux (FNRS) Gauthier Dobigny (IRD),
Serge Morand (IRD),Sylvie Manguin (IRD),
Jean-Pierre Quéré (Inra), Maria Navajas (Inra),
Alain Migeon (Inra)

Team « Écologie animale et Zoologie
agricole - Acarologie »
Researchers-teachers involved:
Serge Kreiter (Montpellier SupAgro),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro),
Michel Martinez (Inra), Jean-François Germain (LNPV),
Philippe Reynaud (LNPV), Jean-Claude Streito (LNPV)

LGEI,
Laboratoire Génie de l’environnement
industriel et des risques industriels et
naturels, École des Mines d’Alès (EMA)
Director: Miguel Lopez-Ferber,
Miguel.Lopez-Ferber@ema.fr
Researcher involved: Miguel Lopez-Ferber

CSIRO,
Laboratoire européen
Thematic « Bioagresseurs émergents
et bio-invasions »
Director and researchers involved:
Andy Sheppard (1st semester 2006),
andy.sheppard@csiro.au
Mic Julien (2nd semester 2006),
mic.julien@csiro.au
Researcher involved: Mireille Jourdan

USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Lutte biologique
contre les bio-invasions »
Researchers involved: Walker Jones, René Sforza,
Brian Rector,William Meikle, Dominique Coutinot,
Franck Hérard

CEFE, Centre d’écologie
fonctionnelle et évolutive
(UMR 5175, CNRS,
UM1, UM2, UM3, Montpellier SupAgro, Cirad)
Director: Jean-Dominique Lebreton,
jean-dominique.lebreton@cefe.cnrs.fr

Biological control

Researchers involved: Arnaud Martin, Cindy Adolphe,
John Thompson,Anne Charpentier
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UMR C53
PVBMT (Peuplements végétaux et
bioagresseurs en milieu tropical, Cirad/
Université de la Réunion)
Director: Bernard Reynaud,
bernard.reynaud@cirad.fr
Researchers involved: Bernard Reynaud, Serge Quilici,
Philippe Ryckewaert, Frédéric Chiroleu, Jean-Philippe Deguine

Cartography
of diploid and
tetraploid forms
of narrow-leaved
ragwort in its
native range in
southern Africa
From S. Maurice

Narrow-leaved ragwort
in Languedoc-Roussillon region
Senecio inaequidens DC. (Asteraceae), a member of a genus that is well known amongst
invasive alien plant species, is predominant among 5 such species throughout Western
Europe and is the dominant invasive plant species in the Languedoc-Roussillon region.
A tetraploid, toxic, herbaceous, tussock-forming perennial found in vineyards, dunes
and pastures, it is native to coastal river systems and stony pastures of southern Africa.
Introduced as a wool contaminant at Mazamet in 1936, it grows well in temperate to
Mediterranean climates up to 2500 m in altitude with a broad ecological tolerance and
threatens livestock and native plants. Its extensive flowering period starts within a few
months of germination and individuals can produce up to 10,000 long-lived, wind- and
animal-dispersed seeds.
As such, S. inaequidens is a representative of a group of related species that invade
pastures throughout the world and has become a model system for various Agropolis
institutes for understanding the biogeography, ecology, and evolution of a plant’s
invasion as it colonizes bioclimatic zones very different from those of its native range.
In order to study the evolution of a biological invasion or to find biological control
agents one needs to know the origins of the invading individuals. Study of the taxonomy
and African origins of Senecio inaequidens has lead to the following conclusions:
• Senecio inaequidens, Senecio harveianus and Senecio madagascariensis are not distinct
biological species but represent a complex of interbreeding subspecies.
• This species complex includes diploid and tetraploid forms in South Africa and
Lesotho.
• All European S. inaequidens plants that have been studied are tetraploid, though
the history of introduction in Europe suggests several independent introductions.
Polyploidization has thus probably occurred in southern Africa.
• Flow cytometry has revealed two distinct diploid genomes (differing in DNA quantity
in southern Africa with distinct geographical distributions. The tetraploids are found in
the intersection of these two areas. This pattern suggests that tetraploids are issued
from allopolyploidization (hybridization of diploids with different genomes).
Only tetraploids have invaded Europe while South America and Australia are invaded
by diploids. This suggests that the different European countries have all imported their
wool from the tetraploid area of the native range and/or that only tetraploids are able
to invade the European climate.
Contact: Sandrine Maurice, maurice@isem.univ-montp2.fr

Flowers of
Senecio inaequidens
(Asteraceae):
one the 5 most
noxious weed species
in Western Europe
© S. Maurice

Colony of the
aphid, Aphis
jacobeae,
heavily
attacking
narrow-leaved
ragwort in
the vicinity of
Montpellier

Towards new associations to
control narrow-leaved ragwort

Biological control

While the potential of classical biological control has not yet been fully explored, very
high specificity in any agents would be required given the number of native Senecio spp. in
Europe. Solution-oriented research in Europe focuses on two natural enemies: a rust fungus
of Australian origin, Puccinia lagenophorae Cooke, that is now cosmopolitan and can kill
susceptible genotypes in Europe (though resistance is present in many populations); and the
ragwort aphid, Aphis jacobaeae Schrank, which heavily infests the flowering shoots, severely
reducing seed set. These agents are being explored for their potential in inundative or
inoculative biological control.
Contact: Andy Sheppard, andy.sheppard@csiro-europe.org
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Controlling
populations

Bioloical control

Within the concept of sustainable agriculture, controlling pest
populations through non-chemical approaches is the final step
of a long process. It encompasses study and analysis of invasive
and emerging species and their interactions with other species
and abiotic factors in the habitat they colonize. ‘Controlling’
does not imply complete annihilation of target populations, but
establishment of a social, environmental, and economic threshold
below which practioners, agronomists, and growers estimate
acceptable losses. Biological control and chemical control can be
integrated to reduce pest populations below that threshold.
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Colonies of the
scale insect
Neopulvinaria
innumerabilis
on grapevine

© F. Hérard

hree sustainable pest management practices that
are independent and complementary include
classical biological control, environmental
interactions and agroecology.

T

Classical biological
control: the use of
introduced natural enemies

p. 34
© T. Mateille

Classical biocontrol at Agropolis addresses management
of invertebrate pests such as insects and mites by
introducing natural enemies and, less frequently, invasive
plant management. These introductions are controlled
and monitored long-term. In Europe, unlike in the United
States, Australia, New Zealand, and South Africa, the study
of biological control of plant pests is at a very early stage of
development as no enemy has yet been released in natura.
Thus, most studies in Europe concern with using predators,
parasitoids, entomopathogenic fungi and baculoviruses
against insect or mite pests. Released in open habitats
or in greenhouses, such natural enemies are working as
sustainable management tools against pests of economic
importance on legumes, cereals, and trees.
Key components of sustainable crop production include
safety and environmental quality. In this context, the study
of environmental interactions aims at pest management
based on consideration of natural elements such as climatic
conditions, soil structure, and species complexes, including
micro-organisms, that coexist and interact with the crop
plant and its associated fauna.

Sustainable plant protection
for sustainable agriculture

p. 40
© J.P. Deguine

Agroecosystems are now the targets of new economic,
social and environmental stakes: to safely produce
large quantities of high-quality food; to prevent health
and environmental hazards; and to restore ecologically
degraded landscapes. In this perspective, agroecology
aims to improve animal and plant biodiversity through
management of plant populations, whether in cropping
systems or natural environments. The idea is also to
preserve and conserve native natural enemies and the
role of reservoir zones for beneficial fauna is positively
considered.
These different management strategies are connected
to the public opinion and environmental awareness that
spurred legislation calling for the reduction in the use of
agrochemical products, which is one of the main ideals of
sustainability in crop production.

Agroecology:
another vision of
sustainable agriculture

René Sforza (EBCL)
and Jean-Philippe Deguine (Cirad)

Biological control

p. 44
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Classical biological control:
the use of introduced natural enemies

Biological control

Classical biological control
is a strategy to manage
exotic or emerging pests
through natural regulatory
mechanisms of predatory
populations. It aims to
reduce and limit exotic
pest populations by
utilizing natural enemies
originating from the
native area of the pest. This
requires a multidisciplinary
scientific approach.
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Dynamics of the
tritrophic system:
Macrolophus caliginosusBemisia tabacigreenhouse tomato
Pest management in agroecosystems
requires the development of
strategies and tactics supported
by experimental data for decisionmaking implementation. Quality
and safety considerations should
be prominent components of
biocontrol-based integrated pest
management. Such an approach
involves in-depth studies of target
populations (pests and antagonists)
with clear links to the discipline
of population biology. Analysis of
population dynamics in complex
systems has been established since
the 1980s. However, European
research activity in this area has
lagged behind that of other regions.
The tritrophic system “Mediterranean
greenhouse tomato (crop plant) /
Bemisia tabaci (major pest) /
Macrolophus caliginosus (predatory
bug)” was chosen by the team
“Écologie intégrative et gestion des
systèmes population-environnement”
(CBGP) because of a good

understanding of the dynamics of its
agroecology. There is a great paradox
in that greenhouse tomato is one of
the crops with the highest level of
management whereas its IPM lacks
essential tools. Clearly there is a need
to develop a better understanding of
biodemographic mechanisms and
integration of the IPM component
with the other key elements of the
agroecosystem (i.e. cropping, physical
environment, etc.).

Insect pest control by
baculoviruses
Baculoviruses can be found in the
environment on the leaves and fruits
of plants or in the soil. These viruses
have developed a protection
system, the occlusion body that
allows its survival for long periods of
time between host encounters (up to
several years). Baculoviruses
frequently cause natural epizootics
in field host populations. Such
epizootics are linked to variations in
host population density. For
example, the cyclic variation of
Lymantria dispar populations in the
Languedoc (France) are in part due
to the natural control of this insect
by a baculovirus. •••

2

1. Stem borer larvae infesting sugarcane
stalks on Reunion Island
2. The egg parasitoid Trichogramma chilonis
(Hymenoptera: Trichogrammatidae) moving
on a Chilo saccahriphagus egg batch

1
© D. Conlong

Towards biological control of
the sugarcane stemborer on Reunion Island:
the case of augmentative releases of Trichogramma

Our objective was to carry out augmentative releases of
T. chilonis in the cane fields at the beginning of the crop cycle,
corresponding to the most active oviposition period of the borer.
To choose the wasps offering the best abilities for both biological
control and mass rearing, the biological characteristics of three T.
chilonis strains were compared in the laboratory.
A population originating from Saint-Benoît (hot and humid
climate) appeared to offer the best potential as a biological
control agent. This strain was therefore chosen for mass
production and field experiments. Three years of field releases
(2002-2004) led to significantly lower percentages of bored
internodes in the treated plots (those with Trichogramma
releases) than in the control plots. This increased sugar cane
production by 15 to 36 tons of cane per hectare (i.e. +571 to
1423 €/ha).
The best results were obtained in the plots where the host
density was the highest, a situation usually associated with the
hot and humid areas of La Réunion. Such results from small plots
allowed us to be very optimistic about the generalized use of
biological control using Trichogramma by the surgarcane farmers.
To ensure profitability and reliability of this biological control
process, it is now necessary to refine the release strategy of
T. chilonis (periods and doses), in addition to continuing to
select more effective Trichogramma populations. The research
and development partnership that prevailed during this project
should lead to future successes in these endeavours.
Contact: Régis Goebel, goebel@cirad.fr

Biological control

Sugarcane is an economically important crop in many tropical
countries. However, stemboring insects attacking this crop
strongly impede productivity, particularly in southern Africa and
countries bordering the Indian Ocean. The spotted stemborer,
Chilo sacchariphagus (Lepidoptera: Crambidae), is responsible
for significant crop losses due to internal damage in the stalk
caused by its larvae. Such feeding causes direct losses in
terms of cane tonnage prior to harvesting (up to 40t/ha) and
indirect losses during processing (reduced recoverable sugar
and sucrose quality). Recent stemborer outbreaks have been
reported on Mauritius and Reunion islands. On Reunion island,
this phenomenon is linked to the development of new highyield sugarcane varieties (such as variety R579; yield of 150t/ha
compared to 100 to 120t/ha for the other varieties) that are
more susceptible to the borer. While chemical treatments
are difficult to apply and can be ineffective since the targeted
insects are usually inside the stalk, biological control presents an
interesting and environmentally friendly solution. Over 3 years,
a project co-funded by the European Union and the General
Council of La Réunion allowed the establishment of a biological
control program on Réunion, in close collaboration with Inra,
Cirad and FDGDON. On this island, there is an existing complex
of parasitoids to control the borer, among them Trichogramma
spp. (Hymenoptera: Trichogrammatidae), a group of wellknown and effective egg parasitoids that are commonly used in
biological control programs worlwide. A field inventory of these
parasitoids showed the presence of only one species on Réunion,
Trichogramma chilonis, and the natural density of this parasitoid
was too low for effective pest control.

© R. Goebel
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Classical biological control

Research activities
conducted on La Reunion
The research and training activities
in the Joint Research Unit (JRU C53
PVBMT, Peuplements végétaux et
bioagresseurs en milieu tropical) are
focused on protection of tropical
crops and biodiversity conservation of
terrestrial ecosystems, in partnership
with University of La Réunion. This
unit is part of the crop protection
centre at Saint-Pierre, in the south of
La Réunion. Its fields of study are plant
epidemiology (survey and adaptation
of phytopathogenic micro-organism
populations); pest population
dynamics and tritrophic interactions,
genetics and characterisation of plant
resistance to pests and diseases; and
endemism and invasion of natural
terrestrial ecosystems in remote
islands.
These research activities should lead to
innovative control methods for pests,
diseases and weeds in agroecosystems
in addition to different modes of

conservation for indegenous forest
areas and management of invasive
organisms.

Biological control
against sugarcane pests
The sugarcane crop attracts numerous
insects, of which 10 species have a
real economic incidence. The damage
affects either roots (e.g. white grubs),
stalks (e.g. mealybugs, stalk borers) or
leaves (e.g. armyworms, thrips, aphidborne plant diseases). As opposed
to other crops, there is little or no
insecticide treatment on sugarcane
because of the long crop cycle, the
high density of the cane stalks and the
internal development of some pests
(e.g. stalk borers).
In this context, research institutions
are putting more emphasis on biological control, agronomic practices and
varietal resistance. The research unit
on sugarcane farming systems (Cirad),
whose scientific and technical staff is
mainly based on La Réunion, is

© J. Fargues

Bemisia tabaci,
a Hemipteran
whitefly that is
both a pest and
plant disease vector
in greenhouses

Main teams
LGEI,
Laboratoire Génie de l’environnement
industriel et des risques industriels et
naturels, École des Mines d’Alès (EMA)
Director: Miguel Lopez-Ferber,
Miguel.Lopez-Ferber@ema.fr

Unité de Recherche
« Systèmes canniers » (Cirad)
Head: Pascal Marnotte,
pascal.marnotte@cirad.fr
Researcher involved: Régis Goebel

Biological control

UMR C53
PVBMT (Peuplements végétaux et
bioagresseurs en milieu tropical, Cirad/
Université de la Réunion)
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Director: Bernard Reynaud,
bernard.reynaud@cirad.fr
Researchers involved: Bernard Reynaud, Serge Quilici,
Philippe Ryckewaert, Frédéric Chiroleu,
Jean-Philippe Deguine

interested in integrated pest management among other subjects.
Outstanding results have been obtained on La Reunion in the biological
control of the white grub Hoplochelus
marginalis by an entomopathogenic fungus and the stem borer Chilo
sacchariphagus with Trichogramma
chilonis (see box). The research
effort will continue to investigate the
impact of agronomic pratices and climate on the emergence or the establishment of invasive pests.
There is a need for more detailed
study of biodiversity in sugarcane
fields to better exploit the arthropod
fauna that interact with and regulate
the pests. Population models relative
to sugarcane growth remain incomplete. To this end, a partnership has
developed with the South African
Sugarcane Research Institute
(SASRI), the Mauritius Sugar Industry
Research Institute (MSIRI), and Inra
Bureau of Sugar Experiment Station
in France.

Pest and vector:
the whitefly is a double threat

Recently, Bemisia tabaci biotypes, vectors of Begomovirus,
invaded the vegetable production areas of southern France
and the Tomato Yellow Leaf Curl Virus (TYLCV) was detected
at several sites in 2003. Since there is no direct solution
to this highly complex problem, a multidisciplinary IPM
approach has been planned. Taking into account the social
and economic context of the targeted production regions
(Roussillon and Provence), a French collaborative research program was initiated to
control the primary foci of the whitefly invasion based on a prophylactic IPM strategy
developed for greenhouses equipped with insect-proof screens.
The French program is focused on three complementary aspects: (i) distribution
of populations over space and time (e.g. sampling plans, population structures),
(ii) life-history parameters of both pest and natural enemy populations in relation
to temperature and host plant (e.g. development models, life-table analyses), and
(iii) simulation modeling of the dynamics of the multitrophic system. The analysis of
the dynamics of multispecific systems based on adequate modelling is of primary
importance to shift from an empirical approach to a more rigorous, predictive
approach. The main challenge is to develop mechanistic submodels, to incorporate
them in multi-species pest models and finally to implement them into an integrated
crop-based, field-tested model to provide information leading to the development of
IPM decision-making tools.
Contacts: Olivier Bonato, bonato@mpl.ird.fr
and Jacques Fargues, fargues@supagro.inra.fr

Controlling populations

Diamondback moth adult
(Lepidoptera: Plutellidae)

© D. Bordat

Study of diamondback moth and its natural enemy
(Cotesia plutellae) populations native to different areas
Plutella xylostella (L.) (diamondback moth, DBM) (Lepidoptera :Yponomeutidae) is among the main
pests of Brassicaceae crops (e.g. cabbage, radish, turnip, rapeseed) worldwide and is present on all
six developed continents. A secondary pest in temperate climates, DBM has more than
20 generations/year in tropical areas. Excessive use of chemical pesticides, including bio-pesticides
(e.g. B. thuringiensis), in some regions has led to the appaerance of resistant strains.
Cotesia plutellae (Kurdjumov) (Hymenoptera : Braconidae) and Oomyzus sokolowskii (Kurdjumov)
(Hymenoptera : Eulophidae) are effective natural enemies of DBM and are specific to DBM larvae.
Probably native to temperate zones, both are also often collected in tropical climates. During
our observations under natural conditions in different areas, the behavior of populations of these
three species differed noticeably. In order to set up IPM programs it is important to know if the
divergent behaviors are genetic in origin.

Damage by
diamondback
moth larvae on
cabbage leaves

Four parallel studies were carried out to characterize this host/parasitoid complex:
• Biological differentiation: comparison of oviposition behavior, morphometry (DBM and
C. plutellae), parasitim %, life-cycle time, sex ratio (natural enemies)
• Allozyme differentiation of populations (DBM and natural enemies)
• Genetic differentiation: detection of gene flow between populations (DBM and natural enemies)
• Molecular differentiation: by RFLP of polydnavirus DNA (C. plutellae), by sequencing of
mitochondrial DNA (COI) and by ISSR method (DBM).
© D. Bordat

Contacts: Dominique Bordat, dbordat@cirad.fr
and Laurence Arvanitakis, laurence.arvanitakis@cirad.fr

The control of these pests is based on preliminary monitoring
of the infestations but the only technique currently available to
inventory the attacked trees is a visual detection of the symptoms
that are often tiny or masked. Therefore it is inevitable that
some attacked trees are not located during initial inspections.
Infested trees that might be missed by the monitoring officers, on
the other hand, could be reached effectively by specific natural
enemies attacking eggs and early stage larvae of the pests.
Moreover, if eradication of infestations in urban habitats fails, or if
the pests establish in forests, biological control could be the most
appropriate method to avoid outbreaks of these pests and their
further spread. Studies of host/parasitoid interactions of
A. glabripennis and A. chinensis are considered in two ways:
• to better know the complex of Anoplophora spp. natural
enemies in their native area - inventory of parasitoids and the
predators and evaluation of their impact on the hosts in the Far
East;
• to determine if some natural enemies of European
cerambycids that are closely related to Anoplophora spp. in terms
of taxonomy, host-plants, and behaviour would be effective
biological control agents against these pests (i.e. evaluation of
new associations); the first step consists in determining if some
parasitoids from the local fauna have already accepted the exotic
pests as hosts in known European Anoplophora spp. infestations.

Some progress has been made in these two fields; a few
of the promising parasitoid species are shown in this
brochure. In conjunction with the eradication programs,
biological control studies were implemented to identify
and evaluate European parasitoids that could help control
these pests. In Italy, parasitism of both hosts was studied
by exposing sentinel plants infested with various stages
of the pests at several sites within and outside the area
infested with A. chinensis. It was shown that the oophagous
parasitoid Aprostocetus anoplophorae Delvare (Hymenoptera:
Eulophidae) (which was very likely introduced accidentally
from the Far East with its host) is specific
to A. chinensis. Six larval ectoparasitoids,
Spathius erythrocephalus Wesmael (Hym.:
Braconidae), Eurytoma melanoneura Walker
(Hym.: Eurytomidae), Calosota vernalis Curtis
(Hym.: Eupelmidae), Cleonymus brevis Boucek (Hym.:
Pteromalidae, Cleonyminae), Trigonoderus princeps
Westwood (Hym.: Pteromalidae, Pteromalinae), and
Sclerodermus sp. (Hym.: Bethylidae) attacked early stage
larvae (L1 and L2) of Anoplophora spp. These parasitoids
were already known in Europe from other xylophagous hosts.
From this study, six new associations with A. chinensis were
identified, and four species among them also accepted
A. glabripennis as a host. The evaluation of some of these species
is in progress at EBCL and explorations continue in the field in
Italy to discover other potential antagonists of Anoplophora spp.
If eradication of these exotic pests fails, it is supposed that these
parasitoids could be used in biological control by augmentation
(following appropriate tests on their impact on non-target hosts in
the local ecosystems).
Contacts: Franck Hérard, fherard@ars-ebcl.org
and Gérard Delvare, delvare@cirad.fr

Biological control

Why and how to use biological control to attack these two
pests? Biological control can be helpful at two levels to solve the
problem of the Anoplophora spp. introductions: (i) to contribute
to their eradication and (ii) to abate the pest populations if
eradication fails.

d
© F. Hérar

Host/parasitoid interactions in invasive
Anoplophora glabripennis and A. chinensis populations
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1. Caterpillar of
Lymantria dispar on
Quercus ilext
2. Adult of
Lymantria dispar

Other teams
working on this theme
UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Program « Écologie et gestion
de la diversité des communautés
de nématodes phytoparasites »

2

Researchers involved: Patrice Cadet (IRD),
Mireille Fargette (IRD),Thierry Mateille (IRD)

Team « Écologie animale et Zoologie
agricole - Acarologie »
Researchers-teachers involved:
Serge Kreiter (Montpellier SupAgro),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro)

Team « Écologie intégrative des Systèmes
Populations-Environnement »
Researchers involved: Jacques Fargues (Inra),
Olivier Bonato (IRD), Frédéric Pellegrin (IRD),
Nathalie Gauthier (IRD), Claire Vidal (IRD)

CSIRO,
Laboratoire européen
Thematic « Bioagresseurs émergents
et bio-invasions »
Directors and researchers involved:
Andy Sheppard (1st semester 2006),
andy.sheppard@csiro.au
Mic Julien (2nd semester 2006),
mic.julien@csiro.au

USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Lutte biologique
contre les bio-invasions »
Researchers involved: Walker Jones, René Sforza,
Brian Rector,William Meikle, Dominique Coutinot,
Franck Hérard

USDA-ARS, EBCL,
Laboratoire Européen
de Lutte Biologique
Director: Walker Jones,
ebcl@ars-ebcl.org

Team « Lutte biologique
contre les bio-invasions »

Biological control

Researchers involved: Walker Jones, René Sforza,
Brian Rector,William Meikle, Dominique Coutinot,
Franck Hérard
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UPR Horticulture, Département
« Productions fruitières et horticoles »
(Flhor, Cirad)
Head: Philippe Vernier,
philippe.vernier@cirad.fr
Researchers involved: Dominique Bordat,
Laurence Arvanitakis
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Lymantria dispar, a moth well known
throughout the Montpellier area
Gypsy moth (Lymantria dispar) caterpillars are defoliators of oak and many other hardwoods
and are common on Quercus pubescens and Q. ilex in the Montpellier area. Under very high
population density, the tiny, newly hatched larvae disseminate by “ballooning” on long silk
threads produced by their salivary glands. They can be blown on the wind for long distances.
This phenomenon tends to limit the risks of overpopulation and starvation at the site of
birth and it increases the size of the infested area considerably. In 2005, because of strong
gusts of wind that occurred during the period when gypsy moth eggs were hatching in the
oak forests located north and west of Montpellier, millions of first instar larvae were borne
to parks and private yards within the city. During the following weeks, heavy defoliation of
many ornamentals was observed locally in town, as well as throughout large areas of oak
forests around Montpellier. In addition to the environmental damage, some local residents
experienced urtications due to skin contact with young larvae.
Gypsy moth populations develop in cyclical outbreaks. During the culmination phase, the
infested forests can be totally defoliated over hundreds or even thousands hectares. In
this case, the caterpillars’ need for food exceeds the capacity of the habitat to ensure the
complete development of all the individuals. Starvation occurs, resulting in the deaths of
many larvae. Starved survivors are weakened and generally very susceptible to epizootics
due to the gypsy moth nucleopolyhedrosis virus (NPV), and to attacks by parasitoids and
invertebrate and vertebrate predators. In Western Europe, it is recognized that the complex
of gypsy moth natural enemies can usually control the pest effectively. When defoliations
occur over several consecutive years in high value oak woodlots, aerial treatments with a
Bacillus thuringiensis (Bt) based preparation may be warranted. The treatment must be applied
when the populations of the pest contain a majority of first instar larvae (with a certain
proportion of L2). The “Bt” treatment can also protect surrounding urban areas against
an invasion by the pest; however, it has a local negative effect by killing many non-target
lepidopteran species without distinction.

Contact: Franck Hérard, fherard@ars-ebcl.org

Controlling populations

Insect pest control
using baculoviruses

Baculoviruses are used to control the larvae of certain insects that
cause losses in agriculture and forestry. Some baculovirus species
are also pathogenic to mosquitoes and might be useful for their
control as well (e.g. Culex nigripalpus nucleopolyhedrovirus).The main
advantages of baculoviruses are: their host specificity, which explains
the absence of side effects against non-target insects; the possibility
of using the same application equipment for baculoviruses as for
chemical insecticides, and relatively easy storage of those biological
insecticides. Insecticidal preparations containing baculoviruses are
commercialized for use against insect pests in greenhouses (e.g. to
control Spodoptera exigua on tomatoes, peppers, etc.) in storage
houses (e.g. to control the potato tuber moth, Phthorimaea operculella),
in orchards (e.g. for protection of apples against the apple moth, Cydia
pomonella), in row crops (e.g. for protection of soybeans against the
velvelbean cartepillar, Anticarsia gemmatalis) or in forestry (e.g. for
control of Lymantria dispar in hardwood forests).
Baculoviruses enter the larva per os, when it feeds on contaminated
leaf, flower, or fruit surfaces. One of the limits for baculovirus
efficacy is the need for the presence of the virus where the larvae
are feeding.The borers (like the apple borer or the potato tuber
moth) enter inside the fruit or the tubers soon after hatching, and
once inside, they cannot be treated.This behaviour necessitates
that the application of the virus should be prior to boring. For leaffeeding caterpillars, contamination can occur at any time during
larval feeding. Baculovirus virions are protected from degradation
by a protein layer that coalesces into a crystalline form.This stable
structure is called a polyhedron or granule due to its form, and
more generally, an occlusion body. Occlusion bodies typically
dissolve in the larval midgut. Occlusion body production is not
an exclusive characteristic of baculoviruses: virions for two other
virus families infecting arthropods also produce occlusion bodies.
However, occlusion body production has never been observed
outside the arthropod-infecting viruses.
The larva dies due to massive viral replication. By the end of the
infection cycle, the larva is more or less a bag of occlusion bodies.
When the integument breaks, the occlusion bodies are liberated into
the environment, ready to resume the infection cycle. Often, infected
larvae are induced by the virus to climb upwards on the host and
die in a characteristic position, hanging from the undersides of leaves,
which facilitates the spread of subsequently liberated occlusion bodies.
The virus life cycle is complex. Baculovirus genomes are between 80
and 150 kb in size and can encode 100 to 150 genes. A fraction of
these genes encodes the structural proteins involved in virus particle

formation. Other gene products interfere with host physiology or
behaviour (e.g. climbing before death). Ongoing research aims to
better understand baculovirus host specificity and to characterize
their life cycles and the modifications they provoke in the infected
host.The number of completely sequenced baculovirus genomes is
increasing, allowing a comparative genomics approach.
Within a single virus species phylogeographic variation can be
found. Baculoviruses adapt to their host populations and these
host populations are not strictly similar.Virus isolates from a given
location are often more active against their native host population
than against foreign populations of the same host species. Moreover,
within a single viral isolate (obtained from a single location at a given
time) there can be genetic variation.Virus genomes are not uniform
and differences in biological activity might be found between them.
In some situations, this variability is required for the optimal activity
of the whole isolate, with the various virus genotypes playing
complementary roles.
For a given location, the genetic composition of the viral isolate may
change over time.This could result from co-evolution between the
pathogen and its host. It has been shown that baculoviruses have a
long history of co-evolution with their respective hosts, although it is
theoretically possible that a baculovirus could colonize a new host.
Contact: Miguel Lopez-Ferber, Miguel.Lopez-Ferber@ema.fr
© D. Ray and M. López-Ferber

Occlusion bodies
of baculoviruses induce natural
epizootics in insect
pest populations

Biological control

The host range of each baculovirus is different and they are
often quite specific. For example, the Spodoptera exigua multiple
nucleopolyhedrovirus (SeMNPV) is extremely pathogenic to
Spodoptera exigua larvae, an agricultural pest originally from Asia
and now cosmopolitan. However, this virus cannot kill larvae from
other very closely related species, including other Spodoptera spp.
Conversely, the Spodoptera littoralis nucleopolyhedrovirus (SpliNPV),
isolated from S. littoralis, a species found around the Mediterranean,
can also kill S. frugiperda, a new world species, as well as S. exigua. The
mechanisms involved in baculovirus host specificity have not yet been
fully characterised.They are not limited to entry into the larval cell,
but correspond to a series of blocking points at various levels of the
larval invasion (tissue barriers) and to the replication cycle inside the
insect cells.
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Sustainable plant protection
or sustainable agriculture

Biological control

Pest management and
environmental quality are
at the core of sustainable
agriculture, particularly in
fruit and vegetable production.
The decrease in the use of
agricultural chemicals is a key
factor. The recent, unfulfilled
goals of the reduction by 50%
of the use of conventional
pesticides in Europe or of
the integrated protection
(Integrated Pest Management)
of 75% of the crops in the
United States proved to be at
the same time an aim capable
of attracting popular interest
and a utopian dream.
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Farm productions and
sustainable development
Conceptually, most research and
development programs have gone
through a first level of development
of alternative methods in order to
regulate major pest populations on
given crops and, in a certain number
of cases, they have reached a second
level with the integration of all of the
strategies of crop protection. Level
three, integrating the strategic and
tactical set of the crop system and
level four, widening it to consider
socio-cultural and economic
constraints, have remained out of
reach, apart from a few cases. For a
few years, a debate has been opened
on the stakes and the stumbling blocks
facing innovation in crop protection
and sustainable development, with
the emergence of an emphasis on
multidisciplinary projects developed
in partnership with the whole of
the concerned technical and socioeconomic communities.
An analysis of recently published works
enables us to question the state of our
knowledge and the relevance of the
approaches that are implemented in
R&D programs, in terms of integration
and assessment of biological control
agents and of the microbial antagonistic
agents in Integrated Biological
Production. So it can be shown that
during the last 30 years:
i. The segment of research aimed
at the use of micro-organisms
as biological control agents in
integrated production systems has
remained relatively low and nearly
at a constant level ;

ii. Reductionist approaches have
developed at the expense of
integrative approaches ;
iii. Specialization by discipline, and
by scientific theme, has reinforced
divisions among researchers ;
iv. So-called « academic » research has
systematically favoured the analysis
of mechanisms at the molecular
level at the expense of the analysis
of mechanisms at the population
level ;
v. Research in ecology and
epidemiology have not made a lot
of progress ; and
vi. The gap between reductionist
disciplines and integrative
disciplines has increased.
Having observed this, most research
organizations have clearly realized
the need for a systematic approach
to explain the dynamics of the
interactions between protagonistic
populations (i.e. invasive species,
predators, parasitoids, microbial
antagonists) and the constraints of the
agroecosystem (crop, economic, and
other constraints). Thus, pest control
and population dynamics of pests
and their natural enemies should be
considered as one of the components
of the production system. The
conditions of integration of biological
control agents into management of
a crop system should be specified by
relying on methods of simulation,
assessment, and decision-support,
which can be applied to a wide range
of circumstances.*. •••
* Text written by Jacques Fargues (Inra) and Olivier Bonato
(IRD), fargues@supagro.inra.fr, bonato@mpl.ird.fr

A systematic approach
at the interface of the
scientific and socioeconomic disciplines
A group of researchers from
« CBGP » (UMR 1062 – Inra,
Montpellier SupAgro, Cirad and IRD)
studies complex population systems
in agricultural environments
(Theme « Dynamique de systèmes
populations-environnements et
gestion de risques en agrosystèmes
méditerranéens et tropicaux :
approche systémique du risque
Bemisia »).
The scientific approach favoured by this
group has been the investigation of key
eco-epidemiological processes of these
systems and development of essentially
mechanistic mathematical models to
describe them. The aims of the group
are both academic and applied:
i. To set up the a conceptual basis for
the development of sustainable
methods to manage phytosanitary
risks linked to outbreaks of pest
arthropods, particularly invasive
species ; and
ii. To develop and test global
strategies of this type of

management. Since 2005, this
group has worked on systematic
thinking, at the interface of
scientific (e.g. biophysical) and
socio-economic disciplines,
centered on regulation and
organization policies to be
implemented in order to meet
emerging phytosanitary risks linked
to invasive species.
Current research is centered on the
whitefly Bemisia tabaci, an invasive
species of tropical origin that is
now proliferating in Roussillon
and in the Provence-Alpes-Côte
d’Azur region and vectoring an
exceptionally dangerous plant virus
(see box). It is an emblematic model
for a multidisciplinary approach to a
major phytosanitary crisis created by
the introduction and establishment
of an invasive pest. This phenomenon
is expected to become more
common in the future because of
the intensification of global trade
and travel as well as global climate
warming. Under these conditions,
control of the phytosanitary
risks linked to bio-invasions will
rely on efficient inspections and
rapid responses to such threats,

necessitating the development of
effective diagnosis, simulation, and
prediction tools.
This research program relies
on strong interactions between
academic disciplines (which currently
include collaborations with CNRS,
IRD, Inra, Cirad, IRTA-El Instituto
de Investigacion y Technologia
Agroalimentarias, and the University
of Maine) and integrative disciplines
(Inra / Department « Sciences pour
l’action et le développement »)
at each stage of the project (i.e.
conception vs feasibility) as well
as collaboration with professional
and institutional partners (Centre
Technique Interprofessionel des Fruits
et Légumes, Stations Expérimentales
des Chambres d’Agriculture, services
de la Protection des Végétaux, etc.).
The equipment of the laboratories of
entomology and mycology and access
to the various experimental facilities
(molecular biology, greenhouses,
growth chambers, and phytotrons
in NSI perimeters) of the « CBGP »
enable the implementation of this
group’s research activities.

Meloidgyne spp.
nematode infesting
roots of melon

Biological control

© T. Mateille
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Sustainable plant protection for sustainable agriculture

Climatic constraints to fungi pathogenic to whiteflies:
a boundary-layer story

© J. Fargues

Microcaptors of air
humidity on a tomato
leaf surface

Main teams
UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Team « Écologie intégrative des Systèmes
Populations-Environnement »
Researchers involved: Jacques Fargues (Inra),
Olivier Bonato (IRD), Frédéric Pellegrin (IRD),
Nathalie Gauthier (IRD), Claire Vidal (IRD)

Other teams
working on this theme
UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Program « Écologie et gestion
de la diversité des communautés
de nématodes phytoparasites »
Researchers involved: Patrice Cadet (IRD),
Mireille Fargette (IRD),Thierry Mateille (IRD)

UMR C53
PVBMT (Peuplements végétaux et
bioagresseurs en milieu tropical, Cirad/
Université de la Réunion)
Director: Bernard Reynaud,
bernard.reynaud@cirad.fr

Biological control

Researchers involved: Bernard Reynaud, Serge Quilici,
Philippe Ryckewaert, Frédéric Chiroleu,
Jean-Philippe Deguine
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UPR Horticulture, Département
« Productions fruitières et horticoles »
(Flhor, Cirad)
Head: Philippe Vernier,
philippe.vernier@cirad.fr
Researchers involved: Dominique Bordat,
Laurence Arvanitakis

Because of their percutaneous mode
of infection, entomopathogenic fungi
are able to regulate populations of
plant sucking insects, e.g. Bemisia
tabaci in California and Texas.
The potential of these fungi for
development as inundative biological
control agents is promising but still
widely underestimated since they
are considered to be too dependent
on environmental factors. Therefore,
a collaborative research program,
supported by the LanguedocRoussillon region, has focused
on the climatic determinism of
hyphomycetous infection of whitefly
nymphs to assess the potential for
microbial control of these major pests
in Mediterranean tomato greenhouses.

Bioassays were carried out on intact leaves sandwiched between airtight plastic
cells under a constantly circulating flow of humidity-regulated air. Microclimatic
measurements demonstrated that the leaves significantly increased the relative
humidity in the air circulating in the immediate environment of the leaf surface.
Consequently, under ambient conditions expected to be unfavorable (RH < 86%),
fungus-induced mortality remained at high levels.
Eight small-scale, replicated greenhouse trials were performed in southern France
to estimate the impact of Mediterranean climate constraints on mycoinsecticidal
efficacy in protected tomato crops. Because of expected climatic constraints, the
greenhouse climate was first manipulated for optimizing mycoinsecticide efficacy
by opening the ridge vents 2 h less than usual during the night. Thus, the daily
period of high humidity (>90% RH) was two to three times longer in the “humid”
compartment than in the “dry” one. In spite of this differential, mycoinsecticide
treatments reduced numbers of surviving whitefly larvae by >85% in both the
“humid” compartment, as well as in the “dry” compartment. The climatic
heterogeneity was taken into account by comparing the fungus-induced mortality
of nymphs located on lateral-row plants to that of nymphs on center-row plants. In
spite of significant differences in air flows (0.7-1.2 and 0.3 m s-1, respectively) there
was no difference in fungus efficacy. When comparing the influence of greenhouse
ventilation systems (sophisticated glasshouse vs. polyethylene-covered greenhouse,
with vent opening surfaces ranging from 7 to 19%), the fungus was not affected in
spite of significant differences in ventilation rates.
A model of moisture transfer occurring within the leaf boundary-layer under
laminar flow was developed and tested. It was shown that air humidity increased
considerably within a distance of 5 mm from the underside of the leaf with respect
to the surrounding air in greenhouses. The effects of greenhouse ventilation on
humidity inside the greenhouse and in leaf boundary-layer was investigated to
estimate the implications for microbial control of whiteflies from the point of
view of the greenhouse ventilation, canopy transpiration activity, and crop-growth
system.
Contacts: Jacques Fargues, fargues@supagro.inra.fr
and Claire Vidal, vidal@mpl.ird.fr

Radopholus similis
infesting a root
of banana tree
© T. Mateille

Compared to other research and development areas regarding
plant-protection, nematode biocontrol is poorly developed, being
pursued only in very specific agronomic and economic situations
(e.g. greenhouse cultures, high-value crops). Moreover, the
capacity to control the development of plant-parasitic nematodes
up to a satisfactory economic threshold, especially in tropical and
Mediterranean regions, remains deficient due to weak adaptation
by exotic biocontrol agents to unfamiliar climatic conditions or
soil environments and to host-specificity issues. Acclimatization
of biocontrol agents is measured in laboratory experiments while
taking little or no account of the impact of the environment. Thus,
interactions between nematode predators and the rhizosphere
are not well known.
The bacterium Pasteuria penetrans has been reported from
more than 200 species of nematodes belonging to more than
90 different genera. Root-knot nematodes (Meloidogyne spp.)
are the favorite targets of P. penetrans which reduces nematode
populations by preventing their reproduction. As this bacterium
is an obligate parasite of nematodes (i.e. unable to reproduce in
the absence of its host), a density-dependent balance controls
the level of both prey and predator populations. P. penetrans is
cosmopolitan, having been detected in all temperate regions,
in sub-Arctic regions, in the tropics and subtropics, and on
islands. However, its abundance is very variable, regardless of the
distribution scale; whether worldwide, regional, across production
areas, or individual plots. The heterogeneity of soil factors
contributes to the variability of efficacy obtained when using
P. penetrans for nematode biocontrol.

Pasteuria
penetrans
infesting a root of
banana tree
© T. Mateille

Although nematode population sizes are often high in light soils,
high proportions of infected nematodes are usually detected in
clay and sandy-clay soils. The study of the transport of
P. penetrans spores in soil columns showed that the spores are
quickly leached in sandy soils while they are strongly adsorbed on
colloids in clay soils. Leached spores and adsorbed spores cannot
infest nematodes.
The attachment of the spores to nematodes proceeds in two
distinct steps: a random biophysical connection to the nematode
cuticle and a biochemical recognition of the cuticle through
binding protein interactions. Attachment can be influenced by
the electrochemical fields of both nematodes and bacteria.
Spore adhesion could be determined by the saturation of the
surface glycoproteins of the organisms according to the ionic
concentration of the soil solution, whose cations would act as
ionic bridges. The soil solution may also decrease hydrophobic
repulsion between the two organisms.
Management of soil factors could increase the efficacy and
frequency of various indigenous biocontrol agents. Improved
knowledge of the environment and proper management of crop
systems and strategies (e.g. irrigation, tillage regimes, organic
manures, rotations, resistant plant varieties), make meso-biological
integrated management relevant and efficient.
Contact:Thierry Mateille, mateille@supagro.inra.fr
Biological control

Nematode-parasitic bacteria
and the soil environment
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Agroecology:
another vision of
sustainable agriculture

Biological control

The agroecological
challenge consists of
preventing pest outbreaks
rather than controlling
or eradicating them, by
management of habitats
and pests communities,
taking into account large
scales of space and time.
This reasoning integrates
multiple disciplines
including landscape
ecology, landscape
management, and
conservation biology. The
physical and chemical
characteristics of the soil
also affect the community
structure over time. For
example, the soil interacts
with nematodes and microorganisms and the flow
of organisms through the
substrate.
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A

groecosystems are now the
objects of new economic,
social and environmental

stakes:
• to safely produce quality food in
sufficient quantities;
• to prevent health and
environmental hazards;
• to restore ecologically degraded
landscapes;
• to propose social alternatives to
prevalent unsustainable agricultural
activities and other landscape uses.
Acute and chronic intoxications,
pollution of the environment and
the trophic webs, and biodiversity
reduction are important secondary
consequences of phytosanitary
treatments based on toxic active
compounds.
Everyone realizes the ambiguity
of the situation: the chemical
paradigm of crop protection is
not satisfactory. Agroecological
management aims to enhance animal
and plant biodiversity by placing
an emphasis on management of
the plant settlements, cultivated or
not cultivated (form, structure and
size; arrangement; composition).
The process also aims to preserve
populations of natural enemies of
pests, which can enhance biological
control. For example, the role of
biological corridors for beneficial
fauna is useful on a local scale as well
as on the scale of the landscape.
The agroecological approach
includes different processes putting
forward the ecological character of
management; chemistry is the very
last recourse. But agroecology also
preserves the objective of durable
production.
The approach is thus recommended
for intensive agriculture as well
as for more traditional systems,

while seeking to develop local
knowledge and avoid the negative
and unintentional consequences of
industrial agriculture.
One agroecological technique that is
useful for management of crop pests
is the use of favorable associations
of complementary plant species.
Except for some notable exceptions,
monoculture is now regarded as a
dead end in the context of reducing
the use of agrichemicals. One
notes a strong renewed interest for
multi-species systems, based on
temporal or spatial associations
of several harvested species or of
one harvested species with one or
more species with complementary
functions. Associations of plants tend
to support the action of beneficial
fauna on invasive species, to restore
biodiversity and to contribute to a
return to an ecological balance.
Lastly, management of plant
settlements and populations of
invasive species elucidates three
major methodological stakes at
the scientific level: integration and
interdisciplinarity (including ecology,
agronomy, crop protection, socioeconomics, etc.) ; scale modification,
obtaining local data that can be
analyzed to facilitate decision-making
on a global scale (e.g. watersheds,
commons, landscapes, etc.); and
recognition of new (and evolving)
thresholds, on the landscape scale
and with a long-term outlook, taking
account at the same time of economic
(traditional tolerance thresholds),
social (shared and accepted
decisions), and environmental
criteria (respect of the environment,
safeguarding biodiversity, reduction
of the risks of pollution, etc)*. •••
* Text written by Jean-Philippe Deguine (Cirad),
Jean-Philippe.deguine@cirad.fr
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1. Experimental greenhouse
of tomato production in Marocco
2. Hygro-thermic sensor
in the tomato foliage
of a greenhouse
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Pest management for greenhouse tomatoes:
prophylactic vs. ecological strategies

The European tomato IPM program involves 10 natural enemies
such as the predatory bug Macrolophus caliginosus ; the parasitoid
Encarsia formosa, Eretmocerus eremicus, and Eretmocerus mundus ;
and several mycoinsecticides to control the whiteflies Trialeurodes
vaporariorum and Bemisia tabaci.
The introduction of B. tabaci populations transmitting the Tomato
Yellow Leaf Curl Virus (TYLCV) into southern France necessitates
a new approach to the plant protection strategy because of low
tolerance thresholds.Tomato production for the fresh-fruit market
is mainly achieved by long-cycle cropping of virus-susceptible
cultivars in sophisticated greenhouses (virtually year-round culture
and continuous heating during cold periods). Insect-proof screens
for decreasing the risk of whitefly adult introduction appeared to be
a well-adapted solution to the French regulation which requires the
pulling up of the whole crop as soon as the first TYLC symptoms
were detected (TYLCV is a declared quarantine organism in
France). Screen-equipped vent openings created conditions of
confinement, with daily increases in temperature and air humidity.
Consequences of these microclimatic changes on the efficacy of
natural enemies used by inoculative release must be studied to
provide better-adapted guidelines for selection of antagonists
(e.g parasitoids, predators, and entomopathogens).

The research program, supported by the Languedoc-Roussillon
region, is committed to a systematic approach to management of the
risk caused by B. tabaci and its phytovirus in this prophylactic context.
In contrast, in Cataluña, the Spanish regulation requires farmers
to only pull up those plants showing TYLC symptoms. Short-cycle
tomato crops are cultivated in unsophisticated tunnels.Though
favorable to B. tabaci, the mild climate enables natural enemies to
develop in areas neighboring tomato greenhouses.Vents are opened
wide to maximize introduction of these populations, which can exert
natural control. An ecologically based approach of IPM has been
focused on the potential of local natural enemies such as
E. mundus and a guild of predatory mirids (including M. caliginosus
as the dominant species) for both conservation and augmentative
biological control.The continuous migration of these natural
antagonists into and out of the greenhouses (conservation biological
control) can control whitefly populations in many situations but
severe pest outbreaks require releases of mass-produced natural
enemies (augmentation biological control).
Depending on the geoclimatic, social, and economic contexts, there
are two groups of Mediterranean greenhouses; sealed enclosures
largely isolated from the outside (e.g. production in Roussillon) and
partially closed structures, allowing natural re-colonization by natural
enemies of targeted pests from the outdoors (e.g. Catalan production
model). According to these different contexts, two main pest control
approaches can be developed to overcome the “Bemisia risk” for
sustainable tomato production in Mediterranean Europe.
Contacts: Jacques Fargues, fargues@supagro.inra.fr
and Olivier Bonato, Olivier.Bonato@mpl.ird.fr

Biological control

During the past two decades, the progression of biocontrol-based
integrated pest management programs in all main vegetable crops
has been particularly important in Europe. The most emblematic
crop of this trend remains the greenhouse-grown tomato. Today
Europe has 26 natural-enemy producers including the world’s three
largest. These three companies supply more than 75% of
the greenhouse biocontrol market.

© J. Fargues
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Agroecology: another vision of sustainable agriculture

The case of the plantparasitic nematodes

and their ecological adaptation,
as well as to understand habitat
functions.

Nematodes belong to a monophyletic
group, one of the most abundant
and diverse on the earth (26,000
species). They are found in all
environments and have various
survival strategies (e.g. free-living,
commensal, parasitic, or mixed
modes according to their stage).
Especially in soils, they live in
communities subject to interactions
that govern such ecosystems; they
also can be environmental indicators
in the habitats they occupy. These
properties make them excellent
models for comparative studies of
host-parasite interactions, evolution
of pesticide resistance, and the
impact of various cropping practices
or landscape management strategies
on agroecology. The plant-parasitic
nematode model is relevant in
order to acquire knowledge on
communities and on biological and
environmental interactions that
affect them, to evaluate the impact of
history (phylogeny, phylogeography)
on the evolution of their life traits

Due to the complexity of soilnematode interactions and the
resistance/resilience capacities
of soils on plant pathogens, the
nematode community approach is an
ecological and agronomic challenge
for nematode control. From an
economic point of view, world yield
losses of the twenty most important
crops due to plant-parasitic
nematodes are very high. Crop
rotations, resistance and biological
practices, developed as alternatives
to chemical control, are targeted
against few species. This could lead
to species erosion in communities
without modifying their global
pathogenic effect.
In order to engage research on
management of complex habitats
and environments such as soils,
the objectives of CBGP (UMR 1062
Inra, Montpellier SupAgro, Cirad,
IRD) within the program «Écologie et
gestion de la diversité des communautés
de nématodes phytoparasites» is to

understand assemblage processes
in communities by studying
interspecific relationships (e.g.
evolutionary history, species
coexistence, dispersion) and the
biotic and abiotic constraints
of their environment (e.g. hostplant interactions, predators,
physiochemical factors). The goal
of these studies relates to nematode
management (i.e. sustainable
control methods) by producing
more knowledge about the effect of
anthropogenic stresses on species
adaptation in communities and the
utility of biological indicators of soil
health.
Such studies are carried out in
the NS2 quarantine laboratory
(government agreement) of CBGP,
managed as a technical platform
(nematode extraction from soils
and roots; chloride treatment of
waste-water; autoclave; optics; CIV)
in which the MNHN/IRD reference
collection of preserved nematodes
(15 000 slides, 2 300 types) is stored.
Experiments are also carried out in
the molecular biology facility
of CBGP.

Horticultural agroecological management
from tropical areas to the Mediterranean Sea
Main teams
UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr

Program « Écologie et gestion
de la diversité des communautés
de nématodes phytoparasites »
Researchers involved: Patrice Cadet (IRD),
Mireille Fargette (IRD),Thierry Mateille (IRD)

UMR C53
PVBMT (Peuplements végétaux et
bioagresseurs en milieu tropical, Cirad/
Université de la Réunion)
Director: Bernard Reynaud,
bernard.reynaud@cirad.fr

Biological control

Researchers involved: Bernard Reynaud, Serge Quilici,
Philippe Ryckewaert, Frédéric Chiroleu,
Jean-Philippe Deguine
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UPR Horticulture, Département
« Productions fruitières et horticoles »
(Flhor, Cirad)
Head: Philippe Vernier,
philippe.vernier@cirad.fr
Researchers involved: Dominique Bordat,
Laurence Arvanitakis

The topic of the UPR “Horticulture”, from the «Fruit and Horticultural crops» Department
is to ensure sustainable agricultural production in tropical and mediterranean areas, including
local self-suffiency of food security and sustainable horticultural production, as well as
environmental protection. Regarding horticultural products, the UPR limits its scope to
vegetables, plantain bananas, roots, and tubers, for most of which the principal concern is
perishability and seasonality. This fixed topic has three goals: the diminution of pesticide
residuals in vegetable production, reduction of the negative impact of vegetable production
on the environment, and improvement of market access for the growers.
The research follows two main lines:
• To propose an agroecological production system and to define the quality of the
products. How to reduce nitrate and residual pesticides in horticultural products and the
environment? How to maintain soil fertility?
• To improve the competitiveness of the field of studies.
How to find tools for the field of social studies (market access, technolgy transfer, and
exchange)? How to identify and recognize other periurban agricultural systems (land
developments, parks management, sharing of resources with the city and managing water
pollution, grower/consumer networks)? The Laboratory Biodiversité entomologique et d’Écologie
Évolutive en agrosystème maraîcher studies the inter-relations between crop plants, pests, and
natural enemies in several systems : vegetables / leafminer / parasotoids ; cabbages / DBM /
parasitoids ; and most recently vegetables / B. tabaci / parasitoids.
Current research assesses female parasitoid behaviour, depending on host patch size, to
select new natural enemy populations having females with great reproductive potential.
Other topics under study in the laboratory include the biological and genetic differentiation
of populations of pests and natural enemies native to different geographic regions.
Contact: Dominique Bordat, dominique.bordat@cirad.fr

Controlling populations
© M.S. Garcin

Agroecological management of
pest mites in vineyards

Mites are important
pests in vineyards.
Their impact has
greatly increased since
1950 with the massive
use of pesticides,
Phytoseiid predatory especially insecticides.
mite with phytophagous Several hypotheses
mites on a vine leaf have been proposed
to explain these
outbreaks including the
development of pesticide
resistance in pest mite populations and the elimination of natural
enemies by broad-spectrum agrichemicals.
In order to decrease pesticide applications, studies on biological
control of these mites have been carried out. The most efficient
natural enemies are predatory mites belonging to the family
Phytoseiidae. These mites are generalist predators feeding on prey
but also on other foods, such as pollen when prey are absent.
Due to this generalist diet, these predators should persist in
fields independent of prey density. However, their development
rate (fecundity) is rather low, which prevents their mass-rearing
for large-scale releases. Thus, inoculative release strategies were
developed as a first step to enhance their occurrence.
While success has been observed in some cases, in several others
these releases did not lead to control of pest mites and the
factors involved are still not known. Studies on other biological
control strategies have been carried out to enhance the use
of these efficient predators. Indeed, in some vineyards using
integrated pest management (IPM), where pesticides used were
selected according to their low side-effects on Phytoseiidae,
an increase of the numbers of these predators was observed.

This starting-point observation stimulated research carried out
over more than 10 years in the laboratory of “Écologie Animale et
Zoologie Agricole” of Agro-Montpellier on the natural colonization
of vineyards by Phytoseiidae. These studies showed the
importance of uncultivated areas bordering plots (for structure,
floral composition), and especially the effect of plant diversity
on the occurrence, abundance, and diversity of predatory
mites. Several plant species were shown to be favourable to
Phytoseiidae. These studies have also documented wind dispersal
of Phytoseiidae from uncultivated areas to vineyards. However,
factors affecting the settlement of these predators in vineyards
have not been well characterized, as several parameters and
interactions (e.g. grapevine growth and development, water
stress, distance to uncultivated areas, competition between
settled and arriving species and populations, leaf structure)
may be involved. These studies are still in progress involving
numerous collaborations with professional agricultural institutes
(Chambres d’Agriculture, ITV). Research concerning the impact
of agroecosystem diversity on the structure of the Phytoseiidae
community is also underway. These studies concern the impact
of hedges and other vegetation bordering fields and also deal
with intra-plot diversity, studies on weed management, and
agroforestery (PIRAT Project on the site of Restinclières). The
first results from these studies show changes in the diversity of
predatory mites when trees are interspersed with vines.
These scientific studies are directly linked to works carried out in
the “Centre de Transfert” of Montpellier SupAgro, concerning sideeffects of pesticides on predators, especially predatory mites, with
the common goal of developing an integrated mite management
program using fewer pesticides and more biological control.
Contacts: Marie-Stéphane Tixier-Garcin, garcin@supagro.inra.fr
and Serge Kreiter, kreiter@supagro.inra.fr

© Région Languedoc-Roussillon
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Vineyard in the
Languedoc-Roussillon
region: a high valueadded crop...
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Agroecology: another vision of sustainable agriculture

Parasite biodiversity and soil health:
the case of plant-parasitic nematodes
High-input agricultural practices can excaerbate epidemic situations. They change
within-field species composition and functions in pathogen communities. This is also
true for plant-parasitic nematodes. In that context, pest-control techniques increase
the disequilibrium induced by high-input cropping systems. A new paradigm is suggested
here in which nematodes would not be considered only as aggressors but as partners in
the soil community whose resistance/resilience capacity should be preserved.

© T. Mateille

Necrosis of Radopholus
similis on roots of
banana tree

Intensive cropping systems usually produce low-diversity nematode communities (less
than 10 plant-parasitic species in the same soil sample). Some of the species can be very
frequent and very abundant. These colonizing species are very aggressive in the absence
of competition and can cause severe damage to plants. In these cropping systems,
control techniques are based on high inputs and can lead to economic and ecological
dead ends. In low-input cropping systems (with extensive agriculture, fallow practices,
plant associations or crop rotations, etc.), or in cropping systems which respect the
environment (e.g. organic agriculture), nematode diversity is usually higher. Studies
developed on fallowing showed that diversity of nematode communities increases
with the length of the fallow and that the global pathogenesis of the communities on
subsequent crops decreases when diversity increases, without any decrease of the total
number of nematodes in the community.
In natural ecosystems, species diversity of nematode communities is very high
(e.g. ≥20 species in nematode communities in Atlantic and Mediterranean coastal dunes)
without any specific damage being allocated to them. Research on plant pathology
due to parasitic nematodes (“resistance and crop rotation” issues) and on nematode
susceptibility to microbial antagonists (“biocontrol” issue) has shown that therapeutic
host-parasite binary approaches are not sustainable.

Other teams
working on this theme
UMR 1062
CBGP, Centre de Biologie et
de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Director: Denis Bourguet,
bourguet@supagro.inra.fr
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Team « Écologie intégrative des Systèmes
Populations-Environnement »
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Researchers involved: Jacques Fargues (Inra),
Olivier Bonato (IRD), Frédéric Pellegrin (IRD),
Nathalie Gauthier (IRD), Claire Vidal (IRD)

Team « Écologie animale et Zoologie
agricole - Acarologie »
Researchers-teachers involved:
Serge Kreiter (Montpellier SupAgro),
Marie-Stéphane Tixier-Garcin (Montpellier SupAgro)

Diversity and population levels in a nematode community can provide information
on: i) the disturbance level of an environment (e.g. due to human activity), ii) the
capacity of an environment to facilitate epidemic phenomena; iii) the “buffering” and/or
“recovery” capacity of a soil (soil resistance or resilience). The comparative investigation
of environments with contrasting characteristics (i.e. different input levels) allows
understanding of community structure in cropping systems or fragile environments.
Statistical methods used for environmental data analysis are able to test hypotheses that
can later be confirmed through functional approaches.
Three research paradigms are defined here:
• cropping systems: in organic agriculture, nematode-control techniques involve
crop diversity, rotations with unsuitable host plants, green manures, and natural, organic
amendments. All these methods contribute to an increase in soil biodiversity, which
enhances active biological competition. Consequently, organic agriculture allows analysis
of the effect of cropping strategies not only on the most dangerous species (such as
root-knot Meloidogyne spp.) but on the whole nematode community, •••

Infesting Hoplolaimus pararobustus
on a root of banana tree
© T. Mateille

Parasite biodiversity and soil health:
the case of plant-parasitic nematodes

• low-input and natural ecosystems: studies reveal a great
diversity of regulations. For example, in the dunes where
marham grass (Ammophila arenaria) was introduced, endoparasitic
nematodes (Meloidogyne maritima, Heterodera arenaria and
Pratylenchus spp.) are controlled by the host-plant (resistance to
the nematode) by microbial antagonists (e.g. Pasteuria penetrans,
Pochonia chlamydosporia) ; and by root symbionts (e.g. mycorhiza).
On the other hand, ectoparasitic nematodes would compete
directly for food with endoparasitic nematodes. Innovation in
this project is to combine research on horizontal regulations
(interspecific competitions) and vertical regulations (from plant
and predators).

• shifting situations: ecological factors that structure nematode
communities are studied in changing land-use situations. For
example, crop wedges in the Landes forest or new crop
introduction in the African savannas.
Knowledge of prior use of the land (previous crops, history) is
essential to understanding spatial and temporal development
of nematode communities. Research on this subject is being
developed within the project NemaGEco « Écologie intégrative
des nématodes : du fonctionnement de leurs populations à leurs
fonctions dans les écosystèmes » (CNRS/ADEME-ECOGER grant).
This eco-epidemiological approach is focused on the study
and management of nematode diversity in soil communities.
This descriptive (biology, taxonomy, phylogeny) and functional
(interspecific competitions, biological and edaphic constraints)
approach provides information on population assemblages. Based
on the soil resilience concept, this approach should lead to
strategies for sustainable management of cropping systems and
for protection/re-establishment of degraded environments.
Contacts:Thierry Mateille, mateille@supagro.inra.fr,
Mireille Fargette, Mireille.Fargette@mpl.ird.fr,
Patrice Cadet, Patrice.Cadet@mpl.ird.fr,
and Serge Morand, morand@supagro.inra.fr
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••• without bias introduced by chemical treatments.
Mediterranean vegetable cropping systems are appropriate for
such research because the Mediterranean region has experienced
an increased activity in organic agriculture with balanced
situations in both sides of the Mediterranean Sea that can be
examined through a comparative approach. Organic agriculture
in both Provence-Alpes-Côte d’Azur and Languedoc-Roussillon
areas occupies about 40% of the 2000 ha cultivated in France.
In Maghreb countries, organic agriculture surfaces expand faster
(e.g. approximately 8000 ha in Morocco). This type of research
is being developed in the project Nematus “Integrative approach
for plant-parasitic nematode management in Mediterranean and
Sahelian vegetable-producing areas” (MAE-DURAS grant).
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Agroecology: another vision of sustainable agriculture
© J.P. Deguine

1

2

Agroecological management of
populations of phloem-feeding insects
in cotton farming systems
© J.P. Deguine

In cotton culture (Gossypium hirsutum) in the last two decades,
two Homopterans, the aphid Aphis gossypii Glover and the whitefly
Bemisia tabaci (Gennadius), have become major pests in various areas
of the world. Their proliferation is now regularly observed and
is stimulating research aimed at their control. A theory has been
advanced that the change in status of these phloem-feeding insects
is the consequence of a rupture of the balance initially established
between these insects, their plant environment, and their diverse
natural enemies (predators, parasitoids, entomopathogenic fungi).

Biological control

Aphis gossypii and B. tabaci are distributed in most of the cottonproducing areas of the world; they are very polyphagous, which
enables them to pass rather easily from one field to another or from
one host to another, according to the conditions. These insects also
share common characteristics, including high rate of reproduction,
rapid development of resistance to insecticides, remarkable
morphological diversity, and high genetic variability.

50

How to explain the change in status of these insects?
1) by the evolution of the abiotic factors of the environment, in
particular the rainfall deficits observed in many tropical areas since
the 70’s;
2) by the changes in prevalence of certain crops, in particular an
increase in cotton and market-gardening surfaces; evolution of
technology, cultivation methods, and phytosanitary protection
methods having ruptured a pre-existing balance in the entomofauna
(e.g. increased amounts of mineral fertilizer, in particular nitrogenous
fertilizers);
3) by the techniques of low-volume pesticide treatment;
4) by the active compounds used such as the pyrethroids;
5) by the modern cultivated varieties, with strong vegetative
development at the expense of pest-resistance traits;
6) by the massive use of insecticidal products in market gardens.
This diagnosis, which is difficult because of the number of variables,
paradoxically makes it possible to inventory the principal parameters
to be taken into account in the long term to develop durable

strategies for management of insect pest populations. The objective
is, on the one hand, to break with past practices or usages in order
to avoid an aggravation of the situation and, on the other hand, to
adopt new procedures and practices, allowing a return to a situation
of balance.
From the observations, experiments, and reflection, the foudation
for this agroecological process is proposed. It is based on the
concept of integrated protection in the context of sustainable
agriculture, which endeavors to reconcile the advantages of two
different strategies: one, regarded as a priority, favoring an ecological
approach to the regulation of pest populations and thus considering
the agroecosystem at the level of preventive organization and
intervention; the other relies on curative employment, on the plot
level, of various techniques, among which synthetic pesticides should
be avoided.
It is clear that the success of such an approach cannot be assured
solely through strict respect to an integrated protocol. The initial
phase of this integrated strategy aims to reduce the phytosanitary
risks as much as possible and support the action of natural enemies.
The second phase aims at the diagnosis of the state of the plot and
its environment, or even of the whole of the concerned plantation(s)
within the same farming system (concept of territory). The last phase
is of a curative nature, aiming at implementation of pest control
methods that are the least detrimental to the environment (including
human health and biological diversity). These are true terms of
reference for ensuring the profitability and thus the sustainability of
the cropping system, conservation of the agronomic potential of the
soil, and the safeguarding of indigenous biological systems, according
to the concept of sustainable development, in particular by enhancing
biodiversity in cotton farming systems.

Contact: Jean-Philippe Deguine,
Jean-Philippe.deguine@cirad.fr

1. Harvesting in an
African cotton field
2. Larva of Cheilomenes vicina,
a ladybird predator of larvae
and adults of cotton aphids
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3. Winged adults of
Aphis gossypii

3

© J.P. Deguine
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Dissemination of scientific
and technical culture

Biological control

The Common Resource Documentation Center (CCRD)
houses the resources (print and electronic resources) of three
units of C.I.L.B.A (Complexe International de Lutte Biologique
Agropolis) related to biological control and management of pest
populations.
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© Cirad

T

he Common Resource Documentation
Center (CCRD), headed by Christine Silvy,
aims to:

• Coordinate the management of the resources
• Provide a range of services to the users of the three
labs: lending services, reference services, profiles on Current
Contents, document delivery, training, retrospective computer
searches, interlibrary loans, interrogation of data bases, etc.
• Develop common catalogues (e.g. journals, books,
publications of the scientists) and make them available on the
websites of CBGP and CILBA
• Circulate information on acquisitions, technological
developments, and new electronic resources
• Provide access to external databases: most of these
databases are now available in the three units including: CAB
Abstracts,Agricola, CC Connect, Econlit,Web of Science,
FSTA, Medline, Biosis, and Zoological Record. Also available on
public Internet, the « Bibliothèque Ouverte Montpellier LanguedocRoussillon (BOMLR) », a global free-access catalogue of more
than 50 libraries and units of the Languedoc-Roussillon Region,
enabling interrogation of a unique interface and location of the
documents (books and journals) (http://www.bomlr.info).
• Develop a network of national
and international collaborations
∆ Developing a network of national and international
collaborations
∆ Documentation centers, communication and edition
services of all the partners in Montpellier (Inra, IRD, Cirad,
Montpellier SupAgro)
∆ Network of the librarians of all Agropolis International
institutions
∆ CSIRO European Laboratory (Montpellier) and the Black
Mountain Library (CSIRO, Canberra)
∆ European Biological Control Laboratory (EBCL, Montpellier)
and National Agricultural Library (Beltsville, Maryland, USA)
∆ Network of INRA librarians
∆ Member of the “IFR Biodiversité continentale, méditerranéenne
et tropicale,” Montpellier
∆ Professional associations, both French (ADBS) and
international (IAALD).

Biological control

Christine Silvy,
silvy@supagro.inra.fr
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Topics covered by
research teams
(July 2006)

R

esearch units and teams
are mentioned on the
following chart in order of
appearance in this document.

1. Characterizing biodiversity
in agro-ecosystems

2. Understanding and evaluating
biodiversity and its interactions

a. The taxonomic tool
helping biological control
b. Considering invasive species
c. Legislation and regulation aspects:
harmful organisms, agreements and
quarantine issues

a. Evaluation of host specificity and multitrophic interactions
b. Characterization of genetic diversity

Teams

3. Controlling pest populations
a. Classical biological control: screening and
introducing natural enemies
b. Sustainable plant protection
for sustainable agriculture
c. Agroecology, another vision of sustainable
agriculture

1a

1b

UMR 1062 CBGP, Centre de Biologie et de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Thematic « Systématique-Taxonomie, Phylogénie-Phylogéographie »
Denis Bourguet

•

•

•

UMR 1062 CBGP, Centre de Biologie et de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Team « Écologie intégrative des Systèmes Populations-Environnement »
Group « Processus évolutifs et gestion des bio-agresseurs »
Denis Bourguet

•

•

•

UMR 1062 CBGP, Centre de Biologie et de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Program «Écologie et gestion de la diversité des communautés de nématodes phytoparasites »
Denis Bourguet

•

•
•

Unité de Recherche « Systèmes canniers »
(Cirad)
Pascal Marnotte

•

CSIRO, Laboratoire européen
Thematic « Bioagresseurs émergents et bio-invasions »
Andy Sheppard/Mic Julien

•

•

USDA-ARS, EBCL, Laboratoire Européen de Lutte Biologique
Team « Lutte biologique contre les bio-invasions »
Walker Jones

•
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3c

•

•

•

•

•

•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

•

UMR Institut des Sciences de l’Évolution
(CNRS,UM2)
Team « Génétique et Environnement »
Jean-Christophe Auffray

•

•

CEFE, Centre d’écologie fonctionnelle et évolutive
(UMR 5175, CNRS, UM1, UM2, UM3, Montpellier SupAgro, Cirad)
Jean-Dominique Lebreton

•

•

UPR Horticulture, Département « Productions fruitières et horticoles »
(Flhor, Cirad)
Laboratory « Biodiversité entomologique et d’Écologie Évolutive en Agrosystèmes maraîchers »
Philippe Vernier
UMR C53 PVBMT (Peuplements végétaux et bioagresseurs en milieu tropical),
(Cirad/Université de la Réunion)
Bernard Reynaud

3b

•

•
•

3a

•

USDA-ARS, EBCL, Laboratoire Européen de Lutte Biologique
Team « Quarantaine »
Walker Jones
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2b

•

LGEI Laboratoire Génie de l’Environnement industriel et des risques industriels et naturels
(EMA)
Miguel Lopez-Ferber

USDA-ARS, EBCL, Laboratoire Européen de Lutte Biologique
Team « Unité d’évaluation génétique »
Walker Jones

2a

•

UMR 1062 CBGP, Centre de Biologie et de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Team «Écologie intégrative des Systèmes Populations-Environnement »
Denis Bourguet
UMR 1062 CBGP, Centre de Biologie et de Gestion des Populations
(Inra, Montpellier SupAgro, Cirad, IRD)
Team «Écologie animale et Zoologie agricole - Acarologie »
Denis Bourguet

1c

•

•

•

•

•

•

•

•

•

Education and training
at Agropolis International
in the domain of Biological control

A

gropolis International
proposes a complete
training-education
programme delivered through its
member institutions, universities
and schools of engineers (as well
as vocational training institutions).
The training-education programme

comprises more than 80 “diploma
courses” (from Bac +2 to Bac +8:
technician, engineering degree,
master, PhD), as well as vocational
training modules (existing or
elaborated on request). The tables
below detail the training-education
courses related to this domain.

They specify the levels of the
diplomas, a description of the
trainings and the institutions where
the training is delivered.

Courses and degrees
level

degrees

title

institutions

Bac +3

Licence
professionnelle

Integrated farming

Montpellier SupAgro,
UPVD, LEGTA
Castelnaudary

“Ingénieur”
degree

Sustainable crop production
Agro-horticulture
Crop Protection and Environment
Vine and wine

Montpellier SupAgro

Master
professionnel

Plant health

Montpellier SupAgro,
Agrocampus-Rennes,
INH Angers
INRA Paris-Grignon

Agronomy and agro-food
speciality 'Agronomy and Integrated farming systems'

Montpellier SupAgro,
AgroParisTech

Biology, Geo-science, Agro-resources and Environment
speciality Ecology, Bio-diversity and Evolution Evolution and
Ecology pathway
Phyto-genetic resources and biological interactions

Montpellier SupAgro,
UM2

Integrated systems biology, agronomy and environment

Montpellier SupAgro,
UM1, UM2, UPVD

Bac +5

(BSc with professional
scope)

(MSC with
professional scope)

Master
recherche
(MSc)

Bac +8

Doctorat
(PhD)

institutions

title

Montpellier SupAgro,
Inra

Agronomical important insects: practice in identification in laboratory (5 days)

Montpellier SupAgro

Acarids, pests and helpers for plants: presentation and identification (4 days)

Biological control

Short courses
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Glossary

Agroecology: study of correlations
between plants, animals, man and
environment within agricultural
ecosystems.
Allochtonous species: species which
are outside of their natural region
usually as result of an intentional or
accidental dispersion by human activities
(also known as an introduced or exotic
species).
Allopolyploidy: polyploidy resulting
from an interspecific cross (thus
containing two different genomes).
Barcoding: method of taxonomic
identification of eukaryotic organisms
based on the diagnostic power of small
fragments of DNA.
Bioindicators: species which, due
to their sensitivity to environmental
conditions, provide a precocious
indication of biotic or abiotic
perturbations of the environment,
often due to human activities.
Biopesticides: pesticides originating from
natural substances or from living organisms.
Biotype: a group of organisms having the
same genotype.

Biological control

Cluster: a group of the same or similar
elements gathered or occurring closely
together.
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Co-dominant: describing a genetic
marker for which it is possible, for a given
locus, to distinguish either homozygous
condition as well as the heterozygous
condition.

Co-evolution: the evolution of two
or more interdependent species, each
adapting to changes in the other. It occurs,
for example, between predators and prey
and between insects and the flowers that
they feed on or pollinate.

Haplotype: a contraction of the
phrase “haploid genotype”: the genetic
constitution of an individual chromosome.

Complex of species: a group of closely
related taxa whose taxonomic or genetic
differentiation is difficult to resolve with
confidence based on current data.

Inoculative (classical) biological
control: importation and release of
biological control agents into an area
in which they are not already present,
with intent to establish permanent,
self-sustaining, and self-disseminating
populations of the agent.

Cryptic species: distinct species that are
extremely similar morphologically.

Intraspecific variability: variability
arising or occurring within a species.

Diagnosis: determination of the nature of a
pathological condition ; recognition of a disease.

Inundative biological control: release
of large numbers of a biological control
agent relative to the number of the target
species, in expectation of a rapid effect.
There is no implication that the released
biological control agent is of exotic origin
or will establish a permanent population.

Diploid: a full set of genetic material,
consisting of paired chromosomes; one
chromosome from each parental set.
Entomopathogenic: acting as a parasite of
insects and killing or causing serious disease.
Epizootic: a disease epidemic in an
animal population.
Flow cytometry: a technique making it
possible to sort particles, molecules, or cells at
high speed using a laser beam.The re-emitted
light (by diffusion or fluorescence) makes it
possible to classify a group according to several
criteria and to sort and count each subgroup.
Genetic distance: a way of measuring
the amount of evolutionary relatedness
between two species or distinct
populations of a species by counting the
number of allelic substitutions or point
mutatations that have arisen in each
population since their divergence from a
common ancestor.

Invasive species: any species, including
its seeds, eggs, spores, or other biological
material capable of propagation, that is
not native to an ecosystem and whose
introduction does or is likely to result
in rapid, uncontrollable spread and
population growth of that species.
ITS (Internal Transcribed Spacers):
RNA fragments used as molecular
markers.
Karyology: the study of chromosome,
physiology, including their shape, relative
size, banding patterns, number, etc.
Microsatellites, or Simple Sequence
Repeats (SSRs): polymorphic loci
present in nuclear DNA that consist of
repeating units of 1-4 base pairs in length.

They are typically neutral, co-dominant
(q.c.) and are used as molecular markers
which have wide-ranging applications in
the field of genetics, including kinship,
selective breeding, and population studies.

Phylogeography: the study of the
geographic distribution of genetic
lineages through construction of
genealogies of populations by comparing
their DNA sequences.

Morphometry: measurement of the
form of an organism.

Polyploidy: the condition of some
organisms of containing more than one
set of paired homologous chromosomes
per cell.

PCR (polymerase chain reaction):
a molecular biology technique, for
enzymatically replicating DNA in vitro.
The technique allows a small amount
of a DNA molecule to be amplified
exponentially. Since it is an in vitro
technique, it can be performed without
restrictions on the form of DNA (apart
from size limitations) and it can be
extensively modified to perform a wide
array of genetic manipulations.
Phylogeny: the study of the geographic
distribution of genetic lineages
through construction of genealogies of
populations by comparing their DNA
sequences.

Resilience (in ecosystems):
a measure of how much disturbance
(e.g. from storms, fire and pollutants)
an ecosystem can handle before shifting
to a qualitatively different state. It is the
capacity of a system to withstand shocks
and surprises and then rebuild itself. It is
during this rebuilding phase that renewal
and innovation take place in resilient
systems.

RFLP (restriction fragment length
polymorphism): genetic variation
between individuals measured by
comparing differences in DNA fragment
size resulting from sequence differences at
restriction enzyme recognition sites.
Sequencing: determination of the order
of nucleotides (base pairs) in a DNA or
RNA molecule or the order of amino acids
in a protein.
Taxon: a taxon (plural taxa), or taxonomic
unit, is a grouping of organisms (named
or unnamed) based on relatedness. Once
named, a taxon will usually have a rank
(e.g. species, genus, family, subfamily) and
can be arranged within a hierarchy of
related organisms.
Taxonomy: was once only the science
of classifying living organisms, but later the
word was applied in a wider sense, and
may also refer to either a classification of
things, or the principles underlying such
classification.

© F. Hérard
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Dolichomitus messor
(Hym. : Ichneumonidae),
a parasitoid known from
Lamia textor (Coleoptera :
Cerambycidae) in Europe.
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List of abbreviations
ACTA
ADBS
ADEME
ARS
BOMLR
BSES
CAREPS
CBGP
CEE
CEFE
CETA
C.I.L.B.A.
CIPV
Cirad
CIRES
CITES
CNRS
COI
CTIFL
CSIRO
DAA
DBM
DAISIE
DEA
DESS
DRAF/SRPV
DSCP
DURAS project
DU
ECOGER
EBCL
EMA
ENGREF
ESALQ
FAO
FDGEON
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IAALD
IFR
INA PG
Inra
INH
IPM
IRAD
IRD
IRTA
ITV
Isem
LEGTA
LGEI
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LNPV
LOA
MAE
MNHN
MSIRI
PBI
PIRAT
PVBMT
SASRI
SRPV
TYLCV
UMI
UMII
UMIII
UMR
UPVD
UPR
URCAM
USDA/ARS

Association de coordination technique agricole
Association des professionnels de l’information et de la documentation
Agence de l’Environnement et de la Maîtrise de l’Énergie
Agricultural Research Service
Bibliothèque Ouverte Montpellier Languedoc-Roussillon
Bureau of Sugar Experiment Stations
Centre Rhône-Alpes d’Epidémiologie et de Prévention Sanitaire
Centre de Biologie et de Gestion des Populations
Communauté Économique Européenne
Centre d’Écologie Fonctionnelle et Evolutive
Collège d’Enseignement Technique Agricole
Complexe International de Lutte Biologique Agropolis
Convention Internationale pour la Protection des Végétaux
Centre de coopération internationale en recherche agronomique
pour le développement
Centre Inter-organisme de Recherche et d’Expertise en Systématique
Convention sur le commerce international des espèces de faune et de flore sauvages
Centre national de la recherche scientifique
Cytochrome Oxidase Subunit I
Centre Technique Interprofessionnel des Fruits et Légumes
Commonwealth Scientific and Research Organisation
Diplôme d’Agronomie Approfondie
Diamond Black Moth
Delivering Alien Invasive Inventories for Europe
Diplôme d’Études Approfondies
Diplôme d’Études Supérieures Spécialisées
Direction Régionale de l’Agriculture et de la Forêt,
Service Régional de la Protection des Végétaux
Double Strand Conformation Polymorphism
Promoting Sustainable Development in Agricultural Research Systems
Diplôme Universitaire
Écologie pour la gestion des Ecosytèmes et de leurs ressources
European Biological Control Laboratory
École Nationale Supérieure des Techniques Industrielles et des Mines d’Alès
École Nationale du Génie Rural des Eaux et des Forêts (AgroParisTech)
Escola Superior de Agricultura Luiz de Queiroz
Food and Agricultural Organization
Fédération Départementale des Groupements de Défense
contre les Organismes Nuisibles
International Association of Agricultural Information
Institut Fédératif de Recherche
Institut national agronomique Paris-Grignon
Institut national de la recherche agronomique
Institut National d’Horticulture
Insect Pest Management
Institut de Recherche Agricole pour le Développement
Institut de Recherche pour le Développement
El Instituto de Investigación y Tecnología Agroalimentarias
Centre Technique Interprofessionnel de la Vigne et du Vin
Institut des sciences de l’évolution de Montpellier
Lycée d’Enseignement Général et Technologique Agricole
Laboratoire Génie de l’environnement industriel
et des risques industriels et naturels
Laboratoire National de la Protection des Végétaux
Lettre Officielle d’Autorisation
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