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LES CAHIERS DE L'ANR

The “cahiers de I'ANR" explore impacts and themes relating to the
various calls for proposals funded by the French National Research
Agency (ANR) under its Work Programme and France 2030. First
published in 2009, the collection puts current research, innovations

and advances in a specific field into perspective. Without claiming to
be exhaustive, it aims to review societal issues and future challenges
identified by the research community. The ANR publications target
researchers and policymakers, as well as the public. Focused on the
oceans, this issue contains a summary of research findings and impacts
from the many projects on oceans, seas and transitional waters that
have been co-funded by the ANR since it was set up 20 years ago.

This book was coordinated by Maurice Héral, Ocean Scientific Manager
at the ANR Environment, Ecosystem and Biological Resources Department,
in cooperation with Tarik Meziane, Ocean Scientific Manager at Major
Government Investment Programmes Directorate, in collaboration with
Major Government Investment Programmes Directorate, Digital Strategy
and Data Directorate and Information and Communication Directorate.
We would like to thank all the 40 experts who supported the ANR in
producing this scientific review, as well as everyone involved in preparing
and proofreading the book itself.

Les cabhiers de I’ANR traitent de questions thématiques transverses aux différents appels

a projets financés par I’Agence nationale de la recherche (ANR) dans le cadre de son Plan
d’action et de France 2030. Cette collection, qui existe depuis 2009 met en perspective

les recherches, les innovations et les avancées en cours dans un domaine spécifique.

Sans prétention d'exhaustivité, son objectif est de revenir sur les enjeux sociétaux et sur les
défis d'avenir identifiés par les communautés de recherche mobilisées sur une thématique.
Les cahiers de I'ANR s‘adressent aussi bien aux chercheurs qu‘aux décideurs politiques

et au grand public. Le présent cahier a pour objectif d'établir un bilan des projets portant
sur les océans, les mers et les eaux de transition, financés par I'ANR depuis 2005.

Il a été coordonné par Maurice Héral, responsable scientifique Océan au département
Environnement, Ecosystémes, Ressources biologiques, en collaboration avec Tarik Meziane,
responsable scientifique Océan a la direction des Grands programmes d'investissement de
IEtat, la direction de la Stratégie numérique et des Données et la direction de I'information
et de la Communication. Pour mener a bien ce travail de synthése scientifique, 'ANR s'est
également appuyée sur une quarantaine d'experts, auxquels elle adresse ses sincéres
remerciements, ainsi qu'a toutes les personnes ayant participé a I'élaboration et a la
relecture du cahier.
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Foreword
Préface

Claire Giry

President and CEO of the French National Research Agency (ANR)
Présidente-directrice générale de I'Agence nationale de la recherche (ANR)

Research at the service of the ocean
La recherche au service de l'océan

ome to the world's second-largest Exclusive
Economic Zone (EEZ), France plays a major
role in implementing the United Nations Sus-
tainable Development Goal 14 (SDG 14) —
which aims to conserve and sustainably use
the oceans, seas and marine resources. Present in nearly
every ocean basin, France bears significant ecological,
economic and geopolitical responsibilities.
This commitment is embodied internationally through
active participation in the United Nations Decade of
Ocean Science for Sustainable Development, launched
in 2021. The third United Nations Ocean Conference,
scheduled to take place in Nice in June 2025, represents
a key milestone in global efforts. The summit will bring
states together to address pressing global issues such
as climate change, ocean pollution and biodiversity loss.
Within this framework, French marine science research is
essential, enabling us to better anticipate oceanic
changes driven by global transformations, offer

a France, avec la deuxieme zone économigque
exclusive (ZEE) du monde, joue un réle majeur dans
la mise en ceuvre de lobjectif de développement
durable 14 (ODD 14) des Nations Unies, qui vise &
conserver et & exploiter de maniere durable les
océans, les mers et les ressources marines. Présente sur la
quasi-totalité des mers du globe, la France porte des res-
ponsabilités fortes, sur les plans tant écologique et écono-
mique que geopolitique.
Son engagement s'inscrit également au niveau international
dans la dynamique de la Décennie des Nations Unies pour
l'océan, lancée en 2021, dont le point d'orgue, la troisieme
Conférence des Nations Unies sur 'océan, se tiendra a Nice
en juin 2025. Ce sommet réunira les Etats du monde entier
pour aborder des enjeux globaux comme le changement
climatique, la pollution des océans et la perte de
biodiversite.
Dans ce cadre, la recherche frangaise en sciences marines
occupe une place centrale, en permettant d'anticiper les
transformations de l'océan liées aux changements globausx,
de proposer des solutions durables et d'éclairer les décisions
publiques, tout en contribuant & la préservation des éco-
systéemes marins et & une gestion responsable des
ressources.

Depuis sa création en 2005, I'Agence nationale de la
recherche (ANR) soutient des projets nationaux et interna-
tionaux dans le domaine de locéan. Ceux-ci couvrent un
large spectre thématique, allant de la biodiversité marine
aux écosystemes coralliens et polaires, en passant par les
cycles biogéochimiques, les grands fonds marins et limpact
du climat sur les océans, tout en contribuant au dévelop-
pement d'une économie bleue respectueuse de l'environ-
nement et de ses ressources, avec des projets menés en
matiére de péche durable, d'aquaculture et d'énergies
marines renouvelables.

Ocean - ANALYSIS, EVALUATION AND IMPACT ASSESSMENT OF FUNDED PROJECTS (2005-2024)



sustainable solutions and inform public policy deci-
sions. It also contributes directly to preserving marine
ecosystems and promoting responsible resource
management.

Since being created in 2005, the French National Research
Agency (the ANR ) has supported national and interna-
tional projects in ocean-related fields spanning a wide
range of themes, from marine biodiversity to polar and
coral ecosystems, biogeochemical cycles, deep-sea envi-
ronments and the impact of climate change on ocean
systems. These efforts underpin the development of a sus-
tainable blue economy, with projects focused on respon-
sible fisheries, aquaculture and marine renewable energy.
Between 2005 and today, 1,091 ocean-related projects
have been funded by the ANR, representing a total
investment of €795 million. This support has been chan-
nelled through Generic Calls for Proposals, as well as
through other instruments under its Work Programme,
international and European collaborations and the
France 2030 Plan.

This report provides an overview of two decades of the
ANR -supported research. It highlights major scientific
advances, the breadth of topics explored, diversity of
partnerships and scientific, societal, and economic out-
comes of the projects.

The study marks a first step toward assessing the impacts
of the ANR -co-funded research on ocean science. It
shows that internationally published scientific findings
have helped shape national, European and global public
policy — with one third of the projects producing publi-
cations used for this purpose. In terms of socio-economic
impact, 10% of the projects resulted in publications cited
in patent applications, particularly in areas related to
phytoplankton and algae. Exemplifying scientific excel-
lence, these projects have greatly benefited — and will
continue to benefit — society.

Oceans cover 70% of the planet, regulate the climate,
host extraordinary biodiversity and provide essential
resources. Yet human-induced pressures on marine eco-
systems are intensifying. Climate change, pollution and
the overexploitation of resources are threatening ocean
balance. In the face of these challenges, the role of sci-
entific research is more critical than ever to ensure a
sustainable future for our oceans.

Depuis 2005, 1091 projets sur la thématique de locéan ont
été financés par I'Agence, pour un montant global de
795 millions d'euros. Ce soutien sest manifesté tant dans le
cadre de l'appel a projets générique que par le biais
d'autres dispositifs de financement de son Plan d'action,
des collaborations européennes et internationales, ou
encore via France 2030.

Ce cahier Océan dresse le bilan de 20 années de recherche
soutenues par 'ANR. Il revient sur les avancées majeures, en
mettant en lumiere la richesse des thématiques explorées,
la diversité des partenariats mobilisés, ainsi que les retom-
bées scientifiques, sociétales et économiques des projets
financés.

Cette étude sur deux décennies permet d'aborder les
impacts de la recherche cofinancée par 'Agence, et montre
que les avancées scientifiques publiées internationalement
contribuent aux réflexions et aux orientations des politiques
publiques a I'échelle nationale, européenne et mondiale —
un tiers des projets ayant en effet produit des publications
qui ont été utilisées dans ce cadre. Sur le plan des retom-
bées socioéconomiques, 10 % des projets ont fait l'objet de
publications citées dans les argumentaires de depdt des
brevets, en particulier dans le domaine du phytoplancton
et des algues. L'excellence des résultats scientifiques obte-
nus par le biais de ces projets financés bénéficie ainsi &
l'ensemble de la société et de ses acteurs.

Les oceans, qui couvrent 70 % de la planete, régulent le
climat, abritent une biodiversité exceptionnelle et consti-
tuent un réservoir vital de ressources. Cependant, les pres-
sions anthropiques sur les écosystemes marins saccroissent.
Le réchauffement climatique, la pollution et I'exploitation
intensive des ressources menacent leur équilibre. Face & ces
défis, il est plus que jamais nécessaire de souligner le rdle
essentiel de la recherche scientifique pour garantir un avenir
maritime durable.

Les cahiers de I'ANR N° 20 — Mai 2025
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Key figures

20 years of support for marine
and maritime research

Over the last 20 years, there has been growing awareness of the importance of our oceans in France and worldwide.

As a result, 2025 has been designated “Year of the Sea” as part of the United Nation's Ocean Decade.

1,091

Projects

€795m

Work programme
1,044 projects €428m

France 2030
47 projects €36/m

SCIENTIFIC IMPACT

12,438

publications

Work programme
2921
France 2030
2,517

1,067 articles (8%) are cited
more than 100 times, 76 more
than 500 times and 26 more

than 1,000 times

IMPACT ON THE SCIENTIFIC
COMMUNITY'

814

jobs created during
the projects

S47

created at the end
of the projects

89

European contracts
obtained

&

IMPACT ON PUBLIC POLICY

12%

of publications
contributed to public
policy documents

36%

of projects contributed to
public policy documents

0
illg
SOCIAL AND ECONOMIC
IMPACTS

29

patents filed

o
4%
of publications cited
in 523 patents

10%

of Proj jects mvolved
in patents

Data — November 2024.
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Chiffres clés

20 ans de soutien a la recherche

marine et maritime

Ces 20 dernieres années ont été marguées par une prise de conscience progressive de l'importance des enjeux liés aux océans,
tant en France qu'a I'échelle mondiale. Cette dynamique a conduit & la désignation de 2025 comme Année de la Mer, au sein de la
Décennie des Nations Unies pour les sciences océaniques.

%

1091

projets financés

795 M€

Plan d'action
1044 projets
428 millions d'euros

France 2030
47 projets
367 millions d'euros

IMPACTS SCIENTIFIQUES

12 438

publications

Plan d'action 9@ 921
France 2030 2 51/

8 %, soit 1 067 articles,
sont cités plus de 100 fois, 76 plus
de 500 fois et 26 plus
de 1000 fois.

IMPACTS SUR LA COMMUNAUTE
SCIENTIFIQUE'

814

emplois créés dans le cadre
des projets pendant la durée
de leur mise en ceuvre

o47

emplois créés & la fin
des projets

89

contrats européens obtenus
a la suite d'un projet financeé

IMPACTS SUR LES
POLITIQUES PUBLIQUES

12 %

des publications contribuent
aux documents de politique
publique

36 %

des projets contribuent
aux documents de politique
publique

Les cahiers de I'ANR N° 20 — Mai 2025
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IMPACTS SOCIO-
ECONOMIQUES

29

brevets déclarés

O
4 %
des publications issues

des projets sont citées
dans 523 brevets

10 %

des projets sont impliqués
dans des brevets

1. See page 58 - D'aprés enquéte (voir page 58).

Données novembre 2024.
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Introduction

Maurice Héral, Scientific Manager, Ocean, Environment, Ecosystems and Biological Resources Department.
Responsable scientifique Océan au sein du département Environnement, Ecosystemes, Ressources biologiques, ANR.

Anne-Héléne Prieur-Richard, Head of Environment, Ecosystems and Biological Resources Department.
Responsable du Département Environnement, Ecosystémes, Ressources biologiques, ANR.

Tarik Meziane, Ocean Scientific Manager, Major Government Investment Programmes Directorate.
Responsable thématique Océan, direction des Grands programmes d'investissement de I'Etat, ANR.

Daniela Floriani, Director of Major Government Investment Programmes.
Directrice des Grands programmes d'investissement de I'Etat, ANR.

Impact study of the ANR-funded ocean projects

Une étude d’impact des projets
Océan financés par '’ANR

his book covers all the research co-funded
by the ANR since its creation, whether
through the Work Programme or France
2030 (including Programmes d'Investisse-
ment d'Avenir 1to 3). The ocean is a vast
and multidisciplinary theme covering multiple facets
of marine and maritime research. Research into seas,
oceans and coastal areas plays a key role in protect-
ing the planet. The oceans cover 70% of the Earth's
surface, helping regulate the climate, absorb almost
30% of carbon dioxide emissions and produce 50% of
the Earth's oxygen. More than half of all living species
are marine species whose biodiversity contributes to
remarkable ecosystems.
The oceans are under increasing pressure from human
activity. The main threat is global warming: intensifi-
cation of water acidification, rising sea levels, coastal
erosion, increased frequency of extreme events, deox-
ygenation and changes to ecosystems. Chemical,
plastic and organic pollution is having a severe effect
on the health of marine ecosystems, particularly
coastal and transitional waters. The exploitation of
mineral and living resources is also contributing to the
degradation and destruction of marine habitats. Fish-
ing is considered the main cause of global biodiversity
loss (IPBES 2019).
The ocean is also the driving force behind the blue
economy. According to the OECD (2025), this economy
has doubled in real terms from USD 1,300 billion in
1995 to more than USD 2,600 billion in 2020. This
growth is accelerated by sectors such as coastal tour-
ism, maritime transport, fishing, aquaculture and off-
shore activities, which account for almost 4% of global
gross value added. The challenge facing the blue

e cahier Océan porte sur I'ensemble des

recherches gque I'ANR a financées depuis sa

création via son Plan d'action et France

2030. La thematique des oceans est vaste,

pluridisciplinaire et couvre les différentes
facettes de la recherche marine et maritime. La recherche
sur les mers, les océans et la bande cotiére joue un role de
premiere importance sur la planéte Terre. En effet, les milieux
océanigues représentent 70 % de la surface de la Terre, leur
induisant ainsi un réle primordial dans la régulation du cli-
mat, en absorbant pres de 30 % des dégagements de gaz
carbonique et en produisant 50 % de l'oxygene de la terre.
Plus de la moitié des espéeces vivantes sont d'origine marine,
dont la forte biodiversité favorise le développement d'éco-
systemes remarquables jusquau plus profond des océans.
L'océan est aussi de plus en plus soumis aux pressions
anthropiques. La principale menace est le réchauffement
climatique avec son cortege de conséquences : intensifica-
tion de l'acidification des eaux, montée du niveau de la mer,
érosion cotiére, augmentation de la fréquence des événe-
ments extrémes, de la désoxygénation et de la modification
de la vie des écosystémes. La menace des pollutions
chimiques, plastiques, organiques perturbe profondément
la santé et le fonctionnement des écosystémes marins, en
particulier cotiers et des eaux de transition. Lexploitation des
ressources minérales et vivantes contribue également a la
dégradation et & la destruction des habitats marins. Enfin,
I'exploitation par la péche est considérée comme la cause
principale de la perte de biodiversité mondiale (IPBES, 2019).
Locéan est aussi a l'origine de I'économie bleue. Selon
I'OCDE (2025), celle-ci a doublé en valeur réelle, passant
de 1300 milliards de dollars en 1995 & plus de 2 600 milliards
en 2020. Cette progression est portée par des secteurs
comme le tourisme littoral, le transport maritime, la péche,

Ocean - ANALYSIS, EVALUATION AND IMPACT ASSESSMENT OF FUNDED PROJECTS (2005-2024)



economy is how to develop sustainably to reduce its
carbon footprint and prioritise environmental criteria.
There is an increasingly strong convergence of targets
and topics promoted by OECD, IOC/UNESCO Oceans
Decade and the European Ocean Pact (currently being
created) in relation to:

* Responsible fisheries: sustainably manage marine
species and reduce the impact of harvesting on
marine biodiversity, promote a circular economy in
the fisheries sector by reducing waste, encouraging
recycling and promoting use of low or zero-carbon
gear and vessels.

Aquaculture: cultivate fewer carnivorous species

and promote the cultivation of algae and molluscs
to minimise environmental impact.
Sustainable coastal and marine tourism: promot-

ing responsible coastal tourism by helping preserve
ecosystems and local culture.

Renewable marine energies: developing technolo-
gies to harness the energy generated by wind, cur-
rents and waves, while mitigating the environmental
impact of these new industries.

Marine biotechnology: developing innovative prod-

ucts and medicines based on marine organisms to
capitalise on their biological and genetic potential.

Marine protected areas: establishing and managing
marine reserves in protected areas to preserve and
restore marine biodiversity.

Contaminants: contributing to an integrated ap-
proach (catchment area-coastal zones) to reduce
inputs and identify and eliminate contaminant
sources.

To tackle these challenges and support sustainable
blue economy growth, research needs to offer innova-
tive technical solutions and new paths forward. In this
book, we strive to provide an impact study of all proj-
ects carried out for the scientific community and gen-

eral public. It considers the impact of projects on public
ocean policies and in the private sector, notably
through patents. This initial outline aims to quantify the
different impacts of the projects.

laguaculture et les activités offshore, représentant pres de
4 % de la valeur ajoutée brute mondiale. Le defi auquel
Iéconomie bleue doit faire face consiste & rendre son déve-
loppement durable en réduisant son empreinte carbone et
en la rendant compatible avec les exigences
environnementales.

Pour la développer, on constate une forte convergence en
matiere d'identification des sujets majeurs a traiter de la
part de 'OCDE, de I'OC/UNESCO et du Pacte européen
pour les océans (en cours d'élaboration) sur les sujets
suivants :

+ pécheries responsables : gérer durablement les especes
exploitées et réduire impact des prélevements sur la
biodiversité marine, promouvoir une économie circulaire
dans le secteur de la péche en réduisant les déchets, en
favorisant le recyclage et en promouvant l'usage d'en-
gins et de navires plus décarbonés ;

aquaculture : cultiver moins d'espéces carnivores et pro-
mouvoir les cultures dalgues et de mollusques pour en
minimiser l'impact sur l'environnement ;

tourisme coétier et marin durable : promouvoir un tourisme
responsable sur le littoral en contribuant o la préserva-
tion des écosystemes et de la culture locale ;

énergies marines renouvelables : développer les tech-
nologies permettant d'exploiter Iénergie généree par le
vent, les courants et les vagues océaniques, diminuer les
impacts environnementaux de ces nouvelles industries ;
biotechnologie marine : assurer le développement de
produits et de meédicaments & base d'organismes marins,
afin d'exploiter leur potentiel biologique et génétique ;
gestion et conservation des zones marines protégees
établir et gérer des réserves marines dans des zones
protégées dans le but de préserver et de restaurer la
biodiversité des écosystemes marins ;

contaminants : contribuer au développement d'une ap-
proche intégrée (bassin versant-zone cétiere) pour dimi-
nuer les apports et promouvoir une approche de gestion
intégrée afin de pouvoir, dans un premier temps, identi-
fier les sources des contaminants, puis les supprimer.
Pour relever ces défis et soutenir la croissance durable de
I'économie bleueg, il est attendu que la recherche propose
des solutions techniques innovantes et suggere des voies
de progres vers la durabilité. Ce cahier Océan a pour
objectif ambitieux de développer une étude d'impact des
résultats des projets, au-deld des publications & destina-
tion de la communauté scientifique. Il vise & prendre en
compte limpact des travaux sur [élaboration des politiques
publiques océaniques, ainsi que la contribution des projets
au développement du secteur privé par le prisme de leur
participation aux prises de brevets. Cette premiere esquisse
cherche a quantifier les différents impacts des projets.

.

.

.

.

.

.
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20 years of research
for sustainable ocean
management

20 ans de recherche
pour une gouvernance
durable de l'océan

he United Nations launched The Ocean Decade

- the science we need for the ocean we want - in
January 2021. This provides a framework for bringing
together a wide range of stakeholders around the
world to support Sustainable Development Goal 14:
Conserve and sustainably use the oceans, seas and
marine resources for sustainable development. In this
document, we will use the term “ocean” to refer col-
lectively to oceans, seas and transition waters.
Present in almost all the world's oceans — Atlantic,
British Channel, North Sea, Mediterranean, Pacific,
Indian, Caribbean and Antarctic — France is commit-
ted to and responsible for achieving SDG14. With 11
million km?under national jurisdiction (97% “overseas”),
France is the second largest country in terms of Exclu-
sive Marine Economic Zone (EEZ). The country there-
fore has a key role to play in preserving ecosystems
and resources (biological, mineral and energy) and
ensuring the sustainability of associated economic
activities, as well as geostrategy, sovereignty and
diplomacy.
In this context, French marine research is key to antic-
ipate ongoing and future changes in the oceans, offer
scientifically valid solutions for mitigation, adaptation
and sustainable development, and inform decision-
makers.
Strengthening research can contribute to better
understanding the ocean's role and functioning, pre-
dicting changes and offering alternatives to promote
sustainable management in line with SDG 14.

n janvier 2021, les Nations Unies ont lanceé la Décennie

de 'Océan (La science dont nous avons besoin pour
I'Océan dont nous voulons). Celle-ci offre un cadre de
rassemblement a un large éventail de parties prenantes
a travers le monde afin qu'elles sengagent et collaborent
en dehors de leurs communautés traditionnelles, avec
pour visée de supporter de maniere durable les océans,
les mers et les ressources marines et d'atteindre l'objectif
de développement durable 14 (ODD) dans le domaine
océanique. Pour la suite de ce document, nous utiliserons
le terme « océan », qui regroupe les eaux de transition
et les mers. La France a une grande responsabilité dans
I'atteinte de I'ODD 14 — « Conserver et exploiter de
maniére durable les océans, les mers et les ressources
marines aux fins du développement durable » —, car elle
est présente dans quasi toutes les mers du globe (Atlan-
tique, Manche, mer du Nord, Méditerranee, océan Paci-
fique, océan Indien, Caraibes, Antarctique). Avec
11 millions de kilométres carrés de mers sous juridiction
nationale (dont 97 % situés dans les outre-mer), la France
est le deuxiéme Etat en matiére de zone économique
exclusive marine (ZEE), situation qui la confronte & des
responsabilités et & des enjeux forts tant dans les
domaines de préservation des écosystemes, des res—
sources (biologiques, minérales, énergétiques) et de
durabilité des activités économigues associées, que dans
ceux de la géostratégie, de la souveraineté et de la
diplomatie. Dans ce contexte, la recherche frangaise en
sciences marines a un réle important & jouer pour anti-
ciper les modifications de l'océan liées aux changements
globaux en cours, pour proposer des solutions scientifi-
guement valides d'atténuation, d'adaptation et de
développement durable et pour éclairer les décideurs.
Renforcer les recherches sur 'océan est donc primordial
pour mieux définir son réle et son fonctionnement, pour
pouvoir prédire son évolution selon celle des perturba-
tions anthropiques, et pour proposer des alternatives afin
de promouvoir sa gestion durable et datteindre les cibles
de 'ODD 14.

Ocean - ANALYSIS, EVALUATION AND IMPACT ASSESSMENT OF FUNDED PROJECTS (2005-2024)



A vast French public research
and innovation community
for the oceans

recent study (2019) carried out by a special com-

mittee for marine and maritime research and
coastal zone (COMER) - at the request of the French
National Ocean and Coastal Council with support
from HCERES - showed that the number of staff mem-
bers involved in marine and maritime research rep-
resents 7,000 Full Time Equivalents (FTEs) across 222
structures, constituting 4.2% of the French public
research effort. 2,800 FTE are researchers, i.e. 40% of
the workforce. French research is carried out by the
CNRS, mainly through the National Institutes for the
Sciences of the Universe (INSU) and Ecology and Envi-
ronment (EE); French Research Institute for Exploitation
of the Sea (Ifremer); French Polar Institute Paul-Emile
Victor (IPEV); Institute of Research for Development
(IRD); the National Museum of Natural History (MNHN);
as well as universities and their marine stations.
France has created several joint laboratories between
different partners on the same site, "Unités Mixtes de
Recherche" (Joint Research Units). These depend on
several supervisory bodies that jointly manage human
and financial resources and shared research strategy.
It should be noted that 2,000 FTEs are present in enti-
ties for which the «ocean» is a secondary topic. From
a statutory perspective, researchers represent 40% of
the workforce. Grouped together under the Ifremer
umbrella, the infrastructures of the oceanographic
fleet and associated observation resources are jointly
managed by the entire community. Polar vessels come
under the umbrella of the Terres Australes et Antarc-
tiques Frangaises (TAAF) — French Southern and Ant-
arctic Lands. The French oceanographic fleet
operates in all the world’'s oceans and is deployed in
a wide variety of environments (temperate, polar,
tropical, intertropical and deep sea) from its overseas
bases.
The French scientific community also plays an import-
ant role in coordinating international research initia-
tives on the oceans including I0C, ICES, IPBES and
IPCC. At a European level, it contributes to the Euro-
pean Marine Board, EFARO, European Polar Board,
Marine Eranets, Sustainable Blue Economy Partnership
as well as European research infrastructure such as
EuroArgo, Copernicus Marine Services, EDITO, EMSO,
AquaExcel and Jerico.

En France : une large
communauté de recherches
et d'innovations publiques
pour les océans

ne étude réalisée en 2019 par le Comité spécialisé pour

la recherche marine, maritime et littorale (Comer) & la
demande du Conseil national de la mer et des littoraux
(CNML), avec le soutien du Haut Conseil de 'évaluation de
la recherche et de l'enseignement supérieur (HCERES), a
mis en évidence que le nombre de personnels impliqués
dans la recherche marine et maritime représentait
7 000 équivalents temps plein (ETP) répartis dans
222 structures, constituant 4,2 % de I'effort public de
recherche frangais. Par ailleurs, 2 800 ETP sont des cher-
cheurs, soit 40 % des effectifs. La recherche frangaise est
partagée entre les organismes suivants : le Centre national
de la recherche scientifique (CNRS), majoritairement par le
biais des instituts nationaux des sciences de ['Univers (INSU)
et Ecologie et Environnement (INEE), I'lnstitut frangais de
recherche pour I'exploitation de la mer (Ifremer), I'Institut
polaire frangais Paul-Emile Victor (IPEV), I'Institut de
recherche pour le développement (IRD), le Muséum natio-
nal d'histoire naturelle (MNHN), ainsi que I'ensemble des
universités et de leurs stations marines. La spécificité du
pays réside dans la création de laboratoires conjoints réu-
nissant tous les partenaires sur un méme site d'unités
mixtes de recherche (UMR). Ces UMR dépendent de plu-
sieurs tutelles, qui gerent en commun les moyens humains
et financiers de ces unités et définissent collectivement
leurs stratégies partageées de recherche. Notons que 2 000
ETP sont présents dans des entités pour lesquelles la thé-
matique Océan est secondaire. Les infrastructures de la
flotte océanographique et des moyens d'observation
associés sont regroupées sous la tutelle de I'lfremer, qui en
assure la gestion pour I'ensemble de la communauté, et
sous celle des Terres australes et antarctiques francaises
(TAAF) pour les bateaux polaires. La flotte océanogra-
phique francaise intervient sur tous les océans du globe et
se déploie gréce aux implantations ultra-marines dans
des environnements trés variés (milieux tempérés, polaires,
tropicaux, intertropicaux et grands fonds). La communauté
scientifique francaise joue aussi un role important dans la
coordination d'initiatives internationales de recherche sur
les océans — IOC, ICES, IPBES, GIEC —, et plus particuliere-
ment au niveau européen — European Marine Board,
EFARO, European Polar Board, ERA-NET marins, Partenariat
SBEP — et & celui des infrastructures de recherche euro-
péenne — Euro-Argo, Copernicus Marine Service, EDITO,
EMSO, AQUAEXCEL, JERICO...
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UNOC and OOSC: key
international events

UNOC et OOSC, les grands
rendez-vous internationaux

he first United Nations conference on the oceans
was held in New York in June 2017 with a call to

implement SDG 14: conserve and sustainably use the
oceans, seas and marine resources for sustainable
development for the planet. The One Ocean Summit
was held in Brest in February 2022 to lay the ground-
work for the UNOC 2 conference held in Lisbon in June
2022, organised by Portugal and Kenya.
UNOC 3 is organised by France and Costa Rica in Nice
in June 2025. The aim is to develop the “Rise Up"” ini-
tiative to move away from «business as usual” and
achieve concrete progress. The objective of this con-
ference is to give Heads of State and Government, all
UNOCS3 participants and society as a whole a vision
of our scientific knowledge on the ocean, its function-
ing, trajectory, health and implications in terms of
conservation, sustainable use and preservation of
ocean services and benefits for humanity. Contribu-
tions relating to climate change, overfishing, pollution
and conflicting uses will also be on the agenda, in
particular:
* Protecting the high seas with a moratorium on

deep-sea mining
+ Signing treaty to protect the high seas and conser-

vation and protection of offshore biodiversity
+ Support for small-scale fisheries with privileged

access to fishing grounds.
To prepare for UNOC3, the One Ocean Science Con-
gress (OOS) will be held from 3 to 6 June in Nice. The aim
is to share the state of scientific knowledge on the
ocean, its proper functioning, trajectory and implica-
tions in terms of conservation, sustainable use and pre-
serving ocean services and benefits for humanity. The
conference will draw on recent assessments including
from the Intergovernmental Panel on Climate Change
(IPCC), Intergovernmental Panel on Biodiversity and Eco-
system Services (IPBES), High-Level Panel on a Sustain-
able Ocean Economy and strategic review of the United
Nations Decade of Ocean Science for Sustainable
Development (2021-2030). The ocean'’s potential to con-
tribute to the major transitions (such as energy, ecology
and food) in the 2030 Agenda will be assessed. Sci-
ence-based recommendations will be formulated for
the Heads of State and Government present at UNOC3,
as well as for the international community as a whole to
better integrate the ocean into the sustainable devel-
opment agenda and increase investment in solu-
tion-oriented ocean research, infrastructures and ocean
science-policy-society interfaces. The first roadmap
developed by the International Panel on Sustainable
Oceans (IPOS) will also be presented. Particular

Lo premiere Conférence des Nations Unies sur 'océan
(UNOC) s'est tenue a New York en juin 2017 marquée par
un appel & la mise en ceuvre de 'ODD 14, qui incite les Etats
A conserver et & exploiter de maniere durable les océans,
les mers et les ressources marines dans le but de promouvoir
le développement durable pour lensemble de la planéte.
Le One Ocean Summit sest tenu & Brest en février 2022 pour
préparer la deuxieme conférence, UNOC 2, qui a eu lieu &
Lisbonne en juin 2022, organisée par le Portugal et le Kenya.
La troisieme réunion de ce type, 'UNOC 3, est organisée par
la France et le Costa Rica, a Nice, en juin 2025. Elle a pour
objectif de développer l'initiative Rise up afin de sortir du
business as usual et d'obtenir des avancées concretes. Lob-
jectif de cette conférence scientifique est de « fournir aux
chefs d'Etat et de gouvernement, & tous les participants de
I'UNOC 3 et a la société dans son ensemble, I'état des
connaissances scientifiques sur f'océan, son fonctionnement,
sa trajectoire, sa santé et ses implications en termes de
conservation, d'utilisation durable et de préservation des
services océaniques et des bienfaits pour I'humanité ». Les
contributions sur le changement climatique, la surpéche, la
pollution et l'utilisation conflictuelle seront a l'ordre du jour,
avec trois points en particulier :
- la protection de la haute mer, avec un moratoire sur I'ex-
ploitation profonde des minerais ;
- la signature du traité de protection des hautes mers, avec
conservation et sauvegarde de la biodiversité au large ;
- le soutien aux petites pécheries artisanales, avec un ac-
ces privilégié aux zones de péche.
Dans ce contexte, parallélement et en préparation de
'UNOC 3, une conférence scientifique, One Ocean Science
Congress (OOSC) se déroulera du 3 au 6 juin 2025 & Nice.
Pour latteindre, la conférence sappuiera sur des évaluations
récentes, telles que celles du Groupe d'experts intergouver-
nemental sur I'évolution du climat (GIEC), de la Plateforme
intergouvernementale sur la biodiversité et les services éco-
systémiques (IPBES) et du Groupe de haut niveau pour une
économie océanique durable (Ocean Panel), et de I'examen
stratégique de la Décennie des Nations Unies pour les
sciences océaniques au service du développement durable
(2021-2030). Le potentiel de locéan & contribuer aux grandes
transitions (énergétique, €cologique, alimentaire, etc.) incluses
dans 'Agenda 2030 sera évalué. Sur la base de ces connaiis-
sances, des recommandations fondées sur la science seront
formulées & lintention des chefs d'Etat et de gouvernement
présent & 'UNOC 3, ainsi qu'd la communauté internationale
dans son ensemble, afin d'inclure pleinement locéan dans
le programme de développement durable et d'accroitre les
investissements dans la recherche océanique axée sur les
solutions, les infrastructures et les interfaces océan/
science-politique-société. En outre, la premiere feuille de

Ocean - ANALYSIS, EVALUATION AND IMPACT ASSESSMENT OF FUNDED PROJECTS (2005-2024)



attention will be paid to the diversity of disciplines
required for a systemic understanding of ocean chal-
lenges, coverage of themes from the coast to the high
seas, and representation of different ocean basins and
island and coastal states — without neglecting land-
locked states given that everyone is concerned by the
state and health of the oceans.

Role of The French National
Research Agency (ANR)
in supporting ocean science

route élaborée par le Groupe international pour la viabilité
de locéan (IPOS) sera présentée. Une attention particuliére
sera portée A la diversité des disciplines qui doivent étre
mobilisées pour une compréhension systémique des ques-
tions maritimes, & la couverture des thémes, du littoral & la
haute mer, & la représentation des différents bassins océa-
niques ainsi que des Etats insulaires et catiers, sans négliger
les Etats enclavés, car I'état et la santé des océans
concerment I'ensemble de I'humanité.

Comment I'’ANR soutient la
recherche sur les sciences
océaniques

ince its establishment in 2005, the French National

Research Agency (ANR) has been supporting
research efforts in ocean science by funding projects
that meet national needs via its “Blanc Programme”
as well as Work Programme and France 2030. It also
funds collaborative projects with other European and
international countries to address transnational issues
including bilateral collaboration, European framework
programmes and the Belmont Forum.
Keen to promote the results of this French research,
the ANR seized the opportunity offered by France
co-organising UNOCS3 to launch an impact study on
all the projects funded by the agency between 2005
and 2023. This impact study presented here covers all
the projects funded through the ANR relating to the
ocean in the broadest sense, including projects
funded by the Work Programme, France 2030 and
previous programmes.
Over the past 20 years, the agency has supported
marine and maritime research through the co-financ-
ing of projects led by research organisations (includ-
ing Ifremer, CNRS, IRD and MNHN), French universities
in metropolitan and overseas France and engineering
schools. These projects cover a wide range of themes
and disciplines. They address gaps in both fundamen-
tal and solution-oriented research. As well as helping
develop French ocean research, this funding has
enabled French teams to play a key role at European
level (Joint Programme Initiative Ocean, Sustainable
Blue Economy Partnership-SBEP) and internationally
(Belmont Forum), helping raising the profile of French
ocean research worldwide.

Dcms cet effort de recherche sur les sciences océa-
nigues, 'ANR, depuis sa création en 2005, soutient les
communautés scientifiques, en finangant & la fois des pro-
jets répondant aux besoins nationaux — via ses appels
« Blancs », puis ceux du Plan d'action et de France 2030
- et des projets collaboratifs avec d'autres pays, d'Europe
ou internationaux, pour repondre & des enjeux transnatio-
naux (collaborations bilatérales, actions des pro-
grammes-cadres européens, Belmont Forum). LANR, ayant
A coeur de promouvoir les résultats de cette recherche
frangaise, a saisi l'opportunité de la coorganisation par la
France de 'UNOC 3 et de 'OOSC qui la précede pour lan-
cer un premier bilan et une étude d'impact. Cette étude,
présentée dans ce cahier thématique, concerne I'ensemble
des projets financés par 'ANR sur la thématique Océan, au
sens large, en incluant & la fois les projets financés par le
Plan d'action et par France 2030 et ses précédents pro-
grammes. Depuis 2005, 'ANR a soutenu la recherche sur les
océans d travers le cofinancement de projets portés par
les organismes de recherche (Ifremer, CNRS, IRD, MNHN,
etc), les universités frangaises de meétropole et d'outre-mer
ainsi que les ecoles d'ingénieurs. Les projets couvrent des
thématiques et des disciplines tres variées, et comblent des
lacunes tant en recherche fondamentale qu'en recherche
orientée solution. Ces financements permettent de déve-
lopper la recherche frangaise dans le domaine des océans
et ont egalement renforce le réle des équipes frangaises
aussi bien & I'échelle européenne - Joint Programme Ini-
tiative Oceans, Sustainable Blue Economy Partnership
(SBEP) — qua l'international (Belmont Forum). lls contribuent
ainsi & faire rayonner la recherche frangaise océanique sur
la scéne internationale.
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ANR funding for ocean projects:
two complementary mechanisms

— Plan d’action et France 2030 : deux modes de financement complémentaires

Work Programme projects were selected from

the database of nearly 30,000 projects supported by
ANR using ocean-specific keywords. Nearly 7000 proj-
ects were initially identified. Based on keyword repeti-
tion, 2,300 projects were retained. Reading the project
reports led to a final selection of 1,044 projects. Each
project was tagged with 3 keywords and added to one
of the 19 project portfolios. The project impacts were
analysed by a group of 32 experts whose findings are
shared in this document.
A similar approach was used to identify projects fund-
ed by France 2030. Analysing the publications pro-
duced by the projects helped confirmed their contri-
bution to ocean research. The projects were then
tagged and integrated into the Work Programme
portfolios, which were analysed by the same group of
experts. e

METHODOLOGY / METHODOLOGIE

All project data is available on the data ANR platform.
L'ensemble des données des projets sont disponibles

sur la plateforme data ANR : data.anr.fr/pages/oceans.

Les projets du Plan d'action ont été sélectionnés parmi

pres de 30 000 projets qu'a soutenus I'ANR depuis sa création et
que compte sa base de données. lls ont été principalement
identifiés en utilisant la recherche par des mots clés spécifiques
aux océans. Ce premier repérage a permis de ressortir pres de
7 000 projets. Lanalyse des occurrences des mots clés a réduit ce
nombre & 2 300, avant qu'une lecture attentive de leurs rapports
ne permette décarter les faux amis et den retenir finalement
1044. Ces projets ont été classés dans 19 portefeuilles, ou chacun
des 1044 a été tagué de trois mots clés. La répartition des diffé-
rentes thématiques est analysée plus loin dans ce document par
un groupe de 32 experts.
En ce qui concerne les projets financés par France 2030, une ap-
proche similaire a été suivie pour leur identification. Dans la deu-
xieme phase, une analyse des publications produites par les pro-
jets a permis de confirmer leur réle dans la recherche océanique.
Enfin, une troisieme phase a consisté A les taguer afin de les inté-
grer aux portefeuilles du Plan d'action et de permettre leur ana-
lyse conjointe par les mémes groupes dexperts. ®

The ANR funded 1,091 ocean projects between 2005
and 2023, representing a total investment of €795 million. As
part of the Work Programme, 1,044 projects received a total of
€428 million in funding. Since 2010, the ANR has also co-oper-
ated government's France 2030 investment plan (previously
Investissement d'Avenir) in higher education and research. This
programme aims to stimulate employment, boost productivity
and increase the competitiveness of French businesses by en-
couraging investment and innovation in priority high-growth
sectors. This document also focuses on ocean initiatives and
programmes funded under France 2030, with the support of
various marine programmes such as LabEx, EquipEx, the PER
Ocean and Climate and 3 PEPRs. As part of France 2030,
47 marine research and innovation projects have been fund-
ed, representing an investment of €367 million. e

© anr

1091 projets sur les oceans ont éte finances par I'ANR, de
2005 & 2024, mettant a la disposition de la communauté scienti-
fique un investissement financier de 795 millions d'euros. Dans le
cadre du Plan d'action, 1044 projets ont été finances & hauteur de
428 millions d'euros. Depuis 2010, IANR est egalement l'un des
opérateurs du programme d'investissement de I'Etat France 2030
(précédemment nommé Investissement davenir) dans le champ
de l'enseignement supérieur et de la recherche, dont les objectifs
généraux sont de stimuler l'emploi, de renforcer la productivité et
daccroitre la compétitivité des entreprises frangaises en favorisant
l'investissement et linnovation dans des secteurs prioritaires, gé-
nerateurs de croissance. L'une des sections de ce document est
ainsi consacrée aux actions et aux programmes financés dans le
cadre de la thematique Océan de France 2030, avec le soutien de
différents grands programmes marins, tels que les LabEx, EQUIPEX,
le Programme prioritaire de recherche (PPR) Océan et Climat et
trois Programmes et équipements prioritaires de recherche (PEPR)
spécifiques. Ainsi, dans le cadre de France 2030, 47 projets dévolus
a la recherche et a l'innovation marine ont été financés, pour un
investissement financier en matiere de recherche marine de
367 millions d'euros. e
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ANR FUNDING FOR OCEAN PROJECTS: two complementary mechanisms

FIGURE 1:
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e If we consider the duration of the projects in each edition (fig. 1), the
number of projects has grown with more than 200 ocean projects un-
derway each year since 2012 and 400 projects operational since 2023.
This suggests the need for increased interaction between projects and
the clustering of activities dealing with the same theme.

Overview of Action
Plan ocean projects

he ANR plays a major role in supporting scientific

teams in Metropolitan France and French Overseas

Territories. The ANR Work Programme is structured
into four components, each with its own budget, funding
instruments, calls for proposals and specific programmes:

+ From 2005 to 2014, programming was organised around
thematic and non-thematic calls for proposals (known as
"Blanc”). The annual Generic call for Proposals (Work Pro-
gramme) was launched in 2014 and structured around 56 re-
search themes for the 2024 edition.

- Specific calls are set up outside the usual Work Programme
timetable to meet urgent research needs or respond to gov-
ernment priorities. They are also organised to get research
teams to compete or collaborate to help remove major sci-
entific or technological barriers e.g. flash calls, challenge
calls, calls contributing to national plans. Examples include
calls concerning Sargassum seaweed, chlordecone and in-
ternational multilateral South Indian Ocean Protected Areas
(SIOMPA). The ANR has also supported and valorised data
processing from oceanographic campaigns as part of two
pilot calls to advance the exploitation of research data from
large research infrastructures, which has since become a
strategic priority.

- Funding instruments enable French teams to participate in
European and international programmes, including Montage
de réseaux scientifiques européens ou internationaux (MR-
SEl) and Tremplin-ERC. The ANR also offers French teams the
opportunity to participate in European networks by funding
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e En tenant compte de la durée des projets de chaque édition (figure
1), on observe que ceux-ci saccumulent d'une année ¢ lautre, avec plus
de 200 consacrés aux océans en cours chaque année & partir de 2013
Depuis 2023, pres de 400 projets sur locéan se déroulent simultanément,
ce qui plaiderait en faveur d'une meilleure interaction entre les projets
d'une méme année et d'un possible regroupement des activités pour ceux
traitant du méme theme.

— Panorama des projets Océan du Plan d’action

L’ANR joue un réle majeur dans le soutien aux équipes
scientifiques métropolitaines et des outre-mer. Son Plan
d’action est structuré en quatre composantes transversales,
chacune disposant d'un budget, d'instruments de financement,
d‘appels a projets et de programmes spécifiques :

« depuis 2005, date de création de IANR, et jusqu'en 2014, la pro-
grammation sorganisait autour dappels thématiques et non
thématiques (dits « Blanc » ou « programme Blanc »). LAppel &
projets geénérique (AAPG) annuel lancé depuis 2014 est structuré
en 56 axes de recherche pour lédition 2024 ;

- les appels spécifiques sont mis en place hors du calendrier ha-
bituel afin de répondre & des besoins urgents de recherche, &
une priorité décidée par I'Etat ou encore dans le but de mettre en
compétition ou de faire collaborer des équipes de recherche afin
de lever des verrous scientifiques ou technologiques majeurs :
appels Flash, Challenge, les appels contribuant & des plans na-
tionaux, comme les deux appels relatifs aux algues sargasses,
celui lié au chlordécone et l'appel multilatéral international Sou-
thwest Indian Ocean Marine Protected Areas (SIOMPA), ou le sou-
tien et la valorisation au traitement des données des campagnes
océanographiques dans le cadre des deux appels pilotes sur le
soutien & l'exploitation des données de recherche des infrastruc-
tures de recherche étoilées, qui se traduit depuis le Plan d'action
2024 par une priorité strategique ;

- les instruments de financement permettant aux équipes fran-
¢aises de participer & des programmes europeens et internatio-
naux avec, entre autres, le montage de réseaux scientifiques eu-
ropéens ou internationaux (MRSEI) et le Tremplin-ERC. ...

Les cahiers de I'’ANR N° 20 — Mai 2025 anr’ @



PART |

national teams in multilateral programmes such as Europe-
an Joint Programme Initiatives (JPIs): JPI Oceans, JPI Climate
or JPI Water, various ocean-related ERANETs and now the
Partnerships of the Horizon Europe framework programme
including the Sustainable Blue Economy partnership (SBEP),
Biodiversa+ and WATERZAIl. As part of the Belmont Forum,
global and transdisciplinary projects are funded through
specific calls, of which three specially included ocean re-
search themes.

- ANR's programming also focuses on support for public-pri-
vate partnership projects and transferring public research
results to the business world, e.g. LabComs, Industrial Chairs,
Carnot Institutes, ASTRID and ASTRID Maturation.

Annual breakdown of Work Programme projects

The annual breakdown of the 1,044 projects, with a
total investment of €428m, shows that the number of pro-
jects remained relatively stable from 2005 to 2020, with be-
tween 40 and 50 projects per year. 2013 marked a low point
with 35 projects, which can be explained by the significant
drop in ANR's overall budget (fig.3). Over the last three years,
the number of projects has more than doubled, with be-
tween 100 and 110 projects funded per year. This increase is
linked to the promulgation of the 2021 Research Program-
ming Law (LPR), leading to a sharp rise in the agency's over-
all budget, from €78Im to €1147m. This historic increase has
resulted in a higher success rate for calls for proposals in the
Environment, Ecosystems and Biological Resources-EERB
department (which hosts most ocean projects), increasing
from 13.7% in 2017 to 24.2% in 2023. This enabled ANR to fund
550 more projects in 2021 than in 2020, including more than
50 on ocean themes.

FIGURE 2:
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LANR offre également aux équipes frangaises la possibilité de
participer aux réseaux européens en financant les équipes na-
tionales dans des instruments multilatéraux, tels que les ini-
tiatives de programmation conjointes européennes (ou Joint
Programme Initiatives) — JPI Oceans, JPI Climate ou JPI Water
- des différents ERA-NET dans le domaine des océans, et main-
tenant les Partenariats (ou Partnerships) du programme-cadre
Horizon Europe, tels que Sustainable Blue Economy Partnership
(SBEP), Biodiversa+ et Water4All. Avec le Belmont Forum, des
projets plus globaux et plus transdisciplinaires sont financés par
des appels spécifiques, dont trois ont inclus spécifiquement
des thématiques de recherche sur les océans. De méme, 'ANR
met en place des appels & projets dans le cadre de collabora-
tions bilatérales stratégiques pour I'Etat, telle que la collabora-
tion franco-allemande ;

- une composante de la programmation de 'ANR est axée sur le
soutien & des projets en partenariat public-privé et au transfert
des résultats de la recherche publique vers le monde écono-
mique : LabCom, Chaires industrielles, Instituts Carnot, ASTRID et
ASTRID Maturation.

La répartition annuelle des 1 044 projets
du Plan d'action

La répartition annuelle des 1 044 projets, avec un inves-
tissement total de 428 millions d'euros, montre une quasi-stabilité
du nombre de nouveaux projets financés chaque année, oscil-
lant entre 40 et 50 par année de 2005 & 2020, avec un point bas
de 35 projets en 2013, dG & la baisse conséquente du budget
global de I'ANR (figure 2). Cependant, au cours des trois dernieres
années, le nombre de projets financés a doublé, passant denvi-
ron 100 & 110 par an. Cette augmentation est liée & la promulga-
tion de la loi de programmation de la recherche (LPR) de 2021, qui
a permis la progression du budget d'intervention de I'Agence,
passant de 781 millions d'euros & 1147 millions d'euros. Cette aug-
mentation historique a permis de faire progresser le taux de suc-
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Ocean projects have particularly benefited from the higher
selection rate, representing 4% of the agency's budget. Previ-
ously, they rarely exceeded 3.5% (fig. 5). It is interesting to
compare this figure with the size of the French scientific com-
munity working on ocean research, which is estimated at 4.2%
of the French public research workforce (COMER report: 7000
FTEs in 2020). ANR funding for Work Programme ocean pro-
jects therefore corresponds to the size of the French marine
science community.

According to the UNESCO Intergovernmental Oceanographic
Commission's World Ocean Science Report 2020, ocean re-
search currently accounts for less than 4% of global research
efforts and, on average, 1.7% of national research budgets.
France's overall research effort is modest, surpassed in Eu-
rope by Ireland, Norway and Portugal. France is ranked eighth
in the world for the number of ocean research personnel per
million inhabitants. However, the size of France's EEZ, includ-
ing overseas, requires significant efforts in mapping, fishery
assessments and meeting environmental obligations under
various European regulations. Research efforts under the ANR
Work Programme over the last few years have therefore
played a key role in reducing this gap.
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cés aux appels & projets du département Environnement, Eco-
systémes, Ressources biologiques (EERB) — qui concentre la
majorité des projets Ocean — de 13,7 % en 2017 & 24,2 % en 2023.
Grace a cette hausse, IANR a pu financer 550 projets de plus
qu'en 2020, dont plus de 50 portant sur la thématique Océan.
Les projets lies aux mers et aux océans ont particulierement bé-
néficié de l'augmentation des taux de succes, représentant de-
sormais 4 % du budget d'intervention de I'Agence, alors qu'ils dé-
passaient rarement les 35 % auparavant (figure 3). Il est
intéressant de comparer ces 4 % de financements ANR & la taille
de la communauté scientifique nationale travaillant dans la re-
cherche sur les oceans, qui est estimée a 4,2 % des effectifs de la
recherche publique francaise (rapport du COMER : 7 000 ETP en
2020). Le pourcentage du financement dans le Plan d’action pour
les projets Océan est du méme ordre de grandeur que la taille
relative de la communauté des sciences marines frangaises.

Par ailleurs, selon le rapport mondial sur les sciences océaniques
de 2020 de la Commission océanographique intergouvernemen-
tale de 'UNESCOQO, les recherches sur l'océan représentent actuel-
lement moins de 4 % de l'effort mondial de recherche, avec en
moyenne 1,7 % des budgets nationaux de recherche des diffé-
rents pays memobres. Leffort de recherche global de la France est
modeste pour les océans, le pays étant devancé en Europe par
I'lrlande, la Norvege et le Portugal. A l'échelle mondiale, la France
se classe au huitieme rang pour l'effectif de personnel de la re-
cherche océanique par million d'habitants. Pourtant, limpor-
tance de la ZEE frangaise, avec notamment sa composante ul-
tra-marine, nécessite un effort particulier, par exemple, pour la
cartographie, les évaluations halieutiques, et pour répondre aux
obligations environnementales dans le cadre des différentes ré-
glementations européennes. Leffort de recherche engageé par le
Plan d'action de I'ANR de ces dernieres années est donc tres si-
gnificatif pour corriger I'une des lacunes identifiées par le rapport
de 'UNESCO de 2020.
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FIGURE 3B: 2023
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Breakdown of Work Programme projects by type
of call and funding instrument

Since 2014, the concept of funding instruments has
been implemented in the Generic Call for Proposals (Work
Programme), which distinguishes between: collaborative re-
search projects (PRC); collaborative research projects be-
tween public and private partners (PRCE); young researchers
projects (JCJC); bilateral collaborative research projects be-
tween French and foreign partners who have a collaboration
agreement with ANR (PRCI); and, since 2022, single-team re-
search projects (PRME).
Until 2013, thematic calls for proposals dominated financial
investment, representing an average of 41% of budgets, with
dedicated calls on contaminants (contaminants, ecosystems
and health), biodiversity (including extinction), animal and
plant genomics and natural risks and vulnerability (fig. 4).
"Blanc” calls for proposals account for 34% of projects and
young researchers for 11%. It should be noted that interna-
tional activities, PRCls and European initiatives such as

FIGURE 4:

Average breakdown
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Programme instruments.
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La répartition par type d’appel et d'instrument
de financement

Depuis 2014, I'Appel & projets générique (AAPG) dis-
tingue plusieurs instruments de financement. Ceux-ci com-
prennent : les projets de recherche collaborative (PRC) ; les pro-
Jjets de recherche collaborative entre partenaires publics et privés
(PRCE) ; les projets Jeunes chercheurs, Jeunes chercheuses
(JCJC) ; les projets de recherche collaborative bilatéraux entre
partenaires frangais et partenaires étrangers dans le cadre dac-
cord de collaboration avec IANR (PRCI) ; et, depuis 2022, les pro-
jets de recherche monoéquipe (PRME).
Jusquen 2013, les appels a projets thématiques concentrent la
majeure partie des financements, représentant en moyenne 41 %
du budget. Il sagit notamment des appels consacrés aux conta-
minants (Contaminants, Ecosystemes et Santé), & la biodiversité
(dont ée extinction), & la génomique animale et végétale, ou en-
core aux risques naturels et & la vulnérabilité (figure 4). Lappel
Blanc représente 34 % des projets et les Jeunes chercheurs,
Jeunes chercheuses (JCJC), 1 %. A noter que lensemble des ac-
tivités internationales, PRCI et actions européennes comme les
ERA-NET (Biodiversa, Marinera, MariFish) ne représentent que é %
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ERANETSs, Biodiversa, Marinera and Marifish only represent 6%
of ANR's ocean funding. However, since 2014, international
activities have increased significantly, representing 24% of
funding, with a shift from national to more global approach-
es, particularly at a European level. The shift is very clear in
studies on biodiversity, distribution, evolution and species
conservation measures (fig. 4). This reflects growing recogni-
tion within research communities — supported by the work of
international programmes such as the World Climate Re-
search Programme (WCRP), DIVERSITAS, the IPCC and IPBES
— that environmental and societal research issues know no
borders and regional and global efforts are the most rele-
vant. This includes studies of fisheries, hydrodynamics and
climate-ocean interactions. The increase in the number of
young researchers on JCJC projects is notable, reaching al-
most 20 projects per year. Although, they do not seem to
have benefited from a higher selection rate since 2020, unlike
the PRCs, which represent 39% of projects and have benefit-
ed significantly from this higher rate, increasing from 20 to 50
projects per year (fig. 5).

National project partners

On average over the 20 years, the same number of
partners worked with universities as with research centres.
The number of partners working with non-academic organi-
sations such as companies, foundations, associations and
public authorities was 2 times lower (fig. 6).
The share of partners supervised by research organisations,
dominant in 2005, has gradually been replaced by universi-
ties, particularly since 2019 (fig. 6). The number of private re-
search partners has also increased significantly since 2021.
The research organisations most frequently acting as ocean
project coordinators in the Work Programme are CNRS (1,136),
IRD (314), Ifremer (237) and MNHN (30) (fig. 6). As many projects
are coordinated by researchers belonging to joint laborato-

Number of projects PRC
—Financial investment PRC

== Number of projects JCJC
—Financial investment JCJC

des financements Océan de I'ANR. Cependant, apres 2014, les
activités internationales augmentent sensiblement, atteignant
24 % des financements, avec un transfert des approches natio-
nales vers des approches plus globales, en particulier euro-
péennes ; transfert tres clair, par exemple, pour les études sur la
biodiversite, les répartitions, les évolutions, les mesures de conser-
vation des espéces, etc. (figure 4). Cela correspond & la recon-
naissance grandissante au sein des communautes de recherche
— soutenues par les travaux des programmes internationausx, tels
que le World Climate Research Programme (WCRP), Diversitas, le
GIEC ou I'lPBES — que les enjeux de recherche environnementaux
et sociétaux ne connaissent pas de frontieres et que les échelles
régionales ou mondiiales sont les plus pertinentes. Cela inclut les
études halieutiques ou celles sur I'hydrodynamisme ou des inte-
ractions climat-océan. Un deuxieme fait marquant est l'aug-
mentation du nombre de projets de JCJC, qui atteignent presque
20 projets par année, mais ne semblent pas avoir bénéficié de
laugmentation depuis 2020 du taux de sélection, contrairement
aux projets collaboratifs (PRC), qui représentent 39 % des projets
et bénéficient sensiblement de l'augmentation du taux de sélec-
tion passant de 20 & 50 projets par an (figure 5).

Les partenaires des projets nationaux

En moyenne, sur les 20 années, le nombre de parte-
naires rattachés & une tutelle universitaire est du méme ordre de
grandeur que celui des partenaires rattachés aux organismes de
recherche. On constate que le nombre de partenaires rattachés
& lensemble des organisations non académiques (entreprises,
fondations, associations, collectivités publiques, etc) est deux
fois moins important (figure &).
Au début de I'ANR, la part du nombre de partenaires dont les
tutelles sont des organismes de recherche était dominante. De-
puis 2019 elle est progressivement remplacée par celle des uni-
versités. (figure &). Le nombre de partenaires issus de la recherche
privée est aussi en nette augmentation depuis 2021.
Les organismes de recherche les plus représentés dans la coor-
dination des projets Océan sont respectivement le CNRS (1136),
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NUMBER OF PARTNERS PER YEAR

FIGURE 6:

Changes in the distribution
of partner types in ocean
projects under the Work
Programme A) 2005 to 2023
B) average distribution of
funding for ocean projects
by type of managing
establishment.
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ries (Unité Mixte de Recherche, UMR). Here, it was decided to
allocate the projects to the different UMR supervisory bodies.
It is interesting to note the involvement of French regional
government, which coordinated 44 projects, in particular:
Pays de Loire (12), Nouvelle Aquitaine (11) and Bretagne (10).

Gender in ocean projects

On average, 30% of ocean project coordinators
were women and 25% of partners, with 1,066 female teams
compared with 2,416 male teams (57%). It should be noted
that this figure is consistent with overall trends in French re-
search, where women represent 34%. The low rate from 2005
to 2011 may be linked to the high proportion of teams who did
not provide any information (20%). The number of female co-
ordinators has been stable, or slightly increased, since 2018,
varying between 35% and 44% (fig.8).

FIGURE 7:
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I'RD (314), I'lfremer (237) et le MNHN (30) (figure 7). De nombreux
projets sont coordonnés par des chercheurs affilies & des UMR. |l
a été choisi ici d'attribuer les projets aux différentes tutelles des
UMR. A noter : I'mplication de certaines régions, qui coordonnent
44 projets, notamment les Pays de la Loire (12), la Nouvelle-
Aquitaine (11) et la Bretagne (10).

Le genre au sein des projets Océan

Les femmes représentent, en moyenne, 30 % des coordi-
nateurs des projets Océan financés et 25 % des partenaires, avec
1 066 équipes féminines pour 2 416 équipes masculines (57 %). Il
faut remarquer que ce chiffre est cohérent avec celui observé
dans la recherche en France, ot l'on compte 34 % de femmes. Le
faible taux rencontré de 2005 & 2011 peut étre lié & la forte propor-
tion de non renseigné (20 %). Depuis 2018, la tendance est plutdt
stable, voire en légéere augmentation, avec une proportion de
femmes dans la coordination qui varie entre 35 % et 44 % (figure 8).

20% 30% 40% 50% 60%
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Geographical location of contributors

The map of project coordinators (fig.9) mirrors COM-
ER's map showing the distribution of research efforts in the
marine science community. There is a strong presence along
the coast in mainland France with the highest concentration

FIGURE 9:

Location of ocean project
coordinators by French
department
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La localisation des acteurs

La carte de localisation des coordinateurs gestion-
naires (figure 9) des projets correspond exactement & celle pro-
duite par le COMER sur la répartition des efforts de recherche
de la communauté des sciences marines. On observe une pré-
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in Finistere, as well as in le-de-France, which is home to the
marine laboratories of large universities such as the Sorbonne
University and the University of Brest, to whom are associated
marine stations such as Roscoff, Villefranche-sur-Mer and
Banyuls-sur-Mer. In the Mediterranean region, the Universities
of Marseille, Montpellier and Perpignan have coordinated nu-
merous projects, as has the University of Toulouse, renowned
for excellence in physical oceanography, satellite image pro-
cessing and operational oceanography. Isere is an exception
with a strong focus on geological sciences and risk studies in
pboth land and marine areas.

Focus on European and international
cooperation

Funding for international projects represented 6% of
projects, on average, from 2005 to 2014. This rose to 24% from
2014 to 2023. In the early years of ANR's existence, interna-
tional funding focused mainly on PRCls, which enable bilater-
al collaboration (fig. 10). The countries involved in bilateral
‘ocean’ agreements have remained the same, including
Germany, Brazil (FAPESP and FACEPE agencies), China-
Taipei, Singapore and Hong Kong. These bilateral collabora-
tions have evolved over time and new ones set up, for exam-
ple with Quebec (specific maritime call with five projects
funded). It should also be noted that some of these collabora-
tions are topic-specific and may not concern oceans directly.
However, the two Sargassum calls were carried out in collabo-
ration with Brazil and the second also with the Netherlands.

European initiatives

The ERA-NET programme was developed between
the European Union's sixth and eighth Framework Pro-
grammes. It provides support for transnational networking
and coordination of national research programmes (fig. 11).
The ANR has actively participated in ERA-NET to build mul-
tilateral partnerships with European counterparts as part of
European initiatives such as ERA-NET, ERA-NET COFUNDs
and Joint European Programming initiatives (JPIs) as it is
demontstrated in the ERALEARN country report for France.

FIGURE 10:
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sence le long du littoral métropolitain et une dominance du dé-
partement du Finistére et de Ille-de-France, siége des labora-
toires universitaires (Sorbonne Université, Université de Brest,
etc.), auxquels sont associés les stations marines comme Ros-
coff, Villefranche-sur-Mer ou Banyuls-sur-Mer. Sur le pourtour
meéditerranéen, la forte implantation des universités de Mar-
seille, de Montpellier et de Perpignan se traduit par la coordina-
tion de nombreux projets, de méme que pour celle de Toulouse,
connue pour son excellence en océanographie physique, en
traitement d'images satellitaires et en océanographie opéra-
tionnelle. L'lsére fait exception, géographiquement, ceci en rai-
son d'une forte représentation des sciences géologiques et des
études sur les risques sappliquant aux domaines terrestres et
marins.

Focus sur les coopérations européennes
et internationales

Le financement des projets internationaux represente
en moyenne 6 % des projets de 2005 & 2014, et atteint 24 % de
2014 a 2023. Au cours des premieres années dexistence de
I'ANR, l'effort de financement international s'est principalement
concentré sur les PRCI, qui permettent les collaborations bilaté-
rales (figure 10). Les pays concernés de fagon stable dans le
temps par les accords bilatéraux sur les océans sont I'Alle-
magne, le Brésil (avec les agences Fapesp et FACEPE), Chine-
Taipei, Singapour et Hong Kong. Ces collaborations évoluent au
fil du temps, et de nouvelles coopérations peuvent étre mises en
place, comme celle avec le Québec, qui a donné lieu & un appel
spécifique sur le domaine maritime, avec cing projets financeés.
Il est également & noter que certaines de ces collaborations
sont spécifiques et peuvent ne pas concerner directement le
domaine des oceans.

Les initiatives européennes

Le programme ERA-NET est un instrument qui a eteé déve-
loppé au cours des sixieme, septieme et huitieme pro-
grammes-cadres de I'Union européenne (UE). Il apporte un soutien
& la mise en réseau et & la coordination transnationale des pro-
grammes de recherche nationaux (figure 10). LANR a activement
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FIGURE 11: 5
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e The ANR has funded French teams in 43 projects in the various
ERA-NETs (fig. 11):

- Biodiversa with marine projects funded successively in seven annu-
al calls with 13 marine projects funded including Biodiversa +
Marine-specific ERA-Nets:

« Marifish (2 projects).

+ SEAS-ERA (4 projects).

« COFASP (7 projects).

- MARTERA (8 projects).

+ Since 2011, JPI OCEANS has coordinated two calls for for proposals
which have financed five projects, with French participation, includ-
ing three on plastic pollution, one associated with JPI Climate and
one with JPI Cultural Heritage.

The aim is to enable the participation of national teams in
collaborative projects in which each of project teams is
funded by its national agency. Some ERA-NET are co-fi-
nanced by the European Commission. The ANR has contrib-
uted to the construction of the European Research Area
(ERA) by providing researchers with funding to facilitate co-
operation through collaborative financing.

JPIs are platforms set up by Member States and associated
countries with representation from research ministries and/or
their funding agencies. The main objective is to align nation-
al research, develop collaboration between states and in-
crease the effectiveness and impact of research and innova-
tion. Since 2011, JPI OCEANS has supported ocean funding
agencies with the aim of aligning efforts to make the oceans
sustainably healthy and productive. In 2020, for the ninth
Framework Programme (Horizon Europe), the partnership in-
strument was created, including the Sustainable Blue Econo-
my (SBEP), co-chaired by ANR (Maurice Héral). It brings to-
gether 74 partners from 30 countries and the European
Commission to federate national research policies on marine
and maritime activities. With a long-term vision, these
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e LAgence a financé des équipes frangaises dans 43 projets relevant de
différents dispositifs ERA-NET (figure 1) :

- BiodivERSA, avec une participation sur sept appels successifs, aboutis-
sant au financement de 13 projets a thématique marine, notamment
dans le cadre de Biodiversa+ ;

+ ERA-NET marins spécifiques : MariFish, avec deux projets finances,
SEAS-ERA, avec quatre projets financés, COFASP (Cooperation in Fishe-
ries, Aquaculture and Seafood Processing), avec sept projets finances,
MarTERA (Marine Technologies), avec huit projets financés ;

+ MarTERA (Marine Technologies), avec huit projets finances ;

+ JPI Oceans (depuis 2011), avec une participation & deux appels ¢ pro-
jets coordonnés par l'initiative, ayant abouti au financement de cing
projets. Parmi eux, trois portent sur la pollution plastique. La France a
également éteé impliquée dans un appel conjoint avec JPI Climate et un
autre avec JPI Cultural Heritage.

participé aux ERA-NET comme le montre le bilan France ERA-LEARN.
Cela a permis la création de partenariats multilatéraux avec les
homologues européens dans le cadre des actions européennes de
type ERA-NET, puis d’ERA-NET Cofund et des initiatives de pro-
grammation européenne conjointe. Lobjectif est de soutenir la par-
ticipation des équipes nationales & des projets collaboratifs ot
chacune delles est financée par son agence nationale, avec pour
certains ERA-NET un cofinancement de la Commission européenne.
LANR, pour la France, contribue ainsi & la construction de I'Espace
européen de la recherche (EER) en mettant & la disposition des
chercheurs des financements pour faciliter la participation & des
programmes collaboratifs de recherche. Les JPI sont des plate-
formes mises en place par les Etats membres et des pays associés,
avec une représentation des ministéres chargés de la Recherche
et/ou de leurs agences de financement. Lobjectif principal est
daligner les recherches nationales, de développer des collabora-
tions entre Etats et daccroitre lefficacité et Iimpact de la re-
cherche et de l'innovation. La JPI Oceans joue ce réle, depuis 20T],
pour les mers et les océans. Le but principal est daligner les diffé-
rents membres vers un méme objectif et de les aligner sur une stra-
tégie commune pour rendre les océans durablement sains et
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FIGURE 12:

Map of French partners in ocean
projects funded by the ANR as part
of European ERA-NET.

Carte des partenaires frangais
des projets Océan financeés
par 'ANR dans le cadre

des ERA-NET européens.
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e The main country with which French researchers cooperate on
joint projects within a European framework (fig.12) is Norway. Germany,
Sweden, the Netherlands, Belgium and Ireland are also key partners. In
southern Europe, numerous projects have been carried out in collabo-
ration with Spain, Portugal, Italy and Greece.

partnerships foster more sustained forms of collaboration, in-
cluding joint strategic planning and joint research pro-
grammes open to researchers from EU member states and
associated countries.

International collaboration

Most multilateral collaborations outside of Europe
take place through the Belmont Forum, of which ANR has
been a member since the forum was launched in 2010. The
Belmont Forum is a partnership of international funding
bodies/agencies and scientific councils committed to ad-
vancing transdisciplinary research in the field of global
change and sustainability. International transdisciplinary
research provides knowledge to understand, mitigate and
adapt to global environmental change. The member organ-
isations of the Belmont Forum work together by launching
calls for research proposals, with each agency funding the
partners in its own country.
The first call for proposals in 2012 on coastal vulnerability led
to the funding of three projects with French partners by ANR.
In 2014, five projects with French partners were funded on
Arctic observation. In 2018, 2020 and 2021, 10 ocean projects
with French partners were supported in a series of calls on
transdisciplinary research on sustainability. The ANR has
played a major role ever since the Forum was created. The

@ anr

e Les premiers pays avec lesquels les chercheurs frangais cooperent au
sein de projets communs dans un cadre européen (figure 12) sont la Nor-
vege, puis IAllemagne. La Suéde, les Pays-Bas, la Belgique et ['Irlande sont
également des partenaires incontournables. Pour le sud de I'Europe, nom-
breux sont les projets réalisés en collaboration avec I'Espagne, le Portugal,
I'ltalie, mais aussi la Grece.

productifs. En 2020, pour le neuviéme programme-cadre (Horizon
Europe), Iinstrument Partenariat (Partnership) a été créé, dont fait
partie Sustainable Blue Economy (SBEP) et que IANR copréside
(Maurice Héral). SBEP regroupe 74 partenaires de 30 pays et la
Commission européenne pour fédérer les politiques nationales de
recherche sur les activités marines et maritimes.

Dans une vision & long terme, ces partenariats devraient déboucher
sur des formes de collaboration plus soutenues, notamment sur une
planification stratégique commune et sur la conception de pro-
grammes de recherche conjoints, ouverts aux chercheurs des pays
membres de ['Union européenne et aux pays associés, pour une
contribution commune & la décarbonation de l'économie bleue.

Les collaborations internationales

La majorité des collaborations multilatérales geographi-
quement plus large que I'Europe se fait grdce au Belmont Forum,
dont I'ANR est membre depuis sa création. Creéé en 2010, le Belmont
Forum est un partenariat dorganismes/agences de financement,
de conseils scientifiques internationaux qui sengagent & faire pro-
gresser la recherche transdisciplinaire dans le domaine des change-
ments globaux et de la durabilité. La recherche transdisciplinaire in-
ternationale fournit des connaissances permettant de comprendre,
datténuer et de sadapter au changement environnemental mon-
dial. Les organisations membres du Belmont Forum collaborent en
langant des appels a propositions de recherche, ou chaque agence
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agency hosted the first permanent secretariat of the Bel-
mont Forum (2015 to 2018) and acted as co-chair of the or-
ganisation during this period (Patrick Monfray). Anne Hélene
Prieur-Richard, Head of the Environment, Ecosystems and
Biological Resources Department, currently occupies this
position. The role of ANR at a French level was complement-
ed by the arrival of AllEnvi/CNRS in 2014 and later the two
programming agencies, Agralife and Climate, Biodiversity
and Sustainable Societies, as secondary French members.

FIGURE 13:

Map of partners in projects with
French ocean partners funded
by the ANR through Belmont
Forum.

e
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e The main countries with which French researchers cooperate are
Germany, Canada, the United States of America, Brazil, Portugal and
Norway (fig. 13). Other global multilateral collaborations have been es-
tablished outside the Belmont Forum, such as the SIOMPA call for "Eco-
logical connectivity to maximise biodiversity conservation between the
Marine Protected Areas of the South-West Indian Ocean” with South
Africa, Kenya, Mozambique, Tanzania, and AFD to support researchers
from other countries in the region.

finance les partenaires de son pays. Le premier appel & proposition
en 2012 sur la vulnérabilité cétiere a permis de financer, par IANR,
trois projets avec des partenaires frangais. En 2014, cing projets avec
des partenaires frangais ont été dotés sur lobservation en Arctique.
En 2018, 2020 et 2021, 10 projets avec des partenaires frangais sur des
thématiques Océan ont été soutenus dans le cadre d'un ensemble
dappels sur la recherche transdisciplinaire consacrée & la durabilité.
LANR joue, depuis sa création, un réle majeur. LAgence a hébergeé le
premier secrétariat permanent du Belmont Forum (2015 & 2018), et a
assuré sa copréesidence de 2015 & 2018 (Patrick Monfray) et depuis
2023 (Anne-Héléne Prieur-Richard, responsable du département
EERB). Le réle de I'ANR au niveau frangais du Belmont Forum est ren-
forcé par lentrée, depuis 2014, de IAIEnvi/CNRS, puis des deux
agences de programmes Agralife et Climat, Biodiversité et Sociétés
durables comme seconds membres.

Carte mondiale des partenaires
des projets avec des partenaires
frangais Océan financés par TANR
dans le cadre du Belmont Forum.

e Les principaux pays avec lesquels les chercheurs frangais coopérent
sont [Allemagne, le Canada, les Etats-Unis d/Amérique, le Brésil, le Portugal
et la Norvege (figure 13). Parmi les collaborations multilatérales & léchelle
mondiale, certaines ont lieu en dehors du Belmont Forum, tel lappel
SIOMPA sur la « Connectivité écologique pour maximiser la conservation de
la biodiversité entre les aires marines protégées du sud-ouest de l'océan
Indien », réunissant, en 2024, I'Afrique du Sud, le Kenya, le Mozambique, la
Tanzanie, 'AFD permettant de soutenir des chercheurs dautres pays de
la région.
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Overview of France 2030
ocedan projects

Background and objectives of France 2030

s part of the ongoing Programme d'Investissements

d'Avenir (PIA), France 2030 was launched by the

French President in 2021. This investment plan
supports research, higher education and innovation. It
aims to bring long-term sustainable changes in key sectors
of the economy - low-carbon energy, artificial intelligence,
health, healthy and sustainable food, aeronautics and
space - from fundamental research to the industrialisation
of new products and services. The ANR was chosen by the
French government to implement the plan in the fields
of higher education and research. With a budget of €54
billion, nine of which are managed by ANR, France 2030
is based on 10 objectives designed to “produce better”,
"live better"” and «understand the world better». It focuses
on priority sectors and strategies defined by the French
government.

FIGURE 14:

— Panorama des projets Océan de France 2030

Contexte historique et objectifs de France 2030

Inscrit dans la continuité des Programmes
d'investissements d‘avenir (PIA), France 2030, lancé par le
président de la République en 2021, est un plan d’investissement
en soutien a la recherche, a I'enseignement supérieur et a
I'innovation. Il vise a transformer durablement des secteurs
clés de notre économie (énergie décarbonée, intelligence
artificielle, santé, alimentation saine et durable, aéronautique
ou encore espace), de la recherche fondamentale jusqu'a
I'industrialisation d'un produit ou d’un service nouveau ».

L'ANR a été confirmée par I'Etat en tant qu'opérateur des
actions du plan dans le champ de l'enseignement supérieur

et de la recherche. Doté de 54 milliards d'euros, dont 9 milliards
sont gérés par I’ANR, France 2030 s’appuie sur 10 objectifs
permettant de « mieux produire », « mieux vivre » et « mieux
comprendre le monde », et se concentre, pour cela, sur des
secteurs et des stratégies prioritaires définis par I'Etat.

List of the 47 projects fully dedicated to the ocean domain, funded under the France 2030

initiatives, along with the allocated funding.

Liste des 47 projets consacrés pleinement au domaine océanique issus des actions

France 2030 et les financements octroyés.

Action Project
BTBR IDEALG
BTBR OCEANOMICS
EQPX IAOOS
EQPX NAOS
EQPX THALASSA
EQPX PolarPod
ESRE ARGO-2030
ESRE MARMOR
ESRE AO-EMBRC
ESRE DeepSea'nnovation
EURE ISBlue
EXAT Pilotage et gouv. ATLASea
EXAT DIVE-SEA- ATLASea
EXAT SEQ-SEA-ATLASea
EXAT BYTE-SEA-ATLASea
EXBR Pilotage et gouv. BRIDGES
EXES IFSEA
EXTR ISClim
GURE SEA-EU 2.0
IEED FEM
INBS EMBRC-France
LABX CORAIL
LABX LabexMER
MAFM Mission DMA et CCZ

D anr

Year Budget

2012 €10,000,000
2013 €7000,000
20M €5,090,000
20M €7994,243
2016 €10,000,000
2020 €28,000,000
2021 €6,197014
2022 €15,413,770
2021 €6,499000
2021 €3,879055
2018 €21,811,000
2023 €5,204.975
2023 €5,375,000
2023 €19,375,000
2023 €5,375,000
2024 €6,010,000
2022 €8,100,000
2023 €3,679000
2020 €2,310,000
2015 €42,060,282
2012 €17607000
2018 €6,764,81
2012 €9137290
2022 €20,000,000
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Action

MAFM
MAFM
MAFM
MAFM
MPGA
MPGA
MPGA
MPGA
MPGA
MPGA
MPGA
MPGA
PEBB

PEXF

PEXF

POCE
POCE
POCE
POCE
POCE
POCE
POCE
POCE
Total

FIGURE 15:
List of the 17 “general” projects with the ocean as a secondary topic.

Project
Planeur sous-marin profond
Cdable sous-marin intelligent

Nautile 2035
MoCHy
4Loceans
ASET
HRMES
TROCODYN
ARCHANGE
CONTACTS
Rapid Evol
TAD
AlgAdvance
CABESTAN
TROPECOS
FUTURISKS
MEDIATION
FUTURE-OBS
CLIMArcTIC
RiOMar
LIFEDEEPER
MaHeWa
PREVENT

Year
2023
2024
2024
2024
2018
2018
2018
2018
2018
2018
2019
2019
2023
2023
2023
2022
2022
2022
2022
2022
2022
2024
2024

Liste des 17 projets « généralistes », dont une partie des activités est dédiee

aux oceans.

EQPX
EURE
IDEX
IDEX
IDEX
IDEX
INBS
INBS
LABX
LABX
LABX
LABX
LABX
LABX
LABX
RSNR
RSNR
Total

Action

Project

CLIMCOR
IPSL-CGS

IDEX BORDEAUX
SUPER

UCA JEDI

E2S

France Génomique
E-RECOLNAT
BCDiv

CeMEB

COTE

L-IPSL

TULIP

DRIIHM / IRDHEI
OTMed
AMORAD
TANDEM

Year
2012
2018
2012
2012
2017
2017
2012
2013
2012
2013
2012
2013
2013
2013
2012
2014
2014

Budget
€10,089173
€18,000,000
€33,000,000
€5,000,000
€745,006
€493,586
€749995
€406,655
€749 941
€697397
€732,899
€499,999
€1919728
€1,494,636
€1,399298
€2,483,131
€2,497635
€2,491,370
€2,499860
€2,493,376
€2,492,021
€1,499,965
€1,499,961
€367m

Budget
€17,680,000.00
€8,013,000.00
€92,201,04900
€102,970,282.00
€86,315,776.00
€30,385,008.00
€65987574.00
€16,000,000.00
€7,600,000.00
€4,339746.00
€7169752.00
€5,369851.28
€13,735,846.00
€9263,011.00
€4,022,388.00
€5980,08936
€2,231906.74
€479m
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From 2011 to 2024, 47 ocean research projects have been
supported by the French government under France 2030 for
a total of €367m (fig. 14).

In addition, 17 other more general projects with €480m of
funding have contributed to ocean research (Fig. 15).

Initiatives are dedicated to research and development activ-
ities (BTBR, PEPR, PPR, RSNR, IEED, LabEx), site structuring
(IdEx), training (EURE, GURE), equipment (EquipEx, INBS) and
structuring of ocean clusters in France (ESRE). From 2017, more
targeted actions on ocean and marine environmental issues
have been financed by France 2030 through the Ocean and
Climate PPR and, from 2021, PEPRs such as ATLASea, Bridges
and Deep Seabed (fig. 16). The acronyms mentioned may
cover several projects and are detailed below, together with
the project objectives.

Projects funded as part of EquipEx,
LabEx, IEED, INBS and RSNR

Equipment of Excellence

EquipEx were launched in 2011 to fund research facil-
ities that meet the highest international standards to opti-
mise scientific production and develop new technologies.
Among the EQUIPEXs funded by France 2030, five major in-
vestments — with a total budget of €68.80m — launched since
2011 are specific to the ocean:
1) NAOS (Novel Arctic Ocean Observing System) aims to de-
velop and deploy an innovative observation system for the
Arctic Ocean to improve our understanding of oceanic and
climatic processes in this region through the deployment of
autonomous measurement instruments, such as Argo profil-
ing floats adapted to Arctic conditions.
2) IAOOS (Ice - Atmosphere - Arctic Ocean Observing Sys-

Q anr

€100m

€80m

€60m

€40m

€20m

2017 2018 2019 2020 2021 2022 2023 2024

De 2011 a 2024, 47 projets dont les théematiques sont spécifique-
ment consacrées A la recherche oceéanique sont soutenus par
'Etat au titre de France 2030, pour un montant global de
367 millions d'euros (figure 14).

Par ailleurs, 17 autres projets plus généralistes soutenus & hauteur
de 480 millions d'euros abondent & cette recherche, mais seule-
ment pour une partie de leurs activités (figure 15).

Certaines actions, quelles soient spécifiques ou généralistes,
sont dédieées aux activités de recherche et de développement
(BTBR, PEPR, PPR, RSNR, IEED, LabEx), de structuration de sites
(IdEx), de formation (EURE, GURE), d'équipements (EquipEx, INBS)
ou ¢ la structuration des poles Océan en France (ESRE). A partir
de 2017 des actions plus ciblées sur les thématiques environne-
mentales océaniques et marines ont été financées par
France 2030 a travers le PPR Océan et Climat, puis, en 2021, plu-
sieurs PEPR (ATLASeq, Bridges, Grands fonds marins...). Tous les
acronymes mentionnés ci-dessous recouvrent parfois plusieurs
projets et sont détaillés, et les objectifs des projets rappelés.

Les projets financés dans le cadre des actions
EquipEx, LabEx, IEED, INBS et RSNR

Les Equipements d'excellence

Les EquipEX, lancés & partir de 2011, avaient pour
objectif le financement déquipements de recherche aux
meilleurs standards internationaux en matiere de performance,
pour optimiser la production scientifique et le développement
de nouvelles technologies. Parmi les EquipEx financés par
France 2030, cing grandes dotations d'un budget total de 6880
millions d'euros, lancés depuis 2011, sont spécifiques au domaine
océanique :
1) NAOS (Novel Arctic Ocean Observing System) a pour objectif
principal de développer et de déployer un systeme dobservation
novateur de locéan Arctique afin daméliorer la compréhension
des processus océaniques et climatiques dans cette région a tra-
vers la mise en place d'instruments de mesure autonomes, tels que
des flotteurs profileurs Argo adaptés aux conditions arctiques.
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tem) aims to monitor and better understand climate change
in the Arctic through an integrated real-time observation
system that monitors the upper layers of the Arctic Ocean,
lower atmosphere and sea ice to study interactions and evo-
lutions in the context of global warming.

3) CLIMCOR (Palaeoclimatic Coring: High Resolution and In-
novations), launched in 2012, aims to provide the French sci-
entific community with the means to improve deep-sea cor-
ing capabilities. The tools developed will enable us to obtain
high-quality, high-resolution palaeoclimatic and environ-
mental records.

4) PolarPod aims to explore and study the Southern Ocean, a
key region for understanding global climate and marine bio-
diversity. Designed as a “vertical ship" drifting in the Antarctic
Circumpolar Current, the PolarPod will collect previously un-
published scientific data over a three-year period. The proj-
ect will help position France as a leader in ocean sciences,
while contributing to the United Nations Decade of Ocean
Science (2021-2030).

5) THALASSA focused on modernising the oceanographic
vessel (Thalassa) for extended missions at sea. This moderni-
sation extends the ship's capabilities beyond its traditional
missions in fisheries and physical oceanography, equipping it
with new scientific equipment to carry out research in the
fields of geosciences and the environment.

Laboratories of Excellence

LabEx, Laboratories of Excellence, are selected for
their potential to achieve international visibility, by attracting
world-renowned talent, developing strategies integrating re-
search, training and development, and supporting ambitious
projects to strengthen France's scientific competitiveness. Of
those involved in ocean research, seven are generalist struc-
tures: OTmed, CeMEB, L-IPSL, DRIIHM / IRDHEI, TULIP, BCdiv
and COTE projects. Two are ocean-specific and received
€23.07m from France 2030:
1) CORAIL (Coral Reefs Facing Global Change) aims to study
coral ecosystems to manage them more sustainably.
Launched in 2011 with a budget of €6.77m, this laboratory of
excellence brings together nine research institutions and four
universities in mainland and overseas France. It seeks to po-
sition French research in terms of knowledge and expertise
on coral ecosystems significantly affected by climate change,
pollution, ocean acidification and human activities.
2) LabexMER (The Ocean in Change) was launched in 2017
with the aim of improving understanding of how the ocean
functions and evolves in the context of global change. More
specifically, it has funded innovative research projects, or-
ganised scientific expeditions and specific thematic schools,
created international chairs and
post-doctoral students.

supported numerous

2) IAOOS (Ice-Atmosphere-Arctic Ocean Observing System) a
pour objectif principal de surveiller et de mieux comprendre les
changements climatiques dans IArctique & travers un systéeme
d'observation intégré et en temps réel de Iétat des couches su-
périeures de l'océan Arctique, de la basse atmosphere et de la
glace de mer, afin détudier leurs interactions et leur évolution
dans un contexte de réchauffement global.

3) CLIMCOR (Carottage paléoclimatique : haute résolution et in-
novations), lancé en 2012, a pour objectif principal de doter la
communauté scientifique francaise de moyens d'améliorer les ca-
pacités de carottage en haute mer. Ces outils ont permis dobte-
nir des enregistrements paléoclimatiques et environnementaux
d'une grande qualité et a haute résolution.

4) PolarPod o pour objectif d'explorer et détudier locéan Austral,
une région clé pour la comprehension du climat mondial et de la
biodiversité marine. Congu comme un « navire vertical » dérivant
dans le courant circumpolaire antarctique, le PolarPod vise & col-
lecter des données scientifiques inédiites sur une période prolon-
gée (trois ans), couvrant les quatre cycles saisonniers. Ce projet
ambitionne de positionner la France comme leader dans les
sciences océeéaniques, tout en contribuant & la Décennie des
Nations Unies pour les sciences océaniques (2021-2030).

5) Thalassa o eu pour objectif de moderniser le navire océanogra-
phique Thalassa afin de lui redonner du potentiel pour des missions
en mer élargies. Cette modernisation a permis détendre les capa-
cités du navire au-deld de ses missions traditionnelles en halieu-
tique (péche) et en océanographie physique, en le dotant de nou-
veaux equipements scientifiques pour mener des recherches dans
les domaines des géosciences et de l'environnement.

Les Laboratoires d'excellence

Les LabEX, ou Laboratoires dexcellence, ont été sélec-
tionnés pour leur potentiel & atteindre une visibilité internationale,
en attirant des talents de renommée mondiale, & développer des
stratégies intégrant recherche, formation et valorisation, et &
soutenir des projets ambitieux pour renforcer la compétitivité
scientifique de la France. Parmi ceux impliqués dans la recherche
océanique, sept sont des structures généralistes : projets OTmed,
CeMEB, L-IPSL, DRIIHM/IRDHEI, TULIP, BCdiv et COTE, et deux
autres, ci-dessous, sont spécifiques aux oceans et financés par
France 2030 & hauteur de 23,07 millions d'euros :
1) CORAIL (« Recifs coralliens face au changement global ») a pour
objectif détudier les écosystemes coralliens afin daméliorer leur
gestion durable. Lancé en 2011 avec un budget de 6,77 millions
deuros, ce laboratoire dexcellence regroupe neuf institutions de
recherche et quatre universités de métropole et doutre-mer fran-
¢ais. Son ambition a été de positionner la recherche frangaise en
matiére de connaissance et d'expertise sur les écosystémes coral-
liens, qui sont parmi les plus affectés par le changement climatique,
la pollution, l'acidification des océans et des activités humaines.
2) LabexMER (« ['océan dans le changement ») avait pour ambi-
tion, & son lancement en 2017, d'approfondir la compréhension du
fonctionnement et de I'évolution de l'océan dans le contexte des
changements globaux. Plus précisément, son action a permis de
financer des projets de recherche novateurs, dorganiser des ex-
péditions scientifiques et des écoles thematiques, la création de
chaires internationales et le soutien de nombreux postdoctorants.
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National Infrastructures in Biology and Health

The INBS (National Infrastructures in Biology and
Health) aim to structure and support research infrastructures
on a national scale to accelerate scientific discoveries, pro-
mote innovation and strengthen the competitiveness of
French research at an international level, with a particular fo-
cus on the fields of biology and health. France 2030 has
funded a specific project focused on the ocean:
EMBRC-France (National Marine Biological Resource Centre)
received €17.6m of funding when it was launched in 2011
MBRC-France helped set up several analytical platforms at
the Roscoff, Banyuls-sur-Mer and Villefranche-sur-Mer ma-
rine stations (under the Sorbonne University and the CNRS),
and staff to be recruited. The aim is to provide researchers
and businesses with a cutting-edge technological environ-
ment to explore marine biodiversity.
Two more general INBSs funded by France 2030 also partly
contribute to marine infrastructure:
1) E-ReColNat (Réseau National des Collections Naturalistes)
produces, structures and makes accessible a vast amount of
digital data based on French naturalist collections to en-
hance scientific research into current and past geodiversity
and biodiversity
2) BCDiv (Biological and Cultural Diversities: Origins, Evolu-
tion, Interactions, Future) produces fundamental knowledge
on interdependencies between nature and culture, including
in the marine environment, while contributing to sustainable
strategies for their conservation. This initiative is based on a
collaborative approach and has supported research projects
(doctorates, post-doctorates, missions) as well as technical
infrastructures and educational initiatives.

Research in Nuclear Safety and Radiation Protection
RSNR (Research in Nuclear Safety and Radiation
Protection) projects contribute to funding research aimed at
improving nuclear safety and radiation protection. It explores
the scientific and technical challenges relating to nuclear in-
stallation safety, managing radiological risks and protecting
people and the environment. As nuclear power plants are of-
ten located by the ocean, two RSNR projects are focused on
the ocean:
1) AMORAD (Amélioration des Modéles pour la Radioprotec-
tion aprés un Accident de grande échelle — Improving Models
for Radioprotection after a Large-Scale Accident) has devel-
oped and improved scientific and technical models for as-
sessing and managing the radiological and environmental
consequences of a major nuclear accident.
2) TANDEM (Tsunamis en Atlantique et Manche: Définition des
Effets par Modélisation - Tsunamis in the Atlantic and the British
Channel: Defining the Effects by Modelling) has assessed the
potential effects of tsunamis on the French Atlantic and
Channel coasts, with a particular focus on areas hosting civ-
il nuclear facilities.

Institutes of excellence in decarbonated energy
Launched in 2010, IEEDs (Institutes of Excellence in
Decarbonated Energies) are thematic institutes specialising
in low- carbon energies, with the aim of driving technological
and economic innovation. Only one IEED is entirely dedicated
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Les Infrastructures nationales en Biologie et Santé

Les INBS (Infrastructures nationales en Biologie et Santé)
visent Q structurer et & soutenir des infrastructures de recherche
denvergure nationale pour accélérer les découvertes scienti-
fiques, favoriser l'innovation et renforcer la compétitivité de la re-
cherche francaise au niveau international, avec un focus particu-
lier sur les domaines de la biologie et de la santé. France 2030 a
financé un projet spécifique pleinement tourné vers les océans :
L'EMBRC-France (Centre national de ressources biologiques ma-
rines) a été doté d'un financement de 176 millions d'euros lors de son
lancement en 2011. EMBRC-France a permis de mettre en place
dans les stations marines de Roscoff, de Banyuls-sur-Mer et de Ville-
franche-sur-Mer (sous la tutelle de Sorbonne Université et du CNRS)
plusieurs plateformes analytiques et de recruter les personnels afin
de faire fonctionner ces stations en mettant & la disposition des
chercheurs et des entreprises un environnement technologique de
pointe pour l'exploration et lexploitation de la biodliversité marine.
Deux autres INBS, plus généralistes et financés par France 2030,
participent partiellement & l'infrastructure marine :
1) E-ReColNat (Réseau national des collections naturalistes), dont
lobjectif est de produire, de structurer et de rendre accessible un
vaste corpus de données numériques reposant sur les collections
naturalistes frangaises, afin de valoriser la recherche scientifique
sur la géodiversité et la biodiversité actuelles et passées.
2) BCDiv (Biological and Cultural Diversities: Origins, Evolution, In-
teractions, Future), dont [objectif est de produire des connais-
sances fondamentales sur les interdépendances entre nature et
culture, y compris en milieu marin, tout en contribuant & des stra-
tégies durables pour leur conservation. Cette action repose sur
une approche collaborative et a soutenu tant des projets de re-
cherche (doctorats, postdoctorats, missions) que des infrastruc-
tures techniques et des initiatives pedagogiques.

Les projets Recherche en sireté nucléaire
et radioprotection

Les projets RSNR (Recherche en slreté nucléaire et ra-
dioprotection) s'inscrivent dans un contexte visant ¢ répondre aux
enjeux scientifiques et techniques liés & la sécurité des installa-
tions nucléaires, & la gestion des risques radiologiques et & la pro-
tection des populations et de I'environnement. Les centrales nu-
cléaires étant souvent en bord docéan, deux projets RSNR
couvrent, par leurs travaux, le domaine océanique :
1) AMORAD (Amélioration des modéles pour la radioprotection
aprés un accident de grande échelle), qui a aidé & développer et
a améliorer les modeéles scientifiques et techniques, en permet-
tant d@évaluer et de gérer les conséquences radiologiques et en-
vironnementales d'un accident nucléaire majeur.
2) TANDEM (Tsunamis en Atlantique et Manche : définition des ef-
fets par modélisation), qui a évalug les effets potentiels des tsuna-
mis sur les cotes frangaises de I'Atlantique et de la Manche, avec
un accent particulier sur les zones abritant des installations nu-
cléaires civiles.

Les Instituts d'excellence dans le domaine
des Energies décarbonées

Lancés en 2010, les IEED (Instituts dexcellence dans le do-
maine des Energies décarbonées), devenus des ITE (Instituts théma-
tiques spécialisés), sont des structures thématiques spécialisées dans
les énergies décarbonées, avec une mission d'innovation technolo-
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to ocean activities: FEM (France Energie Marine). Launched in
2015, FEM received €42m of funding from France 2030 out of
a total budget of €142m over 10 years (2015-2028). FEM seeks
to contribute to the development of the French marine re-
newable energy (MRE) sector by removing scientific, techno-
logical and environmental barriers, while promoting a sus-
tainable energy transition. FEM positions France as a leader
in marine renewable energies including offshore wind, tidal
and wave power.

France 2030 and higher education

France 2030 support for training, higher education
and research encompasses university research schools, Euro-
pean universities and Excellence In All Its Forms (ExcellencES).
ISblue (Interdisciplinary Graduate School for the Blue Planet),
the only University Research School (EUR) entirely dedicated
to the ocean, will receive €21.8m of funding from France 2030
over the period 2018-2028. Supported by the Université de
Bretagne Occidentale (UBO), ISblue aims to strengthen inter-
disciplinary research and training in the field of marine sci-
ence and technology. More specifically, ISblue seeks to de-
velop training of excellence by offering innovative courses
and internationalising the learning offer and collaborations,
and stimulating interdisciplinary research while strengthening
links with the socio-economic world. The project aims to con-
nect research and training with the needs of economic play-
ers to promote innovation and career opportunities for stu-
dents.
France 2030's contribution was also decisive in creating SEA-
EU 2.0 (European University), based in Brittany. With a budget
of €2.31m, this initiative aims to support projects that will
shape higher education and research with a strong interna-
tional dimension. The main objectives are to harmonise the
curriculum, develop joint degrees and foster the mobility of
students, teachers and researchers from several European
universities, as well as promote marine research and innova-
tion and enhance the region’'s international appeal.
The Excellence In All Its Forms IFSEA (transdisciplinary gradu-
ate school for marine, fisheries and seafood sciences) project
aims to promote excellence in the field of marine sciences,
fisheries and seafood products, while encouraging an ambi-
tious transformation of the lead institution: Université du Lit-
toral-Céte d'Opale (ULCO). With €8.1m of funding over 10
years (for a total budget of over €30m), IFSEA aims to
strengthen academic and scientific excellence and transform
the institution to diversify its missions, enhance its national
and international reputation and meet the region's so-
cio-economic needs, particularly in the fisheries and aqua-
culture sectors.

France 2030 ocean research programmes

Priority research programmes (PPR)

Priority research programmes (PPR) aim to meet
specific national priorities (such as environment, health and
food) by mobilising research to produce knowledge and
practical solutions capable of informing public policy, sup-
porting economic players and involving society in the neces-
sary transitions. The need to structure thematic communities

gique et économique. Un seul ITE est dans sa totalité consacré aux
activités océaniques : FEM (France Energies Marines). Cet ITE lancé en
2015 est doté d'une enveloppe de 42 millions deuros financés par
France 2030, sur un budget global de 142 millions deuros sur 10 ans
(2015-2028). FEM a pour ambition de contribuer au développement de
lat filiere francaise des énergies marines renouvelables (EMR) en levant
les verrous scientifiques, technologiques et environnementaux, tout en
favorisant une transition énergétique durable. La mission de FEM est
de positionner la France comme leader dans les énergies marines re-
nouvelables (comme l€olien offshore, I'hydrolien ou le houlomoteur).

France 2030 et I'enseignement supérieur

Les actions de soutien de France 2030 & la formation et
& la structuration de l'enseignement supérieur et de la recherche
concernent les écoles universitaires de recherche, I'université eu-
ropéenne et I'Excellence sous toutes ses formes (ExcellencES).
ISblue (Interdisciplinary Graduate School for the Blue Planet) est la
seule Ecole universitaire de recherche (EUR) totalement dédiiée au
domaine océanique, financée & hauteur de 218 millions d'euros
par France 2030 pendant la période 2018-2028. Lobjectif d'Isblue,
qui est portée par I'Université de Bretagne occidentale (UBO), est
de renforcer la recherche et la formation interdisciplinaires dans le
domaine des sciences et des technologies marines. ISblue vise
plus particulierement & développer une formation d'excellence en
proposant des cursus innovants et en internationalisant [offre
éducative et les collaborations, et & stimuler la recherche interdlis-
ciplinaire, tout en renforgant les liens avec le monde socioécono-
mique : le projet ambitionne de connecter la recherche et la for-
mation aux besoins des acteurs économiques, favorisant ainsi
l'innovation et les débouchés professionnels pour les étudiants.
Par ailleurs, la contribution de France 2030 a été déterminante dans
la création de SEA-EU 2.0 (université européenne). Cette action, do-
tée d'un budget de 2,31 millions d'euros et centrée sur la Bretagne,
vise & soutenir des projets structurants pour lenseignement supé-
rieur et la recherche, avec une forte dimension internationale. Les
principaux objectifs sont, d'une part, d’harmoniser les cursus, de
développer des diplémes conjoints et de favoriser la mobilité des
étudiants, des enseignants et des chercheurs de plusieurs universi-
tés européennes et, dautre part, de promouvoir la recherche et 'in-
novation marines, de renforcer lattractivité internationale.
Lobjectif du projet Excellence sous toutes ses formes IFSEA (Trans-
disciplinary Graduate School for Marlne, Fisheries and SEAfood
sciences) est de promouvoir lexcellence dans le domaine des
sciences marines, de la péche et des produits de la mer, tout en
favorisant une transformation ambitieuse de Iétablissement por-
teur, I'Université du Littoral Céte d'Opale (ULCO), & léchelle de son
site. Doté de 8,1 millions deuros sur 10 ans (pour un budget total
dépassant 30 millions deuros), IFSEA vise ¢ renforcer lexcellence
académique et scientifique et & transformer Iétablissement afin de
diversifier ses missions, d'améliorer son rayonnement national et in-
ternational, et de répondre aux besoins socioéconomique du terri-
toire, notamment dans les secteurs de la péche et de laquaculture.

Les programmes de recherche de France 2030
spécifiques a la thématique Océan

Les Programmes prioritaires de recherche
Les Programmes prioritaires de recherche (PPR) visent &
répondre & des priorités nationales précises (environnement, san-
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is a key element of the PPR. The ANR operates these pro-
grammes, which are steered by national research bodies in-
cluding CNRS and IFREMER.

In 2017, French President Emmanuel Macron launched the
Make Our Planet Great Again (MOPGA) PPR following the an-
nouncement of the United States’ withdrawal from the Paris
Agreement, a text signed by 195 nations at the United Na-
tions Climate Change Conference (COP21).

In response to this shockwave, MOPGA, led scientifically by
the CNRS and operated by the ANR, invited scientists from all
over the world to come to France to advance their research
in the field of environmental sciences.

Of the 43 winning projects, eight were devoted to our oceans
with a total budget of €5.08m:

- Hermés: reduce uncertainties in high-resolution modelling of
the earth system to gain a better understanding of key cli-
mate processes such as ocean mixing

- 40ceans: response of organisms to the warming and acidi-
fication of the oceans

+ ASET: understanding energy exchanges between sead ice
and the atmosphere and their impact on climate

+ TROCODYN: improve understanding of the mechanisms by
which hurricanes are generated and intensify to develop
more reliable forecasting models

+ ARCHANGE: better understand the impact of melting Arctic
Sea ice on global ocean circulation

+ CONTACTS: explore innovative solutions for carbon capture
and sequestration using advanced carbon-based materials
- Rapid Evol: adaptations of populations to extreme environ-
mental stress in marine environments

+ TAD: better understand how ocean currents and variations
in temperature, salinity and pressure influence deoxygen-
ation in regions sensitive to climate change

From 2021, the French government provided unprecedented
support for ocean research, with €40m of funding for the
Ocean and Climate Priority Research Programme (PPR). This
six-year PPR, led by CNRS and Ifremer, aligns with the priori-
ties of the United Nations Decade of Ocean Science for Sus-
tainable Development (2021-2030). Structured around seven
major scientific challenges, it supports ambitious and struc-
turing transdisciplinary research projects focused on assess-
ing and anticipating global changes affecting the oceans
(such as climate change, pollution and invasive species) and
identifying solutions for their protection and sustainable use.

Priority Research Programmes and Equipment (PEPR)
Launched in 2021 as a continuation of the PPR, Pri-
ority Research Programmes and Facilities (PEPR) are nation-
wide programmes designed to position French research at
the highest level. With a total budget of €3 billion over peri-
ods of five to 10 years, they aim to structure and consolidate
national research communities in scientific and technological
fields potentially linked to major economic, social, health or
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t¢é, alimentation) en mobilisant la recherche pour produire des
connaissances et des solutions concretes & méme déclairer les
politiques publiques, de soutenir les acteurs économiques et
d'impliquer la société dans les transitions nécessaires. La nécessi-
té de structurer les communautés thématiques est un élément
capital des PPR. LANR est opérateur de ces programmes pilotés
par les organismes nationaux de recherche (CNRS, Ifremer...).

En 2017 le président de la République, Emmanuel Macron, a lancé
le PPR Make Our Planet Great Again (MOPGA) & la suite de lan-
nonce du retrait des Etats-Unis de I'Accord de Paris, texte signé
par 195 nations lors de la Conférence des Nations Unies sur les
changements climatiques (COP21).

En réponse & cette onde de choc, MOPGA, piloté scientifiquement
par le CNRS et opéré par 'ANR, invitait les scientifiques du monde
entier & rejoindre la France, au sein de laboratoires préts & les
accuelllir et & accompagner leurs recherches dans le domaine
des sciences environnementales.

Sur les 43 projets lauréats, huit sont consacrés intégralement & la
thématique des océans, pour un budget total alloué de 508 mil-
lions deuros ; nommément : Hermeés, qui vise & réduire les incerti-
tudes sur la modélisation haute résolution du systéme terrestre pour
mieux comprendre les processus climatiques clés, comme le mé-
lange océanique ; 4océans, sur la réponse des organismes au ré-
chauffement et & lacidification des océans ; ASET, sur la compré-
hension des échanges dénergie entre la glace de mer et
latmosphere et leurs impacts sur le climat ; TROCODYN, qui vise &
améliorer la compréhension des mécanismes de genese et d'in-
tensification des ouragans pour développer des modéles de prévi-
sion plus fiables ; ARCHANGE, dont [objectif est de mieux com-
prendre limpact de la fonte de la banquise arctique sur la
circulation océanique mondiale ; CONTACTS, qui vise & explorer des
solutions innovantes pour la capture et la séquestration du car-
bone en utilisant des materiaux avancés & base de carbone ; Ra-
pid Evol, projet qui porte sur les adaptations des populations aux
stress environnementaux extrémes en milieu marin ; TAD, qui a pour
objectif de mieux comprendre comment courants oceéaniques, va-
riations de tempeérature, salinité et pression influencent la désoxy-
génation dans les régions sensibles aux changements climatiques.

A partir de 2021, I'Etat amorce une dynamique inédite dans le
soutien & la recherche sur locéan en mobilisant 40 millions d'euros
pour le PPR Océan et Climat. Ce PPR, pilote par le CNRS et ['lfre-
mer pendant une durée de six ans, saligne sur les priorités de la
Décennie des Nations Unies pour les sciences oceaniques au ser-
vice du développement durable (2021-2030). Structuré autour de
sept grands défis scientifiques, il soutient des projets de recherche
transdisciplinaires, ambitieux et structurants, se focalisant sur
lévaluation et l'anticipation des changements globaux affectant
les océans (comme le changement climatique, les pollutions, les
espéces invasives...) et l'identification de solutions pour leur pro-
tection et pour un usage durable.

Les Programmes et équipements prioritaires
de recherche (PEPR)

Lancés en 2021 dans la continuité des PPR, les Pro-
grammes et équipements prioritaires de recherche, & lampleur
nationale, ont pour ambition de positionner la recherche francaise
au meilleur niveau mondiial. Dotés d'un budget total de trois mil-
liards d'euros sur des périodes de 5 & 10 ans, ils visent & structurer
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environmental transformations. With a budget of €2 billion,
National Strategy PEPRs managed by major national institu-
tions (ONR and universities) are the upstream component of
around twenty government strategies. With a budget of €1
billion, Exploratory PEPRs are winning projects from a call for
programmes issued by ANR. Supported and managed by na-
tional research establishments, they address emerging
scientific fields that have been defined as priorities by the
French government.

Three PEPRs are dedicated to the oceans:

1) ATLASea (Marine Genomes) was launched in 2023 and is
led by CEA and CNRS, with €41.23m of funding. It aims to se-
quence and list the genomes of 4,500 marine species, creat-
ing the first atlas of marine genomes of unprecedented size
and detail, available to the scientific community. This data-
base will be useful for monitoring and preserving coastal ma-
rine biodiversity and will enable the discovery of new mole-
cules, metabolites, materials and synthetic pathways for
medical research and fundamental biology.

2) BRIDGES (Fisheries and Biodiversity in the Indian Ocean),
funded with €40m, aims to build resilience to climate change,
food insecurity and emerging conflicts in the south-west
Indian Ocean. The programme focuses on the socio-ecosys-
tems of fisheries, particularly small-scale, coastal and pelag-
ic fishing, and aquaculture. It is based on networking and
collaboration between researchers, decision-makers, practi-
tioners and civil society to identify and implement solutions,
including setting up a decision-support network based on
open science.

3) As part of the France 2030 ambition to “invest in the sea-
bed”, MAFM (Grands Fonds Marins) has a budget of €81m of
which €30.1m was invested in two projects in 2023:

- Exploration missions in two geographical areas: the Mid-At-
lantic Ridge (DMA), rich in polymetallic sulphides, and the
Clarion-Clipperton Zone (CCZ), rich in polymetallic nodules.
Through these explorations, the aim is to improve our knowl-
edge of biological communities and characterise habitats
and benthic fauna, enabling scientists to quantify and model
the impact of extraction trials and define a strategy for as-
sessing and monitoring the impact on the environment.

- Mission planeur sous-marin profond (deep-sea glider mis-
sion) aims to provide France with the capacity to develop
and produce new-generation remotely controlled gliders for
ocean exploration and surveillance, capable of diving to
depths of over 3,000 metres with extended autonomy. Other
MAFM projects are currently being launched such as the Mo-
CHy project (€5m) focused on hyperbaric chambers.

et & consolider les communautés scientifiques nationales dans
des domaines scientifiques ou technologiques potentiellement liés
& des transformations économiques, sociétales, sanitaires ou envi-
ronnementales majeures. Les PEPR des stratégies nationales, do-
tés de deux milliards deuros et pilotés par de grands établisse-
ments nationaux (ONR, universités), constituent le volet amont
d'une vingtaine de stratégies décidées par I'Etat. Les PEPR explo-
ratoires, dotés d'un milliard d'euros, sont lauréats d'un appel & pro-
grammes opéré par IANR. Portés et pilotés par les établissements
nationaux de recherche, ils abordent des domaines scientifiques
émergents, toutefois définis comme prioritaires par I'Etat.

Trois PEPR sont ainsi dédliés aux thématiques de l'océan : les pro-
grammes de recherche exploratoires Génomes marins (ATLASeq)
et Péche et Biodiversité dans l'océan Indien (BRIDGES), ainsi que le
programme de recherche Grands fonds marins (MAFM) :

1) ATLASea (Génomes marins) est un programme lancé en 2023 et
piloté par le CEA et le CNRS, pour un financement de 41,23 millions
deuros. ATLASea a pour ambition de séquencer et de répertorier
le génome de 4 500 especes marines, et constituera ainsi le pre-
mier atlas des génomes marins d'une dimension et d'une richesse
sans équivalent aujourd’hui, pour le mettre ¢ la disposition de la
communauté scientifique. Cette base de données sera utile pour
la surveillance et la préservation de la biodiversité marine cotiere,
et permettra la découverte de nouvelles molécules, de métabo-
lites, de matériaux et de voies de synthese pour la recherche mé-
dicale et la biologie fondamentale.

2) BRIDGES (Péche et Biodiversité dans locéan Indien), financé &
hauteur de 40 millions d'euros, vise & renforcer la résilience face au
changement climatique, & linsécurité alimentaire et aux conflits
émergents dans le sud-ouest de l'océan Indien. Ce programme
s'intéresse spécifiquement aux socio-écosystemes de la péche,
notamment de sa part artisanale, cétiere et pélagique, et de
laquaculture, et sappuie sur la mise en réseau et sur la collabora-
tion de chercheurs, de décideurs, de praticiens et de la société
civile pour l'identification de solutions et leur mise en ceuvre, no-
tamment par la création d'un réseau daide & la décision fondée
sur une science ouverte.

3) Dans le cadre de l'objectif national « Investir dans le champ des
fonds marins » de France 2030, le PEPR MAFM (Grandss fonds ma-
rins) dispose d'un budget de 81 millions d'euros, dont 30,1 ont déja
été investis en 2023 sur deux projets ciblés :

- Les missions d'explorations concernant deux zones géogra-
phiques, la dorsale médio-atlantique (DMA), riche en sulfures
polymétalliques, et la zone de Clarion-Clipperton (CCZ), foison-
nant en nodules polymétalliques. A travers ces explorations, il
sagit daméliorer les connaissances sur les communautés biolo-
giques, et notamment de caractériser les habitats et la faune
benthique, de quantifier et de modeéliser I'impact des essais dex-
traction, et de définir une stratégie dévaluation et de suivi de I'im-
pact sur l'environnement.

- La mission « planeur sous-marin profond », dont lambition est
de doter la France d'une capacité de développement et de pro-
duction des planeurs (gliders) nouvelle génération, pilotés & dis-
tance pour l'exploration et la surveillance des océans et pouvant
plonger au-dela des 3 000 m de profondeur avec une durée
dautonomie étendue. Dautres projets MAFM sont en cours de
lancement, comme MoCHy, doté de 5 millions d'euros, pour I'in-
novation dans les caissons hyperbares.
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PART 2

Analysis and summary of scientific
results by major theme

— Analyse des résultats scientifiques et synthése par grandes thématiques

Grouped into major themes, the 1,044 Work
Programme projects were then analysed and sum-
marised. Nineteen project portfolios were identified.
Each project was tagged with three keywords and al-
located to one of the portfolios. The same process
was used for the 47 France 2030 projects. The portfo-
lios of 20 to 100 projects were analysed by different
experts (32 in total) specialising in each field. Each
expert was given a booklet containing the project re-
ports for their portfolio and wrote a summary of the
impacts, highlighting major new developments: sci-
entific knowledge, emerging scientific fronts, econom-
ic and societal impacts. This thematic analysis includ-
ed both Work Programme and France 2030 projects
(fig.17). @

All project data is available on the data ANR platform.
Lensemble des données des projets sont disponibles
sur la plateforme data ANR : data.anr.fr/pages/oceans.

La lecture des rapports des 1 044 projets a permis &
la fois de les classer dans différents grands groupes, selon leur
proximité thématique, et de les analyser pour en proposer une
synthese. 19 portefeuilles de projets ont ainsi été identifiés.
Chaque projet a été tagué avec trois mots clés, ceux-ci ser-
vant & la répartition des projets dans les portefeuilles. Une dé-
marche identique a été réalisée pour les 47 projets de France
2030. Chaque portefeuille de 20 ¢ 100 projets est analysé par
différents experts (32) de ces domaines. Un méme projet peut
figurer dans plusieurs portefeuilles en fonction de son degré de
transversalité et du nombre de tags. Un groupe d'experts a été
chargé danalyser ces portefeuilles afin d'en synthétiser les
nouveaux apports et de mettre en lumiére les avancées ma-
jeures issues de ces projets : nouvelles connaissances scienti-
fiques, émergence de nouveaux fronts de science, ainsi que les
retombées économiques ou sociétales. Cette analyse par por-
tefeuilles théematiques porte donc aussi bien sur les projets du
Plan d'‘action que sur ceux de France 2030 (figure 17). ®

Over the last 20 years, there have been no major
changes in the distribution of topics covered by the Work Pro-
gramme. Throughout this period, the main themes have been
contaminants (123 projects) including 11 on plastics, ocean phy-
sics (112 projects), marine geosciences (121 projects), fish and fi-
sheries (115 projects). See Fig. 18 for the 19 themes and data ANR
(data.anr.fr/pages/oceans/).

It should be noted that there has been no increase in the
number of climate, biodiversity and energy projects, contrary
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Pour le Plan d‘action, au cours des deux derniéres dé-
cennies, il nNapparait pas de modifications importantes de la
répartition des thématiques étudiées par les projets selon les
années. Sur lensemble de cette période, les thématiques au
sein desquelles se répartissent la majorité des projets sont : les
contaminants (123 projets), dont 11 sur les pollutions plastiques,
I'hydrodynamique (112), les géosciences marines (121), les pois-
sons et pécheries (115) (voir figure 18 pour les 19 thématiques et
sur data ANR : data.anr.fr/pages/oceans).
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme
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to strong national and international expectations relating to
environmental and societal challenges in these areas.

For France 2030, climate is the most common theme, followed
by research into biodiversity and the impact of pollution (ex-
cluding plastics). Plankton and coral are the living organisms
that have attracted most research interest.

There are strong interrelationships between project themes
(fig. 19). Biodiversity and climate are closely connected with alll
the other project themes. The multidisciplinary nature of many
projects is essential. The thematic portfolio approach does not
adequately reflect cross-disciplinary approaches. The specific
links between different themes can be found on data ANR
(data.anr.fr/pages/oceans).

Interrelations entre les différentes
thématiques du Plan d'action
et de France 2030.

FIGURE 19:
Interrelationships
between themes.
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A noter que, pour le Plan d'action, il n'est pas constaté d'aug-
mentation du nombre de projets sur le climat, sur la biodiversité
ou sur lénergie, contrairement aux fortes attentes nationales et
internationales sur ces thématiques, liées aux enjeux environne-
mentaux et sociétaux (fig. 18). En revanche, pour France 2030,
tous projets confondus, le climat est le plus souvent abordé, sui-
vi par les recherches sur la biodiversité et les impacts de la pol-
lution (hors plastique). On reléve que le plancton, sous toutes
ses formes, et les coraux sont les organismes vivants qui ont
suscité le plus d'intérét dans les projets pris en charge par tous
les financements France 2030. Les fortes interrelations entre les
thématiques des projets sont en particulier marquées par la
dominance de la biodiversité et du climat, qui sont connectés
avec les divers autres sujets, illustrant ainsi bien leur prise en
compte (figure 19). La pluridisciplinarité dans les projets est no-
table. Cependant, l'approche par portefeuilles thématiques re-
flete mal ces approches transversales. Les liaisons spécifiques
entre deux thématiques peuvent étre retrouvees sur data ANR
(data.anr.fr/pages/oceans).

Specific analysis
for each domain
Analyse spécifique
par domaine
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PART 2

Contaminants
Contaminants

103 projects

— Scientific background

All different types of pollution, excluding plastics,
are covered in this theme, in particular chemical pollution
(heavy metals, pesticide, pharmaceuticals) and biological
pollution (toxic algae, cyanobacteria). Noise pollution and
radioactive contamination are also included. Different
sources of pollution are explored such as industrial dis-
charge and agricultural runoff, wastewater and sewage
treatment inefficiencies and shipping and maritime activ-
ities. Impacts on marine ecosystems are numerous includ-
ing direct toxic effects on marine organisms and bioac-
cumulation in food chains with disruption of reproductive
cycles and behavioural patterns of marine organisms, as
well as coral reef degradation and biodiversity loss with
cumulative effects as a result of climate change (tem-
perature and acidification). Understanding the sources
and impacts of ocean pollution is a major challenge, par-
ticularly for river discharges and atmospheric deposition.

— Impacts on public policies and socio-economical
innovation

International regulations are driving global
agreements and policies to address and control marine
pollution from different sources, e.g. MARPOL and OSPAR
UNCLOS. The European Union has several directives
addressing member state policies to limit and control
ocean and coastal pollution: REACH Regulation, Marine
Strategy Framework Directive (MSFD) and Water Frame-
work Directive (WFD). Despite these regulations, several
challenges remain for emerging pollutants such as mi-
cro-contaminants, like pharmaceuticals and nanopar-
ticles, that are not yet covered. Increased international
coordination will be needed for stronger cooperation
between countries to address transboundary pollution.
New regulations need to adapt to and address new
sources of pollution, such as deep-sea mining and ma-
rine renewable energy.

— Main outcomes of the ANR-funded projects

The scientific studies highlighted severe biolog-
ical impacts on marine ecosystems. Toxicity from heavy
metals causes neurological and reproductive damage in
fish and shellfish. Pharmaceutical products disrupt hor-
mone systems, leading to gender imbalances in aquatic
species. Progress on detection and prediction of Harmful
Algal Blooms has been achieved using remote sensing

To learn more about this topic, check

out the full synthesis by Catherine Mouneyrac
on anr.fr/SynthesesOcean

Pour en savoir plus sur cette théematique,
consultez la synthése de Catherine Mouneyrac
sur anr.fr/SynthesesOcean

Monitoring of anthropogenic discharges into the marine environment.

and Al models in relation to climate change and bloom
intensity. Coral reef degradation caused by pesticides
and excess nutrients contributes to coral bleaching. Con-
cerning microbial and pathogen risks: pollutants alter
marine microbial communities, impacting nutrient cycles
and with severe potential transmission of antibiotic-re-
sistant bacteria from pharmaceutical residues in sewage.
Noise disruption increases stress and disorientation in
marine mammals.

Numerous projects have contributed to improving pollu-
tion monitoring and mitigation including advanced de-
tection techniques, such as mass spectrometry for track-
ing trace heavy metals and pharmaceutical residues and
Al-based models to predict pollutant dispersion. Biore-
mediation and other innovative solutions use bacteria
and algae to break down pollutants associated with the
development of eco-friendly chemical alternatives, such
as marine organisms, capable of absorbing heavy metals.
Innovative water filtration technologies have been tested
to reduce contamination at river mouths.

The ANR-funded research has significantly improved our
understanding of ocean pollution beyond plastics. The
findings contribute to better detection, tracking, impact
assessment and mitigation strategies, supporting both
scientific advances and public policy improvements.

Conclusion and research perspectives

Future research directions could address the following
issues: emerging contaminants such as nanoparticles,
microfibres, and new synthetic chemicals; impacts on
human health including the link between seafood
contamination and human diseases; and developing
public policy-driven science and aligning research
with international regulations for better mitigation. It
is important to scale bioremediation: techniques work
in lab conditions but need large-scale testing includ-
ing cost-effectiveness. o
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Plastic pollution
Pollution plastique
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. 25 pI’OJeCtS To learn more about this topic, check out the full

synthesis by Richard Sempéré on anr.fr/SynthesesOcean

Pour en savoir plus sur cette thématique,

consultez la synthése de Richard Sempéré

sur anr.fr/SynthesesOcean

— Scientific background

Our understanding of plastic pollution has
evolved from a focus on visible waste to a broader, more
complex view including micro-plastics (<5mm) and na-
no-plastics (<lum). Estimates vary, but several millions of
tonnes of plastic enter the ocean every year. Micro-plas-
tics come from primary sources (microbeads and indus-
trial granules) and secondary sources (fragmentation of
larger waste).

These particles are ubiquitous in all environmental com-
partments (oceans, soil, air and polar ice). They have
been detected in drinking water, food, air and even
human tissues. Nano-plastics are particularly worrying
because they can cross biological membranes and po-
tentially cause toxic effects. Uncertainties persist about
the long-term effects on human health, although studies
suggest links with inflammation, oxidative stress and en-
docrine disruption. Plastic additives are underestimated

vectors of tOXiCity~ cqste littering te ean floor.
micro- and nano-plastics, improved hydrodynamic dis-
persion models, and the creation of reference particles
for toxicity tests.
+ Societal commitment: several projects have involved cit-
izens in monitoring micro-plastics in the Mediterranean
and assessing the risks to human health. They have also
led to the development of technological solutions such
as marine foams for filtration and biodegradation for fu-
ture industrial applications.

— Impacts on public policies and socio-economical
innovation

Numerous measures have been put in place
including bans on microbeads, regulations on industri-
al granules, filters for washing machines and inclusion in
European directives (Marine Strategy Framework Directive,
REACH). The UN is working on a global treaty on plastic
pollution. The emphasis should be on upstream measures
like reducing plastic production by designing alternative
materials, improving waste management and recycling.

— Main outcomes of the ANR-funded projects . .
Conclusion and research perspectives

Plastic pollution is a global problem that requires an
international, interdisciplinary approach combining
science, innovation, regulation and societal commit-
ment. French research plays a key role in improving
knowledge and developing solutions to mitigate this
environmental scourge. ¢

Contributions from the ANR-funded projects on
plastic pollution have improved knowledge of plastic pol-
lution in the ocean in several key areas:

- Transformation of plastics: the projects studied the frag-
mentation of plastics into micro- and nano-plastics and
their transfer to aquatic environments, and highlighted
the importance of estuaries and sediments as accu-
mulation zones. These sediments are "archives” for rivers
(Seine, Loire, Rndne), making it possible to reconstruct
the history of contamination by micro-plastics.

- Biological interactions: research has shown the effects of
plastics on marine organisms, particularly on the micro-
biota, metabolism and energy balance of fish.

+ Methodological innovations: research has led to the de-
velopment of new analytical techniques for detecting
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PART 2

Human activities and societies
Activités humaines et sociétés |ZI'

S4 projects o

— Scientific background

Political recognition of sustainable development
challenges has grown since Agenda 21 and the Rio Earth
Summit in 1992, in the context of climate change (Paris
Agreement). Integrated approaches require interdisci-
plinary research on climate change, biodiversity, coastal
management, and the ocean. Sustainable development
has become a political and scientific priority, shaping
funding and international research agendas. The research
reflects a need for policy-relevant, integrative knowl-
edge to meet these long-term commitments. Manage-
ment of integrated coastal zones and ecosystem-based
management of human activities and environments are
shaping the development of public policies at the turn of
the 271 century. The complexity of the processes at work
and the nature of challenges for human societies also call
for more integrated research. In addition to multi-disci-
plinary research, inter-disciplinary research is increasing
and there is a strong demand for social science research.
Focused on coastal risks, pollution, biodiversity conserva-
tion and a sustainable blue economy, a growing body of
research looks at protected areas, interactions between
human activities and the environment, maritime and
coastal cultural heritage as well as technological innova-
tion. There is a strong demand for research that is more in
touch with society through transdisciplinary approaches
that support public policy. At the same time, as environ-
mental issues become ever more pressing and complex,
the field of investigation for social sciences and societal
issues has continued to expand.

— Impacts on public policies and socio-economical
innovation

Projects are deeply connected to policy issues
and regulatory frameworks. Here is a breakdown of the
key connections between research projects and relevant
policy/regulatory context.

— Main outcomes of the ANR-funded projects

The projects are at a crossroads between mari-
time archaeology, risk management, marine biodiversi-
ty, geopolitics surveillance and technological innovation.
This body of research is shaped by global environmental
change, geopolitical shifts, societal transformations and
the evolving role of science in public life. Specific attention

To learn more about this topic, check out

the full synthesis by Philippe Hrodej and Denis Bailly
on anr.fr/SynthesesOcean

Pour en savoir plus sur cette thématique, consultez

la synthése rédigée par Philippe Hrodej et Denis Bailly
sur anr.fr/SynthesesOcean

Container ship docked in the port of Le Havre, France.

was given to island populations, notably in French Polynesia,
highlighting demographic shifts, vulnerability to sea-level
rise, and socio-economic challenges exacerbated by ethnic
divisions and remote governance issues. Challenges were
underlined in public service provision, maintaining social co-
hesion, and reconciling equality with cultural particularities.
Maritime threats, including increased sea traffic, piracy, and
international security, were critically analysed. The projects
illustrated innovative technological and methodological re-
sponses to these challenges, focusing on identification, sur-
veillance, and maritime governance. Protected marine areas
are essential, but qualitative aspects (effectiveness, resour-
ces and governance) need more research in relation to
complex governance issues such as social justice, traditional
rights, benefit-sharing, and marine democracy. Concerning
climate change and coastal risk, coastal risk management
tools exist but need local adaptation and broader pub-
lic engagement for a faster impact on marine ecosystems
and coastal communities in relation to climate change and
sed-level rises. Advances include archaeological explora-
tions of maritime history in regions like the Black Sea and
China, underscoring the interdisciplinary links between ar-
chaeology and contemporary technological challenges.

Conclusion and research perspectives

Future research areas emphasising qualitative as-
pects of marine protected areas, ecosystem resto-
ration, and the socio-political complexities of mar-
itime governance must focus on equitable use of
resources and justice issues. The critical role of inter-
disciplinary and transdisciplinary research involving
both social and natural sciences is advocated for sci-
ence that supports societal debates and public policy
without avoiding controversy. ¢
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Climate and the ocean
Climat et océan

102 projects o

To learn more about this topic, check out the full synthesis

by Sabrina Speich and Patrick Monfray on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthese rédigée
par Sabrina Speich et Patrick Monfray sur anr.fr/SynthesesOcean

— Scientific background

Oceans play a central role in the climate. The
ocean regulates the Earth's climate: storing over 90% of
excess heat from global warming and absorbing 25% of
human CO; emissions. Ocean circulation (e.g. AMOC) and
processes like carbon and biological pumps redistribute
heat and carbon, impacting weather, climate and marine
ecosystems. Climate change is causing acidification, de-
oxygenation, rising sed levels and extreme ocean events
like marine heatwaves and stronger cyclones. Improving
ocean-climate understanding is crucial for climate fore-
casting, policymaking and adaptation strategies. Inter-
sections between climate, biogeochemistry and biodi-
versity can be explored with integrated ocean models
combining physics, carbon cycle, acidification, oxygen,
and biodiversity (e.g. trophic levels).

— Impacts on public policies and socio-economical
innovation

Climate regulation is global under UN recom-
mendations, with IPCC as an advisory body for future
scenarios on global warming, ocean acidification and
sea-level rise. Projects are implemented to support SDG
13: Climate Action - eg. improving understanding of
ocean carbon uptake and SDG 14: Life Below Water — e.g.,
conservation and sustainable use of marine resources.
Projects indirectly support policymaking and societal re-
silience by providing scientific insights that inform climate
policy and adaptation strategies and develop tools, data
and insights for regulatory design and enforcement. They
are addressing areas where regulations are critical, in-
cluding aquaculture safety, coastal management and
ecosystem protection.

— Main outcomes of the ANR-funded projects

The projects are at a crossroads between mar-
itime archaeology, risk management, marine biodiversi-
ty, geopolitics surveillance and technological innovation.
This body of research is shaped by global environmental
change, geopolitical shifts, societal transformations and
at a global level, analysing past climate with paleoclimate
reconstructions (e.g. ice cores) improves climate sensitivity
estimates. Climate modelling has been developed with a
focus on ocean mesoscale and submesoscale dynamics,
eddies, and their role in circulation. Real-time analysis and
forecasting are under development with scenario-based
projections to predict human impact. At a regional level,

Observation of meteorological phenomena.

research on coastal systems and sea-level rise impacts
is being carried out, particularly in deltas and the Medi-
terranean with impacts on water resources. In Arctic eco-
systems, permafrost thaw and sea ice retreat are mon-
itored. Key scientific findings have identified: river inputs
(nutrients, carbon pollutants) as major drivers of coastal
biogeochemical changes; discovery of species migration
poleward due to warming, e.g. diatoms Emiliania huxleyi.
The first global simulation of DMS/DMSP aerosol precur-
sors has been performed under nutrient stress (important
for cloud formation) and new insights into polar ecosys-
tems including sea ice, nutrient fluxes and bacterial diver-
sity. Harmful algal bloom forecasting and climate-health
research links between microbial shifts and warming
events in coastal areas. Technological breakthroughs
are important with real-time monitoring, advanced data
assimilation and development of uncrewed ocean vehi-
cles, deep-sea sensors, and Al-based models to monitor
climate feedback and extreme events. Innovations have
been developed for ice-core drilling, ocean sensors (Argo)
and seismic wave analysis for ice-sheet studies. A new
system for nano-fossil recognition on sedimentary sam-
ples has been patented and an innovative software for
oxygen fluxes has been developed.

Conclusion and research perspectives

The following topics should be focused on: fine-
scale ocean processes poorly represented in climate
models; extreme event predictability limited due to
complex ocean-atmosphere interactions; long-term
carbon sink capacity of the ocean, uncertain under
future warming. Better integration of paleo-data into
future projections is also needed. All these initiatives
call for international collaboration and interdisciplin-
ary approaches to meet the challenges. o
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PART 2

Hydrodynamics
Hydrodynamique

118 projects

— Scientific background

During the past two decades, tremendous
progress has been achieved with the development of
non-equilibrium statistical methods, which allow research-
ers to go beyond traditional deterministic methods. Prob-
abilistic frameworks now incorporate internal variability
and stochastic forcing in the study of ocean-atmosphere
systems, enhancing predictive capabilities. Advances in
computational methods, particularly high-resolution nu-
merical modelling, significantly improve the description
of complex fluid systems. Autonomous technology has
become critical for collecting high-resolution, real-time
data at previously inaccessible scales and resolutions.
Such systems enhance the integration of observations
with modelling, offering better insights into ocean circu-
lation, wave propagation and climate dynamics. Recent
research emphasises an integrated multidisciplinary ap-
proach combining the physical, chemical and biological
processes of extreme events.

— Impacts on public policies and socio-economical
innovation

Real-time data assimilation significantly en-
hances the capabilities of policymakers to manage
coastal and marine environments more effectively based
on marine spatial planning, climate adaptation policies
and integrated coastal zone management. High-reso-
lution models and autonomous data collection have led
to more accurate early-warning systems for natural haz-
ards like storms, flooding and coastal erosion with better
tools for disaster preparedness and rapid response. They
also contribute to improve the efficiency and safety of
shipping, fisheries and aquaculture.

— Main outcomes of the ANR-funded projects

Major advances have occurred in understand-
ing oceanic and atmospheric dynamics across multiple
scales, notably: thermohaline circulation and sub-me-
soscale turbulence and multi-scale interactions and
coupled process dynamics. Understanding of turbulent
and nonlinear fluid behaviours has been improved in
ocean-atmosphere systems. Projects advanced turbu-
lence theory through statistical mechanics, improving
climate and weather models with the development of
high-resolution simulations for nonlinear wave phenome-
na and eddy formation. Use of gliders provided unprece-
dented data on small-scale physical variability. The inte-

To learn more about this topic, check out

the full synthesis by Laurent Mortier on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthése

rédigeée par Laurent Mortier sur anr.fr/SynthesesOcean
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Main North Atlantic currents.

gration of land-ocean systems has enabled researchers
to characterise sediment flux and biogeochemical cy-
cling. Forecasting capabilities have been improved us-
ing ensemble modelling, real-time simulation and data
assimilation methods. Several the ANR-funded projects
focused on understanding large-scale ocean circulation
patterns, notably thermohaline circulation, of which the
Gulf Stream is a key component. Several projects aimed
at studying variability in the North Atlantic and its pivotal
role in global climate regulation. Oceanic circulation dy-
namics are essential for climate evolution and predict-
ing climate variability. Methodological breakthroughs
are mainly related to the fusion of observational tech-
niques like satellite, autonomous platforms (Argo in situ
data) with advanced statistical modelling and machine
learning and the development of multi-scale modelling
frameworks using massive parallel computing, capable
of realistically simulating processes from global to local
scales.

Conclusion and research perspectives
Emphasis could be placed on integrating multi-
source, real-time data with Al-based modelling for
dynamic ocean and Earth system models. It is im-
portant to maintain efforts to achieve cross-disci-
plinary and cross-scale integration, with coupling,
particularly regarding biogeochemical fluxes, sedi-
ment dynamics and energy transfer processes. The
next step is to focus on environmental forecasting,
risk management and climate resilience strategies,
highlighting the societal relevance of hydrodynam-
ics research. ¢
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Polar ecosystems
Ecosystémes polaires

/8 projects -

— Scientific background

The Arctic and Antarctic play a key role in glob-
al climate balance and are now at the heart of inten-
sive scientific research. The Arctic is warming about four
times faster than the global average, causing rapid sea
ice melt, permafrost methane release and disruptions in
oceanic and atmospheric circulation. The stability of the
Antarctic ice sheet is a decisive factor for future sea level
rise. Moreover, the Southern Ocean plays a central role
in heat and carbon storage, thereby influencing global
climate regulation. The ice sheet's stability is crucial for
future sea level rises. French researchers are involved in
physical, biological and social sciences, studying ice melt,
carbon fluxes, marine ecosystems, biodiversity and in-
digenous Arctic communities.

— Impacts on public policies and socio-economical
innovation

International cooperation is essential, framed by
agreements such as the Antarctic Treaty and the efforts
of the Arctic Council. This collaboration is supported by
technological advances (satellites, autonomous sensors,
artificial intelligence), which offer unprecedented precision
in observing these remote regions. Polar regions are also
of geopolitical interest, with new shipping routes, natural
resources, and environmental governance at stake.

— Main outcomes of the ANR-funded projects

Projects funded by the the ANR in polar regions
have advanced our understanding of glacial, oceanic,
ecological and human dynamics under climate change.
Glaciological research has highlighted destabilisation
processes of polar ice sheets, especially the collapse
mechanisms of ice streams and shelves, reconstructed
from the last North American deglaciation. These find-
ings, integrated into numerical models, refine projections
of ice dynamics and sea level rise. High-resolution sat-
ellite data have enabled reconstructions of major gla-
ciers in Greenland and Antarctica, improving estimates of
ice mass loss, understanding of projection uncertainties
and glaciological model assimilation. In Antarctica, Ade-
lie Land is monitored through an integrated approach
combining seismology, oceanography, and bioacoustics.
Oceanographic studies in the Southern Ocean focused
on nutrient and trace element fluxes across water mass-
es. An interdisciplinary approach has clarified interactions
between dissolved and suspended particles, crucial for

To learn more about the projects,

visit anr.fr/SynthesesOcean
Pour en savoir plus sur les projets,
consultez anr.fr/SynthesesOcean

Landscape of the polar regions.

modelling biogeochemical cycles. Arctic ecosystems are
also central. Studies have assessed the combined effects
of ice melt, mercury pollution and warming on seabirds’
thermoregulation and behaviour. Others explored mi-
croalgae adaptation to low winter light, revealing novel
growth mechanisms impacting spring blooms. Genomic
studies identified genes involved in extreme adaptation.
Finally, projects bridging environmental and social scienc-
es have examined the cultural and historical dimensions
of Arctic climate change, focusing on local adaptation
strategies and perceptions of environmental disruption.

Conclusion and research perspectives

Polar science stands at the frontier of climate re-
search, combining advanced modelling, fieldwork
and societal engagement. New research directions
are emerging to better understand interactions be-
tween ice sheets, polar oceans and climate. A key
goal is to improve sea-level rise projections, still
marked by high uncertainty due to complex ice
sheet dynamics. This involves enhanced modelling of
ice-ocean-atmosphere interactions and integrating
polar-specific processes often underrepresented in
global climate models. Advances in Al also offer tools
to improve spatial and temporal model resolution.
Reconstructing past ice sheet behaviour since the
last glacial maximum supports the validation and
refinement of future projections up to 2300. More-
over, deep ice core drilling aims to reach 1.5-million-
year-old layers, enabling the study of Earth's long-
term climate evolution during major orbital shifts.
Investigating polar ocean biogeochemical cycles -
particularly involving trace metals critical for marine
productivity — is needed to improve understanding
of the ocean's biological carbon pump and will con-
tribute to building more accurate global models of
physical and ecological processes. Specific attention
has to support researches on consequences for au-
tochthon populations of biodiversity changes in re-
lation to global warming. e
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Biochemical cycles

Cycles biogéochimiques

59 projects

— Scientific background

Oceanic biogeochemical cycles of major ele-
ments (C, N, P, Si, Fe) are studied for their link with biolog-
ical production to quantify associated fluxes and estab-
lish balances on a planetary scale. The biological carbon
pump, where phytoplankton converts CO, into organic
carbon exported to the deep ocean, is a key process
for sequestering carbon and mitigating climate change.
However, numerical simulations predict that climate
change will reduce the biomass of primary producers
and increase trophic levels in the 21 century, decreas-
ing carbon export and sequestration in the ocean. Over
the last 20 years, research on oceanic biogeochemical
cycles has progressed significantly. Scientists have stud-
ied the role of iron and nutrients in carbon sequestra-
tion, particularly in the mesopelagic zone, which is key
for mitigating vertical fluxes. Microbial and zooplankton
biodiversity is now integrated into flow analyses. Mod-
els have been refined thanks to better data and meth-
ods. The coastal ocean and its interfaces are receiving
greater attention. These scientific advances are based
on major technological progress: increased computing
power and storage, miniaturised and diversified biogeo-
chemical sensors, improved remote sensing, long-term
observations and the rise of molecular ‘omics’ tools to
explore biodiversity.

— Impacts on public policies and socio-economical
innovation

This work has directly helped refine climate
models, contributing to IPCC projections, and is part of
major international programmes including Decade of
Ocean Science for Sustainable Development and Future
Earth, as well as national strategies. This research links
science to societal issues, exploring the sequestration
of CO, in oceanic basalt and the role of iron in global
warming, and has integrated numerous private part-
ners to strengthen the economic and societal impact of
these findings.

— Main outcomes of the ANR-funded projects

With funding from the ANR, the French scientific
community has played a key role in the study of oceanic
carbon sequestration. It has explored surface and deep
processes at various scales, from the cellular level to the
global ocean. Its involvement has been decisive in ana-
lysing iron and carbon cycles, vertical fluxes and the role

To learn more about this topic, check out
the full synthesis by Nicolas Savoye on anr.fr/SynthesesOcean

Pour en savoir plus sur cette thématique, consultez la synthése
rédigée par Nicolas Savoye sur anr.fr/SynthesesOcean

Microscopic view of plankton involved in the carbon cycle.

of microorganisms such as diazotrophs (nitrogen fixers),
silicified and calcified plankton and bacteria. Combin-
ing experiments, observations and modelling, this re-
search has greatly improved our understanding of the
biological carbon pump and global cycle of biogenic
elements (C, N, Si, Fe). Other studies focused on ocean
acidification, which regionally affects coccolithophores
in varying ways. Projects have fostered major techno-
logical innovations: fine modelling, Al for plankton im-
age analysis, advances in hyperspectral remote sensing,
paleo-oceanographic proxies, hyperbaric instrumenta-
tion and miniaturised sensors. Instrumentation of marine
animals and new glacial drilling have also opened new
perspectives for in situ measurement.

Conclusion and research perspectives

The study of carbon sequestration by the ocean, par-
ticularly in the mesopelagic zone, remains crucial for
modelling the long-term climate. It is necessary to
understand more precisely the processes involved in
vertical carbon fluxes, including zooplankton migra-
tions, mixotrophs and viruses. In addition, the impact
of global change on biogeochemical ecosystems and
hydrothermal vents requires special attention, partic-
ularly via molecular biology to anticipate the adap-
tation of processes in the face of climate change. It
is needed to continue strengthening our capacity to
anticipate future changes, identify mitigation levers
and support sustainable ocean management of fac-

ing the challenges of the 21+ century. ¢
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Marine biodiversity
Biodiversité marine

/8 projects .

To learn more about this topic, check out the full synthesis by Yunne Shin,

Linn le Gall and Valérie Stiger on anr.fr/SynthesesOcean

Pour en savoir plus sur cette thématique, consultez la synthése rédigée par
Yunne Shin, Linn le Gall et Valérie Stiger sur anr.fr/SynthesesOcean

— Scientific background

Marine ecosystems face increasing human-in-
duced pressures: fishing, urbanisation, pollution and cli-
mate change effects like warming, acidification and
sea-level rise. In the last decade, 66% of the ocean has
undergone growing cumulative impacts, affecting habi-
tats such as seagrass beds, mangroves and coral reefs.
Land-based pollutants — plastics, heavy metals, excess
nutrients — disrupt food welbs, create hypoxic zones and
threaten human health. Non-native species, introduced
via trade, shipping, and aquaculture, add further stress.
Some become invasive, modifying ecosystems and im-
pacting biodiversity, ecological functions, services and
even human well-being. Despite regulations, controlling
invasions remains difficult and calls for stronger interna-
tional cooperation. In this context, molecular approach-
es — like environmental DNA (€DNA) and genomics — offer
new tools for species detection and understanding adap-
tation to environmental changes. eDNA detects organ-
isms via genetic traces in water or sediments, while ge-
nomics reveals functional traits such as stress resistance
and reproductive strategies. Yet, these methods require
comprehensive reference databases, still incomplete for
most marine species.

— Impacts on public policies and socio-economical
innovation

Integrating new technical approaches into con-
servation and monitoring programmes could vastly im-
prove biodiversity assessments (still underestimated) and
help predict combined anthropogenic pressures. Results,
data, models and experts are contributing to IPBES projec-
tion works, as well as the implementation of the EU Marine
Strategy Framework Directive and the definition of nation-
al biodiversity strategies. These tools guide policymakers
in prioritising protected areas and adapting conservation
strategies in real time. Project innovations strengthen early
warning systems, inform conservation planning and assist
both public and private players in transitioning to sustain-
able marine resource management.

— Main outcomes of the ANR-funded projects

French the ANR-funded research teams have
made significant advances to address the increasing
pressures on marine ecosystems. They have developed
cutting-edge tools to monitor, understand and antici-
pate biodiversity changes. Environmental genomics - via

Ecosystem promoting marine biodiversity.

high-throughput sequencing and metabarcoding — now
enables rapid, fine-scale and non-invasive species identi-
fication in marine environments. These techniques improve
biodiversity monitoring, allowing early detection of species
declines or community shifts that signal ecological distur-
bances. Coupled with predictive models, genomic data
helps simulate scenarios of environmental change — warm-
ing, ocean circulation shifts, or intensified human activities
- to identify ecological vulnerabilities. French research-
ers have also focused on biological invasions. By studying
ecological and environmental drivers behind the spread of
non-native species, they can enhance risk assessment and
improve mitigation strategies. This integrated, high-reso-
lution approach, rooted in scientific excellence, enables
French research teams to contribute significantly to proac-
tive coastal ecosystem governance. Their work helps pre-
serve biodiversity, supports public policies and fosters the
resilience of marine soio-ecosystems.

Conclusion and research perspectives
Environmental genomics (eDNA) and artificial intel-
ligence are transforming biodiversity monitoring by
providing early, non-invasive detection tools. These
innovations help track rare or threatened species
and analyse their responses to environmental and
human pressures. Integrated observation systems
that combine biological, oceanographic and so-
cio-economic data enable more accurate ecosys-
tem management, enhance risk prediction, and
support adaptive governance. Meanwhile, research
into habitat restoration and biocontrol is producing
concrete tools to address biodiversity decline.
Supported by the ANR, these projects mobilise
multidisciplinary French teams and emphasise the
benefits of transdisciplinary approaches. By com-
bining natural and social sciences and engaging
stakeholders from the outset, they ensure stronger
ownership and effectiveness of conservation action,
contributing to a sustainable ecological transition of

marine environments. e
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PART 2

Macroalgae
Macroalgues

48 projects

To learn more about this topic, check out the full

synthesis by Philippe Potin and Claire Hellio on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthese rédigée

— Scientific background

Macroalgae play a key role in coastal ecosystems
as they create habitats to host marine life and serve as
refuges for high marine biodiversity. The concept of mac-
roalgae as holobionts fully integrated with their microbi-
omes, plays an important ecological role. As they contrib-
ute to blue carbon, it is important to try and quantify their
role in carbon cycles and CO, sequestration. Particularly in
the context of the increasing blooming of green algae in
Brittany and recent bloom of Sargassum in the Atlantic from
African coast to North America with deleterious stranding's
on Caribbean islands. Recent developments include ge-
nomic breakthroughs in functional genomics and research
into climate change responses. Biotechnological potential
has drawn growing interest for applications in food, cos-
metics, pharmaceuticals, biofuels, and biodegradable
materials and the production of antioxidants, anti-inflam-
matories and polysaccharides with diverse properties.

— Impacts on public policies and socio-economical
innovation

In aquaculture farming, macroalgae can con-
tribute to the EU "green deal” as they increase food and
feed production and carbon sequestration. In fisheries
and algal cultivation, players are calling for better ma-
rine spatial planning as this activity must find its niche in
relation to other marine activities. Innovation policy sup-
port varies depending on the application, for example,
food and feed safety standards and REACH regulation
govern the use of seaweed-derived compounds in cos-
metics and industrial uses.

— Main outcomes of the ANR-funded projects

1) The rise of omics technologies has transformed
scientific approaches: sequencing the genomes of numer-
ous species (Ectocarpus, Saccharina, Gracilaria, Chondrus)
has enabled us to identify genes involved in reproduction,
growth, and the biosynthesis of bioactive compounds.
Transcriptomics and epigenetics have enabled gene ex-
ploration and regulation mechanisms, including non-cod-
ing RNAs, transcription factors and transposable elements.
The emergence of the algal holobiont concept that con-
siders algae as a super-organism constantly interacting
with its microbiome (bacteria, fungi, viruses).

2) Macroalgae are both indicators and victims of environ-
mental changes. Temperature and thermal stress studies
on heat tolerance and molecular mechanisms of resis-

par Philippe Potin et Claire Hellio sur anr.fr/SynthesesOcean

Macroalgae Macrocystis pyrifera.

tance. Ocean acidification impacts calcification mainly for
coralline algae, microbiome interactions, and reproductive
processes. Eutrophication promotes massive algal blooms
(eg. Ulva green tides in Brittany). More precise insights into
its role in blue carbon to quantify ability of seaweed to
capture CO..

3) Vast biotechnological potential is underdeveloped for a
wide range of applications: i) agri-food products: source
of fibre, proteins, polysaccharides, antioxidants, and pig-
ments; i) cosmetics: use of extracts for anti-ageing, mois-
turising, and soothing properties; i) pharmaceuticals: anti-
inflammatory, antiviral, and anticoagulant activities); iv)
bioenergy: biogas, bioethanol, algal oils, produced from
macroalgal biomass; v) sustainable materials: bioplas-
tics and biodegradable packaging; vi) marine antifouling
compounds.

4) Monitoring and modelling tools: innovative tools to mon-
itor and model macroalgae with remote sensors: large-
scale mapping of seaweed distribution, detection of algal
blooms (Sargassum) associated with ecosystem modelling
to predict population dynamics and forecast their strand-
ing on the coastline (Antilles) to inform management strat-
egies (Sargassum, Ulva).

Conclusion and research perspectives

The following scientific priorities should be addressed:
understanding the biosynthesis of active compounds.
The enhancement of genetic and biotechnological
resources will allow us to optimise sustainable culti-
vation methods by creating zero-waste biorefineries
based on green chemistry. The ecological impacts of
large-scale seaweed farming will be mitigated. The
future depends on interdisciplinary projects, sustain-
able innovation and international collaboration to

collectively tackle global challenges. o
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Phytoplankton
Phytoplancton

@3 projects

To learn more about this topic, check out the full synthesis by Jean-Paul

Cadoret, Chris Bowler and Claire Hellio on anrfr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthése rédigée par
Jean-Paul Cadoret, Chris Bowler et Claire Hellio sur anr.fr/SynthesesOcean

— Scientific background

Recently, research and innovation programmes
on microalgae have been developed in relation to pos-
sible biotechnology applications. Microalgae are highly
valued for their rapid and controlled growth, adapt-
ability, and rich composition of bioactive compounds
such as lipids, proteins, polysaccharides, pigments and
antioxidants. Significant progress across energy, food,
health, and environmental applications has been ob-
tained with the production of biofuels (biodiesel and
biohydrogen) and bioactive compounds (antioxidants,
pigments and omega-3 fatty acids). Use in bioremedi-
ation and wastewater treatment is under development.
Emerging technologies — such as synthetic biology to
adapt innovative strains, automated photobioreactors
and Al-driven optimisation — are enhancing production
efficiency including costs.

— Impacts on public policies and socio-economical
innovation

The outcomes of these programmes are trans-
formative for private enterprises, science policy and
citizens. For private enterprises, they offer new business
opportunities and greater sustainability. For public pol-
icy, they provide valuable data and insights to inform
better governance, particularly in the areas of coastal
ecosystem protection and climate change adaptation.
Projects contribute to the EU Green Deal by promoting
alternative biofuel production, carbon storage and re-
cycling techniques, including waste treatment, and new
methods for harmful algal bloom detection and mon-
itoring. All these innovations support more resilient, di-
versified and empowered coastal communities, enhanc-
ing their ability to adapt to environmental challenges.
Public acceptance regarding microalgae GMOs remains
challenging for future development of bioproducts. By
addressing both local and global challenges, these pro-
grammes contribute to a more sustainable and equita-
ble future for coastal communities.

— Main outcomes of the ANR-funded projects

The project represent cutting-edge scientific
advances in marine algal biotechnology, bioproducts
and ecosystem characterisation. Key breakthroughs in-
clude the application of integrated genetic engineering
(CRISPR-Cas?) for algae genome and strain selection for
higher lipid productivity, enabling enhanced biofuel pro-

Marine plankton culture in laboratory.

duction and synthesis of biodegradable products and
high-value pharmaceutical compounds. Genomic se-
quencing of species like diatoms and dinoflagellates has
unveiled pathways for toxin production and adaptation
mechanisms, critical for managing harmful algal blooms
and understanding biochemical mechanisms. Advances
in biosensors and DNA metabarcoding have enabled
characterisation and improved monitoring of marine
biodiversity and ecosystem health. Innovations in biore-
mediation leverage algae to remove pollutants, while
biorefineries extract multiple high-value products, from
biofuels to nutraceuticals. On the biomedical front, neu-
roactive compounds from microalgae show promise for
treating neurodegenerative diseases, and antimicrobial
peptides could help combat antibiotic-resistant patho-
gens. In environmental science, algae-driven carbon
sequestration models, bioremediation for trace metals
capture, and strategies for ecosystem resilience address
climate change impacts, such as ocean acidification.
Scalable technologies like Al-powered photobioreactors
and offshore algae cultivation platforms enhance bio-
mass production and decrease production costs.

Conclusion and research perspectives

Scaling up from lab to industrial production as tech-
nologies are still at low TRL. Increasing genetic di-
versity in cultivated algae strains is a priority to de-
velop integrated, energy-efficient bioprocesses and
robust economic models to support the bioeconomy
transition with stronger public-private cooperation.
It will be necessary to establish a supportive regula-

tory framework in relation to GMO. e
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PART 2

Microbial ecosystems

Ecosystémes microbiens

49 projects

— Scientific background

In addition to Tara projects, other researchers
are studying the ecology of viruses, their interactions with
phytoplankton and their role in the microbial loop. Micro-
bial activities control the major biochemical cycles (com-
plementing the form of biogeochemical cycle). Specific
antifouling activities are addressed for bioactive prod-
ucts and anti-microbial activities. As fouling is firstly due
to colonisation by bacterial films, research focuses on de-
veloping efficient anti-fouling solutions to apply on ship
hulls to prevent marine organisms from attaching, which
slows down the vessel and increases fuel consumption.

— Impacts on public policies and socio-economical
innovation

France was the first country to ban the use of
-fouling paints in 1982, following our research showing
the harmful effect of paints containing organic tin salts
(TBT) on the reproduction and malformation of oysters.
The International Maritime Organisation (IMO) then ad-
opted the International Convention on the Control of
Harmful Anti-Fouling Systems on ships (AFS Convention)
on 5 October 2001, which came into force on 17 Septem-
ber 2008. This convention prohibits the use of organotin
compounds, such as tributyltin (TBT). The global industry
for marine antifouling paints, designed to protect ships'
hulls against marine organisms, represented an estimated
turnover of $1.08 US in 2024. Current projects are tack-
ling the challenge of developing innovative sensors for
bio-fouling.

— Main outcomes of the ANR-funded projects

Numerous projects investigated microbial inter-
actions (viruses, parasites and symbiosis) and how mi-
crobes shape or respond to marine ecosystems. Research
has been carried out on viruses and their microbial inter-
actions with evolutionary traits of eukaryotic DNA viruses
(mirusvirus). Focusing on the relationship between phyto-
plankton and virus demonstrated resistance mechanisms
in phytoplankton-virus dynamics and biogeochemical
impacts of RNA viruses in diatoms. Viral contamination in
shellfish could be caused by hydrometeorological events.
Several projects also explored microbial diversity in under-
sampled ecosystems, as previously uncharacterised or
uncultivated microorganisms were only present. Studying
biogeochemical cycles contributes to better understand-
ing carbon, methane, halomethane and nutrient cycling

To learn more about the projects,
check out anr.fr/SynthesesOcean
Pour en savoir plus sur les projets,
consultez anr.fr/SynthesesOcean

Ship's hull fouled by colonisation forming bacterial films.

in marine and coastal environments. Other projects have
screened antimicrobials activities for bio-preservation of
marine organisms (bacteria, fungi and algae) for bioactive
molecules, including antimicrobial peptides (AMPs), with
potential applications in food safety and health.

The core scientific content of anti-fouling projects focuses
on marine microbiology with studies on: 1) biofilms to un-
derstand how microorganisms colonise submerged sur-
faces (bacteria, algae, spores) and how biofilms initiate; 2)
surface chemistry and material by designing new materials
(polymers and nanostructures) with anti-adhesive prop-
erties; 3) electrochemistry with adequate smart coating
using piezoelectric, photoactive and amphiphilic materials
that respond dynamically to stimuli, eg. vibration, light and
seawater ions; 4) Marine biotechnology with exploration of
natural antifoulants (e.g. enzymes, peptides and exopoly-
mers) from marine organisms (bacteria, sponges and al-
gae); 5) marine ecology with fouling communities through
studies on ecological succession on surfaces and how bio-
fouling alters material performance, biodiversity and sensor
data quality; 6) sensor engineering integration of antifoul-
ing strategies directly into marine sensors to ensure long-
term deployment and data reliability.

By developing synthetic microbial ecology, projects are
building and modelling frameworks to simulate evo-
lutionary and ecological scenarios and starting to in-
tegrate genomics, physiology, and modelling to build
predictive ecological models and even design synthetic
communities.

Conclusion and research perspectives
Biotechnology and synthetic biology are key future
activities with emerging fields — using marine mole-
cules, enzymes and genetic tools for applied biotech
and medical applications for microbiological contri-
butions. e
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Coral reefs
Ecosystémes coralliens

39 projects

— Scientific background

Coralreefs are in danger and declining in the face
of diverse climate threats. Global warming is the primary
threat, leading to mass bleaching and coral mortality even
with just a 1°C rise above normal summer temperatures. A
world that is 1.5°C to 2°C warmer than pre-industrial levels
will cause widespread coral loss. Satellite remote sensing,
coupled with in situ measurements, allows researchers to
monitor thermal anomalies with high accuracy in relation
to the bleaching of coral populations. Local environmentall
factors — such as hydrodynamics and shading — play cru-
cial roles in modulating bleaching responses. Coral science
has rapidly advanced in response, using genomics and
restoration techniques to better understand and counter-
act these threats. Monitoring systems with deployment of
autonomous underwater vehicles and drones, associated
with satellites, have been crucial in linking episodic stress
events to coral responses, supporting adaptive manage-
ment in real time. Recognising that coral reefs provide criti-
cal ecosystem services — from coastal protection and food
security to cultural heritage — researchers have begun in-
corporating social science methods to assess human de-
pendencies on reef ecosystems and future management
plans. Advances in coral restoration techniques, including
larval rearing and micro-fragmentation, are maximising
genetic diversity to allow resilient new coral populations in
relation to associated microbial communities.

— Impacts on public policies and socio-economical
innovation

Projects provide scientific evidence to inform sus-
tainable regulations, particularly in fisheries management
and coastal planning. They show how reef health affects fish
populations, which directly supports regulatory decisions on
artisanal fishing and ecotourism. Decision-support tools for
adaptive management have been developed combining en-
vironmental data, genetic connectivity and socio-economic
indicators to regulate fisheries and prioritise reef areas for pro-
tection and restoration. Some findings on genetic connectiv-
ity and larval dispersal have contributed to the design of new
MPAs Projects promoting co-management and participatory
governance models to contribute to marine spatial planning.

— Main outcomes of the ANR-funded projects
For ecology: habitat degradation affects fish

larval recruitment and degradation shifts reef states from
coral-dominated to algal-dominated, disrupting larval

To learn more about this topic, check out
the full synthesis by Serge Planes on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez

la synthése redigee par Serge Planes sur anr.fr/SynthesesOcean

Coral klnlferohin.

settlement for fish and molluscs. For climate: highlighting
how reef ecosystems are responding to El Nifio variobili-
ty. For genetic: models of fish populations have designed
connectivity and gene flow diversity. Corals have been
catalogued, and cryptic genetic diversity has been iden-
tified in coral hosts with symbiotic algae (zooxanthellae).
Molecular biology techniques have demonstrated mech-
anisms of symbiosis and stress resilience. Multi-stressor
impacts: how temperature, overfishing and other stressors
can reshape coral communities. For restoration and adap-
tation: some coral species can acclimatise to acidification
indicating potential for adaptive persistence in acidic with
transgenerational adaptation. For nurseries: techniques are
maximising genetic diversity and selection to increase resil-
ience with possibility of manipulating microbial communi-
ties with probiotics to improve heath of coral nurseries. For
integrated environmental approach use of drones, auton-
omous sensors and multi-omics have been developed for
real-time environmental monitoring and predictive mod-
elling tools. For application to society: strong emphasis on
socio-ecological systems, highlighting value of coral reefs
for local communities for food security, culture and coastall
protection.

Conclusion and research perspectives

For coral ecosystems, interdisciplinary integration
can be promoted by combining genomics, ecolo-
gy, climate modelling, and social science to inform
adaptive transgenerational and epigenetic studies,
microbiome research, and multi-stressor experi-
ments. International collaboration (e.g. Pacific and
Indian Ocean research) will contribute to further-
ing existing marine research carried out by French
teams on corals in degraded habitats. e
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Fish and fisheries
Poissons et pécheries

108 projects

To learn more about this topic, check out the full synthesis by
Gilles Boeuf and Didier Gascuel on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthése

rédigée par Gilles Beeuf et Didier Gascuel sur anr.fr/SynthesesOcean

— Scientific background

Over the past two decades, five major items have
driven research on fish and marine fisheries: climate change
with its massive impacts on marine resources and ecosys-
tems, affecting species distribution and food welb dynam-
ics; cumulative anthropogenic pressures including habitat
degradation, invasive species and pollution, affecting eco-
system health and food security. Stagnation in wild fisheries
due to overexploitation and declining productivity is leading
to a shift toward ecosystem-based fishery management.

— Impacts on public policies and socio-economical
innovation

Project results intersect with regulations by in-
forming them, challenging current practices and con-
tributing to tools guiding regulatory decisions. Sci-
ence-based fisheries advice supports ecosystem-based
management with development of new indicators for
ecosystem health. The creation of modelling tools and
scenarios helps regulators anticipate the impacts of dif-
ferent management strategies. Co-viability models to
assess ecological and economic outcomes are crucial for
regulatory decision-making in a climate change context.

— Main outcomes of the ANR-funded projects

1. Fisheries and natural populations: ecosys-
tem-based management has integrated social impacts
with advanced modelling: stock estimation, species distri-
bution, including marine protected areas (MPAs) and climate
interactions. New tools are emerging such as Al (machine
learning), environmental DNA and genetic tagging. Signif-
icant insights have been obtained into physiological re-
sponses to temperature and oxygen stress and coupled
with climate/ecosystem modelling to forecast climate im-
pact mechanisms on fish physiology including migration
patterns, as well as predict species distribution changes and
food web shifts. Carbon flux contributions to blue carbon by
marine life have been estimated including the trophic role of
key species, eg. lanternfish and cryptobenthic fish. Historical
ecology shows that human impact is older and deeper than
expected. It has been demonstrated that MPAs are effec-
tive only for low-mobility species, less so for invasive species.
Highly protected zones are more effective with limitations of
spatial regulation for species with high mobility.

2. Agquaculture: major projects carried out research on nu-
trition, reproduction, immunology and genetics. Areas of
focus included developing alternative feeds (plant-based)

Marine fisheries.

to decrease carbon impact and reduce animal protein in
fish feed, while maintaining organoleptic quality. Advances
in disease resistance have furthered understanding of mi-
crobiomes and immune responses. Exploration of epigenetic
effects has been promoted, and pollution impacts such as
microplastics, pharmaceuticals and endocrine disruptors
have demonstrated their transgenerational effects. For
multi-trophic aquaculture and agquaponics conditions for
sustainability have been established.

3. Innovations for industry and coastal communities: devel-
opment of modelling and decision-support tools for fisher-
ies across different regions are coupled with ecosystem-cli-
mate models for scenario planning and decision-making.
Socio-ecological viability models allow us to test fisheries
policies under climate change. For aquaculture, disease
prevention has been advanced, including RNA vaccines.
Progress in seafood quality has been achieved using track-
ing with temperature sensors, automated parasite detec-
tion and competitive bacteria to control spoilage. Better
understanding of stress and metalbolism requirements is im-
proving fish welfare.

Conclusion and research perspectives

For fish culture, it is urgent to move beyond inten-
sive rearing techniques in aquaculture by develop-
ing resilient, low-impact herbivores. Fisheries require
adaptive, ecosystem-based management. Cumula-
tive human impacts are expected and it is needed
to integrate risks from different contaminants. Trans-
generational effects of pollutants suggest the need
for new approaches to long-term risk. Habitat de-
struction is significantly modifying fish ecosystems,
which request to adapt fisheries management to

ecosystem instability. e

O anr

Ocean - ANALYSIS, EVALUATION AND IMPACT ASSESSMENT OF FUNDED PROJECTS (2005-2024)



https://anr.fr/SynthesesOcean
https://anr.fr/SynthesesOcean

ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Marine invertebrates
and mollusc farming
CUIture et élevage To learn more about this topic, check out Eric Feuntej
de mollusques st

synthesis on macrozoobenthos and Tristan Renault’s synthesis on
=Sl .
/70 projects

aquatic invertebrates and aquaculture on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthése
rédigée par Eric Feunteun sur les macrozoobenthos et celle de
Tristan Renault sur les invertébrés aquatiques et l'aquaculture sur

— Scientific background

Macrozoobenthos is a key component of marine
ecosystem functions, services and a source of bioinspiration.
Crustaceans, molluscs, polychaetes, and echinoderms are
crucial to marine ecosystems due to their roles in nutrient cy-
cling, sediment dynamics, energy transfer, carbon seques-
tration and bioengineering. Responses to global change
are studied on resilience to acidification, warming, pollution
and the role of functional diversity and genetic adaptation
in buffering the function of ecosystems, with the importance
of habitat complexity and refugia. Invertebrates are heavily
exploited for human consumption by fisheries and cultiva-
tion with oysters, mussels, clams and shrimp's production.
Aquaculture growth rate is slowing: from 95% (1990-2000) to
3.3% (2015-2020) annually indicating potential sustainability
limits or challenges. For these reasons, there is a strong need
for research, given their ecological and economic roles to
understand invertebrate biology, monitor and mitigate dis-
ease risks and explore adaptation mechanisms in face of
climate change and other stressors.

— Impacts on public policies and socio-economical
innovation

Invertebrates are commonly used for bioindicators
to response to conservation policies like EU Water Frame-
work Directive, guiding environmental monitoring and to
assess ecological status. The development of advanced bi-
otic indices and eDNA techniques has improved monitoring
and assessment of ecosystem health under the EU: Marine
Strategy Framework Directive, tracking climate change im-
pacts. For oyster diseases, models enable the comparison of
disease management measures with regulation of transfers,
density management, etc. Furthermore, one health concept,
becomes a preamble to any reflection concerning the de-
velopment of human activities in an ecosystemic approach.

— Main results of the projects funded by the ANR

The macrozoobenthos role in energy flow, biogeo-
chemical processes, and habitat formation makes them cor-
nerstones of marine ecosystem health and function. These
marine benthic habitats span the ocean floor, from intertidal
zones to the deep sea characterised by a diversity of phys-
ical, chemical and substrate conditions which explain an
extraordinarily high species and functional biodiversity. Filter

anr.fr/SynthesesOcean

Opyster farming in Bretagne, France.

feeders are influencing water quality; deposit feeders: re-
cycling organic matter; predators: control prey populations;
scavengers: recycling nutrients. Disease understanding and
pathogen control in aquatic invertebrates has focused on
oysters. Identification of Vibrio species (eg., V. crassostreae,
V. aestuarianus) and their virulence mechanisms has been
discovered with co-evolutionary interactions between Vib-
rio bacteria and their bacteriophages. Modelling diseases
spread in oyster farms in relation with environmental factors
like temperature and salinity are performed. Breakthroughs
in immune priming: oysters showed signs of trained immu-
nity (long-lasting immune protection), which could inform
new disease prevention strategies. By studying toxic algae
and viruses that contaminate shellfish and threaten human
health, key outcomes have showed mechanisms of toxin ac-
cumulation and detoxification in oysters. Seasonal variation
in norovirus ligand expression in oyster tissues helps explain
infection patterns. These studies shown that oysters can ac-
cumulate both human and animal noroviruses, raising zoo-
notic risk concerns. Finally, global change adaptation and
evolution have addressed genomics and adaptation: Used
advanced DNA sequencing to understand how inverte-
brates adapt to environmental pressures produced key out-
comes on identification of genes under selection in native
vs. invassive populations; development of databases linking
gene expression to reproductive and environmental traits.

Conclusion and research perspectives

In a context of accelerating global transformations in-
cluding climate change and their attendant dangers
and risks, two major challenges for our societies today
seem to face each other: food security in a world with
ever-increasing demographics and preservation/res-
toration of biodiversity and ecosystems for future gen-
erations. A good balance between conservation and
exploitation with benefit sharing with society in all of
its components, definition of sustainability. e
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Deep sea ecosystems
Grands fonds marins

o3 projects

To learn more about this topic, check out the full synthesis by Didier Jolli-

vet, Karine Alain and Stéphane Hourdez on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthese rédigée par
Didier Jollivet, Karine Alain et Stéphane Hourdez sur anrfr/SynthesesOcean

— Scientific background

The 1977 discovery of hydrothermal vents trans-
formed our view of the deep ocean, revealing ecosys-
tems fuelled by chemoautotrophic symbioses thriving in
toxic, hypoxic environments. Subsequent exploration un
covered biodiversity hotspots — ridges, cold seeps, sea-
mounts and whale falls — populated by microbes and
specialised fauna. Microbial life, especially prokaryotes,
dominates these habitats, playing key roles in nutrient
cycling and resilience to climate change. Yet, much mi-
crobial diversity remains uncultivated and poorly known.
Viruses are abundant too, influencing microbial dynam-
ics and gene flow. Omics technologies have revealed
new, dominant viral groups still largely uncharacterised.
These findings highlight complex biological networks
and the urgency of protecting deep sea ecosystems
from threats like mining. Managing these environments
requires deeper understanding of microbial and viral
processes that sustain ecosystem functions.

— Impacts on public policies and socio-economical
innovation

Project findings support sustainable practices
and contribute to global negotiations inside Interna-
tional Seabed Authority (ISA) and Marine Biodiversity
of Areas Beyond National Jurisdiction (BBNJ), offering
science-based guidelines. the ANR-funded work posi-
tions France as a leader in deep-sea research and fos-
ters a strong collaborative network. Research supports
sustainable resource use, especially in mining, shaping
low-impact policies. Innovations, like deep-sea robots
and samplers, advance science and serve marine in-
dustries. Studying deep-sea life offers biotechnological
potential in health, biotech and remediation. France's
role in international marine governance helps translate
science into policy. Research also benefits fisheries and
ocean-related economies, promoting both conservation
and economic resilience.

— Main outcomes of the ANR-funded projects

The ANR-funded research has advanced knowledge
of deep-sea habitats like vents and seeps. Expedi-
tions have identified new sites (eg. Last Hope, Man-
gatolo and Congo margin) and described hundreds of
new species — from viruses to symbiotic invertebrates.
Long-term studies (e.g. at Lucky Strike via EMSO-Azores)
have revealed how communities change over time and

Hydrothermal vent.

space. Genetics, larval dispersal models, and in situ ex-
periments showed that physical barriers often limit con-
nectivity between sites, affecting population resilience.
New technologies enabled omics analyses on key spe-
cies like Alvinella pompejana and Rimicaris exoculata,
revealing adaptations to extreme heat, hypoxia and
toxicity. Studies on host-microbe interactions uncovered
the metabolic bases of symbiosis. Research expanded
to seamounts, canyons and organic-fall habitats, high-
lighting the role of sulphide rich environments in microbi-
al and faunal succession.

High-throughput sequencing and imaging have im-
proved biodiversity assessment. Deep-sea microbial
and fungal communities were characterised via metag-
enomics and culturing. Some projects studied deep-sea
mining impacts on the Mid-Atlantic Ridge, using map-
ping and ecological monitoring to assess vulnerability.

Conclusion and research perspectives

France's deep-sea science community has devel-
oped innovative tools and methodologies to ex-
plore and protect these ecosystems. These include
high-resolution acoustic methods, chemical map-
ping of deep-water layers and for ROVs and HOVs
that minimise sampling stress on organisms. These
advances are crucial for locating active sites, map-
ping benthic habitats and conducting large-scale
studies, such as those examining deep-water coral
reefs. Future goals include improving phylogenom-
ics, discovering new microbial functions and cre-
ating on-board tools like eDNA samplers and mass
spectrometers. Through these efforts, the ANR-fund-
ed research will not only support decision-makers
in addressing climate change, biodiversity loss and
sustainable resource management, but also our un-
derstanding of deep-sea ecosystems to ensure both

scientific progress and societal benefits. o
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Marine Geosciences
Géosciences marines

10 projects

To learn more about this topic, check out the full synthesis by
Gilles Lericolais and Bruno Castelle on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthése

rédigeée Gilles Lericolais et Bruno Castelle sur anr.fr/SynthesesOcean

— Scientific background

With over two billion people living in coastal areas
in 2024 — and 29 billion expected by 2050 - the growth of
coastal infrastructure heightens exposure to marine geo-
logical hazards, especially in a changing climate. Sea-lev-
el rise, intensifying storms, erosion and coastal flooding
increase vulnerability. These evolving risks pose complex
scientific challenges, particularly where interacting physi-
cal processes occur across various scales. Understanding
sediment transport driven by waves, tides, and currents —
as well as the cumulative effects of extreme events and
human activity — is key to anticipating shoreline changes.
Oceanic hazards like submarine earthquakes and volcanic
eruptions, though less frequent, can be highly destructive.
Studying them demands seabed monitoring and deep in-
sight into tectonic dynamics. In this context, scientific ef-
forts now focus on integrated tools and methodologies to
characterise hazards, reduce uncertainties and support
coastal adaptation in a rapidly transforming environment.

— Impacts on public policies and socio-economical
innovation:

The research highlights strong links between
sediment processes, seabed instabilities and coastal risk
— especially in densely populated or infrastructure-heavy
regions. Tools developed through the ANR projects now
support integrated governance frameworks, improving re-
silience facing climate change and expanding blue econ-
omy activities. These projects strengthen French leadership
in marine hazard science and equip decision-makers with
reliable knowledge and operational tools for risk manage-
ment at sea and along the coast. Development of seabed
sensors are major component for identifying early signals
and improving marine geohazard early-warning systems
(for earthquakes, volcanic activities and tsunamis).

— Main outcomes of the ANR-funded projects

French the ANR-funded research has played a
leading role in advancing the understanding of coastal
dynamics and marine geohazards. In sediment trans-
port, major breakthroughs were made using high-reso-
lution two-phase flow modelling, improving knowledge
of sediment fluxes and seabed morphology under ex-
treme conditions like cyclones. These models, coupled
with advanced acoustic data, enhance predictive ca-
pacity. At larger spatial scales, researchers developed
integrated approaches using AUVs, remote sensing and
3D coupled models to monitor shoreline evolution under
climate pressure. These tools, combining physical and

Undersea volcano of Mayotte, France.

socio-economic data, enabled detailed vulnerability
assessments and guided local strategies, such as dune
reinforcement and erosion control.

French teams have also pioneered submarine geo-
hazard monitoring, covering earthquakes, underwater
landslides, volcanic eruptions and tsunamis. Using ad-
vanced seabed sensors (seismic, acoustic and chemical)
and high-resolution seabed mapping, they have created
continuous surveillance networks in offshore active zones.
These infrastructures are essential for identifying early
signals and improving marine geohazard early-warning
systems.

Conclusion and research perspectives

Marine geophysics research depends on integrating
multi-source observations (satellite, in situ, core sam-
ples), advanced modelling (Al, probabilistic methods),
and high-resolution monitoring to better forecast
marine hazards. The ANR-supported studies empha-
sise linking deep geodynamic processes (volcanic
flank failure, seismic cycles) with coastal dynamics
(erosion, flooding), under both natural (climate-driv-
en) and human (development) pressures. Innovations
such as machine learning applied to satellite imagery
and seabed sensor networks allow reconstruction of
past events (dating, magnitude) and real-time mon-
itoring of warning signs (micro-seisms, distortions).
This integrated strategy is essential to understand
interactions between geological events (tsunamis,
submarine landslides) and coastal vulnerability. It ad-
dresses key uncertainties like mega-event recurrence
and sediment responses, requiring further refinement
of coupled ocean-fault-sediment models. Current
priorities include operational early-warning systems
and evaluating coastal resilience thresholds under
compounded geoclimatic pressures. These advances
will ultimately serve further adaptive governance and
safeguard exposed coastal areas. ¢
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Renewable marine energies
Energies marines renouvelables

21 projects

4

To learn more about this topic, check out the full synthesis by Jean-Francois

Filipot and studies on macroalgae and phytoplankton on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthése rédigée par
Jean-Frangois Filipot sur anrfr/SynthesesOcean. A consulter également,

— Scientific background

Marine energy encompasses two main approach-
es: (1) marine bioenergy, which involves using marine biolog-
ical resources — such as algae, phytoplankton and various
biomass sources — to produce renewable energy in the form
of biogas, biodiesel, bioethanol or electricity. These biologi-
cal resources offer innovative solutions for decarbonising en-
ergy systems. (2) Marine Renewable Energy (MRE), including
offshore wind, tidal power, wave energy and Ocean Thermall
Energy Conversion (OTEC), is also key to the energy transition.
As of 2024, France's offshore wind production reached ap-
proximately 1.2 GW. Notably, France hosts the world's first tid-
al power station, located on the Rance River in Brittany, with
240 MW capacity. Offshore wind turbines offer higher energy
yields than onshore equivalents, especially in deep waters
far from coasts where wind is more consistent. These remote
locations reduce spatial conflicts and allow the installation
of larger turbines, contributing to substantial energy pro-
duction. However, oceanic conditions — waves, currents,
corrosion — pose technical and engineering challenges that
require advanced modelling and monitoring. Understanding
the environmental impacts of these infrastructures, especial-
ly on marine ecosystems, is essential to guide sustainable
development and minimise ecological risks.

— Impacts on public policies and socio-economical
innovation

Project findings support national strategies on blue
economy development, ecosystem protection and climate
adaptation, influencing regulatory frameworks and public
policies and national planning on marine wind energy devel-
opment plan. Research on materials, on corrosion, on fouling
are directly connected with industries. Modelling of oceanic
conditions on currents and waves are contributing to solve
technical challenges. Environmental impacts in relation with
noise and biodiversity evolution are major components to al-
low social acceptance of large windfarms.

— Main outcomes of the ANR-funded projects

Over the past decade, projects funded by the
ANR have significantly advanced knowledge on marine en-
ergies, with a focus on offshore wind farms. France is also
investing in emerging MRE technologies. Naval Energies, for
instance, is developing floating wind turbines and OTEC
platforms. Several pilot projects are currently operational in
French waters, offering proof of concept for scaling up. the

Iétude sur les macro-algues, ainsi que celle sur le phytoplancton.

Offshore Wind Turbines.

ANR-funded projects have also contributed to innovative
design methods for floating wind turbines, enhancing their
reliability and resilience under dynamic ocean conditions.
These advances include new tools, simulation models and
empirical laws that can be transferred to industry. Several
studies addressed the ecological footprint of offshore in-
frastructures, particularly on benthic fauna, fish and shell-
fish. Researchers have monitored spatial dynamics to in-
form sustainable fisheries management and marine spatial
planning. The artificial reef effects created by turbine foun-
dations may boost local biodiversity and provide alterna-
tive resources for small-scale fisheries.

Conclusion and research perspectives

Among MRE technologies, offshore wind is the most
advanced and capable of contributing significantly
to France's energy mix in the short term. Yet, multi-
ple challenges remain. A better understanding of
long-term interactions between turbines and marine
species, including seabirds and marine mammals, is
needed. These effects may be direct — such as hab-
itat disruption — or indirect, through changes in food
chains and ecosystem functioning. The response of
migratory birds remains insufficiently studied. Long-
term observation, using automated sensors and eDNA
monitoring, is vital to detect seasonal and climatic
variations. In addition, offshore wind structures act
as artificial reefs, which may promote biofouling, in-
fluence species distribution and potentially increase
biodiversity in some cases. These interactions must be
analysed in relation to cumulative human pressures
and climate change. Integrated models are required
to assess combined effects and ensure responsible
governance. The success of marine energy projects
will depend not only on technological breakthroughs
but also societal acceptance, legal clarity and envi-
ronmental responsibility. The ANR-funded research
continues to play a central role in generating knowl-
edge, tools and solutions for a sustainable and com-

petitive marine energy sector. ¢
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Means of observation
Moyens d’observation

143 projects

To learn more about the projects,

— Scientific background

This themattic portfolio covers the development
of innovative sensors, robotised and remotely operated
equipment for observing the oceans from space and
underwater, and sampling methods. Scientific instru-
mentation plays a key role in exploring and understand-
ing ocean environments. In these "hostile” environments,
instruments need to be waterproof, withstand high pres-
sure, immersed in particularly corrosive salty conditions,
as well as tolerate living environments that can gener-
ate major bio-fouling challenges. The instruments need
to be energy efficient as they are not connected, and
small to make them easier to use. For all these reasons,
ocean instrumentation involves a first stage of marinat-
ed equipment developed for studies in laboratories, test
basins and more accessible environments.

— Impacts on public policies and socio-economical
innovation

Instrumentation underpins all research opera-
tions and their applications in monitoring ocean health
and biodiversity. New instruments, sensors and devices
are developed with support from private companies,
which later market the products. It is challenging for the
industry to participate in the European and world mar-
ket. For example, NKE, a small company based in Brittany
produces 20% of the world's Argo floats, developed in
collaboration with Ifremer and France 2030.

— Main outcomes of the ANR-funded projects

New sensors have been developed using in-
novative technologies for marine applications of in situ
chemical, acoustic and electromagnetic sensors for en-
vironmental and risk monitoring. These include the de-
tection of heavy metals such as mercury, cadmium and
lead in marine ecosystems. To monitor the marine envi-
ronment, the bio-detection of microalgae has enabled
us to detect pollution based on phototactic behaviour
influenced by pollutants. A new generation of Argo floats
will enable us to explore to depths of 4,000 metres ini-
tially and 6,000 metres in the second phase, increas-
ing the number of physical and biological parameters
measured. For tsunamis, an early warning system has
been developed using modelling and detection based
on ionospheric and mesospheric signatures. HF radar
and over-the-horizon radar allow us to analyse all ship
movements. A particular application of satellite detec-

visit anr.fr/SynthesesOcean
Pour en savoir plus sur les projets, consultez
anr.fr/SynthesesOcean

Argo sensor collecting data from all oceans.

tion and SAR facilitates the detection of oil pollution.
Sailing robots, combined with modular sensor systems,
enable autonomous or semi-autonomous mobile plat-
forms to collect marine data, providing flexible and per-
sistent monitoring of physical, chemical and biological
parameters. The use of satellite ocean observation tools
for mapping and modelling — coupled with in situ obser-
vation of oceanographic and atmospheric phenomena
— has been developed in numerous projects. Electrolytic
marine antifouling coatings have enabled the creation
of electro-active polymer coatings that prevent the
adhesion of marine biofilms without being toxic for the
marine environment. Innovative sensors for monitoring
faecal pollution use a portable, micro-fluidic device to
detect pathogenic Escherichia coli bacteria in real time
using immunochemical and electrochemical techniques.
Coupled with AUVs, it is now possible to monitor and
control the coastal environment in real time. Advanced
machine learning has been used for image analysis of
plankton benefits in situ from the development of auto-
mated methods. Al has also improved the efficiency of
glider missions by increasing the detection accuracy of
remotely operated vehicles (ROVs), making it possible to
detect and classify underwater objects and species.

Conclusion and research perspectives

It is important to continue focusing on cross-disci-
plinary and cross-scale integrations, particularly
regarding biogeochemical fluxes and sediment dy-
namics. The next step is to contribute more actively
to environmental forecasting with real-time data for
risk management and climate resilience strategies,
highlighting the societal relevance of hydrodynam-

ics research. e
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ANALYSIS AND SUMMARY OF SCIENTIFIC RESULTS by major theme

Tara expeditions
Expéditions Tara

12 projects

To learn more about this topic, check out the full synthesis by Eric Karsenti,
Romain Troublé and Gaby Gorsky on anr.fr/SynthesesOcean
Pour en savoir plus sur cette thématique, consultez la synthese rédigée par

Eric Karsenti Romain Troublé et Gaby Gorsky sur anr.fr/SynthesesOcean.

— Scientific background

Since 2003, Tara Ocean Foundation has been
leading scientific expeditions to study marine biodiver-
sity and observe and anticipate the impacts of climate
change and pollution. Tara Oceans Expedition began in
2008 as a multi-disciplinary project, including research-
ers with expertise in biological and physical oceanogra-
phy, marine ecology, cell and systems biology, genom-
ics, imaging and (bio)informatics — with the shared goall
of studying epipelagic and mesopelagic plankton on
a global scale from gene to community level. This pro-
ject takes place on board the 36-metres schooner Tara
equipped with innovative sampling and technical equip-
ment. The ANR has supported 12 Tara Oceans research
projects including the large oceanomics projects which
covers the whole programme.

— Impacts on public policies and socio-economical
innovation

Tara Oceans significantly advanced ocean sci-
ence, while also actively engaging the public. Through
collaboration with institutions and UN entities — thanks
to its status as a Special Observer — the Tara foundation
has raised public awareness on oceanic environmental is-
sues via extensive outreach, citizen science initiatives and
educational programmes. In each port, public awareness
and information outreach were carried out. The GOSEE
Federation (Global Ocean Systems Ecology and Evolu-
tion), was set up, integrating multiple international institu-
tions to foster continued research on the ocean.

— Main outcomes of the ANR-funded projects

A massive global dataset has been established
with the collection of ~40,000 plankton samples across
various oceans, from viruses to animals, creating the
largest public database of plankton biodiversity, including
~250 billion DNA sequences and ~7 million plankton imag-
es. New species and genomes have been discovered with
the identification of millions of previously unknown genes.
The database includes 47 million prokaryotic genes from
about 35,000 taxa and 200,000 novel DNA viruses. 130,000
protist genera harbour 116 million genes encoding mostly
unknown proteins. The samples have enabled scientists to
characterise giant viruses and discover a new virus phylum
(Mirusviricota). For plankton interactions and ecology: the
first global-scale analysis of plankton biodiversity structure
focused on environmental factors and carbon cycling. This

Tara Ocean Foundation schooner sailing towards UNOC 3, Nice.

revealed the underestimated ecological roles of Rhizarians
and gelatinous plankton in carbon cycling. The results were
obtained thanks to technological innovations, in particu-
lar the introduction of new high-throughput genomic se-
quencing and advanced imaging technologies (Underwa-
ter Vision Profiler, ZooScan); implementation of innovative
computational methods (software SIMKA for large-scale
data management); development of online tools and
databases (EcoTaxa, OBA). Using Al for data analysis sig-
nificantly advanced our ability to manage and interpret
massive biological datasets. Biotechnological applications
contributed to discovering promising marine-derived bio-
active compounds potentially useful in medicine (e.g. anti-
cancer agents). The work on viruses from the Tara Oceans
Expedition has fundamentally changed the understanding
of marine ecosystems, showing that viruses are not only
highly abundant and diverse, but also critical for ecosys-
tem functioning, evolution and global biogeochemical
processes. All these approaches revealed how plankton di-
versity and interactions drive marine carbon sequestration
through the biological carbon pump and demonstrated
the significant roles of microscopic plankton, viruses and
prokaryotes in carbon export processes.

Conclusion and research perspectives

Tara Oceans has significantly advanced ocean sci-
ence through discoveries about marine biodiversity,
substantial technological innovations, influential cli-
mate change insights, meaningful policy contribu-
tions and active public engagement. The innovative
tools developed will be used in future expeditions,
broadening the scope of other oceanographic stud-
ies (Tara Pacific, Tara Mediterranean, Tara Micro-
plastics, Tara Microbiome, Tara Europa, etc.). Many
future expeditions are planned to further investigate
coral reefs resilience in South East Asia (Tara Coral,
2026-2027) and the circumpolar Austral ocean eco-
systems (Tara InSync, 2028-2030) with the schooner
Tara, and the Central Arctic Ocean with the newly
built Tara Polar Station. e
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IMPACT OF OCEAN projects

Impact of ocean projects

— Analyse multidimensionnelle de I'impact des projets Océan

To analyse the multi-impact of the work carried out
by the ANR-funded researchers, this book examines both
the scientific output of the projects and their impact on the
French research community, environmental and socio-cul-
tural public policies, and the socio-economic sphere. o

Bibliometric analysis of publications

A database of bibliographic references of ar-
ticles published by the projects was compiled for the
years 2005 to 2015, based on the final project reports.
The DOIs (Digital Object Identifiers) of these publica-
tions were retrieved using Crossref software. From 2013,
the publications could be identified by the ANR deci-
sion code present in the acknowledgements in the ar-
chive bases: French open archives HAL, Open Alex and
Web of Science, as well as the final project reports.
This data base was completed by the project coordi-
nators during a survey carried out in autumn 2024. The
publication citation rates were calculated in November
2024 using Crossref. o

METHODOLOGY / METHODOLOGIE

L'analyse multi-impact des répercussions des travaux
des chercheurs financés est amorcée par l'analyse de la pro-
duction scientifique, et par les impacts tant sur la commu-
nauté de recherche frangaise que sur les politiques publiques
environnementales et socioculturelles et sur le domaine so-
cioéconomique. e

Analyse bibliométrique des publications produites

Une base de données des références bibliogra-
phiques des articles publiés par les projets a été constituée
pour les années de 2005 & 2015 & partir des rapports finaux
des projets. Les DOI (Digital Object Identifier) de ces publica-
tions ont été retrouvés avec le logiciel Crossref A partir de
2013, les publications sont identifiées via le code décision ANR
présent dans les remerciements sur les bases archives :
archives ouvertes francaises HAL, Open Alex, Web of Science,
rapports finaux des projets. Cette base de données a été
complétée par les coordinateurs des projets lors de I'enquéte
réalisee a l'automne 2024. Les taux de citation des publica-
tions ont été calculés en novembre 2024 avec Crossref. o
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Scientific output

t should be noted that projects publish most frequently
in years 3 and 4 and continue to do so for a significant
period = up to 10 years after the end of the contract
(fig. 20). For the France 2030 projects, which often last 10
years, it is premature to make a complete assessment of
their publications, given that the first projects only ended
in 2021. Particular attention should be paid to the drop
in publications observed since 2023, although it is very
likely that following the Covid period, many projects were
unable to advance and were often extended, thus delaying
expected publications. This drop in publications from
the ANR projects should also be compared with the drop
observed in recent years for OECD member countries.

From 2005 to 2020, the significant increase in the number of
publications from the ANR ocean projects should be com-
pared with the sharp rise in the number of ocean publications
worldwide between 2000 and 2017 In 2000, around 6,000
peer-reviewed articles were published, while in 2017 this fig-
ure reached almost 14,000. IOC indicates that this growth re-
flects increased interest and investment in ocean research
worldwide. According to WOS and Google Scholar, the num-
ber of ocean-related publications worldwide reached 17,000
in 2022-2023. The share of publications from projects co-fi-
nanced by the ANR represents around 4% of world produc-
tion, and therefore a significant scientific contribution.

©Q anr

— Les publications scientifiques

A noter que les projets publient davantage la troisiéme
année et la quatriéme année, et continuent a le faire pendant
une longue période, jusqu’a 10 ans aprés la fin du contrat (figure
20). Pour les projets France 2030 ayant souvent une durée de
10 ans, il est évidemment prématuré de faire un bilan complet
de leurs publications, étant considéré que les premiers d'entre
eux ont été achevés en 2021. Une attention particuliére est
a apporter a la baisse de publications observée depuis 2023,
méme s'il est trés probable que, a la suite de la crise sanitaire,
de nombreux projets n‘aient pu étre correctement menés et
aient été prolongés, délayant ainsi les temps de publication
attendus. Cette baisse issue de projets ANR est aussi a mettre
en paralléle avec celle des publications observée ces derniéres
années pour les pays membres de 'OCDE.

De 2005 & 2020, laugmentation notable du nombre de publica-
tions des projets Océan ANR est & mettre en parallele avec celle
du nombre de ce méme type de publication & Iéchelle mondiale
entre 2000 et 2017 En 2000, environ 6 000 articles évalués par
des pairs ont été publiés, tandis quen 2017 ce chiffre a atteint
pres de 14 000 réféerences. IOC indique que cette croissance re-
flete un intérét et un investissement accrus dans la recherche
océanographique au niveau mondial.

D'apres WOS et Google Scholar, le nombre de publications mon-
diales sur les océans est de l'ordre de 177 000 pour 2022 et 2023.
La part des publications des projets cofinancés par IANR était de
lordre de 4 % de la production mondiale, ce qui représente une
contribution scientifique notable.
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FIGURE 21:
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e The median number of publications was nine, which represents
2.25 publications per year for four-year projects. Some research areas
published much more, such as researchers working on coral ecosys-
tems and the teams working on Tara. Projects relating to climate and
the use of satellites were also prolific. (fig. 21).

Impact of publications by Work
Programme projects

A total of 12,438 publications (with a DOI) were iden-
tified, of which 2,517 were produced by the 47 France 2030
projects and 9921 by the 1,044 Work Programme projects.
The citation rates (in November 2024) of the articles, accord-
ing to crossref, show that 92% of the 12,438 articles had a ci-
tation rate of less than 100 in November 2024. Only o few re-
cently published articles were included in this ranking, and
their citation rate is likely to increase.

As this is a multi-disciplinary and multi-theme document, it
did not make any sense to classify the different themes to-
gether, as the citation rates heavily depend on the size of the
respective communities. However, it is exciting to note that
1,067 articles (8%) were cited more than 100 times, 76 more
than 500 times and 26 more than 1,000 times.

[
[N]
o
N
%]

30 35 40 45

e Le nombre médian de publications est de neuf. Cela représente
2,25 publications par an pour des projets de quatre ans. Certains do-
maines publient beaucoup plus, comme ceux des écosystémes coral-
liens, ou comme les eéquipes qui ont travaillé dans le cadre de Tara.
Les travaux sur le climat ou sur l'utilisation des satellites sont aussi tres
productifs (figure 21).

— L'impact des publications issues
des 1044 projets du Plan d'action

Au total, 12 438 publications ayant un DOI ont été iden-

tifiees, dont 2 517 sont produites par les 47 projets de France
2030, et 9 921 par les 1044 projets du Plan d'action de I'ANR.
Les taux de citation (en novembre 2024) des articles donnés par
Crossref montrent que 92 % des 12 438 articles ont un taux de
citation inférieur & 100, en novembre 2024. Il est évident que les
articles récemment publiés ne se retrouvent pas ou peu dans ce
classement, mais leur taux de citation devrait progressivement
augmenter.

Ce cahier Océan étant pluridisciplinaire et multithématique, in-
terclasser les différentes théematiques entre elles naurait pas de
sens, ces taux de citation dépendant beaucoup de la taille des
communautés respectives. Cependant, il est & noter que 8 %, soit
1 067 articles, sont cités plus de 100 fois, 76 plus de 500 fois et
26 plus de 1000 fois.
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FIGURE 22:

List of 10 most cited ocean publications,
in decreasing order.

Liste des 10 publications du corpus Océan les plus citées,
par ordre décroissant.

Acronym

Category

Authors

Journal/Source

DOl link

Plastic Pollution in the World's
Oceans: More than 5 Trillion

MERMAID Contaminants Plastic Pieces Weighing over
250,000 Tons Afloat at Sea
New multidimensional
Fishes functional diversity indices
AMPHORE and fisheries for a multifaceted framework
in functional ecology
SortMeRNA: fast and accurate
MAPPI Tara expeditions  filtering of ribosomal RNAs in
metatranscriptomic data
PHYTBACK Tara expeditions Structure and function of the
OCEANOMICS  Tara expeditions ~ 9lobal ocean microbiome
Climate High-resolution carbon dioxide
PICC and oceans concentration record 650,000—
800,000 years before present
BIOMARKS Phytoplankton The Protist Ribosomal Reference
database (PR2): a catalog of
unicellular eukaryote Small
PARALEX Phytoplankton Sub-Unit rRNA sequences with
curated taxonomy
HAMIZACS Rl Eukaryotic plankton diversity
OCEANOMICS  Tara expeditions in the sunlit ocean
Fishes A functional approach reveals
AMPHORE ) community responses to
and fisheries ;
disturbances
MANUREVA e dheiics The Peregrlne soliton in nonlinear
fibre optics
BASEMAN Plastic pollution  Hicroplastics: Finding a

consensus on the definition

) http://dx.doi.
Z'toczlcus Erksen bl 65 ONE 3268 org/101371/journal.
' pone.0111913
) ) http://dx.doi.
\s/ﬁ:o:eer; o Ecology 2366  0rg/101890/07-
9 : 1206.1
http://dx.doi.
SIS Sefreietes | 200 e e
Kopylova et al. bioinformatics/
btsé11
Shinichi http://dx.doi.
Sunagawa Science 2,065 org/10.1126/
etal science. 1261359
) . http://dx.doi.
St'e(;er LAt Nature 1712 org/101038/
' nature06949
) ) ) http://dx.doi.
Laure Guillou Nucleic Acids 1476 org/101093/nar/
etal Research
gks1160
http://dx.doi.
sgrlognsbstr‘g?e Science 1448  org/101126/
9 ‘ science 1261605
) ) Trends in http://dx.doi.
Stoc\;/;d Moullot & logy Samp; 1379 org/10.1016/].
' Evolution tree.2012.10.004
http://dx.doi.
B.Kibler et al.  Nature Physics 1187  org/10.1038/
nphys1740
JPG.L. Frias Marine Pollution 1187 2?31/0/%(127
etal. Bulletin ! SN )

marpolbul.2018.11.022

The 10 most cited publications (fig. 22) include:

+ An article on macro plastic waste pollution

+ An article on microplastics

- Five articles on plankton ecosystems, including three by
Tara teams

+ An article on palaeoclimate

+ An article on mathematics applied to hydrodynamics

- Two articles on fishery ecosystems

Of the ten articles, two were published in Science and one in

Nature, although the three most cited articles were published
in other journals.

Q anr

Dans cette liste des 10 publications les plus citées du cahier (fi-

gure 22), on trouve :

- un article sur la pollution des macrodéchets plastiques ;

- un article sur les microplastiques ;

+ cing articles sur les écosystemes planctoniques, dont trois par
les équipes de Tara ;

+ un article sur le paléoclimat ;

- un article sur les mathématiques appliquées & I'hydrodyna-
mique ;

+ deux articles sur les écosystemes halieutiques.

Parmi les 10 articles, deux sont publiés dans Science et un dans
Nature, les trois articles les plus cités étant, quant & eux, publiés
dans dautres revues.
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FIGURE 23:
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project authors. 35
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e More than 60 publications have been published in Nature and Sci-
ence, the two journals most used by ocean project authors. This high
rate can be partly explained by their multidisciplinary nature, encom-
passing different ocean research areas. It is interesting to note the
significant contribution of journals specialising in geosciences, biolo-
gy, pollution and the environment (fig.23).

e Plus de 60 publications ont été publiées dans Nature et Science
(figure 23), les revues les plus utilisées par les auteurs des projets Océan.
Ce taux élevé sexplique aussi par la pluridisciplinarité de ces deux
revues, qui couvrent les divers domaines thématiques océaniques. Il est
intéressant de noter lapport important de revues spécialisées dexcellence
en géosciences et en biologie sur les pollutions et sur lenvironnement.

FIGURE 24:
Analysis of cooperation based on co-authored articles.

eAnonsing proximity between almost 20,000 co-
authors of ocean publications allowed us to clearly
identify shared skill sets between different nation-

Analyse des coopérations entre auteurs & partir
des cosignatures darticles.

al laboratories around common themes (fig. 24),
thus showing the existence of laboratory networks
that may be geographically close (e.g. molluscs)
or share infrastructures (satellites, Tara and poles)
or draw on complementary skills (coastal dynam-
ics and polar research) distributed nationally or
abroad. There are no major cross-disciplinary,
cross-thematic programmes that bring together
all the themes. These groupings validate the key-
word-based portfolio approach used.

e Lanalyse de proximité entre presque 20 000 co-
auteurs des publications du corpus Océan permet
d'identifier clairement les regroupements de com-
pétences entre différents laboratoires nationaux au-
tour de thémes communs (figure 24), montrant ainsi
l'existence de réseaux de laboratoires qui peuvent
étre géographiquement proches (mollusques, par
exemple), ou partager des infrastructures communes
qui agrégent, pour leur usage, des compétences
complémentaires (satellites, Tara, pdles..) ou encore
des compétences complémentaires (dynamique co-
tiere, recherche polaire) réparties nationalement ou
a l'étranger. Il N'apparait pas de grands programmes

transversaux multithématiques. Ces regroupements
valident lapproche par portefeuilles, définis & partir

Spacialisation : Fruchterman Reingold du taggage des rapports des projets.

Clustering : Louvain, Gephi
(July 2024)
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Multiple impacts on the French
research community

1,358 researchers contacted

In autumn 2024, an the ANR survey of 1,573 ocean project coor-
dinators from 2005 to 2024 enabled us to contact 1,358 re-
searchers (86% of projects). 14% could not be contacted due to
changes of address, laboratory, institution or status, e.g. retire-
ment. 430 answered questions on the impact of their projects,
ie. 32% of the researchers who received the email, which is a
good score for projects that are, in some cases, 20 years old. For
France 2030, an identical survey (65 projects) yielded 27 re-
sponses, representing a response rate of 42%.

Scientific impact

The results of the survey show that project leaders consider
that their work has, first and foremost, a scientific impact,
with 353 responses. This was followed by socio-cultural im-
pacts (119) and, to a lesser extent, environmental impacts
(89). Few reported they have had a significant impact on
public policy (40). Only 31 felt their project had a socio-eco-
nomic impact. 12 projects supported business creation. The
average TRL (Technology Readiness Level) for the projects
was between 3 and 4, which is consistent with the low num-
ber of partner companies involved in the projects. This con-
firms that most projects are science driven, with 334 coordi-
nators considering that the ANR funding has strengthened
their research topic and 97 indicating that the project en-
abled them to reorientate their research.

Impact on jobs

814 new jobs were created during the projects, including 317
post-docs, 284 doctoral fellows, 170 engineers and 43 tech-
nicians.

298 project leaders provided information on the future of

547 recruitments:

+ 74 on a post-doc abroad

+ 77 on a post-doc in France

- 114 obtained a position in the public sector on a permanent
basis

+ 94 on a fixed-term contract in the public sector

+ 69 have a job on a permanent position in the private sector

- 14 on a fixed-term contract in the private sector

- 18 have created their own companies (start-ups)

+ 52 are still students

- 35 are unemployed

© anr

— De multiples impacts sur la communauté
de recherche frangaise

1358 chercheurs contactés

A l'automne 2024, une enquéte ANR auprés de 1573 coordina-
teurs de projets Océan, de 2005 a 2024, a permis de réussir
contacter 1 358 chercheurs, soit 86 % des projets, 14 % n'ayant
pu étre joints en raison de changements d'adresse, de labora-
toire, d'institution, de statut (retraite...). 430 chercheurs ont ré-
pondu aux questions sur les impacts de leurs projets, soit 32 %
des personnes contactees. Ce taux est dans les standards,
sachant qu'une fraction des projets sont anciens de 20 ans.
Pour France 2030, une enquéte identique (65 projets) a permis
de recueillir 27 réponses, soit un taux de réponse de 42 %.

Impacts scientifiques

Les résultats de I'enquéte montrent que les porteurs de projets
considerent que leurs travaux ont, avant tout, des impacts
scientifiques (353 réponses), puis, en deuxiéme lieu, des im-
pacts socioculturels (119) et, & un degré moindre, des impacts
environnementaux (89). Peu estiment avoir d'importants im-
pacts sur les politiques publiques (40). Seulement 31 répon-
dants estiment avoir eu un impact socioéconomique, avec
12 projets qui sont associés a la création d'entreprises. Le ni-
veau de maturité technologique (Technology Readiness Level,
TRL) moyen des projets est compris entre 3 et 4, ce qui est
cohérent avec le faible nombre d'entreprises partenaires. Ceci
confirme que les projets sont en grande majorité science-
driven, 334 des coordinateurs considérant que les finance-
ments ANR renforcent leur thématique de recherche, 97 indi-
quant par ailleurs que leurs projets ont permis de réorienter
leur théematique de recherche.

Impacts sur I'emploi

Pendant la réalisation des projets, 814 nouveaux emplois ont
éte créés : 317 postdoctorants, 284 doctorants boursiers,
170 ingénieurs et 43 techniciens.

Concernant le devenir de ces recrutements & l'issue des pro-
Jjets, 298 porteurs de projets ont apporté des informations sur
547 personnes. Parmi elles :

« 74 poursuivent un postdoctorat & l'étranger ;

+ /7 sont en post-doctorat en France ;

« 114 ont obtenu un poste en CDI dans le secteur public ;

+ 94 sont en CDD dans le public ;

+ 69 ont intégré le secteur privé en CDI ;

+ 14 sont en CDD dans le privé.
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Thus, 36% of the staff employed by the projects have found
a permanent position, 20% in the public sector and 16% in
the private sector. 20% are on fixed-term contracts, mainly
in the public sector (17%).

Impact on research

Of the 306 coordinators who responded, 89% stated that
obtaining a contract had reinforced their research topic in
the laboratory. For 26%, it facilitated the laboratory's "the-
matic" reorientation, while for 19% it led to the creation of
new permanent positions (67 in total). At the end of the ANR
contract, 328 project leaders indicated that they were con-
tinuing their research with new sources of funding.

At the end of the contract, 77 respondents obtained Euro-
pean contracts (23%), 48 territorial authority funding, 36
France 2030 funding and 16 contracts with private compa-
nies. For France 2030 projects, 12 European contracts were
obtained (44%). There were also eight contracts with local
authorities (25%) and 16 contracts with private companies
(59%).

It is worth noting the diversity of funding used by teams un-
der the ANR contracts. The open-ended comments testify
to the ability of France 2030 projects to generate other
projects. The projects have made it possible to position or
strengthen research teams in relation to their research top-
ics, and have provided them with equipment, tools and re-
sults that have subsequently generated other projects and
funding to ensure the continuity of their research. e

A noter également : 18 ont fondé leur propre entreprise (start-
up), 52 poursuivent leurs études, et 35 sont actuellement en
recherche d'emploi.

Ainsi, 36 % des personnes identifiees ont accédé a un emploi
permanent (20 % dans le public, 16 % dans le privé), et 20 %
occupent un CDD, en majorité dans le secteur public (17 %).

Impacts sur la recherche

Parmi les 306 coordinateurs de projets (Plan d'action) ayant
répondu & cette partie de l'enquéte, 89 % considerent que
l'obtention d'un contrat a renforcé la thématique de recherche
du projet dans leur laboratoire. Pour 26 % d'entre eux, il a faci-
lité la réorientation thématique de leur laboratoire, et pour
19 %, il a permis la création de nouveaux postes permanents
(67). Aprés la fin des projets, 77 répondants & l'enquéte in-
diquent avoir obtenu des contrats européens, 48 des finance-
ments des collectivités territoriales, 36 des financements
France 2030 et 16 des contrats avec des entreprises privées.

Pour les projets France 2030, 12 contrats européens ont éte
obtenus (soit 44 % des répondants & l'enquéte). Sont égale-
ment mentionneés 8 contrats avec les collectivités territoriales
(soit 25 % des répondants) et 16 contrats avec des entreprises
privées (soit 59 %).

A noter la diversité des financements mobilisés par les équipes
bénéficiant d'un financement ANR. Les commentaires ouverts
temoignent de la capacité des projets France 2030 & générer
d'autres projets. En ce sens, ils ont permis de positionner ou de
renforcer des équipes de recherche sur des themes d'études,
les ont dotées en équipements, en outils et en résultats. Ces
acquis ont ensuite permis de généerer d'autres projets et dob-
tenir des financements pour assurer une continuité de re-
cherche sur ces themes. o

Les cahiers de I'’ANR N° 20 — Mai 2025 anr’



PART 3

Public policy impacts
in France and beyond

sing Overton io software and project publication DOIs,

we were able to see whether the articles had been

cited in nearly 19 million international (UN, UNESCO,
IPCC, IPBES, OECD) European and national (188 countries)
public policy documents. This analysis was supplemented by
answers obtained during the project coordinator survey.

Publications on the ocean often deal with environmental
problems managed at an international, European or national
level through the implementation of public policy measures
coordinated by intergovernmental bodies. It is therefore in-
teresting to see whether the results of ocean research make a
significant contribution to these decisions.

DOls make it possible to link publications to the ANR projects
(France 2030 and Work Programme) and identify whether
they are referenced in public policy documents. Note that the
same publication may be referenced in several documents. In
‘total’, the publication has been counted in each different
public policy document in which it was referenced. In 'sepa-
rate’, the publication was only counted once, even if it ap-
peared in several public policy documents. By entering the
12,428 DOlIs of the ocean publications, Overton io found 5,604
pairs of publications cited in public policy documents, mean-
ing 45% of projects have been cited in documents contribut-
ing to the development of marine and maritime policies. 12%
of publications (separate), i.e. 1438, were major contributions.
The URLs provide access to the relevant public policy docu-
ments. Note that a URL may appear several times, for exam-
ple, for different chapters of the same document.

FIGURE 25:

Distribution of the

number of ocean IGO
publications and public
policy document pairs
by intergovernmental
organisations (IGOs),
the European Union EU
and user countries.

USA

France

Canada
Répartition du
nombre de paires de UK
publications Océan

et documents de South Africa
politique publique .
par les organisations Australia
intergouvernementales G
(1GO), I'Union ermany
européenne et les pays Spain
les plus utilisateurs.
Belgium
Sweden
Ireland

New Zealand
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— Les retombées sur les politiques publiques
en France, en Europe, a l'international

L'utilisation du logiciel Overton io a permis, avec les
DOl des publications des projets, de déterminer si ces articles
sont cités dans prés de 19 millions de documents de politique
publique internationaux (ONU, UNESCO, IPCC, IPBES, OCDE...),
européens ou nationaux (188 pays). Cette analyse est complétée
ponctuellement par des réponses obtenues lors de I'enquéte
aupreés des porteurs de projets.

Les publications sur les océans traitent le plus souvent de pro-
blemes environnementaux qui sont gérés au niveau international,
européen ou national, par la mise en ceuvre de mesures de poli-
tiques publiques coordonnées par des instances intergouverne-
mentales. Il est donc intéressant de voir si les résultats des re-
cherches sur les océans contribuent significativement a ces
codécisions.

Les DOI permettent de bien relier les publications aux projets
(Plan d'action et France 2030) et d'identifier si elles sont référen-
cées dans les documents de politique publique. A noter qu'une
méme publication peut étre référencée dans plusieurs docu-
ments. Dans « total », elle sera comptée autant de fois que le
nombre de documents de politiques publiques dans lesquels elle
est citée. Dans « distinct », la publication nest comptée qu'une
seule fois, méme si elle apparait dans plusieurs documents de
politique publique. En intégrant les 12 428 DOI des publications
Océan, Overton io trouve que 5 604 paires de publications sont
citées dans les documents de politique publique. Ainsi 45 % des
résultats des travaux sont cités dans des documents qui contri-
buent & lélaboration des politiques marines et maritimes,
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FIGURE 26:
Percentage of

projects cited in policy
documents for different
ocean themes. In

this figure, "Satellite”
and “Argo” has been
excluded from “Means
of observation”.
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The classification of these public policy documents by coun-
try (fig. 25) shows the dominance of intergovernmental or-
ganisations (IGOs), representing 40% of the total number of
public policy documents. 10% for the USA and 7% for the Eu-
ropean Union and France. The total number of public policy
documents is higher as the same document can be cited by
different countries.

By classifying the projects by theme, 6,661 pairs (publica-
tions-public policy documents) were found in the Overton
database, representing 53% of publications. If we remove the
publications cited several times (almost 2,000), 1975 publica-
tions, i.e. 16% of the total number of articles, were used by
bodies involved in drawing up public policy documents. This
corresponds to 399 projects (36%), meaning that more than a
third of the ocean projects contributed to the development
of ocean-specific environmental public policies, mainly cited
by intergovernmental organisations. This high percentage is
impressive given that it refers to all the projects, some of
which are yet complete.

The thematic portfolios that most contributed to public poli-
cy documents are, in descending order: Tara (58%), Argo
(50%), Satellites (50%), Climate (45%), Cycles (40%), Corals
(38%), Poles (38%), Biodiversity (35%) and Fish (32%) (fig. 26).
Four key observations:

1) The results provided by world-class infrastructures played
a significant role including satellites, Argo floats and Tara.

2) The results from projects focused on climate, cycles, corals
and the poles were used most frequently.

3) The results of projects on marine biodiversity are consid-
ered less often than those on climate. Those relating to hu-
man activities are rarely considered (2%), except for fishing,

20% 30% 40% 50% 60% 70%

12 % des publications (distinct), soit 1 438, sont majeures pour
cette contribution. Les URL permettent d'accéder aux documents
de politique publique sélectionnés. A noter qu'une URL peut ap-
paraitre plusieurs fois, par exemple, pour différents chapitres d'un
méme document. Le classement de ces documents de politique
publique par pays (figure 25) montre la dominance des organisa-
tions intergouvernementales (IGO), avec 40 % du nombre total de
documents (URL) de politique publique, 10 % pour les Etats-Unis,
et 7 % pour I'Union européenne et pour la France. Le nombre total
de documents de politique publique est plus élevé, puisque le
méme document peut étre cité par différents pays.

En classant les projets par thématiques, 6 661 paires (publications—
documents de politique publique) du corpus Océan ont été re-
trouvées dans la base de données Overton, représentant 53 % des
publications. En retirant les publications qui sont citées plusieurs
fois (presque 2 000), 16 %, soit 1975 publications du total des ar-
ticles, sont utilisés pour une contribution & des instances qui parti-
cipent a lélaboration de documents de politique publique. Ceci
correspond & 399 projets (36 %), ce qui signifie que plus d'un tiers
des projets Océan contribuent & lélaboration des politiques pu-
bliques environnementales sur les océans, principalement citées
par les organisations intergouvernementales. Ce fort pourcentage
est particulierement notable, dautant qu'il se rapporte & len-
semble des projets dont une partie nest pas terminée.

Les portefeuilles thématiques qui contribuent le plus & ces docu-
ments de politique publique sont, par ordre décroissant : Expédi-
tions Tara (58 %), Moyens dobservation (50 %), Climat et Océan
(45 %), Cycles biogéochimiques (40 %), Ecosystémes coralliens
(38 %), Ecosystemes polaires (38 %), Biodiversité marine (35 %) et
Poissons et pécheries (32 %) (figure 26). Ceci ameéne les quatre
remarques suivantes :
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as they may relate to local situations that are difficult to in-
tegrate into the international, European and national public
policies consulted by Overton.

4) Academic publications with a high citation rate were also
the most cited by public policy documents, arguing for the
excellence of the research that produces expected out-
comes for public policy.

The results of ocean publications were widely used by UN
agencies including UNESCO, IPCC, IBPES, FAO, WMO and
UNEP (fig. 27). They were also used by the World Bank, the
OECD, NGOs such as IUCN and Transparency International,
as well as regional organisations such as Arctic and Whaling

FIGURE 27:

1) les résultats apportés par les infrastructures de taille mondiale
ont une place significative, avec les moyens d'observation (satel-
lites et flotteurs Argo), mais aussi Tara ;

2) une dominance de I'utilisation des résultats des projets concer-
nés par le climat, les cycles, les coraux et les pdles ;

3) les résultats des projets sur la biodiversité marine sont moins
pris en compte que ceux sur le climat. Ceux qui concernent les
activités humaines le sont rarement (2 %), excepté lorsqu'ils
traitent de la péche, car potentiellement porteurs de situations
locales difficilement intégrables dans les politiques publiques
nationales, européennes et internationales, consultées par Over-
ton;

4) les publications acadeémiques avec un taux de citation élevé
sont aussi les plus citées par les documents de politique pu-
blique, plaidant pour l'excellence de la recherche qui produit les
retombées attendues.

Examples of URL citations of public policy documents from the most cited international

organisations for Argo, Climate, Corals and Tara.

Exemples de citations d’'URL de documents de politique publique des organisations internationales les plus citées
pour les portefeuilles Moyens d'observation, Climat et Océan, Ecosystemes coralliens et Expéditions Tara.

Institution issuing public policy

Category
Argo World Meteorological Organization
United Nations
European Marine Board
UNESCO
IPCC
Nicholas Institute
OECD
Transparency International
United Nations Environment Programme
United Nations
IPCC

World Meteorological Organization

Climate
and oceans

Food and Agriculture Organization of the United
Nations

IPBES
Transparency International
United Nations Environment Programme

United Nations Framework Convention on Climate
Change

OECD
IPBES

United Nations Environment Programme

Coral reefs

International Union for Conservation of Nature
United Nations
IPCC

Food and Agriculture Organization of the United
Nations

International Whaling Commission (IWC)
World Bank
UNESCO

URL-distinct % URL dist URL- tot % URL total
23 55% 23 53%
n 26% n 26%
2 5% 2 5%

1 2% 2 5%
1 2% 1 2%
1 2% 1 2%
1 2% 1 2%
1 2% 1 2%
1 2% 1 2%
25 15% 149 29%
5 3% 105 20%
29 17% 44 9%
25 15% 33 6%
14 8% 32 6%
1 1% 29 6%
21 12% 28 5%
16 9% 25 5%
7 4% 21 4%
31 14% A 17%
41 19% 73 17%
40 19% 72 17%
15 7% 58 14%
4 2% BS) 8%
21 10% 38 8%
20 9% 29 7%
19 9% 19 4%
n 5% 16 4%
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IMPACT OF OCEAN projects

Institution issuing public policy

Category

Tara Arctic Council

expeditions £ qng Agriculture Organization

of the United Nations

United Nations

United Nations Environment Programme
UNESCO

IPBES

European Marine Board

IPCC

International Union for Conservation of Nature

World Bank

Commission. Note the low number of citations from European
bodies, except for the Marine Board Think Tank, and the ab-
sence in the Overton database of the European Environment
Agency, which prepares scientific inputs for decisions related
to European regulations. Similarly, European states define
their common fisheries and environmental policies for Euro-
pean marine waters in licison with major regional organisa-
tions, such as the International Council for Exploration of the
Sea (ICES), based on recommendations from numerous sci-
entific working groups (274), which summarise recent publico-
tions by field to issue annual advice. It would be interesting to
include these bodies, in which European and North American
scientists work together to inform public policy decision, in
the Overton database.

Social and economic impacts:
patents and company creation

For the Work Programme, the 430 survey responses
from project coordinators indicate that, for projects working
on innovation, the average TRL level was between 3 and 4
- still a long way from demonstration and prototype pilots.
This is partly due to the nature of research-oriented calls for
proposals, with project teams who only collaborate with a
small number of partner companies (30). This survey
nevertheless indicates that the projects facilitated the
creation of 12 business start-ups and that 18 people who
took part in the projects became company directors, 69
people were recruited on permanent contracts by
companies and 14 on fixed-term contracts.

In the survey, 29 Work Programme project coordinators stated
that they had filed patents (18 in total). France 2030 projects

URL-distinct % URL dist URL- tot % URL total
8 24% 8 17%
3 9% 7 15%
2 6% 7 15%
6 18% 6 13%
4 12% 5 %
4 12% 4 9%
3 9% 3 6%
1 3% 3 6%
1 3% 3 6%
19 9% 19 4%

Les résultats des publications du corpus Océan sont largement uti-
lisés par les agences onusiennes (UNESCO, IPCC, IBPES, FAO, WMQ,
UNEP, voir figure 7), mais aussi par la banque mondiale, TOCDE, par
les ONG, comme UICN ou Transparency International, et par des
organisations régionales (Artic, Commission baleiniére..). A noter le
faible nombre de citations de structures européennes, excepté du
think tank Marine Board, avec labsence dans la base de données
Overton, par exemple, de IAgence européenne de lenvironnement,
qui prépare les bases scientifiques pour les décisions concernant les
reglementations européennes. De méme, les états européens defi-
nissent leurs politiques communes des péches et de lenvironnement
des equx marines europeéennes en liaison avec les grandes organi-
sations regionales, telles que le Conseil international pour lexplora-
tion de la mer (CIEM), ou International Council for the Exploration of
the Sea (ICES), sur lo base des recommandations de nombreux
groupes de travail de scientifiques (274), qui synthétisent les récentes
publications par domaines pour émettre des avis annuels. Il serait
intéressant que ces instances, ou les scientifiques européeens et
nord-ameéricains cherchent & répondre aux questions des poli-
tiques publiques, soient incluses dans le portefeuille Overton.

— Brevets et création d’entreprises : les impacts
socioéconomiques

Pour le Plan d’action, les 430 réponses des
coordonnateurs de projets a I'enquéte indiquent que, pour les
projets qui travaillent sur I'innovation, le niveau moyen de TRL
est compris entre 3 et 4, loin des pilotes de démonstration ou
de prototypes. Cette tendance est aussi due a la nature de ces
appels orientés recherche, avec des projets qui collaborent
avec un faible nombre d'entreprises partenaires (30). Cette
enquéte indique néanmoins que les projets ont été associés a
12 créations d'entreprises et que 18 personnes qui y ont participé
sont devenues chefs d'entreprise, que 69 personnes ont été
recrutées en CDI par des entreprises et que 14 'ont été en CDD.

Dans cette enquéte, 29 projets du Plan daction déclarent avoir
déposé 18 brevets, et les projets France 2030, 11 brevets. lIs portent
principalement sur les résultats obtenus par la biotechnologie
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filed 11 patents. These relate mainly to results obtained from
biotechnology applied to algae and phytoplankton, but also
new methodological developments such as sensors for hy-
drocarbons, detecting metals and sorting foraminifera.

As with public policy, a similar approach was adopted to as-
sociate patent applications with publications cited using
DOI. To do this, M. Marx & A. Fuegi built a database of 40
million patent applications from national, European and
international databases. This made it possible to identify
publications with their DOls, which were associated with
patents and therefore projects. The connection between
patent and publication was made via the publication's Ope-
nAlex ID. To be analysed, the publication had to have a DOI
and be present on OpenAlex. Some innovations may have
been covered by several patents relating to the same sub-
ject, due to geographical extensions. We have kept all the
patents in our analysis, regardless of geographical coverage,
as these patents are often identified with different names and
different geographical extensions. 523 patents cited DOIs of
ocean publications in their arguments, i.e. 4% of publications
were mentioned in patent filings. These publications corre-
spond to 112 projects i.e. 10% of the projects involved in patents.

Publications on phytoplankton (18%) made the greatest con-
tribution to the creation of patents, whether for intensive cul-
tivation, production of new genetically modified species, ap-
plications in the biofuels sector, extraction of new molecules
of interest for human medicine or pharmacopoeia or gener-
ation of new biomaterials. (Fig. 29) The microbial sector (9%),

FIGURE 28:
Breakdown of patents
by country citing ocean
publications in their
arguments.

World intellectual
Property Oganization

Répartition des brevets
par pays citant des
publications Océan dans
leurs argumentaires.

United States

e 192 patents were filed in the United States, 135 have worldwide
coverage, 110 patents Chinese coverage, 39 European coverage and
24 French coverage. Other countries accounted for 23 patents includ-
ing Australia (8), Japan (4) and South Korea (3) (fig. 28).
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appliquée aux algues et au phytoplancton, mais aussi & des dé-
veloppements méthodologiques nouveaux, comme des cap-
teurs pour les hydrocarbures, pour la détection de métaux ou
pour trier des foraminiferes.

Comme pour les politiques publiques, une démarche a été me-
née pour les demandes de brevet, permettant de les associer
aux publications citées avec DOI. Pour cela, M. Marx et A. Fuegi
ont construit une base de données de 40 millions de dépdts de
brevet & partir des bases de données nationales, européennes et
internationales, permettant d'identifier les publications avec leurs
DOI associés au brevet, donc aux projets. La connexion brevet et
publication se fait via I'lD OpenAlex de la publication. Encore
faut-il que le dossier de demande de brevet cite une publication
et que cette publication ait un DOI et soit présente sur OpenAlex.
Certaines innovations pouvant étre couvertes par plusieurs bre-
vets avec le méme objet, en raison d'extensions géographiques,
nous avons gardeé ici l'ensemble des brevets, puisqu'ils sont sou-
vent identifies au moyen de différents noms et extensions geo-
graphiques. Ainsi, 523 brevets évoquent dans leurs argumentaires
des DOI de publications de ce corpus, soit 4 % des publications
mentionnées dans les dépdts de brevet. Ces publications corres-
pondent & 112 projets, soit 10 %, impliqués dans les brevets.

Les publications sur le phytoplancton (18 %) sont les plus grandes
contributrices & la constitution de brevets, que ce soit pour le
cultiver de maniere intensive, pour produire de nouvelles especes
génétiquement modifiees, pour des applications dans les do-
maines des biocarburants, par exemple, pour l'extraction de
nouvelles molécules présentant un intérét pour la médecine ou la

Australia

Austria

European Patent Office

France

4.6%

Germany

0.8%
Norway
0.2%
Russia

0.2%
South Korea

Taiwanese funding agency
0.2%

e 192 brevets ont été déposés aux Etats-Unis, 135 ayant une couver-
ture mondliale, 110 une couverture chinoise, 39 une couverture euro-
péenne, 24 une couverture frangaise. D'autres pays comptent 23 bre-
vets au total, dont ['‘Australie (8), le Japon (4) et la Corée du Sud (3)
(figure 28).
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IMPACT OF OCEAN projects

biodiversity (9%) and deep sea ecosystems (8%) also contrib-
uted significantly, in particular to extract new molecules and
enzymes across a variety of applications — bearing in mind
that living organisms cannot be patented.

Some projects were cited frequently in international patent
applicants: The ALGOMICS and SHAMASH projects focused
on the production of phytoplankton to create biofuels and
were cited respectively in 40 and 33 patent applications.
IDEALG was cited 36 times in biotechnology applications in
the macroalgae domain and filed nine patents. Oceanomics
(19), which exploited Tara data on the microbial loop, and
Labex Corail (16) have also made key contributions to patent
applications, despite having developed research into the un-
derstanding and functioning of marine ecosystems.

Finally, it should be noted that these projects, with a signifi-
cant impact on patent filings, were contracted out between
2007 and 2012 as part of programmes often dedicated to the
development of marine biotechnologies, and that the objec-
tives of these targeted programmes have been achieved,
both as part of France 2030 and the national bioenergy pro-
gramme in the ANR's Work Programme.

We would also like to mention the success of the following
projects: Annélide 2005 and Hemorgan 2007, which contrib-
uted to the discovery of haemoglobin from Arenicola marina
as a blood substitute. This lead to the creation of start-up
Hémarina and the filing of 21 patents. Another notable suc-
cess story is the Blue Energy 2014 project, focused on the en-
ergy produced by osmotic exchanges, which lead to the cre-
ation of start-up Sweet Energy, and has obtained an EIC
contract to install its first power plant in the Rhéne region.

Satellites

FIGURE 29: 6%

Breakdown of
publications cited in
patent applications for 8%
19 thematic portfolios.

Deep sea ecosystems

Plastic pollution
3%
Contaminants
3%

Reépartition des
publications citées
dans le dépdt de brevet
pour les 19 portefeuilles
thématiques.

Polar ecosystems
1%
Fishes and fisheries
5%

Phytoplankton

pharmacopée, ou enfin pour générer de nouveaux biomatériaux
(figure 29). Les domaines microbiens (9 %), biodiversité (9 %) et
écosystémes profonds (8 %) contribuent, dans un deuxiéme
temps, avec des extractions de nouvelles molécules, enzymes,
etc.,, aux applications diverses.

Certains projets sont particulierement cités par les déposants de
brevets internationaux : ALGOMICS et SHAMASH, deux projets
portant sur la production de phytoplancton pour produire des
biocarburants, sont respectivement cites dans 40 et 33 de-
mandes de brevet. IDEALG, avec 36 citations sur la biotechnolo-
gie pour la valorisation des macro-algues, a par ailleurs déposé
9 brevets. Oceanomics (19), qui exploite les données de Tara sur la
boucle microbienne, et le LabEx Corail (16) contribuent aussi for-
tement & ces argumentaires de brevet, alors qu'ils ont développé
des recherches sur la compréhension et le fonctionnement des
écosystemes marins.

A noter, finalement, que ces projets & forts impacts sur les dépdts
de brevet ont été contractualisés de 2007 & 2012 dans des pro-
grammes souvent consacrés au developpement des biotechno-
logies marines, et que les objectifs de ces programmes ciblés ont
éte atteints, aussi bien dans le cadre de France 2030 que dans
celui du programme national sur les bioénergies du Plan d'action
de IANR.

Citons enfin les succes des projets Annélide 2005 et Hemorgan
2007 qui ont contribué aux découvertes sur I'hemoglobine de
I'Arenicola marina comme substitut sanguin, permettant la créa-
tion de la start-up Hemarina et le dépdt de 21 brevets. Une autre
success-story notable est le projet Blue Energy 2014, sur ['énergie
produite par les échanges osmotiques, qui a mené a la création
de la start-up Sweetch Energy qui, avec l'obtention d'un contrat
de I'EIC, vient d'installer sa premiere centrale sur le Rhéne.

Tara expeditions

Macroalgae
Marine biodiversity
9%

Means of observation
Climate and oceans
1%

Coral reefs

Biogeochemical cycles

4%

Renewable marine energies
1%

Marine geosciences
3%

Human activities
1%

Hydrodynamics
6%

Marine invertebrates

4%
Microbial ecosystems

9%
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Conclusion

he ocean has generated a lot of interest

from the French research community,

materialised in 1,044 projects mobilising

€428 million in funding between 2005 and

2023, through the ANR Work Programme.
In addition, France 2030 has developed specific calls
for proposals, such as the PER Ocean and Climate
or the 3 PEPRs, supporting 47 projects with a budget
of €367 million. This ocean budget represents 4% of
the total ANR budget, which corresponds to the size
of the national scientific community in public ocean
research. With 1,091 projects, spread over a period
of twenty years, it was interesting to carry out an
initial scientific (as well as administrative) review by
major theme, highlighting the main scientific
outcomes.

Two decades of ocean science advancements

+ Climate modelling has been developed with a focus
on mesoscale and sub-mesoscale ocean dynamics.
The importance of eddies in the circulation has
been emphasised. Real-time analysis and forecast-
ing are being developed using satellite data cou-
pled with in situ measurements — with the
development of Argo floats — to predict extreme
events.

Polar research is both a witness to and a driver of
climate change. The Arctic is warming around four
times faster than the global average, causing
accelerated melting of sea ice, the release of meth-
ane trapped in permafrost, and the disruption of
ocean and atmospheric currents. In Antarctica,
research focuses on the dynamics of ice caps, deep
ocean currents and extreme ecosystems. The sta-
bility of the Antarctic ice cap is a decisive factor in
future sea level rises.

The role of micro-organisms, such as nitrogen-fixing
plankton, silicified and calcified plankton and bac-
teria, has greatly improved our understanding of
the biological carbon pump and the global cycle
of biogenic elements (C, N, Si, Fe) through experi-
ments, observation and modelling. Analyses of ver-
tical flows have clarified their role in regulating
anthropogenic emissions.

Major progress has been made in tools for monitor-
ing, understanding and anticipating the state of
coastal biodiversity (genetics, species and

algré l'absence quasi-totale d'appels &

projets specifiquement dediés aux

océans dans le Plan d'action de I'ANR, de

nombreux projets ont été soutenus,

témoignant de la forte mobilisation de la
communauté scientifique frangaise sur ces enjeux, avec
1044 projets, financés pour un montant de 428 millions
d'euros, de 2005 & 2023. En revanche, France 2030 a
développé des appels spécifiques, comme le Pro-
gramme prioritaire de recherche (PPR) Océan et Climat,
ou les trois Programmes et equipements prioritaires de
recherche (PEPR), qui ont permis de développer 47 pro-
jets, avec un budget de 367 millions d'euros. Le budget
Océan représente 4 % du budget de I'ANR, ce qui cor-
respond a la taille de la communauté scientifique natio-
nale de la recherche océanique publique. Avec un
corpus total de 1091 projets, étalés sur une période de
20 ans, il était intéressant, outre le bilan administratif,
de dresser un premier état des lieux par grandes thé-
matiques mettant en évidence les principales avancées
issues des recherches.

20 ans d'avancées structurantes pour l'océan

- La modélisation du climat a été développée en met-
tant l'accent sur la dynamique océanique  méso-
échelle et a sous-méso-échelle. Limportance du role
des tourbillons (eddies) dans la circulation a été sou-
lignée. Lanalyse et la prévision en temps réel sont en
cours de développement, gréce & |'utilisation des don-
nées satellitaires couplées a des mesures in situ,
notamment via le développement des flotteurs Argo,
pour prévoir les événements extrémes.

Les recherches polaires sont a la fois témoins et
moteurs du changement climatique. L'Arctique se
rechauffe environ quatre fois plus vite que la tempé-
rature moyenne & I'échelle mondiale, provoquant la
fonte accelérée des glaces de mer, la libération du
méthane piégé dans le permafrost, et la perturbation
des courants oceaniques et atmosphériques. En
Antarctique, les recherches portent sur la dynamique
des calottes glaciaires, les courants océaniques pro-
fonds et les écosystemes extrémes. La stabilité de la
calotte antarctique est un facteur décisif pour la mon-
tée future du niveau de la mer.

L'étude du réle de micro-organismes comme les
planctons fixateurs d'azote, les planctons silicifiés et
calcifiés, et les bactéries a grandement améliore la
compréhension de la pompe biologique du carbone
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ecosystems). Advances in environmental genomics,
supported by high-throughput sequencing and
metabarcoding methods, now make it possible to
identify the species present in marine environments
quickly, accurately and non-intrusively, providing
valuable leverage for monitoring biodiversity loss
and ecosystem changes. Combined with predictive
modelling tools, this data enables us to simulate
environmental transformation scenarios to antici-
pate the most sensitive areas of ecological
vulnerability.

Ecosystem-based fisheries management is now
possible thanks to the development of modelling
and decision-support tools available in different
regions, coupled with ecosystem-climate models
for scenario planning and decision-making.
Socio-ecological viability models can be used to
test fishery policies in the context of climate
change. The effectiveness of marine protected
areas has been assessed based on the mobility and
invasiveness of species.

Key results have been obtained on bivalve patho-
gens (oysters), with the identification of Vibrio spe-
cies and their virulence mechanisms, and the
discovery of co-evolutionary interactions between
Vibrio bacteria and their bacteriophages. The mod-
elling of disease propagation in oyster farms and
the role of environmental factors such as tempera-
ture and salinity were clarified. Initial breakthroughs
in the field of immune priming have been made,
showing that oysters display signs of trained immu-
nity (long-lasting immune protection), which could
inspire new disease prevention strategies.

The work on viruses carried out as part of the Tara
Oceans expedition has fundamentally changed our
understanding of marine ecosystems, by showing
that viruses are not only highly abundant and
diverse, but that they are also essential to the func-
tioning of ecosystems, evolution and global bio-
geochemical processes. These results underline the
importance of viruses in maintaining marine biodi-
versity. All these approaches have revealed how
plankton diversity and interactions lead to the
sequestration of marine carbon via the biological
carbon pump, and have demonstrated the signifi-
cant role of microscopic plankton, viruses and pro-
karyotes in carbon export processes.

.

.

et du cycle global des éléments biogénes (C, N, Si, Fe),
en combinant expérimentations, observations et
modeélisation. Les analyses des flux verticaux ont ainsi
précisé leur réle dans la régulation des émissions
anthropiques.

Des avancées majeures ont été réalisées dans la
conception des outils de surveillance, de compréhen-
sion et d'anticipation de I'état de la biodiversité
cétiére. Les progrés en génomique environnementale,
appuyés sur le séquengage a haut débit et les
meéthodes de metabarcoding, permettent aujourd'hui
une identification fine, rapide et non intrusive des
especes présentes dans les milieux marins, offrant ainsi
un levier précieux pour le monitoring de la perte de
biodiversité et la mise en alerte relative aux évolutions
écosystémiques. Associées d des outils de modélisa-
tion prédictive, ces données rendent possible la
simulation de scénarios de transformation environne-
mentale afin d'anticiper les zones les plus sensibles de
vulnérabilité ecologique.

La gestion des pécheries basée sur les écosystemes
est rendue possible gréce au développement d'outils
de modélisation et d'aide a la décision disponibles
dans différentes régions, avec le couplage de modéles
écosysteme-climat pour la planification de scénarios
et la prise de décision. Les modeéles de viabilité socioé-
cologique permettent de tester les politiques de péche
dans le contexte du changement climatique. Une éva-
luation de l'efficacité des aires marines protégées,
fondée sur la mobilité et le caractére envahissant des
especes, est proposee.

Des résultats clés relatifs aux organismes pathogenes
des mollusques (huitres) ont été obtenus avec l'iden-
tification des especes de bactéries Vibrio et de leurs
meécanismes de virulence, et avec la découverte d'in-
teractions coévolutives entre ces bactéries Vibrio et
leurs bactériophages. La modélisation de la propaga-
tion des maladies dans les fermes ostréicoles et le role
de facteurs environnementaux, tels que la température
et la salinité, ont été précisés. De premiéres percées
dans le domaine de I'amorgage immunitaire ont éte
menées, montrant que les huitres présentent des
signes d'immunité entrainée (protection immunitaire
de longue durée), ce qui pourrait inspirer de nouvelles
stratégies de prévention des maladies.

Les cahiers de I'ANR N° 20 — Mai 2025
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+ Studies on some coral species and their associated
photo-symbioses show that they can acclimatise
to increasing acidification and thermal stresses.
This indicates potential for adaptive persistence in
acidic environments with transgenerational adap-
tation and could be applied in nurseries with tech-
niques aimed at maximising genetic diversity and
selection to increase the environmental resilience
of implants.

Cutting-edge scientific advances have been made
in the biotechnology of marine microalgae, or bio-
products. The main advances include the applica-
tion of integrated genetic engineering
(CRISPR-Cas9) to the genetics of microalgae and
the selection of strains for greater lipid productivity,
leading to improved production of biofuels and the
synthesis of biodegradable plastics and high-value
pharmaceutical compounds.

The role of macroalgae in blue carbon sequestra-
tion has been clarified, in particular the ability of
algal forests to capture CO,. The vast biotechno-
logical potential of macroalgae offers a wide range
of applications for both agri-food products (source
of fibre, proteins, polysaccharides, antioxidants and
pigments) and cosmetics (extracts for their
anti-ageing, moisturising and soothing properties)
and pharmaceutical products (anti-inflammatory,
antiviral and anticoagulant activities). Macroalgae
are dlso bioresources for bioenergy production,
including biogas, bioethanol and algae oils, as well
as resources to produce sustainable materials such
as bioplastics and biodegradable packaging
derived from seaweed polysaccharides. These dis-
coveries have led to new economic development
through patents and new companies.

New sensors have been developed using innovative
technologies for marine applications of in situ
chemical, acoustic and electromagnetic sensors for
environmental and risk monitoring. These can be
used to detect heavy metals such as mercury, cad-
mium and lead. A new generation of Argo floats can
descend to depths of up to 6,000 m, increasing the
number of measured physical and biological
parameters.

Scientific studies have highlighted the severe
impacts of pollution:

* The toxicity of heavy metals on marine life causes
neurological and reproductive damages in fish and
crustaceans, and pharmaceutical products disrupt
hormonal systems, leading to gender imbalances
in aquatic species. The results are helping to

+ Les travaux sur les virus menés dans le cadre de l'ex-
pédition Tara Océan ont fondamentalement modifié
la compréhension des écosystemes marins, en mon-
trant que les virus y sont non seulement tres abon-
dants et diversifiés, mais aussi qu'ils sont essentiels au
fonctionnement des écosystéemes, d leur évolution et
aux processus biogéochimiques globaux. Ces résultats
soulignent I'importance des virus dans le maintien de
la biodiversité marine. Toutes ces approches ont révelé
comment la diversité et les interactions du plancton
conduisent & la sequestration du carbone marin par
le biais de la pompe a carbone biologique, et ont
déemontreé le réle significatif du plancton microsco-
pique, des virus et des procaryotes dans les processus
d'exportation du carbone.

Certaines espéces de coraux et les photosymbioses
associées peuvent s'‘acclimater & l'acidification et aux
stress thermiques. Ces résultats indiquent un potentiel
de persistance adaptative en milieu acide avec une
adaptation transgénérationnelle, et pourraient étre
appligués dans les nourriceries avec des techniques
visant a maximiser la diversité genétique et la sélec-
tion pour augmenter la résilience environnementale
des implants.

Des avanceées scientifiques de pointe ont été obtenues
dans la biotechnologie des microalgues marines : les
bioproduits. Les principales avancées comprennent
l'application du génie génétique intégre (CRIS-
PR-Cas9) aux microalgues et a la sélection de souches
pour une plus grande productivité en lipides, permet-
tant l'amélioration de la production de biocarburants,
et la synthese de plastiques biodégradables et de
composés pharmaceutiques de grande valeur.

Le réle des macroalgues dans le piegeage du carbone
bleu est préciseé avec la capaciteé des foréts d'algues
a capturer le CO,. Le vaste potentiel biotechnologique
des macroalgues offre une large gamme d'applica-
tions, aussi bien dans le domaine des produits agroa-
limentaires (source de fibres, de protéines, de
polysaccharides, d'antioxydants et de pigments) que
dans celui des produits cosmétiques (utilisation d'ex-
traits pour leurs propriétés anti-age, hydratantes et
apaisantes), ou que dans celui des produits pharma-
ceutiques (activités anti-inflammatoires, antivirales et
anticoagulantes). Les macroalgues sont aussi des
bioressources nécessaires & une exploitation bioéner-
gétique, avec du biogaz, du bioéthanol, des huiles
d'algues, et servent de base pour la composition de
matériaux durables : bioplastiques et emballages bio-
dégradables dérivés de polysaccharides d'algues
marines.
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improve detection, monitoring, impact assessment
and mitigation strategies, supporting both scientific
advances and improvements in public policy.

Projects studied the fragmentation of plastics into
micro- and nano-plastics and their transfer to
aquatic environments, and highlighted the impor-
tance of estuaries and sediments as accumulation
zones. Archives revealed the contamination history.
Research has shown the effects of plastics on
marine organisms, particularly on the microbiota,
metabolism and energy balance of fish. This
research has led to the development of new ana-
lytical techniques for detecting micro- and
nano-plastics.

In the field of underwater geohazards, French
teams have played a leading role in the detection
and characterisation of hazards such as earth-
quakes, submarine landslides, volcanic eruptions
and tsunamis. The installation of seismic, acoustic
and chemical sensors on the seabed, combined
with high-resolution mapping, now enables contin-
uous monitoring of active submarine zones. These
devices make it possible to identify precursor sig-
nals, thereby improving early warning capabilities
for gravitational and volcanic marine hazards to be
used by civil protection and other warning
processes.

The complexity and fragility of the functioning of
biological networks in deep-sea ecosystems has
been highlighted. The environmental impact of min-
ing (polymetallic nodules) in deep waters, through
geological mapping, ecological monitoring and
experimental studies, has shown the vulnerability
of these systems. Even after 40 years, the impacts
of the first nodule mining operations by France are
still present. The populations of these ecosystems
have not been able to fully recover and their geo-
chemical functioning is still profoundly disrupted.
These results provide scientific guidelines for the
conservation and management of biodiversity in
these fragile environments, so France can fulfil its
international commitments such as those of the UN
Convention on Biological Diversity (CBD), and pro-
mote a sustainable management plan for these
ecosystems under international jurisdiction.

Research Results Advancing Public

Policy and Innovation

This ANR-funded research and its implementation
have resulted in numerous publications, with a total
of 12,438 articles, of which 1,067 (8%) have been cited
more than 100 times, 76 more than 500 times and 26
more than 1,000 times. In addition to this bibliometric

- De nouveaux capteurs de surveillance de l'environne-
ment et des risques ont été développés au moyen de
technologies innovantes, pour des applications
marines avec des capteurs chimiques, acoustiques et
électromagnétiques in situ. lls concernent en particu-
lier la détection de métaux lourds comme le mercure,
le cadmium et le plomb. Une nouvelle genération de
flotteurs Argo permet une descente en profondeur, &
4 000 m dans un premier temps et & 6 000 m dans un
second temps, et en augmentant le nombre de para-
metres physiques et biologiques mesurées.

Des études scientifiques mettent en évidence de
graves impacts biologiques sur les écosystemes
marins : la toxicité des métaux lourds sur la vie marine
provoque des dommages neurologiques et reproduc-
tifs chez les poissons et les crustacés, et les produits
pharmaceutiques perturbent les systemes hormonaus,
entrainant des désequilibres entre les sexes chez les
especes aquatiques. Les résultats contribuent a amé-
liorer la détection, le suivi, I'¢valuation de I'impact et
les stratégies d'atténuation, soutenant a la fois les
avancées scientifiques et les améliorations des poli-
tiques publiques.

.

Les projets ont étudié la fragmentation des plastiques
en micro et nanoplastiques, leur transport dans les
environnements aquatiques, et ont mis en évidence
l'importance des estuaires et des sédiments comme
zones d'accumulation, véritables archives de I'histoire
de la contamination. Les recherches ont montré les
effets des plastiques sur les organismes marins, notam-
ment sur le microbiote, le métabolisme et I'équilibre
énergetique des poissons. Les recherches ont conduit
au développement de nouvelles techniques d'analyse
pour détecter les micro et nanoplastiques.

Dans le domaine des géorisques sous-marins, les
équipes frangaises ont joué un réle moteur dans la
détection et la caractérisation des aléas tels que les
seismes, les glissements sous-marins, les eruptions vol-
caniques ou les tsunamis. Linstallation de capteurs
sismiques, acoustiques et chimiques en fond de mer,
associée a des cartographies haute résolution, permet
aujourd'hui un suivi continu des zones actives
sous-marines. Ces dispositifs offrent la possibilité
d'identifier des signaux précurseurs, et ainsi d'améliorer
les capacités d'alerte précoce en matiere de risques
gravitationnels ou volcaniques marins.

Les écosystémes des grands fonds ont vu la com-
plexité du fonctionnement de leurs réseaux biolo-
giques ainsi que leur fragilité mises en évidence. Les
impacts environnementaux de l'exploitation miniere
(nodules polymeétalliques) en eaux profondes, combi-
nant cartographie géologique, suivi écologique et
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evidence, it was interesting to see whether these
publications, in addition to advancing scientific
knowledge, were useful in shaping the environmental
management of the ocean. 1,975 publications (12%)
contributed to public policy documents, particularly
international ones for UN bodies. This represented
399 projects (36%), i.e. more than a third, demonstrat-
ing the impact of the ANR co-funded projects on
public environmental policies related to the ocean.
The impact on innovation and industrial develop-
ment is not easy to quantify or attribute to research
projects. We chose to adopt an approach based on
filed patents and the contribution of project publi-
cations to patent arguments. 523 patents cited 4%
of publications, and 10% of projects (112) were
involved in patenting. 29 patents were filed by proj-
ect participants.

This attempt to measure the impact of projects is a
first in the ocean field. It is partial and incomplete,
but very promising, and deserves to be developed
further, particularly for public policies and patents.
It is encouraging to see that a third of projects pro-
duced results that were included in public policy
documentation, and that about 10% were included
in patent arguments. This analysis also shows that
even for bottom-up and fundamental research proj-
ects — mainly driven by curiosity — with numerous
scientific citations, the scientific results are also use-
ful for society, stakeholders and innovation.

études expérimentales, ont montré la grande vulné-
rabilité de ces systemes. Méme apres 40 ans, I'impact
des premieres exploitations de nodules par la France
se ressent encore tres fortement, et cette période,
pourtant longue, N'a pas permis aux populations de
ces écosystemes de se reconstituer, leur fonctionne-
ment géochimique demeurant profondément perturbe.
Ces résultats fournissent des lignes directrices scienti-
fiques pour la conservation et la gestion de la biodi-
versité de ces milieux fragiles et permettent de
promouvoir un plan de gestion durable de ces eco-
systemes sous juridiction internationale.

Des résultats au service des politiques

publiques et de I'innovation

L'ensemble de ces travaux a donné lieu & de nom-
breuses publications, d'un total de 12 438, dont
1067 articles (soit 8 %) sont cités plus de 100 fois,
76 articles plus de 500 fois, et 26 articles plus de
1000 fois. Outre cette étude bibliométrique, il a été
intéressant de chercher & déterminer si ces publications,
en dehors de leur contribution & l'avancée des connais-
sances scientifiques, étaient utiles a la gestion environ-
nementale des océans. Ainsi, on constate que
1975 d'entre elles (soit 12 %) contribuent aux documents
de politique publique, en particulier internationaux et
notamment a ceux des instances onusiennes. Avec
399 projets (36 %) impliqués, cela démontre un impact
certain des résultats des projets cofinancés par 'ANR
sur les politiques publiques environnementales des
océans. Les impacts sur I'innovation et le développe-
ment industriel étant difficiles & quantifier et & attribuer
& des projets de recherche, l'approche s'est limitee a
l'analyse des brevets, ou plutdt a la contribution des
publications de ce corpus dans l'argumentaire des bre-
vets. Ainsi, 523 brevets citent 4 % des publications, et
10 % des projets (112) sont impliqués dans la prise de
brevets. 29 prises de brevets par des acteurs des projets
ont été effectuées.

Cette tentative de mesures des impacts des projets est
une premiere dans notre domaine. Elle est partielle,
incomplete, mais tres prometteuse, et mériterait d'étre
approfondie, en particulier dans le domaine des poli-
tigues publiques et dans celui des brevets. Mais consta-
ter que le tiers des projets présente des résultats repris
dans les documents de politique publique et que 10 %
le sont dans des argumentaires des brevets est déja
encourageant. Cet exercice montre aussi que, méme
lorsqu'ils relevent d'une démarche bottom-up et de
recherche fondamentale principalement motivée par
la curiosité scientifique, ces projets génerent un niveau
¢élevé de citations scientifiques et produisent des retom-
bées utiles pour la société, les parties prenantes et
I'innovation.
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KEY INDICATORS BY THEME Indicateurs par thématiques

Publications Overton Overton Patent Patent
Total Total . o o o o
Budget . with citations citations citations citations
Category number of publica- ) ) ) )
e (€m) tions over 100 (unique (unique (unique (unique
proj citations  publications)  projects)  publications)  projects)
Biogeochemical cycles 59 25 877 89 9L 24 13 10
Climate and oceans 102 239 1,541 133 279 L4 5
Contaminants 103 160 985 91 81 26 1
Coral reefs 39 74 1,544 100 294 15 12 4
Deep sea ecosystems 53 24 218 77 38 n 15
Fishes and fisheries 108 49 1,050 63 16 34 14 10
Human activities and
societal interactions with 54 20 163 7 3 1 4 4
environmental issues
Hydrodynamics 18 56 2,157 165 150 30 21 4
Macroalgae 48 37 427 35 32 15 19 7
Marine biodiversity 78 63 1,695 3 147 29 15 10
Marine geosciences 10 50 1,617 103 127 27 12 9
Marine invertebrates 70 97 606 45 44 8 2 10
and mollusc farming
Means of observation 143 106 876 59 205 44 12 27
Microbial ecosystems 49 46 550 72 36 4 28 n
Phytoplankton 93 18 756 84 69 20 4 18
Plastic pollution 25 10 761 39 39 7
Polar ecosystems 78 43 716 62 125 29 4 4
Renewable marine 21 56 200 7 1% 4 2 1
energies
Tara expeditions 12 12 320 73 4] 7 17 7

LIST OF ACRONYMS Liste des acronymes

AAPG Generic Call For Proposals Appel a projets générique

AFD The Agence Frangaise de Développement Agence francgaise de développement

CDD Fixed-term contract, temporary contract Contrat a durée déterminée

CDI Open-ended employment contract Contrat de travail  durée indéterminée

CEA French Alternative Energies and Atomic Energy Commission gﬁ;:;;iig:ﬁ SIS D C TSR RN CESE]ES

CNRS French National Centre for Scientific Research Centre national de la recherche scientifique

COMER Committee for marine and maritime research and coastal Comité spécialisé pour la recherche marine, maritime
zone et littorale

DGPIE Major Government Investment Programmes Directorate g'erel?tlgp des Grands programmes d'investissement

DOl Digital Object Identifier ldentifiant numérique d'objet

EE Ecology and Environment Ecologie et Environnement

EER ERA - European Research Area Espace européen de la recherche

EERB Environment, Ecosystems and Biological Resources Sté Igssr;tiumrigi Z?;elgg]iﬁqquuees (; Edr:;/ilrzlr\]gements, Ecosystemes

EFARO Europgon 'Fisheries and Aguaculture Research Organisation européenne de recherche dans le domaine
Organizations de la péche et de l'agquaculture

EIC European Innovation Council Conseil européen de linnovation
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EMBL /
LEBM

EMR
EMSO
ENS-PSL
ENSTA
EPHE
EQUIPEX
ERA-NET
EUR

FACEPE

FAO

FAPESP
FEM

IPCC /
GIEC

HAL
HCRES

ICES
1D

Ifremer
IFSEA

IGO
INSU
IoC

IPBES

IPCC

IPEV
IPOS
IRD
IRT

ISblue

ITE
IWC / CBI

JCJC

JPI
LabEx
LPR
MNHN
MOPGA

@ anr

European Molecular Biology Laboratory

Marine Renewable Energies (MRE)

European Marine Strategy Observation Network
Ecole normale supérieure

National Higher School of Advanced Techniques

The Ecole Pratique des Hautes Etudes

European Research Area Network

Graduate school

Fundac&o de Amparo ¢ Ciéncia e Tecnologia de
Pernambuco

Food and Agriculture Organization of the United Nations

Sdo Paulo Research Foundation

France Energies Marines
Intergovernmental Panel on Climate Change

Hyper Articles en Ligne

High Council for the Evaluation of Research and Higher
Education

International Council for the Exploration of the Sea
Identifier
French Research Institute for Exploitation of the Sea

Transdisciplinary graduate school for marine, Fisheries and
SEAfood sciences

intergovernmental organization

National Institutes for the Sciences of the Universe
Intergovernmental Oceanographic Commission
Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services

Intergovernmental Panel on Climate Change

French Polar Institute Paul-Emile Victor
International Panel for Ocean Sustainability

Institute of Research for Development

Interdisciplinary graduate School for the blue planet

International Whaling Commission

individual research projects coordinated by young
researchers

Joint programming initiative

Research Programming Law
Museum of Natural History

Make Our Planet Great Again

Laboratoire européen de biologie moléculaire

Energies marines renouvelables

Réseau européen d'observation de la strategie marine
Ecole normale supérieure

Ecole nationale supérieure de techniques avancées
Ecole pratique des hautes études

Equipement d'Excellence

Réseau de I'Espace européen de la recherche

Ecole universitaire de recherche

Fondation d’Appui d la recherche du Pernambouc
Organisation des Nations Unies pour l'alimentation et
l'agriculture

Fondation d’Appui & la recherche de I'Etat de S&o Paulo
France Energies Marines

Groupe d'experts intergouvernemental sur I'évolution du
climat

Hyper Articles en Ligne

Haut Conseil de |'évaluation de la recherche et de
I'enseignement supérieur

Conseil international pour l'exploration de la mer
ldentifiant
Institut frangais de recherche pour l'exploitation de la mer

Transdisciplinary graduate school for marlne, Fisheries and
SEAfood sciences

Organisation intergouvernementale (OIG)
Instituts nationaux des sciences de I'Univers
Commission océanographique intergouvernementale

Plateforme intergouvernementale scientifique et politique
sur la biodiversité et les services écosystémiques

Groupe d'experts intergouvernemental sur I'évolution
du climat

Institut polaire francais Paul-Emile Victor

Panel international pour la durabilité de 'océan
Institut de Recherche pour le Développement
Institut de recherche technologique

Ecole universitaire de recherche en sciences
et technologies marines

Institut pour la transition énergétique

Commission Baleiniére Internationale
Jeunes chercheurs, Jeunes chercheuses

Initiative de programmation conjointe
Laboratoire d'Excellence

Loi de programmation de la recherche
Museum national d'histoire naturelle

Make Our Planet Great Again
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MRSEI

OCDE

ODD

OECD /
OCDE

NGO /
ONG

ONR

UN / ONU
OO0s
OosC
PEPR

PIA

PPR

PRC

PRCE

PRCI

PRME
SBEP
SGMer
SIOMPA
TAAF

Tremplin-
ERC

TRL
UBO
uco
EU/ UE
UICN
ULCO
UMR
UNEP /
PNUE
UNESCO

UNOC
URL

WCRP /
PMRC

WMO /
OMM

WOS
EEZ / ZEE

Setting up European or International Scientific Networks

Organisation for Economic Co-operation and Development
Sustainable Development Goals

Organisation for Economic Co-operation and Development

Non-Governmental Organization

National Research Organisations

United Nations

One Ocean Summit

One Ocean Science Congress

Priority Research Programme and Equipments
Investments for the Future programme

French priority research programme

Collaborative research projects between public entities in a
national context

Collaborative research projects between public entities and
private companies with a potential opening to the business
world

Collaborative research projects between public entities in a
bilateral international context

Single Team Research Project

Sustainable Blue Economy Partnership
Secrétariat Général de la Mer

Southwest Indian Ocean marine protected areas

French Southern and Antartic Lands
Tremplin-European Research Council

Technology Readiness Level

Université de Bretagne Occidentale

Université catholique de Ouest

European Union

International Union for Conservation of Nature (IUCN)
Université du Littoral-Coéte d'Opale

Joint Research Units
UN Environment Programme

United Nations Educational, Scientific and Cultural
Organization

United Nations Ocean Conference

Uniform Resource Locator

World Climate Research Programme

World Meteorological Organization

Web Of science

Exclusive economic zone

Montage de Réseaux Scientifiques Européens ou
Internationaux

Organisation de coopération et de développement
économiques

Objectifs de développement durable
Organisation de coopération et de développement
économiques

Organisation non gouvernementale

Organismes nationaux de recherche

Organisation des Nations unies

Congres One Ocean Science

Programmes et equipements prioritaires de recherche
Programmes d'investissements d'avenir

Programme prioritaire de recherche

Projet de recherche collaborative entre entités publiques

dans un contexte national

Projet de recherche collaborative entre entités publiques et
privees

Projet de recherche collaborative entre entités publiques
dans un contexte international bilatéral

Projet de recherche monoequipe

Partenariat Sustainable Blue Economy

Secrétariat général de la Mer

Aires marines protégées du sud-ouest de 'océan Indien

Terres australes et antarctiques francaises

Niveau de maturité technologique

Université de Bretagne Occidentale

Université catholigue de I'Ouest - Angers

Union européenne

Union internationale pour la conservation de la nature
Université du LittoralCote d'Opale

Unité mixte de recherche
Programme des Nations Unies pour I'environnement

Organisation des Nations unies pour I'éducation, la science
et la culture

Conférence des Nations Unies sur 'Océan
Programme mondial de recherches sur le climat

Organisation météorologique mondiale

Web Of science

Zone économique exclusive
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WEB LINKS AND RESOURCES Liens et ressources
Websites Sites internet

Archive ouverte HAL
https://hal.science/

Belmont Forum
https://www.belmontforum.org/

Biodiversa +
https://www.biodiversa.eu/

COFASP- Cooperation in Fisheries, Aquaculture
and Seafood Processing :
https://cofasp.bluebioeconomy.eu/

COMER : Conseil National de la Mer et des Littoraux
dédié aux sciences et techniques de la mer : 2019 :

Un rapport édité par I'lfremer et le Conseil National

de la Mer et des Littoraux dédié aux sciences et
techniques de la mer | Ifremer
https://www.ifremer.fr/fr/actualites/un-rapport-edite-
par-l-ifremer-et-le-conseil-national-de-la-mer-et-
des-littoraux-dedie

ERA-LEARN : 2023 : Strengthening partnership
programmes in Europe, Country Report France
www.era-learn.eu/countryreport_france.pdf

gosr.ioc-unesco.org
https://gosrioc-unesco.org/files/GOSR2020_IOC-
UNESCO_ES_FR.pdf

IMO : International Maritime Organization :
anti-fouling systems
www.imo.org/en/OurWork/Environment/Pages/Anti-
fouling-Systems.aspx

IPBES : Intergovernmental Science-Policy Platform

on Biodiversity and Ecosystem Services : Global
Assessment report 2019
www.ipbes.net/global-assessment-report-biodiversity-
ecosystem-services

JPI Oceans - MarTERA - Cofund on Marine Technologies
https://jpi-oceans.eu/en/martera-era-net-cofund-
marine-technologies

JPI Oceans - Who we are
https://www.jpi-oceans.eu/en/who-we-are

MariFish

https://www.era-learn.eu/network-information/
networks/marifish

Q anr

Nations Unies : 2023 report : Conserve and sustainably
use the oceans, seas and marine resources for
sustainable development. Department of Economic
and Social Affairs

https://sdgs.un.org/goals/goall4

OCDE : Organisation de coopération

et de développement économiques : 2025 ;

The Ocean Economy to 2050
www.oecd.org/environment/the-ocean-economy-to-
2050-9d6cd23f-en.htmll

OpenAlex: The open catalog to the global
research system
https://openalex.org/

Overton : Bienvenue a Overton | Overton
https://www.overton.io/

One Ocean Science Congress : 2025, Nice,
France 3-6 June
www.0052025.com

Recyclage
https://www.projetecolo.com/quelle-est-I-importance-
du-recyclage-1089html

UNESCO : 2017 : Decade of Ocean Science : United
Nations Decade of Ocean Science for Sustainable
Development (2021-2030)

www.oceandecade.org

UNESCO IOC : Intergovernmental Oceanographic
Commission
https://www.ioc.unesco.org/en

United Nations : Ocean conference Nice, France 2025
https://sdgs.un.org/events/un-ocean-conference-2025

You are Crossref - Crossref
https://www.crossref.org/

Publications

A functional approach reveals community responses
to disturbances
http://dx.doi.org/10.1016/].tree.2012.10.004

Eukaryotic plankton diversity in the sunlit ocean
http://dx.doi.org/10.1126/science. 1261605

High-resolution carbon dioxide concentration record
650,000-800,000 years before present
http://dx.doi.org/10.1038/nature 06949
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