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INTRODUCTION

Marine sedimentary habitats encompass a wid
range of substrates, including sand, mud, grave
and shell beds, and are fougth Europe across

the northwestern continental shelf of the
Atlantic, the English Channel, &hd North Sea.

They play a vital role in carbon sequestratior
acting as natural carbon sinks, and contributin
to the stabilisation of the seafloor, which helps
prevent erosion and sediment movement. The
are also critical for the life cycles of man
comnercially and ecologically important species
such as fish, shellfish, and benthic organism
These habitats provide essential feeding
breeding, and nursery grounds, as well as
substrate for key biogeochemical processes thi
maintain ocean health. Howayethey are

subject to significant pressures, including
overfishing, habitat degradation, climate
change, and pollution, yet they are often
overlooked in marine management strategie:
and regulatory frameworks.Despite their

importance, they are often undealued in

comparison to more visible or wstudied

habitats like coral reefs or seagrass meadows.

Given these multiple ecosystem services, there
a growing need to better understand, protect,
and manag these habitatsTo address this need,
the Life Marha projectorganised its last
conferenceon the sedimentary marine habitats
of the mid, infra, and circalittoral zones with a
geographical focus on the continental slope i
the European Atlantic bioge@phical region,
encompassing the North Sea, Celtic Sea, a
South European Atlantic shelf.

The LIFE Marha project, led by the Frenc
BiodiversityOffice(OFB), has played a key role ii
advancing scientific knowledge and promotin
the sustainable management of marine habitat
across Europe

Les habitats marins sédimentaires regroupent |
grande diversité de substratslont les sables
vases, graviers etitd de coquilles, et s
répartissent¢ en Europe¢ sur tout le plateau
continental nord2 dzSa 4 RS f Q! Gf
et la mer du Nord. lIs jouent un réle essentiel d
la séquestration du carbone, agissant comme
puits naturels, et contribuent a ktabilisation de:
fonds marins,aidantt  LINB @Sy A NJ
déplacement des sédiments. Ces habitats ¢
aussicruciaux pour le cycle de vie de nombreu
SalLks O0Sa ROQAYLRNII yO
écologiquecommeles poissons, les coquillages
les oganismes benthiques. lls offrent des zol
SaaSyiaAasSttsSa RQlIfAYSy
nurserie, et constittent un support pour des
processus biogéochimiques clés qui assurer
bonne santé des océans. Cependant, ces hak
subissent de fortes pssions surpéche
dégradation, changement climatique, pollutior
et restent pourtant souvent négligés dans
stratégies de gestion et les cadres réglementai
Malgré leur importance, ils sont réguliéreme
sousévalués par rapport a des habitataglisibles
ou mieux connus, comme les récifs coralliens ol
herbiers de posidonie.

Compte tenu de ces nombreux servic
écosystémiquesh f  Sa G | dz2 2 dzNJ
mieux comprendre, protéger et gérees habitats.
Pour répondre a ce besoain, le projet LIFE Mar
organisé son dernier événement consacré
habitats marins sédimentaires des zones mec
infra- et circalittorales, avec un foct
géographique sur le talus continental de la réc
biogéogaphique atlantique européenn
englobant la mer du Nord, la mer Celtique et
plateau atlantique su@uropéen.

t 2NIS LI N £t QhFFAOS FAN
le projet LIFE Marha a joué un réle majeur d
f QF @ yOSYSy G RSa (e ¢t
RFEya €I LINEY2UGA2Y RC
habitats marins en Europe.
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It has successfully organised several ever
aiming to better understand marine habitats.
from the Posidonia seagrabeds the Atlantic
infralittoral and midittoral rocks, tothe deep
habitats in the Western Mediterraneaihe
conference organised from 12 to 13 March 202
aimed to bring together scientists, nationa
authorities, and marine protected area manager
to exchange knowledge on the state, monitoring
and management @@eriences of marine
sedimentang 2 NJ é 2 Zi Ti{Rabitats

The proceedings of this conference will suppo
the sharing of the latest research and initiatives
discussing effective management strategies, ar
fostering a collaborative approach &msuring
the sustainability of sedimentary habitats. B
highlighting the importance of these often
underappreciated environments, the conferenct
aimed to emphasize their role in maintaining
marine biodiversity, supporting fisheries, anc
contributing to glbal climate regulation.

Through this document gathering the
exchange of experiences and insight
the Life Marha project hopes to pawvt
the way for more informed decision
making and better protection of these
invaluable marine ecosystems.

All presentations are available on the LIF
Marha websiteon this link(until 2030).

£rs

e o Y A Oy ECED
Photo: Charlotte Genest / Fiench Biodiversity ONCeAFR) N/ \ /—\ /—_‘\‘ /—_\ /—\

Lf I LISaN@énplusieRrQ&/énEments po
améliorer la compréhension des habitats maril
des herbiers de posidonie aux habitats profol
de Méditerranée occidentale, en passant par
zones rocheuses médioet infralittorales de
f Q! {f LatanféréndedigsAet 13 mars 202
visait a rassembler scientifiques, autori
yEGAZ2YyLE Sa Si 3SaGA:
LINPGS3ISSa FFTFAY RQSOKI
KroAGFG&az RS f Sdz2NJ ada
en matiére de gestion.

Les travaux issus de cette conférence ont voca
a partagerles connaissances les plus récente:
débattre des stratégies de gestion efficaces ¢
encourager une approche collaborative en fav
de la durabilité de ces habitats sédimentaires.
soulignantf QA YLIR2 NI yOS RS
oubliés, la conférence a souhaité rappeler leur |
dans le maintien de la biodiversité marine,
soutien aux pécheries et la régulation climatiqu
f QSOKSttS Y2yRAIFfSO®

A travers ce document rassemblant
retodzZNBE RQSELISNA Sy
partagées, le projet LIFE Marha esp
ouvrir la voie a une prise de décision
éclairée et a une meilleure protection
ces écosystéemes marins inestimable:

Les présentations sont disponibles sur le site
du LIFE Marha swe lien(jusqu'en 2030).



https://www.life-marha.fr/node/442
https://www.life-marha.fr/node/442
https://www.life-marha.fr/node/442
https://www.life-marha.fr/node/442
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Nicolas Desrgyrrench Research Institute

for Exploitation of the Sea, (IFREMER), France

Access the presentatiofi®m this sessiohere ¢ Accédez aux présentations de cette

sessionci.

Understanding and preservingedimentary
habitats and their associated benthic
communities, is crucial for sustainable marin
management. This session brings together fot
complementary studies that contribute to
improving our knowledge of these dynamic
environments(species and funainal diversity
to habitat structuring, carbon cycling, anc
population dynamigs

The first presentation bfRobin Van Paemelen
(Univ. Caen, France) explores thgucture and

functioning of benthic communities in coarse
substrates of the English Channéliven the

increasing anthropogenic pressures in thi
regiort including aggregate extraction, bottem
contact fishing, and offshore wind farm
developments this study employs both
taxonomic (BTA) and functional diversity
approaches to assess ecosystem resiterBy

La compréhension et la préservation ¢
habitats séimentaires et des communauté
benthiques associées sont cruciales pour !
gestion durable du milieu marin. Cette sess
rassemble quatre études complémentaires
améliorent notre connaissance de ce
environnements dynamiques (diversité ¢
espéces etdes fonctions, structuration d
I'habitat, cycle du carbone et dynamique c
populations).

La premiére présentation deRobin Van
Paemelen (Univ. Caen, France) explora
structure et le  fonctionnement de
communautés benthiqgues dans les substr
grossies de la Manche Compte tenu de
pressions anthropiques croissantes dans ci
région - notamment I'extraction d'agrégats,

péche au chalut et le développement de pa
éoliens- cette étude utilise des approches
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examining seasonal and spatial variability,
highlights the role of sediment as an
environmental filter and the importance of
functional redundancy in maintaining ecosyster
stability.

Nathan / K dz@$i. @aen, France) study
further investigagés the role of sediment

characteristics in shaping benthic communities
focusing on the Dieppkee Tréport offshore wind
farm site. Using bathymetric data, grain siz
analysis, and trophic group assessments, tk
research emphasizes how sedimen
morphology, particularly submarine dunes,
influences benthic biodiversity. The study
reveals the presence of habitat mosaics an
raises important questions about how winc
turbine installation may alter these sedimentan
structures and their associated communities.

Moving beyond habitat structuringKentin

t £ § 3(dB.Qidle, France) research shifts the
focus to biogeochemical cycles, specifical
carbon fluxes in the intertidal estuaries of the
Eastern Channel This study highlights the
complex interplay betweehiological, physical,
and chemical processes in estuarine sediment
with an emphasis on blue carbon sequestratior
The findings underscore the need for léegn
monitoring to fully capture seasonal variation:
and better quantify total carbon budgets in
these critical transition zones.

Finally,JohanCraeymeerscliUniv Wageningen,
the Netherlands) presents an analysis o©
population dynamics of the American razor clar
(Ensis legiin Dutch coastal watergJsing long
term survey data, this study examinese th
influence of environmental factors, climate
change, and human activities such as fisheri
and sand extraction on shellfish populations. Tt
research  highlights the importance of
considering all life stages in populatior
assessments and provides insigim$o how
habitat characteristics and anthropogenic
pressures drive species distributions an
abundance.

Together, these studies provide valuable insigh
into the mechanisms thashape sedimentary

ecosystems. By integrating  biodiversit
assessments, habitat structuring, carbon flu

diversité taxonomique (BTA) et fonciieelle
pour évaluer la résilience de I'écosystéeme.
examinant la variabilité saisonniére et spati
ellesoulignele réle des sédimentsommefiltre

environnemental et limportance de |
redondance fonctionnelle dans le maintien de
stabilité de I'écosysteme.

L'étude deNathan ChauvélUniv. Caen, France
porte sur le rdle des caractéristigues dt
sédiments dans la formation des communau
benthiques en se concentrant sur le site du pe
éolien de Dieppée Tréport. A l'aide de donné
bathymétriques, d'analyses granulométriques
d'évaluations des groupes trophiques, ce
recherchesoulignd'influence de la morphologi
des sédimentsnotamment des dunes sous
marines, sur la biodiversité benthique. L'étu
révéle la présence de mosaiques d'habitats
souléve des questions importantes sur la fa
dont l'installation d'éoliennes peut modifier ¢
structures sédimentaires et les communau
gui y sont associées.

Audela de la structuration des habitats, |
recherches d&entin Plégu€Univ. Lille, France
se concentrent sur les cycles biogéochimiqt
en particulier les flux de carbone dans I
estuaires intertidaux de la Manche orienta
Cette étude met en évidence linteractic
complexe entre les processus biologiqu
physiques et chimiques dans les sédime
estuariens, en mettant l'accent sur
séquestration du carbone bleu. Les résult
soulignent ¢ besoind'une surveillance #ong
terme pour saisir pleinement les variatio
saisonniéres et mieux quantifier les bilans tot:
de carbone dans ces zones de transit
critiques.

Enfin,Johan Craeymeersck/niv. Wageningen
PaysBas) présente une analyse deyaamique
des populathns de couteauwdnsis legidans les
eaux cOtieres néerlandaisesA partir des
données d'enquéte a long terme, cette étu
examine l'influence des facteu
environnementaux, du changement climatiq
et des activités telles que la péche et I'extract
de sable sur les populations de mollusques el
crustacés. Ses recherches  soulignet
I'importance de prendre en compte tous |
stades de vie dans les évaluations
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analyses, and population dynamics, this sessi
contributes to a more comprehensive
understanding of how sedimentary habitats
function and respond to enviromental changes.
Such knowledge is essential for developin
effective conservation strategies and ensurin
the resilience of benthic ecosystems in the fac
of ongoing human and climatelated
pressures.

populations et donne un apercu de la facon d
les caractéristiques de I'habitat et leegsions
anthropigues déterminent la distribution ¢
l'abondance des especes.

Ensemble, ces études fournissent
informations précieuses sur les mécanismes
faconnent les habitats sédimentaires. Ei
intégrant les évaluations de la biodiversité,
structuration de I'habitat, les analyses des f
de carbone et la dynamique des populatio
cette session contribue ane compréhension
plus complete du fonctionnement dees
habitats et de leur réaction aux changemer
environnementaux. Ces connaissancgsnt
essentielles pour développer des stratégies
conservation efficaces et assurer la résilie
des écosystemes benthiques face aux press
humaines et climatiques actuelles.
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Structure and functioning of benthic communities in coar
substrated the English Chakgake study of the future
of fshore wind farm oCentr e

Robin Van Paemel&rEric Thiébadt3, JearPhilippe PeZy

1Normandie Univ, UNICAEN, UNIROUEN, Laboratoire Morphodynamique ContinedtaecelGCDIRS UMR 6143 M2C, 24
rue des Tilleuls, 14000 Caen, France

robin.vanpaemelen@unicaen;fieanphilippe.pezy@unicaen.fr

2 Sorbonne Université, CNRS, Station Biologique de Roscoff, UMR7144, Place Georges Teissier, 29680 Roscoff, France
3 Sorbonne Université, CNRS, OSU STAMAR, 4 Place Jussieu, 75252 Paris cedex 05, France

eric.thiebaut@skroscoff.fr

Keywords: Benthic macrofauna ; Biodiversity ; Biological traits ; Functional diversity ; Coarse sediment
1. Introduction

The English Channel (EC) is a shallow epicontinental sea extending approximatelyaki}j kan
northeastsouthwest axis, separating the United Kingdom from Frénaesonneur et al. 1982)ts
morphological chacteristics, combined with strong tidal currents, have led to ldespread
accumulation of coarse sediments, which cover more than 80% of its s€&florin 2015)These
habitats are subject to significant anthropogenic pressures, including aggregate extraction and bottom
contact fishing. More reedly, the development of marine renewable energy has further intensified
human activities, making the English Channel one of the most anthropogenically impacted seas in the
world (Halpern et al. 2008)Althoughthese habitats are generallyonsidered resilient, a deeper
understanding of benthic communities associated with coarse substrates is essential for developing
effective management and conservation strategies.

Traditionally, these habitathave beendescribedusing taxononic approachs, which, although
informative, do not fully capture the complexity of ecosystem functioning. In corttrastjnctional
diversity approach complements structural descriptions by focusing on the ecological roles of species.
Biological Trait Analysis (BTA) is a powter@lifor characterizing ecosystem functioning, astigraes

& LIS Qriorphiv-@natomical, behdoral, andife-history traits By quantifying functional diversity and
examining tratbased community composition, this approach provides insights into ecosystem
resilience and resistance to environmental change through functional redundancy.

This studyaims to describe the seasonal and iftebitat variability of benthic communities and to

explore how functional diversity analysis can enhance traditional structural assessments. At the local
scale, variations in species diversity (i.e., species richne¢sK | yy 2y AYRSEZ I yR t ASf:
compared with changes in functional diversity (i.e., functional richness, functional divergence, and
functional evenness). At a broader spatiotemporal scale, shifts in community structure will be analyzed

in relation to both species and trait composition. Evaluating functional diversity and redundancy will

offer valuable insights into the resilience and stability of benthic communities in response to
environmental and anthropogenic pressures.

PROCEED{N@B8ne sedimentary habitats seminar for European Atlantic Bioged
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2. Methodology

2.1. Sampling and sample processing

As part of the baseline assessment of benthic communities at the sites of the future offshore wind farms

G/ SYGNB alyOKS M 3 HeéES | alYLEAY3I LINRPANIY gl a 02
Four sampling camjmns wereconductedat the end of the summer 2022 and 2023 and at the end of

the winter 2023 and 2024. During each campaign, 35 stations were sampled using a Rallier du Baty
dredge. For each station, 30 liters of sediment were retained for benthic faumgsian and
approximately 1 liter was collected for granulometric and organic matter analyses. Biological samples
were sieved to retain all attached fauna as well as macrobenthic invertebrates larger than 1 mm, then
preserved in a buffered 10% formaldehydution.

In the laboratory, faunal samples were sorted and identified to the highest possible taxonomic
resolution. Species were counted and expressed as the number of individuals per 30 liters of sediment
(ind.30L*Y). Individual biomass estimates faah species were obtained using the E@sdgnition (LOI)

method and are expressed in grams of-fielk dry weight (JAFDW). Granulometric analyses were
conducted at each station using a-&idve columnfor detailed characterization of grain size
distribuion. Additionally, the organic matter content in the sediments was quantified using the Loss
Ontlgnition method.

2.2. Structural analysis

At each station, species richnd§E | 6 dzy R y OS> 0 A 2 Y| & & BP)andBkanndnK S t A S
diversityo | idices were calculate®ifferencedetween parameters were tested according to season

and year using pairedteésts, while differences between sediment types were assessed using an
independent Student'stest. Hierarchical Ascending Clustering (HAGewerformedseparatelyon
granulometric and faunalatasets for each campaigrsing R softwareSedimentary variables were
standardized, and biological data were log(x+1) transformed to reduce the influence of dominant
speciesDistance matrices were theeomputed using the Manhattan distance for sedimentary data and

the BrayCurtis dissimilarity for faunal data. A squeret transformation was applied before
LISNF2NXYAY 3 2FNRQA Of dza G S NA y 3 A SISRERAIRIS a8 peBoyed dzZNB 9 d:
on the HAC of granulometric data to identify which variables contributed the most to differences
between groups. The characteristic species of faunal groups were identified using the IndVal index
(Dufréne and Legendre 199%yhich accounts for both the fidelity érspecificity of a species to its

group. Finally, RV coefficients, a multivariate generalization of the squared Pearson correlation
coefficient, werecomputed to assess the relationship betwaedimentary and faunal matrices

2.3. Biological traits analggBTA)
2.3.1. Biological traits matrix

To carry out functional diversity analysis, eight biological traits, subdivided into 36 modalities, were
selected to describe the life cycle as well as the morphological and behavioral characteristics of the taxa.
The selected traits are as follows: mobility, maximum length, feeding mode, lifespan, living habit,
sediment position, larval development location and egg development location.

No universally recognized method exists for selecting biological(iviitshini et al. 2008)However,

a consensus has emerged that trait selection and their assocetéddlities should be guided by their
relevance to the study objectives and the independence of their expre¢Bieaschard et al. 2017)
Furthermore, although research on functional diversity through -i@sed analysis is rapidly
SELI} yRAY IS RIGI 2 ¢remaiddnitadSar Manptax@nbraichlodps, festrictdd thei
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accessibility of informatiofBolam et al. 2014)n this study, which aims to assess the baseline state of
benthic communities at the site of a future offshore wind farm, we focused our analysispamse
traits, which determine how organisms respond to a disturbance or change in the envir¢Hoeper

et al. 2005)

Informationon the biological traits of taxa was collected from various sources, including published
journal articles and books, pexisting databasefClare et al. 2022; Garcia 20H)d websites of
scientific institutions (e.ghttp://marlin.ac.uk/biotic). However, for certain species where data were
missing from these sources, particularly for-desumented traits such as lifespan, thaittmatrix was
supplemented through expert knowledge, from specialized taxonomists. To account for intraspecific
variability in trait expression due to specific environmental conditions and resource availability, each
taxon was evaluated using a "fuzzyingtl approaci{Chevenet et al. 1994assigning a score between

0 and 3 to each modality, depending on the affinitthaf taxon for that modality (O conveys no affinity,

3 indicates total and exclusive affinity). Finally, the famged trait matrix will be combined with the
taxon biomass matrix per station to generate the final statiaih matrix, which will be usetbr
functional diversity analyses.

2.3.2. Functional diversity

Functional diversity indices quantify the functional space occupied by a biological community and
describe how this space is structur@&thleuter et al. 2010Three complementary indices are used to
assess different facets of functional diversity: functional richness (FRic), functional evenness (FEve), and
functional divergence (FDi@Nilléger et al. 2008FRic represents the total range of functional traits
within a community, illustrating its functional breadth. FEve measures the evenness of species
distribution within thefunctional space, reflecting the homogeneity of functional contributions within

the assemblage. FDiv assesses the dispersion of traits around the functional centroid, indicating the
degree of functional specialization among species. These imdicesomputed in R using the statien

trait matrix with the FD packaglealiberté and Legendre 201@imilarlto taxonomic diversity indices,

these three functional diversity indices were compared across seasons and sampling years using paired
t-0Sa0G4X YR | ONRPa&d ASRAYSytesis.21JSa dzaAy3a AYRSLISYR

3. Resultsk discussion

3.1. Sediment distributio

Hierarchical Ascending ClusteriftigAC)of granulometric data from the four sampling campaigns
identified twodistinctsedimentary facies at the Centre Manche gtigyrel). SIMPER analysis revealed
that the gations in the northwest were characterized by high gravel content and the presence of
pebbles, whereas those in the southeasghibitedhigher proportions of sand and silt, distinguishing
grave stations from sandovered gravel stationg\ transition zone, referred to as "mixed gravels,"
includedstations thatdisplayeda gravel facies 50% of the time andaadygravel facies 50% of the
time over the sampling periodA southeasto-northwest granulometric gradient was observed,
potentially linked to increasing depth and proximity to the channel, where currents are stronger.
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Figurel : Spatial distribution of sedimentary facies from HAC analyses at the Centre M&ritséek
3.2. Structural and functional analysis

A total of 247,618 individuals belonging to 392 species were idenlifiaddition, 36 nomuantifiable

species were recorded but not included in the analyses, as individual counts were not faasiatiy

due to their colonial lifestyle (e.g., species from the phyla Bryozoa, Cnidaria, and Pdideaejhical
Ascending Clusterings (HAC) analyses performed on faunal matrices identified two distinct faunal
groups. IndVal analyses were used tced®ine the characteristic species of each group. Between 24
and 75 characteristic species were identified for Group 1, which was associated with coarse to very
coarse substrates, including the dominant spe@eiothrix fragilisas well afilumnus hirtbus
Buccinum undatumandSabellaria spinulogBauvin 1997) The second group had fewer characteristic
species (4 to 11), primarily associated wiimdy substrates, such @&ranchiostoma lanceolatum
Laevicardium crassym@phiura albidaand the decapotdlpogebia deltauréDauvin 1997)

The RV coeffients calculated between granulometric and faunal matrices were all significant, ranging
from 0.34 in the first campaign to 0.43 in the last, indicating a moderate but significant correlation
between granulometric and faunal structure. These results stidhat sediment type may play a
structuring role in the organization of associated benthic communities.

The Table 1presents the mean values of structural and functional diversity indices according to
sedimentstructure season, and sampling yeastfong seasonal effect is evident in both structural and
functional diversityndices with mean species richness, abundance, biomass, and functional richness
0SAY3 &AAIAYATFAOlIYyGfe KAIKSNI Ay |Fdzidzyy GKIFY AY
evenness indices are higher in winter, likely due to higher recruitment success in autumn, followed by
community homogenization caused by the decline of dominant species in wintsignificant
interannual effect is also detected, with species richaessShannon, Pielou, functional richness, and
functional evenness indices being significantly higher in the second sampling year. This increase
suggests more favorable environmental conditions for the development of benthic communities,
potentially linkedo a lower intensity of disturbances (e.g., fishing, extreme events), thus favoring higher
recruitment success.

Sediment type mainly influences species richness and abundance, both of which are significantly greater
in gravel than in sanrdovered gravel. élvever, no significant effect is observed on functional diversity,
suggesting that, despite taxonomic differences between facies, communities perform redundant
ecological roles, maintaining functional stabilinally, the functional divergence indexif#rPemains
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high and stable, regardless of season, year, or sediment type. This suggests that benthic communities
are structured into weltlefined functional groups, adapted to the strong environmental constraints of
their habitat.

Table 1: Structural arfdnctional diversity indices (mean + SD) by year, season, and sediment type. Significant
values (p < 0.05) highlighted in yellow.

Species richness  Abundances Biomass Shannon index Pielou index FRic FEve FDiv
Sediment types  Gravels 100 + 26 2027+ 1159 36,35 + 28,57 4,96 + 0,57 0,75 + 0,08 12,07 + 1,31 0,40 £ 0,06 0,92 + 0,05
Sandy gravels 89125 1580+ 1128 29,54 + 23,85 5,01 % 0,68 0,78 £ 0,11 11,84 + 1,65 0,42 0,06 0,90 2 0,06
Season Autumn 97126 2086+ 1179 41,53+ 31,21 5,02 0,76 0,77 + 0,07 12,18 £ 1,36 0,40 + 0,05 0,91+ 0,06
Winter 90 2 25 1449 + 1049 23,01+ 14,64 4,96 + 0,76 0,77 0,12 11,58 + 1,60 0,43 £ 0,06 0,92 20,05
Year 2022-2023 85 + 21 1734+ 1174 32,00 + 23,96 4,79 + 0,60 0,76 + 0,10 11,62 +1,18 0,40 + 0,07 0,91+ 0,06
2023-2024 102 £ 27 1800 + 1147 32,53 + 28,05 5,19 2 0,61 0,78 £ 0,10 12,25 £ 1,51 0,42 £ 0,05 0,92 20,05

4. Conclusion

At the Centre Manche 1 & 2 future offshore wind farm site, two main sedimentary facies were identified:
gravel habitats in the northwest and sandvered gravel habitats in the southeast, forming a
granulometric gradient with increasing depth. These habitats exhibit high temporal variability,
particularly due to the migration of sandbanks along this gradient.

Sediment type plays a structuring role by acting as an environmental filter, leading to benthic
communities that share a common species pool but also include hapéaific characteristic species.

A marked spatiotemporal variability was also observeith, seasonal and interannual effects on the
structural and functional diversity of communities.

However, functional diversity does not appear to be influenced by sediment type, suggesting that,
despite taxonomic differences, species perform redundant gaab functions. This functional
homogeneity is confirmed by the stability of the Functional Divergence Index (FDiv), indicating the
presence of specialized yet functionally equivalent communities, regardless of substrate type, season,
or year.This stabldunctional organization suggests high resilience of benthic communities in coarse
habitats, ensuring the maintenance of ecosystem processes despite natural environmental variations.
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Q&A

On the need for reference sitekave you compared your results to reference sites with
anthropogenic pressure?

A The esults are recent, and unfortunately, there are no sites without pressure in the Ei
ChannelThedatausedwill serve as a baseline for future comparisons once the offshoi
wind farm is installed.

On seabed morphology @atlo you have seabed morphology data to help explain your finding:

A Granulometric datas availabldédut nat 3D bathymetric datdt might beacquired in the
future when the offshore wind farms are set up.

On analysis resolution (Imm vs. 2mm)

A Both were used Historical samples were taken with a 2mm sievepasistency was
maintained The finer resolutioilmm)revealed many additional species, proving its ad
value.

On distinguishing anthropogenic pressures from natural variability

A It's a complex question. Many interacting factors influence the results, and fisheries s

to have a significant negative iam on recruitment. Largsecale experimental work would

be needed to disentangle human and environmental drivers, but it's not easy. In very
dynamic coastal areas, fisheries can alter a site in a single day.
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Influence of sediment grain size amagmorptiee benthic
community (Dieppdreport offshore wind farm, France)
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Abstract submarine dunes form a unique landscape shaped by local hydrodynamic and sedimentary
conditions, creating a distinctive habitat with notable spatial and tempar@bility. Despite the
unique features of these habitats, few studies have examined the impact of these bedforms on sediment
composition and benthic community structure. This study uses bathymetric data, grain size analysis,
and benthic macrofauna assesents to investigate habitat structuring at the planned offshore wind
farm site of Dieppée Tréport. The influence of sedimentary characteristiesluding grain size and

dune morphology on benthic community structure was evaluated through multivariate teophic

group analyses. The results revealed a habitat mosaic within the dune system. Troughs and adjacent no
dune areas are characterized by coarser substrates that support a diversified community dominated by
deposit feeders and filter feeders. In t@st, the stoss and lee sides of the dunes host a less diverse
community, which is primarily composed of scavengers and predators sheplays cirrosaSeveral
mechanisms, including sediment transport, hydrodynamics, and trophic interactions, have been
proposed to explain the structuring of this community. These findings provide valuable insights into the
potential evolution of this site following wind turbine installation. A critical question is whether the
observed diversity hotspots within the intgune troughs will persist, despite possible morphological
changes to the dune landscape.

Keywords: Benthic diversity, Grain size gradients, Morphological gradients, Dune morphodynamics,
Sediment movements, Trophic interactions.

1. Introduction

Benthic commanity distribution in the English Channel has been extensively studied since @timid
century (Dauvin, 2015), revealing the key environmental drivers which structure them. Among them,
sediment properties play a major role, explaining at least 20%nohaaity variability in the eastern
Channel (Chauvel et al., 2024a). However, sediment characteristics are often examined solely through
their grain size properties, overlooking broader sedimentary complexities such as composition
(bioclastic vs. lithoclas), stratification, organic content, and bedform influence (Snelgrove and
Butman, 1994).

Bedforms encompass sedimentary patterns formed at various spatial and temporal scales, often with
nested structures. At smaller scales, sand ripples (a few centsnietesize) form transversely to
dominant currents and can be reworked within a tidal cycle. At the meter scale, transverse subaqueous
dunes can be observed, whereas at the kilometer scale, sandbanks (or tidal banks) typically exceeding
ten meters in heighalign parallel to dominant currents.

A limited number of studies have explored the influence of these bedforms on benthic community
structure, with findings suggesting that the effects depend on the specific sedimentary features
considered. However, bedfo surfaces are often described as unfavorable for the development of a

diversified benthic community, in contrast to the depressions or troughs between these features, which
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may support greater diversity depending on bedform morphology and sedimentdradymamics
(Ellis et al., 2011; Van Lancker, 2017).

As part of the development of the Dieppe Tréport offshore wind farm in the eastern English Channel,
sediment samples, benthic community surveys, and bathymetric measurements were conducted off the
French Picardy coast. This site is characterized by subaqueous dunes exhibiting morphological evolution
across the area (according four sectors), coupled with a decreasing grain size gradient from west to east
(Figure 1). These datasets provide an opponutttinvestigate how dunes and sediment grain size
properties can shape benthic community structures in such environments.

2. Material & methods

2.1. Sampling and data collection

Grain size and benthic fauna data were collected duringRleilippe Pez{2017) PhD. Four sampling
campaigns (two in summer and two in winter) were conducted between 2014 and 2016, with 25 stations
(Figure 1) sampled with a van Veen grab (0.1 m?). At each station, five replicates were taken to analyze
the benthic community (>inm), and one additional replicate was collected to assess sediment grain
size. Bathymetric data were acquired with a multibeam echosounder during various campaigns in 2011,
2014, 2015, 2016, and 2018.
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Figure2 : Sampling statiofocationmaponthe planned offshore wind faraf the DieppelLe Tréporsite. Each
point is labeled with a station name (upper labels) and a sedimentary facies classified accBodknd 854
lower label$. sG sandy gravelgS gravelly sang(g)S slightly gravelly sand and &and. The position of each

stationonthe nearest dunérough, stoss or lee sidg)indicated by the color of the point and the station label.

2.2. Data treatment & statistical analyses

Biotic indices including total abundance, taxonomic richness, Shannon diversity, and Pielou
evenness were derived from macrofauna data. The benthic organisms were also categorized into six
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trophic groups, as reported i@hauvel et al. (2024bYhe sedimenproperties(mud, sand, gravel
percentages and mean grain siz@re calculated. Bathymetric data were used to determine various
morphological features of the bedfornesd, height, width, surface areandshape) and their dynamics

(e.g, migration ratesand sediment flux)The influece of sediment grain size and bedforms on biotic

indices was analyzed considering three factors: (1) the sediment type, which was determined on the
basis of theFolk (1954klassification6 H 0 G KS adlF A2y Qa NS ftduniemEeS LJ2aA i
trough, stoss or lee sideand (3)the groupingof stations into sectors with homogeneodsine
characteristicg(Figure 2). Similar analyses were performed for the ddfe trophic groups. The

influence of sediment morphodynamic properties and composition on benthic community structure

was further investigatedsingmultivariateanalysifRDA, clustering).

3. Results and discussion

3.1. Influence of sediment grain siaed morphology on biotic indices

The biotic indices indicate that coarser sediments support more diverse, abundant, atahéssed

benthic communities than finer ones (Table 1). These findings align with previous studies showing that
coarse sedimentsrpvide structural complexity, promoting biodiversity (Taniguchi and Tokeshi, 2004;
Kostylev et al., 2005; Foveau et al., 2013; Gutow et al., 2022).

Stations located in rdune areas present biotic indices similar to those in dune troughs, characterized
by high diversity, abundance, and low dominance. In contrast, stations on dune slopes (lee or stoss
sides) show lower diversity, reduced abundances, and greater dominance (Table 1). These results
suggest that dune slopes are less favorable for diverse beotimununities, consistent with
observations on other bedforms (Ramey et al., 2009; Ellis et al., 2011; Damveld et al., 2018; Robert et
al., 2021).

Finally, regarding the influence of dune morphology on biotic indices, stations in areas with large, closely
spaced dunes (east sector) present lower biotic indices than those in zones with small, widely spaced
dunes (west sector). Since dune morphology is influenced by hydrodynamic forces and sediment supply
(Flemming, 2000), smaller and isolated dunes, whidbcte$andy sediment depletion (Le Bot, 2001;

Vah et al., 2020), appear to be more favorable for benthic community development than larger dunes,
which are associated with greater sediment transport (Van Lancker et al., 2012).

Tablel: Biotic indices across analyzed factpry. ¢ E2y2YA O NAOKy Saasz by ¢2GFf | o
Pielou index.G sandy gravelgS gravelly sang(g)S slightly gravelly sand andsand.

S N H' J'
©sG 70.79¢19.80  276289£2200.88 442083 073%012
gSIN70:255 1751 1683.20 +1072.71  4.79+0.44 0.78 +0.05
(g)S 48.00 +13.59 1129.50 +990.39 3.82+0.14 0.69 £0.05
S 30.95+7.57 605.80 + 510.48 3.19+0.41 0.65x0.06
No dunes 71.27 + 18.42 2690.75 +2181.51 449+0.72 0.74+0.11
Trough 75.25 + 18.85 2124.50 + 1403.49 4.86+0.71 0.78+0.09
Stoss side 37.25 + 11.71 736.00 + 552.44 3.40+£0.52 0.66+0.07
Lee side 32.42 + 8.62 714.17 + 635.18 3.23+0.42 0.65%0.06
Outside 66.00 + 21.85 2351.62 +2128.94 435+0.81 0.73+0.11
West 79.17 £17.80 2892.67 £ 1519.97 4,75+£0.76 0.76 £0.09

Sediment
nature

Dune
position

@ g
5 © South 43.50 +5.74 928.00 + 85.28 3152:+0.74 " =0.64 + 011
o9 1

East 40.00 + 20.20 723.38 + 710.94 3.60+£0.92 0.69+0.10
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3.2. Influence of sediment grain size and morpholmgyrophic composition

Coarse sediments are dominated by deposit and filter feeders, while finer sediments support more
predators and scavengers. Trophic group distribution also varies with dune position: filter and deposit
feeders are most abundant in fwtlune areas and troughs, whereas predators and scavengers dominate
dune slopes. Similarly, small isolated dunes support more filter and deposit feeders than large, extensive
dunes, which harbor more predators and scavengers. These findings suggestethdédiders
concentrate in dune troughs, where depressions provide shelter from sediment abrasion (Robert et al.,
2021) and concentrate food resources (Van Lancker and Jacobs, 2000; van Dijk et al., 2012; Van Oyen
et al., 2013; Robert et al., 2024), asaled for sand ripples (Ramey et al., 2009). In contrast, predators

and scavengers are more abundant on large dune surfaces, which are ideal for ambush predation due
to higher sediment transport (Kaiser et al., 2004; Ellis et al., 2011; Robert et gl., 2021

3.3. Grain size and morphodynamic influences on the benthos structure

Multivariate analyses (Figure 2) highlight the complex interplay between dune morphology and
sediment grain size. Sandgpleted areas are characterized by small dunes with extegsivelly
troughs, supporting highly diverse benthic communities, including Galathea inter@yididyranchus
triqueter, andLeptochiton cancellatugn contrast, sandy accumulation zones feature large, continuous
dunes with lower diversity, dominated lpgesies likeNephtys cirrosaAt the Dunkirk site, Robert et al.
(2021) suggested that high sediment flux homogenizes benthic communities between dune troughs and
crests. At Dieppke Tréport, where significant heterogeneity was observed between troughs and
slopes, annual dune migration rates ranged from 1.2 to 8.05 nt/yaaprder of magnitude lower than

at Dunkirk. This suggests that sediment and dune dynamics are key structuring factors: high migration
rates homogenize communities, while low migrationesapromote heterogeneity. A potential
migration threshold of 1§15 m/year for distinguishing homogeneous vs. heterogeneous benthic
structures warrants further investigation.
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4. Conclusion

By integrating benthic macrofauna, grain size, and bathymetric ttiggestudy highlights the influence

of sediment grain size and morphodynamics on benthic community structure. At Diefdpéport,
benthic heterogeneity is driven by sediment interactions, with distinct communities forming i inter
dune troughs vs. dunslopes. Sediment availability and transport shape dune morphology, which in
turn influences benthic communities. Future research should assess how wind -tndvioed
morphological changes could impact the benthic communities supported by these dunes.
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Q&A

On dune migration rates: similar study in Dunkirk showed dune migration of up to 100m per"
What about your site?

A In Dieppe, dune movement is slower, around 10m/year. This dynamic might help exp
the results.

On resilience to wind farm installationunkirk has high levels of recovery between high and
dunes. Would Dieppe be less resilient?

A Yes, due to slowelune movement, Dieppeould indeede less resilient. However, the
impact on benthic communities remains hypothetical at this stage.

On anthropogenic pressures and sediment granulométtye you assessed how human activit
impact sediment granulometry?

A Yes, human activities influence granulometric characteristics. Offshore wind farms ca
to increased fine sediments.

On offshore wind farm effects on dune systems

A There is numericahodellingto predict these effectslurbine positionsvere correlated
with dune structures, and some dunes are likely to be affected.

On macro vs. micrscale differencesat a macro scale, do you see greater differences compar¢
the micro scale (e.g., west vs. east)?

A LG KI agtanifiedge§ Buyin thewestern sector, dune structures play a major role

shaping communities. This is less evident in the east. Both scales are important, thot
macro patterns may have a stronger influence.
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Introduction

At the interface betweeatmospheric, terrestrial and oceanic realms, estuaries constitute buffer areas
between freshwater and coastal marine water and therefore play a key role in global biogeochemical
cycles, although they represent only 4% of the coastal environment. Phagigabation/flocculation),
chemical (precipitation/dissolution) and biological (organic matter production/mineralization)
processes are involved in these cycles #rat also influenced bg low depth and hydrodynamics
forcing, promoting particulate andsdiolved matter exchanges between the water column and the
benthic compartment (Griffithet al, 2017).

In tidal estuaries, saiharshes located in the highest intertidal levels are colonized by halophytic plants
and provide important ecosystem servicegj(protection against erosion, water purification, nursery
for coastal fishes and a high capacity fop Qdake and carbon sequestration; Mcleedal.,2011;
Alongi, 2020).

The part of carbon sequestered over short (decennial) and long (millennialsdimtes in marine
OA2YFa& 2NJ YIFNARYS &SRAYSthl, 2066; LOladorietiR2008). hsaf / | ND 2
marshes, less than 10% of the carbon fixed through photosynthesis is buried into the sediment (Howes

et al, 1985).However, becaues of their high productivity these ecosystems might be considered as
important carbon sinks, like mangroves or seagragsfurther investigations are needed to assess

carbon fluxes dynamics in intertidal estuari€arbon budgets must be calculated, Ihis task is

difficult in intertidal zones. To account for the specific dynamics occurring indhssgns emersion

times during both day and night, as well as immersion time, must be considered in this calculation.

This study aims to serve asiaitial step in understanding the dynamics of carbon fluxes at different
scales in the Canche estuary. The unique characteristic of this type of estuary (referred to as 'Picard
estuaries, such as the Authie and Somme) is its mouth, which is formedriuy alsae barrier, and a

tidal range that varies between 4.9 and 8.5 m (Voltz, 2020). In this study, we present the preliminary
results of a sampling campaign conducted from July 8th to 11th, 2024.

Methods

Study site

The Canche estuary, located in the Narftirrance (Figure 1), is characterizeddwgi-diurnal tides and
various habitatssuch aanudflats or salimarshes (Voltz, 2020Fhe immersion time depends on the

tidal range. For example, the highest part of thesatshes is only inundated duringisg tides, while
mudflats are emerged twice a day, whatever the tidal amplitude. Our study focused on three stations
located along a transect: the mudflat, the lower part of the-satsh (LS) and the higher part of the
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saltmarsh (HS)Thesufficient wdth of the mudflat and the short distance between each station (50 m
from the mudflat to the HS) guided the selection of these sites

52°N

50°N

48°N

46°N

44°N

6°W 4°W 2°W 0° 2°E

Figure 1: Location of the Canche estuary (North of France, Figure 1A) and the transect with the different stations
sampled during July 2024 (Figure 1B, Figure 1C)

Methods used

During emersion, gaseous carbon dioxide@axes between the sediment atite atmosphere were
measured using dark and clear benthic chambers, coupled with @an@i@ser (InfraRed Gas Analyzer,
LF8100A¢ Li-Cor Biosciences). Both small (dark: 3800,drfeplicatestight: 4000 cm3 10 replicates
and larger light 52,000 cm36 replicate¥ benthic chambers were used to either include or exclude
largehalophyticplants €.g.Halimione portulacoidésluring the incubationdncubations lasted 3 min
for the small benthic chambers, and 6 min for the large one.

During immersion, exdlimentwater fluxes of Dissolved Inorganic Carbon (DIC) were measured using
whole-core incubation method (Denist al, 2001). For each stationhree sediment cores were
sampled at low tideFreshwater was also collected and mixed with seawater to itectiea salinity
measuredn situ(MasterS/Mill alphag Atago) in the interstitial water (i.e., 28ack to the laboratory,
cores were filled with this mixturgs overlying wateand sealed after removing any air bubbl€he
incubations were performed iaboratory at dark anth situwater temperature, during 7 hours in an
incubator with a sampling of overlying water every hour. All the samples were poisonadingh
mercury chloride at saturatioand DIC concentrations were measured later with anyaeal(DIC
analyzer, E5300A¢ ApollaSciTech). For each incubated corbe tfluxeswere determinedrom the
temporal evolution of DIC concentrat&®mnvith corrections applied using a control core containing only
the overlying water.

Statistical analyses

Analyses were performed with the softwar&®Rdio 4.4.2R Core Tean2024). To compare the spatial
variability of the fluxes,-lvay ANOVAs was performed and completed by alpmstest of Tukey. At
test of Welch was also performed to compare the miaes in the two sizes of benthic chambers, to
be in adequation with the nehomogeneity of the variances in this case.
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Results

During emersion, G@ptake was consistently observed under light conditions, except at HS with the
small benthic chamber. Bhicontrasts with the results obtained in darkness, wherg&ffldx was
observed at each station (Table Therewas a spatial difference of fluxes betwestations with
highest fluxes measured LSwvhatever thecondition (ANOVA<0.05 Table 1 An eflux of CQwas
observed with the small chamber, whereas there was an uptake with the lardeteseof Welch:
p<0.05,Table 1).

Table 1: Mean CGluxes £ ) measured in July 2024 during emersion using clear (with two different sizes of
Benthic Chambers (BC Size)) and dark benthic chafibelstters correspond to the groups of stations without
statistical differences, determined by a Tukey test to conmplet&NOVA (p<0.05). Large and small chambers
was treated separatelpignificant statistical differences between the two BC sizes on a same statbof(t
Welch, p<0.05 + & NBLINBASYGSR 6AGK || afFéod

Station BC Size CQ Flux (mmol it ht)
Light Dark
Small -6.49 + 3.3% 3,10 +1.54
Mudflat n=10 n==6
(without vegetation) Large -3.41 +2.97
n=>5
Small -10.37+8.18 | 20.51+7.93
Low sakkmarsh (s. anglicaincluded n==6 n==6
(with s. anglica Large 6.73+2.26
(s. anglicaincluded) n==6
Small * 1.50 + 3.07 12.03 + 3.32
High sakmarsh (h. portulacoidesion-included) n==6 n=5
(with h. portulacoidey Large * -4.10 + 2.68
(h. portulacoidesncluded) n=4

During immersion, efflux of DIC were measured atatlbns (Table 2) without any significant difference
between Mudflat and LS, while HS was characterized by lower fluxes (ANOVA: p<0.05, Table 2).

Station DIC Flux (mmol th?)

Table 2: Mean DIC fluxesH) calculated using Mudflat 27.30 + 6.38
laboratory wholecore incubation tectique.The (without vegetation) n=3

t. Sada @MQS@MQO the group of stations Low salimarsh 20.56 + 3.83

without statistical difference, determined by ¢ ith i _

Tukey test to complete the ANOVA (p<0.0* (with s. anglica) n=3

' High sakmarsh 7.14+1.73
(with h. portulacoide} n=3

Discussion

During emersion, two major biological processes drivefl@X@s: primary production supported by

photosynthesis, r@d respiration/mineralization of organic matter driven by fauna and bacterial
activities. Halophytic vegetation cover, or its absence, can account for most of the differences in CO
fluxes observed between stations, as species vary in productivity, which may explain the observed
differences between the two saittarsh zonedn darkhess photosynthesis is stopped and exchanges
only reflect the intensity of respiration/mineralizatjtrence resulting il€Q efflux.
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In HSlargebenthic chamberscluded an entireH. Portulacoideglant, whereaghe small one can only
be insertedbetween the roots and stemsof the plants which probably explains the differences
observed between the sigef the benthic chambers (Table 1).

Moreover, sediment characteristics such as grain size, cohesion, and permeadylipartly drie
variations of/ h fluxesdue to processes like evaporation. A cohesive mud remains saturated in
seawater during emersipwhereas sandy sediment will allow advection processes (igthe2016)

For example, Sasaltial.(2009) measured a rapid increase of €@ux during the first emersion hour

in sandy sediment, whereas Klaasen and Spilmont (B@d2jured maximum values after 3 hours in a
Wadden sea mudflat.

During immersion, the flooding of sediments causes resuspension, leading to high turbidity in the water
column, which inhibits photosynthesis. Environmental factors such as salinity, telaegiment type,

and compaction determine macarganism diversity in satbarshes. For example, mollusks,
crustaceans, and annelids are only found in mudflats (Btaah, 2017; Buiyaet al, 2025). Faunal
bioturbation and biodiffusion mix the sedimelayer, introducing water, solutes, nutrients, and
particulate organic matter, which enhance bacterial respiration.

Eachstationhad different immersion and emersion time (Table 3) along the transect. Based on these
times and the fluxes, a global carbardget was estimated for each station during this campaign.

Table 3: Mean immersion and emersion time on the sites during the campaign of July (SHOM, 2024)

Station Emersion (light Emersion (dark Immersion Carbon budget (mmol rhh?)
Mudflat 13h18 4h59 5h43 5.26
Lowsaltmarsh 14h10 5h47 4h03 443
High sakmarsh 15h49 7h26 0h45 1.24

These budgets showed that the sediment from the three stations in the Canche was mainly afsource o
carbon. Moreover, these budgets decrease along the transect, with lower values observed in-high salt
marshes. This trend can be explained by the difference in immersion time between eachFatams.

mentioned previouslysuch as temperature, alsaelitly influence the variability of these budgétss

important to understand that these budgets do not represent the total amount of carbon released into

the atmospherebut the carbon that will be released from the sediment to the water colomiine

atmosphere. However, most of this DIC will be expottethe oceandepending on the tidal regime

(Chuet al.,2018F A GK 2yfe& | aYvYrfft FNIXOUOGA2Yy anSiutficd NBE St
investigations are needed to quantify this fraction.

Conclusion

¢tKAa OFYLIAIYy: O2yRdAzOGSR Ay Wdzt & wWnHnX NBZSHE SR
emersion and immersion. This variability can be explained by multiple biotic and abiotic factors, such as
vegetation cover and assembésg duration of immersion, dayght alternation, fauna idersity, or

sediment properties like compaction or organic matter conténinethodological aspect must be
considered for future studies due to the presence of large halophytic plants, sudhliasone
portulacoideswhich are difficult to include in measurements using small chambers, even though these
plants strongly influence carbon fluxes under light conditidhs.global carbon budget indicates that

the sediment of this estuary was a saiof carbon during this campaign. However, this system can act

Fa& F /hi &aAyl dzyRSNJ f A3IKG QO@rgovek, liipdriant © doNdidgrd S Y S N
that our station HS is located neé@partina anglicand that the higher parts of saltarshes are less
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frequently inundated than the sampled station. These budgets must be integrated into the surface area

to obtain aglobalestimation of carbon emissions and fixation in this ecosydtethe future,further
investigationsmust be conductedo estimate the global carbon budget across different seasons,
considering variations in immersion/emersion times and different biotic and abiotic conditions, such as
vegetation cover. It is also crucial to focus on DIC to determine the proportion tkliedsehe
FGY2ALIKSNBE OSNEdza GKFdG SELRNIGSR (G2 G4KS 208ty Ay
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Q&A

On seasonal biodiversity monitoringu plan to conduct seasonal surveys to quantifyfloges. Will
youalso assess biodiversity changes between summer and winter?

A Sediment biomass quantification was conducted across the study sites. Preli
observations indicate lowiomass anda lack of large organisms at these locations
contrast, the mudflat samet exhibitechigherbiomass and greater biodiversitfowever,
seasonal variations have yet to be fekplored

On calcification processes inAegcling
A In situmonitoringis lackindor calcification ratesAlkalinityis being measuredut current
results are inconsistent with @@ata. More work is needed for a precise carbon budget

On longterm carbonstorage do you have information on lortgrm carbon storage? That cou
support conservation efforts.
A Another PhD project ithe laboratoryis inwestigating this aspecCurrently, the focus is on
studying mstantaneous fluxesatherthan dating carbon stocks.

On climate change impacts on carbon fluxes
A Based on the literaturghe hypothesis of increased CO2 uptake in sediments is put
forward.However, there is controversy. Duaeteal., 2005suggest that while there might
be greater C@uptake from the atmosphere, humanduceddisturbancesould also
increase emissions.
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Population dynamiEeek /eathe coastal waters of the
Netherlands

J.A. Craeymeersch. de Fouw, P. van Horssen, I. Tulp, K. Troost

Introduction

As a basis for the Dutch fisheries policy, the quantities, spatial distribution and composition of a number
of shellfish stockgmussels, cockles, razor clams, oysterd)utch coastal waters and estuaries are
monitored through stock survey$he policy for the management of shellfish stocks in Dutch coastal
marine water§North Sea, Wadden Sea, Westerschelde, Oosterscheldeiteakdingen, Lake Veere)

is presently based on an integration of fishexated and ecological objectivéroost et al. 2024,
Troost 2025, 28 feh). Major elements of management are closed areas, catch quotas and
considerations on nutrition needs for birdsijn et al. 2017, van de Wolfshaar et al. 2028
assessments in all diffart areas are carried out using research vessels and chartered vessel, and in
close cooperation with fisheries inspectors.

Surveys in the North Sea are going on since 1995. The focus is on the cut throudbpisudd (
subtruncatd and the American razolam Ensidee). The North Sea survey also monitors other benthos
species and is part of a time series which indicates considerable changes in the benthic fauna over the
period the survey has been carried galich as changes in distributi@raeymeersch & Rietd 2005)

the arrival of alien specié€raeyneersch et al. 2019, Craeymeersch 202hpre nourismentBaptist

& Leopold 2009pr the effects of the MSC Zoe cargo Igserman et al. 2021Yhe distribution and
population trends of various species of shellfish (density and biomass) inntbdsatih coastal waters

can be seenia the Shellfish MonitdiTroost 2025, 28 feb).

The data can also be used tgimve the control over human activitiehi€lpermit conditiondor sand
extractions, for instanceequiresince 2008naintaining a 100neter distance from living shellfish banks
during extraction)However, applying this law is challenging due to thedbak accepted definition of

a shellfish bedRecently, wexplored some approaches to define shellfish beds, focusing on minimum
density and minimum bed sig€raeymeersch & Velilla 2024)

The extensive time series fioer allows tcexplore the effects of climate change, change in the intensity

of human activitiessuch as fisheries and sand extraction, and environmental drordrs the
population dynamics of the specidRecently, an analysis on the population dynamicSpé$ula
subtruncatawas publishedde Fouw et al. 2024Model resultsevealed that medium sediment grain

size was key determinant 8f subtruncataccurrence and density. Increasing sea waaperatures

during winter and the postettlement phase positively affected annual population densities, while
strong northwesterly winds led to lower densiti€hrimp and flatfish beam trawling overlapped wih
subtruncateoccurrence and were negedily related to densities, suggesting higher beam trawling
intensity in these areas may negatively impacts densities. Overall, the effects were stronger at medium
to finer sediments where the highest densities occurred, indicating a strong kidyanden effect.
Despite identifying multiple drivers, unexplained annual variation suggests other not included factors
like predation pressure, also play a rolée presently are analyzing the population dynami&nefs

leeiin the coastal water@Craeymeersch et al. prep.) This manuscript presented at the LIFE seminar

in Lille, 1213 March 2025 highlight a few of the results, focusing on the importance of early life stages
in the population dynamic @&. leei
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Material and Methods

Each year in spring (Apdiire) samples are taken at 80000 stations in the coastal area (Figure 1).
Samples are taken using a stratified systematic sampling débigrsurveyed area divided into a

number of strata according to prior knowledge of or expectation on the distibatid density of
commercially exploited specieSamples are organized within each stratum by cells in a grid. The cell
size of the grid is depending on the stratum. In strata with high clam densities, a smaller cell size is used
than in areas with low dsities of clamsSampling points are placed at the grid nodes.

Most of the stations are sampled either with a trawled dreaigee modified hydraulic dredgeovering

15 to 30 M. Mesh size is 5 mm and sampling dept0m. All animals are identified and counted on
board. For razor shells, often only the anterior part of the animals or the siphons are present in the
samples. Therefore, siphons were counted. From 2010 onwagediidith of the shell tips around the
siphons were measured with an accuracy of 0.01mm. Shell width was converted to length using the
equation published byCraeymeersch & van der Land 199Bpsed on the length frequency
distributions we distinguished two cohortsyéar old juvenile animalsS{(tohort) and éder animals.
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Figure3. Study area with sampling grid with total sample stations and coastal areas: Voordelta, West coast and
Wadden coasfde Fouw et al. 2024)

To investigate the potential effect of climate, biologeadl anthropogenic related factors data on
juvenileL.leeinumbers (years 201P021) we identified several variables: the moment of spawning,
mean water temperature between spawning and settlement, mean water temperature during post
settlement period, th&@umber of days with strong winds coming from the northwest (winddays), winter
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temperature, the fishing intensity of different fisheries, median grain size, distance to the nearest sand
nourishment, the density of adult razor clams and the total densibyhef filter feeding bivalves. All
followingde Fouw et al. (2024and a literature review on life history characteristics.

To test the potential effect of these covariates a generalized linear mixed effect model with Negative
Binomial distribution was used. Several covariates are not independent and, therefore, different models
were used and compared according to their Al@hiBymanuscript we will focus on the relationship
with sea surface temperature, number of winddays and adult numbers.

Results

The total stock oEnsis leevaried yearly between 27000 €(2016) and almost 225000 4.q2019)
(Figure 2). In 2014 recraient failed, leading to almost neykar old individuals in spring 2015. After
that year, the population showed very large fluctuations, in the total stock and in the numbgzanf 1
old individuals.
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Figured Total stock ojuverile (2 year) and adult (**lyear) E. leei for the entire shallow Dutch North Sea coast
(Craeymeersch et al. in prep.)

Juvenile numbers show a negativ-
relationship with both winter and pelagi
larvae sea surface temperature and wi
strong NW winds (Tabel 1Fhere is a
positive relationship with the aduli
numbers.

covariate effect

Sea surface temperature during pelagic phase

Sea surface temperature in proceeding winter

Number of winddays

Density of adults

oo

Table2. covariate effects (green = positive, red = negative)
Discussion

The classical model of the life cycle of benthic marine invertebrates includes a planktorstageval
followed by a benthic juveni®-adult stage. The larval stage is frémary dispersal period, and is
followed by settlement and metamorphosis to a sedeniargnile(Baker & Mann 1997The different
life cycle events, i.e. reproductive output, recruitment and pestuitment development and larval
transport and settlement, all play an important role in the benthic comm(Biitghenough et al. 2015)
This is demonstrated repeatedly for bivaluéigh variability of recruitment success and betwgear
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variability in mortality rates of settled individuals result in a high variability of total stocks of a bivalve
speciegNakaoka 1993, Ripley & Caswell 2006, Beukema et al. 2010)

Our results point to a positive impact of adult densifléss can be explained by eitteecue relatedd

the presence of adults that attracts juveniteghey simply favour the same habitdettlement induced

by conspecific adults has been described for many benthic species. In the Voordelta, however, high
densities of juveniles were found everywhere, velas lyear old individuals were found in much
smaller areagCraeymeersch et al. 2013}he ceoccurrence of dyear old and older individuals must
therefore be due to postettlement processes, most likelhigher mortality in first months/winter in

less suitable habitats.

Our results point to the negative impact of temperature during the pelagic phase oryter tld

cohort. An advanced spawning and faster development during the pelagic phase mighinrasult
mismatch between the time of the pelagic phase and the phytoplankton bloom. Such nutritional food
limitation during larval development has been shown for several bivalve species, sometimes resulting
in a larger juvenile mortalif§Phillips 2002, Bollmohr et al. 201Temperature during the subsequent
winter has a negative effect onykar old individuals, as well th& number of days with strong north
westerly winds. This is in accordance with our expectations. High temperatures causes higher mortality
rates of juvenile bivalvgRato et al. 2022probably due to higher energy demands at times when food
abundance is limitedStrong winds (speed and direction) might have a huge effect on the larval
dispersion and retention of larvéBento de Almeida et al. 2024r) resuspension of juveniléStrasser

et al. 2001) Thus, although the reproductive capacityEofleeis high(Gollasch et al. 2015¢limate

change indeed might result in a reduction of the recruitment and juvenile survival and the final adult
stock The results do not explain the absence of juveniles in 2015.

Our study pints to the importance of settlement and recruitment succ&sszeral studies already
showed that the spatial structure of the meroplanktonic species is related to environmental variables
such as sea surface temperature, salinity distribution and wirdtidin and intensitysee e.g. results

of the RENORA project; Belgrano et al. 1990, Belgraaio€95) Thus, to understand how and why
populations change over time data are needed on all life history stages, including the meroplanktonic
phase, on a small scale. Unfortunately, understanding of plankton abundance and diversity is highly
fragmentd due to, among others, the high costs of zooplankton monitoring. Recently, new techniques
now increased the ability to collect data on a fine spatial and temporal scale, such as DNA
metabarcodingdVan Walraven et al. 2025)

Conclusion

To understandhe importance of biotic and abiotic drivers, and of humans impact (including climate
change) on population dynamiege need a comprehensive understanding, including all life stages.
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Q&A

Ondeclines in species alongside bivalVese you observed declines in other species? What a
phytoplankton?

A ¢KAA& KI anglyQdiyettGiegre's hope that it can be done the future.

On the use of remote sensing data (CopernijadorophyllA) could Copernicus remote sensing d¢
help?

A Possibly. However, surveys take eight weeks, meaning temporal changes occur ever
a single campaign. Weather conditions also delay surveys, influencing results.

On the drivers of observed changes

A Wind-driven effectavere consideredbut they didn't fully explaithe resultsobtained
Initially,the quality of thedatawasquestioned but fishermen confirmed the findings.
clear explanatiois lacking

On longterm sustainability of the monitoringrogram is your monitoring program sustainable?

A Historicallythere were2000 stations, but fisheries have changed, redutiagampling
effort. Currently, there are only fotnsidishermen left, making extensive monitoring
financially unfeasible. However, the Marine Strategy Framework Directive (MSFD) su
national reporting, ensuring at least fiyear agreements. The future depends on politici
decisions.

On isolating spefc anthropogenic pressures
A It's challenging due to many interacting factors. Fisheries seem to have a strong neg:
effect on recruitment. Largscale experiments would be necessary to differentiate hurr
and environmental influences. In highly dynaouastal areas, fisheries can transform a

in a single day.

On data reliability and sampling method (hydraulic dredgyng) sampling method involves hydrau
dredging. How do you ensure data reliability given its impact?

A We use a specialized dige designed to collect intact samples. Commercial fisheries a
use similar equipment to retrieve undamaged shells.
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SESSIQNASEDIMENTARY HABITATS RESPONSES TO (
CONDITIGNSIAN AND ENVIRONMENTAL PRESSUI

REPONSES DES HABITATS SEDIMENTAIRES AUX CF
PRESSIONS HUMAINES ET ENVIRONNEMENTA.

Session moderator, Animateur de sessiodacques GralEuropean University
Institute of the Sea (IUEM), University aétBgneOccidentaleFrance

Access the presentatiofi®m this sessiohere¢ Accédez aux présentations de cette

sessiorci.

Sedimentary habitats are dynamic ecosysten
that are increasingly subject to human an
environmental pressures, leading to significal
alterations in their structure and function.
Understanding how these habitats respond t
disturbances, whether from anthropogenic
activities or natural environmentahanges, is
essential for effective conservation anc
management strategies. This session brin
together three studies that investigate differen
aspects of sedimentary habitat responses, froi
the impacts of bottom trawling to loAgrm
ecological shiftsand carbon sequestration in
estuarine environments.

The firstpresentation, byNataliaMontero (AZTI,
Spain), assesses tlmpact of bottomcontact
fishing gear on sedimentary habitats in th
southeastern Bay of Biscagottom trawling is
known to cause physical disturbances to th

Les habitats sédimentaires sont d
écosystemes dynamiques soumis aux press
humaines et environnementalesntrainantdes
altérations de leur structure dbnction. Il est
essentiel de comprendre comment ces habit
réagissent aux perturbations, qu'elles soir
dues a des activités anthropogéniques ou a
changements naturels, pour mettre en place «
stratégies de conservation et de gesti
efficaces. Qe session rassemble trois étud
gui examinentesréponses deeshabitats, des
impacts du chalutage de fond aux changeme
écologiques a long terme et a la séquestrat
du carbone dans les environnements estuarie

La premiéere présentation, piatalia Montero
(AZTI, Espagne), évallienpact du chalut de
fond sur les habitats sédimentaires dans le-<
est du golfe de Gascognee chalutage de fon
est connu pour provoquer des perturbatio
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seabed, potentially leading to habitai
degradation and shifts in benthic communities
This study evaluates how fishing intensit
influences macrobenthic and megabenthi
organisms, highlightgthat while environmental

factors primarily dictate macrobenthic presence
fishing effort significantly affects the distributior
of sensitive megabenthic species. The findin
contribute to ongoing efforts to monitor seafloor
integrity and develop sustable fisheries

management strategies.

AdelineTaura®d 6! YA QG 2 NR ¢
shifts the focus tdongterm ecological changes
in Arcachon Baya coastal lagoon facing multiple
environmental  stressors, including  the

regression of dwarf eelgrass agows and shifts
in_nutrient dynamicsUsing benthic community
surveys spanning over three decades (198
2002, and 2023), this research identifies ke
spatial and temporal variations in subtids
macrozoobenthic communities. The result
underscore the rolef sediment characteristics,
depth, and current speed in structuring thes:
communities while raising questions about th
cascading effects of habitat loss on benth
ecosystem stability. The study highlights th
need for continued lonterm monitoring to

better understand ecosystem trajectories ir
response to environmental change.

Finally, Camille Décultot (Univ. Lille, France)
exploresblue carbon sequestration in the Authie
estuary, particularly in the contexof an
upcoming dyke removal projectUsing lipid
biomarker analysis, this study identifies th
dominant sources of organic carbon in saltmars
sediments, revealing that terrestrial plant input:
exceed aquatic contributions. The research la
the groundwork for further investigations into
carbon flxes within these sedimentary
environments, providing critical insights intc
how estuarine management interventions ma
influence carbon sequestration and ecosyste!
functioning. This work emphasizes th
importance of quantifying carbon pools ant
fluxes to letter assess the role of saltmarshes i
climate change mitigation.

Together, these studies offer valuable
perspectives on how sedimentary habitat
respond to diverse pressures, from direct huma
disturbances to broader environmental shifts. E

physiques sur les fonds maringouvant
entrainer une dgradation de I'habitat et de
changements dans les communaut
benthiques. Cette étude évalue l'influence
l'intensité de la péche sur les organisn
macrobenthiques et mégabenthiquesElle
souligre que, si les facteurs environnementat
déterminent pringalement la présence de
organismesnacrobenthiques, l'effort de péch
affecte de maniére significative la distributi
des especes meégabenthiques sensibléss
résultats contribuent aux efforts en cours pc
surveiller lintégrité des fonds marins
développer des stratégies de gestion durable
la péche.

L'étude dAdeline Tauran(Univ. Bordeaux
France) met l'accent sutes changement:
écologigues a long terme dans le bas
d'Arcachonune lagune cotiére confrontée a «
multiples facteurs de stregnvironnementaux.
notamment la régression des herbiers

zosteres naines et les changements dans
dynamique des nutriment#\ I'aide d'études su
les communautés benthiques couvrant tr
décennies (1988, 2002 et 2023), cette recher:
identifie les prcipales variations spatiales
temporelles des communauté
macrozoobenthiques subtidales. Les résuli
soulignent le réle des caractéristiques ¢
sédiments, de la profondeur et de la vitesse
courant dans la structuration de c
communautés, tout esoulevant des question
sur les effets en cascade de la perte d'habitat
la stabilité de I'écosystéme benthique. L'étu
souligne la nécessité d'une surveillance conti
a long terme pour mieux comprendre |
trajectoires des écosystémes en réponse

changements environnementaux.

Enfin, Camille Décultot(Univ. Lille, France
explore la séquestration du carbone bleu d:
l'estuaire de ['Authie, en particulier dans
contexte d'un projet d'enlevement de digues
venir. En utilisant I'analyse des biomaeurs
lipidiques, cette étude identifie les sourc
dominantes de carbone organique dans

sédiments des marais salants, révélant que
apports végétaux terrestres dépassent

contributions aquatiques. Cette recherche je
les bases d'études plapprofondies sur les flu
de carbone dans ces environnemel
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integrating assessments of habitat integrity,
longterm community changes, and carbor
dynamics, this session contributes to a mot
comprehensive understanding of sedimentar
ecosystems, supporting informed managemet
and conservation strategies in the face ¢
ongoingenvironmental change.

sédimentaires, fournissant des informatio
essentielles sur la maniére dont les interventis
de gestion des estuaires peuvent influencel
séquestration du carbone et le fonctionneme
de [l'émsystéme. Ces travaux souligne
I'importance de quantifier les réserves et les {
de carbone afin de mieux évaluer le réle «
marais salants dans [latténuation
changement climatique.

Ensemble, ces études offrent des perspecti
précieuses sur la amiére dont les habitat:
sédimentaires réagissent a diverses pressi
qu'il s'agisse de perturbations humaines direc
ou de changements environnementaux p
larges. En intégrant les évaluations de l'intég
des habitats, les changements a long tedes
communautés et la dynamique du carbol
cette session contribue a une compréhens
plus compléte des écosystémes sédimentai
permettant une gestion éclairée et de
stratégies de conservation face a
changements environnementaux en cours.
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Assessing the impact of bottom trawling on the sediment
habitats of the SE Bay of Biscay
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Introduction

Physical disturbances on the seabed caused by battmtact fishing gears can result in structural loss

of habitats and relevant taxa, thereby negatively impacting the environmental status gord\tisgon

of ecosystem servicegll The severity of this impact will depend on several factors, including gear type,
seabed characteristics, and the frequency and intensity of fishing aclivifyse impact and recovery

time after a trawling event will & depend on the vulnerability of the species present, which is
determined by various biological traits, including body size, fragility, position in the sediment, growth
rate and longevity8,9. Therefore, a comprehensive impact assessment requires tediacdfidata

about the spatial and temporal distribution of fishing activity, the physical and morphological
characteristics of the seabed, and the inhabiting organisms.

This study presents the results of the assessment of the impact of bottom traisliegiels on
sedimentary habitats of the Basque continental shelf (SE Bay of Biscay), which is crucial for the
establishment of effective management strategies to safeguard benthic vulnerable ecosystems.

Methodology

Three oceanographic surveys were conddair the continental shelf off the Basque coast (SE Bay of
Biscay) over two consecutive years (20023). Sampling stations (Figure 1) were selected based on
depth (120253 m), seabed characteristics, fishing intensity (derived from Vessel Monitoriag Syst
(VMS) data merged with logbook datal0), and existing fishing regulations (i.e., stations located within
fishing closure areas or subject to varying degrees of fishing pressure). A total of 40 beam trawls were
conducted to characterize epifaunal orgarsgimegabenthos) and 30 sediment samples were collected
using a SmitMclintyre grab to determine the grain size distribution and the organic matter content and
characterise infaunal organisms (macrobenthos). Mean density, species richness and biomass of
epifaunal and infaunal organisms were determined. Sampling stations were classified based on the
LINS&ESyOSklIoaSyO0S 2F YIFIONRPoSyilikKz2a aLlsSoOAasSa FyR
Additionally, an idepth analysis of the impact on the megabenthos emwlucted, using trawling

specific indicators (i.e., the Benthos Sensitivity Index to Trawling Operations (BESITO) index12,13 and
the Sentinels of Seabed (SoS) indicator14).
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Fgure 1. Study area showing the sampling stations, fishing effort-Z) &md existing fishing regulations.

Results and discussion

The results derived from the grab samples reveal substantial variability in sediment grain2&te (61
pm), and mud (0-79.4%) and sand (Z49%) content. Accumulation of muddy material is obseoved

the continental shelf between Ondarru and Pasaia, at depths of approximately 100 to 150 metres. A
similar accumulation pattern is also observed for the organic matter conterb.QP4). In terms of
density, annelids (525%), followed by molluscs andtheiopods, constitute the dominant

YI ONPoSy(iK2a 3INRdzZJAP .l aSR 2y GKS 3JFLYYlIb ombo
distinct groups, which seems to be primarily driven by environmental factors (i.e., sedimentological
characteristics, deptand organic matter content) (Figure 2).

y 4 1+ il
| Sediment samples (macrobenthos)

e

Figure 2. Classification of sampling stations based on the presence/absence of macrobenthos species in the
sediments and their taxonomic similarity.
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Regarding megabenthos, echinoderms-¢320o)
are generally the dominant group in terms |
density and biomass, followed by molluse5%%0)
and fish (352%). While higher density and speci
richness values are observed in ttwastal area .
between Ondarru and Pasaia, no evident spa ; §

pattern is observed for biomass. The BESITO in H I H 3 H il
calculated using eight biological traits, reveals " NOSIRG  USTGE Mok HNNSTGE VEITIRN
increase in the relative biomass of opportunis e -
(BESITO score 1) and tolerant (BESIT@ €)0|® 100
species along the trawling intensity gradient, wh| 4 |
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(BESITO scores-53 (Figure 3A). Similarly, §

marked decrease in the relevance of sentir| 3

species (i.e., 9 species associated with offsh| * 2

circalittoral sand, sensitive to trawling) is observi| | ﬂ % )

at hlgher trawllng efforts (Flgure BB) No effort Low effort Medium effort High effort Very high effort
Figure 3. BESITO index (A) and SoS indicator (B)

along trawling effort gradient.
Conclusions

The presence/absence of macrobenthos is primarily influenced by environmental factors, with fishing
effort exhibiting a comparatively minor role in shapimgcrobenthic community composition.
Regarding megabenthos, there is no clear spatial pattern of total biomass in relation to fishing intensity.
However, in the stations presenting higher levels of trawling effort, the biomass measured corresponds
mainly toopportunistic and tolerant species, while sensitive species decrease along the trawling effort
gradient. These results suggest that fishing intensity determines, to a large extent, the
presence/absence of sensitive megabenthic organisms, and conseqsieiatier, shoived and fast
growing organisms are observed in seabed impacted by trawling. These results can contribute to the
assessment of seafloor integrity, the monitoring of the environmental status of benthic habitats and the
impacts produced by ditom-contact fishing gears, and the development of effective fisheries
management strategies.
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Introduction

Coastal ecosystems face important environmental changes, both natural and anthropogenic,
sometimes leading to regime shifts (Rocha et al. 2015). Regime shifts can be defined as the transition
from an infial stable ecological state to a new stable state different from the initial conditions (deYoung
et al. 2008). Such phenomena and their consequences are largely reported in the literature (Steneck et
al. 2002; Ling et al. 2015; Chevillot et al. 2016).

Numerous environmental changes have been reported over the past 20 years in Arcachon Bay (south
west of France). The most noticeable is the severe decline of the-eeligrass meadowZ ¢stera

nolte)), especially after 2005, with a recorded loss of 44% @lal. 2010; Rigouin et al. 2022). In
addition, modifications in the ratios of several-seder nutrient concentrations were also reported by
Lheureux et al. (2022), and the introduction of several new exotic and sometimes invasive species was
recordedby various authors (Bernard et al. 2020; Lavesque et al. 2020; Massé et al. 2023).

The influence of these environmental changes on the lagoon's macrozoobenthic communities remains
unknown, yet benthic communities are known as good indicators of enviréaincbanges. Based on
OSYGKAO O02YYdzyAlASaQ &adz2NBSea LISNF2NX¥SR Ay wmopyy:
changes in benthic communities could be observed in relation to this ecological shift.

Methodology

Arcachon Bay is a 180km? sentloseddgoon on the Atlantic coast (SW France) known for harbouring
significanZosteraspp. meadowsZpstera nolteaindZostera maring The main freshwater inputs come
from the Leyre River on the east part of the lagoon.

In 2002 and 2023, scuba divers sam#8dstations in winter (Januakarch) using an Ekman grab
(0.045m2 per station). Each sample was sieved omanlmesh sieve and preserved in 4% buffered
formaldehyde stained with Rose Bengal. Samples from 1988 were collected by boat using various grabs
by Bachelet et al. (1996). The macrofauna was sorted, and all individuals were identified to the lowest
GFrE2y2YA0 tS0Std {AEGSSY adldiArzya ¢SNB asSt SOGSR
(198820022023).

To study the subtidal macrozoafithic communities in 2023, a hierarchical clustering analysis (HCA)
was performed on the fauna abundances using the Hellinger distance and the Ward method to identify
the different macrozoobenthic communities. The characteristic species were identifiezhdb
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community using the Indicator Value (IndVal) method developed by Dufrene and Legendre (1997). The
key abiotic factors structuring the communities were identified usingnmeinic multidimensional

scaling (NMDS) on the Hellingeansformed abundance later superimposed with environmental
variables (salinity, currents speed, depth, coarse sand and mud fraction, presence or absence of
engineer species). The same methods (HCA, IndVal and NMDS) were used to study the community
changes from 1988 to 202Rarefaction curves were used to study the diversity in 1988, 2002 and 2023.
Kruskalallis test followed by Dunn pasbc test when significant were used to test for differences in

the sediment type, salinity, seéal G SNJ ( S Y LIS NI { dzNB and triifélls fet@@enNIFD87TNRA &S NI
(1988 if 1987 not available), 2001 and 2022 (the year before sampling was selected whenever data were
available as macrofauna recruitment is impacted by the environmental conditions from the previous
year). All analyses were famed using the R programming language (R Core Team 2022).

Results

Characterisation of the macrozoobenthic subtidal communities in 2023.

In 2023, 2774 individuals from 151 taxa were identified, and annelids were dominants in terms of
abundance (77%). The results from the HCA show four distinct communities. (1) The internal sandy
muds, characterised by shallow depths (0.4 + 1.14m), a memntspeed of 0.14 £ 0.04m/s, a high
proportion of sand and mud and the lowest mean salinity recorded (28.4 + 1.1). The main indicator
species (IndVal) includéelinna palmatgpolychete) Ruditapes philippinarughivalve) andtreblospio
shrubsoli{polychete). This community is located in the internal part of the bay with the highest mean
distance to the ocean among the four communities (14.9 + 1.9km). (2) The muddy sands community is
characterised by an average depth of 2.5 + 2.5m, a mean sand frafcfi®®6 + 24 and mean currents

of 0.15 £ 0.04m/s. The main indicator species (IndVal) include the polycRdetesspio parapadand
Mediomastus fragilighe mollusc#\bra albaand Crepidula fornicatand the echinoderrAmphipholis
squamata (3) The mobile sands community, in the external part of the bay, is characterised by the
highest depths (9.2 £ 4.8m), the lowest distance to the ocean (6.8 + 4.7km) and the strongest mean
currents (0.2 + 0.03m/s). The main characteristic species inttiadmlychaetedNephtys cirrosand

Ophelia neglectand the crustacean&astrosaccus spinifiand Hippomedon denticulatug4) The

slightly muddy sands community is characterised by relatively deep sandy bottoms (4.4 = 2.5m) and a
high distance to the @an (10.3 £ 2.7km). The main characteristic species include the polychaete
Polycirrus glasbyand the crustacean®Bathyporeia elegansDiogenes curvimanuBathyporeia
guilliamsonianand Urothoe brevicornis

The results of the NMDS performed on thetiansformed abundances per sampling station in 2023
(stress = 0.16) show a clear distinction between the four communities along axis 1 with depth, currents
speed and the sediment type as the key structuring abiotic factors with currents speed, depth and the
coarse sand fraction negatively correlated with axis 1 coordinates and the mud fraction positively
correlated with axis 1 coordinates. Locally present biogenic structures, sdolstasaspp. eelgrass
meadows andabellaria spinulosaefs, also appear askey structuring parameter and show a strong
positive correlation with axis 1 coordinates.

/| KIE N O SNAalFGA2y 2F GKS YIFIONRT 220SYiKAO &dzoGARE

The results from the HCA performed on the Helliigeisformed abundnces of 16 stations from

1988, 2002, and 2023 show four distinct macrozoobenthic communities distinguishing sandy and
muddy substrates, close to the ones found in 2023. The Slightly muddy sands community was split into
two different facies from 1988 to 23, hereafter referred to as Slightly muddy sands (A) and Slightly
muddy sands (X), the former only being found from 2002 onwards.
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The Muddy sediments community is associated with the shallow (3.18 + 2.47m) internal muddy bottoms
of the bay (mean distanc® the ocean 9.14 * 3.23km) and the characteristic species include
Oligochaeta and the polychet®tediomastus fragilidfNotomastus latericeusnd Spiospp

The Mobile sands community regroups stations located in the deepest (11.5 + 4.3m) and most dynamic
parts of the bay at the entrance (0.2 + 0.0m/s in 2023), close to the ocean (5.1 = 3.2km). This community
is characterised by sandy sediments. The main characteristic species include the crustaceans
Gastrosaccus spinifiand Hippomedon denticulatuend the polychaete®©phelia neglectand Neptys

cirrosa This community is found from 1988 to 2023 and shows a spatial extension inwards starting in
2002.

The Slightly muddy sands (X) community is located in relatively deep (6.5 + 4.7m) areas towards the
internal part of the bay (mean distance to the ocean 8.4 + 4.29km). It is found from 1988 to 2023,
although with a reduced spatial distribution. The characteristic species include the amphipibde

sp. andApherusa ovalipeshe polychaet&oniada emeritand the bivalveTellina tenuis

Finally, the Slightly muddy sands (A) community is restricted to the northern part of the bay in the Ares
channel (mean depth 6.5 = 0.6m and man distance to the ocean 10.5 + 1.7km) and is only present in
2002 and 2023. The alacteristic species include the polychad®e$/cirruspp. and Polyplacophora.

Results from the pluriannual NMDS (stress = 0.21) show higher variability in 2002 than in 1988 and 2023.
The main environmental factors structuring the communities appda tbe sediment type and depth,

whose effect is reinforced by locally present biogenic structures or engineer species Sabbllasia
spinulosaeefs,Zosteraspp. meadows, dCrepidula fornicataeds. Results from the rarefaction curves
highlight 2002as the year with the highest observed species diversity (131 sp.), followed by 1988 (121
sp.) and 2023 (96 sp.).

The mean annual salinity showed differences between 1988, 2001 andR2622.(01) with 2001
showing a significantly higher salinity tH£288 and 2022n(< 0.001 angb = 0.004, respectively). There
were no significant differences between 1987, 2001 and 2002 regarding theatereemperature

' nonoLI [ Sp=RI3) and Bdem &ppE 0.9). Regéarding rainfalls, theysignificant
difference p = 0.01) was for the maximum monthly rainfall in 24h (mm) between 2001 and@®2622 (
0.023).

Conclusions

Four main subtidal benthic communities were identified in Arcachon Bay with fluctuating spatial
extension from 1988 to 2@ the Mobile sands community, the Muddy sediments community, the
Slightly muddy sands community facies A and facies X. The main structuring environmental factors
appeared to be sediment type, depth and current speed, reinforced by locally present biogenic
structures or engineer species. Overall, the results show moderate changes from 1988 to 2023, the main
findings being the spatial extension of the mobile sands community inwards and the split of the Slightly
muddy sands community into facies X and A.

The consequences of th&ostera nolteimeadows regression on the temporal evolution of the
macrozoobenthic communities need to be addressed more specifically. Indeed, Ganthy et al. (2015)
showed that resuspension increased following the seagrasses regrdssiding to changes in
suspended matters and sedimentation rates in internal channels. The macrozoobenthic communities
0SAy3 I NBSteé AyTfdzZSYyOSR o0& aSRAYSyild GeLlSzT GKAZ
regression on their distribution.
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This study illustrates the importance of lelegm monitoring programs, especially in the context of
increasing pressures on coastal habitats, both natural and anthropic. These results will need to be
strengthened by additional data, both faunistic andiemmental, to fully investigate the lotgrm
temporal trajectory of the subtidal communities.
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Q&A

On the choice of the French typology over the European (EUNIS) classification

A Some habitats in the studied area are not represented in the EUNIS tydiegpjective
is to produce an updated habitat map for the bay, which is required for the MPA. Sinc
French typology has been used until now, consisteasyprioritisedBoth typologiesvere
compared EUNIS was wedliited in some cases, but in othettsg t~=rench classification we
a better fit.

M This information should be reported to EUNIS and the EU to improve the system.

On benthic community vs. habitaised approacheg seems difficult to identify the drivers of chan
in your observations. Do ycsee structural factors that could complement your data? Are t
additional parameters to consider beyond biological traits?

A Duringthe PhD, isotopic signaturegere also usedCombining these witthe current
dataset could be highly informative forderstanding the trophic shifts observed.

On the influence of seagrass regression on benthic communities
A ¢KAAa KI explaedin de@hSef, but a PhD at IFREMER focused on this issue
(seagrass decline and modeling). Seagrass decline hasigdiicant decreases in overa
benthic abundance. In areas where seagrass loss is most severe, sediment depositic
are notably higher.

On hydrodynamic change: seagrass regression vs. broader factors

A Seagrass loss alone cannot fully explain thhaages. The overall hydrodynamics of the
bay have evolved, particularly at its entrance. In inner bay areas, seagrass regressiol
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likely increased local current velocities. According to IFREMER studies, this relations
more evidentintheinner¢hy y Sf a GKIy G GKS oFé&Qa S

On bay restoration strategies and priorities

A Existing studies have identified potential sites for restoration, including areas where
replanting could be viable. Sebdsed restoration has shown limited success.
Mt NB Rpre$ehce might be a key factor influencing restoration outcomes.
M {AYLX & ARSY(GAFTeAy3ad adzadlroftS f20FGA2Yy

On fullscale restoration feasibility

A DA@SY (GKS S02t23A0I t AY LidrhIpursyiiySHoReTer, weS |
need to better understand the causes of its decline and address those first.

On challenges in evaluating seagrass restoration success

A To date, most, if not thenly successfideagrassestorationsactionsinvolved areas with
mooring buoys, where chalmased systems were replaced with less disruptive alternati
M Ly i K-BoofingsSwer8 iBgdduced, and seagrass recovery took about four ye
However, success required intensive active replanting, which might notthabke on a
larger scale.

On changes in mapping resolution from 1988 to 2023

A Yes, mapping methods have evolved. In 1988, mapping relied more on direct field
observations, whereas today, we use aerial and db@sed surveys validated by field da

Onthe use of trajectory analysis
A CTA (Chronological Trajectory Analysis) works well in certain cases. Hiovibigecase,
only three data pointavere establishedver time, which is insufficient for CTA to be truly

effective.ltwasi S& G SR tondzé concliisivé thad gitier methodsremains a
interesting approachbut this project may not be the best fit for it.
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Blue Carbon in the Authie estuary: Carbon sequestration
exchanges in surface sediments in a context of dyke rem
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1. Contextual introduction

Estuaries are transition areas between terrestrial and marine demahose abiotic parameters such

as salinity, turbidity and tidal influence vary along their length (Elliott & McLusky, 2002;ePatter
2010). Estuaries also form an ecological unity composed of diverse habitats, including saltmarshes
(Interpretationmanual of EU habitats, 2013). Those habitats provide numerous ecosystem services
(Millennium Ecosystem Assessment, 2005; Baebiak, 2011): serving as feeding and nesting sites for
coastal birds (Hughes, 2004), being a nursery for fish species {Matial, 2007), purifying water
(Hasanet al, 2017; Hadikhamit al, 2024) and participating in many biogeochemical processes (Negrin
et al.,2016). Especially, saltmarshes sequester carbon (Belnatr 2020; Mazarrasat al, 2023) (i)
through autochthonous input, with the burial of biomass in sediments, after atmospheric carbon
absorption during photosynthesis (Mclead al, 2011; Masonet al, 2023) and (ii) through
allochthonous input, with the burial of organic mattes@diments from suspended particles captured

by vegetation (Masoat al, 2023). However, mineralization processes, such as biomass respiration or
subsurface methanogenesis, constitute carbon outputs for the ecosystem (Elaalgr2023). In this
context,when carbon inputs exceed the outputs, the resulting upper sediment carbon pool is defined
Fa aof dz§ OF NBtaly2009;0LbvBldck & Dubkrt,2019). Depending on estimations, on a
global scale saltmarshes can sequester between 4.8 and 87.Zatboh within their upper sediments
(McLeodet al, 2011). However, a quarter of the global area of these blue carbon ecosystems, along
with the associated ecosystem services, has been lost over the two past centuries (Nediealann
2009; Mcleockt al, 2011). This lost is mostly due to anthropogenic stressors such as the artificialization
of coastal zones (Macreadi¢ al, 2017; Bulmeet al, 2020). For example, polders are coastal areas
reclaimed from the sea by means of drainage and dike embark/Aémough polders fulfilled many
demographic and agricultural challenges of the past centuries, they are currently facing emerging
concerns about climate change and sea level rise (GoeRiageella, 2013; Macreadet al, 2017).
Indeed, when high tidalefficients and elevated river flows occur simultaneously, flooding is expected
upstream these artificially altered areas. To address this issue, current local management plans consider
removing or breaching protection dikes to facilitate rewilding amthdating these areas, but also
enabling them to act as buffer zones again (PARthie, 2020). This approach allows both tidal and
river flows to evolve more naturally, without threatening urbanised areas. However, the breaching of
dikes induces geomanplogical and ecological modifications to the newly rewilded zones, subsequently
impacting carbon sequestration processes (Wokeral.,2005; Garbutt & Wolters, 2008; Spenegr
al.,2008; Burderet al.,2019; Cahooet al, 2019).
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The Authie estuaryotated in the North of France (Fig. 1), is the subject of a planned dike removal,
although the implementation timeline is yet to be determined and this process is unlikely to occur for
several years. In the meantime, the fluxes and stocks of carbon tlmautite ecosystem can be
assessed in preparation for this transition, that can be summarised through important scientific
concerns: what are the actual carbon fluxes in the various sediment facies of the Authie estuary? How
is the sediment carbon pool cleterized in an unaltered saltmarsh within the Authie estuary?

Here, preliminary results of lipid biomarkers from a saltmarsh sediment sample in an unaltered zone of
the Authie estuary are investigated. The objectives are to (i) identify the reparfittmgamic carbon
source type within allochthonous or autochthonous inputs and (ii) identify more precisely the sources
of this organic carbon.

2. Methodology

Site location

This study was conducted in the saltmarsh of the Authie estuary (Fig. 1), egitbre of Hautsle-
France (Fig. 1). Samples of subsurface sediment and two typical plants of the studitalisitene
portulacoidesnd Puccinellia maritimavere collected jointly in April 2019.

)6 4

* . \ Sampling station

F

[CJAuthie estuary

Figure 1. Location of the sampling station in the Awt$tigary (region Hautde-France).

Sediment organic carbon: a molecular organic geochemical approach (lipid biomarkers)

I Y2fS8SO0dzE I NJ 6A2YF N3 SN A&d RSTAYSR +a al O2YL}X SE

OKSYAOIf &aGNUHzOGdzNB¢ O2YLI NBR (G2 GKS Y2feSaQdz Sa
2017). Basically, lipids are organic molecular composymtbesised by living organisms, and are not
easily degraded by microbial activity after organisms death (Caetiah 2016). Thereby, lipid
biomarker features may be used to identify organic matter sources and biogeochemical processes
associated wittsedimentary organic matter remineralization (Chevateal, 2015; Derrieret al,

2017). Thus, different main groups of lipids can be investigated, based on their chemical properties:
alkanes (hydrocarbons), sterols, alcohols and fatty acids. Sahesefcompounds are associated with
specific sources (Carreetal, 2016). For example, within hydrocarbon fraction, shbainn-alkanes

OX / HMO FNB GeLIAOKt 2F FljdzZ GAO Ay Lzl &a-chaiik NRA y S
I £ 1 Iy S)are &ymthekised by terrestrial vascular plants (Cheealir,2015).
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First, lipids are extracted from all samples using a mixture of organic solvents. Then, three fractions of
lipids are analysed: hydrocarbons, alcohols/sterols and fatty acids EBAsgach lipid fraction, a step

of separation using silica chromatographic column is carried out before the analyses on Gas
ChromatograpyMass Spectrometry (G@S). Results from the two plant samples are used as
reference lipid signature for the sedinteample.

3. Results

In the three studied lipid fractions-@lkanes, alcohols/sterols and FAs) sediment sample, short chain
molecules are detected in very low abundance such as-@lkane (Fig. 2), Chdalcohol and C13 FA.
Conversely, long chain moldes such as C27 and @28lkanes (Fig. 2; Table 1), @28cohol and C28

FA (Table 1), are detected in higher abundance. Thereby, each of the three lipid fractions indicates a
low contribution of aquatic organisms and a high contribution of terredirgiler plants in the
sedimentary organic carbon pool of the Authie saltmarsh.

Note that a large number of bacterigbecific FAs, such &s®/anteisoC15, unsaturated C16:1, C17:1
and C18:1 FAs, are detected in high concentrations, suggesting sighdictanial activity linked to the
remineralization of organic matter in the saltmarsh sediments.

Interestingly, some of the studied lipids present in sediments are detected only within one of the two
studied plantsHl. portulacoideandP. maritimd. Thestigmastar3,5-dien, specific ofl. portulacoides,

is more abundant (1.083 ®3btm Rg0O Ay &S Raken® (O5EI AEkIv RiKOE /a0LdS O A
maritima(Fig.2; Table 1). The situation is similar for the alcohol/sterol results: two typicalsafooimo

H. portulacoide$¢C22 and C2#-alcohols), are detected in higher concentrations (2200 3b M Rg | YR
269>3d3IbLm ReI NBALISOGAGSt e (Kl P markiBalri>YoBanm | Fed
(Table 1). This suggests the relative preidamce ofH. portulacoidesn sedimentary organic carbon

pool, compared t¢. maritima

Furthermore, other lipids are produced in different quantities by both plants. For example, the C27
alkane is produced at a concentration of 195® 3t m P.Rwaritihagnd 68.7>3 ®3Ib m HRg A Y
portulacoidesThe proportion is inverted in each plant for @2llkanes: 58.#3 ® 3 b M P.Rnaritifa2 NJ
and 3.8>3 ® 3 b m R.gportlil@&cdideswith a similar approach, CA&ilcohol is more abundant H.
portulacoids (95.4>3 ®d3I b M R POmaiitia(53>AyItm RET ¢+Fo6fS mod ¢KS
Campesterol, with concentrations of 27632 ®3 b M R maritindaadd 48.2>3 d3Ibm HRG F2 NJ
portulacoidegTable 1). Eventually, for the FAs, the C20 FA was fohighiabundance iR. maritima
(249.4>3 ®3Ab M RGO IH. poRNacdide§SRS>T @I b M ROV D / 2y PSNEBSE &3 (K
in high abundance iH. portulacoide§1730.8>3 ®3b M RG UV | YR Pymafititha203:90 dzy R y
>S3dIbMm RHOD

c27 n—alkane c28 n—alcohol C28 FA
Hence, tle establishment of concentration ratios suchc3in-akane’  campesterol gnd c20 F4’ allows
the characterization of both studied plants relative contribution in sediment organic carbon
accumulation. Calculated ratios are respectfully 1.5, 6.5 and 10.9, which seems to confirm a large
predominance oH. portulacoides organic carbon inputs, comparedRomaritima in the sediments
of the Authie saltmarsh.
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C29

—— Specific of terrestrial higher plants

C27

— Detected only in Puccinellia maritima

Detected only in Halimione portulacoides

Internal Standard

Signal intensity
C31

Stigmastan-3.,5-dien

C33

Cc17
C30

C32

AN

Figure 2. A GMIS chromatogram of the hydrocarbon fraction extracted from the surface sediment sample in the
saltmarsh of the Authie estuary.
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Sediment sample  Puccinellia maritima  Halimione portulacoides

n-alkanes I Molecular component concentration (pg. £ dw) I
cz27 2.318 19.5 68.701
C29 2.968 49.059 37.418
stigmastan-3.5-dien 1.076 NA 15.848
C31 1.503 58.143 3.763
C33 0.56 43,093 NA
Alcohols/sterols I Molecular component concentration (ug. £~ *dw) I
C22-0H (1) 2.2 NA 5.77
C24-0H (1) 2.69 NA 10.01
C28-0H (1) 14.908 5.261 95.378
Campesterol 2.307 276.704 48.223
Campestanol 1.765 1.468 NA
Fatty acids (FAs) I Molecular component concentration (pg. £ 'dw) |
C20FA 3.542 249.38 158.411
C28FA 35.168 203.85 1730.793

Table 1. Concentrations of specific lipid biomarkers for the sediment sample of the saltmarsh of the Authie
estuary and for the terrestrial higher plants P. maritima and H. portulacoides.

4. Mnclusion and perspectives

Here, we present preliminary results from the characterization of organic content in saltmarsh
sediments using a lipid biomarker approach to idgmbhajor sources of the organic carbon pool in the
Authie estuary. This study shows that terrestrial higher plant inputs largely exceed aquatic inputs.
Moreover, it has been determined that a majority of lipids found in the sediment is associated with
Halmione portulacoides, among saltmarsh typical species. This provides a first understanding of the
carbon pool within the Authie saltmarsh sediments. As this estuary is expected to undergo dike removal
in the coming years, this study serves as a prereguitfurther evaluations of the impacts of such
modifications on the saltmarsh.

¢t2 O2YLX SGS GKAAa &alfdYFINAK OFNb2y o0dzZRISGT aAyal
calculation requires the quantification of fluxes during emersion (gasecust fight and at dark) and
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during immersion (dissolved fluxes always dark due to water turbidity). In order to monitor carbon fluxes
(CO2and CH4) during emersion, benthic chamber will be used (Voltz, 2020). For fluxes at the sediment
water interface, cars sampled at low tide will be incubated in the laboratory, with overlying water from

the site (Denis & Grenz, 2003) for determination of Dissolved Inorganic Carbon (DIC) exchanges. The
combination of both approaches could help accurately quantify theogybols and exchanges in the
saltmarshes of the Authie estuary, as well aspibtential changes resulting from expected estuarine
management such as dike removal or breaching, followed by rewilding.
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Q&A

On complementarity between approache®u and A.Tauran (previous presentationyed very
different approaches do you think they could complement each other?

A AbsolutelyThegoal is to understand thecological transition that will occur once the dyl
is removed, and ideally, anticipate its effects. Currebégeline conditionare being
characterisedo that future changes can be properly assessed.

On lipid profile variations and steftol-acidratios

A These differences appear to be linked to species morphology. Root and stem tissues
exhibit the same biochemical signatures. It likely reflects physiological traits specific t
species.

On investigating plant or sediment age
A Theprimary objective is to quantify carbon pools rather than date them. However, if
deeper sediment layerre analyseddating could become relevant.
On the selection of plant species for lipid analysis
A These two species are dominant in the ecosystem, so theythve logical starting point.
Theexparsion of theanalysiss plannedo include a broader range of species in future
studies.
On local community perception of the dyke removal project

A Without speaking otheir behalf A (ic€tainlyan important queson that deserves further
exploration.
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Hugues Blanchet, Oceanic and
Continental Environments and Paleoenvironments (EPOC), University of Bordeaux,
France

Access theresentationgrom this sessioherec Accédez aux présentations de cette

sessionci.

The continuous evolution of monitoring
techniques for sedimentary habitats is essenti
for understanding and managing theggnamic
ecosystems. This session brings together thr
approaches that enhance our ability to asse:
conservation status, analyse biodiversity, ar
interpret ecosystem functioning in marine
sedimentary environments.

The first presentation, bylaura Meudec

(Réserves Naturelles de Frapeence), focuses
on the development of a standardized
methodology for monitoring the conservatior
state of intertidal sedimentary habitats in Frenc
Marine Protected Areadnitiated in 2007 and
further refined underthe Life Marha program,
this method aligns with key European directive
such as the Water Framework Directive and tt
Marine Strategy Framework Directive. The stuc
highlights the importance of harmonizec

L'évolution constante des techniques

surveillance des habitats sédimentaires
essentielle pourcomprendre et gérer ce
écosystemes dynamiques. Cette sess
rassemble trois approches qui améliorent no
capacité a évaluer l'état de conservatic
analyser la biodiversité et interpréter

fonctionnement des écosystémes dans
environnements sédinmgaires marins.

La premiére présentation, pdraura Meudec
(Réserves Naturelles de France, France)
concentre sur le développement d'une
méthodologie standardisée pour le suivi de I'é
de conservation des habitats sédimentai
intertidaux dans les ies Marines Protégée
francaises Initiée en 2007 et affinée dans
cadre du programme Life Marha, cette méthc
s'aligne sur les principales directiv
européennes, telles que la Directivadre sur

PROCEED{NM@8ne sedimentary habitats seminar for European Atlantic Biogeb§


https://www.calameo.com/ofbiodiversite/read/003502948cadc89e43f44
https://www.calameo.com/ofbiodiversite/read/003502948cadc89e43f44
https://www.calameo.com/ofbiodiversite/read/003502948cadc89e43f44
https://www.calameo.com/ofbiodiversite/read/003502948cadc89e43f44

indicators and proposes a structured approac
to habitat assessment, paving the way for mor
effective management strategies.

The second presentation, Byincent Bouchet
(Univ. Lille, Frange explores thefunctional
diversity of benthic foraminiferal communities ir
soft-sediment habitats of the EasterBnglish
Channel By moving beyond traditional
taxonomybased assessments, this study reves
surprising insights into how natural anc
anthropogenic stressors shape communit
composition and ecosystem resilience. Tt
findings challenge conventional assurop$
about biodiversity loss in industragd coastal
areas, emphasizing the need for new approach
to differentiate humarinduced impacts from
natural variability.

Finally, Biic Thiébaut (Station Biologique de
Roscoff, France) presents an innovative
application of DNAased methodologiedor
longterm  monitoring of  macrobenthic
communities By comparing higthroughput
sequencing techniques with  traditional
morphologybased identification, this study
demonstrates the potential of molecular tools tc
improve biodiversity assessments. The resul
from a finesand habitat in Morlaix Bay
contribute to ongoing efforts to integrate
genomic observatories into marine monitoring
frameworks, offering a promising path towarc
more efficient and comprehensive ecosyste
evaluation.

Together, these studies illustrate how
advancements in methodology- from
standardzed monitoring protocols to functional
trait analysis and genomic approachesre
transforming our ability to assess and protec
sedimentary habitats. Theyisa highlight the
challenges and opportunities that come witt
implementing these new techniques in real
world conservation and management efforts.

I'Eau et la Directiveadre sur la Stratégie pour
Milieu Marin. L'étude souligne l'importance
RAALIZASNI RQAYRAOI (GSd
une approche structurée de ['‘évaluation d
habitats, ouvrant la voie a des stratégies
gestion plus efficaces.

La deuxieme présentation, pe¥incent Bouche!

(Unv. Lille, France), explore I@iversité
fonctionnelle des communautés C
foraminiféres benthigues dans les habit:

sédimentaires meubles de |'est de la Mandbe
allant audela des évaluations traditionnell¢
basées sur la taxonomie, cette étude réveds
informations surprenantes sur la fagon dont
facteurs de stress naturels et anthropogéniqt
fagonnent la composition des communautés
la résilience des écosystemes. Les résu
remettent en question les hypothest
conventionnelles sur la perteedbiodiversité
dans les zones cotieres industrialisé
soulignant ¢ besoinde nouvelles approche
pour différencier les impacts induits p
I'hnomme de la variabilité naturelle.

Enfin, Eric Thiébaut(Station Biologique di
Roscoff, France) présente unapplication
innovante des méthodologies basées sur |'A
environnemental (eDNA) pour la surveillanc
long terme des communauté
macrobenthiquesEn comparant les technique
de séquencage a haut débit avec l'identificat
traditionnelle basée sur la morplogie, cette
étude démontre le potentiel des oulti
moléculaires pour améliorer les évaluations
la biodiversité. Les résultats obtenus dans
habitat de sable fin de la baie de Morli
contribuent aux efforts en cours pour intégr
cette nouvelle méthdologie dans le cadre de
dispositifs de suivi environnemental, offrs
ainsi une voie prometteuse vers une évaluat
plus efficace et plus compléte des écosysternr

Ensemble, ces études illustrent la fagon dont
progres méthodologiques des protocoles de
surveillance normalisés a l'analyse des tr
fonctionnels et aux approches génomique:
transforment notre capacité a évaluer et
protéger les habitats sédimentaires. El
mettent également en évidence les défis et
opportunitésliésaf I Y A a S effecfivedtc
ces nouvelles techniques dans le caRr@ S F
de conservation et de gestion.
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Contextual introduction

In order tomonitor the conservation state of intertidal sedimentary habitatsd therefore adapt their
managenent practice, marine protected area managers, with the support of Réserves Naturelles de
FrancelRNFand the Observatoire du Patrimoine Naturel Litt¢@PNL)designed a protocol in 2007.

This protocols similar tothe one used to survethe French weer bodies according to th&/ater
Framework Directivéut it has beerspecifically designed to survieye major habitatsvithin protected

areas. In 202IRNHoined the Life Marharogram whichprincipal objective i® restore and maintain

a good conseration stats of marine habitats with all theperatorsengaged irthe managemenbf

Natura 2000areas As an associate beneficiaBNFhas been committed to elaborate methodto
evaluatethe conservation state of intertidal sedimentary habitats. Thigk would alsoshould be
included in existent directives such as the Water Framework Dirdtif#®) the Marine Strategy
Framework Directive (MS}Bnd the Habitat Directiveln coordination with marine area managers,
multiple objectives wereset: (1) desHy Ay 3 aadl GA2y &aKSSGa¢eg G2 NBadzy
parameters at each station and facilitate the definition of habitats according to national and European
typologies (2) compute and compare the results of existing indicators, and (3) defimethod to
evaluate conservation state wigiertinentindicatorswith the assistance of a dedicated working group

Methodology

The intertidal sedimentary habitataonitoring network is composed of 13 sites in France (Fig. 1)
Contributorsconductthe surveyprotocol every year around OctobEs" (Caillot & Hacquebart, 2012)
Sediment samples are colleciedhe field bylocalmanagerandanalysedn the labfor organic matter
guantification, grain size and macrofaudantification.

Concerning numerical analysis, the first step was to identify habitats accordignttional habitat
typology (Gayetet al.,2018; Michezt al, 2019)using primary parameters at each stati@pecies
composition and abundance, sediment texture, ofgamatter percentage and species richndgsen,
existingecological indicators were testeddesessheir relevancdor evaluaingthe conservation state

of intertidal sedimentary habitatshe ! 1%2¢ L Q& a | NJ yAMBI).(Bogaétial) 2000y tReS E
Multivariate! %¢ L Qa a I NA (N2MBI)Barjaek &0, 2008aR1% Benthic Ecosystem Quality
Indexadapted for French estuaries (BERI(Fouetet al.,2018) and the GenerdPurpose Biotic Index
(GPBI)Labruneet al.,2021) Finally, a workingroup was built up to identify the appropriate method

for evaluating the conservation state of these habitats. The first approach tested was the Ecological
Quality Assessment (EQA) method (Sturbiogd, 2023), coupled with the selected existing indicators:
AMBI, MAMBI, BEGFR, GPBI, and sediment texture according to Folk (1954). This technique allowed
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to determine a reference envelope, here the first five years at each station, and to assess wieether t
F2tft2gAy3 LRAYyGA NS AyOfdzRSR Ay (KAA Sy@St2LSo
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Figure 1: Map of the sampling sites and the year of their first participation (France)

Results

The analysis of the general parameters at each statilmwed the identification of 16 habitats
according to the NatHaAtl habitat typology. Five of these habitats are represented in the two
coastlines monitored (English ChanRNefth Sea and Atlantic Ocean), which allows isiter
comparison whereas habitareduced in terms of spatial extent, enable to study regional specificity.
Ecological indicators were computed and major differences in the results were found between
indicators based on a passification of species (AMBLAWBI and BEER) and th&PBI one.

Concerning the method for evaluating conservation state, the first results of the EQA method paired
with indicators was considered as promising by the dedicated working group. It allowed the
identification of stations with points outside the reface envelope: 72% of the stations presented at
fSFHad 2yS LRAYyG a2dziéeé¢d ¢KS YSGK2R |faz2 |ff26SR
directional change, 45% were concerned by isolated points, 18% presented an exceptionally high
variability and % were alternating between two identified states. In 40% of cases, indicators were able

to give insights to why points ranged outside the reference envelope, revealing that supplementary
indicators may have to be used to have a complete understandings# grocesses.

Conclusion
The methodology developdgtregivespromisirg results for evaluating conservation states of intertidal

sedimentary habitats. Further developments are required to improve the method: (1) studying the
particular case of stationsdated inZostera noltehabitats, (2) testing new indicators to better
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understand state/pressure relations, and (3) promote this method by building and distributing a support
adapted to managers, with the contribution of the dedicated working group.
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Q&A

On EUNIS classification and station homogeneity
A Level 3 was chosen based on the requirements of MPAs. Ongoing verifications are b
conducted to ensure the homogeneity of substations. If needed, the protiltbe
adjusted with managers.

On considering environmental pressures

A No direct pressure data, only feedback from managers. afiaysinghe results, these
aspects will be further explored with them.

On the choice of the fivgear reference periad
A Five years were chosen to smooth interannual variability. A rollingefarevindow
approach could be considered, comparing each period to the next to better track cha
The goal is to observe changes rather than fix a reference point.

On the needdr a reference site and the limitations of the approach

A Finding a true reference site is difficult, as it requires the same habitat under different
pressures. Defining a baseline remains a key but complex challenge.

On expanding the study to other bigloal groups (birds, macrofauna, etc.)

A Possibly in the future, but today, the protocol does not allow for establishing clear cat
and-effect relationships (e.g., does more macrofauna imply fewer birds?).
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Introduction

Marine sedimentary habita in coastal and transitional areas are located at the interface between sea
and land. Under the influence of both marine and freshwaters, these fragile ecotones are characterised
by strong environmental gradients and high variability of phdiemicalparameters (e.g. salinity,
temperature, oxygen; Elliott and Quintino, 2007). In addition, they can be naturally enriched in organic
matter (Pusceddu et al. 2003). Transitional waters therefore appear as naturally stressed environments
(Elliott and Quintin@007) much more selective than classic terrestrial ecotones. Representing at least
Mo 2F GKS 62NIRQa O21IaGfAyS O0bAE2Y mMoyHOSZ (KSe@
food resources for migratory birds (Munari and Mistri 2012) and nutsabitats for juvenile fish

species of high commercial value (e.g., eels, flatfishes; Beck et al. 2001, Couturier et al. 2007). They are,
however, exposed to high levels of anthropogenic stresses such as aquaculture, habitat destruction,
urban sewage and dlustrial activities (Dauvin et al. 2007, Bouchet and Sauriau 2008, Armynot du
Chatelet et al. 2011).

Ly (GKSaS FINBlIaxX o0SYiKAO O2YYdzyAlGASaQ RAAGNNOGCzIA
conditions (Rosenberg et al. 2002, Groger and Runffif@) 2in particular by changes related to human
activities and climate (Gray et al. 1990, Hyd#@mzgphan et al. 2009). Benthic foraminifera is one of the
most abundant meiobenthic groups, representing up to 50% of the benthic eukaryotic biomass in
coastal sdiments (Moodley et al. 2000). Benthic foraminifera are recognized as indicators of human
induced stress (Alve 1995, Arieli et al. 2011), such as oil spills (Morvan et al. 2004), heavy metals
(Cavaliere et al. 2021), urban sewage (Melis et al. 2019)aquatulture (Bouchet et al. 2020). In
complement to species richness, alpha diversity (the diversity of species within a particular area or
ecosystem) and abundance, benthic foraminiferal-tvaged approach may help capturing key changes

in environmentakonditions that taxonomibased studies do not record (Cleary and Renema 2007,
Hansen et al. 2023).

In this context, the main objective of the FORWMIc project, funded by the ArteR&icardie and Seine
Normandie water agencies, was to characterize thathic communities of marine coastal and
transitional sedimentary habitats along the coast of Normandy and Jdedisance in the eastern
English Channel to understand the spatial distribution patterns of benthic foraminifera in both natural
and heavily honanrmodified coastal water bodies. This was achieved by applying the Biological Traits
Analysis (BTA) approach to benthic foraminifera. While the biological traits approach is already well
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known for macroinvertebrates, it is barely used for foraminifdres. §tudy was among the first to apply
the BTA framework recently developed benthic foraminifera-{@&um and Bouchet 2025).

Material and Methods

A total of 34 stations were sampled at seven sites in the eastern English Channel along French coasts
(Hg. 1). Three sites were considered as more or less pristine areas moderately influenced by human
activities, i.e. the Bay of Veys (BV), the Orne River (O) and the Authie Estuary (AE). The five other sites
were harbours and were considered as water bodieavily modified by human activities (WFD
2000/60/EC), i.e. Cadbuistreham (CO), Le Havre (LH), Calais (CL), and Dunkerque (DK). For all sites,
more detailed informations can be found in Pavard et al. (2023). All stations of sites considered as less
impaded outside harbours were sampled in intertidal environment. All stations from harbours were
sampled in shallow subtidal environment (maximum depth: 18 m) and the station LH1 in Le Havre that
were sampled in intertidal environment.

Sediment was sampledrfgrain size (n = 1), CHI s
analysis (n = 3), Chloropkgl{n = 3) and element
trace metals (n = 1). Details on sediment samg ‘

. . Dunkirk harbor
processing can be found in Pavard (2023). s N o
Principal Component Analyses (PCA) \
performed on meartentered data of
environmenal parameters to see how

Great Britain

Authie %stuary
English Channel

Latitude
E

environmental parameters discriminated th BayofVeys  Le Havre harbor
stations of the study. Caen-Ouistreham * Ome estuary

. .4y harbor
Three replicates were taken for benthi
foraminifera analysis from the-D cm surface e
sediment layer (Reineck corer for subtidal e
handcorer for intertidal). Whepossible, at least 3 mggimde 5

300 individuals (all species included) were rig e 1: | ocation of sampled sites in the eastern

collected and identified for each sample for  gnpglish Channel (top right) and stations sampled

statistical validity. To describe the alpha diversity in sites: Bay of Veys (BDV), G@eristreham

AY F2NF YAYAFTSNI £ | &&S Yo hdrba & Grne 9stidryqQ), DedHEV(E hagbor &  dza S R
(Hill 1973, Chao and Shen 2003). Basedhen t  (LH), Authie estuary (A), Calais harbor (CL) a

newly published BTA framework for benthic -

foraminifera (GwHaim and Bouchet 2025), a species x traits matrix was built usingcfdiag. To

quantify the functional diversity, the functional dispersion (FDis), which measures the maximum
functional disance between any two species in the community (Laliberté et al. 2014), was calculated.

lEf FylrteasSa oSNB LISNF2NY¥YSR gAGK w nondm Wwlk OS 7
Results

The first axis of the PCA mainly discriminates stations according to the proportion of shdTTNC

contents in the sediment and concentrations of some trace metals (Fe, Ni and V) and explains 54.9% of

the variability between stations (Fig. 2). The second axis explains 24.4% of the variability of stations
mainly following C:N and two trace metdlsand Zn (Fig. 2).
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Discussion and conclusions

Silt proportion, TOC and TN contents and a major part of trace metals mainly contributed to explain the
discrimination of stations in the English Channel. The first cluster included mostly natural, $tations

the Bay of Veys and the two small estuaries of Orne and Authie. The second and the third clusters were
respectively composed of stations from harbors in their saroiosed and industrialised basins. It is

not astonishing to find marinas stationdtie second cluster (e.g. LHP, CO, CM, D6,) as these areas are
disturbed by the increasing activity of recreational boating. Finally, stations from the last cluster had
more specific environmental conditions. Highest concentrations in trace metals armbfit©ds at

these stations were mainly explained by their location in very industrialised basins, separated from the
sea by sluices in Dunkerque and Calais harbors, respectively third and fourth French harbors in terms of
freight.

Alpha diversity is known to be influenced by surrounding environmental conditions, especially organic
carbon (Pearson and Rosenberg 1978). Although we observed differences in the abiotic parameters
between the natural and anthropized sites, we did not olisany clear trends with the alpha diversity.

Indeed, species assemblages of naturally stressed environments, like the transitional areas where we
sampled, appeared to be similar to those of anthropogenic stressed environments, although the species
compostion may be different. It made it impossible to decipher the effect of environmental stressors,
SAGKSNI yIlddzNI £ 2N ' YGKNRLIZISYAOS 2y-lldstkated thef LIKI R,
concept of the Estuarine Quality Paradox (Elliott @uihtino 2007, Dauvin and Ruellet 2009). It

confirms the known challenge of differentiating between the effect of nature and human on the
diversity of benthic communities in transitional environments.

Our results showed that the functional diversity ofunak coastal areas is comparable to that of harbors
ones, despite the latter being heavily impacted by human activities. The functional diversity of
foraminifera is high, but it cannot be directly compared to another since there are only two studies on
the functional trait approach in foraminifera (Cleary and Renema 2007, Hansen et al. 2023). These
studies aimed to characterize assemblages based on biological traits. However, they did not strictly
calculate functional diversity.

Where does the observedghi functional diversity in harbors come from, given that they are supposed

to be unfavorable environments for pelagic and benthic species due to high pollution levels? Two
hypotheses could provide an answer to this question. Firstly, although species tnaytecause of

the presence of the harbor, functional diversity may not be affected, as observed in the port of Mumbai

in India (Dias et al. 2023). In other words, even if the number of species decreases, biological traits may

be maintained as well abd functioning of the ecosystem (Dias et al. 2023). However, this does not

seem to be the case in this study, since we observed that alpha diversity was similar in natural sites as

in the polluted harbor sites. The second hypothesis is that the modificaitithe ecosystem due to

the establishment of harbors allowed pegisting species to survive and to further settle more
effectively. Additionally, the arrival of namdigenous species (NIS) introduced a whole new range of
functional traits and diversit In theory, these new traits can degrade, maintain, or improve the newly
established ecosystem. It has been shown that the combined activity of native andtivenspecies

OFy LINRY23GS o6SGGSNI NBIASYSNI A2y 2 FunctioiNB Indbr® |- € T2
important than its identity (Catterall 2016).

¢t2 02y OfdzRS:Z GKS LINBaSyil addzRéeQa FTAYRAYy3IA | NB LN
approach for benthic foraminifera, and (ii) the urgent need for studies to undergtangressure

driving the functional diversity of sefediment coastal areas, particularly in harbor ecosystems, which
remain largely understudied. Furthermore, coastal urban ecology is an emerging field of research that
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requires a substantial effort in der to understand better the ecology of such modified ecosystems,
particularly of marine sedimentary habitats.
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Q&A

On the impact of hydrodynamics and flooding on the studied stations
A Ports are more sheltered, but since they are often located in estuaries, they can also
subject to flooding. That said, their conditions remain different fnataral estuaries,
which can influence observations.
On the biological traits and functions of foraminifera
A For certain species, their role in bioturbation is known, but overall, knowledge of func

traits remains limited. We have a rough ide#heir diet, but not enough to precisely
characterize their function in the ecosystem.

PROCEEDIN@8ne sedimentary habitats seminar for European Atlantic Bioge®d



The use of Efd8ed methodologies for ttertomgonitoring
of macrobenthic communities: insights from a fine sand
community in the Bay of Morlaix, France

Jade Casl, Céline Houb# Claire Daguiithiébaut, Nicolas Hendy, Thierry Comtét Fabrice
Not, Eric Thiébauit®

1Sorbonne Université, CNRS, Station Biologique de Roscoff, FR2424, Place Georges Teissier, 29680 Roscoff, France
2Sorbonne Université, CNRS, OSU STAMAR, UAR 2017, Station Biologique de Roscoff, Place Georges Teissier, 29680 Roscoff,
France

3 Sorbonne Université, CNRS, Station Biologique de Roscoff, Adaptation et Diversité en Milieu Marin, UMR 7144, Place

Georges Tesser, 29680 Roscoff, France

4 Research Federation for the Study of Global Ocean Systems Ecology and Evolution, FR2022/GOSEE;Ange Michel

Paris, 75016&rance

Introduction

In the current context of increasing global anthropogenic environmental disturbances of coastal marine
ecosystems, there is an increasing demand to inventory marine biodiversity, depict théespptcal
dynamics of communities and assess the ecosysgatthh Traditionally, such biodiversity assessments
and biomonitoring are implemented using morpholbgged methodologies. These rely on the
identification and count of hundreds to thousands of specimens per sample which are extimely
consuming andequire a taxonomic expertise which tends to decline in most laboratories. Furthermore,
they do not provide access to parts of the biodiversity that are less accessible (e.g. cryptic diversity).
Recently, the rapid development of hifitoughput sequencingechnologies enables the use of BDNA
based methodologies as a potential alternative to traditional morphdiaggd methodologies
(Cordier et al., 2021). These methods are expected to be faster, more objective, robust and cost
effective tools.

In marine systems, DN#ased methodologies (i.e. metabarcoding, metagenomics and
metatranscriptomics) have been applied to different taxonomic groups (e.g.-ongEnisms,
invertebrates, fish) and habitats (e.g. water column, hard substrate, sedimeéxd).iszither directly
extracted from an environmental sample such as water or sediment (i.e. eDNA) or from preprocessed
samples (i.e. bulk DNA) (Pawlowski et al., 2022). Although several pilot studies have highlighted the
potential of DNA for biodiversityonitoring, some technical limitations and conceptual issues have
hampered the routine deployment of these methods and its application busard (see Pawlowski et

al., 2022 forsoft sedimenk In this context, the European Marine Omics Biodiversity r@Gdigm
Network (EMGEBON) has been launched in 2021 to promote apampeancentrally coordinated
network of genomic observatories along European coasts following standardized protocols (Santi et al.,
2023; 2024). The present paper shows preliminaryli®érom the bulk DNA monitoring of a benthic
community from a fine sand habitat in Morlaix Bay (English Channel, France) initiated in September
2021. The relevance of bulk DNA is discussed by analysing results provided jointly by traditional
morphologybased approaches and metabarcoding.

Materials and methods

A 2 4 A x
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site of benthic communities which have been surveyed since 1977 in the Bay of Morlaix (wegirn Eng
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Channel). This station is currently a reference station in the French monitoring programme of benthic
macrofauna according to Water Framework Directive. It harbors a fine sand benthic community
dominated by polychaetes and amphipods (Dauvin, 1998 Sieptember 2021, samples have been
collected twice a year in early autumn (i.e. Septer@eober) and end of winter (i.e. Februdarch)

using a SmitMclintyre grab. Ten replicates were sampled for the analysis of the community structure
based on morpo-taxonomic approaches while three additional replicates were collected for the
analysis of bulk DNA. All samples were sieved through a 1 mm circular mesh sieve. The three samples
dedicated to the bulk DNA analysis were pooled together and DNA wasezkfrach two 10 mL sub

samples using the commercially available QDI Fecal/soil kit (Zymo Research). For each extract, a
region of the cytochrome c oxidase subunit | (COI) gene was amplified using mICOlintF and jgHC02198
primers (Leray et al., 2013)efailed description of the sampling protocol, DNA extraction and DNA
sequencing is provided in Santi et al. (2024).

Data were processed usingadre/ampliseq version 2.11.0 (Straub et al., 2020) of twerd collection

of workflows (Ewels et al., 202Qjtilizing reproducible software environments from the Bioconda
(Griuining et al., 2018) and Biocontainers (da Veiga Leprevost et al., 2017) projects. Data quality was
evaluated with FastQC (Andrews, 2010) and summarized with MultiQC (Ewels et al., 28d&)t Cu
trimmed primers (Martin et al., 2011) and all untrimmed sequences were discarded. Sequences that did
not contain primer sequences were considered artifacts. Adapter and Hrieeesequences were
processed initially independently, butegamined asne pool (pseudgooled) with DADA2 (Callahan

et al., 2016) to eliminate PhiX contamination, trim reads, discard reads with > 2 expected errors, correct
errors, merge read pairs, and remove polymerase chain reaction (PCR) chimeras. Between 53.59% and
82.57/% reads per sample (average 74.5%) were retained. Taxonomic classification was performed by
DADA2 with a user provided database. ASVs were clustered into Operational Taxonomic Units (OTUS)
using Swarm v3 with d=6 (Mahé et al., 2022). OTUs with less Sheenads for all samples were
excluded. The taxonomic assignment of the representative sequences of each OTU was performed using
Vsearch V2.18.0 with a 0.8 similarity score and MIDOREsion261, a reference database of
Eukaryota mitochondrial DNA sequen (Leray et al., 2022).

Results

For the 4 sampling dates between 2021 and 2023, the number of reads psaraplke varied between

1.66 and 6.69 million (mean value: 4.89 millidnjotal of 7606 different ASVs were identified. After
Swarm clusteringnd removal of rare OTUs, only 1095 OTUs remained, most (i.e. 1009) being assigned.
As the aim of the present study was to compare metabarcoding data with morphospecies data on
benthic macrofauna collected in the fine sand community, OTUs frormatazoa eukaryotes (e.g.
macroalgae), meiofauna taxa (e.g. Nematoda) and sessile epifauna taxa (e.g. Hydrozoa) were removed;
184 OTUs were assigned to macrobenthic infauna and vagile epifauna including 140 OTUs assigned at
the species level. Among them, 94 OTilds 51%) were assigned to one of the 540 species observed at
least once at the Pierre Noire station since 1977. In some cases, multiple OTUs were ts#igned

same species. Whatever the sampling date, the two most abundant phyla were AnneliddlaadaMo
(Figure 1). The 10 dominant OTUs were assigned to the polyciNegiesys hombergiParadoneis

armata and Diplocirrus seisuaiaghe ophiuroidsAmphiura filiformisand Acrocnida brachiatathe
bivalveNucula nitidosaand one unknown Polychaetal these species are common at Pierre Noire
exceptDiplocirrus seisuaiaecently described from Japanese waters.
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Figure 1. Read proportions of the different taxonomic phyla for metabarcoding data in-taenglés collected
at the Pierre Noire Station from September 2021 to February 2023.

While 104 to 176 different morphospecies were colidcat each sampling date, only 28 to 41 species
were present in both morphospecies and metabarcoding datasets (Figure 2). A total of 76 to 135 species
were reported in the morphospecies dataset only while 37 to 61 species were reported in the
metabarcodingdataset only. In addition, 18 to 32 OTUs were not assigned at the species level. For
example in September 2021, 14 morphospecies among the 25 most abundant ones were not reported
in the metabarcoding dataset including the polychagtgalinoecia bilineat&pio decoratyscoloplos
armiger, Ampharete lindstroengind Marphysa bellii

A B
I 21 OTUs not assigned at

18 OTUs not assigned
at the species level the species level
. C l D
32 OTUs not assigned at 19 OTUs not assigned
the species level at the species level

Figure 2. Venn diagrams showing the number of species identified by mortasiedynethodologies and DNA
metabarcoding for the different dates (A) September 2021, (B) March 2022, (C) September 2022 and (D) February
2023. Species identified from their ploology are in violet while species assigned from the OTUs are in duck
blue. Numbers arne number of morphospecies or number of species assigned to OTUs. The number of OTUs
which were not assigned at the species level is indicated in italics belatiegaam.
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Discussion

A large proportion of the OTUs identified in the present study was assignedsgetties level, more

than half of them corresponding to species already observed at the Pierre Noire site. However, at each
sampling date, there wassggnificant discrepancy between the occurrence of species identified on the
basis of morphological criteria and those identified on the basis of DNA sequences. Only 22.8 to 26.9%
of the species identified by morphology were recovered by DNA metabarc8direyal hypotheses,

which are not mutually exclusive, can be proposed to explain these differences.

First, discrepancies between methodologies may result from a difference in sampling effort: 10 grab
samples for morphological identifications comparedtéor metabarcoding. As species richness is
strongly influenced by sampling effort, many rare species would only be present in the samples used for
traditional counting. However, this hypothesis does not explain why very abundant species such as the
polyctaetesHyalinoecia bilineatand Spio decoratuare not detected by metabarcoding.

Second, the incompleteness and quality of the international reference databases used for assignment
is commonly proposed to explain the rdetection of species by metabardnd. For example, of the

540 morphospecies observed at least once at Pierre Noire, only 360 (60%) are present in the MIDORI2
database. At the genus level, 317 of the 371 genera recorded at Pierre Noire are present in the MIDORI2
database. Other problemsrftaxonomic assignment can also blur our results as proposed by Keck et al.
(2023): (i) an error in the taxonomic identification of the specimen used to provide the reference DNA
sequence, (ii) sequencing errors (e.g. PCR errors, contamination), (enceganflict when different

taxa are assigned to the same genetic sequence, (iv) taxonomic conflict if the same organism is
registered with different taxonomy, (v) low taxonomic resolution of reference sequences and (vi) the
lack of intraspecific variantghich may limit the assignment quality for closely related species with a
high intraspecific diversity.

A final hypothesis is the potential identification errors in our morphospecies dataset. This problem is
particularly important for polychaetes, wherecent taxonomic revisions have revealed numerous
cryptic species. As an example, while the polychasipharete lindstroenis commonly reported at

the Pierre Noire station, one OTU in the metabarcoding dataset was assighegharete santillani

a new pecies which is morphologically very similaAopharete lindstroenand has been described

from individuals collected in shallow coastal waters off Galicia, NW Spain (Parapar et al., 2018).

To conclude, preliminary data acquired on 4 dates between 26i22G23 provide encouraging results

on the relevance of metabarcoding to measure macrobenthic biodiversity efestifbents but the

poor congruence between traditional methods and Bid8ed methods highlight major issues
concerning the OTUs assignmedontrary to a widespread popular belief, the use of DNA
metabarcoding requires considerable taxonomic expertise, whether to complete reference sequence
databases, to describe intraspecific genetic variability, or to resolve the issue of cryptic species. Th
development of these approaches should promote integrative taxonomic studies and contribute to local
and customized databases, and ultimately international databases. These advances in taxonomic
assignment will enable a more robust and objective bioradng at local and regional scales.
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Q&A

On contamination related to sample rinsimgter.

A Samples are washed with unfiltered seawater, which can induce contamination. How
since the study targets benthic macrofauna, irrelevant species are systematically exc
¢KS dzaS 2F aOftStyé¢ L GSNI G 20KSNI adl (

onwa&3a (2 fAYAG O2ydGFYAYIFGAZ2Y 685b! FTNRBY 6&¢

A Analsing the rinsing water in parallel would help identify and exclude contaminant
fragments afterward.

On the impact of currents and tides (contamination by intertidal species)

A Noevidence of this issue in the study: no DNA sequences from terrestrial or estuarine
were detected. Insects were identified, but they are known to be present in the study

On the comparability of methods (beyond taxonomic groups)

A Methods areevolving rapidly (equipment, taxonomy, etc.), making-tenm monitoring
more complex. Some historical variations observed are not due to environmental cha
but to improvements in tools and identification criteria.

A For functional analyses, eDNA doetyei provide robust quantitative data, but better
taxonomic referencing of AS{&npliconSqguenceVariant could improve the situation
(e.g., richness calculation, Shannon index, etc.).

On the durability of DNA in the environment and its temporal reteva

A DNA can persist, but its interpretation depends on the environment. In water, it can b
transported by currents, making it difficult to determine the actual presence of a spec
sediments, it is more stable. Current results show a good coorelagitween dominant
OTUgOperational Taxonomic Unéhdin situobservations, so the method is promising.

On the future of eDNA as a monitoring tool
A It will not immediately replace traditional methods. Complementary expertise will be
necessary to valate its largescale use. However, for certain applications, such as

microorganism monitoring (e.g., salmon farms in New Zealand), it has already becorr
official indicator.
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SESSIONRUBLIC POLICIEEERRRTING FOR THE

CONSERVATIONMENTARY HABITATS

POLITIQUES PURETMIEGANISMEBRIBRRIAGE POUR LA

CONSERVATION ORI SSEDIMENTAIRES

Sessiommoderatorc Animateur de sessiobaurent Guérin,InternationalScientific
Expertise and Coordination Marine Biodiversity, OFB, France

Access the presentatiofi®m thissessiornere¢ Accédez aux présentations de cette

sessiorci.

Sedimentary habitats are not only essenti
ecosystems but also key components of marir
conservation policies. As human activities ar
environmental changes increasingly impa
these habitats, effective policy frameworks ar
needed to ensure their protection and
sustainable management. This session explol
the role of public policies and reging
mechanisms in the conservation of sedimenta
habitats, with a focus on habitat classificatior
regulatory compliance, ecological assessmen
and longterm monitoring.

The first presentation, byMarie La Riviére

GadzaSdzy bl GA2Y Il fleMRHN| ;
France) discusses thdevelopment of NatHab

Atl and refinements in the HCI classificatic
system which have enhanced the scientific bas
for benthic habitat conservation. By addressir
gaps in the EUNIS classification and aligni

Leshabitats sédimentaires sont non seuleme
des écosystémes essentiels, mais aussi
éléments clés des politiques de conservati
Les activités humaines et les changeme
environnementaux ayant un impact croiss:
sur ces habitats, des cadres politiqedtcaces
sont nécessaires pour assurer leur protectior
leur gestion durable. Cette session explore
role de ces cadreset des mécanismes d
rapportage dans la conservation des habit
sédimentaires, en mettant l'accent sur

classification des hahts, la conformité
réglementaire, les évaluations écologiques €
surveillance a long terme.

La premiere présentation, paarie La Riviér
(Muséum National d'Histoire NatureNNHN,
France), traite ddéveloppement de NatHa#tl
et de l'affinement duwsystéme de classificatic
HCJ] qui ont permis d'améliorer les bas
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national franeworks with European policies,
these efforts contribute to more coherent
management strategies. The upcoming 20z
EUNIS revision presents an opportunity
further standardize habitat classification at thi
European level

Anne-Laure Janson(French Biodiwsity Office,

OFB, Francg)nd DianeLaforge(MNHN, France)
provide an overview ofhow sedimentary

habitats are integrated into public policies
particularly within the Marine Strategy
Framework Directive (MSFD) and the new Natu
Restoration Regulation.h@&ir study highlights
gaps in monitoring networks, particularly fo
offshore sedimentary habitats, and underscore
the need for methodological improvements tc
assess habitat loss and degradation under tl
MSFD framework.

AlexandreRobert(IFREMER, Frangakesents a

retrospective analysis of methodological
challenges encountered during the assessme
of softbottom habitats under MSFD CyclelB

this context, the study critically evaluates the us
of Water Framework Directive (WFD) data fc
habitatassessment&mphasizing the limitations
of spatial extrapolations and the complexities ¢

selecting appropriate indicators for Goo
Ecological Status.
Jbsé Manuel Gonzéledrusta (Centro

Oceanogréfico de Santander, Instituto Espaf
de Oceanografia, Spaiextends this discussion
to the circalittoral and bathyal sesediment
habitats in Spain, presenting insights iribe
assessment of seafloor integrity within the MSF
framework This presentation (summarized as a
abstract) contribute$o a broader undrstanding
of habitat monitoring across different Europeal
marine regions.

Finally AnnaLizinskd DRI 241 | YA @
presentdindings from the Nea Panacea researc
project, which contributed to the OSPAR Qualif
Status Report 2023. THargescale assessment
synthesizes trends in Nortbast Atlantic benthic
habitats over the past decade, arsahg the

impacts of human activities, climate change, ar
ocean acidification. The study highlights th
urgent need for improved monitoring program

scientifiques de la conservation des habit
benthiques. En comblant les lacunes de
classification EUNIS et en alignant les ca
nationaux sur les politiques européennes,
efforts contribuent & des stratégies de gesti
plus cohérentes. La prochaine révision
systéeme EUNIS en 2025 offre I'opportunité
standardiser davantage la classification
habitats au niveau européen.

AnnelLaure Janson(OFB, France) eDiane
Laforge(MNHN, France) donnentn apercu de
la facon dont les habitats sédimentaires s
intégrés dans les politiques publiguesn
particulier dans le cadre de la directn@dre «
Stratégie pour le milieu marin » (DCSMM) et
nouveau réglement sur IRestaurationde la
Nature. Leur étude met en évidence les lacul
des réseaux de surveillance, en particulier p
les habitats sédimentaires offshore, et souli¢
le besoin d'améliorations méthodologiques pc
évaluer la perte et la dégradation des habit
dans le adre de la DCSMM.

Alexandre Rober{IFREMER, France) prése
une analyse rétrospective des dé
méthodologiques rencontrés lors de I'évaluati
des habitats de fonds meubles dans le cadre
cycle 3 de la directiveadre « Stratégie pour |
milieu_mam » (DCSMM)L'étude évalue d¢
maniere critique l'utilisation des données de
Directive Cadre sur I'Eau (DCE) pour I'évalue
des habitats, en soulignant les limites ¢
extrapolations spatiales et la complexité de
sélection d'indicateurs approprigmur le Bon
Bat Ecologique.

José Manuel Gonzalemsta  (Centro
Oceanogréfico de Santander, Instituto Espe
de Oceanografia, Espagne) élargit ce
discussion aux habitats de sédiments meul
circalittoraux et bathyaux en Espagne,
présentant des SYSy il a RQI
f OS@I fdz2 GA2Y RS fQAY
le cadre de la DCSMMCette présentation
ONBadzySS a2dza dostritiresSa
une meilleure compréhension du suivi ¢
habitats dans différentes régions marin
européennes.

Enfin,AnnaLizinskad DRI Z2&a {1 | YA ¢
présenteles résultats du projet de recherct
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to track these changes and inform sciebesed
policy recommendations.

Together, these presentations illustrate the
evolving landscape of sedimentary habite
conservation, emphasizing the importance c
classification systems, regulatory framework
and longterm ecological monitoring in shaping
effective marine policies.

NB: This sessiomaised general comments
from participants, addressing al
presentations in a crossitting manner. A
summary of these discussions is providec
page 10

Nea Panaceajui a contribué au rapport OSP.,
adzNJ £ QSidl i RS f QSy!
évaluation a grande échelle synthétise
tendances observées au cours th derniére
décennie dans les habitats benthiques
f Q! Gf |y (Eatljedz8nalysahtNgs impac
des activitts humaines, du changem
Ot AYFGAldzS S RS f¢
[ QSGdzRS &a2dzZ A3yS ¢
programmes de surveillanadin de suivre ce:
Ssp2tdziazya SiG RQIfAY
politiques fondées sur la science.

Ensemble, ces présentations illustre
f QS@2t dziAzy Rdz OKI Yl
habitats sédimentaires, en mettant en lumié
f QA YL NI I y O 8e clRsSificatiang o
cadres réglementaires et du suivi écologiqu
f2y3 GSN¥YS LkRdz2NJ f QS
marines efficaces.

NBY / SGiGS asSaarzy |

générales portant de maniére transversi
adzNJ £ QSy aSyof SuniReSuiné
de ces échanges est proposé en pagé 10
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Sedimentary habitat units in publidploiiatss:
classifications, correlations and regulatory implications

Marie La Riviéf, Thibaut de Bettigniéd®, Salomé Andrés Sophie BeauvajsAnnelaure
Jansoh Diane LaforggLaura ThomaSleimas

1PatriNat (OFBINHNCNRSRD), France.
2| aboratoire Ecologie Fonctionnelle et Environnenfemance

Introduction

Marine habitat classification is a fundamental component of conservation plaanshgpolicy
implementation. It provides a common language between scientists, managers, and policymakers to
describe, assess, and monitor marine ecosystems. The need for standardized habitat classification arises
from multiple objectives:

1 Defining consistdrworking units at local, national, and regional scales;

9 Facilitating data collection and sharing on habitat occurrence, distribution trends, and
ecological functions;

1 Ensuring coherence between conservation frameworks under European and national
regulatians.

In Europe, several classification systems have been developed to meet different needs. We are working
on harmonizing typological tools to facilitate the identification and monitoring of benthic habitats in
France. These tools ensure the harmonizatidnhabitat typologies and improve conservation
assessment and reporting at multiple scales.

European and national habitat classifications (EUNIS and NatHab)

The EUNIS marine habitat classification is a hierarchical European system designed to casetmize

habitats across Europe based on physical, biological, and ecological characteristics. EUNIS aims to
provide a standardized framework encompassing the full diversity of marine habitats across European
waters. The consistency of the marine sectiorEONIS is especially strategic, as it is the official
classification used for the implementation of the MSFD (2008/56/CE) and the Nature Restoration
Regulation (NRR, EU 2024/1991). EUNIS is also the classification used by the EUSeaMap (European
Marine Obseration and Data Network), the European braadle seabed habitat map.

| 26 SOSNE 9! bL{Q flGSaid NBGAAAZ2Y OHAHHUL 2yie& Ayl
Atlantic section, leaving out broader European perspectives. This has resulteldssifecation that

lacks representativity for other Atlantic states, including France and this raised concerns about its
adequacy in representing the full diversity of benthic environments across Europe, specially in the light

of its crucial role in redatory compliance and ecosystem monitoring.

To address thighe Frenchnational classificatigrNatHabAtl, was updated following the new EUNIS
hierarchical structuréMichezet al.,2019) The NatHalAtl typology provides a comprehensive and
structured tassification of benthic habitats for the French waters of the English Channel, the North Sea
and the Atlantic. It includes 106 habitats units at the biocenotic level (hierarchical level 2), including 55
sedimentary habitats (Fig. 1).
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This typology servesiultiple purposes: ensuring accurate habitat description and maggiinige
national level establishing correspondences wither lists or classificationgcluding EUNIS), and
supporting conservation planning #te national level. Moreover, NatHaktl is designed to be
adaptable, enabling updates based on scientific advancements and conservation needs.

TYPOLOGIE NATIONALE DES HABITATS MARINS BENTHIQUES DE LA MANCHE, DE LA MER DU NORD ET DE L'ATLANTIQUE

(NATHAB-ATL) (2]
D 0 00 D
Rechercher :| |

©- A1 - Roches ou blocs du supralittoral et du médiolittora

O a2 - Recifs biogéniques médiolittoraux

©-A3-sédiments grossiers du supralittoral et du médiolittoral
O 431 _ Galets et cailloutis supralittoraux
O 43.2- sediments grossiers propres médiolittoraux
A3-3 - Sediments grossiers médiolittoraux en milieu & salinité variable

A3-4 - Herbiers & Zostera marina sur sédiments grossiers médiolittoraux

@ A4 sédiments hétérogénes médiolittoraux
O 241 sediments hétérogénes envasés médiolittoraux marins

O n4.2 - sediments hétérogénes envasés médiolittoraux en milieu & salinité variable

@ A5 Sables du supralittoral et du médiolittoral
O 5.1 - sables supralittoraux
©- A5.2 - sables médiolittoraux mobiles
O A5.3 - Sables fins mediolittoraux
O A5.4 - Sables fins envasés médiolittoraux
©- 5.5 .- sables médiolittoraux en milieu & salinité variable
O A5.6 - Herbiers a Zostera noltei sur sables médiolittoraux

A

i

-7 - Herbiers & Zostera marina sur sables médiolittoraux

Figure 1. Extract from the hierarchical classification of benthic habitats NatHddowing level 8edimentary
habitat units available on the INPNatHabAtlantique- Typology.

Each level 2 unit of thBrenchclassificatiorhas been described with ecological and environmental
parameters(La Riviereet al., 2022). All descriptive sheet includes information on abiotic factors,
ecological characteristics, spatial variabilggographicdistribution, characteristic and associated
species, temporal dynamics, associated or neighbouring habitats, potentiakntiigdtions,
ecological functions, conservation status, and evolutionary tréfasse descriptions provide the
necessary foundation for precise mapping, assessment, and conservation planning

This work, coupled with a correlation between EUNIS and NatHab, highlights the missing elements in
EUNIS and wilkerve as a reference for updating EUNIS and aligning national and European
classificationsin the OSPAR convention framework, France antdnited Kingdom will be leading a
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https://inpn.mnhn.fr/habitat/cd_typo/46

proposal to update the EUNIS classification for the Atlantic section in 2025. This will also be the
2L NI dzyAde G2 | RRNBS&aa KASNI NOKAOFE RAAONBLI yOAS

National interpretation of marine Habitats of Community Interest (HCI)

Under the EU Habitats Directive, specific benthic habiés are ddined as Habitats of Community
Interest (HCI), requirimdesignation of Special Areas of Conservakionvever, the broad definitions in
the official EU interpretatiomanual(European Commission, 2Q1&ten lack clarity for national and
site-level management.

Therefore,France has developed a refined national interpretation of nine marine HCIs. This work
provides descriptive sheets detailingbiitat identification criteria, potential overlaps, and national
specificities (de Bettigniext al.,2021).

A comprehensive correlation effort was conducted with the NatHab typology (345 matches for-NatHab
Atl) to identify which habitat unit&’ould require management under the Habitats Directive. In the
future, this will make it possible to do away with the use of the list of habitats in the Cahiers d'habitats
cétiers (Bensettitet al.,2004), which is commonly used for Natura 2000 site management, ieh wh
does not provide a comprehensive list of HCls.

A nationalscale mapping initiative was then undertaken to improve spatial delineation ofmgaicte

HCI according to tlrenational definition, for the Habitat Directive Article 17 reporting (biogeogaph
assessments of conservation status) to the European Commission. These refinements will improve
coherence in Natura 2000 site management and will facilitate biogeogisgaiecassessments. Further
validation at the local level ssill required to addess potential conflicts with existing designations.

Sedimentary benthic habitats in public policies

Atlantic sedimentary habitats are covered by all public policies for marine environment conservation
(Habitats Directive, MSFD, Regulation for Nature Re&in, OSPAR, WFD) with different units. For
SEFYLX S (KS a{-{cOI ti8& NBIS@ &G lai.aNR I RSFAY SR o6& 9! blL
sedimentary habitats, while the HD only targets intertidal sediments (HCI 1140), infralittoral and
circalittoral coarseand sandy sediments (HCI 1110) as long as broad geographical units (estuaries,
coastal lagoons, and bays).

The OSPAR convention for the protection of the NBekt Atlantic identifies a list of threatened and

RSOt AYyAy3a KIFoAGLlF G aANIOAWR ! waze (HAnfndgad >S RSddf 3Ads & LS/RiaS 2 y
GLYGSNIARIE YdzZRFElIGaeés agal SNI o0SRa&é> a%2a0§SNI 0SS
As for the newly adopted Regulation for Nature Restoration, it targets in its Annex Il, a broad group of
habitati @ LJS& o DI ¢0 Sy O2YLJ} aadaAy3a ASRAYSYGrFrNEB KFoAGHEG:
nnn YSUNBa 2F RSLIIKEVLIS 6KAES Y2NBE aLISOATAO aSRAY
DI ¢ 66{SIF3aINIaa 0SRa¢> dal SOENDBRAEYR DRRItFAARY 6
Since the targeted units differ between these policies, it is essential to understand how the units are
defined and correlated. This is crucial to appreciate properly how work conducted on a unit within one

policy can conthute (or not) to the efforts of another to ensure crasgting use of data and increase
efficiency in knowledge acquisition and conservation efforts.
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Available tools

All habitat classification data, including correlations and descriptions, are avfitablgh theHabRef
repository(inpn.mnhn.fr/programme/referentiehabitats ?lg=enGaudillatet al.,2023. Thisdatabase
compiles all habitatlassifications and listsr metropolitan France and overseas territorites, both
terrestrial and marine environments,pporting:

1 Crossreferencing between classificatiovia unique habitat identifier€O_ HAB
9 Integration with taxonomic databases (TaxRef)

1 Public access thugh the INPN websitefferingdownloadable datasets and interactive tools
for habitat visualization.

The INPN websiténfrentaire National du Patrimoine Naturi@pn.mnhn.fr) provides access to these
data through downloadable spreadsheets (HabRef dambadividual typologies, arabrrelations
tables between 2 typologiger throughinteractive typology trees and habitat pages.

Training sessions on marine habitat typologies were introduced in 2023 and remain accessiinle as
webinars ensuring broader engagement in classification methodologies

Conclusion

The development of NatHakitl and the refinement of HCI classifications have strengthémed
scientific foundation for benthic habitat assessment and conservation at the national level. By
addressing gaps in the EUNIS classification and aligning national typologies with European frameworks,
these efforts contribute to more effective managerperegulatory compliance, and international
conservation strategies. Moving forward, the 2025 EUNIS revision represents a key opportunity to
establish a comprehensive and coherent European classification system. The availability of all these
typological tomls on the INPN will facilitate their use, as well as the coherent assessment and
management of benthic habitats at local, regional and national, and potentially international levels,
through the various regulatory policies.
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The MSFD (Marine Strategy Framework Directive)

In a few words

The Directive 2008/5&C of the European Parliament and the Council of June 17, 2008, known as the
Marine Strategy Framework Directive (MSFD), aims to maintain or restore the proper functioning of
marine ecosystems (preserving biodiversity and ensuring correct interactioreebetpecies and their
habitats, as well as maintaining dynamic and productive oceans) while allowing the use of marine
resources for future generations.

In France, the MSFD applies to metropolitan marine waters under French jurisdiction, divided into four

marine subregions: the English Changdbrth Sea, the Celtic Seas, the Bay of Biscay, the Western
Mediterranean.

For each marine sufegion, a Marine Environment Action Plan is implemented. This plan consists of
five elements, revised every six years:

1 Anassessment of the environmental status of marine waters and the environmental impact of
human activities on these waters;

1 The definition of Good Environmental Status for these waters based on qualitative
descriptors;

1 The establishment of environmental otliges and associated indicators to achieve Good
Environmental Status of the marine environment;

1 A monitoring program to continuously evaluate the state of marine waters and periodically
update environmental objectives;

1 A program of measures aimedaahieving or maintaining Good Environmental Status of
marine waters.

Assessment of sedimentary Habitats in the MSFD for the French English Channel and Atlantic
Coasts

oSedimentary habitats" refehereto benthic habitat€omposed primarily of unconsoliéatsediments
such as mud, sandparse or mixed substrateg hey support various macrofaunal communities and

play a key role in ecosystem functions like nutrient cycling, carbon storage, and providing essential
habitats for marine organisms.

European regirements
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Sedimentary benthic habitats are a component of Descriptditdiversity in the MSFD. According to
this descriptor, Good Environmental Status (GES) is considered achieved"Bibdiversity is
maintained.The quality and number of habitats, &gll as the distribution and abundance of species,
are appropriate to existing physiographic, geographic, and climatic conditiofiXirective
2008/56/EC).

The assessment must be conductedBpgad Habitat Typ@BHT, Table I), which corresponds to Level 2
habitats in the EUNIS classification (2022 version).

Table 1 Sedimentary Broad Habitat Types, including their associated biological communities, corresponding to
one or more habitat types in the EUNIS classification (Decision 2017/848/EU).

(Bé%a,a G%g?gﬁpgzges?g\f 2??9/8 48) Relevant EUNIS habitat codes (2022 versi
Littoral sediment MA3, MA4, MA5, MA6

Infralittoral coarse sediment MB3

Infralittoral mixed sediment MB4

Infralittoral sand MB5

Infralittoral mud MB6

Circalittoral coarse sediment MC3

Circalittoral mixed sediment MC4

Circalittoral sand MC5

Circalittoral mud MC6

Offshore circalittoral coarse sediment MD3

Offshore circalittoral mixed sediment MD4

Offshore circalittoral sand MD5

Offshorecircalittoral mud MD6

Upper bathyal sediment ME3, ME4, ME5, ME6

Lower bathyal sediment MF3, MF4, MF5, MF6

Abyssal MG1, MG2, MG3, MG4, MG5, MG6

French chates

Littoral sedimentary habitats

Monitoring of these intertidal habitats is based on a singbaitoring network in the French English
Channel and Atlantic coasts: the WFD Benthos network (benthic macroinvertebrates). It allows
monitoring of nearly 40 sites on these marine regions.

In the frame of thd=renchMSFD Ecological status assesment Cy(RoBertet al, 2023),criterion

D6C4 (habitat loss) was not assessed because the mapirencth intertidal habitats is incomplete

and insufficiently updated. Assessment of criterion D&@%efse effects on the condition of the habitat
type)was basedn M-AMBI (Muxikat al, 2007) and GPBI (Labruetal, 2021) indicators calculated

at the sampling station scale. Methodological developments are yet required to assess ecological status
of these habitats (at a larger spatial scale in particular).

Additional data, acquired at local scales (marine protected areas) could contribute to national MSFD
assessments, either to characterize the state of the communities or to update the spatial distribution of
these intertidal habitats.

Infralittoral and ciralittoral sedimentary habitats
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These habitats of French infend circalittoral areas are being monitoredivy WFD Benthos network
thanks to 40 subtidal sites located within the first nautical mile from the coastline.

As well as intertidal sedimentargltitats, criterion D6C4 was not assessed where#@dvial et GPBI
indicators were mobilized to assess criterion D6C5 at each sampling station scale. The latest GES
assessment (Cycle 3; Roledral, 2023) showed that the number of monitoring stations wasffitient

(network restricted to the 1st nautical mile, mainly targeting fine muddy sands). The SHASICCO project
(IFREMER/OFB) should allow to be better dimensioned this monitoring network. Starting in 2025, this
project aims to analyze the spatial suficy of the WFD monitoring network with regards to the
distribution of (i) sedimentary broad habitat types, (ii) environmental gradients and (iii) anthropogenic
pressures in order to propose a spatial monitoring strategy.

Offshore circalittoral sedimentahabitats

To date, within the MSFD framework, there is neither monitoring networkFeoich assessment

method for these offshore sedimentary habitats. The main data source comeEft@Dnet Seabed

Habitats (https://emodnet.ec.europa.eu/en/seabhdbitats) that provides us with predictive bread

scale seabed habitat mapOn the Mediterranean coast, the French IMPEC project (University of
Angers/OFB) focuses on the impact of abrasi@squre on offshore sefiottom communities. By

combining VMS data with biofie-situ data (macrofauna, meiofauna, foraminifera, and benthic mega
epifauna), it aims to establish pressumgact relationships and to test different biotic indicators.
Assessig the environmental status of the offshore circalittoral sedimentary habitats, drawing on
h{t!wQa 62N] ¢UKSNB LRraaAirofSs gAff o0S 2ySD2F GKS
Cycle (Cycle 4).

TheNature RestorationRegulation

In a few words

The Regulation (EU) 2024/1991 of the european parliament and of the council of 24 June 2024 on nature
restoration and amending Regulation (EU) 2022/869 Nature Restoration Regulation, known as Nature
Restoration Regulation (NRR), adopted in August 2024, taiensure the lonterm and sustained
recovery of biodiverse and resilient ecosystems, across the European territory of the Member States,
througheffective and aredased restoration measures with the aim to jointly cover, as a Union target,
throughoutthe areas and ecosystems within the scope of this Regulation, at least 20 % of land areas
and at least 20 % of sea areas by 2030, and all ecosystems in need of restoration by 2050.

Sedimentary habitats covered by NRR

This regulation covers several benthabitats, classified into sevé@Groups of Habitat TypdGHT)
presented in Annex Il of the regulation. These groups are composed of lists of habitat types, distributed
in biogeographical marine regions. In France, the NRR applies to metropolitan magerseuneer
French jurisdiction, in the two biogeographical marine regions Atlantic and Mediterranean Sea.

Sedimentary habitats are primarily considered in the NRR through a broad GHT encompassing these

KFoAGFEG&a ODNRdzZLI TY a{2Fia &S RaBIMIBAdditionaly2miore 8cBid IS NJ G K

GeL)lSa 2F aSRAYSYyGrNEB KFroAGLEGA NBE O20SNBR dzy RSN

Gal SNIL,G PREREETAAR GEEPAYISs O2NI .5 FyR O2NIffA3Sy?2

Table2: Habitat types listed y ! yYSE LL FNRBY bww F2N G§4KS DI ¢ 1T a{27Fi
RSLIKUOE O
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Groupe of Habitat Types n° 7 Habitat types (for Atlantique and Relevant EUNIS habitat cod

(Annex Il, NRR) Mediterranean Sea) (2022 version)
Littoral coarse sediment MA3
Littoral mixed sediment MA4
Littoral sand MAS
Littoral mud MAG6
Infralittoral coarse sediment MB3
Infralittoral mixed sediment MB4
Infralittoral sand MB5
Infralittoral mud MB6
circalittoral coarse sediment MC3
circalittoral mixed sediment MC4
circalittoral sand MC5

Group 7: Softsediments (not
deeper than 1 000 meters o

circalittoral mud MC6

depth) Offshore circalittoral coarse sedimen MD3
Offshore circalittoral mixed sedimen{ MD4
Offshorecircalittoral sand MD5
Offshore circalittoral mud MD6
upper bathyal coarse sediment ME3
upper bathyal mixed sediment ME4
upper bathyal sand MES5
upper bathyal mud MEG6
lower bathyal coarse sediment MF3
lower bathyal mixed sediment MF4
lower bathyal sand MF5
lower bathyal mud MF6

National Restoration plan and targets on sedimentary habitats

Each Member State must produce a National Restoration Plan by September 2026, which shall be
revised in 2032 and 2042. Among the various pieces of information the plan must provide, it must
include the quantification of areas to be restored to meet théoresion targets (including preparatory

work and indicative maps of potential restoration areas). This therefore requires the ability to map the
GHTs and spatially assess their condition.

For the soft sediments habitats covered by GHT 7, Member States must set a percéhtdgmor
condition area that need to be restore so as not to prevent Good Environmental Status, as determined
in Article 9(1) of Directive 2008/56/EC, from being aglieor maintained (NRR, Art.5.1).

Due to its large spatial extent and its definition at the EUNIS level 3 scale, the targets for GHT 7 are offset
compared to the six other GHTSs, and there is no objective for recreating a favorable reference area for
the GH 7. Thus, Member States must have implemented restoration measures-thirtégoof thed

of the GHT 7 area to be restored by 2040, and on the entirety af¥harea by 2050. This target is
accompanied by a knowledge acquisition target, requiring bderStates to assess the condition of

50% of the areas covered by GHT 7 by 2040 and 100% by 2050.
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State of Knowledge on GHT 7 to Support the French National Restoration Plan

A preliminary version of the mapping ferenchmarine GHTs (Thomas Sleiman an®ikvi&re, 2023)

was created based on the continuous benthic habitat mapping produced in 2018 as part of the
CarpeDiem project (Quemmerdisnice, 2020). This preliminary map illustrates the extensive area
potentially covered by GTH 7, which corresponddaoge part of the French Exclusive Economic Zone.

Since the NRR (National Restoration Plan) requires an assessment of the ecological status of listed
habitats and GHTs are new units, it is necessary to identify existing assessments (carried out under othe
public policies such adSFD, WFD, HDr through research projects, OSPAR conventions, etc.) that
could help address the knowledge requirements of the NRR. This involves establishing correspondences
between the units assessed in these evaluations aadiHTs. For GHT 7, some elements #AD

and MSFDassessments, OSPAR, and research work can be used to enhance the understanding and
evaluation of this habitat. However, numerous knowledge gaps persist considering the vast extent of
the habitat to be asssed. Ongoingrenchprojects such as CaLHaMar, SHASSICO, and IMPEC might
strengthen these insights, and a proxy presfiaeed approach will be explored for specific areas.
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The Marine Strategy Framework Directive (MFSD) assesst
benthic habitats in France: a focus on soft bottom habita
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The Mame Strategy Framework Directive (MSFD) aims to restore or maintain the Good Environmental
Status of the Marine Environment. Thigmplemented viaan ecosystenbased approach, considering
both pressures andbiologicalreceptors throughthe assessment ofarious descriftrs and criteria.
Among these, the D6ESiteria of theD1 BenthicHabitats descriptor ensures thie negative effects
of human activitie®n the biotic and abiotic structure ¢ie habitats as well a®n the associated
ecological functins, should not exceed a certain proportion of the natuxtérg of the habitatsThe
habitats correspond to Broad Habitat Types, defined Btnis 2 kel pathymetryx substrate)lt is
howeverpossible tgperform a more accurate investigation of thénerable habitats, habitats listed in
nationalred lists or ininternational conventions, etdhe criteriamust bedeclined byMarine Sub
Regionsln MetropolitanFrance, 1 BroadHabitat Typesccurin the English Channel airdthe North
Sea Marine SuBegionswherea22 BroadHabitat Typeare presentn the others Marine SutiRegions

Here, we present aetrospectiveof the methodologicalissuesthat we encountered during the
guantitative assessment of tmeuddyand sandymuddyhabitatsof the coastal areas (<1 nautical mile)
duringthe MSFD cycle 3. These habitats are already monitordte Water Framework Directivand

the associateddata constitute the onlyreal quantitative data sourdhat isavailable and compatible

with the MSFDrequirements Themutualisationof these data, although largely encouragedthy
biodiversitymanagersin orderto reducethe cost of the monitoring programéashoweverraised

serious questions. Indeedhd riskwas that the same data produce féerent results, because of
methodological discrepancies but also because the spatial and temporal scales of the assessments were
not exactly the same between the Water Directive and the MSFD.

It became clear thaéxtrapolaing the assessment of water mess (Water Directive) to infer the
ecological status of the habitats (MSFD) was aseose. Indeedseveralhabitats can coexist within
onesingle watemasse. On the other hand, one giveabitat canspread over different water masses
The eporting by vater massewas not consistent with theegulatory textand was redundant with the
assessment of another descriptor (Bftrophication).The choice was made to assess the ecological
status at the scale of the sampling stations without extrapolating as¢hke of the Broad Habitats
Types. Indeed, a preliminary analysis revealed that the Broad Habitat Types wee presemted by

the sampling stations so that extrapolating was not robust from a statistical point ofThievid6C5
assessment was therefonet fully complete

An important methodologicassue has also been raised about the choice of the indicators of Good
Ecological Statuhe AMBI (Western Mediterranean) otABI (other Marine SuBegionsare used

for the Water Directive. They refledié response of the benthic organisms to an enrichment of organic
matter within the sediment. These indicators were combined witbcand index: the General Purpose
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Benthic Index (GPBI; Labrune et al., 20Ph& GPBI igotentially sensitive to althe anthropogenic
pressureghat are likely to affect thepeci€ abundanceddowever, the drawback is that this indicator
is also very sensitive toatural variations, which could hamper our ability to distinguish the
anthropogenicsources of disruption anthe natural disruptionsTo avoid this, several referersce
stationswere used for each habitats and each-sudxine regionThe combination of the WFD indicator
and the GPBI was done using the One Out All Out approach.

Applying this method highlighted th#éte majority (56%) othe samplingstations were in Good
Environmental Status (Figure I).the Celtic Seas, the coarse sediments of the Mont-Bldhiel
Cherrueix IM station, initially classified in Good Status by tAéRI, appead degraded withGPR

On this station, the discard ohdersized mussdpresence of mussel farms close to the sampling
station)resultedin achange ofjyrain size (presence of shell debris) emanorganic matter enrichment,
which conducted to theroliferationof small @positfeedingorganismsand scavengers.

In the Northern Bay of Biscay, Les Moutiers IMF1 and La Berche intHZN, located imadastadre

in bad ecological status, as regard to the results of theMBI but also with the GPBI. This suggests
that thesestations suffered from an organic matter enrichment (eutrophication) during the MSFD cycle
3. This is also probably the case in Smuthern Bay of Biscayhere muddystations(Les Doux int HZN

and Hossegor int HIMs well as coarse sedimenitdoésegornt - XBENT1jlwere in bad ecological
status with the MAMBI but also with the GPBle saitions Cote Basque SMBENT14 appeared in bad
environmental status with the GPBI bhiststation is located in a mobile sand area (surf beaches of the
Cote Basqueand this result is probably linked to natural disturbances rather than anthropogenic
disruptions.

The Western Mediterranean was subdivided insuldregional unitgo take into account the influence

of the Rhoéneriver and the specific context dhe Corsca. Many stations were classified in poor
ecological condition. Mosif themwere located ininfralittoral muds (at the exception @¢fgde ouest

DC and Gruissan DC, located in infralittoral 9aAtithe mouthof the Rhéneriver, the stations Carteau

DCFos DC, and Grau du roi DC were classified in poor condition. In the PACA Marine Reporting Unit, six
stations were classified in poor condition: Antibes sud DC, Cassis DC, Menton DC, Rade Villefranche DC,
St Raphael DC, and Toulon grande radedIy. one Corsican st#@on appeared in poor condition
(Bonifacio DICAll these stations were located close to harbours or urbanized areas and these results
are certainly linked to anthropogenic pressures.
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Figureb Results of the cycle 3 assessment of the D6C5 criterion (partial assessment at the scale of the sampling
stations) based on the combination of AMBI (med.)-&MBI with the GPBI. Only muddy to samayidy
habitats of coastal areas were assessed this way.
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Assessing the status of soft circalittoral benthic habitats in
frame dhe Spanish marine strategy.

Abstract produced frorthe presentation made hjosé Manudgbonzale#rusta during the LIFE
Maha seminar on sedimentary habitats.

This study premnts the methodology and results of assessing the status of soft circalittoral and bathyal
benthic habitats within the framework of the Spanish Marine Stratégingboth historical fisheries

data and targeted Marine Strategy Framework Directive (MSRI®ysuthe assessment integrates two

key OSPAR indicators: BBgrtinelof the Seabed SOS) andn adaptation (to Spanish specificities) of

BH3 (habitat risk index). Sentinel species were identified basdequency andsensitivity, with

biological trai-based indices (e.g., BESITO) infornaibgut sensitivity.Spatial patterns of habitat
degradation were evaluated using genesli additive models (GAMs), and thresholds for
SY@ANRYYSY(lf adl Gddza 6SNBE RSNAGSR dnisicghibined KS 4R
AYRAOFG2NJ I LILINBF OK SylFof SR FdzZf O2@0SNr3aIS 2F { LI
significant ecological pressure. The methodology was validated through application in the OSPAR
Quality Status Report and supports future elepment of harmorsed marine habitat assessments

across Europe.
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Decadal changes inBasthAtlantic benthic habitats: trends
and recent prospects, by 400 biodiversity experts, in the co
of global changes

| VYV I W& Ldurgnt Guérgy DBHE@nd Nea Panacea teams

N YyAGSNEAGE 2F DRFEZal I Cl Odikinska@imai.®®F y2 INI LIKe | yR DS23INIF LK
2 French Biodiversity Agency (OFB), International Scientific Expertises and Coordinaions on adaensitiand non
indigenous species (ECSIB), Dinard Marine Statioant.querin@ofb.gouv.fr

Abstract these works are from the Nea Panacea research project, which directly contributed to the
OSPARuality Status Report 2023 (QSR 2023, OSPAR 2023a), the most comprehensive assessment of
the NorthEast Atlantic. It represents the joint efforts of 16 Contracting Parties to the OSPAR
Convention, scientists, experts and their institutes, and the OSPAgRaBat In particular, it reviews

the status of various biodiversity components and tracks changes since the previous QSR in 2010. The
QSR 2023 provides a holistic assessment of the marine environment, carried out in collaboration with
over 400 scientistand regional policy experts. It serves as a robust foundation for sbisee policy
recommendations.

Among the main conclusions, this presentation focuses on the impacts of benthic habitats that continue
to be damaged by human activities. These ingpace analysed in the context of major observed or
projected trends due to climate change and ocean acidification. While forecasts face significant
uncertainties, further research is needed to improve predictions, particularly for coastal habitats. The
ladk of suitable and sufficient monitoring programs means that a wide range of data sets is not always
available to systematically measure the effects of climate change and ocean acidification on benthic
habitats and species.

However, considerable evidencalhilights the impacts in different regions, which vary according to
geography, physical characteristics of the seabed, and habitat types. In addition, rising mean sea levels
and increasing storm frequency may requires enhanced coastal defences agaiirgj thoolderosion.

At the same time, benthic habitats offer opportunities to mitigate and adapt to the effects of climate
change.

Key words: NoriEst Atlantic, OSPAR, assessments, benthic habitats, trends, impacts, global change,
public policies

Introduction

The OSPAR Quality Status Reports provide an assessment of the marine environment in-EestNorth

Atlantic, conducted through the join efforts of OSPAR Contracting Parties Convention, scientists,
experts, and the OSPAR SecretaN&A PANACEA was anfliided research project that brought
G23SGKSNI SAIKG LI NIYSNE FNRBY FAOS h{t!w O2dzyiNRS
2023. It focused on pelagic and benthic habitats, food webs, and marine birds, assisting EU member
states in reportig under the MSFD. The project developed new biodiversity indicators, improved
existing ones, and explored ways to integrate multiple indicators into comprehensive ecosystem
assessmentsThe QSR 2023, was an assessment of the marine environment, deliyevedr 3100

experts. This 2023 report expands on previous assessments, QSR 2010 and Intermediate Assessment
2017, to provide an updated evaluation of biodiversity trends and the status of benthic habitats. Benthic
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habitats are vulnerable and exposed to bbthman activities (bottom trawling, coastal development,
pollution), and impacts of climate chan@arte et al., 2013)

The degradation of benthic habitats is a widely documented fact, more over increasing temperatures of
the seas, ocean acidificaticand changes in sediment cause changes in benthic commy@aésiso

et al., 2018apespite these negative challenges, benthic habitats offer potential for climate change
mitigation and adaptation, such as carbon storage in sedimentary environ{Bemigr et al., 2011).

This study shows state of benthic habitats in the NBdbkt Atlantic, highlightinghanges since the
Intermediate Assessmert 2017 (McQuattersGollop et al., 2022)it also highlights the need of
international cooperation toeduce habitat degradation and enhance ecosystem resilience in response
to global change.

Methodology

This study presents the status of benthic habitats in five OSPAR regions of tHedsbAHantic (Figure

1). OSPAR benthic indicators (Table 1) infegrg/ 3 0 SY G KA O &ALISOASEAQ O2YYdzy)
habitat mapping data, and spatial data of anthropogenic pressures, enable a broad and coherent
assessment (Elliott et al., 2018).

» | 4

L P,

Figure 1 The five regions of OSPAR Maritime Areardtic Waters,| FGreater North Sea, HCeltic Seas, NBay
of Biscay and Iberian Coast, andwider Atlantic. Source: OSPAR website
(https://www.ospar.org/convention/th@orth-eastatlantic).
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Common in| CEMP

OSPARegion | Guideline

BH1¢ Common Indicator on Sentinels of the seabed Y (OSPAR, 2023

BH2 ¢ Common' .|nd.|cator assessment on condition of benthic ha L L TV (OSPAR, 2083
communities: the common conceptual approach

BH2a¢ Common indicator assessment of some coastal habitats expos
nutrient and organic enrichment

BH2b ¢ Commoq . indicator assessment on condition of benthic ha " (OSPAR, 2083
communities

BH3¢ Common Indicator: Extent of Physical Disturbance to Benthic Habit{ Il, IIl, IV (OSPAR, 2017)

BH4¢ Common indicator assessment on area of habitat loss. Pilot assess| |l (OSPAR, 2022)

Table 1 Benthic indicator used for the OSPAR QR&s2@23ment.

Indicatorname

I, 1, 1V (OSPAR, 2083

Benthic habitat mappings basedon EUNIS classification and EMODNet methodologies, using
techniques like grounttuth sampling and acoustic survegi@iaz et al., 2004; Ellwood, 2014; Kenny et

al., 2003n McQuattersGollop et al., 2022)Jo model and classify habitatee environmental variables

such as depth and sediment type were used, that also supported resilience and resistance assessments
(Brown et al., 2011Seabed disturbances were assessed using bdtming impact data fronCES,
providing valuable insights for OSPAR experts in evaluating habitat cof@&MsR, 2017, 2022,

2023, 2023)

The methodological approach of the summary status of benthic habitat state was bAdeQueatters

Gollop et all (20229nd Guériret al. (2023)Table 2. This approacis based omxperfi Qdgement to
classify indicator changes within the broader ecosystem context, using interpretation of indicator
trends, assessment thresholds (where available), pressure links, and indicagrcstiagn into poor,
uncertain, or good biodiversity status for scientific evaluation.

Indicator value is below assessment threshold, or change in indicator represents a d
state, or indicator change is linked to increasing effect of aptigenic pressures (includin
climate change), or indicator shows no change but state is considered unsatisfactory

. No assessment threshold and/or unclear if change represents declining or improving s

Uncertain o - ) .

indicator shows no change bumcertain if state represented is satisfactory

Indicator value is above assessment threshold, or indicator represents improving st
Good - . )

indicator shows no change but state is satisfactory

Indicator was not assessed in a region due ¢k t# data, lack of expert resource, or lack
Unassessed .

policy support.

Table 2 Biodiversity status categories and colours used to present of indicator biodivergicsatatters
Gollop et al., 2022)

The literature review y R S E LIS NJi veethie hasigetidenatSestimatpstential influence

of different pressuregesulting from climate changes benthic habitat. Six categories were chosen to
present resultsvery strong effect, strong effect, moderate effect, low effect, no known effect and
increased area / "positive" effect on habitat condition

Results
The status oNorth-East Atlantibenthic indicators varies between indicators and OSPAR regions. The

assessment results were presenteyl OSPAR agreddsessment Unitsleveloped through the Nea
Panacea proje¢rable 3).
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Region

Assessment Units

| - Arctic Waters

Arctic Waters

Il - Greater North Sea

Central North Sea
Southern North Sea
Channel

Norwegian Trench
Kattegat

Ill- Celtic Seas

Northern Celtic Seas
SouthernCeltic Seas

IV-Bay of Biscay and Iberian Coast

Gulf of Biscay

North Iberian Atlantic
South Iberian Atlantic
Gulf of Cadiz

V- Wider Atlantic

Wider Atlantic

Table 3 OSPAR regions ad and Assessment Units

Poor status is represented by red icons, oramgans uncertain status, and green shown good status.
Some indicators were not evaluated (grey) mostly because of the data limitations (Figure 2).

The Greater North Sea, had the highest number of assessed indicators.

BH2a in the the Celtic Seas and CemMmth Sea was the only indicator classified ageimeralgood
status.The majority of assessed benthic indicators across all OSPAR regions remain uncertain or not

good status.

Arctic waters

Celtic Seas

Northern

W

BH1  BH2-A

BH3 BH4

BH2-B

BH1

BH1 __ BH2-A__ BH2-B ¥ —
| ¢
BH3 BH4 f? ?:f &
\ r?;,t_f»:; ’j “J \
Southern ’ ({f“:}j‘i__,,(, \.\
= .
W §
BH2-A__ BH2-B o &
(P
£ =

BH3 BH4

Greater North Sea
Central Norwegian trench
i
W w W W
BH1 BH2-A BH2-B BH1 BH2-A BH2-B
BH3 BH4 BH3 BH4
Southern Kattegat
BH1 BH2-A BH2-B BH1 ‘VBHZ-A BH2-B
BH3 BH4 BH3 BH

Wider Atlantic

BH1 BH2-A _ BH2-B

BH3 BH4

Legend:

&% &; Good &"// Uncertain

W status

4

Not good
status

BH2-A

X Y"

/

BH2-B  BH3

Channel
BH1
| -

Bay of Biscay and Iberian Coast

r North Iberian Atlantic Gulf of Biscay \
QO ®P
BH1 BH2-A BH2-B BH1 BH2-A BH2-B
= BH3 BH4 BH3 BH4
- A South Iberian Atlantic Gulf of Cadiz
Nov 2022 \\\.‘_’,,// &.‘l’/ W &.‘_’,ﬁ
BH1 _ BH2-A__BH2-B BH1 _ BH2-A BH2-B
Candidate
\V[/ Unassessed o w W
v indicator - e e —

Figure ZThe status of benthic indicators in therth-East Atlanti@assessment unit§Guérin et al.
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Benthic habitats aralsoincreasingly affected by climate change and ocean acidification, leading to
shifts in species distribution, community structures, and habitat suitabilityndtably to rising sea
temperatures and decreasing pH levdlable 4)There is not always a wide range of datasets available

to systematically measure the effects of climate change and ocean acidification on benthic habitats and
species, due to the paucity of the monitay programme. However, there is a large volume of evidence

of the impacts across different Regions. There are variations in the level and type of impacts due to
geography (e.g., Arctic Waters) and the physical characteristics of the seafloor (e.g,. atepiin}the
typology of benthic habitat compaosition (e.g., calcifying species).

BHT
Versus
pressure

types

Nutrient enrichment

Increased sea T°
Reducing sea ice
freshwater input
salinity

atlantic currents
shelf stratification
Open ocean
stratification
Increased storms
Increased sea level
Coastal erosion
biogeochemy
Acidification
Oxygen fluxes
upwelling
Extreme events

Littoral S

Littoral RB

Infralittoral
S
Infralittoral
RB
Circalittoral
S
Circalittoral
RB
Offshore
circalittoral

Offshore
circalittoral

Deep sea S

Deep sea I

Very strong
effect

Strong effect Low effect .Increased area / "positiv

Moderate effec No known effect

effect on habitatondition

Table 4Predicted ranges offects and impactby climate chang®n NorthEast Atlatnic benthic habitats
6SELISNIAEAQ 2dzRIAYSYiGE FNRBY DAzSNAY SiG Ff dZ Hn

Discussion

Many benthic habitats within the OSPAR Maritime Area are dimagt from various pressureBigure
2, table 4. These include physical disturbance, modification of substrate or loss (such as abrasion by
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bottom trawling, sediment extraction or mamade structures) and chemical (by nutrients enrichment

or contaminanty and biological impacts (e.g., spread of -matigenous species or native species
exploitation). Their impact is not uniform, and thus the state of benthic habitats and the level of threat
varies across the OSPAR Regions. The indicators, data and noghdbat support this thematic
assessment also differ across the OSPAR Regions. The results of this thematic assessment should
therefore be considered on Region by Region and cannot be directly compared.

The assessment of benthic habitats in the NortBast Atlantic highlights variations in benthic
biodiversity status across regions and indicators. This situation did not change much from OSPAR
Intermediate Assessment 2Q1However, direct comparison was not possible do to analyses made
there in OSPAR reg® while, due to better data availability, our focus was on finer scale. The
improvement of data availability allows us to confirm that almost all assessed indicators in assessment
units indicate not good or uncertain condition of the benthic environment.

Two common indicatorsssessment of coastal habitats in relation to nutrient and/or organic enrichment
(BH2A) and Extent of physical disturbance to benthic habif@sld were assessed in mosif
assessment units.

Indicator BH2A was the only one that ifwhte a general good status of coastal benthic habitats in
Greater North Sea and Northern Celtic Sea, even if some local persistent problem areas were also
highlighted all over the OSPAR maritime area. This indicator utilises standardised methoulgFdf the
monitoring of biological quality elements. The good status for each biological quality element was
intercalibrated within same types of water bodies by EU Member Stdéts et al., 2018 Wilkes et

al., 2018)(Van Hoey et al., 2019)he overall results show that eutrophication in the coastal marine
areas is still an actual problgDevlin et al., 2023)

The not good status of indicators assessing physical disturbances to benthic habitats (BH3, BH1, BH2b),
suggest that fishing awtties remaining a main factor responsible for degradation of benthic habitats,
leading to declines in species diversity and reduced ecosystem res{Ritadeer et al., 202Bastardie

et al., 2024Zhao & Li, 2022)

Thecombined effects of various pressures, including climate change and human activities, are not yet
fully understood(Elliott et al., 2018)A biggest challenge remains the lack of data, which resulted in
many indicators being classified as uncertain erewnot asssed.The impacts on benthic habitats
continue to be a significant problem, with fishing, coastal development, and offshore energy and
sediments extraction being the primary causes of damages.

These adverse impacts are further increase by ffexts of climate change and ocean acidification
described in various publications, which vary across different regions and habita(®gitsso et al.,
2021, Gattuso et al., 2018h{Duarte et al., 2013}IPCC, 2023)

Direct and indirecpressures driven by climatic change and ocean acidification factors can significantly
alter the environmental conditions (e.g., increase in sea surface temperature, decreases of pH)
necessary for benthic ecosystem processes and functions, and therefrelratbitat suitability for
sensitive benthic species, species distributions, community structures and diversity patterns (Harley et
al., 2006; Hoegisuldberg and Bruno 2010; Poloczanska et al., ,2P@B6 Gattuso et al., 2015;
Nagelkerken and Connell Z)Weinert et al., 2016). Climate change could lead to increases in mean
sea level rise and changes in storminess, leading to a greater need for flood and coastal erosion
defences. There are some uncertainties in the predictions, which will require addrgsearch in

order to increase accuracy on the future impacts of benthic habitats, particularly along the coastline.
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There is not always a wide range of datasets available to systematically measure the effects of climate
change and ocean acidification benthic habitats and species, due to the paucity of the monitoring
programme. However, there is a large volume of evidence of the impacts across different Regions. There
are variations in the level and type of impacts due to geography (e.g., Arctic)\éae the physical
characteristics of the seafloor (e.g., depth), and in the typology of benthic habitat composition (e.g.,
calcifying species).

Benthic habitatsnayalso provide solutions for the mitigation and adaption of climate change effects.
For elample, the natural carbon storage and sequestration capacity of some benthic habitats highlights
their major role in the context of climate change and in mitigating the carbon inputs to the atmosphere
from human activities.

Conclusion

In those areas wherthe OSPAR Common Indicators were applied, physical disturbance remains the
main pressure contributing to widespread reduction in diversity and changes in sensitive benthic
communities. The Common Indicators assessing physical disturbance to the seaiteahbyréawling

(BH3a) and changes to sensitive species (BH1) showed that most benthic habitats in areas where such
fishing activities take place are under significant threat or impact. The diversity of benthic communities
(BH2b) is particularly poor in re habitats of the Greater North Sea Region (the only one assessed
with this indicator). Coastal waters show mainly high/good status for benthic vegetation and
invertebrates with regard to eutrophication, but this remains an issue in the eastern ffetGfeater

North Sea, including Kattegat, and the Channel (BH2a). However, in the Arctic Waters Region climatic
factors are the most significant variables driving the trends detected in benthic habitats.

In the face of climate change and ocean acidifioatis well as increasing production of food and energy

there is more than ever an urgent need to lower the pressures on benthic habitats. This can be achieved
through a combination of responses including effective-besed management, sustainable usd an

other regulation of human activities and innovations. Where they are assessed, i.e., in the Greater North
Sea, Celtic Seas, Bay of Biscay and Iberian Coast, benthic habitats are already impacted by human
activities.

It is difficult to assess the effeaivess of measures to improve the status of benthic habitats, due to
the multiple activities and pressures involved. In addition, the effects of measures on the recovery of
habitats may take a long time to become evident. However, the lack of clear signsaement
reported here suggests that current measures have been inadequate or ineffective.

This assessment provides an evidence base to help develop future response measures, for example
targeted action plans. These need to be supported by improvedaniong and access to data alongside
better resolution and geographic coverage in the next iteration of assessments and measures.

The findings from the NeaPanacea Projects highlight the urgent need for enhanced monitoring and
research to better understarttie complex interactions between human activities, climate change, and
the health of benthic habitats in the NofHast Atlanti¢Schertenleib et al., 2023elig et al., 2014,
Gattuso et al., 2018b)

These works were communicated at several international conferences (Guérin et aM@Q0afters
Gollop& Guérin, 2022; Guérin & [Aksa, 2023; Guérin BicQuattersGollop 2023;McQuattersGollop

et al., 2024; Guérin et al, 2024a, 2024b), and ar@riifressed for publications through future OSPAR
standards and scientific articles.
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SESSION-4D&A

This session raised general comments from participants, addresgirggalitations in a

crosscutting manner. A summary of these discussions is probieled.

Data utilization and challenges in offshore assessments

1 Use of existing data MSFDassessmentsjuestions were raised about why existing offsh

data, such aspifauna data from Spain, was not incorporated into Marine Stre
Framework Directive (MSFD) assessments. Concerns were expressed that waiting
surveys could lead to significant delays.

Challenges in data utilizatioseveral factors were ident#d, including resource constraint
government prioritization decisions, and a tight reporting timeline. While offshore h:
assessments were recognized as necessary, limitations in implementation hindered p

OSPARonsiderationsit was noted tlat an upcoming OSPAR data call could allow Fr
offshore data to be included in broader assessments, with results expected by 2029.

Harmonizationissues differences in reporting timelines meant that some countries w
unable to benefit from collectidiscussions on data harmonization. France submitted M
reports a year earlier than other countries, which prevented them from benefiting
discussions on data harmonization.

Methodological considerations in environmental assessments

1 Use of AMBI and MMBIlindicators limitations of these widely used assessment tools v

discussed. The criteria used for setting Good Environmental Status (GES) boundar
uniform across habitats, but ongoing efforts aimed to refine these distsctio

Challenges ofntermediate classification s2 YS LJt NI A OA LJ yda Lk
classification scheme sometimes lacks the granularity needed to assess intermediat
of environmental disturbance.

Multi-indicatorapproachesexperts emphasizethe need to combine multiple indicators fi
a more comprehensive assessment. A method presented the previo(cd.daaura Meudec
Session 3)vas mentioned as a potentially complementary tool, as it does not rely on
numerical thresholds.

Expert interpretation is key. the combination of indicators and expert judgment v
highlighted as crucial for deriving meaningful assessments.

Intercalibration andtandardizatiorecrossregions

Intercalibration for MSEDjuestions were raised about whethetercalibration methods
similar to those used in the Water Framework Directive (WFD), should be applied tc
indicators.
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1 Challenges ilmplementation it was suggested that full intercalibration may not be feas
due to the complexity of adaptingditators at the European level. However, standardi
monitoring protocols across countries was strongly recommended to enhance compar

Habitattypology andnappingefforts:

1 Europeanmapping initiatives updates to European habitat maps were desmd, with
confirmation that a new update is expected next year. However, the focus remai
improving mapping accuracy rather than revising typology.

71 Challenges ihabitatsurfacecalculation accurately determining the surface area of differe
habitattypes remains a challenge. Participants highlighted the need for continuous uj
and the importance of integrating new data into national and European databas
maintain consistency.

Addressingincertainty inenvironmentalassessments

1 Impact ondecisioamaking concerns were raised about how uncertainty in assessr
indicators is acknowledged by policymakers. Comparisons were made to fi
management, where uncertainty in scientific data is often overlooked, creating chal
for stakeholdes.

1 Lack otransparency imeporting it was noted that reports with inconclusive classificati
were sometimes not fully communicated to European public authorities, as there
reluctance to acknowledge data gaps.

1 Scientific angbolicyinteractions the balance between scientific rigor and policy constre
was discussed, highlighting the challenges in ensuring timely and accurate assessme

Implications forestorationplanning

1 Uncertainty inrestoration strategies given the necessity for MembeStates to develoy
restoration plans, questions arose regarding how uncertainty factors into these initiati

1 Progressivepproach it was explained that the first version of restoration plans aim
incorporate as much available information as possititha the expectation that subsequel
versions will be refined as knowledge advances.

Broaderconservatiorperspectives

71 Shift inconservatiorpriorities the need to move beyond emergency conservation meas
and focus on protecting broader biodiveysitas emphasized, rather than prioritizing o
high-profile species.

71 Urgency inmarine protection: the increasing pressures on marine environments and
urgency for proactive measures were highlighted, calling for immediate collective ac
addressenvironmental challenges.
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SESSIONGONSERVATIONMNBEENRPRACTICES FOR

SEDIMENTARY HABINMARINE PRO ARERND

PRATIQUES DE CONSERVATION ET DE GESTION DI
SEDIMENTAIRES DANS LES ZONES MARINES PR(

Sessiomoderatorc Animatrice de sessicAurélie Lutrand Benthic habitats project

manager, LIFE Marha, OFB, France

Accesshe presentationgérom this sessioherec Accédez aux présentations de cette

sessiorci.

The conservation and management ¢
sedimentary habitats within Marine Protectec
Areas (MPAs) are essential for maintainir
biodiversity, ecosystem services, and complian
with regulatory frameworks such as the E!
Habitats Directive and the Marine Strateg
Framework Directive (MSFD). As these habit:
face increasing pressures from human activitie
including fisheries and csi@l development,
sciencebased approaches are critical for thei
protection and restoratiorThis session explores
different methodologies and case studies the
contribute to the sustainable management o
sedimentary habitats in MPAs.

The first presentabn byGert Van HoeyFlanders
Research Institute for Agriculture, Fisheries at
Food, Belgiungxamines the process of selectin
and managing habitat features within the
Flemish Banks MPA in Belgidirhighlights the

challenges in determining priority areas fo
protection, balancing ecological integrity wit

La conservation et la gestion des habit
sédimentaires au sein des aires maril
protégées (AMP) sont essentielles pc
préserver la biodersité, les service
écosystémiques, ainsi que pour assurer
respect des cadres réglementaires tels que
RANBOGADGS || 6AGI G-Gadre
sur la stratégie pour le milieu marin (DCSM
Face aux pressions croissantes exercées pe
activitts humaines, notamment la péche
f QFYSYIF3aSYSyid Os0GASN
sur la science sont indispensables pour proté
et restaurer ces habitats.

La premiere présentation d&ert Van Hoey
(Flanders Research Institute for Agricultu
Fishetes and Food, Belgium) examine
processus de sélection et destion des habitat:
I dz aSAY RS QI ANB Y]
Banks en Belgiqu&lle met en lumiére les déf
fASd £t fQARSYOGAFAOLN(
LINEGSOGAZ2Y T i NBQSH¢
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sociceconomic considerations, and
implementing fisheries restrictions to improve
habitat conditions. By adopting a scientific an
datadriven approach, this case study
demonstrates the importance of stakeholde
engagement and evidendmsed decision
making in conservation efforts.

In France, theAiguillon Bay National Nature
Reservéhas undertaken aomprehensive effort
to update the mapping afs benthic habitatsas
presented byAudranChenuLiguede Protection
des Oiseaux, LPO, Franddje study emphasizes
the significance of intertidal mudflats in carbol
sequestration and their role in broader climat
mitigation efforts. Through advancedapping
techniques, researchers have identified an
classified  distinct  bimorphosedimentary
KFoAGEFEG&aY AYLINRGAY3
manage these critical ecosystems in alignme
with carbon neutrality objectives.

Julien Lanshereand Ronan LaunayCréocean,
France)introduce the HABISSE project, whic
focuses onimproving knowledge of intertidal
sedimentary habitats within the Picardie
Estuaries and Opale Sea Marine Nature.Ad&
study provides valuable insights into habite
diversity, sediment amposition, and benthic
macrofaunal communities. By creating a detaile
atlas of these habitats, the project enhances tr
understanding of their spatial distribution anc
supports more effective conservation strategie
within the park.

Finally, Silvana Bahenough (Environmental
Resources Management, ERM,) BKiphasize
the criticalrole of longterm benthic time series
in understanding ecological change, supportir
marine _management, and informing policy
drawing on transversal analysled by the
BenthosEcology Working Group of ICHSis
presentation (summarized as an abstrac
highlights the need for interdisciplinary
collaboration, consistent monitoring, anc
adaptive strategies in the face of climate an
anthropogenic pressures.

Together, these preséations highlight the
evolving methodologies used in MP;
management, from habitat mapping anc
monitoring to regulatory decisiemaking and

écologique et les considérations sec
SO2y2YAljdzSas |Ayair |
NBaGNAOGA2ya adzNJ f I
des habitats. En adoptant une approc
scientifique fondée sur les données, cette étt
Aff dza G NSO S OR S LI2 X Y Lt
prenantes et de la prise de décision fondée
des données probantesdans les efforts de
conservation.

En France, |Réserve naturelle nationale de
o0l AS RS & ehtrepaigizAit fravsl
approfondi demise a joude la cartographie d¢
ses habitats benthiquesomme présenté pa
Audran ChenulLPO, Franc®) [ QS dzR
f QAYLR NI YOS RSa @l ¢
stockage du carbone et leur role plus lai
RQIFIGGSydz G§A2Yy Rdz OKLI
a destechniques de cartographie avancées,
chercheurs ont pu identifier et classifier d
habitats biemorphosédimentaires distinct:
renforcant ainsi la capacité de la réserve a gt
ces écosystémes critiques en cohérence ave
objectifs de neutralitéarbone.

Julien Lanshereet Ronan LaunayCréocean,
France) présentd le projet HABISSE, qui vis
améliorer les connaissances sur les habi
sédimentaires intertidaux au sein du P
naturel marin des Estuaires Picards et de la
RQh I { & SpbrtzideS éclaitdges préciet
sur la diversité des habitats, la composition
sédiments et les communautés de macrofat
benthique. En élaborant un atlas détaillé de
habitats, le projet permet une meilleut
compréhension de leur répartition spatiade
soutient des actions deconservation plus
efficaces au sein du parc.

Enfin, Silvana Birchenough(Environmental
Resources Management, ERM, UK) souligr
role  essentiel des séries chronologigt
benthiques a long terme pour comprendre |
changementsécologiques, soutenir la gestic
marine et informer les politiquegn s'appuyant
sur l'analyse transversale menée par le gro
de travail sur I'écologie du benthos du CIE
Cette présentation (résumée sous forr
RQI 06 a lishlighdi vla nécessité dur
cadlaboration interdisciplinaire, d'un
surveillance cohérente et de stratégi
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stakeholder collaboration. They collectivel
underscore the importance of integrating
scientific research into consettion policies to
ensure the resilience and sustainability ¢
sedimentary habitats in protected marine areas

adaptatives face aux pressions climatiques
anthropiques.

Ensemble, ces présentations mettent en lumi
f QS@2tdziizy RS& YSGK
gestion des aires maes protégées, allant de
cartographie et du suivi des habitats a la prise
décision réglementaire et a la collaboration a
les parties prenantes. Elles soulign
O2ftt SOGABSYSy f QAY
recherche scientifique dans les politiques

conservation afin de garantir la résilience e
durabilité des habitats sédimentaires au sein

espaces marins protéges.
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Scientific based approach in selecting the habitats and ha
features to manage withi

VanHoey GertEllen Pecceu, Katrien Verlé

Flanders Research Institute of Agriculture, Fishery and Food; Jacobsenstraat 1; 8400 Oostende.
Introduction

In the European Union, two key legal instruments exist for the protection of marine habitats: the EU
HabitatsDirective (HD) and the EU Marine Strategy Framework Directive (MSFD). The evaluation of the
environmental targets and theonservation objectives under the MSFD and HDéhasaled that the

GES (as evaluated by MSFD) offalieurable conservation statas evaluated by HD) is metached

for the benthic habitats. To accomplish GESavalrable conservation statisanagement measures

for protecting and restoring the habitats need to be taken. For protecticmn network of marine

protected areasthe N 1 dzNF wnnn ySG@g2N] A& RSaAayriSRe Ly
designated as marine protected area and there are two habitat types that need protection. The first
habitat¢typemmmn a{ F yYRolyl1ad 6KAOK | NB &K M Bfrasenisth®2 OGS NBF
main habitattype of the Belgian part of the North Sea (BPNS) covering its entire surface area with a
geologicallyunique sandbank system. Gravel beds badice conchilegbiogenic aggregations, that

can be foundvithin sandbank syii Syaz I NB Of I aa8AFASR & KIoAdGlIG Ge@
habitat typeto protect. For protecting and improving the state of those habitats, the pressures need to

be reduced or removed. In our area, the habitats are mostly threatened byentatibm fishery

activities. Therefore, fishery restrictions need to be taken to preserve the bottom intedrith is

essential in order to reach GES and the conservabattives under the HD.

Takingthe right fishery measures and having a scientifiderpinned methodology to delineate the

zones for protection is required. How to select the most valuable or vulnerable habitats or biological
communities? How much of each habitat to protéatlere can we protect those habitats in sufficient
amount, aso considering the economic value for the fish&takeholder engagements before and

during the process? Many questions that needs to be tackled before you can implement it, and are
ideally based on an objective and ddtaven approach. This presentatiaill guide you through the

LINE OSaa 6S SESOdziSR F2NJ RSt AySIHiAy3a (KS FTAAKSNE

How to select the most valuable or vulnerable habitats or biological communities?

The biological value and the distribution maysseafloor habitats were updated to build a solid
scientific basis to guide the delineation of fishery restriction areas. A compilation of over 3000
macrobenthos community samples from 1994 and 2018 was used to map the distribution of the five
identifiedmacrobenthos communities in the BPNS by habitat suitability modelling tidihg\®°DKa
Bayesian geospatial modelling approach specific for geographically referenced data, advairiageous
ecology as it accounts for spatial effects). The macrobenthoplesrand 1400 epibenthos and
demersal fish samples from the same period, together with the updated distribution map obegdsvel

and the distribution map dfanice conchilegaggregations were used to produce an upddtiedogical
valuation of the BPNS aescribed in Derowet al. (2007b). The data were used to answesedes of
assessment questions based on values of biodiversity, rarity, aggregation, -apediegoccurrence.

The results of the biological valuation indicated that all gravel begsahaery higtbiological value (5
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on a scale of 1 to 5). Very High biological values (value 5) were also assigneidhatie: densé\bra
albacommunity and to théanice conchilegaefs.Low and very low biological values (values 2 and 1)
were assignd to the Nephtys cirrosand Limecola balthiceommunities due to lower densities and
biodiversity.In total, 31% of the BPNS was classified as value 4 or 5, with much of this surface lying
within the threedefined search zones the MPA

QS000L.000 BENLLW S0
| 1 L}

Search Zones 1, 2 &3 l_;_ Search z00es
—— Baseline, 3 & 12NM L1 Memish Banks
Biotopes Bolgical value

I Gravel beds

[ Lanice conchilega

[ nephtys cirrosa

I Limecola balthica

[ Magelona-Ensis i
I Hesionure elongata =
Abea alba Sl
Belgian marine area #

| |
€ieam REZRL SRR p2 X e s &30 X8

Thevulnerability of the habitat features of the BPNS was basethersensitivityinformation available
on MarLIN (marlin.ac.uk), a site that hosts the largest review yet of the effects of human activities and
natural events on marine species and habitats. MarLimeatefsensitivity as a product of (1) the
likelihood of damage (intolerance or resistance) due to a pressure and (2) the rate of (or tinferjaken
recovery (recoverability or resilience) once the pressure has been reduced or been reWeved.
determined a ensitivity score (1: low sensitivity; 2: low to medium sensitivity; 3: medium sengitivity;
medium to high sensitivity and 5: high sensitivity) of each benthic habitat feature basedimpalse

of abrasion/removal of substraturihe sandy habitatiNeghtys cirrosa, Hesionura elongataceived
score 1 (low sensitivity), due to théiigh resilience. Th®lagelonaEnsis lehabitat is also not very
sensitive to abrasion (score 1). iwa albaandLimecola balthichabitats received a sensitivity score

of 2 (low to medium sensitivityfheLanice conchiledgaabitat received score 2 due to the fact that the
sensitivity ofL. conchilegéselfis low, as the majority of individual worms can survive a single trawl
passage, and they can quicklycover (32 days) their 3D structures. However, the associated
community and species are masensitive to disturbance. Based on the MarLin classification, gravel
biotopes have a medium sensitivity.the past, however, boulders and gravel have been removed by
fishing activity, creating loss of thebitat (physical change of the seabed/sediment). In combination
with the low or norresistance ofmany species within this habitat, this has led to a score 5 (highly
sensitive) for gravel beds in the BPNS.

How much of eaclhabitat to protect?

Wewant to protect sufficient surface area of habitat type 1140d the related biological communities)
and habitat type 1170 from bottom disturbing activities. For reachingdahservation objectives we
need to strive to protect sufficient amount of those habitat features.tis point, no scientific method
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exists for defining the amount of surface area that needs tgrotected in order to reach the
conservation objectives. Therefore, we have developed an objee@sening,as explained in this
section and as reflected in the scenario settings, to come to a suffimiateiction of the different
habitat features and this in a balanced way

Our methodological approach used a 10% protection target value as a guidaiaeisin line with
severalconventions or strategiggonvention on biological biodiversityN Sustainable Development
Goal 14, Target 14.2 and 14B3J biodiversity strategylhis 10% is a policy drianget value and not
specifically defined on habitat Elv To come to surface area values on halhéeel, we relied on their
biological value characteristics and their sensitsiagsification to bottom disturbing fisheries. We
have used a combination (sum) tbiese characteristics in order to priorititee different habitat
features and in order to rank theaccording to their need of protection against bottom disturbing
fisheries. This means that the areadtent to protect was estimated higher for habitat features
characterized by a higher biologicalueand/or sensitivity to bottom abrasion.

Where can we protect those habitats sufficient amount, also considering theconomic
valuefor the fishery?

For answering this question, we used Marxan, a softlvased decision support tool to suggest zones
where thepredefined environmental targefhabitat extentan be achieved at the lowdiherycost.

In this case, the aim is tielineate a sufficiently large area to allow preservation and restoration of the
seabed while also takinigto account thepotential impact for the commercial fishery sect®he
commercial value of the area was in detailed analysed basedtlreffort (days at sea), landing value
and landing weight from 2®-2022 were used for all th&uropean member states active in theiogg

To translate the conservatioobjectives into concrete targets, the different habitat features were
ranked basedn sensitivity and their biological value score. This one score allowed us to determine the
proportion to protect of eaclnabitat feature(more valuable and sensitive habitat features get more
protected area). To explofeow much we want and can protect of each habitat feature, different
ambition levels (15, 20, 25¢totected) for gravel beds (highest biological value, most sensitive) were
tested. The biological valuasd ®nsitivityranking was then used to determine the relative proportion
of each of the other habitdieatures to protectSeveral scenarios were executed and revealed that
scenario C has the highest potentidimarily withregard to conservatioabjectives, but also in terms

of enforceability (minimal fragmentatiqrfjshery cosand favorable spatial overlagth other sectors.
Within these scenarios, the ambition level of 20% protection was pursued fortuygrdsell 4% fioAbra
andLanice 8% foHesionuraand MagelonaEnsigonly scenario C) and 6% fephtys

Stakeholder engagements before and during the process?

In order to gain support for taking fishery restrictions in the MPA, a thorough stakeholder process needs

to be setup. The fishery sectors are informed and consulted before and during the proceshdxy ad
meetings, presentations at official stakeholdeyup meetings and bilateral consultations. During this

process and based on input from different stakeholders, the delineated areas under scenario C were
slightly adapted to come to a supported interpretation of the protected zones within the MPA area.

With this outcome, the process of a joint recommendation in accordantteet€ommon Fisheries

Policy (Regulation 1380/2013, Article &Hs started in 2028 . St 3Adzy | OGSR & GKS
{GFGSQ yR &adFNISR AyidSNI O8 duylidng tha iationaly, SdieBtiKod 2 dzNA vy
evidence, and implementation details of the proposed fisheries restrictions. Denmark and Germany
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accepted the measures without further bilateral consultatidiie Netherlands accepted the proposal
after a bilateral meting. e bilaterial negotiations with France are still ongoing.

CKA& O2Yy (NAOGUdziA2Y PeceuElled&SHRolettiySilvia, /& HOER Gazt Ndnelfahderd
Bart, Verlé Katrien, Degraer Steven, Van Lancker Mestens Kris, Polet Hans, 20Xcientific
background report in preparation of fisheries measures to protect the battmgrity and the different
habitats within the Belgian part of the North Sé&GMededeling 277

Q&A

On @ommunicatingscientificdata tomanagers

A TKIFyla G2 .St3aAdzyQa az2tft AR KA&al2NB 2F o
maps and their interpretation were well received. The prioritization of habitats was ba
on ecological importance and location.

On egulatoryunderstanding ofmonitoringwork:

A The monitoring approach was well understood and appreciated by stakeholders and
policymakers, despite inherent uncertainties. The ability to model habitats and provid
statements on aspects such as productivity was beneficial for comnianicat

On eclusion ofpecifichabitats

A TheLimecola balthichabitatwagy” QG A I3y 2 NB R andhé asbeSsinént bledisils
it falls outside Natura 2000 and consista @fiobile muddy environments with lower
biodiversity Protection efforts focused on habitats with greater biodiversity or ecologic
importance.The exclusion was a policy choice rather than a scientific oversight.

On dtizensciencecontributions

A To address the issue of regular monitoring of areas (sestignsin the next Q&A box)
voluntary sampling by citizeean be used, especiallyMarine ParksThere are a lot of
people in voluntary teams in terrestrial ecolpgyt also in the intertidal are&/olunteers
can helpreduce costaind increase covage, especially if equipped and trained to collec
standard data.
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Abstract Characterised by high primary production and elevated sedimentation rates, intertidal
mudflats play an important role in carbon sequestration. However, their type, ecological state and
bioturbationmechanisms can modify this trapping capacity. In this context, the Aiguillon bay National
Nature Reserve, in partnership with the LIENSs (Littoral Environnement et Sociétés) laboratory in La
Rochelle, undertook to update the mapping of its benthic habitich is also in line with the carbon
YySdziNF¥ f AGe 202S00GA@Sa 2F (KS Wathiewe thiS K Sfe tadplingS NNA (i
protocol was implemented to the entire mudflat. Spatial interpolattogether with a Braxurtis
dissimiarity matrix and a hierarchical clustering, were then useddémtify and locate six bio
morphosedimentary habitats specific to the European EUNIS 2022 typwbkoggccuracy of 50m. The
Aiguillon bay was found to be mostly muddy (>99%). Its habitdtsvéol the distribution of
characteristic species, themselves dependent on bathymetric or granulosaeteations.

Key words: benthic habitats, habitat typologies, benthic macrofauna, sediment€uBtiay

1. Introduction

Intertidal mudflats are amoniipe most productive ecosystems in the world (McLusky & ERiodg).
Due to the many physical constraints they face on a daily basis, benthic invertemateinities of
estuarine mudflats are often characterised by low species richness, but highedemsltbiomasses
(Elliott & Whitfield, 2011). These high concentrations of life then attract higher trigpiis such as
fish (at high tide) or coastal birds (at low tide) (teal, 2000; Verger & Ghirard@09).

Since the creation of the Aiguilldray National Nature Reserve, several management plans have
highlighted the need to update the mapping of benthic habitats in order to monitor their evolution and
support conservation strategids. 2021, the city of La Rochelle (located 8km from the ligloay) is
launching a project entitldd La Rochelle Territoire Zero CarbAn@d RTZC) aimed at achieving carbon
neutrality for its area bg040, with the blue carbon axis led by the LIENSs laboratory of La Rochelle
University. Intertidainudflats, one ofvhose ecological functions is to sequester carbon over the long
term, underline theneed to characterise these habitats. Indeed, the capacity of mudflats to sequester
carbon differsaccording to their type, ecological status and bioturbation mechanisms.

Therefore, the main objective of this study is to update and accurately map the benthic habitats of the
estuarine mudflats of the Aiguillon bay, which will enrich the predictive models of the LRTZGJmoject.
the basis of benthic macrofaunal assemblagesuainy sedimentary characteristics, we will tiee
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European typology 'EUNIS 2022' to classify and spatially define the various benthic habitats
encountered. We will also indicate the correspondences with the EUNIS 2012 typology and NatHab
Atlantic, whickcorresponds to the French typology of benthic marine habitats.

2. Methods

2.1. Study site

The Aiguillon bay covers 4900 ha on the Atlantic coast, and is mainly made up of estudfiats
(3700 ha) and salt marshes (Figure 1). These mudflats, fornted Agcumulation of finenarine and
fluvial sediments, are retreating in favour of salt marshes, which have gained 67harnoudftes
between 2010 and 2020. Indeed, the sedimentation rate of +1.59 + 0.52-tmmgasurecdetween
2000 and 2021 ranks theghillon bay among the tidal estuary with the highest sedimentasitas in

the world (Olivier & Chaumillon, 202R).addition, Aiguillon bay is also one of France's most important
sites for migratory waterbirddMoussyet al, 2022).

Légende

Figure 1: Map oftte Aiguillon bay national nature reserve, its topography and hydrographic network (from
Guetté,2014).

2.2. Sampling strategy

The sampling period ran from November 2023 to February 2024. The winter period avoitdsrthe
fluctuations in benthic invertebrathumbers and biomass (Philippe, 2016). Thus, 535 csidtigns
were positioned according to a pestablished grid covering the entire study area, followingethod
already applied (Van Gésal.,, 2006; Bocheet al.,2007) (Figure 2). Stations wesgaced250m apart.
The majority of stations (96.6%) were sampled by boat, at the rhythm of the inciisheiragnd when
the water level was high enough to access the area. Two cores per station weradiakea 10cm
diameter corer covering an area of aroum 0079 (1/127) m2 to a depth of 20 to 25cm.
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Figure 2: Location of sampling stations for benthic macrofauna and sediment surveys.

2.3. Sample processing

After sieving, the molluscs were placed in a freez&QC until identification in tHaboratory Annelid

worms, on the other hand, were placed in tubes containing 90% alcohol to préssmecintegrity and
facilitate identification. In laboratory, all molluscs with flesh (considered alikie &itne of sampling)
were counted and identified underinmcular loupe. Similarly, annelid worm&re counted and
identified. The support of a benthologist (Jérbme JouwrdeENSS) helped to clariény doubts
throughout the identification process.

Sediment samples were stored in a freezer2@°C prior to angsis. After cleaning the samples by

removing coarse debris and sediment aggregates using sieves, sediment particle diameter and the
LINELR2 NI AZ2Y 2F aAfid Oo0FNIOGAZ2Y fco>Y0 6SNB 200l Ay
diffraction.

2.4. EUNIZ022 typology

The EUNIS typology used in this study is a classification system for naturalatseshiand
anthropogenic habitats in Europe. It standardises the description of habitats across Europe. The most
recent update of the marine habitat classifion dates from 2022 (the previous one was from 2012).

It identifies and describes habitats on several hierarchical levels, from the most general to the most
specific. Each habitat type is referenced with an alphanumeric code and classified accotding to i
general nature (e.g. forest, marine...), its biotic and abiotic specifidities, benthic marine habitats

can be broken down into seven main categories governed bybatiymetric level, which in turn are
divided according to the nature of the striage observed, and theaccording to the geographical area
considered. Thus, Atlantic rittoral muddy habitats are furtherefined by the salinity conditions
associated with the species assemblages (fauna or flora) encoun@med.we had identifiedna
counted the species we had sampled, we were in a position to accudsetify the muddy habitats

of the Aiguillon bay.

2.5. Analysis and mapping

The nature of the sediment first guided the choice of habitats. Indeed, according to the EUNIS
nomenclatre, when the mud fraction was less than 60%, the choice of habitat was oriented towards
sandy or sandynuddy environments. Spatial interpolation using ordinary kriging enabled us to refine
the sediment profile of the bay to a resolution of 50m.
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The secondtage involved spatial interpolation by universal kriging of densities for the six dominant
species also useful for EUNIS habitat discriminddlanoma balthica, Abra tenuis, Scrobiculptana,
Cerastoderma edule, Hediste diversicolor, Nephtys hoiinbergi

For this purpose, altimetry data for each station were extracted from a LIDAR topographicauimey
out in 2021. We thus had altimetry and density of individuals Y\fon each of the 530 stations
sampled. A generalized additive model (GANhetlensity of individuals as a function of altimetgs
established with these data for each species and the variogram prior to interpolation was bagéd on
residuals, in order to avoid the systematic relationship between density and altimetry, betieto
capture local variations. This also reduced the risk of ovemderestimating predicted valuess for
sediment, spatial interpolation was carried out with an accuracy of 50 meters.

The data obtained for each species were then compiled and ageadtulate a dissimilarity mattiging
the BrayCurtis distance followed by a hierarchical ascending classification (HAC) usimgati
method to generate a number of predefined clusters, corresponding to future habitatpréiMieus
mapping of bertic habitats in the Aiguillon bay (Bockéeal, 2013) combined with thiaterpretability
of the results guided the choice of the number of clusters to be used.

3. Results and discussion

3.1. Sediment profile

The sediment in Aiguillon bay is largely comprised of

YdzZRRe TN} OGA2Y O6fco>YUI 6 » LJ2 NI A
equal to 89.1 £ 8.6%. This poopon is very similar to the . eroportion (%)

particle size data obtained during the winter of 2003/20(

which reported 89.8% silt over the whole bay (Boeitex, lhjj

2013). Also, the median size of sediment particles ran

FNRY wmMoppPo>Y (2 cdc>Y @A 2 MM
McPc>YD ¢KS fFaGGSN It dzS Y HAN

(Bocher et al., 2013). The bagtdimentary characteristics

appear to have been relatively stable over the past 20 ye

It ranks among the most homogeneous and muddy estuai  Figure 3: Mapping the proportion of mud in
in Europe (Bochest al, 2007) (Figure 3). Aiguillon bay.

3.2. Distribution

Each of dominant species seems to adopt spat \' H

preferences reflecting varied ecological requirements. T

bivalves Scrobicularia plangFigure 4) andAbra tenuis

appear to share an arcuate distribution around the mudfle

on the middle part of the mediolittoral, likely reflecting ‘
preferences closely linked to the tidal rhythm and repeatt .

phases of emersion and immersion (Philippe et al., 201 .

Cerastoderma edukend Macoma balthicaare concentrated
mainly in the northwestern part of the bay, on the mudflats
FYR YySFENJI GKS | A3dzAatt2yQa > 0K
polychaete annelid worms seem to prefer distinct zone
Hediste diversicolgrefers the uppehalf of the foreshore. It Figure 4: Example of amterpolated
distribution map of Scrobicularia plana (Ryn

daty
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is one of the few species to occupy the upper mudflats. Convelksgifatys hombergiimits itself to

the lower half
3.3. Mapping estuarine mudflat habitats in Aiguil

Finally, six types of muddy and sandy habitats vderatif

lon bay
ied. The upper mediolittoral myiMA6-227),

relatively poor in benthic macrofauna and dominated by the polychaete Weaudistediversicoloy

covers 737.8ha (Figure 5). Habitat MZ&5, the only habitat of Atlantic mlidtoral mud with variable

salinty to mention the presence @crobicularia planalominates the mudflat andovers 1172.6ha.
Classification of the lower parts of the mudflat was more difficult, as there is currently no habitat type
describing the presence @erastoderma edulm muddyenvironments. However, given the ron
negligible cockle densities and the slight influx of sand from the west, we have chosen to distinguish two
habitat types that more accurately represent the reality on the ground. Thus, habitalB2A5
characterized byhe abundance of cockles on the middle or lower foreshore, is attribiatdtie

majority of lower mudflats (657.4ha). On the other hand, habitat 2% has been assigned tite
remaining mudflats of the lower foreshore, whétacoma balthicandNephtyshombergiiare present

Ay aYlFftSNI LINPLRNIAZ2Y A

OpyH®PHKI U chakaGeriged iy R (G | (0 y

higher sand content than elsewhere in the bay (sand fraction >40%). It is thex@food the Atlantic

mediolittoral muddy sar&alMA5SH p @ ! A I dzA f
field observations, revealing typical patterns of clean,
As for the mediolittoral muddy sands, we will restrict

f2yQa al yRofphotograghs and Of | & & )
mobile sands shapestdoand current action.
ourselves to kE23, as we were unable to

find species that are characteristic of this type of environment. These ldsabitats together account
for 28.4ha. Finally, the EUNIS 2022 typology does not mention the existdnagenic reefs made up
of oysters. Cons@led as a habitat type in its own right, oydi@mmingwastelands are included among

the habitats of the Aiguillon bay, but no EUNIS 2022

code hasabsigmed to them. However, these

reefs, made up locally ddagallana gigagapanese oysters, toté2.7ha.

I MAB-227 - Hediste diversicolor dans de la vase médiolittorale en Atlantique
MAB-225 - Hediste di balthica et Scrobi

Bl Gisements d'huitres
Il Chenaux | Fossés
[ Limites réserve naturelle nationale de la baie de I'Aiguillon

laria plana dans du sable vaseux mediolittoral en Atlantique
MAB-223 - Nephtys hombergii, Macoma balthica et Streblospio shrubsolii dans du sable vaseux médiolittoral en Atlantique
MAS-252 - Cerastoderma edule et polychétes dans du sable vaseux médiolittoral en Atlantique

I MAS-25 - Sable vaseux médiolittoral dominé par des polychétes ou des bivalves en Atlantique

I MA5-23 - Sable mobile propre ou dominé par les amphipodes du supra- et du médiolittoral en Atlantique

Figure 5: Mapping of benthic habitats in Aiguillon bay in 2024 according to EUNIS 2022 typology.
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Q&A

Onagricultural pressure®ata shows little change from 2004 to 2024, even though the area is
surrounded by farmland. Could the impact of agriculture be underestimated?

A A new project has just been launched to investigate cheprieasures (e.g., pesticides,
nutrients). It's still too early to confirm an impact, but undetected effects on microfaun
reproduction, or higher trophic levels (fish, birds) are possible. Community structure &
may not reveal all pressures.

Onpotential impact on macrofauna

A While density changes were not observed, it is possible that pollutants concentrate in
macrofauna, necessitating further investigation.

Onusing results to guidmanagement strategies
A Itis still early, but the goal is &ssess, for example, whether bird species show habitat
preferences that could inform future management.
A Annual monitoring is carried out on a smaller number of stations to ¢raiges in

biomass and biodiversity over time.

On longterm monitoring

A ldeally, revisiting sites everg2years would allow better tracking of habitat dynamics, |
funding and logistical constraints remain major challenges

122 PROCEEDIN@E8ne sedimentary habitats seminar for European Atlantic Biogeograph



The value of benthi¢domgseries: compilation of science to
support management decisions

Abstract produced from the presentation madeSilwana Birchenougturing the LIFE Maha
seminar on sedimentary habitats.

Longterm ecological data are crucial to detecting patterns, assessing ecosystem responses, and
informing marine management. Thigpentation emphasized the ecological and policy value of benthic
time series. Drawing from laboratory experiments, legislative frameworks, and collaborative analyses
led by the Benthos Ecology Working Group of, tBE$alk highlighted the role of benthbrganisms as
sensitive indicators of biotic and abiotic changé&scluding climatedriven stressors such as ocean
acidification, hypoxia, and warming. The need for interdisciplinary collaboration and standardized
monitoring approaches was underscoredrsticularly in adapting to legislative demands (e.g., MSFD,
SDGSs). Time series not only support robust assessments and model validation but also serve as essential
tools for detecting londerm trends and guiding adaptive management. Challenges incladadu
continuity, methodological consistency, and a declining taxonomic workforce. Ultimately, the speaker
called for flexible, ecosystebmsed monitoring strategies that integrate benthic indicators with
evolving technologies and policy needs.

Q&A

Onapplication oftechnologicainnovations

A New technologies offesomplementary tootseDNAreveals species presence/absence
video mapping shows habitat extent and transitidasislogical trait analysis helps
understand ecosystem functions. Thesethods provide a more complete picture of
ecological states.

A No single tool is sufficienta combination of approaches is needed to support effective
MPA management.
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Context
The Estuaires Picards and Mer d'Opale Marine Na f”“ﬂ;
Park, or PNM EPMO, is located on the French coas (W g

the Channel and North Séagures). It is the first one
of its kind and the fifth on the scale of metropolite
France and its overseas territories. The PNM EF
covers 2,300 km? of exclusively marine surface ar
and extends over three French depaeimis, from the

commune of Ambleteuse to Le Tréport. This is 1
most northerly of French Marine Nature Parks. On 1 e L

land side, it extends to the highater mark, the limit | ==

of the public maritime domain (DPM). On the mari

side, it finds its external limat the maritime traffic
separation devicéOFB, 2025)

Figureb ¢ Location of the Estuaires Picards and Mer
RQhLItS alNAYS bl Gddz2NE t |

124 PROCEEDIN@Ene sedimentary habitats seminar for European Atlantic Biogeograph


mailto:lanshere@creocean.fr
mailto:celine.rolet@gemel.org
mailto:camille.hennion@univ-lille.fr
mailto:nicolas.spilmont@univ-lille.fr
mailto:camille.gilliers@ofb.gouv.fr
mailto:fabien.roux@ofb.gouv.fr
mailto:carole.perron@ofb.gouv.fr
mailto:xavier.harlay@ofb.gouv.fr
mailto:gwenola.de-reton@ofb.gouv.fr
mailto:guillaume.fauveau@ofb.gouv.fr

The Marine Nature Park was created by Ministerial Decree-PBAR of December 11 2012. The

three aims of this category of marine protected area are: to improve knowledge of the natural and
cultural heritage, to ensure the protection of marine ecosystems and to support the sustainable
development of maritime activities that depend ontitsimanaged by the French Biodiversity Agency
(OFB), a public establishment under the supervision of the French ministries in charge of ecology and
agriculture.

The Marine Nature Park management plan sets out all the Park management objectives. Thatdocume
was validated by the management board in December 2015 and is valid for 15 years2@806

When more that 50% of Natura 2000 sites areas are located within the perimeter of a Park, the
Document of Objectives (DOCOB) is integrated into the managiplaen The HABISSE project is part

of the Life Marhaproject and aims to improve knowledge of intertidal soft habitats of community
interest in the PNM EPMO, and to draw up an inventory of the chemical contamination affecting them.

Objectives of theHABISSE project

¢KS FAY 2F GKS 1! .L{{9 6&aiGlIyRAY3a F2NJ CNBYOK al I
to improve knowledge of the intertidal sedimentary habitats that can be observed along the coastline

of the PNM EPMO, and gain a better erstianding of their spatial distribution and the
macrozoobenthic communities that inhabit them. Two intertidal Habitats of Community Interest (HIC)

were concerned by the HABISSE project on PRMO coastlinem Mo n & 9,3aiicHznadkeR S a ¢
specifically its subvision into 11381 a{ t A1 1S Ay GARFft &6l GSNB o! Gfly
YdZRFE I 1aé amMhwnmm@RFYRGA YR &l yRTfl daangisli O020S
subdivisions into elementary habitats.

Teams from CREOCEAN, GEMEL@@ddined forces between 2020 and 2023 to map the intertidal

benthic habitats in three main typologies Eunis 2012, NatHab v.3 and Natura 2000 Eur28 and CH2004
(Bensettiti & al., 2004; European Environment Agency, 2013; Michez & al.,add18palyse their

chemical contamination within the perimeter of the PNM EPMO. This work will contribute to a
management tool for the Marine Nature Parld&gine actions and strategies for long term surveys. The

project was also in line with three environmental goals of the management plan.

For the purpose of the marine sedimentary habitats seminar for European Atlantic Biogeographic region
held in Lille irMarch 2025, only the results on intertidal habitats characterization and mapping were
presented.

Method

A collection of sediment samples was carried out throughout 250 stations distributed along the marine
nature park intertidal zone (

Figure7). Sampling effort was split into 3 phases, running from 2020 to 2022, notably in accordance to
the Water Framework Directive 2000/60/EC (WFD) seasonality sgmgtiommendationgGarcia &

al., 2014)

1 Phase 1 (pink dots): WFD Transitional waters of Baie de Somme in early autu®822020
1 Phase 2 (yellow dots): WFD Coastal waters FRAH18 and FRACOS5 in the south of the Park in

1 As part of its missions, the OFB is piloting the Life integrated Marha (LIFE 16 IPE FR001), a European project ainvethahinpro
effectiveness of Natura 2000 at sea and restore a favourable conservation status for marine habitats of community Thie@®ject
concerns 164 SACs in metropolitan France. Life Marha began in 2017 and will end in 2025: https://mmashiger/
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early spring 2021,

Phase 3 (@nge dots): WFD Coastal waters FRAC05, FRAC04 and FRACO3tim dfi¢heoPark early
spring 2022.

Figure7 ¢ Habisse Project (202@2023) sampling plan

Sampling tools used for this collection of biosedimentary samplesmaceordance with the stational
monitoring protocol for benthic macroinvertebrates on soft subtidal and intertidal substrates as part of
the WFD (Garcia & al., 2014): 0.629hand corer mainly and Van Veen or Eckman grabs for stations
with no easy foot ecess. At each station, sampling strategy was divided into 3 benthic macrofauna
replicas (FAU), 1 sample for sediment particle size analysiar{GR)sample for sediment organic
matter (OM): Figure8.

Station center

Macrofauna sampling (FAU A, B and C)
Grain size analysis

Organic matter analysis

Contaminants

Figure8 ¢ Sampling strategy on each HABISSE station

Other than the usual ecological indices measured (species richness, abundance, density, biomass,
Shannon and Pielou eveness, grain size analysis and organic matter content), statistical analyses were
conducted as part of the work to classify habitats i&anis typology: Ascending Hierarchical
Classification AHC using the B@aytis dissimilarity, nemetric multidimensional scaling NMDS and
SIMPER procedure. Analyses were gathered by sectors (coastlines, estuaries) to strengthen the analysis.
Method implenented enabled to group stations showing similarities in species composition, then
describe each group with characteristic species and abiotic environmental conditions) and finally
attribute a Eunis classification code.
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