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Abstract :

Initially introduced for aquaculture purposes in the 70's on French territory, Manila clam (Ruditapes
philippinarum) is now a neonatural resource within Arcachon Bay (SW of France). Its exploitation by
professional fishermen represents around 300—-450 tons per year and involves around 60-70 licenses
depending on the year. The management of this species relies on both European and regional scale
decision. In 2000, a partnership between professionals and scientists was established in order to
implement a sustainable management of this resource. Since then, a co-organized biannual survey has
been performed to assess clam stock. Working groups and research programs were concomitantly
developed.

Initially stakeholders requested this survey only to assess clam stock in the bay. Nowadays, an integrative
approach of the population functioning is privileged. Such approach is particularly relevant for population
with high spatial and temporal distribution variations.

The main considered drivers are diseases including constant infection by Perkinsus but also the discovery
of a recently described pathology - BMD (Brown Muscle Disease), other environmental factors (i.e. trophic
resources, hydrodynamic conditions, temperature ...) and professional fisheries. Alternatively to classical
stratified random sampling, the survey method is currently improved to optimize the sustainable
management of this resource. New spatially balanced sampling design showed promising results
increasing the efficiency of this survey. Knowledge is mobilized not only to meet the needs for expertise
expressed locally but also at the national level.

This paper aims to introduce how the different disciplines are combined to understand the dynamics of
Manila clam population within its environment and how stakeholders are involved to ensure her
sustainability and to improve management between users. Successes and failures are identified, as well
as the points of improvement for future actions.


https://doi.org/10.1016/j.ecss.2021.107194
https://archimer.ifremer.fr/doc/00676/78767/
http://archimer.ifremer.fr/
mailto:nathalie.caill.milly@ifremer.fr

Highlights

» Benefit of co-management process, where definition of roles is essential, is highlighted. » Difficulties
are listed, including obtaining available funds to plan regular surveys. » Integrative approach is relevant
to sustain Manila clam population in Arcachon Bay. » Complementary expertise and research actions
made the collaborative process effective.

Keywords : Co-management, Collaborative process, Manila clam fisheries, Ruditapes philippinarum,
Arcachon bay, Integrative approach
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1. Introduction

Present in all latitudes and at all ocean depthddwade, bivalves are an important
component of the benthic marine ecosystem (Berlak,62013). The exploited bivalves,
mainly mussels, oysters, scallops and clams, anelyriacated in the intertidal and shallow
subtidal zones; some may still reach depths of @20 m (Gosling, 2003). Most of their
habitats are therefore located close to the coastlihey are characterized by frequent,

diverse and spatially heterogeneous disturbanacepa@d to offshore deep marine systems.
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This causes natural fluctuations in populationgdiférent stages of the life cycle and
contributes to significant variations in biomass @emographic structure (Daget & Le Guen,
1975). This sensitivity to environmental conditiariations is reflected spatially and can
even be expressed on the scale of a few metersly@adefeo, 2003), but also temporally
e.g. by extremely variable recruitment levels frone year to another (Miyawaki &

Sekiguchi, 1999; Munroe & McKinley, 2007; Toba &t 2020).

World production of bivalves is estimated at 17l tonnes in 2017. Fisheries provide 8 %
of these inputs, the remaining comes from aquai(source:
http://www.fao.org/fishery/statistics/fr). Clamsf@tdes/arches and oysters dominate those
productions with respectively 36 % and 34 % of dbations. For the group including clams,
fishing accounts for between 9 and 25 % of thd ftaduction over the period 2000 and
2017, with a continuous sharp decrease in the siidigheries. Within this multi-specific
group, Manila clamRuditapes philippinarum) occupies an important place with about two
thirds of the total amount (fishing and aquaculwmenbined) since 2010. In Europe and for
this species, the most contributing countries enftbheries sector are Portugal, France and
Russian Federation. For aquaculture sector, tha praducing European country regarding
Manila clam is by far Italy, next come Spain andrire. However, European production from
fisheries provided by FAO is underestimated for samountries. In the case of France, 80 %
of the Manila clam production from commercial fisiare carried out from two areas,
Arcachon Bay (~ 500 t in 2018; CRPMEM Nouvelle-Agine, personal communication)
and Morbihan Gulf (~ 230 t in 2018) (D’Hardivilléhd Bouché, 2018). Manila clam is a
species initially introduced for aquaculture pugm those two sites in the 70’s. However,
this activity was quickly interrupted for economéasons and the species found favourable
conditions to its development “in the wild” (for éachon - Auby, 1993). Since there was no
previous monitoring of the European clam and nloirfig statistics available before 1992 for

Arcachon Bay, it is therefore difficult to arguatiManila clam development has come at the
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expense of the European clam. With nearly 98% eiritra-basin clam population, this
resource is considered neonatural and is managedlassic resource, namely to ensure the

sustainability of the stock.

In France, legislation applied to Manila clam exaition involves various level of authorities
as European, National and local. European legisiaets a minimum harvest size
corresponding to the anteroposterior length ofstinal. For the waters of the North Atlantic,
English Channel and North Sea, the size was 40 mom £998 to 2008 and has been set at 35
mm since 2008 (EC Regulation n° 40/2008 providingeeogation from EC Regulation n°
850/1998). For Mediterranean waters, the size im2b(EC Regulation n° 40/2008). French
legislation requires the detention of a nationsthifig license since 2010 (Decree n° 2010-
1653 December 28, 2010). Last, local legislatioly ec@cern complementary measures such
as license restrictions, closed areas and sedssiniag time limits, catch quotas. They are
established by the departmental and regional psafieal organizations in conjunction with
the administration. Since they are adapted to shelifish bed, their implementations by the
various local fisheries committees are independeatfrom the others. They are based on
biological and/or economic considerations essdwntiilost of the time, biological
considerations come from data collected duringl&sielbed prospecting or stock
assessments. In many case studies, collaboraseansh programs are also undertaken.
Combination of stock assessment and research pnagra relevant tool to reinforce a

management strategy (de Montaudouin et al., 2016a).

The sustainable management of these species,risea@tion and/or exploitation by
humans, requires knowledge of major environmeritatts on the population dynamics. This
applies in particular to less mobile or sedentagcges that may further exhibit density-
dependent mechanisms at different stages of ffeirycle (Caddy & Defeo, 2003). In the
case of exploited species, the interaction of mhtamd anthropogenic effects complicates the

understanding of observed phenomena. Anthropictsfthemselves are often difficult to
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apprehend. It implies reliable data over time,antigular for all harvesting activities, namely
professional and recreational fishing. Anthropieets can also not be limited to fishing
(effect of pollution for example) (Caill-Milly, 2@). Thus, while the abundance estimates for
most of the species exploited in these coastalystams are facilitated by their low mobility
and near location, Defeo (2011) notes that theefiss dependent on these resources are

among the least well understood systems in termsgrefture and stock dynamics.

In Arcachon Bay, along the Atlantic coast of Fragmmefessional structures, administration
and scientists are involved in the management peoapplied to Manila clam. In 2000,
professionals experienced difficulties of resowrakies and requested the scientists to carry
out a study of the clam deposit. Since then, stalkieins work together to a better
management of this resource. Interactions amorggetbtyuctures correspond to a co-
management approach according to Jentoft et 88(1&utiérrez et al. (2011) and Uchida &
Wilen (2004). Jentoft et al. (1998) defined thencanagement as “a collaborative and
participatory process of regulatory decision-malangpng representatives of user-groups,

government agencies and research institutions”.

This paper aims to analyse how stakeholders amvieg to ensure the sustainability of
Manila clam resources and to improve the co-managemplemented since 2003. The
paper also addresses how the different stakehaddensobilized and how the disciplines are
combined to understand the dynamics of Manila gapulation within its environment.

Successes and failures are identified, as well@apaoint of improvement for future actions.

2. Study area and fisheries

Arcachon Bay is a 156 km? semi-sheltered lagooat&ston the southwest Atlantic coast of
France (Fig. 1). The bay is both influenced by ageand continental inputs. The water

exchange between the ocean and the bay is perfdsynadavide two-channel inlet, mainly



123 forced by semi-diurnal tides (Cognat et al., 20I8% major part of annual freshwater inputs
124  (4/5) come from the I'Eyre river located in the Smastern part of the bay (Plus et al., 2009).
125  These characteristics coupled with the slow ren@ivalater by tides (Plus et al., 2006)

126  influence salinity and temperature within the bBlyus, seawater temperature ranges from 1.8
127  to 27.4°C (mean value 15.4°C) and salinity rangesf15.4 to 35.4 (mean value 30.2) (Caill-
128  Milly, 2012). Muddy intertidal flats colonized I&ostera noltel seagrass bed dominate the

129 inner part of the lagooZ. marina occupies the shallow subtidal sector around tla@cél

130 edges (Cognat et al., 2018).
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Such dynamic system, characterized by water ex@saagd a variety of habitats, plays a key
role as spawning grounds for fish and shellfish @#eth enhances local fishery production.
(Deborde et al., 2008; Bertrand, 2013). Clam hdimwgssan important activity on the
intertidal area of Arcachon Bay. It is essentiallyried out by professional fishermen. Manila
clams are also caught by recreational fishermenhait impact is considered negligible
compared to professional activity (in particulacéese of the conditions of access to sites
which are very muddy and by boat) (FMPAA, 2017a@lharvesting is carried out by hand
at low tide one or twice per day. Fishermen gdoftshing areas by boat and use wooden
boards to help them move around the mudflat. Thé&epsional fishermen essentially harvest
the Manila clam when the tide coefficient (whichseis the magnitude of the tide at the
planet scale, independently from local characiesstwith value ranging between 20 and

120) is higher than 50.

Regarding fisheries, after a peak in 2007 with 1@03 landed, the production decreased to
achieve in recent years values comprised betweemmB3@ 400 tons per year (Fig. 2) (Sanchez
et al., 2018). Looking at the number of fishinghses, it evolves over the years depending
on applied management measures by professionakiien. The license system changed in
2016 with the establishment of two types of licenseparating the “owner” license (i.e. ship
owner) and the “employee” license (Deliberation R016-15 CRPMEM NA). The granted
number of licenses for “cockles and Manila clans”dach category is limited to 47 and 94
respectively. In addition, to establish a new “oviieense, two “owner” licenses must leave
the quota (rule “-2 + 1%). Since then, the grantedhber of “owner” licenses is around 44 and
the number of “employee” licenses has increased #8trequests in 2019. It is therefore not

possible to compare the number of licenses befwleaéter the system modification.
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159  Fig. 2. Clam fishing production by professionahsmen and number of delivered licenses

160 discriminating the enterprise and employee categaince 2016 (sources: CRTS La

161  Rochelle, SIH Ifremer, CRPMEM Nouvelle-Aquitaine).

162  In Arcachon Bay, the management of clam fishesesonducted by professional
163  organizations through regional regulations impleteery prefectoral orders. Different

164  measures were applied since 1999 such as licesstions, no-fishing areas (for details see

165 Sanchez et al., 2018) or restriction of fishingdiperiod (fishing prohibition on Sundays for

166 example). Those management measures can be ap@tiachtely or can be pooled,

167  depending on fishermen decisions. It was the caseden 2009 and 2013 when several
168 measures have been proposed (proposal of two hindisireas, licenses restriction and no

169  fishing on Sunday) due to a Manila clam stock readewst maintained.

170 The clam fishing, professional as well as recrewtiois prohibited in two areas sincg 1
171 November 2016 (Fig. 3). Among the criteria apphedthe choice of closure zones, the

172 fraction of Manila clam spawners and the spatiahglementarity of the zones are

173  considered.
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Fig. 3. Current local spatial regulation regardatgm fishing in Arcachon Bay: closure of
two areas “lle aux Oiseaux” (3.1 km?) and “La Humagy(1.8 km?) since Novembef'12016

by prefectoral order October 28, 2016.

3. Stakeholders

Various stakeholders are involved in the Manilarclaanagement in Arcachon Bay.

Professional organizations

French professional fishermen are organized abmailti regional and local level: the National
Committee of Marine Fisheries and Aquaculture (CNEM1) as well as their regional
committee and their local office. In Arcachon Bt regional committee is CRPMEM
Nouvelle-Aquitaine and the local committee is CDRWIEironde. Membership is

mandatory for professionals. Their committee mebelude fishermen, ship-owners,



187  others representing as producer organizations amgecative associations. These committees
188  are under the authority of the French State. Tiodéris to bring professional interests and to

189 take decisions about inshore fisheries management.

190  Administration

191  For regional resources management, French adnaitigstris involved at two levels:
192  “Directions interrégionales de la Mer” (DIRM) anbBélégations de la mer et du littoral”

193 (DML).

194  The DIRMs are the purview of the Ministry of theMionment, Transport and the Sea and
195 are under the authority of the Regional PrefeceyTére in charge of conducting State

196  policies on sustainable development of the seaures management and regulation of

197  maritime activities. They also include maritimersdling and management missions for the
198 inter-departmental POLMAR (marine pollution) stagagenters. They have a coordinating
199 role regarding all the policies of the sea anditt@al. For Arcachon Bay, the South Atlantic

200 DIRM (DIRM-SA) has this competence.

201  The DMLs exist within departmental directions o tierritory and the sea (DDTM). The
202 latter being interdepartmental directorates, uniderauthority of the Prefect, created in 2010.
203 Theyimplement at the departmental level the paditthe sea and the littoral, including

204  marine fisheries and cultures. They manage shigseafarers.

205 Scientists

206 In general, researchers contributes to a missiorabbnal interest that includes the practice
207  of scientific expertise (L411-1 of the Research €o&cientists working on the clam
208  questionings of Arcachon Bay belong to researctitunss or universities. These structures

209 are mainly French and located in the neo-Aquitéemetory: Ifremer; University of
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Bordeaux; University of Pau and Pays de I'’Adouneigners’ structures are also involved as
Azti-Tecnalia (Spain) and the University of Cantagp(New Zealand). In the case of Ifremer,
institutional expertise is specified by the amendedree No. 84-428 (“The institute is
responsible for providing the State and other Ipgasons with public right to assist in the
exercise of their responsibilities”). In the casether structures, the clam resource fits into
the research themes of the different laborato@e#iaborations often begin by common

scientific interests and can also be formalized Ipartnership agreement.

Other actors

In France, a new management structure adapte@ tmdnine environment was created: the
Marine Protected Areas (MPAS). The French Enviramn@ode recognizes 15 categories of
MPA: marine natural parks, national parks, nateserves, Natura 2000 sites, sites of the
Conservatoire du littoral (Coastal Protection Aggntn France, there are seven marine
natural parks including Arcachon Bay. This lattersvereated by an inter-ministerial decree in
June 5th 2014. Arcachon Bay natural marine pathkus a recent actor in Manila clam
management device. The park extends to 435 kmpfuarsdalong 127 km of coastline (Fig. 1).
It depends on a public institution, the French Biedsity Agency. The governing body of
this marine park is composed of representativésraforial authorities, officials,

professional fishermen and recreational usersnssie, environmental NGOs... It defines
and implements the park policy, within the framekvof its management guidelines and its
management plan. This natural marine park haventige objectives: knowledge of the
marine environment, its protection and the sustdendevelopment of marine activities

(MPAs Agency, 2015).

4. Requirements and relevant issues for clams management
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The exploitation of this resource began in the E9%0llowing a decrease in yields in the late
90s raising fears of an overexploitation of theeki@rofessional fishermen asked scientists to
carry out a first study of the deposit in ordeagsess the Manila clam stock (Bertignac et al.,
2001). A first study was undertaken on part ofdbposit (~ 24 km?2) in order to test the
sampling method. It demonstrated its applicabbiy partially answered the questioning. The
whole area (~ 47 km?) was prospected from 2003 @hate constitutes the period of

acceptance of the method by most fishermen.

As the assessment is a snapshot view of the stackigen time, specific additional research
studies were implemented to better understanddpalation dynamics and to attempt to

answer to fishermen issues:

» Characterisation of population dynamics: they maaancern growth, size,
morphology, mortality, diseases, production, resegdnd environmental drivers;

» Projection of effect of management strategies tipnoaeveral scenarios: a decision-
support tool (analytical model) was developed tmgunanagement regarding this
species;

e Stock evaluation: furthermore, optimization of gugvey sampling protocol was

considered to reduce the survey costs.

The main questions raised according to these 3w&es as follows: How can spatial
dependent mortality be explained? Can clams strifer a genetic impoverishment? Why
does clam’s shape differ from other sites (globakpect)? How can sustainability of the

activity be ensured? Can the survey be optimized?

5. Stakeholder s collabor ation

Many experiments associating fishermen and scisntisa collaborative fisheries research

highlight the benefits of a mutual partnership (lmn & van Densen, 2007; Yochum et al.,
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2011; Massé et al., 2016). By involving fishermerach phase of the research project
(sampling, logistics, collecting data...), they beeofactors of science” and they have more
confidence in the data and the results (Yochunh €2@11; Massé et al., 2016). In the case of
Manila clam of Arcachon Bay, exchanges betweerefisien and scientists take the form of
working groups (before and after the campaignse-bsk.), systematic partnership to carry
out monitoring surveys from 2003 and support imyaag out certain field experiments.
Whereas the initial objective of these monitoringveys was to assess the Manila clam stock,
they generated data to conduct research prograthspecific questions and hypotheses. The
discussions during the working groups also magessible to identify gaps in knowledge

essential for management. They were then the sutjepecific work.

5.1. Clam monitoring survey

To reinforce management strategy, stock assessmentésundertaken. When possible, these
surveys were carried out every other year sincé 2000ing late spring, the first one being
however undertaken in 2003 considering the to&tiBution area of Manila clam (~ 47 km?2).
Based on a co-management approach, the organizetiplementation and data processing
have been shared between professional fishermescatists. Professional organizations
were in charge of carrying out the survey (fundieguest, logistics and sampling) and the
scientists defined the sampling protocol, were iv@@d in the sampling and data processing.
A working group involving scientists, professionalsd the administration has also been
established since 2003 to discuss about the ardasgurveyed, the identification of

knowledge gaps and specific issues.

A stratified random sampling was applied dividihg study area into 16 reference strata,
based on expert knowledge (Fig. 4). These strath@nogeneous in terms of hydrology,
sediment particle size characteristics and cupatierns (Kermorvant et al., 2017). Over time

new strata in adjacent areas have been addedmBHhidy concerns the addition of fishing
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restricted areas or other areas of interest foefimen. For sampling protocol, see details in

Sanchez et al., 2018; Kermorvant et al., 2017; Kewvant et al., 2019a).
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Fig. 4. Protocol applied to Manila clam monitorisgrvey in Arcachon Bay: (a) sampling
design applied in 2018; (b) use of the Hamon gfejsediment sieving onboard with
running water over a set of three sieves; (d) measent of clams using an electronic

calliper.

These surveys provide a dataset of indicators asabundance indices (numbef.amd

g.m™), length-frequency histograms, total abundancebémuhass (number and weight),
fraction of juveniles (individuals measuring lesan 17 mm), spawners (individuals
measuring more than 25 mm) and exploitable stouk\iduals measuring more than

35 mm) (%), as well as their abundance (numbemaight) and maps of clam densities (Fig.
5). The dataset includes 7 years of monitoring 82@006, 2008, 2010, 2012, 2014 and
2018). The 2016 survey could not take place farfoial reasons. After each campaign, the
results of the survey are presented to the worggingp and to all the fishermen. The
evolution of those indicators constitutes essekhalwledge to make recommendations or

advices from scientists to professional organizetio charge of Manila clam management.
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Fig. 5. Examples of maps distribution and indicajmoduced from the Manila clam

monitoring.

5.2. Progression in the knowledge of populationasiyits

5.2.1. Growth/diseases

Size-structure histograms of Manila clams, inclgdimose obtained in the framework of
stock-assessment surveys (see § 5.1), reveale#f afléarge individuals, i.e. > 40 mm shell
length. Monitoring of growth and searching the mawolved drivers (natural and anthropic)
became rapidly a priority. Using a capture-taggiegapture method, shell growth rates were
determined in four different areas, and at foutedént tidal levels. Surprisingly for a
suspension feeder, tidal level poorly explainedaginoperformance (Dang et al., 2010b). The
main scheme was a “normal” growth until a sizemdrax. 30 mm, and a strong reduction
after leading to a relatively small asymptotic sirethe same time, condition index (ClI)
(flesh weight/shell weight) displayed low valuesmmared to other sites throughout the
world. Professional fishermen proposed a genetpoiarishment as an explanation, due to
the semi-enclosed status of Arcachon Bay. This tigsis was discarded, since these Manila
clams, when transplanted in a site where growthpsted to be high for oyster (Banc
d’Arguin), displayed rapidly high growth rate andwated asymptotic shell length (Dang,

2009). The hypothesis that fishing may have arcefia the selection of slower-growing



318 individuals in Arcachon Bay cannot be totally rutadt. However, Manila clam cross-

319 transplant experiments between contrasted arehBdtigthe strong relationship between
320 growth and environment features (phenotypic plagjidMoreover, in situ capture-tagging-
321  recapture experiments enabled the assessment gbthBertalanffy growth function

322 parameters. For Arcachon Bay, mean growth pararkeited.72 yedr (Dang et al., 2010)
323 which is relatively high in comparison with othexagraphical areas such as Canada, England
324 and Turkey [values between 0.14 and 0.54 {¢Bourne, 1982; Colakiu and Palaz, 2014;
325 Clarke et al., 2019)]. Regarding environmental ¢oowis, growth is mainly influenced by
326  seawater temperature (Toba, 1987 in Nakamura,&0f12; Fan et al., 2007). For Jiaozhou
327 Bay (China), the temperature range of 18-23°C vedsrchined to be the most suitable for
328 shell growth (Fan et al., 2007). Growth was alsscdbed for the Manila clam in Thau

329 lagoon (Maitre-Allain, 1982): no growth occurs b&l6°C and optimal growth is expected
330 between 12 and 20°C. Considering the temperaturditbtons prevailing in the Arcachon

331  Bay, this factor may not explain the observed ghogdficit. In addition, scanning different
332  pathogens and diseases in Manila clams highligihieid detrimental effects on CI with

333  possible knock-on effect on shell growth paramefBrsmatode parasites, at the stage of
334 metacercariae (i.e. larvae with generally smaénattion with host tissues), were present at
335 low intensity and are certainly innocuous at tnéction level (Dang et al., 2009a).

336 Perkinsosis, a disease related with different mado parasite species belongindPéokinsus
337 genus and responsible of most infectious pathodogidivalves worldwide (Soudant et al.,
338  2013), were present in Arcachon Bay. Its prevaldfeef infected individuals) was 93% and
339 mean infection abundance was 96 X @élls g' wet weight gill tissues (Dang et al., 2010a,
340 Dang et al., 2013). At this level of infection, thepulation of Manila clams must be

341 impacted. Besides, Manila clams suffered from agrotlisease, the Brown Muscle Disease
342 (BMD) (Dang et al., 2008), only reported in Arcaoh®ay, lethal for individuals and causing

343 moderate population mortality as long as the pesvad remains low (Dang & de
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Montaudouin, 2009; Binias et al., 2014). The infacs agent of BMD is supposed to be a
virus (Dang et al., 2009b; Binias, 2013; Pierroalet2019) but supplementary studies should
be envisaged to confirm the aetiology and undedstiais emergent disease. Finally, Brown
Ring Disease (BRD), a worldwide scattered diseals¢ead to a prokaryote, remains anecdotic
in Arcachon Bay (Dang, 2009). The last investigdtgplothesis to explain growth

impairment was a possible default of trophic soupeality and quantity. A clear relationship
between Manila clam fitness and the possible topburces was not identified by stable
isotopic analysis (Dang et al., 2009c). In contrasarge bibliographic analysis showed that
the main driver of Manila clam CI (a proxy of fisg) was the concentration of chloroplayll

in the water, and that this concentration in AreacBay is, in average and compared to other

ecosystems where Manila clam ClI is higher, pamidyllow (de Montaudouin et al., 2016b).

5.2.2. Morphometrics variability and links withagraphical or environmental

considerations

The main addressed questions concerning morphasegégarding Manila clam and
Arcachon Bay were: do Manila clam populations ethimrphometrics variability? If yes,

can they be linked to environmental or geograpleoakiderations?

So, morphometric studies were conducted to conanier-site (at the Arcachon Bay scale)
and inter-site phenotypic variabilities of Manilam (on four deposits distributed along the
French Atlantic coasts). They concerned conventisinape analysis based on metric (length,
ventral length, height, width, lateral and ventaiedas) and weight (shell mass) measurements.
The first study (Caill-Milly et al., 2012) was cameted on 2070 sub-sampled shells from the
Arcachon Bay monitoring survey of 2010. It estdidid allometric relationships between

pairs of descriptors that were specific to the tagdA significant change in morphology was
highlighted from a length close to 16-20 mm whichresponds to the second year of life

[with reference to the work of Dang (2009)]. Framstsize, the growth rates of the height and
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weight of the valve are therefore greater than afitie length. Intra-site phenotypic
variability study led to the identification of tleenorphological patterns among adult clams
within the Arcachon basin, which differed in pamnier by their distance to the ocean
connection (Fig. 6). Relative heavy and globulant were associated with low density and
the specific local pathology (BMD). The results eerge to indicate that certain intra-basin
areas seem unfavorable for the development of ishalis (strata A, S1 and C, Fig. 6).
Conversely, they identify the north central parthe Basin as favorable for their good
development (Strata |, G, H and Z1, Fig. 6). Iniidd, clams in the Arcachon Bay appear to
be much less elongated (elongation index) and mloteular (compacity index) than in other
sites including Europe confirming poor conditions $ome individuals (Caill-Milly et al.,

2012).

N

~+

, Relative heavy and
PYAN

; globular clams

Relative heavy and
elongated clams

0 125 25 5Km
ST Y T Y |

BD Carthage, DDTM33/DML, Ifremer M. Lissardy

Fig. 6. Location of the three morphological pattseamong adult clams within Arcachon Bay

(Caill-Milly et al., 2012).

The second study (Caill-Milly et al., 2014) testhd hypothesis of a specific shape on the
Arcachon Bay by a comparative morphometric studjooin Japanese clar®(

philippinarum) deposits distributed along the French Atlantiasts (Banc du Guer, Gulf of



386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

Morbihan, Bellevue and Arcachon basin). Moreoverralations between discriminant
morphometric characteristics and environmentabiacttemperature, salinity and trophic
conditions) were studied. A total of 238 shells @vanalysed for those purposes. The study
identified three discriminatory morphometric rat{dgescribing elongation, valve density and
weight related to length) and revealed morphomdsititudinal trends between northern and
southern populations & philippinarum (Caill-Milly et al., 2014). Significant relationgbs

with chlorophylla concentrations and to a lesser extend with seawatgerature ranging

from 12 to 20°C were revealed. The results’ intetgion illustrates the complexity of the
factors intervening on the individual morphologytibat the intra and inter-site scale and
opens on the potential effect of other factorslisas the substrate nature and the hypsometric

level).

5.2.3. Knowledge regarding clam habitat

Since the beginning of the clam survey, some iidk&@rhabitats have drastically changed.
Indeed, an important seagrass decline has beertedpo years 2003-2007 (Plus et al.,
2010). Concurrently, some modifications of the sexhit dynamics within the Bay have been
observed by both local scientists and stakeholdsreease in suspended sediment
concentrations (ARCHYD hydrological network, Ifren#917), infilling of secondary
channels or grain-size changes (Blanchet et a805R0@mportant mud deposits on north-
eastern sandy beaches, mudflat erosion in theroeintiee Arcachon Bay where seagrass
disappeared. Recent studies based on field expetsneecadal analysis of morphological
changes and numerical hydrodynamics modelling dstnated that such modifications of
sediments dynamics within the Arcachon Bay can bmiyexplained by the direct
consequences of the seagrass regression on togelgation and associated current velocities,
leading to a self-amplification of the seagrassesgion (Cognat, 2019 ; Ganthy et al., 2018;

Mitterlein et al., 2016). Current research is afttng to forecast possible future evolutions
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of intertidal habitats regarding present environtakconditions and potential local

consequences of the global changes.

5.3. A management tool to support the decisioningggrocess

In order to help management decision, a tool adajet¢he Manila clam population of the
Bay was developed by gradually integrating knowéedgecific to Arcachon Bay (Bald et al.,
2009; Dang, 2009; Caill-Milly, 2012). It is a datanistic type simulation model based on a
dynamic systems approach. It was structured into $bell length size classes (0-20 mm, 21-
34 mm, 35-39 mm and greater than 40 mm). On thénand the

“Stock/Maturation/Mortality” block is fueled by tH&ecruitment” block itself influenced by
“Environmental parameters”. On the other hand, 8teck/Maturation/Mortality” block is

also influenced by the “Fishery” block that defirtée fishing mortality according to the
different size classes (Fig. 7). This tool was iempénted under Vensim ©. It allowed to
envisage various combinations of management measunvironmental conditions and to

compare differences in biomass trends in respanteete variouscenarii.
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Fig. 7. Structuring in four blocks of the manageitenl developed for the Manila clam

population of Arcachon Bay.

A weakening of the stock was observed in 2008 #akebolders had to take radical
management measures. Management scenarios (casesjefined during working groups
associating fishermen and scientists. For each samalations were run to assess forecast of
total biomass. As a result, a combination of thmeasures was retained by the stakeholders
and applied from 2009 to 2013: reduction of nundddishing licenses; choice of two

complementary protected areas and fishing probibibin Sundays.

5.4. Optimization of the monitoring survey

Recent development in statistics and geostatiatios/s survey designs theory and
implementation to be more and more efficient. $tigtbalanced sampling (SBS) designs are

a newly developed family of survey designs (Kernaoitvet al., 2019b). For a survey design,
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efficiency means a lower sampling size and/or adngprecision reached on final estimates.
Spatially balanced sampling (SBS) designs are btleese newly developed survey designs.
SBS provides a good sampling coverage of the savely thought balancing samples
geographically. They have precise design-basenhagirs and they can potentially reduce the
survey cost (Kermorvant et al., 2019a). Based emiftachon Bay Manila clam monitoring
optimization issue, a thesis was conducted. Tha imian was to develop a generic method
allowing comparing survey designs between thenelecs the more efficient for a given

population.

For the Manila clam monitoring in Arcachon Bayvis proven that using SBS instead of
usual simple random sampling design could greatfyrove the final abundance and biomass
estimates (Kermorvant et al., 2017 and 2019a)0Aal lvariation of Manila clam abundance

and biomass is very strong and not modeled yeitmagation of sample size is not finished.

5.5. Co-management process between fishermentistséadministration

The co-management Manila clam process has bedn ireglace since 2003, including
biomass monitoring, research and exchanges in n@gioups in response to fishermen
issues. Different steps were performed in resptmaedecrease of the Manila clam stock
occurring in 2008 (Fig. 8). The questioning maiobncerned the capability of the Manila
clam stock renewal, the establishment of closedsaaad the reseeding. Several sources of
knowledge and capacities were considered and shatecen the actors to make proposal
actions to address this decline such as the appaescribed by Léopold et al. (2019) in
small-scale fisheries of Vanuatu and New Caled@®auth Pacific). Scientists used different
tools as a specific compartmental single-speciedeindeveloped to assess different
management strategies (Bald et al., 2009), a nealdrydrodynamics modelling (Plus et al.,
2009) to study larval dispersion to choose the blesed areas and transplant experiments

(Dang, 2009). All stakeholders then meet togetheind working groups to discuss about the



464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

results and to take decisions. The use of mappiolg ts particularly implemented during

exchanges.
Official request expertise from ®
administration to lfremer “ = Stock renewal: Management model to
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Recommendations about various conservation measures parameters
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A A
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Fig. 8. Co-management process example in respors@&/ianila clam stock decrease in

Arcachon Bay.

Since the first study in 2000, the co-managementgss for the Manila clam fisheries was
established and improved gradually. The strongmgliess to maintain sustainable Manila
clam fisheries has led to all stakeholders to adewith each other. This collaborative
process to manage this resource takes the forraradus collective actions such as co-
organized monitoring surveys, research programtdidnze been intensified since 2006 and
working groups to have discussion and make deasiBigure 9 shows the chronology of
developed actions since 2000 with the realized todng surveys, the research undertaken
and the different management levels and their egfins. As highlighted by Léopold et al.
(2019), the implementation of cooperative co-managd in small-scale fisheries is a slow
process lasting several years. It is an illustratibthe adaptive ability of management mode

at a local scale.
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Fig. 9. Sequence and articulation of the survéysyésearch activity and the management

implementation regarding Manila clam stock in Allvaic Bay.

The role of the actors in this process is differenime roles are shared equally, others are not
(Table 1). Regarding the “animation/exchanges argdion”, there is no real stakeholder
leader. The interactions take place mainly durirgworking groups or during research
projects. They can be intense on these occasidreplau from that, they remain infrequent.
Some tasks are formalized (by conventions), butt miothem are not. Mackinson et al.

(2011) wrote about it that prescribed or mandaseatiqipation is rarely effective for fisheries

and marine research.

Table 1. Roles of the stakeholders in the collaiimmawith regard to the nature of the
participation to the Manila clam studies (H: higintribution; M: medium contribution; L:

low contribution).
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Stakeholders

Scientists Fishermen AdministratiorNatural park

Prior knowledge contribution H H

Knowledge acquisition (from H H L
collection to data analyses)

Animation/exchanges M M
organization

Regulatory considerations H H H

Financial contribution M M L
(including self-financing)

6. Discussion

6.1. Success and failure

The Manila clam case study in Arcachon Bay dematesirthat a collaborative process
between stakeholders in the present case is aueagss to monitor species abundance in
small case areas (Table 2). The investment ofisheffmen in the monitoring survey

indicates a successful collaboration. It increassal encouraged mutual understanding raising
new research questions considering fishermen loeahledge and taking advantage of their
experience because they are well placed to per@ieescale changes in the environment
(Daw et al., 2011; Yochum et al., 2011; Massé eR8l16). Orensanz et al. (2014) perceived
a collaborative engagement as an intellectual pestiip between fishermen, scientists and
managers. In our case, the approach can be coegidsrcollaborative due to fishermen
involvement in the monitoring survey, the holdirfgrnmrking groups involving several actors
(administration, scientists, fishers, managers)isouss and exchange about specific issues or
scientific objectives. The different questions editiave taken the form of research programs
(Dang et al., 2009; Caill-Milly et al., 2012; Monidouin et al., 2016b; Kermorvant et al.,

2019a) that assembled scientists from severalgdiises. According to Dutra et al. (2015), the
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success of natural resources management depetwglomproving the knowledge about

resource dynamics, governance and the stakehaldagement in the management decision.

However, some difficulties are to be highlightedtsas the available funds to schedule

regular surveys (with a financial contribution safgpd by the professionals which is the

structure carrying out the campaign from funderg) available funds for research programs

applied to local issues (Table 2). It also reve#heddiscrepancy between the outcomes of

research for a global management vision and thigidhdéal expectations of professionals, the

difficulty in maintaining sufficient contact due tther individual activities and the turnover

of State and fishermen representatietes This last difficulty is consistent with the rolet

the fishermen organization representatives desthilyeMarin and Berkes (2010): they are

the “gatekeepers” of the co-management processhanihks between fishermen and the

organizational environment. The term “gatekeepérs™sentinel”) also has a meaning in

terms of environmental monitoring. Indeed, it is thaily presence of professional fishermen

that has made it possible to detect abnormal lbealmortalities which have proven to be

linked to a hitherto unknown disease.

Table 2. Positive and negative outcomes identifieithe collaborative process in this case

study.

(**)

(<)

Good partnership to co-organize the clam
survey

Correct ownership of the results by
professionals

Pluridisciplinary scientific approach to
respond to policy concerns

Scientific findings (applied research) used
to a better management process

Recognition of the approach and the
developed competencies (requests from
other sites)

Mobilization of available funds/significant
financial implication for a local professional
structure and mobilization of available funds
for research programs applied to local issues

Difficulties to maintain continuous contact with
stakeholders (changes and availability in
professional partners)

Discrepancy between outcomes of
survey/research for global management vision
and individuals expectations of professionals
(short term enterprise vision)

Difficulties to assert local characteristics of the
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resources (growth) to adapt European

Sentinel role of the fishermen regarding legislation

environmental quality

This type of collaboration between scientific amdfpssional structures exists for numerous
other local French deposits or resources suchvasvbs (Manila clam, scallop, mussel ...),
crustaceans (spiny lobster) or algae, mainly itt&my and in Normandy (Picault et al., 2014;
D’Hardivillé and Bouché, 2018; ICES, 2018). Spa#iatents of those stocks are generally
restricted and well delimited (little or no mobikesources). In addition, the number of
stakeholders involved in the management is alsdively limited (due to local and regional
level). Those two aspects must have favoured ypis of collaboration. For resources such as
fish and when they are shared between States cslleborations seem to be more recent.
Collaborations regarding inshore fisheries arerofite subject of technical reports and not
scientific papers; thus, they are poorly disseneid@nd not always well identified by the

scientific community and by managers.
6.2. Lessons and perspectives

The co-management process looks like a perpetaatiséor balance €. stay connected
between stakeholders, acts, ensure medium andéomgfinancing, be available to explain
the ins and outs when changing representatives.t ij isuworthwhile. In the case of small-
scale artisanal fisheries in Chile, Schumann (2@dhtified four social benefits of co-
management initiatives involving fishermen orgati@as: improving relationships between
fishermen and the State; increasing fishermen th@hsregarding ecology and management;
cooperation between fishermen and scientists; pptbach promoting a feeling of unity
between fishermen in particular regarding manageémesrest. This current work is in
agreement with this analysis for th¥ and 3 points. For the first one, information is missing

on the relations between fishermen and the State pm those with the presence of
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scientists. For the last one, the question is eriten fishermen. From the moment when it
was the fishermen who mobilized the scientistbatstart of year 2000 to have factual
elements to manage the local resource, it can h&gidered that the local committee
CDPMEM Gironde already created the conditions afyusamong fishermen. One could ask
the question of the unity between professionakfisten and recreational fishermen.
Nonetheless, as explained previously, recreatifistaihg is considered to have a negligible

impact on the stock compared to that of professifbsiang.

Inputs of knowledge for co-management process @itant for action research. It makes it
possible to mobilize scientists (sometimes withtie human resources) on significant issues
at the territorial level. It promotes the matchvietn the knowledge produced and the user
needs. Macher et al. (2018) also demonstrateditheg¢rtain cases, it better aligns scientific
development timelines with political agenda andactmssessment, especially in the Bay of
Biscay. This is all the more interesting when in&s to resources which dynamics are
strongly influenced by the local environment. Tmewledge thus gathered, but also the tools
developed, can be mobilized to meet the expectpdrage but also potentially other needs.
As an illustration, a recent consultation was maal@pplication for the minimum catch size
for Manila clams in Arcachon Bay. The request cémom the “Direction des Péches
Maritimes et de I'Aquaculture” (DPMA) of the Frenitinistry responsible for fisheries
(administration at national level). Within tightait#lines, the accumulated knowledge, tools
already used and the network involving both scgstand professionals to have relevant data
could be mobilized to meet this expertise requEss recent experience also highlighted that
certain tools still need to be enhanced to makethre operational. It is the case of the
management model which is very difficult to reclafter a while and which currently lacks

an interface to be also easily used by managers.
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All the actions implemented in Arcachon to enstieegustainability of the Manila clam stock
illustrate that this species is not perceived aasive. This is not always the case. In some
other European countries such as Italy or PortiMdahila clam is always considered as an
invasive species or as a competitor for other ggeciontributing to their decline (Pranovi et
al., 2006; Moura et al., 2017). To explain thidatiénce, two assumptions are proposed. The
lack of historical reference points on the natived@e carpet shell claniR( decussatus)

stock and fisheries partly explains why it is imgib&e to say whether the intra-basin
development of the Manila clam has come at the esgef that of the endemic species. In
addition, unlike other bivalves such as musseddifé cycle does not cause inconvenience at

certain times for a category of users, as can édéxhtion of mussel spat for oyster farmers.

Defined roles for each of the stakeholders in #e&sion support process should be explicit.
This is a key issue identified for the succesi process (Rockmann et al., 2017 in Macher
et al., 2018). In this study, roles of the stakdbod are already well defined (with high
involvement of some) and shared, but for some yolese are no leader. For example,
regarding “animation/exchange organization”, naghiormal exists outside working groups
and it would be more efficient if a structure sugipdt. In any case, it is crucial to keep a
clear separation between decision-support andideaisaking process. Otherwise, confusion
may occur between stakeholders’ involvement ingiecisupport and consultation for
decision making (Macher et al., 2018). Such dewanay lead to instrumentalization of
science in the decision process and is often déatla certain instrumentalization of
producers may also be a source of fear. Finallycimmunication between stakeholders is
also a point to improve. Exchanges take place duiorking groups and dissemination of
results is done through technical reports. All nbanmg survey campaign reports are also

available online (https://w3.ifremer.fr/archimea§ well as reports and scientific papers. But

are they really consulted by non-scientists (e¥eoine of them are in French)? Would a

specific Internet site as the one developed folGheadian Northern Gulf sentinel programs
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on groundfish fisheries (Gillis, 2002) be bettertfmrm? A reflection on other forms of
communication should be carried out. For examptajld/a dashboard on the main results of
the survey (using selected indicators) be of irstet@ better share observations on the state of
the stock with professional fishermen? To reinfdfeelinks between the stakeholders outside
the highlights of campaigns and some specific reseavould it be appropriate to set up a
dedicated half day of exchanges between scienfisi®rmen on this resource with a large

place for discussion? Such possible initiative$ beldiscussed soon among the stakeholders.

More generally, consolidation of support procegeesnanagement of the natural resource
should make easier for stakeholders to find thieicgpalongside new actors (for example
NGO), especially in a context of development ofsystem based management of the marine
environment. The opening of science to societysgaificant subject at national level since a
dedicated charter is currently revised by eightEheinstitutes (public establishments for
research, expertise and/or risk assessment inetlds bf health and the environment) with a
signature planned for the end of 2020. In this exntt will be very interesting for the local

group to participate in sharing of experiences.

Acknowledgments

All the structures involved in the decision-supgaoxcess regarding Manila clam case study
in Arcachon Bay are thanked: first, the local fishcommittee CDPMEM Gironde and the
regional committee CRPMEM Nouvelle-Aquitaine, atgbahe French Administration and
the Arcachon Bay natural marine park. Recognitgal$o addressed to all the fishermen who
contributed to the monitoring surveys or to speakperiments with a special thanks to

Céline Laffitte for her involvement in logistic aadiministrative support regarding the



623

624

625

626

627

628

629

campaigns since 2003. A special acknowledgemerhéolate Jean-Michel Labrousse,

former chairman of the local fishing committee.

Thanks are also addressed to the two anonymousaers and the editor for their useful

comments on the submitted manuscript.

All studies were supported from National, Regiceradl European funds and relied on a
partnership with Ifremer, fishing professional argations and academic institutes. For more

detail about financial support, see the differeagiqrs in bibliography.



630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

Bibliography

Auby, I., 1993. Evolution de la richesse biologigliebassin d’Arcachon. Rapport Société
Scientifique d’Arcachon, Laboratoire d’OcéanograpBiologique, Ifremer. Contrat SSA

n°915527019, 222 p + annexes.

Bald, J., Sinquin, A., Borja, A., Caill-Milly, NDuclerc, B., Dang, C., de Montaudouin, X.,
2009. A system dynamics model for the managemetiteoManila clamRuditapes
philippinarum (Adams and Reeve, 1850) in the Bay of Arcachoar{€e). Ecol. Model. 220,

2828-2837.

Berke, S. K., Jablonski, D., Krug, A. Z., Roy, K.,Tomasovych, A., 2013. Beyond
Bergmann's rule: Size-latitude relationships inineBivalvia world-wide. Glob. Ecol.

Biogeogr. 22(2), 173-183.

Bertignac, M., Auby, 1., Foucard, J., Martin, Se, dontaudouin, X., Sauriau, P.G., 2001.

Evaluation du stock de palourdes du bassin d'AmacR.INT.DRV/RH/RST/2001-05, 35 p.

Bertrand, F., 2013. The Arcachon Bay estuary: ddge” of landscapes. Landscapes and

Landforms of France, Springer Verlag, 71-80, had€¥267.

Binias, C., 2013. Epizootiologie et contributiofaacaractérisation de I'agent infectieux de la
maladie du muscle marron, une pathologie émergimta palourde japonaiséenerupis

philippinarum. PhD, Bordeaux 1.

Binias, C., Gonzalez, P., Provost, M., Lambert,dé.Montaudouin, X., 2014. Brown muscle
disease: impact on Manila clavienerupis (=Ruditapes) philippinarum biology. Fish

Shellfish Immunol. 36, 510-518.



651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

Bourne, N., 1982. Distribution, reproduction, amdwgth of Manila clamTapes

philippinarum (Adams and Reeves), in British Columbia. J. Sis#lIRes., 2(1), 47-54.

Blanchet, H., de Montaudouin, X., Chardy, P., Béef)&., 2005. Structuring factors and
recent changes in subtidal macrozoobenthic comiesrof a coastal lagoon, Arcachon Bay

(France). Estuar. Coast. Shelf Sci. 64, 561-576.

Caddy, J.F., Defeo, O., 2003. Enhancing or regjdhe productivity of natural populations
of shellfish and other marine invertebrate resairEAO Fish. Tech. Pap. 448. FAO, Rome,

159 p.

Caill-Milly, N., 2012. Relationships between statlatus and its exploitation via
comprehension and formalization of socio-ecosystetesactions. Application to Manila
clam (Venerupis philippinarum) population of Arcachon Bay. PhD Thesis, Universie Pau

et des Pays de I'’Adour (UPPA). https://archimezgnier.fr/doc/00139/25034/

Caill-Milly, N., Bru, N., Mahe, K., Borie, C., D'Ao, F., 2012. Shell Shape Analysis and
Spatial Allometry Patterns of Manila Clamuditapes philippinarum) in a Mesotidal Coastal

Lagoon. J. Mar. Biol. 2012, 1-11. https://doi.o@/M155/2012/281206.

Caill-Milly, N., Bru, N., Barranger, M., Gallon, LD'Amico, F., 2014. Morphological trends
of four Manila clam populationd/énerupis philippinarum) on the French Atlantic coast:
identified spatial patterns and their relationdleignvironmental variability. J. Shellfish Res.

33(2), 355-372. https://doi.org/10.2983/035.033920

Clarke, L.J., Esteves, L.S., Stillman, R.A., HetpBr J.H., 2019. Population dynamics of a
commercially harvested, non-native bivalve in asagrrotected for shorebirdRuditapes

philippinarum in Poole Harbour, UK. Aquat. Living Resour., 32:10



673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

Cognat, M., Ganthy, F., Auby, I., Barraguand, kgdRin, L., Sottolichio, A., 2018.
Environmental factors controlling biomass developtred seagrass meadowsAufstera

noltel after a drastic decline (Arcachon Bay, France$eh Res. 140, 87-104.

Cognat, M., 2019. Réles des facteurs environneragretdes interactions
biomorphodynamiques sur I'évolution spatio-temperdes herbiers de zosteres dans une

lagune mésotidale. PhD Thesis, Université de Barxie205 p.

Colakaslu, S., Palaz, M., 2014. Some population parametieRsiditapes philippinarum
(Bivalvia, Veneridae) on the southern coast ofMemara Sea, Turkey. Helgol. Mar. Res.,

68, 539-548.

Daget, J., Le Guen, J.C., 1975. Dynamique des ptipnk exploitées de poissons. In:
Lamotte et Bourliere (Eds.), Problemes d'écoldgi€émographie des populations de

vertébrés, Masson éd., Paris, pp. 395-443.

Dang, C., de Montaudouin, X., Gonzalez, P., Mesbwalons, N., Caill-Milly, N., 2008.
Brown Muscle Disease (BMD), an emergent patholdfgcing Manila clamRuditapes

philippinarum in Arcachon bay (SW France). Dis. Aquat. Org. B[9-228.

Dang, C., de Montaudouin, X., Bald, J., Jude, ByrRond, N., Lanceleur, L., Paul-Pont, I.,
Caill-Milly, N., 2009a. Testing the Enemy Releasgpbthesis: Trematode parasites in the

non indigenous Manila claRuditapes philippinarum. Hydrobiologia 630, 139-148.

Dang, C., Gonzalez, P., Mesmer-Dudons, N., Bondmi, Caill-Milly, N., de Montaudouin,
X., 2009b. Virus-like particles associated with BroMuscle Disease in Manila clam

(Ruditapes philippinarum) in Arcachon Bay (France). J. Fish. Dis. 32, 5845

Dang, C., Sauriau, P-G., Savoye, N., Caill-Milly, Nlartinez, P., Millaret, C., Haure, J., de
Montaudouin, X., 2009c. Determination of diet in\ila clams by spatial analysis of stable

isotopes. Mar. Ecol. Prog. Ser. 387, 167-177.



697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

Dang, C., 2009. Dynamique des populations de paésujaponaisesR(ditapes
philippinarum) dans le bassin d'Arcachon, conséquences susi@g&es populations

exploitées. PhD Thesis, Université de Bordeaux,[856

Dang, C., de Montaudouin, X., 2009. Brown Muscledaise and Manila claRuditapes

philippinarum dynamics in Arcachon Bay, France. J. Shellfish. R8s 355-362.

Dang, C., de Montaudouin, X., Caill-Milly, N., Truic, Z., 2010a. Spatio-temporal patterns
of perkinsosis in the Manila claRuditapes philippinarum from Arcachon Bay (SW France).

Dis. Aquat. Org. 91, 151-159.

Dang, C., de Montaudouin, X., Gam, M., Paroissin,aill-Milly, N., 2010b. The Manila
clam population in Arcachon Bay (SW France): careikept sustainable? J. Sea Res. 63,

108-118.

Dang, C., de Montaudouin, X., Binias, C., Salvg,Gaill-Milly, N., Bald, J., Soudant, P.,
2013. Correlation between perkinsosis and growttlamsRuditapes spp. Dis. Aquat. Org.

106, 255-265.

Daw, T. M., J. Robinson, and N. A. J. Graham. 20rceptions of trends in Seychelles
artisanal trap fisheries: comparing catch monigrimderwater visual census and fishers’

knowledge. Environ Conserv 38, 75-88.

de Montaudouin, X., Arzul, I., Caill-Milly, N., Khaati, A., Labrousse, J.M., Lafitte, C.,
Paillard, C., Soudant, P., Goulletquer, P., 20B868ari clam Ruditapes philippinarum) in

France: history of an exotic species 1972-2015l. Bap. Fish. Res. Edu. Agen 42, 35-42.

de Montaudouin, X., Lucia, M., Binias, C., Lassediil., Baudrimont, M., Legeay, A.,
Raymond, N., Jude-Lemeilleur, F., Lambert, C., l®d&GN., Garabetian, F., Gonzalez, P.,
Hegaret, H., Lassus, P., Mehdioub,W., Bourasseadffe, G., Paul-Pont, I., Plus, M., Do,

V.T., Meisterhans, G., Mesmer-Dudons, N., CailH}iN., Sanchez, F., Soudant, P., 2016b.



721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

Why is Asari (=Manila) clanRuditapes philippinarum fithess poor in Arcachon Bay: A meta-
analysis to answer? Estuar. Coast Shelf Sci. 1278235.

https://doi.org/10.1016/j.ecss.2015.09.009.

Deborde, J., Anschutz, P., Auby, I., Glé, C., Comeng M.V., Maurer, D., Lecroart, P.,
Abril, G., 2008. Role of tidal pumping on nutrieytcling in a temperate lagoon (Arcachon

Bay, France). Mar. chem. 109, 98-114.

Defeo, O., 2011. Sandy beach fisheries as compleirlsecological systems: emerging
paradigms for research, management and govern@raeeeding of the Fifth International
Symposium on Sandy Beaches, 19th- 23rd October, Zél®at, Morocco. Editor Bayed A.,

Travaux de I'Institut Scientifique, Rabat, sérieméeale 6, 111-112.

D’hardivillé, C., Bouché, L., 2018. Campagne d'éa=lon du stock de palourdes du Golfe du
Morbihan : 11, 12, 13 et 16 avril 2018. Rapporefier LTBH Lorient et CDOPMEM du

Morbihan, 60 p.

Dutra, L. X. C., Thébaud, O., Boschetti, F., SmiAhD. M., Dichmont, C. M., 2015. Key
issues and drivers affecting coastal and marineures decisions: Participatory management

strategy evaluation to support adaptive managena@an Coast. Manag. 116, 382-395.

Fan, D., Zhang, A., Yang, Z., Sun, X., 2007. Obatons on shell growth and morphology of

bivalve Ruditapes philippinarum. Chin. J. Oceanol. Limnol., 25(3), 322-329.

FMPAA, 2017. Life+ Péche a pied de loisir — Rappiordl de diagnostic du territoire du

Bassin d’Arcachon. LIFE12 ENV/FR/000316, 243 p.

Ganthy, F., Cognat, M., Lanson, M., Rigouin, L.180Factors controlling sediment
dynamics of a recently deposited mud layer ovdredtared sandy beach following a drastic

regression of Zostera meadows (Arcachon Bay, Fjal®®BAY 16 - XVIth International



744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

Symposium of Oceanography of the Bay of Biscay.&H7e 2018, Anglet, France.

https://archimer.ifremer.fr/doc/00443/55457/

Gillis, D. J., 2002. Workshop on the Groundfish t8e1 Program. November 07 — 09, 2001

Moncton, New Brunswick. Fisheries and Oceans CaBatnce, 95 pp.

Gosling, E., 2003. Bivalve Molluscs — Biology, Eegy and Culture. Fishing News Books,

Blackwell Science, UK, 43 pp.

Gutiérrez, N.L., Hilborn, R., Defeo, O., 2011. Leaship, social capital and incentives

promote successful fisheries. Letter Research,rid&0, 386-389.

ICES, 2018. Report of the Scallop Assessment Wgridroup (WGScallop). 10-12 October

2018 York, UK. CIEM, Ref. ICES CM 2018/EPDSG: 13,5

Jentoft, S., McCay, B.J. & Wilson, D.C., 1998. Sdtheory and fisheries co-management.

Mar. Policy 22(4-5), 423-436.

Johnson, T. R., and van Densen, W. L. T. 2007 .bEmefits and organization of cooperative

research for fisheries management. ICES J. Mar.63¢i834-840.

Kermorvant, C., Caill-Milly, N., D’Amico, F., BruN., Sanchez, F., Lissardy, M., Brown, J.,
2017. Optimization of a survey using spatially baked sampling: a single-year application of

clam monitoring in the Arcachon Bay (SW France)uaq Living Resour. 30(37), 1-11.

Kermorvant, C., Caill-Milly, N., Bru, N., D’Amicok-., 2019a. Optimizing cost-efficiency of
long term monitoring programs by using spatialllabaed sampling designs: The case of

Manila clams in Arcachon bay, Ecol. Inform. 49, 32-

Kermorvant, C., D’Amico, F., Bru, N., Caill-MillyiN., Robertson, B., 2019b. Spatially
balanced sampling designs for environmental surveggiron. Monit. Assess. 191(8), 524-

531. https://doi.org/10.1007/s10661-019-7666-y



767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

Léopold, M., Thébaud, O., Charles, A., 2019. Theadyics of institutional innovation:
crafting co-management in small-scale fisheriesugh action research. J. Environ. Manage.

237, 187-199.

Macher, C., Bertignac M., Guyader O., Frangoude$-kesard M., Le Grand C., Merzereaud
M., Thébaud O., 2018. The role of technical proteemd partnership engagement in
developing a decision support framework for fiseernanagement. J. Environ. Manage. 223,

503-516. Publisher's official version: https://doi/10.1016/j.jenvman.2018.06.063

Mackinson, S., Wilson, D.C., Galiay, P., Deas, 812 Engaging stakeholders in fisheries

and marine research. Mar. Policy. 35(1), 18-24.

Maitre-Allain, T., 1982. Influence du milieu surdaoissance de deux palourdBaditapes

decussatus et Ruditapes philippinarum, dans I'étang de Thau (Hérault). Vie Marine, 4,40

Marin, A. and Berkes, F., 2010. Network approactufalerstanding small-scale fisheries
governance: The case of the Chilean coastal co-geament system. Mar. Policy 34, 851-
858.Masse, J., Sanchez, F., Delaunay, D., Robbtt, Betitgas, P., 2016. A partnership
between science and industry for a monitoring @hany & sardine in the Bay of Biscay:

When fishermen are actors of science. Fish. Re%. 26-38.

Miyawaki, D., Sekiguchi, H., 1999. Interannual aion of Bivalve Populations on

Temperate Tidal Flats. Fish. Sci. 65(6), 817-829.

Moura, P., Garaulet, L.L., Vasconcelo, P., ChairthoCosta, J.L., Gaspar, M.B., 2017. Age
and growth of a highly sucessful invasive spedies:Manila clanRuditapes philippinarum

(Adams & Reeve, 1850) in the Tagus Estuary (Poftugguat. Invasions. 12(2), 133-146.

MPA Agency, 2015. Explore French Marine Nature Ba# p.



789  Munroe, D., McKinley, R.S., 2007. Effect of predatetting on recruitment and growth of
790 Manila clams Yenerupis philippinarum) on soft substrate intertidal plots in British Guaibia,

791 Canada. J. Shellfish Res. 26, 1035-1044.

792  Mitterlein, S., Ganthy, F., Sottolichio, A., 20Hfect of small seagrag®stera noltel on
793 tidal asymmetry in a semi-enclosed shallow lagaba:Arcachon Bay (SW France). ICS2016
794 - International Coastal Symposium 2016, 6-11 M&@h6, Crowne Plaza Coogee Beach,

795  Sydney, Australia. https://archimer.ifremer.fr/da@320/43121/

796  Nakamura, Y., Hagino, M., Hiwatari, T., lijima, Aohata, K., Furota, T., 2002. Growth of
797  the Manila clamRuditapes philippinarum in Sanbanse, the shallow coastal area in Tokyo

798  Bay. Fish. Sci., 68, 1309-1316.

799 Orensanz, J.M., Parma, A. M., Cinti, A., 2014. Mtk to use fishers’ knowledge for
800 fisheries assessment and management. Food andifgrécOrganization of the United

801 Nations; FAO Fish. Tech. Pap. 591, 41-61.

802  Picault, D., Lesueur, M., Noel, J., Lepetit, A.,N{E., Pellan, C., Trougan, M., Rezgani, W.,
803  Souidi, S., 2014. Inshore fisheries and governéR@ance). The case of the commercially
804  harvested mussel fishery of eastern Cotentin (Ldwmandy). Study report. GIFS Project.

805  Action 1. Les publications du Pdle halieutique AGREMPUS OUEST, (23), 32p.

806 Pierron, F., Gonzalez, P., Bertucci, A., Mérour,EEémont, M., de Montaudouin, X., 2019.
807  Transcriptome-wide analysis of wild Asari (=Manitdams affected by the Brown Muscle

808 Disease: Etiology and impacts of the disease. BhblIfish Immunol. 86, 179-185.

809 Plus, M., La Jeunesse, |., Bouraoui, F., ZaldivyarChapelle, A., Lazure, P., 2006. Modelling
810 water discharges and nitrogen inputs into a Meaditezan lagoon - Impact on the primary

811  production. Ecol. Model. 193(1-2), 69-89.



812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

Plus, M., Dumas, F., Stanisiére, J.Y., Maurer,20Q9. Hydrodynamic characterization of the

Arcachon Bay, using model-derived descriptors. C8helf Res. 29, 1008-1013.

Plus, M., Dalloyau, S., Trut, G., Auby, I., de Maatouin, X., Emery, E., Noél, C., Viala, C.,
2010. Long-term evolution (1988-2008)4uistera spp. meadows in Arcachon Bay (Bay of

Biscay). Estuar. Coast Shelf Sci. 87(2), 357-366.

Pranovi, F., Franceschini, G., Casale, M., Zucehaft, Torricelli, P., Giovanardi, O., 2006.
An ecological imbalance induced by a non-nativeeggse The Manila clam in the Venice

Lagoon. Biol. Invasions. 8, 595-609.

Roéckmann, C., Kraan, M., Goldborough, D., Hoof, 1.2017. Stakeholder participation in
marine management: the importance of transparemtywdes for participation, in

Conservation in the Anthropocene Ocean. Ed. byekin,and M. Poe. Forthcoming.

Sanchez, F., Caill-Milly, N., Lissardy, M., 2018a@pagne d’évaluation du stock de
palourdes du bassin d’Arcachon. Année 2018. R.ODOH/ORAL/LER AR 18.015.

https://archimer.ifremer.fr/doc/00477/58897/

Schumann, S., 2007. Co-management and “consciaisifishers’assimilation of

management principles in Chile. Mar. Policy, 311401.

Soudant, P., Chu, F-L, Volety, A., 2013. Host-paeasteractions: marine bivalve molluscs

and protozoan parasites, Perkinsus species. JtébvePathol. 114, 196-216.

Toba, M., 1987Ruditapes philippinarum: growth of larvae and juveniles artificially

fertilized. Bull. Chiba Prefecture Fish. Experimartation, 45, 41-48.

Toba, M., Kobayashi, Y., Shibata, T., 2020. Chamastic changes in the population
dynamics of Asari (Manila) clafRuditapes philippinarumin a period of stock decrease on
the Banzu intertidal flat, Tokyo Bay. J. Sea R&57, 101845, 1-15.

https://doi.org/10.1016/j.seares.2020.101845



836

837

838

839

840

841

Uchida, H., Wilen, J.E., 2004. Japanese coastatfiss management and institutional
designs: a descriptive analysis. In: Y. Matsuda.&@mamoto (Eds.) Proceedings of the
Twelfth Biennal Conference of the Internationaltituge for Fishery Economics and Trade.

Corvallis: International Institute for Fishery E@mnics and Trade.

Yochum, N., Starr R.M., Wendt D.E., 2011. Utilizifighermen knowledge and expertise:

keys to success for collaborative fisheries resedfisheries 36(12), 593-605.



Benefit of co-management process, where definition of roles is essential, is highlighted
Difficulties are listed, including obtaining available funds to plan regular surveys
Integrative approach is relevant to sustain Manila clam population in Arcachon Bay

Complementary expertise and research actions made the collaborative process effective






