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The access regulation within the shellfish farmsegtor in France is based on a co-management system
relying on both a national legislation, defining theneral access conditions to maritime public sy
and regional regulation systems, called “RegiortalicBural Schemes”. The latter specify the farming
rules in cooperation with the administration, stifenand professional representatives. This retijra
system, which aims at managing the common primesgurces at the scale of a shellfish farming basin,
is under review in thbaie des Veyon the Normandy coastline. In this context, kgidal modelling is
used to assess the carrying capacity of the bayt@miovide tools for modifying the RSS in a more
sustainable way. Another objective of the studfoishift to bio-economic modelling, implying foreh
model to take into account extra technical and ectoal parameters. A specific survey has therefore
been carried out for collecting detailed information the cultural practices of the oyster farming
companies, and for analysing the links with th&inctural characteristics and performance indicatior
terms of productivity and output. This article mws the context of oyster farming in thaie des Veys
from the environmental, socio-economic and insthal point of view. After the presentation of the
methodology used for the survey, its results aralyged and a synthesis is made, leading to the
identification of the main farming technical prefil At this stage of the study, only theoretical
developments on modelling are considered and dcglooterms of collective management measures are
discussed.
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INTRODUCTION

The EAA (ecosystem approach to aquaculture) previdegeneral frame for addressing the issue of
shellfish farming system sustainability and relatesource management concerns. The principleseof th
EAA aim at developing aquaculture by taking intec@amt the full range of the ecosystem functions and
services, but should also further integrate théasand economic dimensions of the activities iiatien
with other economic sectors (Soto et al, 2007)th&t local or regional ecosystem scale, this implies
confronting management measures based on the [mspital/ecological available knowledge to
economic and institutional analysis, in particulzencerning the issues related to the collective
management of coastal waters, which have the desistcs of a classic shared resource (Knowler,
2007).

The sustainability of the bivalve farming sectos (@l other activity exploiting renewable natural
resources) depends on both its internal dynamiak @m its interactions with the ecological and
socioeconomic environment. From the technical pofrtiew, the objective of managers should be to
adapt the farming potential of companies with therying capacity of the ecosystem. This adaptation
procedure needs to accurately represent the bimeedical processes which quantify and qualify
sustainable exploitation trajectories, and theciffit management measures to achieve them.

In this context, the OGIVE research project is dinij a multi-step modelling approach with the aifm o
integrating the ecological, biological and sociemamic dimensions of bivalve farming activitiestive
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baie des Veyshis modelling approach involves a first stagedobon the acquisition of knowledge about
the functioning of coastal ecosystems and abouetismomic sectors exploiting their natural resosirce
The second stage is dedicated to the exploratiosusfainable scenarios for resource exploitation
activities, with a view of providing tools for de@n-making support.

The modelling approach requires obtaining accunatermation about the cultural practices of the
companies in order to characterise the main teehitineraries and to specify the parameters otbilbe
economic model. A specific survey was thereforeiedrout for collecting detailed information on the
cultural practices, from seeding to harvesting tiglointermediate operations, and for analysinditties
with their structural characteristics and perforo®imdicators, in terms of productivity and output.

This article is based firstly on an overview of tbgster farming sector in thbaie des VeysThe
environmental, economical and institutional conteit be described before presenting the modelling
developed in the framework of the OGIVE researchjgut. The article will then continue with the
presentation of the survey about cultural practeesd its main significant results. Finally, thetlaart

will be dedicated to the discussion about the stakecollective resource management and about which
future economic modelling should be developed @epto integrate the economical and social dimensio
of the shellfish farming activity.

MAIN FEATURES OF OYSTER FARMING IN THE “BAIE DES VE YS”

Thebaie des Veyis located in the Lower-Normandy region (in thea@hel coastline) which is one of the
main regions for bivalve farming in France, andoalse most recent one. The bay is more precisely
situated at the East of the Cotentin peninsula iandart of the Calvados County. The significant
development of bivalve mollusc farming began in éagly 1970s, and then increased thanks to good
conditions in growth and of access to farming sifexlay, the Pacific oyster is the main bivalverfang
activity in the bay.

The environmental and economic context

The ecosystem of tHeaie des Veyshows high potential for bivalve farming. The enttef the watershed
(3,420 knf) provides the bay with large amounts of freshwatieh in nutriments, which exceed the
outgoing currents from the bay, resulting in a pesisedimentary balance and global enrichment of
coastal waters. At the Eastern side of the bay,stivéace area dedicated to oyster farming represent
around 160 hectares which are broken down intoetlie@ming zonesGrandcamp Géfosseand a
temporary zone, calledSecteur d’accu€il Currently, thebaie des Veyss the third biggest oyster
production area of Lower-Normandy, ranging from,@06 to 10,000 ton yearly output, which represents
20-30% of the Lower-Normandy production. The oy$aeming sector within the bay comprises of about
sixty companies and employs 160 full time and 2&f pme people (DDAM 2008).

The hydrological characteristics of the bay, deteest by The Channels strong currents and low
temperatures, are not conducive to oyster spaffait makes farmers dependent on external spatysupp
either from wild spat collected in other oysterniarg basins, mainly fronrcachonand Marennes-
Oléronin the French Atlantic coastline, or from spatdarced in hatcheries. Conversely, the high growth
potential of thebaie des Veysespecially in comparison with that observed ia Atlantic production
regions, has favoured it as a specialised growaginbfor oysters. This is the reason why some deitsi
oyster farming companies, looking for productivitgprovements, have relocated part of their rearing
cycle there. These production strategies baseteregional diversification of the farming sitesgeate
transfers of oyster livestock between farming ragicAs concerns local farming companies, altereativ
production strategies were also developed, sudhepractice of the “short cycfetvhich consists in
focusing the oyster rearing activity on either grewing or growing stages. In particular, the stgits of
production specialised in growing were relativelyl@spread twenty years ago. But these practices hav
tended to become rare due to the lack of half-groyster supply and they actually concern only a few
companies in thbaie des Veys
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At the commercialisation level, the companies leddh thebaie des Veybarely benefit from their good
production environment. The weakness of the Normogater identification on a French market
dominated by the refinéaysters oMarennes-Oléronreduces the main number of oyster farmers of the
bay to the role of simple growers. And despite féoa that well-established local practices of oyste
refining exist, and that the majority of the farmerf thebaie des Veydave obtained their sanitary
agreement for selling live bivalvéghey remain dependent on outside outlets for tiireal valorisation
and sales to consumption markets. About two thifdsiarketable size oysters produced in the bay are
not actually sold directly on final markets, butdyster farmer-traders located in other regionsninan
Marennes-Oléron

Institutional and regulation aspects

The regulation of the oyster farming sector inlthaée des Veys obtained by a combination of two main
systems: the first one applies at a national lehelsecond one at a local level.

On one side, the national legislation defines #eegal access conditions to maritime public growards

the allocation regime of concessions. The statubiwdlve farming concessions remains precarious,
insofar as the related authorisation of product®mlelivered by the administration only for a liedt
period of time (about 35 years), and could thecadlii be suspended at any time. But, in practice, t
concessions are renewable, transmissible to famgmbers or tradable in exchange for indemnitied, an
finally are very similar to individual transferaljpeoduction rights.

On the other side, regional regulation systemdedaRegional Structural Schemes (RSS), specify the
farming rules in cooperation with administrationsofessional and scientific representatives. This
regulation system aims at managing the common pyimesources at the level of a shellfish farming
basin or region. The RSS which applies to bh&e des Veys set up for the&CalvadosCounty only. It
delimits the extent of the public maritime domalle@ated to mollusc farming and specifies the ranfr

the concessions according to their use (farmingtacking) as well as the farming conditions acauydi

to the species. As concerns the cupped oysteR8& determines the main rearing parameters, such as
farming technique (cultivation in bags on trestfajming density (max. 6000 bags per hectare) aed f
the time periods for the operations of concesslearing.

Moreover, the regional structural scheme definestaf reference sizes for controlling the totafate

of the concessions exploited by a company: the mim surface at the first installation time, the
subsequent minimum reference surface (requirecefiabling economic viability), and the maximum
reference surface (required for limiting the contation of “production rights”).

The RSS ofCalvadoshas already been submitted for modifications siteereation, and is likely to
evolve yet again with the current revision of thetional legislation. Former modifications aimed at
adapting the RSS to the evolution of the farmintivdi@s in the bay (notably the decline of mussel
farming) and at managing more strictly the exeroisbivalve farming, in order to avoid overloaditige
farming zones. The trophic carrying capacity of #ite was assessed in order to determine the limit
beyond which cultivated livestock should not exce€&lis management approach, which takes into
account the carrying capacity of the bay, is waonientioning as it represents a first step toward&\EA
that should be extended with the integration oheoaical parameters in modelling.

Biological and economic modelling

The problems that had arisen in bivalve farming agg@ment present some similarities with those well
known in the field of fisheries. The existence afssed externalities between producers sharingatimne
collective primary resource implies that when tieeremic rent is positive, the individual behaviadr
each company consists in intensifying their agtilieyond the social efficient level (Boncoeur and
Troadec 2006). As a result, the well-known “racdish” of fisheries applied to the shellfish farmgin
sector can lead to productive overcapacities, thensification of land use and thus to an individua
increase of the primary productivity used. Thisrexgloitation process leads in practice to a redndh

the growth function of the cultivated stocks andbimg term to the decrease of the biomass produdes.
OGIVE project aims at exploring efficient productidrajectories of the shellfish farming sector by
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adapting both production and primary productivigpacities of respectively the companies and their
milieu.

The OGIVE project relies on different tools deveddmccording to three complementary steps. The firs
one consists of a GIS structure, which collectsouasr data on a spatial basis (e.g. shellfish fagmin
cadastre, environmental data, information aboutlf@e performance). The GIS tool enables the
development of spatial indicators in order to ansvaious questions. The second tool is a bioldgica
non spatial model of the ecosystem, which is usedstess the carrying capacity per area. Fin&igy, t
third tool concerns the development of a spatialsgstem model thanks to the coupling of the former
biological model with a spatial hydrodynamic modetis model has the objective to integrate thectsfe
of different management options based on spatarphg optimisation.

Conceptual scheme

Oceanic
supply

'

Water
temperature

light

'

Catchment
supply

organic & inorganic Nitrogen

NG, | Nitrifi-

| N

4 |

Minerali- | _°"8

cation

zation

organic& inorganicSilica

SiOH

Dissolution

Siorg

Mortality
Growth

Growth
Growth

Phytoplankton

Mortality

DIATOMEES

Bivalves

Cgy p—

Total Biomass

Figure 1. Conceptual scheme of the ecosystem noddleébaie des Veys
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The conceptual scheme of the biological model ss@nted in Figure 1. The model reproduces the
trophic interactions between the different comparita which sustain the shellfish production. Ttka,
model simulates the temporal variations of nutsefmitrogen and silica), primary production (mainly
diatoms) and cultivated oysters, which represeatstiate variables. Phytoplankton growth depends on
nutrients and phytoplankton is in turn used forteygrowth. Forcing variables are inputs from tlag b
and the watershed, and also water temperatureightd Cultivated oysters are represented by a signd
stock and their individual growth is simulated lyupling an eco-physiological model to the ecosystem
model.

The economic dimension of shellfish farming moagllhas been developed in recent research by taking
into account the coupling of the ecosystem and @oandimensions (Nobre et al., 2009, Ferreira gt al
2007). The economic structure of these modelsdsdban a neoclassic microeconomic approach which is
built around competitive markets, price-taker praghs, and profit maximisation of companies. Thermai
objectives of these models are the optimisatiorthef shellfish farming rent by adapting the global
carrying capacity of the ecosystem which basicadfgrs to the capacity of the primary resourcedo b
renewed. Other recent approaches are relateddgraiive modelling based on forecasting scenairios,
which the shellfish farming (or fishing) factordésnsidered as a component of a system (Engeldn et a
2003; Engelen, 2004, Pérez Agundez et al., 2010 albs type of frame enables the analysis of the
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dynamics of the global model by focusing on théedént issues which threaten the global sustaiityabil

of the system and of the farming sector: envirortalequality, eutrophication, freshwater availalilit
conflict of uses... The models developed underQVE project clearly focuses on the first type of
sector-based approach in which only internal soahdlity is analysed. The non-spatial model was
developed for thébaie des Veysaind used to assess the trophic carrying capaGigngnery, 2008).
Results showed that the present oyster biomassliare has an influence on the ecosystem and led to
recommendation not to increase the standing siok.spatial model is currently under development. |
will be used to fine tune the first estimation béttrophic carrying capacity at the level of the bad

also to assess the carrying capacity on a locé scal, in turn, to test feasible scenarios ofganisation

of the shellfish area.

ANALYSIS OF THE OYSTER FARMER STRATEGIES AND CULTUR AL PRACTICES

An ad-hoc survey has been carried out for collgctiatailed information on the cultural practiceshs
oyster farming companies of tihaie des VeysThe objective of the survey was not only to gatiador
specifying the parameters of the bio-economic mdulél also to understand to what extent the stiegeg
and practices of the companies are influenced bir $tructural characteristics, and in return, doul
determine their performances.

Presentation of the questionnaire and the survey ntieod

The survey questionnaire was divided into thredspdthe first part was dedicated to the collectién
general data about the oyster farms, in order #&wagherise their factors of production, especiahbour
and “land” (number of concessions, localisation aothl farming surfaces); to outline their whole
strategy, in terms of farming and commercialisgtiand to provide some basic economic results. The
second part aimed at detailing the cultural prastiof the farmer, through the description of the
successive stages of oyster growing, from seedirthe harvest. Main technical data reviewed concern
the density of oysters in bags, the number of b#us,frequency of sorting operations and transfers
between farming zones, and estimations of oystegght/growth and mortality rates. The final parttioé
guestionnaire was devoted to more qualitative ssireorder to understand the factors influencimg t
farming strategies of the companies, and to redbel opinion of farmers about the collective
management measures applied to the bay. It aldodied a section related to the perception of the
farmers towards the future prospects of oysterifagrin thebaie des VeysThis latter was added to take
into account the current economic situation ofgbetor, which has been confronted with high mditali

of young oysters, and to assess the adaptatidegita needed.

The population to be surveyed comprised of 63 cangsain 2008. Available data from the DRAM
(regional administration entrusted with the managinof the maritime sector) provided information
about the “land” structure of the companies and tipeographical breakdown (in the bay/out of thg)ba
On average, each farmer has at his disposal 4reeaté concessions for producing oysters, the ritgjor
of which (70% of the surfaces) is located in tiaée des Veydndeed, these average characteristics mask
discrepancies in surface allocation, which are ipaielated to the geographical specialisation v@rsu
diversification of the concessions. The largest benof companies (55%) are specialised inkthie des
Veysand take up about 3 hectares on average, whiér atin specialised companies take up 5 hectares,
with nearly half of the surface in the bay and lmaif of the bay (mainly in other Norman oyster baki
These preliminary indicators suggest that growthategies could partly rely on geographical
diversification. Further data available concern litwation of the concessions inside thede des Veys
These data show that the zone called “Grandcamiiifeignain site of production, as more than 90% of
the companies exploit concessions there; on amsixel basis for one half. The zone called “Géfosse”
also a significant site, but is characterised byhhmortality risks, in spite of high productivitgnd
therefore is rarely exploited exclusively.
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Finally, two criteria for sampling the populatiorere selected with regard to the availability and th
relevance of the data. Actually, it was deemed liudlh the size (defined from the surface variabl&)

the level of geographical specialisation were {iltel influence the cultural practices and perforoenof

the oyster farming companies. The concession boeakdnside the bay could have been an extra factor
too, but was not precisely known a priori. The gapion of companies was therefore divided into two
categories of size, determined by the median serédc3 hectares, and split up again according ¢o th
level of reliance on thdaie des VeysA surface threshold of 25% out of the bay wasndef for
distinguishing on the one hand, the specialisedpamies, and on the other hand, the non-speciatised
“multi-site” companies. A global sampling rate dioait 30% was finally opted for, in order both to
comply with statistical requirements and to take eccount the given time for the survey.

Main results from survey data processing and analys

The sample resulting from the initial segmentatiad the implementation of the survey was finallydma
up of 4 groups: 7 small companies specialised “B¥rsus 22 companies in the whole population), 3
small companies “multi-sites” (versus 10), 4 lacgenpanies specialised “BDV” (versus 16) and 6 large
companies “multi-sites” (versus 15). Although thepgmrtional allocation of the different groups was
nearly achieved, we must bear in mind that the rarmolb companies surveyed per group was relatively
small, and therefore we can only highlight the nsigking differences between the groups. Alonghwit
data processing, a set of indicators was definedofganising and analysing the data of the survey.
Moreover, a statistical analysis was carried ootdentifying the main farming profiles, as a condtion

of type of companies and production choices. Adisth elements are used in the following sections to
characterise the structures, strategies and peafurenof the oyster farming companies, and to dascri
their cultural practices.

Indicators on the structure and strategies of thenspanies

The land structure of the surveyed companies iavemage close to that of the whole population. &hes
companies exploit a 3.7 hectare average (versuseztére average for the reference population)aaed
specialised in thdaie des Veysip to 70% (idem). As concerns the survey, theased of concession
used by multi-site companies are globally highemtlthose of specialised companies (4.5 versus 3.1
hectares), but this difference is only apparenttiierlarge company groups. Figures on labour, deali

by the survey, indicate that the two groups of $rmampanies employ on average 3.3 FTE (full time
equivalents) compared to 6.5 FTE for the large cmigs. The allocation of production factors, meaegur
by the ratio surfaces/labour, reaches an avera§e76fhectare/FTE for the whole sample. Although th
ratio turns out to be the highest for small mui£ompanies, this result is not fully represewtaof the
overall tendency, which shows the increase of &tie with either the size or the multi-localisatiohthe
concessions. In terms of level of production andhduer, the combined effects of the two factors
culminate in the group of large multi-site companehich presents the highest output, in volume and
value.

In parallel to structural variables, the farmingattgies of the companies are described through the
productive choices, and especially through altéreatersus common choices. For instance, the select
indicators measure the degree of implication ofdbmpanies in “short cycle” farming or in the ude o
hatchery spat. The practice of “short cycle” fargnidoes not finally appear to be very widespread,
although half of the surveyed companies have detlty be concerned, but mainly in complement with
“long cycle” farming. Neither does the purchasesjgdt from hatcheries constitute a common practice f
the surveyed companies. The resort to hatcheryesgailes a more reliable sourcing than wild sy, t
supply of which is subject to high temporal variii In the case of triploids, it is in additiomiden by

the expectations for enhancing the oyster grovettiucing the mortality rate and selling oystersyalr
round. However, the positive effect on mortalitycientested by some farmers, while the impact on
growth performances is considered double-edge,lizaty to create sales disturbances on a seasonal
market.
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Table 1. Main indicators calculated from the sur¢ayerage for the whole sample and per group)

Total Small BDV | small MS | large BDV large MS

sample size 20 7 3 4 6

Labour (FTE) 4.9 3.8 2.3 6.3 6.7

Surfaces (hectare) 3.7 2.2 2.2 4.5 5.6
Production factors 2 surface BDV 7( 94 48 91 53
and level of surfaces/labour
production (hectare/FTE) 0.76 0.59 0.96 0.73 0.85

Production (tons) 130 74 65 136 223

Turnover (1000 euros) 323 166 148 360 570

% short cycle 16 10 54 15 5
Strategies of % hatchery spat supply 21 21 53 4 17
production & | o4 seasonality of sales 66 66 73 73 57
commercialisation .

% trade/production

(volume) 31 13 0 37 40

On the other hand, the indicator about commertiategyies focuses on the level of involvement aulér.
The share of production dedicated to final consionpharkets is globally low for the whole sampleda
even more for small companies. Conversely, theelazgmpanies achieve the valorisation of their
production on a more significant basis. The averiagkcator of around 40% results in fact of the
coexistence of companies selling most of their patidn and others not involved in trade or verydit

At the end of this brief overview, attention must drawn to the group of small multi-site companies,
which turns out to be relatively atypical, as relgatheir allocation of production factors as walltheir
implication in specific cultural practices (indioas “short cycle” and “hatchery spat” around 50%sue
20% in the whole sample) .

Identification of the main “farming technical itingaries”

A part of the survey was dedicated to scrutinizegiiccessive operations involved in oyster farmiling
production process on Norman sites starts withsffa sowing, at year N, and ends with the harvest o
adult oysters at N+2. The period of seeding depenmt the type and the size of spat, which is also
influenced by the price conditions on the spat rea/ild spats or diploids from hatcheries are glva
put in bags before the end of the spring growtheathiploid spats are sown later, just before ¢imel of
winter, in order to harden the shell and to stineithe spring growth the following year. At the dieg
stage, the density of spat per bag was estimateeaoh 2,000 on average (covering a significant
variability) for wild spat, and to exceed this ambfor hatchery triploids (around 5,000 per bagjley
concern smaller calibres.

Two sorting operations are generally carried orgughout the whole rearing cycle in order to redihnee
oyster density in the bags as they grow and totitotes new homogeneous lots. At the end of sorting,
both top-sized and bottom-sized oysters are puieashd dispatched to the appropriate concession for
either boosting or curbing growth accordingly. Tinst period of sorting occurs mainly in springyafar
N+1, sometimes before, and results in reducingitiettsaround 450 units per bag. The second soiting
generally carried out the following winter, and thester lots are divided again to reach a finalsitgrof
210 oysters per bag, on average. In addition tdype of spat, the periods of sorting are influehbg

the farming sites and growth conditions.

Transfers of cultivated oysters between differemiming zones often occur after sorting operatioAs.
the pre-growing stage, transfers concern especihlly multi-site companies which relocate their
production from the outside to the inside of thg,lia the farming zones @randcampor GéfosseOn
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the other hand, during the growing stage, transferstly take place inside the bay, with taéfossezone

as a main destination (nearly half the companiey cat the second part of rearing there).

The period of harvest is also influenced by theigdin terms of seeding. For wild or hatchery diglo
spats, the harvest mainly occurs from SeptembBretember of the year N+2 while triploid oysters are
mainly harvested all summer round, for complyingtmthe demand of sterile oystérét the end, the
length of the whole rearing cycle is globally lowfer triploid than for diploids oysters (on averag8
months versus 30 months according to data sunegguse they do not need energy to reproduce, hence
saving energy for growth.

Finally, the main farming profiles identified byetlstatistical analysis resulted in a combinatiotypé of
companies (specialised or multi-site) and productiboices in terms of type of seeding. The technica
itineraries related to these farming profiles arespnted in Figure 2. The first itinerary chardsts the
“traditional” farming activities which are specidid in the bay and based on wild spat seeding, avith
variant from top-sized oysters directly cultivateda lower density after a single sorting and swdrly
one year before the rest of the production. Therstdinerary corresponds to multi-site farming gi
starts outside the bay and is then divided intéeifit variants according to when the production is
moved to thebaie des VeysThe third itinerary is mainly defined by the usktriploid spat and is
characterised by the shortening of the whole rgamjle.

Jan

Jan
FeblMar |Apr|May |Jun |Ju| |Aug |Sep |Oct |N0v| Dec |[N+1

Jan
FeblMar|Apr|May|Jun|Jul|Aug|Sep|Oct |N0v|Dec N+3

Jan
N | Feb|Mar|Apr|M§y|Jun|JuI|Aug|Sep|Oct|Nov|Dec N+2

Wild spat & hatchery diploids
BdV specialisation

: T

Wild spat & hatchery diploids
Multi-site

2) | <4000 I out of BDV.

Triploid spat
Multi-site

3 | >4000 |—|SORT1|M| <450 I ISORTZI BOV I <210|—| SALES |- -----------------

Triploid oysters

LEGEND number of oysters per bag | SORT [sorting operation SALES | Sales to consumption markets or to intermediaries

Figure 2: synthesis of the main technical itinegatiised in the baie des Veys.

In parallel to the description of farming procets® survey collected data on technical performarities
main indicators reported here are the proportiotaifom-sized oyster estimated after sorting ared th
mortality rates, which are both likely to affechdl output. On average, the rate of bottom-sizestery
was estimated at around 10% for the whole samplke e total rate of mortalities (during pre-growi
and growing stages) reached nearly 30%. The cosgrafetween company groups does not show
convincing differences in technical performanceiting the link between these indicators and the typ
spat or the farming density can be demonstratetialy, it seems that the density of seeding cdalde

a more determining impact on bottom-sized oysteaia the farming density. As for the mortality rates
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main determining factor is related to the farmirge, with theGéfossezone clearly emerging as the
most affected by mortalities.

Indicators of productivity

The issue of economic profitability is addressedh& preliminary stage thanks to global produtyivi
indicators of land and labour. Physical indicatoosrespond to the volume of production (expressed i
tons) divided by the amount of production factomsspectively expressed in hectares and in FTE).
Monetary indicators integrate in addition the agerdevel of valorisation of the production and
correspond approximately to the turnover (excegdle) per unit of production factor.
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0 0
"land" productivity 1 labour productivity 1 “land" productivity 2 labour productivity 2
(tonne/hectare) (tonne/FTE) (1000euro/hectare) (1000euro/FTE)
(B Total Wsmall BDV Osmall MS Olarge BDV Mlarge MS | (B Total Msmall BDV Osmall MS Olarge BDV Mlarge MS |

Labour productivity 2 = Land productivity 1 x ratgurfaces/FTE x average price
Figure 3. Productivity indicators calculated frame survey (for the whole sample and per group)

The physical land productivity is equal to the glieff the total cultivated surfaces and results ot the
intrinsic quality of the concessions and the fagnoonditions, among which are the cultural prastice
This indicator is found to be significantly higHer the group of large MS companies (Figure 3).

The physical labour productivity is derived frometiprevious indicator, multiplied by the ratio
surface/labour. Again the “large MS” group rankstfiand is followed by the “small MS” group, for
which it is worth emphasizing that weaker land picitvity could be balanced out by the farming of
more surface area per labour unit. In return, diei®rmined the increased recourse to alternatiterali
practice (e.g. hatchery spat and short cycle) demoto face a limiting amount of labour, as conédby
the farmers themselves. This example illustratesttat extent the allocation of production factoulco
orientate the choice of cultural practices in vigwptimising the quality and structure of landvel as
the amount of labour.

As concerns monetary productivity, the same terideramong the groups could be observed. The lead
of the large MS companies is even more markedfanss they do not only combine superior land yield
and ratio surface/labour, but also provide a highaorisation of production resulting from a higher
implication in trade. Indeed, the economic efficigris only approximated by the calculation of globa
labour productivity, and should be further assedsedaking into account the costs of production and
commercialisation.

Notwithstanding, this preliminary approach hightigjtthe links between the allocation of production
factors and the economic results, and clearly paint the key role played by the land. Actuallpnfra
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guantitative point of view, the two main factordeating the labour productivity are shown to be the
global land productivity (correlation coefficient @.65) and the total surfaces exploited (0.62)e Titst
correlation refers to both the quality of land (mat productivity) and the optimisation of concess by
farming strategies, while the second shows thalafgest companies could generate economies adsscal
Empirical evidence was in addition given by thecgption of the interviewed farmers, who rankedt firs
the land structure among the factors determiniragr taconomic profitability. Cultural practices (and
productive choices) were ranked second, but they wbkso considered to be largely constrained by the
quality of the concessions and the environmengiatiechnical skills and years’ experience in fargni
offer some breathing space for productivity enharem.

The links between the structure, the strategies thedeconomic performance of the oyster farming
companies are outlined in Figure 4. In a dynamisective, land strategies of growth or geographica
diversification have been set apart from the wHalening company strategy, as they provide a passibl
way to improve the land structure and hence the@uodc results of the oyster farming companies. €hes
strategies are indeed dependent on both land maddial availability.

Land Labour
Productivit Productivit:

PERFORMANCE

Land structure

. . Commercial
uantity, quality,
@ v.q Y strategy

spatial allocation)

STRUCTURE STRATEGIES

Productive choice
(type of spat, type of
rearing cycle)

Allocation of Land
land & labour strategy

Cultural practices

Figure 4. Synthesis of the interactions betwearcsire, strategies and economic performance

DISCUSSION

The role played by land structure in economic pabflity has already been emphasized in other oyste
farming regions such as the Charente-Maritime (@iet al, 2009), which are even more heterogeneous
than theCalvadosas regards the allocation of production factorg tjuality and specialisation of
concessions and the resulting productivity indicatolhe strategies implemented by the Norman
companies in order to optimise the use of theircesmions also highlighted the importance of oyster
transfer operations during the complete rearinggss. The transfers, between different farming zame
inside the bay, were found to constitute an intggmet of cultural and commercial practices, amdlly a
growth management tool at the company level, bay thill have also implications in terms of collei
management.

The survey carried out in the framework of the OEljroject also contributed to the analysis of the

farmers’ perception towards the efficiency of tkehnical measures included in the regional strattur
scheme. In the current context of high mortalitéguveniles, the main measures to be discussed wer
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related to farming densities, and especially thestjion about whether the regulation should be ebegn

to the control of the oyster density per bag or. iB#yond this measure aiming at strengthening the
current management and control of the whole farnbilmgnass, the debate also focused on the issue of
transfer regulation. Although opinions were dividadthis subject, reflecting opposite intereststake
(economic/commercial/sanitary), the majority of teysfarmers agreed upon the need for restricting at
least the transfer of oysters at critical stages (eansfer of spat at certain periods).

Finally, the measures included in t@alvadosRSS were considered by the local farmers to Weerat
efficient with respect to the objective of primargsource conservation. This general perception is
however modified when broader objectives are tak#a account and reservations were expressed
concerning some critical issues which are not e by the RSS, such as water quality, recurrent
oyster mortalities, land access constraints... Arrathetter of debate concerned the evolution of caltu
practices resulting from the rapid development afcheries (in particular through the cultivation of
triploid oysters) and the imbalance they can creatdoth oyster production and markets by modifying
the growth parameters. This example highlights rteed to adapt the regulation system according to
evolving practices and to make the RSS even maraatible with principles of precautionary approach
and adaptive management.

Through the OGIVE project, different managementnades will be explored in order to integrate
diverse technical itineraries and to assess thadinpf changes in management measures. This sgenari
analysis involves firstly modelling the trophic Bang capacity as accurately as possible and veidch
thereafter to further integrate the economic ardasaimensions. The spatial biological model whigh
under development is built thanks to a detailediabscale in order to reconstitute the shellfialnfing
cadastre, the biomass of the livestock cultivated its evolution from the seeding until the harirest
process. In addition, the integration of a socioreenic module should be supported by the
characterisation of the companies from a functicmsdembling of concession. This will enable the
structuring of the spatial company’s distributiordahen the estimation of their capacities of pudicn
according mainly to the natural productivity of itheoncessions. Firstly, the spatial model showdd b
extended to other Norman farming zones in ordeadbieve the modelling of multi-site companies.
Secondly, this spatial analysis could contributeh® assessment of the shellfish farming rent &nd i
distribution by the companies located in bee des Veys

In further perspectives of modelling developmetie tintegration of oceanic and estuarine forcing
variables will enable the integration of interan8detween the shellfish farming sector and thereat
pressures coming from other anthropogenic actsiitidegative externalities such as microbiological
pollution, eutrophication, competition for freshemallocation, spatial congestion, etc... represesjpm
global issues which threaten the bivalve farmingtae This type of issue could be analysed under an
integrated assessment and managed under an ietkgrattainable approach.
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ENDNOTES

! The “short cycles” focus either on the first staggrowing, either called “half-rearing” or preeyring, or on the
second one, called “rearing” or “growing”. Consely, the practice of “long cycle” covers the coatplrearing
cycle from the spatfall (where it is possible) lne sowing of juveniles to the production of admigrketable sized
oysters.

2 Refining is a process by which oyster quality anchmercial value are improved. Done either in opaters (in
beds fully under the influence of the sea), orlaires, with molluscs having reached marketing sizstill growing
(FAO aquaculture glossary).

% According to the European legislation, a “sanitagreement” is required to be allowed to sell Ihigalve
molluscs to final consumer. This agreement is éedid to the farming companies equipped with apgt@reshore
or off-shore installation for the reception, coratiing, washing, cleaning, grading and wrappindiwé bivalve
molluscs fit for human consumption.

* Many consumers do not appreciate eating oysteisgithe summer, due to the reproductive seasahsamprefer
triploid oysters, also marketed as “oyster of therfseasons”.

12



