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The French mussel industry produces around 60,000 metric tons on a yearly 
basis using two common species: Mytilus edulis, which is widely distrib­
uted along the Atlantic coastline, and Mytilus galloprovincialis, distributed 
mainly on Mediterranean shores. This production represents only halfofthe 
yearly consumption of mussels in France, leading to large imports from 
Spain and the Netherlands. Most imports occur between September and 
March, when the Atlantic production is reduced because oflow meat qual ity 
due to spawning events. Although a public mussel fishery still exists, most 
production is based upon 3 culture techniques: on-bottom culture, longline 
and suspended culture, and bouchot-type culture, with the latter being de­
veloped in the l3 lh century. Annual landings from the public fishery are 
highly variable because of irregular spat recruitment. Presently, more than 
1600 km of bouchots are distributed along the coastline, yielding around 
55,000 t of mussels. On-bottom culture, a traditional activity, is limited and 
yields around 3000 t. Harvests from longline culture have significantly in­
creased in the last 10 years, showing various degrees of success depending 
on the geographic location. This technique allows development offshore, 
far away from any pollutant source. Suspended culture has been success­
fully used to compensate for the irregular spat settlement within the 
intertidal area, as well as to expand marketing activity and increase growth 
rates. ln the near future, the mussel industry will likely face several chal­
lenges, including increased sanitary regulations at the French and EU levels. 
This could result in further off-shore development, but might lead to space 
conflicts with other users (e.g., tourism, fisheries). To address that matter, 
Integratcd Coastal Zonc Management plans (ICZM) arc currently under de­
velopment in several Atlantic traditional rearing areas. The issues of prod­
uct quality and labelling, such as geographic identification for marketing 
purposes, arc among thc top priorities for the mussel industry. 

History of the French Mussellndustry stakcs in a line to harves! mussels and the first 
"bouchot" was bom. This technique, weil adapted to 

Mussel production in France involves two l'ommon large intertidal 111ud fiats, strengthcncd the develop­
species: Mytilus edulis is widely distributcd along the ment of the blue musscl industry in France. Arter the 
English Channel to the southwest coastline of France. Second World War, the "bouchot" technique ex­
and Mvtilus galloprovincialis is mainly distributed on panded to other intertidal sites, particularly along the 
Meditenanean shores. This wide distribution ofmus­ Brittany and Normandy shores. Recently, off-shore 
sels favored extensive fishing activity until the 19 th cultivation of Mytilus edulis has developed in pro­
century. tected areas such as the Charentais Sounds on the At­

Mussel culture methods have been used in France lantic eoastline. 
since the 13 Lh century, but only in one location in the Mytilus galloprovincialis has been cultivated sinee 
southwest of France. According to legend, the origin 1925 in Mediterranean lagoons, mainly in the 
of "bouchot" is attributed to an lrishman who was Bouzigues area located in Thau lagoon. Suspcnded 
shipwrecked on the Charente coast in 1235. Sole sur­ culture on l'Opes is currently used. More reccntly, 
vivor of this disaster, Patrick Walton stretched out leases in the open ocean have permitted further devel­
nets at low tide to catch fish. He noticed that musscls opment of the industry. However, predation of 1111\S­
attached themselves to the wooden stakes on which sels by fish hi!'; recenlly imp,lc!ed the longline pro­
the nets wert stretehed. He then had the idea lo plant duction of 11111ssels in this area. 
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The French mu sel indu try pro uces around 60, 00 
metric t ns on a yearly basi '. Nom1a dy (44%) is IlOW 

th main producing arca, ollowed by Britanny (25%), 
Vendée-Charente (18%) and the Mediterranean 
(J 3%). Arollnd 1600 km of"bollchots" represent Cl5% 
ofthe production. On-bottom culture (2000-3000 t) is 
mainly located in the Bay of Brest, Pas-de Calais and 
South Brittany shorelines. Longlines are located 
along the Mediterranean coastline as weil as in 
Vendée-Charente, Landings from the public fishery 
are highly variable because of irregular spat recruit­
ment and range betvveen LO,OOO and 50,000 t. The 
overall production represents an exchange value 
reaching 100 million ( US$105 million). 

Spat collecting on COCOl1ut .ber l'opes 

II.< 

Growing and Processlng Technology 

Bouchot culture 

Within interticlal areas, a typical spat coli tin unit 
is made of one or two rOws of 40 wooden poles (spa! 
collecting "bouchot") on which 3000 meters of coco­
nut fiber rapes are deployed. The density of rape is in­
creased up to 5000 meter when the culture time is 
concomitantly reduced, On off-sh re longlines, 
500-m long rapes are wOllnd on wfOLlght iran re tan­
gular frames, Spat collection OCClll-S between Mareh 
and June on the Atlantic coast and ail year long in the 
Meditemmean Sea with peaks occurring in the spril1g 
and taU. Spat collection on off-shore platforms pro­

vides a better and more uniform 
yield compared to intel1idal ar­
eas. Exposure of spat ta ai l' during 
ebb tide reduces growth and 
could be responsible for rnortali­
ties if extreme conditions are en­
countered (dry wind, thermal 
stress, etc). n the Briltany and 
Normandy shorelines, natural 
spat collection is insufficient ta 
ensure a viable industTY, so rape,' 
with spat attached are therefore 
imported from the Vendée­
Charente site. 

Two months after spa! fall, 
ropes and the attached spat are 
wOllnd around large vertical 
poles (bouchots) in the intertidal 
zone. A mesh netting is used ta 
caver the 1l111ssels ta prevent them 
fram being detached and lost, or 
preyed upon, ln order ta optimize 
spat densilies dl1l ing carly devel­
opment, mussel fa 1111ers thin the 
spat and prepare tubes of seed 
ca lied "boudins", These cott n 
nets are wOllnd araund pales ur 
suspended longlines, 

Each pole is 4 to 7 m long, 15 ta 
25 cm in diameter, and protrudes 
2 ta 3 m above the bed. Several 
wood types are currently being 
used, including pine, oak and, 
more recently, squared Brazilian 
hardwood. Recycled plastic tubes 
are cUITent!y under evaluation, 
Bouchot structures vary between 
rearing areas, Generally, one or 
two rows ofpoles are spaced 25 m 
apal1. The 1 ngth of the row 'nJ 
the nurnbers uf pies used cl -
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pends on Ûle reguliltious il each area The rearing den­
sityi'adjusted osui thecarryingcapaci ofthearea. 

Harv sting b gin' as oon as the mussels 1 acb the 
40-mrn marketable length, usually after a 12- ta 
1S- lOnth real 'ng peri d. One pole produces betw n 
2S and 60 kg live weight of ussels pel' rearing cy­
cle,(I) Mussels grown on bouchot poles are harvested 
by hand or, more often, using hydraulic fishing equip­
ment that removes the entire population of mussels at 
one time. A cylinder is lowered to the bott of the 
pole, closed and pulled up, and th mussels are 
du ped on the boat ta be washed, graded, weighed, 
and packaged in 1S- ta 25-kg bags. Undersized mus­
sels are transferred ta mesh tubes 
that are reattached in the field 
around the growing pales. Am­
phibious vehicles currently are 
used in intertidal areas ta maxi· 
mize working time. 

On-bottom culture 

The on-bottom culture tech­
nique is based on transferring 
mussels from natural beds with 
high densities ta cu\tme plots 
wbere the density is reduced ta 
improve growth and fattening, 
and ta control predation. 
One-year-old l11ussels are 
dredged on wild mussel beds, 
then taken to the culture plots 
where they are deployed at a 
density ranging From 2S ta 30 t 
pel' hectare. This process is car­
ried out in spring and early sum­
mer. The reariug cycle lasts 14 to 
24 1110nth . 

Longline culture and
 
suspended culture
 

In the Thau lagoon, off-bottom 
culture is based upon fixed sus­
pended structures (rafts) similar 
to those used for oyster culture. 

e cl is transplanted into plastic
 
lTlesh tubes and hung vertically
 
from the fixed tables.
 

n the Atlantic coast, the re­

duccd availability of intertidal
 
areas for mussel culture led to
 
the development oflongline cul­

ture methods. The fir:;t trials
 
\Vere carried out in the Pertuis
 
Br tun during Ihe 1960s ll'ing Tub
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ran tet;hniqu 8.
121 New 'ubsurface longline' have 

been recently deveJop d to resist st nn, and wake c­
feets dlong the Atlantic coa tline and oftSho e in thl: 
Mediterranean Sea. Floats are connected together 
Wilh horizontal lines that support a larg nllmb r r 
vertical rapes where mussels are grown. Annua] pro­
duction rates reach 18 to 20 t pel' hectare. 

The public fishery 

C mpared ta landings in previous c nturies, the 
mussel fishery in France is a cleclining activity, The 
Barfleur area natmal bed, located in Nonnandy, is one 
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ofthe las( but most exploitcd beds. Around 65 fisher­
men are licensed for a total annual catch ofabout 8000 
t. Every year, a stock assessment gives estimales of 
the quantity of mussels that can be fisheù without 
damage to the juveniles. Dredging is authorized, but 
the activity is highly regulated with contraIs on the 
daily catch per tishennan, dredge size, and fishing 
time. ln the Bay of Bourgneuf (Loire estuary), oyster 
culture predominates and mussel fishermen are 
viewed as competitors because access to musse! beds 
is free, without license or regulations. Dredged mus­
sels are generally lransferrcd to leasing grounds in 
Brittany or are reared locally on bouchot. [n other tra­
ditional areas, such as the Charente Maritime (Atlan­
tic southwest), the fishery is based upon regulated ac­
cess. No reliable statistics exist. 

Comparing growth performance 

Mussels cultured using longlines and bouchot tech­
niques show different growth patterns. Submersion 
time, CUITent pattern and trophic resources such as 
phytoplankton and turbidity are responsible for the 
higher growth performance recorded for mussels 
grown on longlines. By using this technique, market­
able size can be reached after 10 months, compared to 
14 months for the bouchot culture type. ln both cases, 
the growth rate is higher during spring when the 
phytoplankton blooms occur. 

The market size of Mytilus edulis and M. 
galloprovincialis is different. ln the Meditcrranean, 
the mean market weight of M. galloprovincialis is 
about 26 g, lower than the market weight of Spanish 
mussels. For bouchot musscls, the mean weight is 
1004 g, less [han mussels produced in the Nether­
lands.(3) 

Market 

Marketing of mussels is based upon species pecu­
liarities. Since M. edulis spawns in the spring, the con­
dition index and meat quality are low between March 
and May. Therefore, the national production is mainly 
marketed from June to January. To balance supply 
and demand, aroW1d 60,000 t of cultured mussels are 
impOlied each year. Musse!s are imported from Spain 
throughout the year, imports from Northern Europe 
(Ireland, Great Britain) occur from January to April, 
and mus sels are imported from the Netherlands from 
September to April. (4) 

Mediterranean production is commcrcialized ail 
year round since no major seasonal spawning event 
occurs. Importations from Haly occur from April to 
July. From a geographic point ofview, the market is 
also well c!efined with each proc!ucing area having a 
weIl specificd sphere of influence. 

A strong demand for national products and cspe­
cially for the "bouchot" mussels exists. The demand is 
retlccted in the difference in the retai! price of around 
2.5 euros/kg for domestically-produced mussels com­
pared to 1.7 to 2.1 euros/kg for imported mussels. 

In France, households represent 65% of the total 
consumption of shellfish, principally oysters and 
mussels. There is demand for fresh mussels in about 
40% of French households, which are characterized 
by a 2-person lower or middle class family in the 50­
to 64-year-old age class. About 33% of the retai! 
household purchases are made at specialized outlets. 
"Hypennarkets" (55% of the purchases) are leading 
and tend to take the place of wholesalers for musse! 
commercialization. 

In 2002,32,879 t ofmussels were consumed outsidc 
ofhouseholds and in non-collective restaurants: 82% 
of the mussels were consumeù [resh and only 18% 
had been frozen; 87% were consumed in the shell, 
compared to 13% prepared without the shell.(5) 

Mussel Farmers Organizations 

The French mussel industry includes more than 
1000 fanns which usually producc and also market 
their products. Most of the farms (70%) are fam­
ily-size companies with a mean production of about 
52 metric tons(6) 

The National Shellfish Committee (CNC) is the na­
tiona! industry body of French shellfish fanners. Il is 
the compulsory stakeholder for al! decisions and reg­
ulations related to shel!fish management. French rear­
ing areas are spatiaUy divided into 7 Regional Shell­
fish Committees (SRC's). Under the supervision of 
the Ministry of Agriculture and hshery, these com­
mittees are authorized to collect profcssional taxes. 
More recently, Organizations of Proclucers (OP's), 
recognized at the EU level, have been established and 
are responsible for marketing initiatives, as weIl as 
advertising campaigns. SRC's arc in charge ofquality 
issues, certification processcs, and industry develop­
ment. 

Sanitary Control 

Since the French shellfish market is based mainly on 
raw and fresh products, it is particularly important to 
protect the public from eating polluted or unhealthy 
products. 

Microbio/ogical aspects 

Shellfish producing areas are divided into 4 classes 
according to seawater sanitary conditions. Class A 
zones pcmlit cultivation or fishing and marketing 
without depuration. ln Class B zones, mussels must 
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Hydraulic fishing equipment 

be c1epurated either in a depuration plant or farm in­
stallation under agreement before marketing. 
Cleanin of mussels in specialized c1epuration plants 
1 ne 'essary for cla zan. Shellfish fi hing and 
expluitation are forbidclen in C\ass D areas. 

Classification of areas is done after a zoning study 
based on shellfish analysis for fecal contamination. 
For example, A zones must satisfy 2 conditions. The 
first concerns fecal colifonTI concentrations: more 
than 90% of COllnts on a 100-g flesh sample must 
show MPN (most probable number) values lower than 
300; one value larger than \ 000 is sufficient to reject 
the A classification. The second coneems mean con­
cent ation of heavy metals per kilogram of wet flesh 
(0.5 mg for mercury; 2 mg for cadmium; 2 mg for 
lead).(7) Sanitary agreements of farm installations are 
given by both the Veterinary Office (sanitary) and 
Mat'itim Affairs (State legislation). Finally, products 
are cuntrolled by the VeterinalY Office at each step of 
the marketing process (packaging, transport,ealers). 
Th re are regulations concerning feeai coliform con­
e ntrations C. 0 II00g weI t1esh) and tbe rr~sence of 
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salmonella per 25 g wet f1esh'<8) Furthermore, the 
shellfish industry organizes its sanitary controls on 
their own proc\llCtS to demonstrate and guarantee sani­
tat quality. 

"REMI", conc\ucted by IFREMER, is a Microbiologi­
cal Monitoring Network(9) Three hundrcd and 
eigbty-five sites are sampled on a montbly or quar­
terly basis depending on the sanitary conditions This 
national network has two objectives: providing data 
for the zone classifications and detecting abnormal 
concentrations. Micropollutants are also ofconcem in 
establishing the zoning. Regulations focusing on 
heavy metals, for example, have drastically changed 
recently and the legal thresbold is now half of the pre­
vious level. 

Since 1974, heavy metals, pl' ticides and hydrocar­
bons levels have been monitored by the Coastal Envi­
ronment Monitoring Network (RNO). Forty-three 
sites are surveyed four limes a ycar.(IO) 

The presence of phytoloxins in ll1ussels tS also of 
concem for sunitary control. 1n 1984, Cl Pbytopl k­
tOllie M nitoring Networl (REPHY) WflS imple­
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1 menl:ed in French coastal waters. (Il) Every two weeks, 
62 sites are sampled for estimation ofphytoplanktonic 
cell eounts. ln high-risk areas or seasons, weekly sam­
pIes on ur to 133 sites are collected and analyzed. If a 

oceurs, shellfish are also eollected for analysis 
of phycotoxins. Regulations give the following val­
ues: 
PSP: less than 80 ~g Il 00 g wet flesh 
OSP: negative results with 24-h mouse bioassay 
ASP: less than 20 ~g domoic acid/g wet flesh 
(HPLC method). 

Although so far not detected in French waters, AZP 
is part ofthe regular monitoring according ta EU regu­
lations. When a bloom occurs and tests are positive, 
the area is closed by state officiaIs. Shellfish sales are 
stopped until two negative tests (i.e., two consecutive 
weeks) are reported. 

The French mussel industry is systematically striv­
ing to maintain an A classification for the mussel rear­
ing areas. Since no inland facilitics for mussel 
depuration have been developed duc to resulting sum­
mer mortalities, a B classification leads to a hait in 
production and marketing. By way of example, sev­
eral events in 2000 in the Bay of l'Aiguillon due to 
floodings resulted in a temporary c\osure. This re­
sulted in the developl11ent of an extensive manage­
ment plan to restore freshwater quality at the water­
shed level to sustain appropriate seawater quality in 
musse! rearing areas. 

Product Ouality 

The Shellfish National Committee decided in 1999 
to develop a label to protect the product called 
"Moules de Bouchots". Specifications include as­
pects of cultivation (French origin of spat, growth on 
bouchot, growing area, packaging), product charac­
terization (6 months minimum growth, 20% of flesh) 
ancl traceability of the product from spat to market. 

ln Normandy, a 5-producer organization (OP) also 
defmed specifications for the mussels fished on 
Barfleur wild natural beds. These specifications con­
cern origin, minimum length (40 mm), product qual­
ity (28% of flesh) and sand removal in a specializcd 
treatment plant. Traceability ofthe product is also ccr­
tified(ll) 

Issues Affecting Future Development
 
of the Mussel Industry
 

Pests and predators 

Mussel culture on longlines has developed rapiclly in 
the open Mediterrancan Sea. For the past few years, 
large sea bream shoals have significantly c1amaged 
more than 70% of the mussel stocks culturcd on 

longlines. Predation is rapicl and no solution has been 
found in spite of fishing attempts. 

Tox~phyrop~n~onbWoms 

Mussels are the most sensitive species to 
phycotoxins. Sales prohibitions usually occur during 
the marketing season, leacling to significant losses for 
the local musse! industry. Moreover, inaccurate or 
dramatized information presented by the media have 
a ncgative impact on the brand image ofmussels, even 
in surrouncling safe areas. Moreover, several large 
rearing areas are located neal' international harbors 
where deballasting occurs. lntroduced species that 
produce phycotoxins might have an effect on the mus­
sel industry in the future. 

Silting up 

During the spring of 200 1, a large mud deposit that 
caused mass mortalities was observed in the 
Somme Bay area, in the nortb of France. The large 
amount of mud was linked to high concentrations 
(500,000 individuals/m2

) of the spionid annelid 
Polydora. No obvious solutions to prevent this phe­
nomenon have been found. Cleaning of the area by 
fanners, a labor intensive practice, is still the only ef­
ficient way to address the problem. 

On intertidal fiats, mussel culture could increase 
silting up, leading farmers to leave the concerned 
area. ln Aiguillon bay, a historical site for bouchot 
culture in France, higher levels of intcrtidal flats are 
now abandoned because of silting up. 

Space for expansion and 
potentiaJ space conflicts 

Spatial expansion of mussel cultivation from 
intertidal areas to off-shore zones leads to cont1icts 
with traclitional users ofthese zones such as fishelmen 
or tourists (sailing aetivity). Advantages of off-shore 
mussel cultivation inclucle improved growth and ac­
cess to enhancecl seawater quality. For fishelmen, 
mussel fanners are considered to be foreigners who 
are unable to manage their traditional place in the 
coastal zone. Fishem1en aiso point out a decrease of 
their fishing rights. However, in the case of overfish­
ing, off-shore longlines can be viewed as a protccted 
area for fish reproduction and survival of the carly 
stages. 

Off-shore longlines arc often used in zones that are 
protected from storms. Islands or bays which offer 
these characteristics are also convenient for sailing 
activity. Surface decrease ofthe stretch and Iandscape 
dcterioration (buoys, rafts, etc.) could be the main 
conf1icts encountered. 
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New restrictions 
in terms of pollutant thresholds 

New regulations reducing the allowable thresholds 
of pollutants, mainly based upon the precautionary 
approach without a scientific basis for public health 
concerns might over the long tenn affect the mussel 
production industry. 

Perspectives 

The French mussel industry shows a net deficit of 
production. The main reason is the lack of space for 
expansion. Current rearing areas are fully exploited 
and new development requires additional space. 
However, new development will not significantly im­
prove the supply and demand balance since most of 
the production in France is seasonal (summer). Ur­
banization and industrialization is leading to a reduc­
tion in water quality, therefore limiting new mussel 
culture development. Areas dedicated to tourism or 
protected by environmental regulations are general1y 
not practical for new development, even for extensive 
aquaculture. Historically in France, shellfish culture 
has been located on intertidal areas, while fishennen 
occupy the open sea. That could explain the lack of 
mussel aquaculture development using the Dutch ap­
proach which links fishery and aquaculture methods. 

Longlines are the most advanced technology that has 
developed over the past 10 years. The rearing area 
(400 long lines, each 100 m long) located in the 
Pertuis Breton produces between 2000 and 3000 met­
ric tons of mussels each year and numerous spat for 
several French rearing areas. It offers a good alterna­
tive for "bouchot" mussel reared on intertidal f1ats. 
However, new surface leases are bound to coastal 
zone plans integrating other activities and also envi­
ronmental constraints. There will be conllicts be­
tween llsers are not only for space but also over water 
quality. In the Pertuis Charentais, conf1icts between 
agriculture and shellfish fanning occur over the ques­
tion of managing freshwater f1uxes from the water­
shed. The estuarine specificities necessary for mussel 
culture (Iarval survival, phytoplankton blooms, etc.) 
could be seen as being damaged by the increased need 
in agriculture for freshwater for irrigation. 

The supply of the French market by both domestic 
and foreign origins of mussels involves a 
multi-product market. This segmentation is revealed 
by the different retail prices for bouchot mussels, M. 
galloprovincialis, and imported products. Recently, 
this differentiation was increased by certification and 

the development of trademarks that coyer both the or­
igin ofthe product (Mont St Michel bay, Barfleur) and 
the cultural practices (bouchot). But these processes 
need a strong professional commitment to be success­
fuI and the individualistic nature of the shellfish sec­
tOI' is now confronted by "hypennarket" strategies 
characterized by a strong demand for freshness, hy­
gienic quality, traceability, certification and conve­
nience products. One of the keys for the future is 
which group, the shellfish industry or the organized 
supennarkets, will drive the product specificities with 
regard ta consumer requirements and needs. 
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