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This report has been achieved during a work as short-term consultant 

in Chesapeake Biological Laboratory (University of Maryland) in the Laboratory 
of Prof. B.J. Rothschild, for a period from July 7 to August 7 1989 and at 

IFREMER laboratory of La Tremblade. 

The terms of reference of the consultance were : 

1°) To compare the oyster fishery researches between the 

Chesapeake Bay and Europe, particularly in reference to the French coast, 

2°) To evaluate the on-going Chesapeake Bay oyster stock 

assessment project and to provide its comments and recommendations, 

3°) to work on spat settlement in the Bay. 

This study was funded by the National Oceanic and Atmospheric 

Administration, by the Maryland Department of Natural Resources under 

contract F 166-89-008 and by the Institut Français de Recherche pour 

l'Exploitation de la Mer. 

To compare the oyster production in France and in Maryland and their 

respective problems, two articles have been wrotten : 

- The first one "oyster culture in European countries" 

describe the caracteristics of oyster culture with the biology of the cultivated 

species, the salinity and temperature tolerance, the sexual development and 

spawning, the larval development, the growth, the history of the fishery, the 

methods of culture of harvesting and the uses and processing. The main 

constraints are analysed like diseases, parasites, predators competitors, pollution 

and toxic phytoplanctonic blooms. The european and mainly French axes of 

researches are presented for the technics of culture, the pathology, the carrying 

capacity of environment for cultivation of molluscs and the genetic programms. 

This paper asked by Dr W. Menzel have been wrotten to be published in CRC 

Press as a chapter of the book "Estuarine and marine bivalve mollusc culture". 

The second one "Decrease of the oyster production in the Maryland 

. portion of the Chesapeake Bay : Causes and perspectives" describe the 
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reconstitution of the historical landings of oyster showing three levels of 

exploitations of the Bay. The responsability of the overfishing and the use of the 

different gears is presented concurently with the decrease of the surface of the 

habitat mainly due to the siltation and anoxic waters. The impact of the deseases 
joined to the predation are presented. Alternative strategies for restoration of 
oyster production in the Chesapeake Bay are evaluated to allow an increase of 

the oyster fishery. This report cosigned with B.J. Rothschild and P. GouIletquer 
will be presented at the next ICES statuory meeting and published in an 

international review of fisheries. 

The evaluation of the on-going Chesapeake Bay oyster stock 

assessment project have been achieved during the stay in Maryland. The 

recommandations have been given during different meetings particularly on : 

- the technics for estimation of the biais of the different 

gears for sampling oysters, 

- the problem of estimations of the oyster stock relevant 

with the absence of knowledge of the surface of the oyster bars, joined to the 

problem to keep or not the points where the biomass is zero and the consequences 

on the overestimation of the stock, 

- the comparisons for the growth and survival rate between 

the experimental culture in suspension with on oyster bed on the bottom located 
in the vicinity, 

- the control of the occurence of fixation of spat in the water 

column on sheIls in suspension. 



OYSTERS CULTURE 

IN EUROPEAN COUNTRIES 

This article will be published in CRC Press in the book : "Estuarine and marine 

bivalve mollusc culture" Edit by W. Menzel and signed by Maurice Heral and 

Jean-Marc Deslous-Paoli. 
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Three spec i eS have been or are cu 1 t i vated in Europe : Crassostrea 

angulata, Crassostrea gigas and Ostrea edulis. IF we Follow the taxonomic 

criteria or G,'ossé (1960) (1) the European oysters belong to the group of 

Mollusca, c1ass of Lame 1 1 ibranchia or Bivalves, order of Fi 1 ibranchia, 

fami Iy Ostreidae with two genus : 

- Crassostrea (Sacco) : two species of cupped oysters 

- Crassostrea angulata (Lamarck) 

- Crassostrea Hi~las (TIlunberg) 

- Ostrea (Linné) : one sf1ecies of Flat oyster 

- Ostrea edu 1 i s (Li nné) 

Sorne authors th i nk thu!: Crassostrea g' gas and Cl'assostrea angu 1 ata 

belong to the sallie species. Illdeed Ranson 0951, 1967) (2-3) stated that 

the charodcl'istil:s of the larvae are the SiJITlC, Menzel (1974) (4) 

ob!:ained vidble hybrids (F2) between these two oysters. Aiso Buroker et 

al. (1979) (5) s!:udyill9 the genetic variations of proteins and enzyms of 

the flesh revealed a genetic simi larity of 99 % between C. gigas and C. 

angu 1 ata 011 24 10<': i. These au!:hors proposed the hypothes i s that Japanese 

oys!:ers woul d have been i IIIported frOln Japan to Portuga 1 by boats in the 

sixteell!:h celltury. However these two oys!:ers obviously shOlo/ed different 

d18racteristics in the lIIetabol ic rate (Héral et al., 1986) (6) the 

fi Itration rate (His, 1972) (7), growth performance (His, 1972) (7), 

(Rougricr cl: ill., 1986) (8), (1161'al et al., 19S6) «(), r<'produ<.:tion mode 

(Martei 1, 1976) (9), and differen!: resistan<.:e to disease, (Combs, 1983) 

(10). Ail these 1 atter el elllen!:s converge to aHi rm tha!: the Portuguese 

amI the JapillleSe oystel's iJI'e two physiological 'races with wel'-defined 

d18racl:eristies, par'!:içulêll'Iy fol' the oyster culture. 

The COlln"on. IlaIIIeS are : 

CrOssLlstrC'i] an~)lIl ota : Portuguese (lys tel' , cupped oyster. 

Cl"nssost.rl1a 9 i \Jas : Juponese oyster, pac i lï c oyster, cupf1ed oyster 

Ostl'l'a l'dul is : fiat oyster, European oyster, native oyster. 
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1. BIOLOGY 

A. Morphology 

The cupped oysters have a di ssoconque she Il longer th an broad w i th 

chalky deposits divided into sheets. The left valve is cupped, which 

allOlved the viscel'al mass to growth (fig. 1). The right valve is Flat and 

more i rregu 1 al' for the g 1 gas oyster wh i ch can be cur 1 ed w i th somet i mes 

spines. The fiat oyster has a rounded 01' oval shel l, cemented on the left 

valve ",hich is 1II00'e cUI'ved (Fig. 2). In both oysters the Flesh is covered 

by a tegument : the lIIantle (fig. 1 and 2). The free space between the two 

lobes 01' the mant 1 e i s the pa 1 1 Cil 1 cav i ty that the g i Il s div i de i nto un 

i nha 1 ant part and an exha 1 ant part. The mouth rounded by the 1 ab i a 1 pa 1 p 

1 S neal' the hi nge, whel'eas, the anus i s Just above the adductor musc 1 e 

(fig. 1 and 2). 

Figure 2 
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Figure 1 : Anatomy of the cupped oyster Crassostrea 9i 9a5. 
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Anatomy 01' thc fiat oystel' : Ostrea edu 1 i s. 
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B. Range 

Before the di seases wh i ch comprom 1 se the l'ange of the l' 1 at spec 1 es 

part i cu 1 ar 1 y on the At 1 ant i c coast, Ostrea edu 1 i s, the nat i ve oyster, 1 s 

found in severa 1 European counb' i es. Th i s spec i es I"as abundant in the 

North of Europe from Norl"ay to France pass i ng by Danemark, Nether 1 and, 

Deutsch 1 and, Be 1 9 i Ulll, GI'eat-BI' i Ül i n and rt'e 1 and. 1 t i sai so 1 i v i ng on the 

south At 1 ant i c coast in France, Spa i n, Portuga 1 and Marocco and on the 

Mediterranean and Adl'iatic coasts particularly in France, Italy, 

Yugoslavia alld GI'eece. It IS 01' it I"as cultivated lIlainly ill Frallce, 

Nether 1 ands, Spa in, and at a lowel' degree in Un i ted Ki ngdom and 1 re 1 and. 

CI'assostl'l'i1 <lIlS]lIl<lt<l is st:i Il PI'PS"lIt ill r\JI'tu9<l1 dI,d South or Spaill. 

1 nb'oduced in France III 1866, th i s oyster was 1 al'ge 1 y cul t i vated in th i s 

country unti 1 1966-1970 ",hen b"o diseases cut off the pl'odllction. This 

spec 1 es seellls to be st i Il pl'esellt in 1 ta 1 y on the Adl' i at i c coast. 

Crassostl'ea 9 1 ~]as has taken the place of the POI'tu9uesc oystel' in the 

cu 1 ture si nce 1970. 1 t has been i mpOl'ted ri l'st to F l'allce rl'om BI' i t i sh 

Co lumb i a (Canada) for the adul ts and From Japan for the spat. NOI"adays 

the' ppoduct i 011 or cul t. i vdh'd cupped ()y~t-'{'I' i Il EW'OP('dl\ ('ollflh· i ('S j S {llli y 

CI'assostrea 9 i gas. There i s a natul'a 1 breed i ng onl y along the South West 

pal't of the At 1 allt i c FI'ench coast. But. th i s sppc i cs i s beSI i lin i nD to bc 

cult i vated in sevel'a 1 othel' counb' i es '" i th Spdt Pl'oduccd ln IwtcllE'l' i PS 

ma i n 1 yin Gr'eat-B, ... i ta in, 1 t'C' 1 and, Derllllé.ll·k 1 Gcr'lIIdllY 1 NO,-.~.,rllY 1 Spd i n (]fld 

Ita Iy. 

C. Sa 1 in i ty and temperatUl'e to 1 el'ance 

Larvae : On the At 1 ant i c coast the l'eproduct i on of CI'élssosb'eél DI gélS 

occurs 1 n ElWOP('illl COtlllt.r' i 0S in Jul y drH.~ 1\\I~Jw .. :;f". lllHJ 1\ ("(' { ~ Il i qh 1 pVP 1 ôf 

temperatul'c above 18°C with c1l1 optimll'" <lt 21-22°C. The s,,1 inity can Vat'y 

between 25 and 35 %0' The hi ghel' sa 1 in i ty 1 s, the hi ghel' tempet'aturc 

f)ecds. Thlls the evolutiofl or the Im'vile Îs cOll1pl'omis('d \vhCIl t('IIlP('I'ilL-:w'ü 

1 S under 18°C '" i th sai in i ty above 34 %0 (f i g. 3). Ostl'ea edu 1 i s 1 ays eggs 

1 n Ju 1 y a l'tel' the i ncub"t ion 0 l' the l "l'Vile. The Sil 1 i Il i ty had no 

impol'tance in the l'anDe 25-36 %0 (Kol'l'inDa,1941) (11). rhe tempel'atul'e 

can val'y beb"een 14 and 22°C ; undel' 14°C therp i s no ('vo lut ion 01' the 

lill'\'il(, (~kll,t(,i l, 1 {)7(i ({)). III t'h" 1,,~,()oIlS 011 t'h" 11(,dit("'I""\{'''1I co",>I: 
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"here in summel' the tempel'atuI'c reaches 24-25°C and the sa 1 in i ty 37-38 

%0' there 1 s no reproduct i on 0 l' CI'assostrea 9 1 Bas. 1 n the open 

Med i terrallean sea Ivhel'e sa 1 in i ty 1 S IIC'W 1 y 37 %0 and temperatur'e 1 n the 

ranBe 19-22°C there is no reproduction of Crassostrea BiBas except ln the 

Adr i at i c sea "hel'e 1 Qlver sa 1 in i ty a Il QlvS a reproduct i on 01' cupped oyster. 

At the contrary Ostrea edu 1 i s reproduces reBu 1 ar 1 yin the Med i terranean 

BU 1 fs IVh i ch perm i ts a neIV oyster cu 1 ture 1 n open IVaters. The 1 arvae of 

the nat i ve l' 1 at spec i es pl'ove 1 ess l'equ i r i nB about temperature and 

sa 1 in ity. 

Fi BUI'e 3 

Temperature 
in degree C 
25. 

24.0 

23.0· 

22.0 

2LO 

20.0 

1.9.0 

1.8.0 

1.7.0 

1.6.0 Salinity 

1. ~'2 0. C--'·~::·=···"··"c·"·"_··"'·"·'··'·····'····r····'"'··, ... ,. ··,·3······i···'···." ti"i4: hi?: ~ n 9 Il 

durillB the evolution 01' the 

(1980-1986) (from Hera l, 1987). 

or Hl<' [,dY 01" M,II'('IlIl('S-OI""OIl 

larvae 01' the japanese oyster 

Juveni Is and adults 

The di str i but i 011 01' the spcc 1 es on the co"st 1 s mil i ni y detel'm i ndted 

by the cond i t i ons of tempcl'ûttwe and Sd 1 in i ty Ilot on 1 y rOI- breed i n[J but 

also fop tWO\"if1~l. C'1~dss()sh'('a HiHll,s is il vel'y c..'\II'yhal ÎII(' sp<'cics which 

can be cu 1 t i vated 1 n the ocedn i c IVdtel'S but al so uppel' in the estuar i es 

, .... ith a medl1 sai inity of 15 %0 \"rith Vi:lt'Îiltions bC'h.,,('(>11 \..JintcT illH.J surmncr 

time 01' 2 %0 to 25 %0 (CkwC'ntc r'ivC'I', Estua.'y 01" Gi,'onde 1"01' eXi,,"ple). 

It can al so be cu 1 t i vated in oversa 1 t IVaters, l'o.' examp 1 e in the fi rst 

pond oF sdlt- lIliu"'shps or-' in "<:ll1i,,('s" \vjt~h si.11 ini!".iC's \vllich Ci.lll 1'('del1 45 

%0 - 50 %0. FOI' the Jdpanese oystel' D"(Mth and FattenninB is aFFected 
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by mean sa 1 in i ty 100ver thon 15 %0' The oyster can res i st, ror severa 1 

lVeeks in lVinter time \Vhen t'ivet's are in spate, even in rresh \Vater, by 

clos i ng the i r va 1 ves. On 0 t id" 1 cyc 1 e they have an act i ve metobo 1 i sm 

dut, i ng hi gh t i de and they stop the i t'oct i v i ty in the 100v t i de \V i th the 

fresh lVater input. On the other hand, above 50 %0 of sai inity mortal ities 

are observed. For Ostrea edu 1 i s the apt i ma 1 sa 1 in i ty \Vas bet\Veen 32 and 

37 %0 (Mat'tei l, 1976) (9). Llnti 1 25 %0 the gt'o\Vth or this species 

t'ema i ned good. Linder 20 %0 and above 40 %0 i t became reeb 1 e. 

As temperatut'e i s an extr'eme 1 y important pal'ameter \VI, i ch contro 1 s 

ail phenomena in mollusc physiology : fi Itering activity, metabol ism and 

th us l'espil'ation and exct'etion, Hét'ol ct ûl. (1984) (12) demonstr"ted 

that if the egg-I ay i ng pel' i od i s exc 1 uded, tempet'ahwe t s the pl' i Illûry 

exp 1 anatory factor for she 1 1 gt'olvth ond . the th i t'd exr l "n"t.cll'y rCletor For 

meat pt'oduct i on of C. 9 1 gas. Th i s oystet' can have qu i te " "i SJh 1 eve 1 oF 

fi Itration even Ivhen tempet'atut'e is at 5°C (Deslous-PClol i et ,d., 1986) 

(13) \Vhere as fot, the l' 1 at oysbct, t.he ri 1 t.t'Clt i 011 "cte i v i ty t S t'odllced dt 

8-10°C. In Ivintel' time the efTect 01' ice on the oystet' bcds can give high 

levels of mortal ity Ivith the fIlcchanieal action or the Ice Ivhich bt'e"ks 

the young oystet's oIT the co 1 1 ectot'S and C'HT i es t.hem "Iv"y Iv i th the 

floating tce. With negative tefllpet'atures freeze l'an cause direct 

IIKlt'tal ity by teat'ing up the mllscle Ivith ice ct'yshds 01' hy hlll'still~J the 

sile 1 1. On the contrtwy, the d'Fect 01' hiuh tPlllPt't'dhJt'c ftl Sllllllller J:imc, 

dur i ng the repl'Odllct ion, can bt' i n,J phys i 0 1 OH i l''' 1 cl i slll'det's catis IlIg 

mot'tal itics. SIUIlIIIOI' UKlI'tol ities (20 % ,,1' !:lit' oysh'I'S) or I\",i l'il' oysteet's 

appeat'ed on South At 1 ant il' coast 01' Ft'anee (Maut'et' and al" 1986) (14). 

MoI,tal ities occllt'ed fIlostly ûfllong one-y"al'-old oystct's, I)t'rore spa\Vnlng 

\Vith tempet'atul'e higher than 21°C. A thinninsJ or the diuestive tubule 

epithel iUIll \Vas observed but \Vithout evidence of infectious disease. 

Contl'at' i 1 y to th" obsel'vat i 0115 of MOI'i (1979) (15) rOI' J"p"n and l'el'duc 

et al. (1981) (16) fol' AfIlet'ica the fIlot'tal ity did not appear to be tn 

re 1 at i on '" i th an eutr'oph i s"t i on oF "'CI(-or cmd a l, i 9h 1 evo 1 of 1 i p i ds bound 

to éHl OV('P-lIhJttll'iJt i on i dchl~ll 1 y i t St'('ltlcd to bc a phys i 0 1 ()~ i Cd 1 LI j s(wdcf' 

t n re 1 at i on '" i th a de l' ici ency of the enet'gy bi" ance oF the oystel', 

1 imited t.o t'.he hi,J" (-hl'l'm,,1 sh'"ss of l'"'' SIItUttf('I', 
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cycle of life, after the settlement the cupped and 

,'ocks, stones, 

gr'avels, 1 ivinH Or' de ad s"<:"lls, 01' w+i fïciol substrutes : dike, clmns, 

artificial reeFs ... For the cultivation the spat IS fixed on cultchs 

which can be ti les with or without 1 itne, slates, oyster 01' scallop shell, 

plastic tubes ... For the adult oysters if they are cultivated ln 

suspension they can stay on the col lector unti 1 the tnal'ketable size or be 

detached and st i cked on wood 01' rope. FOI' the bottom cul tut'e the oysters 

are scrapped From the co 1 1 ector and spread di l'ect 1 y on sandy or muddy 

grounds or cul t i vated on tab 1 es and racks, the oysters stay i ng 1 n 

plastic, il'on, 01' w)od bil~Js 01' pocket.s. 

Cl'assostrea 9 1 gas 1 s an av 1 parous oyster w i th alternat i ve protandry 

and a hi gh 1 eve 1 of fecund i ty. The oyster i s ma 1 e 01' femcd e dur i ng a 

breed i ng season and can change sex the fo 1 101, i ng yeal' , a 1 i tt 1 e 

percentage coul d rema ln hertnaphrod i te (Neudecker , 1978) ( 17) . The 

env i ronnetnent (temperature and nub' i t i on) but al so hOI'mona 1 interna 1 

factors seetned to detel'm i ne the turnover of sexua 1 change. The Japanese 

oystel's at'e mattll'e dul' i Il!] the ri l'st yeal', 011 the cond i t i 011 they have 

l'eached a minimum size of 501"". It 8ppeared (table 1) that the erfOl,t of 

l'eproduct i on i s a hll1et i on of the age. 

Ostrea edul i s has a restr i cted fecund i ty and i s 1 arv i parous. 1 t i s a 

spec i es sueeess i ve 1 y hermapill'od i te w i th a consecut i ve t'hythm i c sexua 1 i ty. 

1 t means that the gametes are not l' 1 pe at the same t i me. 1 l' we fo 1 101' 

Martei 1 (1976) (9) the Flat oyster IS male ln autumn al' ter the 

sett 1 elllent, the spc",m"tozo i ds <lI'e 1 ysed c",d the ovogon i cs al'e deve 1 opp i ng 

for the next breeding season I,hen it becollIes a Female oyster. The sexual 

inversion wi Il go on undel' the influence of t"mperatllt'c, ,,,,d avai lable 

food. Younge (1960) (18), shOl,ed that ill Scalldinavia the l'lat oyster 

changed of sex once a year, wh i 1 e in Gt'eat Br i ta i n and i n France eaeh 

oysters coul d, dtw i ng the S(.lI!lC' SllIllHll'I', be sC'vC'pn 1 t i mes 111(,11 C or--' femn 1 e. 

Contrary to the eupped oyster, the fecondation of larvae of Ostl'ea edul is 

occured in the pa Il ea 1 cav i ty dUI' i n9 the i ncubat i on t i me 01' the 1 arvae. 
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1 1 Oysters col1ected during 1978 

) Year 1), _____ 19,7_9 _____ 1 __ 1_98_0 __ 1 1981 

Il"' ,.0", ," ,1."",I.d',I,~, 
----------1 Il 1 1 

10ry welght (mg) Il 128.2 17.8 447.4 43.1 810 42.9 1 1 510 55.9 ,1 1 930 ·61.9 
IEner9Y (Kj)· 1 19.48 52.7 30.98 61.1 45.3 69.6 
IProteins 1 86.7 27.7 236.3 51.1 1435.7 51.01502.6 55.2 663.7 61.9 
ILipids 11.6 18.7 88.6 63.11257.0 67.3189.5 49.1 334.2 78.3 
IFree carbohydratesl 5.7 33.7 16.6 59.81 9.46 30.1 130.0 57.91 22.9 51.21 
IGlycogen 1 14.3 44.3 11.5 39.0 1 1 - Il - 1 
IAsh 1 4.1 4.4 42.6 32.3 1 66.1 27.7 1151.8 40.5 125.5 36.0 1 

1

111

1 

1 calculated from 24/7/79 III calculated ,1 Calculated from 20/7/81 Il 
to 21/8/79 from 15/7/80 to 28/10/81 

to 25/8/80 1 
11 ________________ __ 

Table 1 Quantities (Q) and percentage (%) of the dry fÎesh (mg), the 

energy (Kjoules) and the proximate constitution of the flesh 

lossed by males (0") and females ( '?) during the emission of 

gametes. ND: non detet-m i ned sex. ( from Des lous-Pao 1 i and 

Hera 1 ) • 

The durat i on of the sexua 1 maturat i on i s a funct i on of the quant i ty 

of heat that the reproduct i ve oyster rece i ved. Muranata et Lannan (1984) 

(19) shOlved that the mean va 1 ue or day degt-ee i s near 1 y 2 300 degree-da y 

for Crassostrea 9 i gas ma i nta i ned exper i menta 1 1 y at a temperature of 

18-22°C for sai inities of 20 to 30 %0' Mann (1979) (20) demonstrated that 

gametogenesis began only above 10.55°C. Aiso Hét-al et al. (1986) (21) 

described that, For the bay of Marennes-Oleron ",hich is the main sector 

of rept-oduct i on of cupped oystpr in Hw Eur'O)Wiltl At 1 Cltlt i (, co"st, the 

breeding 01' Crassostr-ea gigas appeat-ed in mean artel' 2 387 degr-ee-day and 

the date of spa\ming ",as depending ('<.ch year on the Fluchtûtion of the 

temperature, élppeat-ing ",ith 95 % or occlwency bet",een the 12th July and 

the 21
rst 

August. For the fiat oyster Martei 1 (1976) (9) precised that 

the min i ma 1 tempet-atut-e neeessm-y to the beg i nn i ng 01' the gûmetogenes i s 

is 100C but after a period of sexual rest ",hieh did not exist for the 

Japanese oyster. 

The i nc i dence of the tetrper-ature on the re 1 eas i ng of the gamet es i s 

also impor-hmL Lubet et cd. (1970) (22) "hOl",-d tj",t-. H,,-t,(· "'ilS il minimill 

cr i t i ca 1 temperatut-e under ",h i ch the em i ss i on ,,1' sexua 1 pt-oduets cou 1 d 

not takc place. For- C. gig<lS it is ne<.rly round 17 to fg<'C und l'or C. 

"du 1 i s 14 to HjOC. 
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For the sai inity Martei 1 (1976) (9) reported that Ostrea edul is 

de 1 ayed its gametogenes i sin cstUCl!' i cs Ivhcn the sa 1 in i ty was undcr 20 %0 
but var i at ions between 30 and 36 %0 di d not seem to play a ro 1 e on the 

date of emission and on the quantity 01' the gametes. For the Japanese 

oyster it seems that the gametogenesis is faster when the sai inity was 

between 20 and 35 %0' 

With Crassostrea glgas, there IS a total laying of the gametes at a 

time. In France, this oyster spmvs mainly once in Marennes-Oleron bay but 

in AI'cachon succcss i ve rcbu i 1 d i ngs or the gonads appccl!' W i th 2 or 3 

spalvn 1 ngs depend i ng on the heat of the summer. Ostrea edu 1 i scan 

poss i b 1 y, prov i ding the temperatLu'e i shi gh enou~Jh have a phase 01' 

reconst i tut i on of the gonads aFter the fi rst est i va 1 1 ay i ng, wh i ch 

perm i ts another spawn i ng in autumn. On the Adr i at i c coast the spawn i ng 

season i sin Mareh-Apr i 1 but Fot, the same spec i es i t oeeurs in August in 

Norway. These di fferences show the ro 1 e of cl i mat i c cond i t i ons on the 

rapidity of the gametogenesis and by consequences the date of I"ying. 

When the sexua 1 pl'oducts are ripe, the adu It Crassostrea 9 1 gas ejeet 

the i l' gilmctes in the Iv"tCI'. 20 tn 100 mil 1 i ons or ~Ji1met.es cilll 1.", 1 il i d ut 

each spawn i ng. The externa 1 fecundat i on of ovu 1 es by spermatozo i ds 9 ives 

the trocophore 1 arvae. For Ostl'ea edu 1 i s the fecund i ty i s 1 ower' 500 000 

to 1 500 000 of gametes. The fecundation of the ovules is internai in the 

pa 1 1 ea 1 cav i ty, the spermatozo i ds be i ng transported by the currents of 

water. The 1 arvae are i ncub"ted thel'e dUI' i I1g ci ght to t"n day berore 

be i ng re 1 eased in the open sea ; they are co lored 1 n a typ i ca 1 si ate 

grey. 

F. Larval development 

For CI'assosb'ea g i gas the 1 ength or the youngest Ive 1 I-f">l'Illed 1 arvae 

was near 1 y 60 fi and the si ze at the metamorphos i sIvas close 300 jJ (1 ma i 

et al., 1950 (23) ; LoosanoFF et al., 1966 (24) His ill>cl I~obert, 1985 

(25)) (fig. 4). The duration of the larval 1 Ife IS in relation with the 

temperature. Th i s t i me var i es on the French At 1 ant i c COilst bebveen 15 and 

28 days, Function oF the tempel'atul'e lïllctuating bctween 20 ilnd 26°C. The 

opt i ma 1 temperature for the shorter 1 arva 1 evo 1 ut i on Ivas 28°C for a 

sai inity oF ]0-]2 %0 (Walnc, 1974) (2(,). As il ('onsC'qlll'/l"" (lf' il i/lslIlîï-
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eient temperature the pelagie phase is lenghtened. Ail the emlsslons do 

not 9 i ve sett 1 elllcnts becausc roI' CI'ilssosb'ca yi yas the tClllpcrature must 

be higher than 18°C (fig. 3) and for Ostrea edul is higher than 15-16°c. 

For the fiat oyster, the pl alleton i c stage 1 asts between 5 ta 14 da ys in 

relation with the temperature from 17°C to 26°C. The size of the released 

1 arvae i s dependent on the t i me the mother-oyster reta i ned then in the 

lIlant 1 e cav i ty. The. lIlean si ze of the re 1 eased 1 arvae i s 180 u. Sett i ng , 
occured when the size is beboJeen 280 and 300 u (Loosanoff et al., 1966) 

(27). 

" III IV 

Fi gUI'e 4 : The four stayes in deve

lopment of eupped oyster larvae, 

aeeording to Medcof (1961) 

oyster biologists divide the 

1 into two: the straight 

French 

stage 

hil1ged 

stage (24 h old larvae) and the 

very early umbo stage described by 

Quay 1 e (1969) fl'om His and Ilobel't 

(1985) • 

days after the 
fertilization 

1-6 

6-18 

18-22 

22-24 

24 

names used by 
malacologist 

Veligerous 
1 arvae 0 

Veligerous 
umbonated 

larvae 

IVeligerous eyedl 
1 larvae 1 
1 1 
IPediveligerous 1 
1 larvae 1 

1 
Il Plantigrade 

1 larvae 1 

height ',,, ~. 

57-105 

105-260 

260-280 

280-300 

300 

_____ 1 1 __ _ 

Table 2 : The stages ln the deve

lopment of the larvae of the Japa

nese oyster Crassostl'ea 9 1 gas as 

deseribed by oyster biologists and 

lllalacolo~lists. 

The iclCtiol1 or the Sil 1 il1ity 011 the dlll'<Itioll 01' LI", Im'vile 1 il'e 

1 s 1 ess important. He 1 m and Mill i ean (1977) (28) shOloJed that the opt i ma 1 

sa 1 in i ty for CI'assosb'ea 9 i gas 1 s 25 %0. But thc retTU i tlllC'l1t can be qu i te 

good at 20 %0 as at 35 %0 and 1 s more dependent on the ternpel'ature. The 

hi gher the sa 1 in ity 1 s, the more the telllpel'ature must be above 22°C (f i g. 

3). 011 a pl'ilt. i ca 1 po i nt or v i PlY, eilch SllllllllC'l' i Il the pl ilces ",hel'e the Flat 

and eupped oysters are bred and ",hel'e oystel' eu 1 tUI'e 1 s deve 1 oped, 

biologists, from Institutes or fishel'iC's, IFllEMEll il1 FI'ill"'" 1'01' ,'xillllple, 
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ana 1 ysed tw i ce a week s !tlce 1930 the numbers and the evo 1 ut i on of the 

1 arvae to pl'ed i ct the ti Ille "he,'e i t 's necessary for the oystermen to 

immerse the col lectors and obtain good results of settlement. 

G. Gro\1th 

Substant ~a 1 di fferences in the éllIIOUllt 01' gl'owth i s l'ccorded 1'1'0111 the 

di fferent sites of di ffel'ent countl' i es and a 1 sa in the same site but at 

diffel'ent levels of exploitation of a bay (table 3 and 4). Thus gl'owth 

appeal's ta be a runctioll 01' tempel'atul'e ; in telllpel'ate l'egions, ln wintel' 

t i me, the grOl..1:h i s reduced pal't i cu 1 al' 1 y fol' Ostrea edu 1 i s undel' 8 to 

10°C. FOI' Cl'a88osb'ca (1 i ua8 111,,'11 t-.hc 1 eve 1 or rood i 8 hi Dit CI10lllJh w i I1ter 

gro\1th can be obta i ned, th i s spec 1 es 's 1II0re ta 1 erant ta low 

temperatures. But the ma' n factor 11h i ch i ncreases or decreases the growth 

rate i s the ava i 1 ab 1 e Food wh i ch depcnds 011 b10 ractol's : 

Table 4 

O. edulis t /Tota-l weight Total we1ght Total we1ght 
t local1ty after 

Authors 1 12 months after 24 months lafter 36 months 
1 

1978 IEm,work (U.K.) (5g)30g 
Askew 

1972 I"arbour (U.K.) (5g)30g 

IWalne and Mann IMenai Straits (U.K.) 
1 1975 

15 9 - 20 9 30 9 - 35 9 40 9 - 50 9 

Hall, 1984 [mswor!< 
Harbour (U.K.) 

10 9 28 9 50 9 

1 
Martefl t 1979 Golfe du ~lot'bihan 4 9 '5 9 

/ (France) 1 
Kergariou Cancale 

1 
62 9 / 

1 
Corn. pers, Bretagne (France) 

1 

47 9 1 
1983 

1 
1 

1984 1 
1 1 1 
1 Pacquotte and Thau / 239 - 35 9 /309-601 (26 month')1 1 
1 Horiceau, 1987 Agde (France) 1 _ 1 30 9 ;: :onth,) 1 1 

1 
IFille, Krajnovlc L1m Canal 50 9 1 

Ozretic, 1978 (Yugoslavia) 
1 1 / 

1 
! 1 

G"0I1th pl'"rOrmdncc 01' the l' 1 at oyste,' OSb'''d "du 1 i s on the 

Europe.an al1d Med i terranean coast. 

The fi rst one 1 s the nutr i t i ona 1 va 1 ue of the bay For the oyster 

"h i ch 1 s a funct i on of the current ve 1 oc i ty, mu 1 t i pli cd by the quant i ty 

of food 1 n the 11ate,' and the t i me or i tlntlers i 011. So W" 1 ne and Spel1cer 

(1971) (29) ln the United Kingdom 01' Cooke and Bany (1975) (30), ln 

1 re 1 and, t.estcd the ~)('" rO,'milll('e8 0 f di !Te,'ent bilyS, lochs 01' cs tu",' i es 

for the g"01..1:h 01' CI'assost.r'ea g 1 gas. l hey obta i ned resu 1 ts w i th a 1 arge 

var i ab i 1 i ty, some sites shOlved ~1'O\1tlt ten t i me mOl'e tlléln others. 1 n these 
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experiments where the quantities of cultivated oysters are 1 ittle and 

where there is no other large cultivation or wi Id population of mol luscan 

in the area, the results of grOlvth indicating the level 01' the trophic 

capacity 01' each sector. 

- The second one is the impact 01' the density 01' breeding on the 

avai lable food depending on : 

. the 1 oca 1 dens i ty Ivh ich 1 s the dens i ty of the un i ty of 

cu 1 tUt'e. For examp 1 e i t i s we 1 1 knOlVl1 tllût growth 01' oysters 1 sin 

relation with settlement surface (ShaFee, Sabatié, 1986) (31). For this 

reason spat produced free ft'om suppot't in hilh:her i es IlûS il better growth 

that natura 1 sett 1 ement except if the young oysters are scrilpped ear 1 y 

From the co 1 1 ectors. Th i s observat i on for the juven i 1 es i sai so va 1 id for 

the adu 1 ts. Severa 1 authors showed that gl'owth wus a runct i un of the 

density on the ground, in the baskets or in the racks. 

. the dens i ty 01' cu 1 t i vated ut' w i 1 d popu 1 at i on 01' ma 1 1 usean 

1 n the area. For examp 1 e Héra 1 et al. (1986) (32) shOlved that for the bay , 
01' Mat'ennes-Olct'on thet'e is a 1 i~lht cot't'elation (fïg. 5) bet:wecn the 

decrease of the gl'owth rate in re 1 at i on IV i th the evo 1 ut i on of the tota 1 

cu It i vated b i omass of the Pile i fi e oystel' for the 1 ast fï fteen years. 1 t 

n!eans that eaeh t'esult of gt'OIvth, pat,ticularly uF a eultivated population 

has a sense on 1 y if i t i s assoc i ated ta the biomasses pt'esented in the 

coastal ecosystem. 

The max i ma 1 gl'olvth of Ct'assostt'ea g 1 gas occul'ed in 1 st'ae lin subtt'o

pical fish ponds (flughes-Gdmes, 1977) (33) ",hct'c youn~l oysters of 4 9 

reached 80 to 90 gin one yeat' but '" i th hi gh temperatut'es and a hi gh 

1 eve 1 of food. The bettet' ~lt'o",th in Eut'opean ('oltnb' i es i s 40-50 ~J il rtet' 

one yeat' and 100 ta 130 9 at the end 01' the second yeat' 01' gt'OI"th. Th i s 

gt'OIvth as found as "'e 1 1 in Eng 1 and (Wa 1 ne and Spencer, 1971 (29), Askew, 

1978 (34)) as in F,'ance ",hcn Hl(' stock dens i ty "'ilS 100v (1I61'ill ot ill., 

1986) (32) and in Cot'sica and Mal'occo (ShaFee Savatie, 1986) (35). For 

Ostrea edlt 1 i s, the bettet' ~]I'OIvth 1 s obset'ved 1 n Ft'ilnce on the 

Meditct't'anoan coast ",ith CI ",eight or 60 9 artel' 2 yeélt'S 01' cultivation. 

Th i s performance cou 1 d be ach i eved a 1 sa in Ft'ench Br i tanny but '" i th a 

seed density of 1 tons/ha ",hich is 5 time less impot'bmt thcm the trùdi

ti ona 1 dens ity. 
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1 1 1 1 

1 C. gigas 1 ITotal welght 1 Total welght 

1 1 Loea lit y 
1 

after 1 
1 Authors , 12 months , after 24 months , , , , 
, 1 1 1 

1 41 'Emsworth Harbour (U.K.) 1 34 9 1 100 9 
IAskew. 1 1 (5 g) 60 9 1 
1 " 

, Newton Bay (U.K.) , 52 9 , , 
1 L1nne Nhlurleh IU.K.) 1 

, 
, 14 9 , 58 9 , 

31 
, , , 

, Hall J 'Emsworth Harbour IU.K.)' 20 9 , 70 9 , , , , (16 months) , Walne Spencer , Menai Straits IU.K.) , 50 9 , 130 9 , J5 , , , 
, , - , , 
, Cooke. B<lrry , Rossmore (Ireland) , 46 9 , , . 36 , Carllnglard , 16 9 , 
, , Bull inaki 11 , 6 9 , 
, , Carna , 3 9 , 
, 

. " 
, , , 

, Melxner 43 , flensburg , , 60 9 , Neudecker , Baltie North Sea , 8 9 , 
, , (Germ<my) , (12) 60 9 , 
, , , , 
, Seaman. 1,4 , Flensburg , 24 9 , 
, , fjord 1 , , 1 (Germany) 1 1 
1 

, 1 1 
1 Shafee Sabatle 1 Oualidia , (6g)43g 1 120 9 1 
1 " 1 (Naroc) 1 1 1 
1 " 1 

, 1 

1 Auger , Etel (france) 1 12 9 - 29 9 1 
1 ,,1 1 1 , Oeslous-Paoli 1 Marennes-Oléron 1 48 9 60 9 1 
1 1 (France) 1 1 
1 1 1 1 
/Berthomp. et al. 

1 
Marennes -u 1 eron 1 35 9 60 9 1 

1 " (france) 1 1 

1 48' 1 1 
ILandreln et al. 1 Thau (france) 1 35 9 - 50 9 68 9 1 
1 1 1 116 9 (20 /IIonths) 1 

1 " 1 1 1 

1 Oosdat 1 Corse (France) , 100 9 (17 months) 1 

1 1 1 1 
1 50 1 1 1 
ISougrier et al. 1 Arcachon 1 15 9 5B 9 (30 months) 1 

1 1 (Frllnce) 1 (lB months) 1 

1 1 Marennes-Oléron 1 B 9 27 9 (30 months) 1 
1 1 (France) 1 (lB months) 1 
1 1 Bretagne Sud 1 28 9 99 9 (30 months) 1 
1 1 (France) 1 (lB months) 1 
1 6 1 1 1 
1 Héra1 et al .. 1 Marennes-QI éron 1 1970 50 9 100 9 1 , 1 (franee) 1 1972 33 9 75 9 1 
1 1 1 1974 2U 9 1 50 9 1 , 1 11975-19812091 4U 9 1 
1 

, 1 1984 15 9 1 30 9 1 
1 ,,1 1 1 1 , Hughes-Games 1 fish pond 1 (4g)79g 1 1 
1 1 (Israel) 1 92 9 1 1 
1 1 1 1 1 
Ifilie. Kr'inooicl lirn Cr:lOal 1 26 9 1 103 9 1 , Ozetic. '34 1 (Yu90s1aola) 1 1 1 
1 1 1 1 .1 

Table 3 Growth performance uf the cupped oyster Crassostrea 

gigas on the European and Mediterranean coast. 

(xg) weight at the beginningof the .. cultur.e. 
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.6,.g i n 9 

61'1 

54 

48 \ 
42 

:: ~. --L ~""H& 
1.8 ~ ~'1I:H:';' :;;'~'~' ~L?,·"";I 
1.2 :1 Il'' ,''''' 

6 

Ihousand 
Tons 

Fi gUl'e 5 E vo 1 ut i on 0 f the annua 1 ~JI'OIvtll 

l'ate of POl'tuguese oystel' (+) and Ja

panese oystel' ( ... ) in l'e 1 at i on '" i th the 

total cultivated biomass 01' oystel's in 

the bay of Mal'ennes-Olél'on. (fl'om Hel'al 

et al., 1986). 

JFMAMJJASOHDJfMAMJJASOHDJFMAMJJASONOJfMA 
1919 !9SD 1!181 1S82 

Fifllwe (i : Evolution 01' the dl'Y 

"'e i ght of CI'assostl'ea 9 1 gas 

cultivated in the bay oF Mal'en

nes-O 1 él'on, (..,) III" 1 c, (<ôl) rc

ma 1 e. (l'rom Des lous-Pao 1 i and 

Hera 1). 

The resu 1 ts presented are the mean va 1 ues of the gl'oovth but each 

po pu 1 at ion i s 1l01'illa 1 1 y cl i sb' i buted l'ound the 1llC"'" ,,,,d Ask"", (1978) (34) 

took the exaillp 1 e ",here i t happencd that 10 % 01' the popu 1 at i on ",as 

gl'OI'" ng l'aster, rcach i ng tlle' Ill,wket si ZC' in 1 i tt 1 (' tl"," Il IIIolltlos, H,osc 

~)I'tl\V 1 ng dt- t.hc "'''<111 1 s 110 l ""~)t'I' tlocll' 15 ",olll:hs ",h i 1 C' the si "",est 

represent i ng al solO % requ i red 43 mont Ils to obta i n a "'e i ght of 80 g. 

The gro",th 01' the fi esh expl'essed in d,'y "'e i ght represents 1 n 

'" inter t i me about 1 % of the tata 1 Ive i ght and in SUlntnel' t i me unt i 1 2.5 to 

4.5 %. The dl'y ",('i~)ht of the Flesh sho", lal'~)c vill'iiltioll (Fig. (i) ln 

l'e 1 at i on IV i th the l'epl'oduct i on and the l'cduc i ng eaused by a 1 aek 01' food 

dul' i ng IV intel' t i Ille (Hé"él 1 et il 1 ., 19S;l) (3(i). 
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2. FISHŒY 

A. History 

The fiat oyster Ostr'ea cdu 1 i sis the nat i ve European spCC 1 es. 1 t was 

once very common unt i 1 the 1 ast cent ury . Sha 1 101. bays and estuar i es 

around the coasts of Eu,'ope 

which 

including Ireland and the 

could be picked by hand in 

Med i terrùneûn one, 

many places at low abounded with oysters 

water or d,'edged by boats 9 i v i ng a prosperous oyster fi shery. These 

act i vit i es h'er'c l.1nc i ('nt 1 f\OI11~lnS b('~J\:Hl t.o bu i 1 d sOllle ponds to stock the 

harvest and try to co 1 1 ect the spat on wood r asc i nes. Dur i ng the Mi dd 1 e 

Ages and Renaissance, fisheries on the oyster bed sti Il went on. During 

the e i ghtecnth centul'y, the i Ile"case or the popu 1 at i 011 i nduccd an 

i ngrOlvth of the fi sh i ng effort w i th an overf i sh i ng of the beds whose the 

produet i on var i es depend i ng on the i Iltens i ty of sett 1 ement in preceed i ng 

years. At the end of th i s century the oysters beds of France, Ire 1 and, 

Eng 1 and Ivere 1 arge 1 y overf i shed and dec i s i ons and regu 1 at ions were ta ken 

to 1 i mit the pe,' i od 0 r fi sh i Ilg and to suspcnd i t d,1t' i ng the "c'proJuct i on . 

Desp i te these more and more eonstra i n i ng regu 1 at ions, the fi sh i ng effort 

grew in re 1 at i on 'vi th an j nCPcûse of the COflSUllll1lat. i on (,IlCOIIr"il~J<'d hy the 

Jeve lopillent of tf·anspot·ts 01' goods alld by the beg i nn i ng or the oyster 

cultu,'e Ivhich did not control the settlement alld used young oysters 

com i ng fl'om fi sl1('" i cs. At th i s pCI' i oJ the,'c WilS no l'cill cul tUI'e, the 

oystel's wel'e only keept in stocks ", ponds berOI'e the sale. On the 

At 1 ant i c coast, neal' La I~oche Ile, 01 d unused sa 1 t mm'shes wel'e tUl'ned 

i nto "c 1 a i l'es" fol' Fi n i sh i ng the g"OIvth and r atten i ng the ri at oystel's. 

It was only aHel' 1860 that ln Fi'anee the technique of cultchs was 

1 al'ge 1 y used by enl aI'g i ng thc 1 ta 1 i an w()Odcn fase i IlCS tr"1I1SI11 i t.h'cl by the 

Romans. The techniques advanced vel'Y quickly with new materials slates, 

t i 1 es 1V i th 1 i me 1'0" the sett 1 ('ment but al so fol' the cu 1 t i ville i on 1V i th the 

bot tom culhwl' '1I1d Hl<' "ilek ""ltul·c. 1" 1 <J20-19:2.1 "dis,'"'''' d,·cillklf:t·d H", 

beds of l'lat oystel's thl'oughout EUl'ope. It IS only al' tel' 1928 that 

sett1 ement began to bee<;lIlle i mpo,'Ü1I1 t agaill p,wt i cul ,11' 1 y ", FI'l'nch 

Bl'itanny but ln sevel'a 1 local ities the wi Id li at oystcl'-beds have 

definitively disappeal'ed (Mal'ennes-Olel'on, Al'cachon) . ln I,'e 1 and, Great 

BI' ita i n, Nethe,' 1 ands and on the Mcd i tCI','ane'1I1 coast sOllle oystel'-beds 

l'es i st and the i l'exp loi tat ion by fi shel'men can go on. 1 n 1950-1951 a new 

di sease appeal'ed and destroyed the fiat c,rI t i viltc·d oysf-cl's 0 l' the -1 hilU 

1 a900n. TI1<' hl'ccd i n~J or Osb"'" l'du 1 i S "Ollt i nUl'd i Il Ft'c'Ileh R" i tc1IlIlY wh i ch 



Fi 9\lI'e 7 

- J5 -

Annual production 
of oysters in tons 

100 000 

tO 000 

&0 000 

10 Dao 

&Il 000 

50 000 

JO 000 

20 000 

ID aao 

c. a~gula!a 

__ . total production 
f- .cupped oyster product on 

~~ fIat oyster productiol 

c, a'90S 

gi 1 disease 

f 

1 

r' l no data 

virus disease 
lac 

1 
1 :: 
;, i: in roduction 

f" ' •• 1 

introduction of ~: ;:i: of C. gigas 
" ., .. , 

l 
' , " , 1 t 

C. angu ata ".~:., " 

1 ~I \ 'l\~nassiv~ i ii\! i ('\ Ma,'loilia 

f l, 1'~"\f \" ,mortalitIV! i,l j 1,[ 1 
",~ Y ~I';": l . ri \'! Bonamia ~ ,,1 l ! " ,': ,t l 

' " \ j ' ." " • \>,;' ij~ 
j' \ • 

", ~ti \ 

HID ISBO IS'JO 1900 1910 1921J 1930 19~O H50 1960 1'10 1960 

Evnlutioll of the' pl'odllctiol1 ,,1' oysh'l's il1 FI'''"'T l'l'''''' lR(iS to 

19S5 (sOlIl'Ce : olîïcial Shl~islcics l'l'''''' Fish"I'ics Ikp<lI'bncl1t), 

(fro", Hera l, 1(85), 

sold juvel1i les to Spèlin (Gal ici a) <\lld to Nethcl'I,,"ds. AI't.cl' a phûse 01' 

1 arge eXpè1llS i 011 (alllllleli FI'e'llch pl'odll(+ i "" of .'\0 0(1(1 h,I1,,) (F i ~J. 7l, the 

cU 1 tlll~e or the r Illt-. oystC'I's hdS b(>(>I\ dt- L_H.'kcd dqd III hy h",o pdl'ns i Les 

Mût,tei 1 ia reFI'ingens since 1974 alld BO'h<lIlis OSb'E'èlE' SlllCE' 1979 "hich 

spr-cad on a 1 ('11-'~1(' IHlI1Ibcl> of' EllI'OpC'ill\ cOllllh' i ('S ,'cdllc i Ilq f-_hp h,,('(,d i Il~J i fl 

France, Ho 1 1 and ûnd Spa i n. 
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Si nee the start of the oyster-cu 1 ture (1860) eupped oystcrs have been 

i mported in France From the Portuguese w i 1 d oyster-beds to pa Iii ate the 

1 ack 01' l' 1 at oysters. Dur i ng one 01' these tr i ps a boat threw i ts Fre i ght 

of oysters out in the <'StUdl'y of Gironde and the specles Crassostrea 

angulata spread quickly on the South West Atlantic Coast 01' France. Ar'ter 

1920 the cupped oystel' came Ilext to th" rial: oyst.er w i th an i Ilt;ens i ve 

deve 1 opment (annud 1 Ft'ench pl'oduct i ail uppel' than 85 000 tons) (fi g. 7). 

From 1966 to 1969, in the I"ho 1 e FI'ench coast.s t.he Port.uguese oysters wel'e 

t.ouched by agi 1 1 di se"se und by an il' i dov i l'US I"h i ch des b'oyed the 

spee 1 es Crassostrea angu 1 ata 1 n EUI'ope. Up t.o t.h i s date, on 1 y sorne 

oyster-beds in Port.ugal are sti 1 1 1 iving. 

Fi gUl'e 8 
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QUiHlt i t-. i {'s of spùt-_ i IIIp()f'h:d 1"'0111 J(lP.:11l 011 Hw fl'(-'!lC!J Af".1 {11lt: i c 

elOélst (1'1'0111 GI'uct, Hél'éll, I\obel'I:, 197(') (:17). 

The impol·t.cJtiol\ or C"t.lSSustT(,,,J ql~lL1S hlit.1l spllf-. r"um .ldfl\1I1 dlld lIdul~:s 

FrlOm Br i t. i sh Co 1 umb i a oeeured From 1968 t.o 1975. The l'epI'oduct i on lOF 

Japanese oystel's I18S been we 1 1 estélb 1 i shed silice 1971 011 the SOllt:h West 

At 1 ant i e eOélsts or FI'anee. The 1 eve 1 or pl'oduct i on in th i s eounb'y has 
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reached 100 000 tons si nce 1980. S01l1e othct's countr i cs 1 i kc Great 

Britain, Ireland, Germany, Norway, Den1l1ark, Spain, Ital ia, Marocco ... 

started vet'y recent 1 y to cU 1 t i vate Cr'ilssostr'cil ~l t !JLlS w i th Spilt pt'oduced 

in hatcher i es 1't'01l1 Gt'eat Bt, i ta i n or Ft'allce. 

TI, i s br i ef hi stor i ca 1 study show tIlat dllf' i n!J the 1 ast cenhwy, s01l1e 

constant events appears pat't i cu 1 at' 1 y ev i dent in France w i th success i ve 

phases : 

over-F i sh i ng 01' natut'a 1 l' 1 at oystet's beds Eltld di SCilses, 

i mportat i on of a fore i gh spec i es (C. angu 1 ata), bred on a 1 arge 

scale with high density and disease, 

i1l1pot'tation 01' a new exotic species (C. 8i~I"S) and cultiviltioll at 

a hi gl1 1 eve 1. Each t i me the response to the di sease l1<1s becn the 

i1l1pot'tation 01' t.he ncxt species, it l'JOuld bl' [",t:t"t' t:o ltt,d<,t'st:iltlll the 

t'easons 01' t.he di sease and to pt'act i se 1I1anage1l1ent 01' oystet' bays. Thus i t. 

appears that diseases occured aFter a pet'iod of hiHht level oF pt'ocluction 

and I ... e SUmlest t.he hypothes i s tltilt wlll'n t:h" cul t i vc,t ion d,,"s i 1: i t's in il 

bay are too high, t.he trophic equi 1 ibrium is over-passed, growth and 

fatten i ng are dect'eas i ng and t.he deFense mecan i S1I1S of th" oysters arc 

1 owet'. 1 t ttJeans that by contro Il i n9 the stock in cu 1 ture, the ri sk 01' 

appearance 01' di seases cou 1 d be 1 OI ... ered. 

B. 1 mpot'tance 
Statistics to estimate the level 

of product i on in the cl i ITet'ent countr' i es at'e v"t'y orten not t',"il 1 i st i c and 

can not be compat'cd w i th one illlothet' (seo rot' eXEltttp 1 0 Hét'a 1 et al., 1986 

for the va 1 i dat i on of the French stat i st i cs on oystet's). 

The data comin9 rr'otn the last yoar book oF fishet'y statistics 

pub 1 i shed by the Food and Agt, i cu 1 ture Ot'9an i zat ion 01' the Un i t.ed Nat ions 

(F. A. o.) can !J t v<' b"ses rot' con,pcu' i SOIIS. FOI' tlll' cuppcd "ys f:.ct, wh kh i s 

onl y the Japanese one, the Eut'opean pt'oduct i on of 1981-1984 i s vary i ng 

between 78 000 tons and 105 000 tons 0 F tot<d 1 i v i "H we i ~Jh t i ne 1 ud i nD the 

she Il. TIll' Ft'l'nch pt'oeluet i on t'<'flt't'sl'nts ~)\) % or l:h" tob,l pt'mluet i on. For' 

the fiat oystet', the same sout'ce oF data shOl"'s that the pt'oduct i on i s at 

a lm ... !cV" 1 ,wo\l1ll14 000 tons "hi"h t'<'pt'<'s('nl-s oilly 4 % "r u", q'h,nt:il:y 

01' the cupped oyster (tab 1 eS). lhe Ft'eneh pt'mluet i on wh i ch IvilS nem' 1 y 15 

000 tons i s no .... of 1 800 tons i Il t'c 1 ilr. i on IV i th thl' two di SC'ilse Matotc i 1 i a 

and BOtlélttti" t.hus its t'<'pt'PSI'nts 40;1, or the toh" pt'oduel:ion (t"ble 6). 
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1 1981 1 1982 

----1--1 
1 France 1 90 242 1 80 082 1 
IUnited Kingdoml 61 1 58 1 

1983 

104 849 
70 
1 1 Germany 1 1 1 1 1 

Il 1 1 1--
Total 90 304 1 80 141 1 104 920 

1984 

77 755 
144 

1 

77 900 
1 1 1 1 _____ _ 

Table 5 : Nominal catches for Crassos

trea gigas by countries in tons of to
tal weight. Source: yearbook of fislle
ry statistics - FAu Statistics Series 

vol. 58, 1986. 

1 
1 1980 1983 
1 
1 
1 Oenmark 0 
1 
Federal Republic 

of Germany 0 0 
Japanese oyster 

France 

15 

1 1981 11982 1983 1984 1 

I
l 11---- Il 

France 3 242 1 7 059 1 369 1 773 
1 Ire1and 400 1 861 316 371 
1 Nether1ands 572 1 560 680 843 1 
1 Spai n 1 280 1 539 549 560 1 
1 Sweden 1 25 1 13 13 11 1 
IUnited Kingdoml 560

1 
1 399 269 360 1 

1 Turkey 1 0 0 9 1 
1 Yugos1avia 56 1 82 57 181 1 

1 1--1------1 1 Total 1 5 136 1 9 513 3 253 4 108 1 
Table 6 : Nominal catches for Ostrea 

eduLis by countries in tons of total 
weight. Source: yearbook of fishery 

statistics - FAO Statistics Series, 
vol. 58, 1986. 

1 1 
1 1985 1990 1 
1 1 
1 1 
1 30 60-100 1 
1 1 
1 

1 1 10-20 50 
1 1 
1 1 
1 1 

Flat oyster 4 170 1 288 1 2 300 1 4 000 1 

Table 7 

.Japanese oyster 95 165 107 779 105 000 1110 000 1 
1 1 

Ireland 60 35 1 1 
f1 at oyster 1 1 

1 1 
Ita1y 1 1 

If1at and Japanesel 1 000 1 3 000 1 
1 oyster 1 1 
1 1 1 
1 NetherTands 1 000 500 1 1 
1 ft at oyster 1 1 
1 1 1 
1 Norway 0 1 30 1 50 1 1 000 1 
1 Japanese oyster 1 1 1 1 
1 1 1 1 1 
1 Spain 1 700 1 2 350 1 3 000 1 4 000 1 
1 f1 at oyster 1 1 1 
1 1 1 1 
1 United Kingdom 1 1 1 
IFlat and Japanesel 800 1 800 1 800 1 200 
1 oyster 1 1 1 1 
1 1 1 1 1 
1 Yugos 1 avi a 1 1 30 1 40 1 100 
1 f1 at oyster 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 Total 1101 895 1113 312 1113 735 1123 430 
1 1 1 1 1 

The aquaculture production of oysters in tons of 
total weigllt and estimates of future production. 
Source Ackefors H., Murino A., Muller F., Querel
lou J., 1986 : Development of Aquaculture in Eu
rope, FAU, ERe 80/4 (38). 
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1 t i s i nterest i ng to Ilote tI",t tlle' pl'oduct i 011 or the Nethel' 1 allds i s 

increasing by 20 % of the total production ln relation with the 

subst i tut i 011 or sUPP 1 y i ng tll(' young l' 1 at oystel's bought in Ft'allce by a 

popu 1 at ion sett 1 ed 1 n the Nether 1 ands wh i ch 1 s not contam i Ilated by 

Martei 1 ia and Bonamia and which resists to low temperatures (Dikema, 

1984) (39). In a recent FAO paper on development 01' aquaculture in Europe 

(tab 1 e nit appeal's that for 1990 a stab i 1 i ty 01' oyster Pl'oduct i on for 

France and gl'OI"th for Italy, Spain, United Kingdom and a beginning of 

cu Iturc 1'01' DenIlKlI'k,. Fedcl'a l "epub 1 il' or Gcrmilny alld Yugos 1 ilV i a are 

expected. 

It is mainly in Frallce that oyster cultul'e plays a IClI'ge economical 

ro 1 e w i th a product i on of oysters of 100 000 tons and a turnover wh i ch 

is, at the breeding nearly 1 bi Il ion frillles ( 150 mi Il ions or US $). 

Th i s represents one fi Hh of the tata 1 French Va 1 ue of mar 1 ne 

product ions. The l'ont i nuous emp loyments for oyster cu 1 ture are about 

10 000 and mOI'e than 30 000 seasona 1 jobs élI'e created work i ng in 5 000 

i ndustri es (Dumont, 1984) (40). The number of permanent jobs represents 

one th i rd of the cmp 1 oyment 01' ri sher i es. Th i s act i v i ty i s conccntratcd 

in sorne bays 01' estual' i es play i ng a hi gh soc i al importance and 1 s very 

often the first aetivity of these places. The induced employments are not 

counted but they al'e many sa te Iii te jobs in pl ûst ici ndustt,y, Fûctor i es 

for crates, for boats, for too 1 s, FOI' spec i a 1 mach i nes and so on. The 

evo 1 ut i on of the Pl' i ces at the pl'oduct i on si nee 1970 i li cons tûnt r rancs 

1985 shows a diminution or stagnation or the pl'Ices ln relûtion with the 

i ngrowth of the product i on of cupped oyster, caused by the ail ocat i on of 

new ûl'eas 1'01' bl'ccd i n~l ilnd l'l'l'OI1VCI't i on or cul t i Vilt i on or t.he' l' 1 ilt oystcr 

i nto the Japanese oyster. 1 n a context of mass product i on 01' the cupped 

oyster there i s a concurency beh"een the ma i n bas i ns to produce at the 

100"cr pl' i cc by sc Iii I1g undl'I' the l'ost i ng Pl' i Cl' the F,'el1ch pl'oduet i 011 01' 

oyster could be in an overproduction, needing ta find new markets. 

C. I~ecl'u i tment and methods 01' cu 1 tUI'e 

TI,e supp 1 y i ng or the b"l'l'd i nqs or' oyst:el's cm, be ,,(',,1 i sed by tl\l'cC 

manners regulated fisheries 01' juveni Is on natural oyster beds, 

sett 1 ement of the Spilt on cu 1 teh, ['l'oduet i 011 of cu 1 h'h-I ('SS secd by 

hatche' .... i PS dllJ nlll~SCI' 1 ('s. 
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The contro lied prodllct i on of sP"!-· 01' oystE'rs 1 n expcr i ment" 1 

hatcher i es has been IVe 1 1 knOlvn si nce the "{,,,ks or LoosanoF and Dav i es 

(1963) (41) and Walne (1956) (42). The hntcheries of production have 

three main objectives: 

breed i ng spec 1 es "hen the techn i ques for the sett 1 ements 

produce cu 1 tch "hen the spec 1 es do not reproduce 1 n the 

area or repI'oduce on 1 y from t i me to t i me, 

- pratice genetic selection. 

1 n Elll'ope, as the "a bu'" 1 sett 1 ('lIIl,,,t i s abulldi",t as l'{lI' the cupped 

oyster and the l' 1 at oyster, the product i on of the hatcher i es rema i ns 

sma 1 1. Us i ng the data From Lucas 1985 (43), the 1 i st of the hatcher i es 

"h i ch Pl'oduce oystel's and "h i ch are st i Iii n act i v i ty canbe comp 1 eted by 

keeping only references For European countries. 

, , , , 
, name , "dd,'ess , level 01' PI'o<Juct i on , 
, , , , 
, , , , 
, SATMAH , La Sa 1 ive Gattev i Ile-phare , cOlllmerc i a 1 i sed , 
, , 50 760 BAHFLEUH (France) , 80 mi Il ion in 1983 , 
, , , , 
, HEPC , Le Varquez , commerc i a 1 i sed , 
, , 29 226 Carantec , 18 nt i Iii on in 1986 , 
, , , , 
, Aquantare , I~oute di eUe , commerc i a 1 i sed , 
, , 17590 A,'s en I<é (FI'iHIC(') , 1- S III i Iii "" , 
, , , , 
, Ti na Menol' , Pesues Cantabria (Spain) , commcr"c i a 1 i scd , 
, , 1 5 III i Iii on , 
, , , 
'Planta de culti-' Mue Ile dC' Pal'c i 1 l,,,, (>xp('r' i 1l1(~llb:ll , 

vos ma,"' 1 nos I~ i badeo 9" 1 ici a (Spa i Il ) , 
, 
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1 

Name Add,'ess 1 level of production 1 

1 1 

1 1 

IConwy laboratoryl Fisheries Experiment Station 1 experimental 1 

1 Bem>r'th Road 1 Walne (1979) 1 

1 1 Conwy, Caernarvonshire (U. K.) 1 1 

1 1 1 1 

1 Seasalter 1 Ltd. The Hal'boul' 1 commerc i a 1 i sed 1 

1 shell fish 1 wh i stab 1 e Kent 1 1 

1 1 1 1 

1 Boet-mor/sea 1 Cus-Hastrout)h Gladdat)hdufT 1 cOlllmerc i a 1 i sed 1 

1 food 1 Co Ga 1 way (I,'e 1 and) 1 1 

1 1 1 1 

Table 8 Ma i n hatcher i es Pl'oduc i ng Spilt l'rom Crassostrea 9 1 gas and 

Ostrea edul is in EUl'opean countries. 

These IhltcllC'l' i cs, 1 Il the rut.lII'p, l'oui dpi ily il 1 iWU" 1'01 C 1'01' 

production if researches on t)enetic selection are successful in obtaining 

new l'aces wh i ch pprl",ps wou 1 d bc w i tllOUt r(,pl'oduct i on (obtellt i on 01' 

tr i plo i ds fOI' examp 1 e) but Iv i th bettel' UI'owth. Actual 1 y the cu 1 tch-I ess 

oysters present techn i ca 1 advantages for bettel' grmvtfl, the dens i ty be i ng 

contro f 1 ed. But the hi ghel' Pl' i ce or th i s spat, ten t i III(' IIIOI'C thilll the 

natura 1 sett 1 ement, ail owed onl y a 1 at'ge deve 1 opme nt ma i n 1 y For countr i es 

where natura 1 l'ecru i tement di d not take place (U. K. , Spa in ... ) . 

Decas i ona 1 yin F,'ance wllC'n thet'c 1 s él 1 ilck or spat duc to ilbllOI'mil 1 

weather cond i tians, the hatcher i es (1 or 2-yeal' on 10) Cim part i ail y make 

up fol' thc defici,,"ce juvclli I(,s. 

1 Il the fie 1 d CI'ilssostr'ea 9 1 giJS 1 sind i frerent to the type 01' 

substrat., wh i ch co 1 kcts tlw Spilt. lh i s cxp 1 il i liS the 1 ill'q(' di Vl'I'S i ty or 

the cu 1 tches, the on 1 y requ i l'cment i S thilt the co 1 1 ectol's must be cl ean 

w ithout fou 1 i IIgs or muds, so thcy must be pl m:ed "t tllC' l' i ~Jht t i mc just 

before the sett 1 emcnt. Fol' cupped oystel's the 01 d use or stones i s 1 ess 

and less practised, the wood stakes and Fascines are obsolate. The 1 illled 

t i 1 es al'" used pé1l't i cul ill' 1 yin the A,'cil"h"n RilY Ail "'v i "9 '111 car 1 y 
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sera pp 1 ng of juven i 1 es. Seeds co 1 1 ect i ng techn i ques have been deve 1 oped 

over the years i nvo 1 v i ng di ITerent k i nds 01' co 1 1 ect i ng dev i ces : meta 1 i c 

bars, si ate oysters and sca Il ops she Il sare often used. The she Il sare 

e i ther pl aced in bags or strung Dt' 1 ron rods or w ires. For the 1 ast ten 

years piast i c co Il ectors have takcn the place or the trad i t i onna 1 

collectors specially with the tubes used ln packet of 7 (fig. 9). 

Scrapp i ng mach i nes have been opel'at i nH l'al' si nce three years for the 

tubes. On the contrary, the ped i ve 1 i gere of the fiat oyster seems more 

di ff i cu 1 t on the nature of the substract of the cul tch. So spat 

collectot's <1I'e usu,1I Iy ti Ics eoelf:ed \Vith" laY<'I' of 1 hile mixcd \Vith sand. 

n,e composition of the 1 ime is different for each bay and is described 

more precisely by Martei 1 ([979) (9). -'he mClin CldvantClSJe or using 1 imcd 

co 1 1 ectors i s that oystet's can be removed l'rom the co 1 1 ectors a f'ter 6 to 

10 months. In French Br i ttany a ne\V co 1 1 ector made of stuffed musse 1 

she Il spi aced in bags or 1 n tubu 1 al' nets \Vas near 1 y efT ici ent for 

cu 1 t i vat i on in open \Vat ers (Gr i ze 1 et al., 1979) (44) 'v i th a very 10\V 

cost price under 0.01 franc by unit in comparison of 0.06 francs by unit 

",ith ti les. Sampi ing strategy has being appl ied on nurnbers of collectors 

used in the ma i n bays ta est i mate the recru i tements and pred i ct the 

potent i a 1 p,'oduct i on ",h i ch can bc obt" i npd in the' ye'iH'S to come. In the 

Arcachon bay neal'Iy 5 bi Il ion young oysters seUle each yeClr ",hi le, an 

average of, 10 bill ion spat at'e pI'oduced ln the bay of Mell'cnncs-Ol eron, 

ail 0'" i ng the fUI'n i tllt'e of young cupped oysters For the ",ho 1 e French 

production. 

AFte'l' the sPe'd co 1 1 l'ct ion, oyst('I' cu 1 tUI'" i S cc"'I' i "d out 1 n t",o 

phases pregrOlv i ng and matur i ng phase. n, i s i two 1 ves a var i et y of 

techniques ",ith dlwation of each phase depending on the speed of the 

grolVth and on the cu 1 tura 1 part i cu 1 al' i t i es of each bay (Marte il, 1979) 

(9) The tlwee ma i n oystet' cu 1 hwe mct.hods uspd 1 n [Ul'OJ)(' ùl'e bottotn 

cul ture, l'ack cu 1 tUt'e and hang i ng l'ope cul tut'e. 

Rot-t.ullI clIlhll'(' is (,dl'I,jpd ouf- in inh.'I,t_idill ZO'H'S ilS \..;cll ilS in 

deep ,.,atel'. The gl'ound t s prepal'ed hal'dened, iF i t i s necessa!'y and the 

young oysters are SOl.,n on the gt'ound ùttùched or not ta the co 1 1 ectors. 

1 n the i ntet't i da 1 zones tu i sso 1 ùte thpm aga i nst cl'ùbs, piast i C ,-JI res 

",ith or ",ithout wooden planks forming a fence are placed a!'ound the beds. 

Th i s pt'egl'oh' 1 ng can 1 c-lst OIlC' or' th'L) yC'ilPS. Dttr' i 1\9 the IJlnhw i tlS:J P('t' i od ail 
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H,P ~IJI,L,GIINU IN6TALLATIONo 

On the Icft, seen From the bottom. On the 
right, se en in the obi ique. The installatio~s 
are bui It 'with wood poles joined together wlth 
iran tubes or with iran tables of 3 meters long. 

, The height above the sediment varies between 
0.5 and 1 m. 

Slate spear 

Scal lop shel 15 spear 

Oys:t"r sile 1 1 5 spcar 

Plastic tubes 

Slate pole 

Oysb>r-she 1 1 rwt 
pockets 

MAIN CHARACTERISTICS 

Average number of slate by spear : 12 
Maximum number of spcars by meter of 
jnstallation : 50 2 

M<.l,,<imum capting slwface : 22 ~ lm 
Real capting surface: 15.4 m /m 

MAIN CHARACTERISTICS 
Number of shel 15 by spear : 12 
Maximum number of spear by meter of 
installation: 100 2 
Maximum capting surface: 32 m lm 
Real capting surface: 21 m lm 

MAIN CHARACTERISTICS 
Average number of shel 15 by spear 60 
Max i mum number of spear by met~r of 
insb:d lation : 90 2 
Maximum capting surface: 62 III lm 
Real capting surface: 42 III lm 

MAIN CHARACTERISTICS 
N\Jll1b('r~ of tulws per~ pûckets : 7 
Max i murn nurnber~ of packets by 
n~ter of installation: 50 2 
Maximum capting surface: 31 2 lm 
Real capting surface: 21.7 III lm 

MA 1 N CIlAllACTEil 1 STI CS 
Mcasures of the pole in cm : 70x10x2 
Number of poles by meter of 
installation: 20 
Maximum cùpting surf.:lce .; actu.:l1 
capting surface ,: 3.44 m"'/m 

MAIN CIIARACTERISTICS 
Measures of the pockets : 100xSO 
Nunber or oysr,cl' sile Il 5 by 
rockets : ilbout 650 
Maximum number of pockets by meter 
of installation: 10 ? 

Maximum capting surface 55 m~/m 
Not i ce : 1 s never usC'd <11 one but one 
sin~Jlc lay(~t~ is laid upon other t)-p0S 
of co 1 1 ectops. 

Figure 9 Different types of col Icctors ln use in the bassin of Marennes-Oléron 

(from Serthomé et al., 1984). 
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the oysters are scrapped From the cu 1 tch, sorted by we i ght thcy are sown 

aga i n on matur i ng beds wh i ch can be pr'otected aga i nst the storms by fence 

of SOI" made lVith 1V00d sticks 5 m high in Arcachon. The mcan densities for 

the cupped oystel' IS 5 kg (total lVei~lht) on a square metcl' For the 

pregrow i ng and 7 kg (tota 1 we i ght) fot, the matur i ng phase. For the fiat 

oysters before the diseases Martei 1 (1979) (9) indicated densities of 0.5 

kg fol' the Fi l'st year l kH the second yCilI' und 3 to 5 kH thc th i rd und 

the fourth year. Dur i ng the gl'OIvth oysters are regu 1 at' 1 y hal'rOl"ed or 

tUl'ned over IV i th oystel'-fol+s. The avcl'aHe yi cid l'or cupped oysters 1 S 

est i mated so : 1 ton of spat w i 1 1 9 i ve 20 tons and rOI' l' 1 at oysters Iton 

of spat produces general Iy 12 to 15 tons after 3 years of cultivation. 

1 n deep water al on9 the coast of Br i tanny, at a depth rang 1 ng From 

- 3 to - la meters as in Ho Il and, the fiat oysters at'e sown al' ter a 

dredg i ng of the stones, pl'edatol's and compet i tOI'S. Bef(lI'e the diseuses 

the dens i ty was 0.5 kg for 1-year-o 1 d oysters, 0.7 to 0.9 kg on a squal'e 

motel' fol' tIVo-yem'-o 1 d oystcl's. NOl" tll(' d"ns i te i ('s ill'C ri v(' 1-. i III(' 1 css (1 

kg/m
2

) allOl"ing the optimal gl'OI"th to avoid the lal'ge mortal ity IVhich 

oecurs in the th i rd and fourth yeal', caused by BonillB id. Cupped oyster are 

also cultivated 1 n de cp \ .... ater· 1 pC1I't i cu 1 dl' 1 y 

the l'lat oyster, at a density 01' 

si nc" the dpCilY 01' the 

2 to 3 kg pcr 10
2

. Even if production of 

the morta 1 i ty can be high (storm, pl'edation) the rneùn yi el ds are upper 

pl' ice but with a than in the i ntert i déll oystcl' beds 

higher investment (dl'edging boat). 

IV i th a 100"el' cost 

The most common cu 1 tUl'e used at the present t i me al ong the French 

At 1 ant ici i ttora 1 i s the rack cu 1 tUI'e on tab 1 es. The tab 1 cs are gcnel'a 1 1 y 

iron-made 3 m long, 0.5 m è,bove the gl'ollnd. 1 n the i ntcrt i dal oystcl' beds 

the co 1 1 eetors are fi xed to rolV of tab 1 es at a hi gh dens i ty (50 to 100 

co 1 1 ectors on a mer.e,') (1' i ~J. 9). The yCèll' il rtct', they i1l'(' set ilS i de on 

the tables at a densn::y 01' 8-10 collectol's on a meter. Af'ter the 

scrapp' ng, the oyst(','s, il Ft"" bc i ng s()t'ted, a,'c put 1 n contil i nel's. The 

m long, 0.50 m 

lVide and 0.10 10 deep. The mesh slze depends on the size 01' the cultivated 

oysters. The IVe i ght pe,' ba~l i s 5 kg fot, 1'1 at oyste,'s and iln ilVC"ù~Je of la 
kg 1'0" cuppcd oyste,'s but "'1I'y i ng IV i th th" age of the oyste,' 5 kg pel' bag 

for the youngest and 18 kg for the 01 dest. The "0'" of tab 1 es are pl aced 

in pat'a 1 1 (' 1 on a 1 ('n~Jth 0 f JO to 100 m. To ilVO i d il t"" 1 iH'q<' d<~ns i ty 0 l' 
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oysters, the t,u 1 tured sur filep sholll d not 1", 11101'(' t:lliln 1/:l 0 l' th" total 

1 eased al'ea. One hectat'e shou 1 d not be supposed ho 1 d Illope tllan 6 ta 7 000 

ùysters pach,ts. 

ln the hanging Illethod the oysters are fixed on difFerent supports: 

ropes, nets, i ron bars or I,/Ooden bars. They are hung l'rom fi xed tab 1 es or 

l' 1 oat i Il\] l'arts. ri xpd i nstd 1 1 Clt ions al'e Illa i ni y used ln Med i terr",\e",\ 

1 agoons \Vhere there 1 s no t i de and qu i te a 1 arge depth (10 m). The 

Illeta Iii c tab 1 es at'e 50 Illetet's lon9 and 10 to 12 Illeters \V i d0. Each tab 1 e 

has about 50 \Vooden 01' Illeta Iii c bal's \Vb i ch cal'ry about 1 000 supports 

(Haillon and Tournier, 1981) (45). The colledors of Crassostrea glgas 

COin II\\] l't'olll the At 1 ant i c SPCl, tH'e di rpct 1 y hung under t!l{' tilb 1 e. One part 

of the oysters i s commerc i a 1 i sed after 12 to 18 months, the l'est may be 

stuck on \Vooden bat's loi i th qu i ck cement and \V i Il bp commel'c i a 1 i sed one 

year 1 ater 9 i v i ng 1 arge and fat oystel's. The aVet'élge yi el dis 5 ta 7 tons 

per table. The oysters can also be cultivated on floatîng raFts those are 

\Ve II-deve 1 oped 1'01' mussp 1 clIl t i vat. i on PilI't i cul ilI' 1 y i 1\ Spd i n (s,'c dlélpter 

on musse 1 s). 1 t i s the case in Ga 1 ici a \Vhel'e the "batea" can be used Fol' 

l' 1 at oyster product i on. 1 n COI'S i ca the same ra Hs are used for the 

cul t i vat i on 01' the J<lP<lIlPSP oystpt's. Some expct' i mental cu 1 tUI '('S of l' 1 at 

oysters in suspension are achieved in Brittany and on mediterl'anean coast 

in places \Vhet'e the disease ~1<Jt'tei 1 ia and Bonami" is not pl'<,sent. 

D. Methods of hal'vesting 

The hat'vest 1 n the i ntel't i da 1 al'ea 1 S done by hand. For the bottom 

cu It i vat i on they are fi shed \V i th oyster-fol'ks, put i nto baskets at the 

10\V t i de and \Vhen the t i de i s conll ng up loaded on fi at boats. The yi e 1 d 

i s not mOl'e than 1. 5 tons by man, by t i de. FOI' the pack cu 1 tut'e on 

tables, the' "i.lI"'VC'~t is not 1ll0chllllizpd" but tJ1P \'IIlH'k Is Cllsl('l~ llnd 

l'aster, it cônsists in detaching the pockets fl'om the table and load them 

on fiat boats. The yi e 1 dis vel'y dcpendent on the si ze 01' the oyster 

bcds. li\(' ilV('I'il~l" yi,' 1 d C<ln bl' ('st i mclh,d to 200 pockcts by day by t i de 

\Vh i ch repl'esents Ileal' 1 y 3 tons. 

ln the subt i déll ilI't'LlS th" oystPI's dt'e dl'edged \V i th spt'c i a 1 boats 

(see Mal'tei l, 1979) (9). The yield is very hioh 10 tons by one houl' but 

the d" i 1 y yi" 1 dis Ilot 11101'" tlrclll 15 tOIlS i Il 1'(' 1 dt i 011 '" i tir tl", "cct'SS t i Ille 
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and the llIlll odd i nH t i me. Art.c/' the "'1I'v,'sl: oystC'l's dl"'· wLls-hed w i th 

mach i nes and sOl'ted by we i ght catcHol'y, by hand 01' mech"", i ca 1 1 y. AI'tel' , 

01' the oystel's wi Il be pt'cpéll'ed rot, the m'lI'ked, 01' the cu 1 t i vat ion wi Il 

be fini shed by a phase of fattening. Fattening is developped pal'ticulal'Iy 

1 n the bay of Mal'ennes-O 1 el'on in 01 d sa 1 t-mal'ches ,,,h i ch have been fit up 

SI nce the sevente.enth cenhwy in oystel's pounds ca Il ed "c 1 a i l'es" . 1 n 

these eal'th ponds which have low deepth 0.40 m, the sea watel' cames in by 

gl'av i ty dul' i ng the hi gh t i de but on 1 y dul' i ng the SpI' i ng t i de pel' i ad. 1 n 

these "c 1 a i l'CS" thC'l'e i s a hi 9h 1 C've 1 or phytop l ,,,,ctOIl f)f'oduct i v i ty in 

relation with the inputs of high level of nutrients 01' the estual'ine 

watel's and w i th a low 1 cve 1 of hwb i d i ty. Rutto ohta i Il r"ttell i nH, the 
2 dens it i es 01' oystel's must be undel' 10 oysters/m wh i ch repl'esent a 

biomass of 0.8 to 1 kg/m2. As there is no change of water during the neap 

t i de (10 days) the b 1 oom of phytop 1 ancton i s very qu i ck 1 y HI'azcd, if 

there is a too high biomass of molluscan. At a density of 20 oysters/m2 

there was no more fatten i ng and a dect'case i ndeed of the wc i ght of the 

Flesh (Zanctte, 1981) (46). 

ln this Clllir'C's il blo()lIlin~l or i.lll phytoplw\ctof\ ill~Jll(, Nnvicula 

ostrea/' i a OCCUI'S. At the deat.h 01' the ce Il, the gl'een pigment di fTused in 

the watel' (Robert, 1983) (47) and ",as absol'bed by the gi Il s of the 

oystel', g i v i ng them a spec i a 1 ddl'k-gl'eell co lour wh i ch i s we 1 1 de 1 i cated. 

The reason ",hy th i s mi CI'O al gae ",as b 1 oom i ng in th i s pound seemed to be 

in relation with the use by N'Nicula ostl'eal'ia as nitro~lC'n sout'ce, of the 

ol'gallic nitrogell exœeted by the oystel's (Robel't et al., 1982) (48). 

E. Uses and pl'ocess IlIg 

ln EUI'opean countr i es, oystel's al'E' so 1 d fl'E'sh w i th tllE' i r she Il s. They 

al'e very ort.C'1I C"tt'II 1'01" IVil·h the IIl'cessity or rast suppl ics ",ith Cl high 

level of quai ity pal,ticulal'Iy about the baderial quai ity. Some cooked 

l'eceipts al'E' used in applE' r/'ittcl' 01' stufTcd oystel' but it is ('xeption 

ma i ni y ln restaurants and th i s does not g 1 ve poss i b i 1 i tics to 

transfol'mation industries to sllt'vive despite numerous tl'ials. Neal'Iy hall' 

of the p/'oduct ion i s so 1 d dUI' i 1I~1 th" cf1l' i Sbl"'S ho 1 1 i d"ys alld rOI' the 

feast at the beg i nn i nH of the yeal'. Th i s constl'a i nt have to use 

mechan i sed Sb'llChu'<> to pl'C'p'1I'C the nystC'/' CI'<l rts, i Il Hl{' 1 Clt'~J"st ri rms, 

da i 1 y mOl'e thL1I1 2 000 cl'arts '11'<' PI'l'P'lI'l'l1. 
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F. Consb'a i nts 

Diseascs, pilPûsit('s 

Cr'üssostpea iJl\HU 1 ata 

From 1966 to 1969, the portuguese oysters were domaged by the "gi Il 

desease". The 1 oca Iles i ons have been fi l'st attr i buted ta a prat i st 

(Franc et Arvy, 1970) (49) The reseat'ch on vIrus For the Molluscan 

bivalves were very recent its only in 1972 that Farley et al. (1972) (50) 

found for the fi rst t i me a v i l'US in Crassostrea vi rg in Îca AI so Comps et 

Duthoit (1976) (51) isolated vil'al pal,ticles in gi Il lesions. lhis cyto

plasmic viral infestion caused a mortal ity of nearly 40 % of the 

POI'tLIDul'se oystcl' in FI'dlll'l'. l he descl' i pt i on or th i s v i t'us pl'I'III i tt'd to 

classify it in the group of Iridovil'us. 

FOI' the second desease wh i ch aFFected the cupped oyster r,'om 1970 to 

1973, destroying the culture of portuguese oyster in Portugal, Spain, 

France and Great Britain, Comps et al. (1976) (52) demonstratl'd it Was 

due ta an another 1 r i dov i rus 

infections. 

. Crassosb'ea D' gas 

caUs 1 ng an v i ra 1 hemocyt i c 

This introduced specles resisted to the two iridovirus which destroyed 

the portuguese oyster, giving the demonstration of the specificity of the 

agent on the host. Meamvh i 1 e, dur i ng SOIlIt' SUII.ner morta 1 i t i es in J 977 in 

the Arcachon Bay, the sarne v i rus that those of the angu 1 ata oyster have 

been deterrnined on the japanese oyster (Comps et Bonami, J977) (53), 

wh i ch shOlved that the l'es i stallee or Di DelS oystl'I' to i t' i dov i rus t'l'ma i ns 

perfectible. 

The contamination by Myti 1 icola OI'icntal is 01' Cl'assosb'l'a glgas IS 

recent. His (1977) (54) i nd i cated that th i s copc-pod Was ~wc-sellt in the 

digestivl' h'ae!: 01'10 tu 40 % ,,1' t:lll' oysh'l's VdI'ylllD wiLh th" S"dSOIl. It 

can prol iferate in the instestine up to 40 individuals bui Iding an 

i ntest i na 1 occ 1 us i on and d()lIIa~l i ng ce Il LI 1 ar Wa 1 1 or the digest i ve tube 

(His et al., 1978) (55). In the same way ll"sloLls-Paol i (J981) (56) showed 

that an infections 01' more than three femal" causcd an si\jniFicant t'educ

tion of t_ile COI1C(,llb'i:ltioll in Ulyco~lt'1l i..lIHJ t'otal ci..lI'hohydl'dh-'s or thp 

total flesh. 



- 28 -

. Ostrea edu 1 i s 

Tho 01 dest Pp i zoot i e wh i ch a rrpct"d the Il at oystcr 1 n France, 

Nether 1 ands, Eng 1 and, Ire 1 and occured From 1920 to 1927. None infect i ous 

agent have been described but Orton (1924) (57) related abnormals 

cellular figur0s which bl'ought G,'iwl (1985) (58) to think it was due to 

an i nt race 1 lular parasite. 

The largest IIllll'tal ities wich disol'ganize the production 01' the fiat 

oyster in Europe began in 1968 in French Britanny. The desease spread 

progressively to different farming areas from 1973 to 1975 on the French 

Atlantic coast (Grizel et al., 1976) (59) except in the open sea water 

and after, l,f ith transportat i on of paras i ted French fi at oysters in Spa i n 

and Nether 1 ands. Mal'te i 1 i a re rI' i IIgens, 1 s a protozoan cons i dered to be 

re 1 ated to the Paramyxea and not to the Hap 1 ospar i dia (Despartes and 

Nashed, 1983) (60). This parasite and its cycle had been First deseribe 

by Combs (1972) (61). and confirmed by Grizel et al. (1974) (62) and 

Perkins (1976) (63). It is developping in digestive epithel ium with an 

annua 1 cyc 1 e. The i nfestat i on pel' i ad oF the oyster oecured 1 n sUtl"ner 

time, when the temperature of water is above 17°C, but the developtnent 

cyc 1 e of the paras i te oecurs l,fhen the tC'lIlperatuo'e i s above 12°C (f i g. 10) 

(Grizel, 1985) (58). Franc (1980) (64) showed that the cycle 01' the 

paras i te cou 1 d have a sexua 1 phase. The pathogen i c act i on of Mal'te i 1 i a 

cou 1 d be due to the desaggl'egat i on of ep i the 1 i a 1 ce Il s 01' the digest i ve 

diverticulum. 

" 
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Evo 1 ut i on of the occUI'ence of Marte i 1 i a refr i nSJl'ns 1 n Ostrea 

edu 1 i sin pe 1 at i on l,f i th the telllperatul'e of the l,fater. (From 

Grizel, 1985) (58). 



- 29 -

Th i s pat'as i te have been found on the Med i tet't'anean coast on Ostt'ea 

edu 1 i sin the 1 agoon of Thau and i n M,,,,oeo (Na dot' ) , pt'esent a 1 so on 

Ct'assostt'ea gigas but only at young stages (Cahout', 1979) (65) on Myti lus 

edul is and Myti lus gallopt'ovincial is whet'e it can have a cOlllplete cycle 

(Tige et Habouin, 1976) (66) M'lI'tei 1 ia ""rl'iI9""S is not associated whith 

mot'tal ities fat' these species. 

When the desease of Mal'te i 1 i a begall to ckcl'ease, new abnot'IIIa 1 IIIot'ta 1 i

t i es affected fiat oystet's in 1979 duc to a new pt'otozoa i r, pat'as i te of 

b 1 ood ce Ils Bonalll i a ostreae (COlllpS et al., 1980, (67) Pi chot et al., 

1980) (68). 

1 t seellled to be the Sdlll" pdl'dS i tes orÜ'n eO Il ed "III i CI 'OC" 1 1" di Sl'ase 1 n 

relation I-lith the size of the cells (2-3 u). The cycle 01' infestation IS 

not yet el uc i dated. Contt'ary to the Marte i 1 i a, i nfestat ion can occut' 

dur i ng the I-Iho 1 e yeal'. 

Th i s helllocytopathogen i c pat'as i tl' i nduced 9 i Ils u 1 cc'ral: i 011 W i th 

perforations, indentations and hurts of the conjonctive tissue. This 

severe infection spred away in the different centers of North and South 

Brittany ln France (GI'izel alld Tigé, 1982) (69). As a result 01' 

con~nerc i a 1 transport act i vit i es, th i s di sease touched the who 1 e fiat 

oyster cu 1 turc al'eas in EUI'ope. 1 t i s pl'esent in llilIlC'IIKlI'k, N"!:I,,,t, 1 ands, 

(Von Bann i ng, 1982) (70), Eng 1 and and Il''' 1 and but al so in Spil i n (Po 1 allCo 

et al., 1984) (7 J ). On 1 y the ri at oystel'S of tl", Mc,d i tcrrallC"lIl coast arc 

not contalll i nated, but if they al'e tr'allspol'tcd ,to the At 1 allt: i c coast they 

don't resist to the Bonarnia. Every-whet'c it is pl'esent it causes hcavy 

mort a 1 i t i es of Ostrca edu 1 i s . 

As the spat IS very 1 ittle contarninated by Bonarnia and as the level oF 

contaminations is f'ullctioll of t-11(' ll~}('1 111 RI'Îtt:ùtly ilS III Nptht't'liJIH.ls 

cu It i vat i on i s poss i b 1 e at 101-1 dcns i ty in open I,aters, wi th fast gl'owth 

(20t' 3 yeal's) artel' an el'adication or ail the old oystc'I'S 1""ls. Ikspitc 

thcsc act i OIlS, Voll Bailli i "9 (J yS()) (72) pl't'C i s"d thilt BOlli1l11 i" osb'",l<' hilS 

the ab i 1 i ty ta sur v i ve in vel'y 101, dens i ty oystel' stocks. 

The 1 CSSOII I,h i ch can be l'cta i lied w i th the severe deseases I,h i ch appear 

during the last 20 years on oystcr culture in European countr'les and 

IIIainly in FI'anee IS that it is nt'Cessill'y to 1 imit th" tr'allspol't or 1 iving 
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popu 1 at i on part i cu 1 ar 1 y of ma Il uscan beh,een the di fferent countr i cs and 

in the same country beh,een the di ITerent bays. When, for econom i ca 1 

reasons (Iack of spat, importation 01' new rm,es, with bettel' ~JI'owth and 

res i stan to desease) an i tnpoI,tat i 011 must be dOlle, the ri sk to spread i nf) 

di seases and pal'as i tes i s very hi gh. Fol' these reasons internat i ona 1 

ol'gan i sat i ons have done sorne l'ecollllnendat ions that nat i ona 1 l'''Hu lat ions 

have to applain (Ackel'ot's, 1(86) (73). Fol' example ICES 1'l'COllllnand that 

after hav i ng been subm i tted to an eva 1 uat i on of the counc i 1 an 

i ntroduct i on needs ma i n 1 y to keep the bl'ood stock in a cl osed system or 

qual'ant i ne w i th stel' i 1 i zed e Ff 1 uents. 1 ts on 1 y the progcny (F 1 or F2) 

wh i ch can be i ntl'oduced 1 n the natura 1 water. The 1 CES counc i 1 

reCOlllfllCfH.:Jed al 80 pr'ocedur'es for' CUI"'c"t COIllIllt't'c i il 1 w i th 

quarant i ne bound to dis infect ion to conf i rm f't'eedom J','om pcsts and 

diseascs. 

Pl'edators, compctitors 

The pl'edatol's al'e not vel'y numcl'ous the ma 1 n act i ve can be the green 

cr ab Cal'c i nus maenas wh i ch eat a 1 al'ge quant i ty of younH spat on the 

collectol's. The bi,'ch can be sOI'ious pl'edations as ducks 1'01' mussels in 

Wadden sea, but fol' oysters the popu 1 at i ons of "hu i tr i cr pies" oystel's 

pius arc not in 1 arge expans i on. Sorne ten years ago, oystel' men protectcd 

the oystel's sm,n on the buttom by ercct i ng pi ('ce of i l'on to avo i d to 

1 arge fiat fi shes (teyre) to eat the oysters but th i s fi shes became 

actually vel'y rm'e. In opcn s('ù, the dl'nsity of sea-stal's ùt'e controlled 

by dredg i ng to avo i d the Pl'edat ion. 

Compet i tors 1'01' mo 1 1 Uscan can be vel'y numcwous pal,t i cu 1 al' 1 y if wc 

speak about thc trophic competition, thought large populations of 

cocklcs, clams, rlltlsspls, C{1I1Sllll1t1ling t_11P sml1~ tYPl' or f'()tHI (~()ul({ {Jet: 011 

the gl'owth of the oystel's. The i nvas i on of C,'ep i du 1 a forll i cata i mported 

in EUl'ope From United States with the boats during the last second world 

wal' i s the mol'e mot i \'e b'oph i c compet i tOI'. EVCIl il' thc l'tll"'!Jet i C bud!Jet 

of th i s spec i es (Des lous-Pao 1 i and al., 1985 (74) , Des lous-Pao 1 i and 

Heral, 1986 (75» shOl,cd tlklt this sp<,ci('s COIlSUIllmcd 4 titn(' less HWIl the 

Japanese oystcl', the vCl'y hi ght cllcolltcI'cd biomasses ob 1 i!Je the oyster 

men to dredge and to desb'oy them. 
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The competition for space particularly on the collectors for the 

cu 1 t i vated popu 1 at i ons and on the rocks for the natura 1 oyster beds i s 

ma i n 1 y between ci rI' i peds and oystcrs post-I at'vae dUI' i n~l tl", month b"rol'e 

and al' ter the sett 1 ement. Dur i ng the othe,' stages of the cu 1 ture i t 's 

more musse 1 s and aga i n C,'ep i du 1 a wh i ch a"e fi xed on the she Ils of the 

oystct's. Somet i mes they a,'" i veel ta covc'" them fOl'c i n9 the oys ter-men ta 
cl ean the oyste"s and the b"cNi i n8 sb'uetu,'e. Fou 1 i n8 i s very abundant on 

the Meel i terrancan coast, w i th the cu 1 tura 1 suspens i on techn i ques. The 

ma i n act i vc spec i es of th i s fou 1 i ng at'e the Ase i di an w i th vet'y aet i vos 

metabol ism (Fiala Medioni, 1974) (76). They at'e competitors both for the 

place on the substrate and about the nutr i t i ana 1 po i nt of vi ew. The on 1 y 

rcmedy wh i ch i s used i s ta put the breed i ng oyster stt'uetureout of the 

water ta 1 et them dry ta kil 1 them severa 1 days. The eonstra i nts exerced 

by preelators and compet i tors Clt'e qu i te Ive 1 1 mastered by the oysters men 

and at'e not a 1 i mit to the deve 1 opment oF the cu 1 tut'e as the di seases or 

pollution can be. 

Po Il ut i on 

The sedenta,'y charaete,' of b i va 1 ves make thl'm very sens i t i ve to 

natura 1 or i ndueed di sturbances of the env i ronment. The i r fil ter l'el' der 

chat'acter i st i cs make she Il fi sh very vu 1 nerab 1 e to bClctC'" i 0 log i ca 1 and 

chem i ca 1 po Il ut i on. As oyste,'s a,'e cu 1 t i vated on . the coast and 

part i cu 1 ar 1 y near estuar i es, they al'e sens i t i ve to the mod i l' i cat i on of 

the ecosystcms by po Il ut i on. The <t"l'as of cul h,,'e m'e tche match", 01' 

confl iets bebveen the di fferent uses 01' water. The conFI iets for the use 

and the quai ity of the inputs 01' fr'l'sh water ",i Il be pC','IIé'ps the main 

p,'ob 1 ClOS in the futu,'e, in Eu,'opean countr i es, fol' the ma i nta i Il i ng of the 

troph ici eve 1 of the cu 1 t i vated bays as the quant i ty and the qua 1 i ty of 

the estua,' i ne "'<th'r al'c chanD i n9 in l'e 1 at ion '" i th the use or rt'rt i 1 i z i n9 

and the deve lopment of i rr i gat i on. On the sea-shore, the con l' 1 i cts for 

space bebveen development oF tourism and oyster culture 's certain, 

tout' i sm bl' i n8s al so di l'ect 1 y p,'ob k,"s 0 r po 1 lut ions (bach'" i Cl 1 qua 1 i ty 0 l' 

the \Vatel', pt'oducts used by pl easure c"a Ft, and so on). Thus ant i foui i pg 

pa i nts used on the Scl i 1 i n9 b'hltS 1'0" d"sb'oy i nn H", roui i n~J spec i es ",h i ch 

gr 0'" on the bottom cal'een, "'e"e bui Id ",ith copper oxyde, al'senic, mercury 

salts. Since the last ten yeal's the Tributyltin (TBT) \Vas used. His and 

I~obel't (1980) (7n, I~(lb""t Clnd Il i s (1981) (78) showed that the tox ici ty 
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of the pa i nts was hi ght part i cu 1 ar 1 y for the 1 arvae deve lopement 0 F the 

Japan oyster. AI so th i s product at very low 1 eve 1 stopped the growth of 

certa i n spec i es of phytop 1 ancton (Chaetoceros ca 1 c i trans, 1 sochrys i s 

galbana) which can be used by oystet' lat'vae food (His and Robert, 1981). 

(79) During the years 1977 to 1981 no settlement occured in the bay of 

Arcachon in re 1 at i on w i th the deve 1 opme nt of the pl easure crafts. When 

the use or 18T have bl'l'n t'egulate (1982) it induccJ again Idgh I(wcl 01' 

spat cu 1 teh. More i t have been sho,,,n that th i s product cause a 

ma 1 fot'mat i on of the she 1 1 of the japanese oyster mod i l'y i ng ca 1 cil' i cat i on 

indue i ng gt'OI"th in th i ckeness and i nh i bit i ons of the grOl"th of the she Il 

in lenght (Alzieu et al., 1981 (80) ; Héra 1 et al., 1981 (81) ; Alzieu 

and Héra l , 1983 (82) Wa 1 dock et Miller, 1983 (83) ) ( fig. 11) . 

Subsequent 1 y the use of th i s type of pa i nt was proh i b i ted on boat 1 ess 

than 25 meters 1 n 1982, t n France and some years aFter 1 n Eng 1 and, 

Get'many. .. SA th i s examp 1 e shows that a product used for a concurrent 

act i vi ty can cause a severe di sturbance of the pt'oduct i on of oyster by 

act i n9 on the 1 at'vap., 011 i t.s Food and 011 Hie gpowt.h or th" she 1 1 (flct'a 1 

et al., 1987) (84). 

Fi gut'e 11 Tt'ansvl't'Sl' sect i 011 or the uppet' sl\l'II or Ct'Llssosb'ca 9 1 gLis 

shOl" i ng abnorma 1 grOlvth 1 n th i cken i ng '" i th i nh i bit i on 1 n 

1 ength causes by T8T (l't'olll AI z i PU Clnd Il,,ra l, l ')8:l) (82). 

Another ma t n po 1 1 ut i on ",h i ch cost qu i te a lot of mon"y fot, the fiat 

oystcw culhll'e in Bt'ittallY "'C18 t:l\l' st:I'CllldiIl9 or tallket' lï lied ,,,ith oi 1 

near bays ",here cu 1 t i vat i on 01' fiat oystcrs ",et'e the ma i n act i v i ty. The 

dcsb'uct i 011 01' the oystet'8 011 th" bOa01i1 hy HI(' a~,~, 1 Ollll't'Cl/-(' 0 i l "'''t''' duc 

to the agglut i nat i ve e!Tect 01' the b'l'atemcllts. The rellla i n i "9 oF the 

oysters cou 1 d not be sol d become they have absorbcd di rect 1 y the 

dissol"ed hydl'oc<lI'holl Hi\'ill~) i1l1 hOITi"'" tClSt<' h, th" oysh'I's, illlti could 
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not bccn caton for human consumpt i on bccû\JSC () r tho tox i ccl' l'cct 0 f theso 

conl'ounds. An oconom i c approach 01' the cva 1 uat i on or the consequences of 

the Amoco Cadiz stranding (Bounicux et al, 1980) (85) for oysters 

cultul'es has been estimated in 1y80 to 114 mi Il ions 01' l'I'ancs. It is 

important but lal'gely less than the two deseases (Martei 1 ia and Bonamia) 

wh i ch causes a loss of 1,6 b i Iii ons of francs 1 n turnover and 1,3 

bi Il ions 01' francs of added value (Meuriot and GI'izel, 1985) (86). 

OtlWI' constra i nts 

For these euryhal ine specles the freshets are note a large constraints 

on 1 y from the mal,ket po i nt of vi e'v ",hcre i t can be Pl'ejud ici al, the tastc 

of the oysters chang i ng \V i th the fresh \Vatel', caus i ng a decrease 1 n 

ro 1 es. The 1 uck of seed unt i 1 no\V has not been a prob 1 elw for the oysters. 

wllen thel'e i s no po 1 1 ut i on the l'cCt'U i bnent rema i ns hi gh. liera 1 et al. 

(1986) (87) sho\Ved that for the Portuguese oyster only two years have 

boen w i thout sett 1 emont dUI' i ng the 1 ast centul'Y. But for Japanesc oyster, 

3 years without high settlcment occul'cd during the last l'ô l'teen years. It 

seemed to be duc ta the hi gher tempel'ature requ i rcments of these oysters 

and the nceds 01' t.l'IIIPl'I'"bn·l' "bov" lR o c rOI' th" lill'V"" l'volut ion. 1 r 

cl imate conditions remains cold, European countries could find hatcheries 

usefull to pail iate to the dcficiency of the natural settlement. 

A ne\V constra i nt i s deve 1 op i ng for European countr i es SI nce the 1 ast 

ten years ln relation with estival phytoplankton bloolIIs producing 

tox i nes. Para 1 yt i c She 1 1 fi sh Po i son i ng (PSI') 1 S assoc i ated ma i n 1 y \V i th 

the spec i cs Gonyau 1 ax tamal'C'.ns i s or C'.xcavata. 1 t has b""n descl' i bed in 

Un i tcd Ki ngdom (H"l 1 i giln, 1 y87) (88), NOI'\vilY (Tilng,'n, 1 YR7) O\Y), Spa i n 

(Fraga et al., 1987) (90) and Portugal (Moi la et al., 1987) (91). 

Di arrhet i c Sh" 1 1 Fi sh Po i soll i Il~l (nsl') i s III 1'(' 1 al: i on '" i t- h Di Ilophys i s 

acum i nata and uncol,ta i nt y w i th sOlIIe other spcc i es 01' Di nophys i s or of 

Prorocenb'um (Parker, 1987) (92). DSP is present ln France (Lassus et 

al., 1987) (93), ill Ndhl'I'iands (Kat:, Jl)87)(l)4), If' It·('I'lIld (DUIlIl" ct 

al., 1987)(95) and in Spain (Fraga, 1987)(96). Oysters are largely less 

sens i t i ve to the tox i nes than musso 1 sand cl alIIs. FOI' these rcasons 

Illon i tor i ng based on musse 1 \Vatch 1 s 1'01 lo",,,d ln scvel'a 1 countr i es. 

Exam i nat i on of thc phytop 1 ankton spec 1 cs in the digest i vc tra i t and 

diffcpent bio,-lSSll)'S \vit-h injl'l't-ioll or Hl(' hl,jlH'S ('-,<h'llil" to "i.1I-,5 01' rnicp 
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are practised. In some countries it IS joinpd with a phytoplankton sur vey 

(France, Netherlands). 

Phenomenous without toxic activity for human consumption 01' molluscan 

have occurred on Med i terranean coast caus i ng hi gh morta 1 i ty in the 

cultures 01' mol luscan due to anoxy environment. This happened in the Thau 

1 agoon in 1975 and 1986, in conjonet i on w i th sevel'a 1 phNloIIK'.nous such as 

hi gh temperature, no w i nd, strat i fi cat i on of the water and hi gh dens ity 

of OI'gan i c lIIattel', caus i tlg dysh'oph i c cr i SPS \vi th red l'iatl'r. A bacter i a 

b 1 oom of photosynthet i c su 1 f i dc ox i d i z i tlg produced the hydl'ogen su 1 f i de 

in anaerob i os i s (Caumette and Ba 1 eux, 1980)( 97) . 

1 n the European countr i es the techn i ca 1 prob 1 ems do not pl'esent a ma 1 n 

constraints as lack of faci 1 ities, transportation too far from the 

markets, they are lIIore ecollomical pt'oblems boulld ta the demand and ta the 

cost. 

G. Managemellt 

1 n Fi'allce the pel'm i ts to ikll'vcst al'p 9 i v i Ilg by t:he pub 1 i e authol' i ty 

that leases the cultures groutlds in the coastal areas to the farmers. The 

1 ease i s for an dUl'at i on Val' i ab 1 c l'i i th the di ffC'rellts eountr i es. 1 n 

France i t 1 S for a pel' i ad of th i rty years. The coneess 1 on 1 s 

transmess i b 1 e to the same falll i 1 i a 1 entel'pl' i se. The year 1 y cost i s about 

200 French Francs pcr hectal'c. The lal'is l'ot' exploitation 01' the grounds 

are fixed by the state for the type of culture, the nature of the 

i nsta 1 1 at i on, in sOllle bays, the dens i t i es are Fi xed and the ca 1 endar of 

the exp loi tat i on dut, i ng the ycat'. The state and the 1 oca 1 agcne 1 cs 

enterta i n the bays by fund i ng the dredg i ng (mud, sand or pal'as i tes). Each 

oystet" ra'''IIIC'r' is t~e.spol1sible or the' ellh,,.t-o::lin or his (H .... 11 ~JI·dl\f:S. 

The organisation 01' the sanitol'y and quai ity cont.rol IS very 

di ffel'cnts and not yet un i l'cd bcbvecn the di ITpl'cnt oUl'oppem countt' i es. 

San itat'y contro 1 of mo Il Uscan in France i s bascd on the assumpt i on that 

it is lIIore effective to pl'ovent contalllination of the cmlst thi'ltl to tt'y to 

rellledy i ts e ITect. In fl'c1tlee i t i s the l'eason l'ihy the cmphas i SIS pl aced 

on mon i tOI' i ng the l'iater qua 1 i ty in cul t i vated zones. The coast 1 i ne 1 s 

cl ass i fi pd i Ilto san i tùpy <-"1l1d llllSi.ln i h:ll~y sccf-OI"'S bt".lsc.'d 01\ c," i f:l'r' i il of 
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number 01' feca' co, i form in the oysters musse' s or c' ams (f i g. 12). 1 n 

case where an area i s cl ass i fi ed as umsan i tary, harvest i sin genera 1 

forbiddcn. It Ilkly be ,,"owed in <'<,l'hlin c",,<,s, but th" molluse"n 

product i on must be re 1 ayed in cl ean \vaters for at 1 east one month or 

depurated by ch 1 or i ne or ozone. In case \vhol'e the water are of good 

bacterial quai ity before to be sold the cultivated molluscan Illust stay 

for 2-3 days before sh i pillent in a "degorgeo i r" . 1 t i sai arge 

insubmersible tank 50-100m2 or larger where oysters or mussels stay in 

clean control led sea water for self depuration (Coeurdacier, 1986) (98). 
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Figure 12 Critol"ia for classifying a cultul'o site as sanitary l'rom U.S. 

Food and DI'ug Ad",inisb'ation and Sanitary conb"ol oF shol'

fish in France. 



- 30 -

1 n Ho 1 1 and and Engl and the san i tary regu 1 at i on are based on the same 

recommendat ions than in France. At the contrary in Spa i n and 1 ta 1 y ail 

the product i on of she Il fi sh 1110 Ill/scan i s tl'eated in dcpurat i on stat ions 

where water is desinFected with chlorillc or ozone. The shel IFish can stay 

bebveell 1 and 4 days in tll(' dl'PlIl'at ion systelll in rc 1 at i 011 W i th the 1 eve 1 

of the contam i nat i on. The european eountl' ks 1'0 Il OIvcd the recollllllendat ions 

of the 1 ntel'nat i ona 1 Code of Prad i ce for Mo Il uscan She Il fi sh pub 1 i shed 

in 1983 by FAO/OMS (99) for Env i rOlUlIenta 1 hyg i cne 1 n grow 1 ng al'eas, 

hygi en i c harvest i ng and transportat i on procedures. These hyg i en i C 

regulation were based only on the bacterial quai ity. The sanitary laws of 

each country are evo 1 u i ng ql/ i ck 1 y tak i ng i nto account the qua 1 i ty of the 

waters: dinoflagellate and theil' toxins, level of chelllicai pollutants in 

the water hydl'ocarbon, organ i c-ha 1 ogenous substances, heavy meta 1 s, 

FollOlvinu t.he EEC illsh'lIct.iolls on Ul(' qu<, 1 it.y of IIIollusc"n sile 1 1 fïsll 

waters. As for the watel', the di Fferents countl' i cs be long i ng to the 

European COnllllUn i ty, wou 1 d have to un i ry t.he i l' strateg i es l'or the san i t"ry 

quai ity 01' the p,'oducts beFore 1992, data 01' the l'l'ce cil'eulation 01' the 

pl'oducts between the different countries 01' EEC. 

1 Il. I~ESEAI~CH AND DEVELOPMENT 

A. Biologieal and techniques 

The success 01' Fi 1 tel' i Il~l 11101 1 usc cul tlwe 1 s due to 

the possibi 1 ity 01' settlelllent of natural spat, 

the use or a natUl'a 1 phytop l ,,"eton i c free Food, 

the large adaptation 01' sedelltary species to the variation of the 

envirotllllcnt, 

an old knOlvledge of the cultivation techniques. 

But in sp i te of these Opplll'tun i t i es éllld eCOIlOIII i ca 1 success, she Il ri sh 

mo 1 1 uscan cu 1 ture revea 1 s prob 1 ellls as to rema i n to the sallie 1 eve 1 of 

product i v i ty fol' the countr i es whel'e the cu 1 tUl'es have reached a hi gh 

level 01' pl'oductioll <",d ùS to "",,"'op the putclltiùl ities of culf:ul'e fol' 

the other countr i es. Sc i ent i fic research can l'eso 1 ve some of these 

p,'ob 1 ellls pal't i cu 1 al' 1 y about : 

- new tech" i ques of cu 1 tl/I'e spec i ail yin open sea, 

- pl'C've"tioll ùnd lk'h'I'lIIirhJt.ion or l'pizoot:ic disl~i..ls(,s, 

- determ i nat i on 01' the cal'ry i ng capac ity of env i rOlunent for .cu It i-

vat i on or ma 1 1 uscallS 

- de~lPi.:ldé1t i 011 or the qlh.,1 i ty of' the cul t i vated \"ûtcr's, 
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pred i ct i on 01' di noF! age 1 1 ate b 1 oOlns 

se 1 ect i on of spcc i cs, by the gt'Il<+ i (' too 1 s Iv i t,h res i st,ill""', to 

deseasc Or' bcttct, per-fopmancp or ~)f"'o\ .... th. 

- Techniques of culture 

For the deve 1 opme nt of musse 1 and oyster cu Iture 1 n open sea w i th 

roughly conditions of sea, theorical t'eseat'ch are made by French 

phys ici ans and spec i a 1 i sts of rcs i stilncl' a l' mater i ais ta fi nd the bettet' 

subsurface lon9-1 ines which can resist ta the storms (fig. 13). 

FIGURE 1 FIGURE 3 

FIGURE 2 

Figut'e 13 

FILIÈRE DE SURFACE 

FIGURE 4 

FILIÈRE DE SUS·SURFACE 

FILIÈRE DE FOND 

TUSE 
"COMMUNAL" DE FOND 

Description of different long 1 ines techniques (From Muller 

Feuga and Favre). 

Sub mar 1 ne structures on the bottom at a depth of 20 mare actua 1 1 y 

tested for the nul's(,l'y of th" young sp,,t; oF Osh'eCl edul is \Vieh Iws beN) 

sett 1 ed on co 1 1 ectol's Fi xed on long 1 i nes. Each year di fTerents pr i vate 

companies are testing ",ith the help of rcseal'ch organisms ne", materials 

for oystel'-cul tUI'(' to obta i n 11101'(' l' lïï c i l'nt l','sul ts. So di ITl't'ents neW 

types of piast i c co 1 1 ectors mot'e easy to tt'ansport at'e used to obta i n 

cu Itch 1 ess oystel's. Ne", vch ici es fOI' i ntert i da l 'at'ca <H'e stud i cd For 

fi sh i ng and tr'anspol't oystl'I'S to 1 ncl'""sC th" mcchan i Sût i on 01' the 

cultures and decrcûsc thc cost pl'ice of the pI'oduction (fig. 14). 
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TRACTEUR tvlARIN 

~ .... 
TRACTEUR MARIN + OVTIUAGES 

+ REMOF,OUE 

Figure 14 : New vehicles for cultivation of oysters and mussels (al' ter 

Mullel'-Feuya and Favl'e). 

Techn i ca 1 researchs at'e pt'act i sed to opt i m i ze the Fi na 1 hand 1 i ng oF 

she 1 1 l' i sh (wash i ng, gl'ad i ng, packag i ny) pt' i ot' to sh i pillent. Ihus pl' i vate 

fi t'ms and pub 1 i c reseat'ches on robot i es are rea 1 i sed on the sort i ng of 

oysters by l'ecoyn i z i ng dead oysters by sound and on the shape by image 

analysis. 

Patholoyy 

AI' tel' the l'ecent di seases on the l'ot'tuyucse oystel's and on the ri at 

oyster, the difrerents European countrics have stt'cnglttltened their 

regu 1 at ions concern i ng clauses and cond i t i ons oF mo 1 luscs i Illportat i on. 

The qual'ant i ne as 1't'eolllltklt1l1l'd by 1 CES i s "pp 1 i t'd l'ven 1'01' pl'oducts COIll i ng 

from hatehet' i es, i t i s on 1 y i F the o)'sters are ft'ee di seases that they 

can be illlpot'ted, particularly if producers need saille spat. 

Ta increase the control of pat'asited oysters, ne" diagnosis have 

been 0. 1 ab'>I'ated. The techn i cs 01' l11onOC 1 0.",1 allt, i hot! i es IlilV(' been (bve 1 op 

for the first tillle in Iltollusc patholoy)' (Mialhe and al., lY87) (100). The 

fi t'st step has been to p.'<'pare put' if i ed paras ites suspens Ions for 

i IlllllUnn i z i "9 1111 ce. TIH..~ plll"' i f' i ('i.l t i or1 PI'ot()CO 1 IklS bl~ell (Jcl, i (~v(~d rot', ROI Will i il 

ostreae, parasite of the fiat o)'ster O. edul is. The technology elllployed 

is desct'ibed in the figure 15. 
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Genera 1 pl' i nc i pie of hybl' i doma techno 1 ogy ( from Mi a 1 he, 

Pao IlIcc i, I~og i cr, GI' i zc l, J (87)( 100) . 

The app 1 i cat i on of the se tedll1 i cs to Bonam i a ostrcac '''as descr i bed 

by Boula et al. (lY87) (101) and Rogier et al. (1987) (102). 700 

hybridomas were obtained fI' am a fusion between lymphocytes oF a immunized 

mouse and mye 1 orna ce Il s. E i ght hybl' i domas \Vere sc 1 ected For the i l' 

Bonam i a-spec i fic ant i body l'eact in. T \VO \Vel'e l'et a i ned to make 

Bonamia-diagnosis by indirect immunoFluorescence. This ne\V technics \Vith 

the use of the co",,"el'C i a 1 i sed EL 1 SA tC'st i s 1 al'gC' 1 y 1 css t·i IIlc-consum i ng 

than the traditional histological p,'eparat ions, so the number of 

examinations \Vi Il be lal'gC'r for a [>pttC'r zonsanihll'Y survey. For 

l'osearch, it 1.JC'I'lIIits l':lI'ecise detcrlllination oF thc l'a te of infection. 

Car;ry i 119 cùpùc i t-y of ell\' i "Ol1l1lellf-- roI' cul t-. i Vdt i 011 or lIIolluscê.Jl1 

Two appl'oachs al'e l'ca 1 i sed to est i mat" the cm'I'y 1 ng capac i ty of a bay. 

A gl oba 1 one based on dynalll i c and pl'oduct i on oF the cul t i vatcd spec i es 

and an ana 1 yt i ca 1 one \Vh i ch husk the tl'oph i c l'e 1 at ions. The fi l'st mode 1 

take thc hypothes i s that the env i l'onlllC'nt i s constant 01' i ts fi uctuat i on 

osci 1 late l'ound the sallie IIlcan. 
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The data wh i ch are necessary 1'01' the construct i on or agi oba 1 

mode 1 al'e : 

- the growth rate of the cultivated oyster 

- the survival rate, 

the estimation of the total cultivated biomass. 

So, same sampi ing sb'atcgics have been dcveloppcd to obtain these 

data. The more difficult is to estimate with good precision the reared 

stocks (Bacher ct al., 1986) (103). lhe mcthodolo(lY inelulle'd cwrial 

photogl'aphs wh i ch covered the i ntert i da 1 cu 1 t i vated area and est i mat i on . 

of dens i ty obta i ned by sub samp 1 i ng in the fie 1 d. Ael' i a 1 photographs ail 

ovel' the bay pel'mitted to measure the al'eas clTcctively used 1'01' the 

mol 1 uscs cu 1 ture. They al'e ana 1 ysed e i ther extens i ve 1 y for sma 1 1 bays or 

by a systemat i c samp 1 i ng Fot, 1 al'g"I' areas w i th a pl'CC i sion 01' 3 %. 
I{eseal'ches al'e going on with remote sensing (Des 1 ous-Pao 1 i ct al., 1985) 

(104) and with numerical signal obtained with CCD video camera to 

optimize the cost and the pel'rOl'mélllces. Estimations or local biomasses 

were obta i ned by a random subsamp 1 i ng in di ffel'ent strata, accord i ng to 

the modes of cu It i vat i on and the geogl'aph i ca 1 areas. The stocks were 

computed as the pl'oduct of b i omass and cu 1 t i vated sur Faces. The tota 1 

pl'ec i sion "as near 1 y about 6 %. Th i s appl'oach i s conducted si nce 1984 in 

the ma i n 1 aI'ge bay pl't)duc i ng oysters al ong the FI'ench coast. 1 t i s on 1 y 

after hav i ng I,al'vested pl'ec i se data on stocks, growth per!'ol'mance and 

mortal ity rate during a long pel'iod, with a large spectrum 01' variation, 

that a pree i se dyndlH i c mode 1 w i 1 1 be bu i 1 t. Nevel'thc 1 css a mode 1 had becn 

achieved with historical data (Héral et al., 1985 (lOS), 1986 (106)). The 

bay of Mal'elHles-O 1 ('l'lHl has bCl'n chosen bccause i t i s th" mil i n European 

basin fOI' oystcI' pl'oduction cHld it IS pI'csenting a lal'ge decreasc 01' the 

growth performance. The evo 1 ut i on of the product i on of cupped oyster 1 s 

est i mated on the 1 ast ccntuI'Y (J 885-J 985) w i th tlll'cc di fT"I'('nt SOlll'Ces of 

data (f i 9 . 16 ). 
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Evolution of the annual production of adult oystcrs grown in 

the bay of Marennes-Oleron (1'1'0111 Hél'al, Deslous-Paol i, Prou, 
1986)(106) . 

The grow 1 ng rate and the 1II0rta 1 i ty rate of the popu 1 at i on of 

oysters presented an 1 ncrease of the durat i on to obta i n adu 1 ts oystcrs 

,,,Ili 1 c the sur v i va 1 l'atc i s dccI'cas i Il!J (Fi!J. 1 n . 
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Evn lut- i 011 01' thc t, i Ille ncccssill'y to obta i n ",lui t: oyst,cl''; (A) 

Portugucse oyster, (8) Japanese oyster. SUl'vival rate after 

the first breeding year : (C) Portuguese oyster, (D) Japanese 

oyster (frolll Héral, Des 1 ous-Pao 1 i, Prou, 1986)(106). 
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The total biomass in culture is calculated from the annual produc

tions and the yield of the culture: grOlvth and mortal ity (fig. 18). 

Figure 18 
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Calculated evolution 01' the total biomass 01' cultivated 

oysters in the bay of Marennes-Oleron (From Héral, Oeslous

Paol i, Prou, 1986)(106). 

This simulation of the biomass 9dl'l' l'l'sults ",hich ·èll''' in the same 

order than those estimated by sampi ing for the three last year. 

The re 1 at ion bet",een the stock runct i on of the product i on sho"'l'd 

cl ear 1 y a max i mum plateau of 40 000 tons. Th i s 1 i ln i t corresponded to the 

max i ilium capac i ty or pl'oduct ion 01' the ('cosystem 1 i m i ted by the troph i c 

capacities of the bay. 
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Figlll'e 19 Evolution of the annual pl'Olluction, rUllction or th" stock in 

cu 1 ture for Crassostrea angu 1 ata (0), Crassostrea 9 i gas ( ... ) 

and for Crassostt'ea 9 i gas cOllverted in equ i va 1 ent Crassostrea 

angu 1 ata (*) (1'roll1 Héra l, Des lous-Pao 1 i, l'l'OU, 1(86)( 106) . 

The maximal production of the bay could be mode 1 iscd by an equation 

of the same nature that the one used for the grOl"th of the populations. 

So the equation Von Bertalanffy P ~ P max (1 - e-KB ) IS \Ve 1 1 adjusted 

\Vith the data, l'max is the maximum production or the bay 01' 

Marennes-Oleron, B is the cultivated stock; for Crassostrea angulata K ~ 

0.026 and Pmax ~ 41 873 tons; for Crassostrea ~l'gas K ~ 0.028 and l'max ~ 

42 450 tons. The yield production on the stock (P/B) in relation \Vith the 

stock fo 1 100"ed a negat i ve exponent i a 1 curve as the evo 1 ut i on of the 

annual gl'OIVth l'dt" ill l'l'Iati,," IVith th" ,d:oek (lï9. 5). 

The max i ilia 1 p"oduct i 011 or 40 000 tons cou 1 d be rüaclwd IVi th a stock 

of POl'tuguese oyster of 130 000 tons but IV i th a stock oF Japanese oystel' 

de 80 000 tons. Th i s di fference betIVeen the tIVO spec 1 es can be exp 1 a i ned 

by the elll'I'get i c (jpllland oF l'ach oystl'I'. FOI' the SClille IVe i ght the 

ass i 111 i 1 at i on 01' food by the Japanese oystel' 1 s 1,7 t i me IIIOl'e than the 

Portuguese oyster (Héral et ,,1., 1986)(10(\). II' the illipact of these tIVO 

oysteps on t-he ccosysh'lIl \vdS l'OIJ1PcJl'l'd, i t lI1ust bc takpll i Il count th j s 
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transformat i on coeff ici ent. Th i s wOI'k showed that w i thout management of 

the cU 1 t i vated oysters, the stocks tcnded to exceed thc 10 in i ma 1 b i omass 

"h i ch i s necessary to reach the max i ma 1 potent i a 1 of product i on. 1 f a 

regu 1 at i on of the stock i s app 1 i ed, i t 9 ives the fo Il OIv i ng advantages to 

oyster farmers : decrease of the durat i on ôf the breed i ng cyc 1 e and 

decrease'of the chronic mortalies, factors which brought better profits 

to the enterprises. 

The ana 1 yt i ca 1 mode I,s based on one si de on the energet i c demand of 

oyster populations and on the othel' side on the qu"ntity or "v"i I"blc 

food wh i ch 1 s transported by the currents obta i ned w i th a numer i ca 1 

physical model. 

A general equation of the energy budget of oyster populations has been 

estab 1 i shed fol 1 OIv i ng Hl(', cquat i on A = P + Il = C - (F + Il) aVec A = 
assimi lation, R = respiration, F = particular cxcretion (faeces and 

pseudofaeces), Il = dissolve excretion, C = consumption, P = production 

\Vi th l' = Pg + P" + l's, 1'9 = p,'oduet i on or the l' 1 esh, l'" = pt'Olluct i un used 

for the reproduction, Ps = production of the secretions (shel l, mucus). A 

study on oystcr l'cel' permittcd to ('valu"te the di ITel'ent componcnts or 

the energy budget of 1 and 2 year popu 1 at ion. 1 t appeat'S that in the bay 

of Marennes-Oleron the faeces and pseudoFacccs l'epresentcd 70 % of the 

energy consumcd (fig. 20) and the pl'oduction or the flesh \Vas 2.8 % l'or 

the one year 01 d oyster and on 1 y 0.2 % for the bvo yeat' 01 d oyster {Hera 1 

and al., 1983 (107) ; Des lous-Pao 1 i and Hé!'a l, J 984 (108)). 
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(aFter Héral et al., 

1983 (107) and Des lous-Pao 1 i and Hél'a l, J 984 (.1 08) ) . 

During the sallie period the ""ai lable Food Is follOlved dUI'ing tidal cycle 

each lIIonth rOI' a n('Llp t ide <lnd il SpI' i ng t i de. 1 hes" d<lf:cl pel 'III i tted to 

bu i 1 d an i "d i v i dua 1 gl'olvth mode 1 tak i ng i nto account the re 1 at ions 
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between resp i rat i on ass i ni i 1 at i on and the oyster \Ve i ght, 

tho seston and tho p,wt icu 1 ur' èlVù i 1 ab 1" l'ood (p.'nt i d, 

(fig. 21). 

the ternperature 

1 ipid, ~llucid) 

Figure 21 
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Sirnulation of the individual gro\Vth of oysters .n the Maren

nes-Oleron Bay exp.'cssed in K joule fune!:ion 01' Hl(' Llssirni ILI

t i on and resp i rat i on 1 ( D) observed data. Fl'om Bacher (1987) 

(109) . 

To calculate the level of the avai lable food in the I"hole bay an 

advect i on-d i spe.'s i on mode 1 i s used. As t i me and spat i a 1 SCd 1 es have to bc 

consistent with the chosen biological scale (one ddY), a box structure .s 

app 1 i ed ta the oyster product i on area. The l'es i dua 1 1 agrang i erme cUl'rents 

al'e ca 1 cu 1 atod. The di spers i on i s a Funct i on of the transpo.'t and or the 

difference of concentration beb"een adjacent boxes (Bacher, 1987) (109). 

The food i s actua 1 1 y a dl' i vi nn va., i "b 1 e '1I1d i s i njected fde H,c 3 1 i rn i ts 

of the box modo 1 as the sa 1 in i ty w i th t i 1111' ser i es on 5 yCèll'S avordgod to 

sl1100the the var i "b i 1 i ty. The tl'ansport lIlode 1 i s va 1 i dated by the use of 

p.'edicted sai inity and obs,'.'ved sai inity dLlta in the middl" (lf' tl", bay' 

(f i g. 22). 
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Obse,'vatcd sai inity (---) and simulat"d sai inityl~~lculated 
by the advection-dispersion mode 1 in the middle oF the bay 

(from Bacher, 1987) (1 09) . 

The ecosystem mode Ils bu i 1 d IV i th the stock of oysters in each box 

\vith bvo ages and th" g"O\vth m"d" 1 fllllction 01' th" fo"d Ivhich is 

transpOl'ted by the ph ys i ca 1 mode 1. l he b'oph i c n,o Il USCélll she 1 1 f i sh 

compet i tors and the i r ass i mil at i on of food are i ntroduced in each box as 

dr i v i IIg var i ab 1 cs. Th i s app,'oach cou 1 d pe,'nd t to lIlake fi uctuat i on 01' thc 

cu 1 t i vated stocks of oysters and ta do some prev i s i ons about the grOlvth 

rate in the different areas. 

FugUl'c 23 

2 'T'fAR GROUTH 

AS A Ft/HcrlON OF THE PERCENTAGE 
Keal OF rHE STOCf< FLUC:-1JrHtON 
U~ __________________________________ -, 

Effcct oF the Fluctuation (- 60 % + 60 %) of the stock oF 

cu 1 t i vated oyster on the i nd i v i dua 1 grOlvth rates of the 

oystcl' C. g' gas in di rfp"l'"t a""ilS or the M<I,'"nll"s-O l "ron 

Bay, f rom Bache,', 1987 (1 09) . 
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This mode 1 used, up to day too many simplying hypothesis, but it shows 

the way 01' research we need for having a tool very usefull for 

management. It demonstrates that a rnultidiscipl inary approach between 

biologists, physicians, sedirncntologists could success to obtain a 

predictive evolution oF the growth rate of the cultivated specles 

funct i on of the food but al so of al 1 the factors and part i cu 1 ar 1 y 

po Il ut i ons wh i ch can 1 arge 1 y rnod i l'y the quai i ty and 1<he quant i ty 01' the 

trophic requirernents. 

1 t i s ev i dent that to be pl'ed i ct i ve i t i s necessat'y to go farther in 

the study of the energet i c dernand of the oysters for pal't i cu 1 ar and 

di sso 1 ved substances. 1 n C1I1 <>notlH'l' \VCly, a phytop 1 Clncton i c rnoli,d . wh kh 

allows to st i mu 1 ate the val' i at i ons of the input of nutr i ents from the 

estuary wi Il be helpFuli for the study oF the consequences 01' the use oF 

fl'esll\vater on oyster product i on. 

B. F UtUI'C deve 1 0p"l"nt 

A new step can be achieved III oyster culture \Vith the development of 

genetic manipulations. Hccent obtention 01' b'iploids 01' teb'Clploids for 

Japanese oyster opened a ne\V \Vay. As in sunYner t i me, these oysters are 

1 oos i ng ",ore than the hal F oF the i r dl' i cd body Ive i ght . for l'eproduct ion, 

it could be intel'ested to Pl'oduce steri le oysters \Vhich devote less 

effort in the rcproduct ion. These chl'o",asomal man i pu 1 at ions can be 

rea 1 i sed by tlwI,trI" 1 shocks (Gu i 1 1 pt Lltld Palle 1 Cly, J 9I'lt;) (J JO), by 

hydrostatic pressure or with cytochalasin B (DOIvning and Allen, 1987) 

(111). It can be esti",ated that the gaillcd cnergy on the reproduction can 

be used in the sotrlatic gl'Dlvth giving ail allSlvCt' to the d"CI'l'asc or the 

grOlvth observed in the European cl osed bays. Sc 1 cet i on of oysters wou 1 d 

permit a liWgC dcovf'loplllent rOI' thp Ihll~cllPl'if's iJIH.I h10uld h(' a tIIPtHl oF 

regu 1 at i on to avo i d ovel'stock i ng ma i n 1 y due to the natura 1 sett 1 ement 

which is too nu",el'ous in relation \Vith the density 01' collcctors. 

Another ne\V sector of research Ivh i ch 15 pl'om 15er for the oyster 

i ndustry in European countr i es i s the b i o-eCOIlOIl1 i c alla 1 ys i s (lI' triO Il usean 

shellfish. Coup 1 illg models 01' dYllamics or pt'oduetioll Ivith marketillg 

systems could demollstr'ate the di FFerents scenarios that oyster farms can 

choose Fot' th" i l' i Ild i v i dua 1 5 d,,\'(, loptrl,'nt hut ill so th" i Iltc'I','st or Cl gl'oup 
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strategy which can be difFicult to reconci le with the individual 

one.Gi Ily and Meuriot (1985)(112) precised that "it IS essential to 

involve discipl ines such as sociology or pol itical science in the study 

of the crucial elements affecting the dynamics of the shel Ifish sector of 

the economy, e .g. : 

knOlvledge of the choices and strategies avai lable to operators, 

either as individuals or groups 

dec i s i on-mak i ng processes 1 ead i ng to arb i trat i on of conf 1 i cts 

on use of space and the environmcnt, the role and conditions of using 

scientific information in these decision-making processcs. 
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DECREASE OF THE OYSTER PRODUCTION IN THE MARYLAND PORTION 

OF THE CHESAPEAKE BAY: CAUSES AND PERSPECTIVES. 

This article will be published in ICES and proposed to "Aquatic Living 

Ressources" after revisions it will be signed by Maurice Heral, Brian J. 
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INTRODUCTION 

The American oyster (Crassostrea virginica) fishery has historicaIly been the 

most valuable in the Chesapeake Bay. At the turn of the century Maryland 

landed more oysters than anywhere in the world. From that time, this fishery has 
been followed and studied by biologists (Ferguson et al. 1880, IngersoIl 1881, 

Yates 1913). From the beginning of this century until the present, landings have 

declined steadily and the industry was pushed more and more in crisis situations. 

The Chesapeake Biological Laboratory (CBL), University of Maryland was 

built in 1925 with the objective to study the cause of the decline of the production 

of oysters (Truitt 1921, 1927, 1931). Research workers studied successively the 

removal of cultch, the size limits of adult oyster available to be captured, the 

period of fisheries, to try to restrict the overfishing. They defined sampling 

techniques for the systematic annual record of the oyster bars. Krantz and 

Merritt (1977) stated that the personnel of the Chesapeake Biological Laboratory 

achieved the surveys until the late 1950's (Beaven 1955). Since this date, the 

annual records have been registered by the state management agency: 

Department of Natural Resources (DNR). Intensive works ofresearch have been 

done but only on one aspect of oyster biology or ecology of fishery. Bibliography is 

very important to try to understand the historical evolution and the main 

tendencies. Not many synthesis works about American oyster and oyster in 

Chesapeake Bay have been published. Korringa (1952) and Galstoff (1964) 

described mainly the biology of the Crassostrea virginica. For the Virginia part of 

the bay Haven et al. (1978) studied the status and the problems of the oyster 

industry. For the Maryland part, the only synthesis work on oysters has been 

achieved by Kennedy and Breisch (1983) including the biology, the main diseases 

of oyster populations and management of the Maryland's oyster industry as weIl 

as an historical background. There is no specific analysis of the different causes 

which induced the decline of the production. They are generaIly described in very 

short assumptions like overfishing, predation, water quality, sediment 

modifications or consequences of disease. 

Contributing further to the uncertainty, managements attempts to protect 

the resource and to reverse the substantial decline have obviously been 

unsuccessful. In this paper, our aim is to analyze the historical tendencies of the 
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'l'able l : Main Characteristics of Chesapeake Bay. 

Main Bay 

Watershed 

Length: 

Greatest depth: 

Average depth: 

Surface: 

Volume: 

Total shoreline: 

'ridaI range: 

Salinity surface: 

Main tributaries 

Total tributaries 

Area of watershed 

Population of 

watershed 

322 Km 
53m 

7.6m 

569,800 ha 

68. 109m3 

7401 km 

0.9 m at mouth 

0.3 m at Annapolis 

30% at mouth 

15% at Annapolis 

8 (Susquehanna, Potomac, and 

Jarne contribute 80% of 

freshwater flow) 

419 

16,576,000 ha 

13 million in 1980 
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production of oysters in Maryland Chesapeake Bay, in relation with the 

over-fishing, the use of the different gears, and their impact on the destruction of 

the physical characteristics of an oyster bar. 

Otherwise the State of Maryland has an oyster repletion program in place 
for 1960. The program involves shell planting and seed shell transplanting 

components. The techniques and the date of shell planting are analyzed in 

relation with the physical and biological characteristics of the Chesapeake Bay. 

In conclusion, this paper proposed new ways of research to optimize the 

management of the oyster Maryland production despite the abundance of the 

disease. 

1. RECONSTITUTION OF THE HISTORICAL LANDINGS OF OYSTER 

For the Virginia part of the Chesapeake Bay, productions are coming from 

the very exhaustive paper from Hargis and Haven (1988) who detailed how they 

rebuilt data for Virginia. For the Marylllnd part of the Chesapeake Bay oyster 

harvests from 1820 to 1917 are coming from Grave (1912) and Yates (1913). 

Ingersoll (1881) and Stevenson (1894) gave the detail of these statistics based 

upon the production of the different Maryland packing houses, the exportation of 

oysters shipped North mainly for planting in Delaware Bay, and Providence 

River and foi immediate consumption in New York and Delaware Bay. These 

data are compared with an estimation of the number of boats licensed or not and 

their yield. The data after 1912 are coming from different reports from CBL 
library, from the Maryland Department of Natural Resourees and from the 

Fisheries Statistics BrandI of National Marine Fisheries Service. Krantz and 

Haven(1982), Stagg (1985) have however demonstrated that the present 

landings are under reported. 

For comparisons with other American regions, the conversions have been 

obtained with the following data. A US standard bushel is 2 150.4 cubic inches. A 

Maryland bushel is 2 800.9 cubic inches and a Virginia bushel is 3 200.1 cubic 
inches. To convert Maryland results in U.S. bushels we multiply by 1.3 and for 

the Virginia bushels by 1.49. In the fisheries statistics, it is indicated that for a 

US bushel the numbers of wet weight of flesh of oysters vary with the seasons 

and the size of an oyster from 5.10 to 5.95 US pounds. A mean of 5.5 is retained. 



Results in pounds (452 g) nre converted in Kg by dividing by 2.2 and after 

expressed in metric tons. 

With this caIculation a Maryland bushel con tains 3.25 Kg wet weight of 

oyster tissue and Virginia bushel 4.10 Kg wet weight and a US standard 2.5 Kg 

wet weight of oyster tissue. These results can be compared with sorne found or 

recalculated in the literature (Table 2). 

Table 2 : Estimation of the weight in bushel in the literature 

Wet Weight in Kg 

Unit of Oyster Tissue Authors 

US Standard Bushel 2.2 MacKenzie, 1983 

Maryland Bushel 3.64 Truit, 1945 

Maryland Bushel 2.64 Haven etaI., 1978 

Virginia Bushel 3.18 Haven et al., 1978 

Our data are in a good agreement with MacKenzie and Truit results but 

Haven et al. conversion rates are nenrly 20% down. 

To compare the dilTerent US productions with the production of other 

countries it is necessary to use the same international unit. The one that has 

been chosen following the FAO recommendation is the total weight of the oyster. 

By comparing the US statistics in pound of wet weight flesh and the FAO 

statistics in me tric tons of total weight over the last 10 years the percentage of 

the wet weight is moving from 7.4% to 8%. Our data obtained in the field of the 

Patuxent River showed that, for market size oysters this percentage varies from 

5 to 9% in relation with the physiological condition of the oysters. If we retain the 

percentage of 8%, a US standard bushel corresponds nearly to 31 Kg, a Maryland 

bushel to 41 Kg, and a Virginia bushel to 51 Kg of total weight. DNR reports 

indicate that a Maryland bushel con tains nenrly 350 oysters, as the weight of 

market size oysters of 3 inches is nenrly 120 g - 130 g, it gives a result for a 

bushel between 42 Kg to 45 Kg which is very close with the data obtained by our 

conversions. 
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Table 3: Principal conversion rates for different jurisdiction standards. 

Wet Weight in Kg Total Weight of 

Units Volume in liters of Oyster Tissue Oyster in Kg 

US Standard Bushel 35.2 2.50 31 

Maryland Bushel 45.9 3.25 41 

Virginia Bushel 52.4 4.10 51 

II. EVOLUTION OF THE WORLD PRODUCTION OF OYSTERS 

Over the last ten years the total production of oysters In the world 

(aquaculture and fisheries) has increased by 20% from 859,682 tons in 1977 to 

1,011,079 tons in 1986. It is due to the fact that the production has increased in 

Korea by 68%, in France by 57%, and in Japan by 25%, but US have decreased by 

25% since 1982. 

The US landings of oyster were the first until 1986 before successively 

Japan, Republic of Korea and France. Since 1986 it is Korea which has been the 

first for the world production of oysters (Fig. 1). 

It can be observed that the three countries (Japan, Korea, France) which 

practice aquaculture of oysters are increasing their production contrary to the US 

which went in for mainly fishing of oysters. It is interesting to note that these 

four countries produced nearly 87% of the total world landings. 

III. EVALUATION OF THE UNITED STATES PRODUCTION 

From the US landings it appears that the production of the Japanese oyster 
(Crassostrea gigas) on the west coast is stable with a mean production of 22,000 

tons and represents 8 to 10% of the total production of oysters despite sorne 

diseases caused by a Bonamia-like protozoair. On the east coast the production 

of the gulf (Florida, Texas and mainlyLouisiana) is moving from 120,000 tons to 

210,000 tons with a maximum in 1983, and a mean of 156,000 tons (fig. 2). The 
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gulf production which had represented mainly 45% of the US production of 

oysters until 1981 now represents 60 to 65% of the production. The previous 
Texas production of 3% reached 12% and the Louisiana production rose from 13% 
to 30% making it the leading state in oyster production. The causes of the 

variations of the Louisiana oyster industry are mainly the refiection of adverse 

environmental factors : hurricanes and dredging. On the contrary the good 

salinity conditions which occurred during the last years gave highly successful 

oyster sets on sheIls, reseeded by the Department of Wildlife and Fisheries 

(Keithly and Roberts 1988, Dugas 1988). 

The east coast production which contains mainly the production of the 

Chesapeake Bay and Delaware Bay but also Narragansett Bay and Long Island 

Sound is declining from 155,994 tons in 1981 to 50, 442 tons in 1985 which 

represent only 19% of the total US landings whereas these regions were 

producing 40 to 50% of the total production until 1981. The large decreasing of 

the production of the north east coast is the cause of the decline of the US 

landings. 

IV. CHESAPEAKE BAY LANDINGS 

The Chesapeake Bay production which is obtained with the Virginia and 

Maryland data demonstrated the tremendous decline of the oyster landings (Fig. 

3). The analysis of the oyster industry in Virginia had been weIl studied for the 

last·decade (for a review see Haven et al., 1978, and Hargis and Haven, 1988). 

The Maryland oyster fishery was the first in the world at the end of the last 

century with 990 public oyster bars spread over 116,000 ha. (Yates 1913). The 

private use of the bottom is not developed in this state with actually only 3600 ha 

of oyster ground which represent 3% of the oyster bottom, (Jensens, 1981) (fig.4). 

On the contrary, large surfaces of oyster beds are leased in Virginia for private 

use (50,000 ha private and 97,200 ha public) (Haven and Whitcomb, 1986). 

The .analysis of the Maryland oyster landings demonstrate that this fishery 

has undergone 3 levels of production (Fig. 5). 
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Figure 3 : Evolution of the oysler production, in wet weight of llesh, Maryland 
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Figure 4 : Localisation of the main public oyster bars ( 
) ill the 

Chesapeake bay. 
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Level 1 : From 1840 to 1890--The Greatest Fishery 

Oysters have been always eaten by lndians (see the large quantities of 

oyster shells near their camp). The early Maryland settlers gathered oysters 

which were very abundant. As the population, the trade, the thoroughfare (boats, 
roads, railways) were largely increasing at the end of the nineteenth century, the 

oyster demand went on boosting. The picking turned into a very active fishery 

with new gears to fish the underwater populations of oysters with hand tongs 
and dredges. Kennedy and Breisch (1983) indicated that the number of 

processing establishments in the Baltimore area increased from one in 1834 to 80 

in 1868. In 1879, Ingersoll (1881) perceived that they reached the number of 98 

with a packing production of 314,000 tons of total weight. The maximum landing 

of this period was 615,000 tons in total weight in 1884. The annual production 
stayed above 400,000 tons in total weight during 20 years from 1872 to 1893. 

Like Christy (1964) and Kennedy and Breish (1983) after an examination of the 

old records, it can be concluded that the early harvests were probably not greatly 

over estimated and could give realistic idea of the level of the production which 

has been supported by the bay and the tributaries. If we compare the number of 

boats fishing oysters in 1865 with an annual production of 200,000 tons, and in 

1879 with an annual production of 434,000 tons, they were respectively 2555 and 

3275 with a total crew of 13,748 (lngerso1l1881). The number ofboats increased 

by 28% to double the production. This shows that the efficiency of the boats 

increased by two main means : 

-extension of the fisheries by discovering of new bars. For example, the 

large reefs in Tangier Sound were discovered in the years 1840 (Kennedy and 

Breisch 1983) 

-increase of the efficiency of the gears. Mter 1865 large dredges 
became legal, which offer the possibilities to fish deeper than 7 meters, depth 

which could not be reached by the hand tongs. Patent tongs first came on the 

market in 1887 (Fig. 6) and also permitted to fish everywhere. 

The consequences of these large increase of the annual landings have been 

the large destruction of the most productive beds. Like in England and in France 



1 

1 

- 72 -

A 

Figure 6 : Gears for catching oysters in the Chesapeake Bay: (1\) hand tongs, (B) 

patent tongs, (C) dredge. 
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(Roche, 1887 ; Héral, 1989), despite regulations on the harvest season, on the 
type of boat and as soon as 1868 a license system for the oyster boats, the fishing 
pressure remained intensive .. 

By dividing the maximum landing (615,000 tons in 1889) by the total 

surface of the oyster bars described at this period (111,600 ha), with an 
individual weight of oyster of 150 g, the me an density of the capture is obtained. 

It is nearly 3.7 oyster for a square meter. This data can be compared with the 
survey of Winslow (1884) which found that the meandensity of the oyster bars 

was 5.41m2 in 1879 and with the density of Brooks et al. (1884) for another 
survey 3.5/m2. These results demonstrate that the landings were at the same 

levels as the total living stocks meaning that the fishing pressure was largely too 

heavy. The fisheries could reach such a high level only because the different 
adult age classes of aIl the oyster bars of the Chesapeake Bay and its tribu taries 

have been exploited. The capital of all the previous years (an oyster can live 

more than 15 years) has been consumed. 

To main tain this level of exploitation the annual recruitment plus the 

cumulative mortality must be superior to the harvest. Surprisingly that a mean 

density for one year class of 4 oysters by m2, which is very low, had not been 

obtained. Several reasons could explain the failure to keep this level of density. 

- the fishing of the juveniles : during this period large quantities of 
spat were sold to other states for reseeding. For example, in 1879, 89,329 tons of 

spat were sold for bedding in northern waters from Delaware to Maine (Ingersoll 

1881), 

- the destruction of the spat attached to the adult oysters, by the 

packing houses which did not reseed the young oysters, 

- the absence of permanent removal of cultch which was necessary for 

the fixation of the post-larvae ; the fishermen and the packing hou ses did not put 

sheIls or other hard substrate, back to the oyster-beds, 
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- the destruction of the habitat: Before the intensive fishery, the 

oyster reefs were very sharply defined and often set up on hard bottom. They 

could be of considerable thickness below and above the surface even outside of 

the sea at low tide. In the Gulf of Mexico, Bouma (1976) demonstrated that the 

base of the oyster reef was buried sheIl, deposited from several thousand years. 

Commercial harvesting has changed the nature of the oyster bars. Winslow 
(1887) assumed that dredging enlarged the bars by dispersing the dredged 

oysters out of the reef on soft bottoms. The dredges and the patent tongs had 

spread out and reduced the height of the reefs ab ove the sediment. The bars 

were, after the intensive fisheries, broader but with much less relief. These facts 
modified the physical characteristics around the oysters, a non-fished oyster reef 

was less subject to siltation as it was above the interface water sediment. The 

currents and the increasing turbulence in relation with the height of the reef 
could avoid the sedimentation and aIlow the transportation of the biodeposits of 

the oyster populations. These can explain the observations ofWinslow (1887) who 

found that the overworked beds had often mud and sand among the sheIls and 

that the settlement of the spat was three times less in a fished bar than on a wild 

bar. Otherwise it had been shown that the increase of the turbidity at the 

proximity of the oysters had a deleterious effect on the growth rate of oyster 

populations with a negative production and a decrease of the assimilation rate 

(Héral et al, 1983). 

AlI these factors combined together achieved the destruction of the most 

productive beds. In 1881, IngersoIl, stated that the famous beds of Tangier and 

Pocomoke Sounds were exhausted and Winslow (1887) suggested that old beds 

overfished could be rebuilt with scattered materials but these recommendations 

have not been followed. Truit (1927) established that the overfishing of oyster 

beds brought about a complete depletion of one-fifth of the total oyster bars and 

a near exhaustion of one-third of the original oyster bars. 

Leyel 2 : Decreasing and stable landings from 1900 to 1980 

Mter a continuous decline of the landings from 1890 to 1910 characterized 

by the permanent overfishing, the harvest came· to a stable phase which 

fluctuated around 80,000 tons. Krantz et Meritt (1977) described the fluctuations 

with a decline in harvest during the 1960's. It appeared mainly that these 
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variations of the landings were in relation with the recruitment intensity. For a 
given year, the majority of the production was fished 4 to 5 years after the 
settlement. Periods of low recruitment 1952-1960, 1966-1978, were followed by 
years of high spat set (1965-1980) (fig. 7). With this set of data on spat, it 

appears that the fishery, during the last sixt Y years, have been supported by 

three main picks of recruitment. About each twenty years, a main spat 

abundance occured, even in 1980 and 1985 with a very low stock in relation with 

the desease. Though, first the water quality of the bay was sufficient to permit 

high survival rate for oyster larvae and secondly the relation stock recruitment 

permitted still a good record in 1985. Ulanowicz (1980) demonstrated that 

variations in spat density were correlated with the cumulative high salinity 

during the spawning season. 

It is interesting to note that Virginia landings for the period 1940-1960 are 

superior for the first time to Maryland productions. Hargis and Haven (1988) 
noticed that it was due to private production from leased bottoms while the 

harvest from public bottoms continued to decline. 

Different management operations have been achieved in Maryland to try to 

increase the public oyster production. After the cuIl law of 1890 which enforced 

that the shells with spat and young oysters had to return to the oyster bars, a 

legislation for shell planting initiated an annual placement of shell as cultch for 

seed on the bars. Kennedy and Breisch (1983) precised that a 10% shell tax was 

charged in 1927, a 20% shell tax in 1947 and in 1953 a law was taken for a 50% 

sheIl tax. It means that the oyster packers and processors had to sell at least 50% 

of their shucked shells to the State which organized the collect and the reseeding 

of the fresh sheIls. Funds to do these operations were coming from a tax on each 

bushel ofprocessed oysters. These decisions and laws were all failures. The shells 
did not return to the oyster bars (1936) or the funds to sow the oyster sheIls were 

not collected (1948). Even after the law of 1953 the supply in shells was still 

insufficient. For this reason the Maryland Department of N atural Resources took 

the decision in 1961 to use "fossil" sheIls dredged by a contractor that would 

plant them from May to, normaIly, end of June. The mean quantity of dredged 

sheIls is 205,000 tons for a year. The highest record of shell planting has been 

broken in 1975 with 362,000 tons. The state always attempts to buy all the fresh 

shells available, but they represent now only 3% of the dredged shells. 

It has been weIl demonstrated by Truitt (1936) that an overfished oyster bar 
could become a productive area again by using a properly managed shell planting 
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activity. Also, Abbe (1988) working on an oyster bar on hard bottom, in a place 

where the velocity of the current was high, at the proximity of the Calvert CliITs 

Nuclear Power Plant, demonstrated that sheIl planting can be an effective 
mechanism for increasing oyster yields. But this operation of reseeding the 

dredged sheIls is a collective operation for the public Maryland oyster bars, and is 

done by only one contractor who follows the allocation and the schedule defined 

by the oyster committees and DNR biologists. The shells can be reseeded 2 or 3 
months before the main settlement. The spawning occurred in the Chesapeake 

Bay from June to August (Shaw 1969, Kennedy and Krantz 1982). But sorne 

years, the largest abundance of spat could occur in September, (Truitt, 1925 ; 

Goulletquer, corn. pers.). It is weIl known that oyster post-Iarvae set on newly

planted very clean shells better than on old shells because of the fouling and the 

siltation. For these reasons, Shaw (1967) recommended for the Chesapeake Bay 

to plant shells on the first week of July when the larvae are numerous in the 

water. The problem for the Maryland oyster fishery is the size of the public 

reseeding plan and the mean to apply it, which compelled to begin the operations 

too early in the season. In other states, it appears that private oyster companies 

working on their own grounds are more efficient, for example in Louisiana, it 

takes a week to scatter the shells. In Long Island Sound, Korringa (1976) 

reported that the private companies spread the shells in 4 days, mainly chosen 

function of the abundance and larval development in plancton. 

MacKenzie (1983) did very good scuba survey, in the Chesapeake Bay 

during the normal oyster setting period. He observed that beds with high 

densities of oysters had much less silt than beds with only shells. Very orten the 

Maryland beds had quantities of shells but silt partüilly covered them. This 

author recommended to avoid sedimentation by the use of dredges without bags, 

before the oyster setting season, or of mud-cleaning machines on boats and the 

employment of quick lime to control fouling organisms. Our own observations 

during the year 1989 showed a tremendous fouling at the bottom and, in the 

water column, on different substrates of the Patuxent River particularly in June 

and July. AlI these observations are going in the same direction : to obtain a 

better efficiency of the shell planting for settlement, it would be necessary to 

change the schedule of planting and the way of practicing it. 

Otherwise, the "fossil" shells are not the best cultch material (Cabraal and 

Wheaton, 1981). They are very often broken and ruined. Comparisons between 

shells of living oysters, fresh sheIls, old "fossil" shells and the efficiency of the 

spat settlement demonstrated that the densities of spat were higher on living or 
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fresh shells than on fossils shells. It could be in relation with an attractive effect 

of the conchyolin, the protein of the shell. It would be interesting to use fresh 
clam shells as the landings are important, and large amounts of shells arè 
available. This cultch was a good one and used for managing the Louisiana oyster 

fishery (Dugas 1988), as it was not a heavy collector it was easier for the oysters 
to maintain their position on top of the soft sediment (Korringa, 1976). 

The Maryland DNR annually planted nearly 205,000 tons of oyster shells on 

natural bars to serve as substrates to maintain the recruitment and also planted 

shells in areas of good settlement to carry the oyster seed from areas of high spat 

set to areas of low settlement. When the density of spat is higher than 300 per 

bushel, they are transplanted with a mortality of 10 to 15% (DNR 1987). 

The allocation of the shell planting is function of the biological appropriate 

areas where the highest densities of spat of the previous years have been 

observed (for example fig. 8). The highest abundance of spat were generally 

located in the mouth of the different tributaries, but cultches had also been 

planted in places where no more recruitment had been observed for several years 

(Kennedy and Breisch 1983). Christy (1964) assumed that shell plantings were 

practiced not only where biological results would suggest itbut also where thé 

politicians of the counties demanded under the pressure of the watermen. To 

evaluate the efficiency of the reseeding plan, sorne rough calculation can be done. 

By inspection of the different estuaries and comparing the evolution of the 

production 3 years after, period where now aIl a year class is fished, with the 

quantities of shells and seed resources, it first appears impossible to know what 

is due to the part of the fishing and the reseeding plan. Then, very often, the 

landings are still declining (fig. 8 example of the Tangier sound). With a seeding 

of 5,000,000 bushels, a highest spat density of 200 per bushels (fig. 7) and a 

mortality rate of 10% per year (DNR 1985) the expected production after three 

years would be 91,000 tons as the landings were fluctuated between 80,000 and 

120,000 tons. 

Mter sorne very high level of recruitment (1945, 1965, 1980) even if the 

harvest increased (t 61,500 tons, 5 years after 1965), it never went above 120,000 

tons, which is 6 times less than the landings of the end of the nineteenth century. 

The fishing did not retrieve the prosperity despite the effort in management of 

the public oyster bars: 
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- the market size limit of 9 cm, 
- the reduced season of fishing from the 15 September to the 31 March, 

- the daily catch limits by boat function. of the gears and the number of 

crew, 
- the reseeding plan. 

This can be mainly due to the loss of suitable habitats for oysters. Seliger et 

Boogs (1988) demonstrated that there is a tremendous decline of the surface of 

oyster bars in the tributaries. By comparing the results of Yates survey (1913) 

and their survey obtained by echosounder calibrated with sampling by dredge 

and by scuba diver, they found that only 14% of the surface was still covered by 

oysters and shells in Chester River, Broad creek and Tred Avon River. A work 
with an underwater microphone calibrated with sampling by hydraulically patent 

tong showed the same tendency in Pocomoke Sound with only 19, 5% of the 

original surface of public oyster ground (Whitcomb and Haven 1987). 

Furthermore, the elevation of oyster reefs above the surrounding bottoms was not 

great because of the fishing activity. In a recent survey of the Virginia part of the 

oyster bars, Haven et al (1981) showed that only 21.9% of the oyster bars classed 

at the beginning of the century were still surviving. Obviously the overfishing 

and the use of the gears contributed to these destructions but the sedimentation 

rate can also be a major factor in the reduction of oyster harvest. We have 

already described the action of the siltation upon the decline of the spat 

settlement particularly in relation with the reseeding plan. Galstoff (1964) 

specified that many productive oyster bottoms along the East Coast had been 

destroyed by the siltation. In the Chesapeake Bay the inputs of particular matter 

in suspension have mainly two origins : the erosion of the shore and the large 

input from the rivers. 

The 3,950 miles of the shore of the Maryland part of the Chesapeake Bay 

and its tributaries are constantly eroded by currents, tide effects, wind and storm 

effects, fetches, and stream flows. Wolman (1968) calculated that about 2400 ha 

of land have been eroded during nearly a century, which gives an average loss of 

6.5 ha per Km of shoreline and an annual output of 0.2 x 106 tons. The 

hurricanes (cyclonic storms) had tremendous effects on the erosion, the inputs 

and resuspension. In the Chesapeake Bay the Hurricane Agnes in June 1982, 

was an obvious example which delayed the recruitment of oysters and which 

contributed to the destruction of the clam fishing. The Hurricane Elena in 
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September 1985 destroyed a part of the oyster reefs in Florida. It removed and 

buried the oysters covered them in muddy sediment where they died (Berrigan 

1988). 

AlI the rivers flowing into the bay carry enormous loads of sediment. For 
example the Susquehanna River, up per part of the Bay, discharged 0.6 x 106 

tons of suspended sediment per year, the Potomac River 2.3 x 10fi tons per year 

and the Patuxent River 8.7 x lOf) tons per year (Schnube, 1968). The total 

amount of sediment coming from the land was estimated to 8 million tons per 

year (Wolman 1968). 70% of the inputs were coming during the peak runoff from 

February to May fonction of the year. 70 to 80% of these inputs sediment in the 

bay and its tributaries. Thus, a sedimentation rate of 30 cm per year was 

measured in the channels up to Chesapeake Bay Bridge. In Patuxent River the 

sedimentation rate reached 2.1 m from 1859 to 1966 at Upper Marlboro. 

Schnubel (1968) found that aIl the sediment carried by the Susquehanna was 

deposited in the upper bay. But the Potomac carry its sediment on a very long 

distance into the Bay. There is in the Chesapeake Baya natural tendency to 

sedimentation in the channels and on the border but the influence of man's 

activity on the sedimentation rate in the bay is important. The deforestation and 

clearing for agriculture had multiplied the inputs by 4 to 8. On the other hand, 

the urbanization has promoted the erosion of the land. 25 to 30% of the one 

million tons reaching the Potomac estuary are coming from the area of 

Washington, D.C. After a thunder, what is typical is the sudden changing of the 

colour of the bay becoming yellow gray. The sedimentation rate on oyster bars 

can also be increased by the dredging operations. They are practiced to main tain 

the circulation of large boats to words the harbour of Baltimore but also in an the 

tributaries to maintain and develop recreative activities (yachting, marinas ... ). 

The clam fishing, when this activity is done by several boats in the vicinity of 

oysters, in places where the velocity of the current is little, can also contribute to 

an increase of the sedimentation rate on the bars. 

So, it appears clearly that the surfaces for the habitats of oysters are limited 

in the upstream of the bay and in the different tributaries, by the heavy siltation 

rate. At the opposite they are limited down to the bay by the anoxic conditions 

which occured in summer time. A synthesis of the anoxic waters which arrived 

from 1950 to 1985 (Seliger and Boogs, 1988) demonstrated that the annual 

volumes of anoxic bottom waters in the Chesapeake Bay showed no statistically 

trend to increase. The anoxias are in direct relation with the stream flow of 

Susquehanna River. The fresh river flow induces a stratification in spring and 
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summer which inhibits vertical mixing. The respiration of benthic sediments and 
the water column under the pycnocline consumed the oxygen available to achieve 

to a total depletion. The more severe summer anoxia in the upper Chesapeake 
Bay occurred in 1984 (Seliger et al 1985) for the waters deeper than 6m. The 

anoxic waters, when the conditions are severe may reach the mouth of the 

different tributaries. Benthic organisms living under 6m depth are killed, only 
fast growing species which can reproduce aIl year are present (HoIland 1987, Fig. 

9). Thus this appears to be another strong limiting factor of the available habitat 

for oysters. 

In the early 1960's MSX disease invaded the Chesapeake Bay. The 

haplosporidian MinchiniÇL nelsoni coming from Delaware Bay destroyed the 

oyster population there in 1957 (Haskin et al. 1965). This disease had a very 

severe impact on Virginia oyster landings (Fig. 3) which declined by 50%. In 

Maryland, as MSX activity was salinity-limited, it caused mortalities only in 

Tangier Sound's harvest. MSX disease then regressed and virtuaIly disappeared 

from the Maryland part of the Bay from 1965 to 1981, 

Level 3 : 1981 - 1988: Large decrease of the production caused by high 

mortalities 

The annual survey achieved by DNR biologists recorded, between 1980 and 

1982, mortality levels of 30 to 50 % for adult oysters. NormaIly, with the same 

design of sampling from 1970 to 1980 the oyster adult mortality was variable 

from 5 to 20 %. A period of Iow mortality occured from 1984 to 1987. Mter the 

1986 faIl mortalities increased again in 1987-1988 for the adult oysters, though 

the cumulative mortality of a year class could reach 90 %. During that period the 

harvest pressure remained permanent despite the high levels of oyster mortality 

and caused the disapearing of most of the adult oysters. 

Numerous factors can cause these high levels of mortalities particularly 

diseases, predation or degradation ofwater quality. 

Two main diseases are related to mortalities in the Chesapeake Bay, the 

ascetosparan parasite Haplosporidium nelsoni (MSX) and the protozoan 

Perkinsus marinus. 
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MSX bay invaded the oceanic of the Chesapeake bay in Virginia from 1961 
to 19G6. MSX was salinity dependent under 15 %. The infections remained low 

and disapeared below 10 % (Haskin and Ford, 1982). Later in 1981-1983 and 

again in 1986-1987 a new MSX outbreak occured in Virginia and Maryland along 

with a particular dry period which caused salinity increases in the Bay. The 

prevalence of MSX infections were not very high, rarely above 20 % (source DNR 

maps), but only few bars in the upper low salinity part of the bay were free of 

disease, high salinity conditions with warm winters created good conditions again 
for MSX. The infections occured mainly in spring and summer over 5 months. As 

early as the first year, the mortalities occured at the end of the summer and the 

year after at the end of the winter, with a cumulative rate of annual mortality of 

30 % (Andrews, 1966). Furthermore, the MSX infections acted upon the 

physiology of the oysters. NeweIl (1985) reported a decline of the filtration rate in 

relation with MSX abundance with a reduced condition index and a reduced rate 

of stored glycogen (Barber et al., 1988). A clear inhibition ofgametogenisis has 

been shown in relation with infection intensity but without correlation between 

annual fluctuation in parasite rate and oyster recruitment (Ford and Figueras, 

1988). 

Resistance strains of American oyster have been obtained by Ford and 

Haskin (1987), by crossing in direct lines oyster parents from natural oysters 

which survived to MSX epizootie, during 6 generations. This delayed infections 

and mortality rather than proved as a real resistant selection, but these strains 

could provide practical interest for oyster men. 

The second more important parasite is Perkinsus marinus. This protozoan 

inhibited gonad development (Menzel and Hopkins, 1955). "Dermo disease" was 

present from the Gulf coast on the North east Atlantic coast to Delaware bay. 

This disease has been reported for the first time in Maryland by Otto and Krantz 

(1976) at the entry of the Chesapeake bay. The parasite is not salinity dependant. 

DNR survey during 1988 faIl, demonstrated clearly that the whole bay was 

contaminated (fig. 10) with a very high prevalence rate, sometimes the totality of 

oyster population was infested. Pe/'kinsus marinus was pathogenic during warm 

temperatures, under 20°C, the oysters expeIled the pathogens (Andrews, 1984). 

The abundance of this dermodisease is correlated to the density of oyster 

populations because infections are caused by the dilution and dispersion of the 

parasites free in the water when the oyster died. Mobile vectors could also 

transmit the infection and particularly the ectoparasitic gastropod Boonea 
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Figure 10 : Perkinsus marinus distribution during the fall 1988 survey (from 

DNRunpublisheddata),D ~ SOI. 1=:: 1 > ~oi' •. 
) 
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impressa (White et al., 1987-1989). Contrary to MSX spat and young oysters are 

not usually infected by Perkinsus marinus. 

The superimposition of the maps of the oyster mortalities from 1981-1983, 

1986 and 1987 with the respective abundance of MSX and dermo disease could 

place in a pro minent position the correlations between prevalence of the diseases 

and mortalities in the different areas. Though, mortalities higher than 20 % 

occured in 1981-1983 in the upper Bay in front of Baltimore without abundance 

of MSX and Dermo. These mortalities could be related to environmental 

conditions with unusual high temperatures in summer along with hypoxic 

conditions. Beaven (1946) demonstrated that for this area, many mortalities were 

correlated with high run-off of the Susquehanna River. There was a good 

agreement between mortality rate and MSX abundance for Tangier Sound and 

the mouth of Choptank river in 1981-1983, 1986 and 1987. But in 1981-1983, 

MSX was abundant in the mouth of the Patuxent river but without abnormal 

mortality and at the opposite, MSX was absent in the South of Potomac river in 
1981-1983 and 1986, places were high mortalities occured. In fall 1987, 

mortalities largely increased and reached 75 to 100 % in Tangier Sound, mouth of 

Potamac river and in the mouth of Choptank river where the prevalence of 

Dermo was above 50 % and MSX above 20 %. The mortalities which did not 

overpassed 25 % were located up the river and in the upper bay where MSX and 

Dermo disease were less abundant. 

Thus it seemed that the high levels of mortalities are more closely related 

with Perkinsus marinus abundance than with the Haplosporidim neslsoni. 

Many predators despite the mesa salinity of the bay, can also increase the 

mortality rate of oyster populations. Webster and Medford (1959) noted that the 

flat worm Stylochus ellipticus could be a very active predator of young spat in 

the Chesapeake bay, while drill species are not abundant in the Maryland part of 

the bay in relation with the low salinity. But the largest predation could be the 

blue crabs : Callinectes sapidus. Predation rate was directly proportional to crab 

size and inversely to oyster size (Bisker and Castagna, 1987). These authors 

demonstrated that blue crabs could eat 16 spats (crab/day) and large crabs can 

cause significant mortalities until a shell height of 25 mm. Normally the blue 

crabs did not success to eat adult oysters except when they are thin-shelled 

(Lunz, 1947). Larson (1974) found blue crab densities up to 13m-2 in the James 

river. It is interesting to note that the highest densities ofblue crab for males and 
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Figure 11 : Evolution of the blue crub commercial catch 1925-1987 in Virginia, 

Maryland and in the Chesapeake Bay expressed in ten thousand 
metric tons. 
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females occured in summer time on the border and in the tributaries of the 

Chesapeake bay. 

The blue crab activity is one of the most important fishery of the Maryland 

with a professionnai but also a large recreational fishery. The evolution of the 

blue crab commerciallandings showed an increase twofold between the year 1975 
and 1981 (fig. 11) remaining at an annual production higher than 40,000 tons for 

the bay until 1986. The mud crab Panopeus herbstii is also present at high 

densities in the Chesapeake Bay (Larson, 1974) ranged salinities from 10 to 34 % 

(Schwartz and Carbo, 1960). This crab achieved a higher predation on oyster 

(Bisker and Castagna, 1987) but the densities in the whole bay and their 

evolution are not known. However, the large increase of blue crab population 

could play a role in the increment of the mortality rate of the oyster sinee 1981. 

The degradation of the water quality is very often given, particularly by the 

watermen as an increasing factor of the oyster mortality rate. As the pollutants 

are more active for bivalves on the larvae than on adults it can be noted that the 

main spat set which occured in 1981 and 1985 demonstrated that in summer the 
environmental conditions permitted a normal growth rate and metamorphosis of 

the larvae. Exeept for sorne large dis charges of fresh water in the upper bay, the 

high sedimentation rate and the anoxie bottom waters can either separatly or 

together cause mortalities. The concentrations of heavy metals in the bay are 

under the level which caused mortalities of oyster larvae for the American oyster 

(Calabrese et al., 1973, 1977 ; Mac Innes and Calabrese, 1978). The impact of 

organotin compounds is interesting to study more in detail as this pollutant is 

very active at very low concentrations for oyster larvae (for a review on oysters 

see Héral et al., 1989). TBT evaluations of the concentration in the water column 

of Chesapeake Bay marinas were ab ove the toxicity limit for Crassostrea 

virginica larvae (Hall, 1988). But in non marina areas the reported 

concentrations were not toxic for the oyster larvae in terms of acute toxicity. So it 

appears that chemical pollutants and particularly heavy metals and their salts 

could not play a direct role in the increase of the mortality rate of the oyster 

larvae and of course on adult oysters. 
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ALTERNATIVE STRATEGIES FOR RESTORATION OF OYSTER 
PRODUCTION IN THE CHESAPEAKE BAY 

These reflections mainly concern the Maryland part of the bay, similar 
proposais could be applied for Virginia especially for aquaculture on private 
bottoms but Hargis and Haven (1988) have already done strong 

recommandations to improve the oyster production of this state. 

While keeping the same type of socio-economical watermen structure based 

for oyster production on a public oyster fishery, a restoration of the production 

can be achieved by changing inadequate public management which has 

contributed to the decline. For several decades oystermen have obviously 

practised overfishing and, at a higher rate these last years. They fish more adult 

oysters each year than the, number of oysters of the coming year class 

corresponding to the recruitment minus the cumulative mortality, which are both 

function of the natural conditions and of the management operations (shell 

planting, reseeding ... ). Overfishing plus natural mortalities established critical 

conditions, in sever al rivers, lacking populations of adult oysters created severe 

conditions for spat set in the vicinity. Limiting the landings by shortening fishing 

season and enforcing a licenced boat system might not be enough. It could be 

interesting to create sanctuaries in different parts of the ba,Y to maintain stocks 

for reproduction. Furthermore, fisheries should be controlled by closing bars, and 

rotation ensured round the bay by opening 1/4 or 1/5 (time of the mean growth 

rate) of the most productive oyster bars each year. 

To practise the management it would be very useful to have an actualized 

estimation of the surface of the public bars with living oyster. It is unecessary for 

the Maryland state to keep and try to manage bottoms with mud and empty 

shells. Of 990 bars with a surface of 116 000 ha, as estimated at the beginning of 

the century, what is the reality nowadays ? The liberated old oyster bottoms 

could give new surfaces which could be leased for concurent activities like private 

oyster culture in Maryland. With the knowledge of the spatial distribution of the 

stocks, first the management for the fisheries could be planned (sanctuaries, 

rotation), secondly the reseeding plan could be optimized. 

In the reseeding plan, before immerging cultches, the right place, the right 

time and the right mean must be chosen. The allocation of shell planting must 
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not be mainly decided under social constraints but for biological reasons. The 

habitats must be favourable particularly far away from anoxic bottom waters 
during summer, in places where salinity remains high enough to facilitate the 

survival rate of the larvae. Sedimentation must be low, first to keep the cultches 

as clean as possible, secondly to guarantee a good survival rate of the young spat. 
Sectors of high spat settlement in the past years must have a prior right, but 

prospection of new are as round the sanctuaries which would be created must be 

achieved: 

A lot of scientific work and oyster men practices have showed, round the 

world mainly in Japan, France ... that it is recommanded to immerge spat 

collectors when the swimming oyster larvae are abundant. It occurs 10 to 15 days 

before the settlement to avoid fouling and sedimentation. In Chesapeake Bay, 

Maryland part,it is done 3 to 4 months before the spawning period. This delay is 

mainly due because the Department of N atural Ressources of Maryland (DNR) 

uses only one private contractor for the whole bay. Even in a same fishery 

context, it can be proposed that aU the oyster fishermen, who make profit by the 

collective operation, reseed the cultches in 15 days, when the biologists find the 

oysWr larvae in water. 

For the technieal aspects of the reseeding plan, the efficiency of the cultehes 

(oyster sheUs, clam shells, concrete, slates, stones ... ) must be compared with 

dredged fossil shells which are actually used. The comparison must be done in 

terms of biologie attraction for oyster larvae, hardness and stability of the eultch, 

behaviour against fouling and rugosity of the bottom covered with the cultch to 

avoid siltation. As a matter of fact the depth of the shelllayer could be very orten 

reduced, as the spat of the below did not survive. An optimisation of the density 

of shell in relation with the number of spat and the cost of the operation must be 

achieved. 

Reseeding the spat in areas without recruitment, in places where growth 

rates are very fast and mortality low can be good management operations, but it 

could be also a disaster by spreading the disease. Before the spat reseeded, 

systematic sampling of the abundanee of diseases must be done, even if the spat 

is not directly infested by a parasite, it eould carry the disease as a safe hosto In 

the same time, before reseeding the spat in areas where MSX and Dermo are 

present, it is a necessity to eradieate the previous parasited oysters by a total 

catch of aIl the year class. This comment is particularly valuable for Dermo 

disease whieh contaminates the oyster by proximity. Furthermore, the spat must 
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be reseeded in places where the habitat of the oyster is the most favourable to 

growth rate. The density of the reseeded spat must remain low to permit, first 

good physiological conditions to fight against the disease, secondly to avoid 

contamination by proximity which is in direct relation with density. 

As the landings have remained very low, for several years, demonstrating 

the failure of the oyster fishery, an alternative can be a development of 

aquaculture of oysters. This proposaI will completely change the social 

characteristics of the watermen Maryland community as it will require 

developments of enterprises, large investments etc. So there is an urgent need of 

sociological but also economical research to estimate the conditions and the 

consequences of the development of oyster culture in this area. From the 

biological point of view, the first problem with aquaculture is the choice of the 

species. As the native oyster is mainly attacked by two diseases, it is not sure 

that aquaculturists must go on with American oyster. Two main hypothesis 

would be investigated to proceed on the Crassostrea virginica or to introduce 

Crassostrea gigas. 

With the American oyster, natural spat can be collected on bottoms or with 

collectors in suspension. Everywhere in the world the collectors are more efficient 

when they remain in suspension. It is the same for the cultivation with faster 

growth rate in different suspensions. As the size of a market oyster could be 

obtained in two years with this type of structure, it permits to avoid the high 

mortality rate which occured with MSX mainly the third and the fourth year. In 

this scheme it would be better to have natural spat less expensive and more 

resistant to disease. An analysis of the world evolution of oyster production 

demonstrates clearly that the largest countries producing oysters are depending 

on natural recruitment. On the contrary the history of the production of 

molluscan with juveniles produced in hatcheries remains irregular and at a low 

level of production, even with new techniques like "eye larvae". This is mainly 

due to the size of the hatcheries which cannot always increase their level of 

production and also to the diseases which frequently occur in the very intensive 

overcrowded structures. Relying on hatcheries may become a necessity when they 

are able to produce sorne particular strain showing resistance to disease or fast 

growth rate or even new "species" obtained by hybridation or by genetic 

manipulation. 
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For Crassostrea virginica, some selected strains are available. By population 

seledion of fast growth oyster and by breeding them together during several 

generations, a strain with fast growth (the market size could be reached after 12 
to 18 months) is now commercialised at the Piny point hatchery under contract 

with DNR. Moreover the strain resistant to MSX (Ford and Haskin, 1987) allows 
to reduce mortality. Triploïds of Crassostrea virginica could also be obtained 
presenting normally better growth rate by comparison with diploïds in relation 

with the allocation of the energy which decrease in the gonadic production (Allen, 

1986). The problem is that the percentage of triploïds produced in a sample will 

vary a lot. For this reason it would be better to produce tetraploïds and to cross 

them with diploïds which will guarantee a percentage of 100. 

The introduction of another species must be evaluated. The species of oyster 

which is produced round the world giving more than 70 % of the total production 

is the Japanese oyster : Crassostrea gigas. This species is widely distributed in 

North America on the west coast but non officially present on the east coast, even 

if, in the Chesapeake Bay Hargis et Haven (1988) reported that this oyster, 

cultivated on the west coast were "soon processed or repacked in Virginia". The 

choice of this species could be explained first by the fast growth rate of this oyster 

it can occured market size in one year when the nutritionnal and temperate 

conditions are favourable (Héral, 1989). Secondly this oyster is very resistant to 

different diseases : the two viruses which destroyed the cupped european oyster 

(Grizel and Héral, 1989) but also resistant to the protozoans Marteilia refringens 
and Bonamia ostreae which caufled severe damage to the european fIat oyster 

Ostrea edulis. No publications described if Crassostrea gigas is resistant to 

Perlânsus marinus and to Haplasporidium nelsoni. There is an urgent need to 

achieve these experiments. On the otller hand it is noticed on the west coast of 

US a new disease Bonamia like which caused hight mortality rate on adult 

oysters (Bauer, com. pers.). Morphology and immunodiagnostic studies 

demonstrated that this parasite is a new species different from the microcells of 

the fiat oyster (Boulo et Hervio, com. pers.). In hatcheries from the west coast it 

has been noticed mortalities in relation with vibrios and bacteriae creating 

infection of conchiolinous ligament and periostracum (Elston et al., 1982, Eiston, 

1985). A virus on Crassostrea gigas was also affected larvae causing large 

mortalities in hatcheries. 



After this survey of disease we can concluded it will be very risked to import 

C. gigas from the west coast. The danger to import diseases in Chesapeake Bay is 

soon very large with the trade in Virginia between east coast and west coast. An 
importation can be done from Japan or Europe were no disease are described for 

the cupped oyster. Even if, for example, the historical case of C. gigas 
implantation in France staid a success, it is important ta underline that this type 

of operations can present considerable dangers, particularly for the sanitary 
point of view (Grizel and Héral, 1989). Also, it is necessary, when the situations 

are not dramatically urgent to take a maximum of precautions to realise 

importation and to follow the recommendation of !CES on introduction of species 

(quarantine, production in hatcheries ofF1, etc ... ) 

Another question with the introduction of Crassostrea gigas is the behaviour 

of this species in the Chesapeake Bay. The habitat of the japanese oyster, seems 

ta be more marine than the one for American oyster it is not sure that this oyster 

could reproduced with low salinity in the tributaries and in the upper bay. 

Moreover the gigas oysters are more sensitive ta pollution than american oysters. 

For example with organotin (TBT) Crassostrea virginica presented a decreased of 

growth rate only at 2 J.tg.l-1 without shell thickening. It appeared on C. gigas 

under 1 J.tg.l-1 until 0,01 J.tg.l-1 (Héral et al., 1989). The TBT concentrations 

largely exceed this level in the Chesapeake Bay particularly in marinas and sorne 

tributaries (Hall, 1988). This demonstrate that the quality of the water could be a 

limiting factor for another species of oyster. 

As for Crassostrea virginica, triploïds of Crassostrea gigas could be obtained 

(Allen, 1987). as they are not able to reproduce, it can limit the spreading of the 

new species. Hybrids of American oyster and Japanese oyster, could be produced 

but the resistance ta the disease is not known. By comparison with the 

hybridation of Crassostrea angulata and Crassostrea gigas it appeared that the 

hybrids had the same characteristics than the parents for growth rate and for 

disease resistance (Bougrier et al., 1986). 

Another alternative is to change the species but to manage it in a fishery. To 

optimize the production, the problems would be the same that we have presented 

at the beginning of this paragraph for the american oyster fishery. 
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It must be kept in mind that by changing the speC18S, it is the whole 

ecosystem of the bay which would be modified. When the environ mental 

conditions are optimal. this oyster can spread very quickly created again large 

oyster reefs which by their filtration activity can largely help to "clean up the 

Bay" as it have been done in South San Francisco Bay (Officier et al., 1982) and 

proposed by Newell (1988) for the Chesapeake Bay. 

It is urgent to take the se great decisions to main tain an oyster industry in 

Maryland: 

- the choice between fishery and aquaculture, or fishery together 

with aquaculture, 

- the choice of the species of oyster. 

After these main decisions which are mainly politics with many social and 

economical consequences, technical recommandations would contribute to 

increase the production if a large agreement is obtained between water men, 

administrations, politics and biologists. 
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