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1 ntroduct i on 

On the contrary ta the U.S ..... here they repr~sent but 4.6 % of the total 

marine production (CH~ and DONAlDSON, 1985) (Table 1), molluse, principally 

bivalves, can no longer be considere:::f as a rTErginal production. In France, 100 000· 

dbC t . (HERALetal., ton of oysters, 98 % of which is represente y rassos rea glgas 

1985a) and 85000 ton of mussels (Mi lus edul Îs. Myti lus eduLis gal loprov inc"ia 1 i s) 

(OAR01GNAC, 1985) are produced yearly. Eisewhere, ne .... rearings are being developed, 

such as pectinidae and Ruditapes phi 1 ippinarum, on the Atlantic and Mediterranean 

coasts: 

The species presently cultured, some of which deperiding on ly on natural 

collections (Crassostrea gigas, Mytilus edulis, ~us gal loprovincialis while 

ethers depend on hatchery production,either partially Crassostrea 9igas in 

the U.S., Pecton maximus, Ostrea edulis, or totally {Ruditapes phi 1 ippinarum, 

Crassostrea virginica, Argopecten irradians (Table l - 2) 

ln addition, the development in laboratories of mollusc strains with 

higher growth potential, or showing more resistancc ta disease, will be derived 

exclusively From hatchery productions. 

Furthermore, the decrease in growth performance and in quality of Cras­

sostrea gigas cultured in the big French shellfish ponds (HERAL et a l., 1985b) 

and the success ive mortalities through epizaoties which struck Crassostrea ângulata 

and Ostrea edul is, requires a better cOlTÇ)rehension of the relations ex isting 

between the rearing environments and the mo lluscs cu ltured there or those which 

1 ive naturally in corrpet ition . Due to the fact that these organisms are sed.entary, 

the eorrprehension of these relations require the knowledge of not on ly the scaso-

nal and daily variations of the quality and quantity of food available and which 

is brought by the c-urrcnts , but also the knawledge of the nutriment requirements 

linked with the physiological evolution of the individuals. 

Thus the studies earried out on food, whether those pertaining to larvae 

produccd in hateherics, or living in natural environments, or hatchery adult brood­

stock or those cu ltured ln natural environments, become necessary sa as ta guaranter 

larval and adult productions of quality and at lower priees and so as to imple­

ment the r ational management of the mo lluscs stocks exploited. 

T 
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1. RESULTS AND THE ORGAN IZATI ON SCHEME 

From the general e~uatjon by WINBERG (1956) which has been reexamÎ 

and modified by different authors (RICKER, 1968 ; CRISP, 1971 GRODZ1NSKI ct 

1975 ; LUCAS, 1982 ; HOLMES and t.\c INTYRE, 1984) the transfers con bc syntheti 

by the following equation ( Fig . 1). 

C = R + F + U + P 

""here C ConsulTption (fi Itrati on or c<;iptured) 

R "" Re + Rs + Ra , r esp i r at j on 

Re overheat j"9 

R. standard metabo lism 

Ra acti .... ity 

F F' + FU , biodeposits 

F' pseudofaeces 

FU faeccs 

U = Ua + Uc , excretion 

U. non assimi lated 

Uc products From catabolism 

P 3 Pg +. Pr + Ps + Pe : production 

Pg growth 

Pr reproduction 

Ps secretions (mucus, shell, byssus) 

Pe eliminated tissue (predation, desquamation) 

2. ANATQMY 

2.1. Organs enployed for the capture and sorting out of particl"es 

2.1. 1. With larvae (see BAYNE, 1971, 1976) 

Larvae do not start eating until the ve li gerous stage has been rPAct,. 

(Tab le 3). Until the mctamorphosis takcs place, they ensure the capture of 

by means of the muco-ci 1 iary rneçhanism of the velum (Fig. 2). When the meta,,,,,,'pO'o' 

takes place, the ve lum regresses and is anatomi"cillly rep laced by the labial 

whiçh are employed to sort out partic les before ingestion (Fig. 3). The function 

of the food particle retention Is t~en ensured by the g ill filaments which are 
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deve!oping and .... hose cil 'ary quivering cnsure the intr<lpa ! !ea l circu lation of the 

sca- .... ater. 

2 . 1.2. ~th ju~~~il es an~_ad~!ts (See OWEN, 1974 PAND 1AN, 1975 rURCHON, 

1974 ~iJRTON, 1983) 

Three main families can he distinguished by their predator organs (OWEN, 

1977). These are the prosobranchia, the septibr anch ia and the lame l1 ibranchia. 

The prosobranchia feed by ~ans of thei r ci li ary t r acts whîch they 

st ick out oF the sediment. The labia l palps permit a quantitative sarting out . 

Ctenid ia are pr esent but their importance for the supp ly of food 15 unkno .... n. 

Septi~~~:hi~ have mod i fied Ctenidia formi ng muscul ar septs .... hi ch 

can open and c lose. These anima is feed on debris and big particles. 

Lamel l ibranchia can use the ' food deposited on the bottom or that floa -

ting in the .... ater,dcpcnding on whether they have or have not siphons. The princi­

pal or gan for fi Itration is the gil '. Musse ls have (OARO IGNAC, 1985), t .... o gi l Is. 

(Figure 4), Linked to the visceral mass by the branchial axis, each one has t .... o 

r o .... s of f iat fi laments. These filaments face the ventral side of the moll usc {direct 

or descending branches, bend round abrupt ly, and then tur n round and up facing 

the dorsa l side (ref lexed or ascendi ng branches . On the contrary to the oyster, 

the cxtremities of the ref lexed branches are not connected to the viscer a l mass 

also, a il the filaments are similar to one another and p laced in un iform ro .... s 

(smooth gi Ils) . Each direct br anch is 1 inked to the corr esponding ref lexed branch 

by th r ee very f lex i'b le lric9s .... hich arc t issue expansions. Other .... isc, c l tllTPs of ci 1 i.:J 

1 ink each fi lament to the neighbour ing one and de l imit the spaces bet .... een each, 

these spaces are known as ostia (Fig. 5) . The tatera l sides of th~ fita~ents 

{fig. 6) are garnished .... ith fronta l , latero-frontal and latera l ci l ia, .... hich by 

thci r movement, cr eate and maintain the circu lation of the .... ater in the palleal 

cavity . The current penctrates in between the lobes of t he ~nt l e, cr osses thr~ugh 

the 9i Il s \<Wh i le passing by the ostio and flo .... s out through the exhal ing siphon. 

From 1851 onwùrds (ORAL, 1967) the 91 t 1 was considered as Cl sicve,whosc 

meshes .... ere formed by the tatero-frontal cil ia. Ho .... ever, no one cou ld figure out 

ho .... sma ll er sized part icles than the meshes .... ere retained . In 1905 , it .... as rcmarked 

that the 1 atero- fr onta 1 cilla were covered by a layer of sticky mucus , .... hich explai-
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ned hew the particles were kept back, as they stuck te the cilia. The study 

out by ORAL (1967) on the movement of the 1 atcro-fronta 1 cilia and the retentien 

of particles by the ~~i l us edulis L shows the power of retention of molluscs 

depends bath on the movcmcnt LIS wcll as on the frequencc of the quivcring of 

ci 1 ia. 

When the particles ûre captured by the gi Ils, they are directed t,,,,,,,, 
the marginal grooves (junction of the direct ûnd refl exed branches of the fi 

or dorsal grooves (extrem ities of the"reflexed branches) and conveyed towards 

labial. palps which direct them towards the mouth where they are ingested. 

2.2 . The digestive tract 

2. 2.1. Anatomy 

After 48 heurs with D.shaped larvae, the different regions 

tive tract differ from each other- and prefigure the digestive tract of the adu 

(Fig. 2 - 3). It is at pediveliger stage that the digestive gland starts showi 

two lobes which are the anlages of the two caecals of the adult gland . The 

logy of the digestive gland wi 11 on ly be comp lete when young adu lt stage is 

The Crassostrea gigas (LESBENERAIT, 1985), at adult stage, opens its 

mouth between the lab ial palps. In its mouth follows the oesophagus, which bends 

s li ght lyand leads to the stomach. The latter communicates by means of canals, 

with the digestive gland, a pignented" khaki colou~ mass (Fig. 8). 

The stomach is extended posteriorly by means of a cylindric Caecum 

~n oblique position: The stylet bag in which lies the cr ista lline stylet, pro­

trudes largely into stomach cavity. 

Half separated from the stylet bag by two typhloso les, major and 

which come out of the stomach, the intest inal pipe IS very slack and in a spi 

shape which runs lengthwise along the sty let bag_ At the posterior end of 

tract, the intestinal pipe opens onto the intestine, into a corresponding groo<' 

whi le the stylet bag, is prolonged a 1 itt le longer to the rear and opens into 

the other groove of the intestine; bath organs, pipe and sty let bag, are then 

separ ated in the terminal region. 

From the beginning, the intest ine presents a recurrent route 

branch) ln the shape of a dorso-ventral curl around the stomach and the digest" 
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gland, and then d i rects tow~rds (descending branch) the posterior end of the ùnl­

mal. From the intestine then fol lows the rectum "'hich runs a long the dorsa l exter­

na l s i de of the adducent muscle and is finishcd off by the anus, which opens into 

the pa ll eel cavity. 

2.2 . 2. Hjs~olo~~ca~~tructure 

With the exception of the gastr ic shield,thc digestive tract Is 1 ined 

with c i 1 iated epithelium of numer ous glandu lar cells . hav ing a glycoproteinic 

secr et i.on. The muscu lar wa l l is nct very wcll developed. Thus the histo logical 

struct ure of the digest ive t r act appears very un iform, the only variations. depen-

ding on the r egions, bc i ng the heÎght of the ci 1 iated ceris and the density of 

the glandular ceris. The gùstric sh ie ld is an exception. It compr ises a layer of 

high cel ls, covered with a thick, chitinous and sclerotic cutic le (ARNOU LD, 1976), 

The digestive gland is made up of a great number oF tubu les at the 

bli nd extremity,communicating with the stomach, by a serIes of r am i fied channe ls 

(fig. 8) . The g landular tubu les open onto a shor t secondary channe l which is 

the same for many tubu les , the channel then continues on to the principal channel. 

The principa l channe lsjo in up together in channels of larger and Jargcr diameter 

before entering inta the stomach . 

The glandu lar tubu les contain two categor ies of ce l Is 

and ~ecretory cells . 

the digestive 

!he di~stl:::::~~~.!..!=. are more numeraus . TIlese ar e h igh ce ll s, whose 

apical part sh~ws sorne microvi l losities (Fig. 9). The nuc leus is basa l , the mito-

chondria are qu ite numerous. The presence of heterophagica l vacuo,les at different 

stages of evolut ion, characterize these cells . In the routine metabolism, they 

have the functions oF intrace l lular digestion, which are fo l lowed by the functions 

oF extracel lulclr digestion, by the emission of f r agnentation spheres when the 

feeding conditions vary. 

The secr etor y ce l ls are characterized by a cytoplasm rich ln vesic les 

of rough endoplasmic reticu lum . The nuc leus has a deve Jopcd nuclcolus ( Fig, 10) , 

It has an intense synthesis and protcinic secretion. 

The different cana ls and tubules oF the digestive gland are surrounded 
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by a reserve tissue formed of cel Is of conjunctive nature, with lots of lipj 

and glycogen granulas. 

The digestive gland of Myt ilus gal loprovincialis larvae changes 

early (lUBET, 1978) , 48 hours after fecundation (Iùrvae DL it cantains the di 

rent cellular types , characterizing the adult gland: secretory and digestive 

cel1s. The process of digestion and the ùhsorbtion stùrts when stage 0 is re,ach, 

The activ i ty of the gland Îs remarked by the formation of lipid globu les 

are evacuated by exocytosis and can be taken back by the amoebocytcs. 

3. THE SOURCES OF FooO 

3 . 1. In aquaculture 

3.1.1. A lga~ fodder 

One fifth "of the phytoplanktonic species belonging ta 37 types, have 

been listed,to feed mol1usc larvae and juveni les in hatcheries and nurseries 

(CHRETIENNOT-OINET et al., 1986) . However, from these species, only ten of them 

are used rcgularly in aquaculture (Table 4). These algae have becn selected in 

accordance ta three criter"ia. They must be of adequat sizc, good nutritional 

va lue, and relatively easy to culture. 

~ ize is a limiting parameter concerning the diûmeter of the mouth and 

the oesophages of lûrvae juveniles and adults . 

The nutritional value depends on the spccies which are to be fed, 

their development stages. Indeed, the larvae can be more or less demanding (i n, 

cending order : Crassostr ea Ostrea Myti lus and Mercenaria) ln addition, the 

r equ irements of the anima Is develop with time, and a species of poor nutritional 

quai ity for the young stages can bc of better quaI ity for the aider stages. The 

nutritional quality alsa depends on the intrÎnsic quality of the phytoplûnktonic 

species uscd. Howevcr , the biochemical composition of an algac 

on the function of the culture (LAING and MILLICAN, 1986), while NEWKIRK and 

RAT (1985) remark that an increasc in sur viva l and growth of Ostrea edulis 1 

lt has also been demonstrated that the kind of lipids in the food ration wi Il 

intervene in the notion of the nutritional quality. Certain unSûturated fatt y 

acids, in particular, those of 6 w 3 group favour the growth of oyster larvae 
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of juvcniles. At present, the nutritive quality of an alga can nct howcver be ex­

pla ined by ont y its biochemical composit ion, but ail authors acknowledge the supc­

riority of a plurialgal type food concerning the growth of larvac, and of the 

watcr supply containing natural clements ( HELM ct a l., 1973) . 

The facil ity ln the production of cultures is very important in hatchc­

ries and nurseries of industrial type where the quantities of a lgae produced can 

reaeh 10,000 1 iters per day (exampte SAT~~R in France) . 

3.1. 2. Other sources of food 

ln arder ta fccd larvac in the same way as mar ine bivalve j uven iles, 

different nutritional sources have becn tested (Yeasts, minced macrophytes, vege­

tab le and animal extract , etc ... ) but these have a il turned out to be of 1 itt le 

effect . On the other hand, the importance of bacteria has been remarked by MENGUS 

(1978) and PR IEUR (1981). A,lso the use of Iyophi 1 Îz:ed algae and enriched microcap-

su ies s eem more promising.Nevertheless, at present, onl y li ve unicel lular algae 

produced in culture conta in ail the suitable elements for the feeding requirements 

of bivalves at young stages ln either hatc_heries or nurseries. 

If the presence of inorganic particles in the matter held in suspension 

does not supp ly any digestible matter, it can however contribute, e ither negatively 

or positively to the development of moll uscs, depending on the concentrat ion and 

type of minera i used . The addition of argillaceous suspension can be even r ecom-

mended sa as to faci l itate the ingestion of artificial preparations which are gÎven 

in the first fattening oF oysters (LANGTON and BOLTON, 1984) and their digestion 

when there exists feeble concentrations of a lgae (EWARD and CARRIKER , 1983). Thi s 

also helps to reducc the costs of artificial r earings (URBAN and LANGTON, 1984) 

and to Increase the growth rates oF oysters (ALI et PRUDER, 1983) (F ig. Il). 

The dissolved substances which are contai ned in the sea-water or ln 

the phytop 1 ankton i c c u 1 ture rned i ums a 1 so p lay a 1 ead i ng part. \~ IlSON ( 1979) demons-

trates that the filtrates of Isochrysis ga lbana cultures, at stationary phasc, 

spced up the capture oF ce ll s by the bivalves, whi le the fi Itratcs ùt ?cc l ining 

stages are inhibited From doing 50 . 
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3.2. In the natural environment (HERAL, 1985) 

3.2.1. Particu late materia! 

ln the studies in situ, iF one of the first explicative factors 

growth is the temperature , this is but the third explicative factor for 

ticn of flesh oF Crassostrea gigas. Thus HERAL et ai (1984) demonstrate a 

connection for the production of flesh with phytoplankton and phytobenthos 

in a degenerated form (pheopigments) or l ive (chloroP1yl) . On para i le i , 

and RIVA (1976) demonstr ate in situ the act ion oF phytoplankton on the 

Rudit'aees decussatus. These relations with phytoplankton are confirTOed 

fatteni ng of oysters (DESLOUS-PAOLI et a l. , 1982) (Fig. 13) for the growth 

se ls (KAUTSKY, 1982) and for the encrgetîc tenor of Ruditapes dccussatus 

PLANTE-CUNNY, 1983). 

Otherwise, the pernic ious influence of a too elevated 

has been demonstrated with the production of f lesh by VAH L (1980) for ~~~~ 

d!ca, by WI LDISH et al., (1981) .for d i fferent lamel l ibranches and by DESLOUS­

PAOLI et a l (981), HERAL et a l . , ( 1983) and DESLOUS-PAOLI and HERAL ( 1984) for 

Crassostrea gigas. On the contrary, the importance of bacteria (~~IEUR, 1981) 

often associated with partic les, has been pointed out by MARTIN ( 1976) for 

pes decussatus and by A~~UROUX (1982) for Venus verucosa. 

ln the coastal waters, the leve ls of dissolvcd amino-acids vary 

0.2 and 2.9JU moles per liter (NORTH, 1975). While , JORGENSEN (982), at I sef;~il.··11 

found variations between 0.4 and 2 . 5 j\J moles per 1 iter. In the ~'iarennes-O l eron 

basin, HERAL et al. (nct publishcd, fig . 14), find f'u,~uations between 0.2 and 

10 )U moles pcr liter but not presentin~ ~i~nifieant seasonal peaks, the daily 

varÎability during a tidal cyc le bcing superior than the annuel var iation. The 

app lies for the dissolved fulvie and humi~ carbon (FEUILLET ct a l. (1979). 

great variabl i 1 ities could be eauscd by the synthcsis uf absorptions ùnd ex<rotio 

by mol luses but also by ail other organisms . 

4. fEEDING FOR BI VALVES 

4 . J. With larvae 

For the larvae, the ingcstion takes place ln a C'ontinuou$ way. 
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the filtration and ingestion rates (Table 5 - 6) can var y depcnding on numerous 

parameters . 

The efficiency to retain particles dcpends on the Slze of these particlc ~ 

For musse 1 larvae, the optimum capture oF particlcs is situated around ~ 3.5 um, 

(Fig. IS){RI ISGARD et al., 1980 ; SPRUNG, 1984a). The fi Itrati on rate depends on 

the cel lular density in the environment and permits to regula te the ingestion 

(F ig. 16) while decreasing the encr gy losses caused by the effort made to capture 

the particles. TIle ingest ion of ce l Is by the larvae depends on the size of the 

larvae. ·However, the increase in number of cel ls ingested, corresponds to the 

decreasc of the perccntage ""hich is represented by the ration, with r egard to the 

body weight (Fig . 17) Ingestion also dcpends on the temperature, th us , on the mcta­

bol ie leve l of the individuals . Indeed, UKLES and S~EENEY (1969) rcgister an inges­

tion of 134 ce ll s of Monochrysis luther i by Crassostrea virginica larvae of 75 um 

par day at 10° C white it is 457 cc l ls per larva per day at 27-30° C. Likewise, 

LUCAS and RANG EL-DAVALOS (1981) remark that the ·Crassostrea gigas larva ingests 

400 cells pcr day at 21° C and nearly twice as much at 24° C when it is fed a mix­

ture of lsochrys is ga lbana and ~~nochrysis lutheri. 

for Mytilus edulis fed on Isochrys is galbana, the assimilation efficiency 

{lOO -\:- (resp irati on + growth ingestion) varies 1 itt le around 40 % for concentrations 

of between 5 and 40 cel Is per liter . On the other hand, it increases up to 75 % 
for lower ce ll densities (SPRUNG, 1984b) (Fig . 18) . On par a i le i , the net efficicncy 

of growth, ln other words the pcrcentage of energy assimi lated for growth, increases 

from the cc li density permitting the acquisition of a maintenance ration, up to 

a p lateau of about 6,5 % from 10 ce ll s per ul (Fig 19) . . Indeed, the relation bet­

ween the larval density in rearing and the avai lability of food is an important 

factor For the growth of the larvae (Fig. 20) and must be aJjusted according to 

the size of the larvae . 

4.2. For juveni les and larvae (Se. BAYNE and NEWELL, 1983 ; DESLOUS-PAOLl, 1985) 

ln feeding cond itions, which are much similar to those found in natural 

cnvironmcnts, the filtrat ion level depends on the physio logica l state of the an i­

mais. Indeed, the high metabol ie demand induced when its time for the spawning 

period an:::::l "f<rtreLaDt:>1:itut ion of gamets of Myti lus edu l Îs to tùke place,brings 

about a remarkable increase in fiitration rates . These dr op ta a plateau as socn 

-
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as spawning ends in the month of June (80RO~ITHANARAT, 1986) (Fig - 21). During 

this period, the amount of material consumed depends on the sestonic load present 

in the environment. 

However, the filtration level depends on the Slze of the particles 

having served to define this filtration level. Indeed, the retention of particles 

Îs more than 50 % for partic les of 1 jum for ~Wtilus edu li s ( Fi g_ 22) and of 4)Um 

for Craasostrea gigas. 

A schematic aspect of the relations exist ing between the sestoni c 1 

and the feeding is given by WIDDOWS et a l (1979) (Fig. 23). When 

of the sestonic load is rcached, the quantity of matter retaincd by the gi Il s 

the ingestion possibilities and causes the production of pscudo-fùeces. It is 

difficult to conc lude on whether a qualitative sorting out is made or whcther 

size of the particles IS taken into consideration by the individuals. However, 

certain author s (K IORBOE et a l. , 1981; NewELL and JORDAN, 1983) have remarked a 

relative enrichment of the r ation ingested in compara ison to filtered particles 

and LOPEZ and CHENZ (1983) po intcd out that Nucu la annulata ingcsts selectively 

the organic and especiù ll y the bactcria l fraction of the ration consumcd. 

t.hey point out that this selectivity can be modulated by scdimentological 

If the sestonic loads are above values of 200 mg pcr liter, one wi ll rcmark a 

decrease, or even a ~omp l etc arrest for the capture of par t iç lcs. This has becn 

remarked for Crassostrea gigas in natural environments, when high scstonic leads 

were caused by Wintcr storms. (Fig. 24). On the contrary, when therc are 10\,/ 

nie 10ads, the efficiency with ",·hich the partic les are retained increases 

This mcchanism can be used to mainta in an optimum ingestion and continuous 

PALMER, 1980b). 

The re lations between fi Itration, ingestion and assimi lation are 

tized for Myti lus edul is by NAVARRO and \'IINTER (1982) (F ig. 25).ln this case, 

corresponds to the cellular load for which ingestion and assimi lation are at opti 

mum. Above this, the assimilation rate is maintùined constùnt by the progressive 

dccrCùse of the fi Itration rate. However, with other biv.Jlves, such as ~A~u~I~~;t;~ 

ater, the fi Itration rate remains constêlnt, which Icads te an increase in the 

density. The resulting increase of the digestive transit leads to a decrease 

digestion efficiency which little by little decreases the assimilation (Fig. 
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The intertidal latera l bivalves have imposed fccdin9 activity rythms 

by the periodical emergcncc cau·sed by the tidos . Howevcr, for spccics which are 

constclntly submergcd the tidal r ythms or nychthcmcrals have nct been c lcarl y dcfincd. 

Certain authors have rcgÎstered sorne (SAlANKI, 1966 ; MORTON, 1977 ; PALMER, 1980 i 

COPPELO, 1982) (Fig. 2]), whi le others have nct rcmarked any (lOOSANOfF and No.",EJK( 

1946 ; WINTER, 1978 ; HIGGINS, 1980). It secms howcvcr that the fceding and d igestior 

rhythms arc controll ed by the variabi 1 ity of the feed at disposai ( LANGTON and GASSOT, 

1974 ; a.EN, 1974 ; WILSON and LA TOUCHE, 1978 ; ROB INSCN and LANGTON, 1980) . 

5 .. DIGESTION WITH BIVALVES 

5. 1. The digestive transit and rh't'thms of digestion 

The mechan ical aspect of digestion is s imil ar in lar vac and adults. It 

I S a trituration, caused by the combined action of the cristalli~style of the gas­

tric sh ie ld, of the food which is scparatcd and mixed with the enzymes (LUBET, 1978) 

Only the f lui ds and the macromolecules, which rcsult from the extracellula.r diges­

tion exist in the gast ri c cavity, are capab le of entering into the divertic~la 

(OWEN, ] 974) . They are then absorbcd by the pinocytose and digcsted by the intercel­

lular passage. The intracellular wastes ar e rejccted by the desintegration of the 

digestive cel 1. 

The part pl ayed by the cr i sta Ili{)e st y 1 e has not yet been c l ear 1 y des­

cri bcd, it seems to act as a never ending screw which carries the fine partic les 

to the epithelium leve l of the crÎsta llre sty le sack, for absorption purposes . 

At intestine level, digestion and absorption exist in addition to the 

role of mucilaginous secretion which is used to form and t ransport faeces. 

With larvae, the evo lution of the digestive gland takes place according 

to two schemas, depend ing on whether the feeding takes place continuously or not 

(LE PENNEe and RANGEL-DAVAlOS, 1985) . In the first case, 0311 the Pecten mùximus 

larvae ingest and digest at the same time and continuously , after 7 hours of feeding 

at 160 e, and after 5 hours 20 mn, at 180 C (Fig . 28 b). In the second case, diges­

tion commences 6 hours after ingestion, and finishes after 10 hours at 17Q C for 

Pavlova luthcr i (Fig 28 a). The time for digestion varies however according to 

-



the a 19a 1 spee i cs cmp 1 oyed. Myt i 1 us edu 1 i s 1 arvac rcqu i re 15 hours at lO°C ta 

digest 80 % of the Isoch~ysis ealbana cel Is and 13 hou~s with ~~nochrysis luther i 

cells. Digestion is also 2.6 timcs quickcr at 200 C t han at 100 C (LUCAS ~nd 

DAVALOS, 1981). 

For Crassostr ea SlgaS adults, the dynamic of the digestive transit 

takes place in thr ee phases , when a sequential feeding mcthod is elT1Jloyed (L <I'O"" 

RAIT, 1985 ; BOUCAUD-CAMOU et a l. , 1985). 

The infillin2 of the digestive tu~~ ( Fi g. 29 a) : 

Thi s inf illi ng takes place rather quick lYi and one 

algae in the stomach, in"tteprincipal channe ls of the digestive g landcrd in tt-e i 

tine . It takes ar ound 5 - 3 hours bctween 10° C - 20° C for the algae 

pass through the digestive tube. Then, they are excreted al ong with a lot of 

through the anus (Fig. 29 a 1) . The telT1Jerature has a great inf luence 

(Table 8) . 

The start of the di~st~~ (Fig. 29 b) : 

As saon as the a lQae enter into the channe ls of the di gest ive g land, 

they ar e affected (within an hour) i while li ve a lgac can be observed rather 

a long time in the stomach (6 hours)and, espec ia ll y in the intestine (8 ta 16 

aftcr feeding). Three to six hours aftcr the cOl11'l1Cncement of the experimcnts i the 

first residues of the digestion appear in the faeees, mixed with numerous live 

a.lgae (Fig_ 29 b 2). Progressive lYi the percent age of rcsidues wi Il ri se , whi le 

the faeces sol id ify and mould themse lvcs into the sha.pe of the r ectum . The r05;'''",1/ 
accumu late into a pl eated ri bbon and are clearly separated From the straight 

formcd by the intact a lgac ( Fi g. 29 b 3). Both r ibbons are probably moulded to,,.tl 

in the rectal bag sa at the start of the digestion at least ther e are supposedly 

separate transit tubes for the a lgac and residues. 

The end of the digestion (Fig_ 29 c) : 

The residues wi Il dominate the intact a lgae , invading aIl the 

the rectum, and after "round 10 hours,homogeneous faeces wi Il be obta ined ( fig . 

but wc must wait for at Icast 40 hours to find no more li ve a lgae in the faeces. 

nley wi Il no longer be excreted eont inuous ly, but intermittentl Yimi xed with â' 1 

of mucus . The digestive tract 'r/i11 ' be cOO1J lete ly elrÇlty after 50 hours at 20° C, 
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but t,he digestion can last for 75 hours at 10° C. 

As stated by WIDDOWS (197S) the effic iency of digestion and 50 absorption, 

dcpends on the quant ity of food avaÎlable . Indeed, the more Food available, the 

less the need to comp letc the digestion 50 to ensure the energy gain necessary 

For Myti lus edulis . Howcver, as the quantity of Food influences the efFiciency oF 

digestion 50 does its composition . BERRY and SCHlEYER (1983) on Perna perna, 8RIEElJ 

and MALOUF (1984) on Mercenaria mercenaria and BOIWMTIIANAI~AT (1986) on Mytilus 

edulis revea l the increase in efficiency oF digestion wÎth an inerease of the orga­

nie fraçtion in the food (Fig. 30), thus pointing out the genc that IS represented 

by the minerai seston for the digestion when this makes up 80 % ta 90 % of the 

food ration, as is often eneountered in the rearing sectors on the French Atlantic 

coast. (Fig. 31) . Thus, as numerous authors have remarkcd with different bivalves. 

the efficiency of absorption var ies with the seasons. These variations are probably 

due to the environmental conditions on one hand and to the r equirement oF the 

mol 1 uses on the other . Indeed, it appears that dur ing Wintertime sugar5 ·are 

not used, whi le dur ing Spring and Summertime around 50 % of the sugars consumed 

are digested by Myt i lus edul i s ilnd Crassostrea givas (OESLOUS-PAOLI and al ., 1986) 

(Table 8), while the l ipids are greatly employed during bath Summer and Winter. 

The digestion of the different energetic substrates oF the food IS thus undouptably 

induced by the implementation of enzymatic organs adapted to the food requi-

rements . These nutritional requirements are probably linked with the physiological 

seasonal state of the bivalves . 

5.1.2. The ~ of d;gest;on (See ~~RTON, 1983) 

The study of the dissolution rhyt:flm of the cristall inestyle of Rasaea 

r ubra (MORTON, 1956) and of the stucture of the digestive tubules (~k QUISTON, 

1969) along with the results obtained by other authors (~RTON , 1973 ; LANGTON 

and GABSOIT, 1974 ; LANGTON, 1975 ; MAITE\\"S, 1976 ; MORTON, 1977) 9;ve to bel ;eve 

that the digestion phases, extracellular in the stomach and intracellular in the 

digestive tubules are organized in the repetit ive phases linked with the tidal 

cycles. For example, ~~RTON (1970, 1971) described For Cardmium edule and Ostrea 

edul is a cycle linked with the tides : The feeding will take place during the 

high tide cycle, and the matter ingested wi Il not pass through the digestive diver­

ticular before th~ next high tide, when it will be submitted to intereellular 
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digestion. lt is thus during the low tide period that the extracel lular digestion 

is produced in the gastric cavity. The intracel lular digestion during out Flowi 

waters and low tide periods will be followed by the fragmentation of the 

cells and the preparation of the tubules, for the new flow in, oF matter during 

the following high tide cycle. 

But nUll'lerous authors pOÎnted out that the rhyt:hn of digestion was lost 

when the animais were placed into continuous immersion or Feeding conditions 

(LANGTON and GASSOT, 1974). 

Thus it appears that the synchronism of the digestive processes is 

lated by the availability of food (OWEN, 1974; MORTON, 1977; ROBINSON and 

1980 i MORTON, 1983; HILY, 1985) (Fig. 32), .the maximum size of the cristal 1 Îne 

style is reached when the stomach is full, and the minimum size, when it is 

(LANGTON and GASSOTT, 1974). This does not differ from the results showing 

the ~hm of digestion were under the control of the environmental varients, 

as tides or day and night alternance. Indeed, the food levels fluctuate in u"at,u,'al:~1 

environment, especially in relation with the tides for intertidal species. 

5.2. The enzyms 

5.2.1. With larvae 

.MASSON (1975) states that from the ovocyte stage, mirnerous enzymatic 

activities commence,apart From some Iypo l itic enzyms which will not develop until 

after the metamorphosis has taken place, and with the exception of the amylasis 

which will only commence activity during the pelagie life. 

5.2.2. With juveniles and adults (See OWEN, 1974; MORTON, 1983) 

The studies carried out by HILY (1985) on Ruditapes phi 1 ippinarum and 

by BOUCAUD-CAMOU et al., (1985) on Crassostrea gigas will serve as a basis to 

regroup enzymes according to the actions in the different stages of digestion. 

The glucanases {amylase, cellulase, laminarinase} digest the walls of 

the algae and the reserve substances (starch, laminarine) (SOUCAUD-CMiOU et al., 

1985) . These glucanasic activities are found ln ail the epithelium of the digesti 

system and more so in the digestive tubules. It appears, ~hen digestion commences, 

that there ;5 a amylase secretion ;n the stomach, and the glucanases can be found 

on the surface of the cristal 1 incstyle. The latter then seems to, incorporate the 
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enzymes s~retcd by the stornDch wal l (ARNOULT and BOUCHEZ-DECLOUX, 1978) . 

Lipases and proteases in faeble quantities are found present in the 

lumen of the digestive tubu les and of the stomach . Normal Iy proteases are found 

in the intestine . The protcins sccm ta be digested 

opt;mum ac ;d pH (BOUCAUO- CAMOU et al . • 1985). 

by the enzymes at 

An intrace l lular digestion continues ln the border ing br ushy ce l ls 

and in the digestive cel Is by the action of the Iysosoma le enzyme~ l ike the O.gluco­

sidase for g l ucides (HILY, 1985), the .Beid phosphatase, the acety l- g lucosaminidase 

and the'pept idase (BOUCAUD-CA~~U et al., 1985). There a lso exists, at the brushy 

border level of the digestion canals and in the stomach epithcl ium, membranar 

enzymes (peptidases, alkaline phosphatases) which must have a re lation with absorp-

tion, Thus, a plan of the digestion of Crassostrea gigas (Fig . 33) i s propo­

sed by BOUCAUD-CA~'K)U et al., 1985) : "Oysters seem ta fi I l their digestive tube 

completely as soon as the food is taken. A f iaI.' of particulates enter simu l taneously 

into the stomach and into the canals of the digestive gland . Ail the substances 

dire~~ly assimilable secm ta be then absorbed by the membrane enzymes of the borde­

ring brushy ce l 15 . The alga l walls are attached as saon as they enter into the 

digestive canal" due to the action of the glucanases which are particular ly active 

at this Icve l , then progressive ly in the stomach due ta the mechanica l and then 

chemi.ca l action of the cristal lire sty le, with the he lp of the enzymes secreted 

by th~ stomach wa ll and the digestive gland . The fOOd digested in the stomach can 

then continue into the d igestive gland or else be digested and absorbed by the 

stomach .... a l l" . The absorption and the intrace l lu lar digestion continues in the 

intestine. 

5.3. Disso lved absorption 

\'1'hi l e the experimenta l .... ork carried out by PEQUIGNAT (973) points 

out the nutritional role of the amino- ac ids and the disso lved sugars, the energetic 

supply that they represent has, up to present, not been quantified in the ener getic 

ba lance of mol luscs . 

Indeed, the branchia l epiderm of the lame lli branches is where a strong 

absor ption of the dissolved organic molecules, such as the amino-acids, sugars and 

fatty acids, takes place. Numcrous experiments emphasize the se mechanisms (JORGENSEN, 

-
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1982, 1983 ; IVR 1 GHT and STEPHEN, 1982 ; GO~l\IE, 1982 ; NELL et al., 1983). Thus 

absorption is carrÎed out principally at gil 1, mantJe edge, stomach and smal 1 

tine level (GOREAU et al" 1973; BAMFORD and GINGLES, 1974 STEWARD and RAI"COO ,' 

1976). Myti lus edul Îs can thus absorb half of the amino-acids contained in the 

s€a-water ~hich passes through the branchial cavity at concentrations of 1 

pcr liter (JORGENSEN, 1983). JORGENSEN (1982) also shows that the absorption of 

amino-acids From natural water can suFfiee and supply more than twice the 

of energy necessary for the fi Itration" activity of the 9i115. On parai lei 

(1982) ~stimates that the absorption of amino-acids supplies 6 ta 60 % according 

ta the concentrations availablc in the water, of the oxydation requirements of 

the metabolism expressed by the- respiration. This mechanism thus permits to 

the requirements of Il essential amino-acids for Mytilus californÎanus with 

pally the L-methionÎne and L-Lysine Ncl (HARRISON, 1976) as weil as taurine 

rcpresents 70 % of the pool of intracellular free amino-acids oF the gi Ils ( 

and DE ZWAAN, 1981) . On the contrary, according to NELL et al.,(1983) , wh; le 

amino-acids there is an active absorption; for glucose, the absorption appears 

1 i ke a pass i ve diffus i on wh i ch does not contr i bute grca.t 1 y to the carbohydrtltc 

of the oysters. On the other hand, FANKBONER and DE BRUGH (1978) and FANKBONER 

et al .,(1978) point out that oysters and mussels accumulate the organic carbon 

dissolved in the sea-watcr and PH LEGER and ROSSI (1982) point out that Hinnites 

multirugosus juveniles can concentrate 150 times in 24 hours. 

On parai lei, a certain number of dissolved organic substances can bc 

absorbed in the same metabol ic manner and don't play an energetic raie but a oro~~l 

substance raie, as does chal in chloride and vitamins (NELL et al., 1983). COLLIER 

et al., (1953) also pointed out the great beneficial influence oF'carbohydrates, 

which are present in marine environments, on the pumping rate and the intervalvul 

activity of the oysters and THOMSON and BAYNE (1972) on the filtration rates of 

mussels. These constatations brought about the development of the first artifi"i 

dicts, emp loying sugars, lipids and vitamins (CASTELL and TR1DER, 1974; TRIDER 

and CASTELL, 1980 ; NELL and WISELY, 1Q83) . 

CONCLUSION 

The variety of food found in natural environments, and its variabil 

ln a controlled env ironment, make it difficult to comprehend the nutrition of 
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bivalves. 

Indeed, iF bivalves arc classed as suspensivores and deposivorcs, this 

classif ication Îs no longcr ilppl icablc whcn deal ing with animais 1 iving in an intcr­

tidal environment . TI1C re-suspension of the wùtcr-sedimcnt interFace leads to an 

as important participation of the phytop lankton in the food rati ons of suspensi ­

vore animais, such as oysters and musse ls for examplc. 

ln addition, in a hatchery, a nursery or experimenta1 Iy, the vari abi ­

lit y of a sarne phytoplanktonic species, dopending on the factors of the cu lture 

environmcnt, or the age of the populations make it difficult to comprehend of the 

cause-effect relations. 

On the other hand, the ex isting controversy bet .... 'een OWEN (1956) and 

~~RTON ( 1973, 1983) concerning ther'~hms of nutrition, are due more probably to 

the study of the seeondary f<t:tors (t Î des, nycthomera 1 s) rathcr than · the pr i mary 

ones (food) . Indeed, those animais whose feeding ~ IS cyel ic in intertidal 

environments, adapt to continuous feeding whon they are fod constant ly . Indoed 

these two authors agrce that the digestion dcpends on the availability of food. 

"However there exist sorne points where particular efforts are required, 

i f one wishes te fully understand the feeding mechanisms of bivalves. The first 

I S the quant itat ive and qua li tative estimation of the ration really ingested. Up 

ta pr esent , most of the studies have been earried out in conditi ons which do not 

bring "about the appar it ion of pseudo-faeces. This means that the totality of the 

matter fil tcred was i ngested . Th i s is not what norma 1 1 y happens in natura 1 i nter­

tidal env ironmcnts, where the particulate IOùds are oftcn r e latively high. Also 

the leve l of digestion is probably linked with the quantity and the qua li ty of 

the food ingested. Indeed, without a doubt a connection Îs produced between the 

time of transit of the food in the digestive tract and the leve l of the different 

enzymatic activities, which gives an optimization of t he energy acquired, depe~ding 

on the energetic requirements of the animais. 

Therefore, the nutrition of bivalves is the result or successive adap­

tation of the filtration functions, ingestion and digestion, te the amount" and 

the quality of the food avai lable permitting a animal of gjvcn physioJogy'to satisfy 

its requirements in the best way possib le . 
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rabl e 1. Estimated Five Year Average (1978-1982) of Commercial 
Landings for Mallusc in the Urdted States 
(froct Chew aIld. Donaldson , 1985) 

Qysters 

Pacifie Crassotrea 910as1 2 
American Crassostrea vi rginiea 
Others 

Cl ams 

Hard: Me r eenaria mercenari a 1 

Surf: Soisula solidiss i ma 

Oyste r Total 

Ocean quahog: Arctica i s laodica 
Soft: !!!!. arenaria 2 
i1anila: Taces jaoonica 
Oth~rs 

Seal100s 

8ay : Arcopecten irradians1 

Cal ico: Ar90pecten gibbus 
Sea: Placooeeten magellanius 
Others 

Others 

Clam Total 

Scallop Totai 

Squids, Octopus , Abatone2, Mussels 

GRANO TOTAL 

Metrie Tons 
(Meat weight) 

2,950 
27,400 

50 
30,400 

6,325 
18 ,850 
14,740 
3, 970 

500 
1.315 

45,700 

595 
2,490 

12 , 960 
5 

16,050 

42,200 

134 , 3503 

10epende'nt on hatchery seed for portion of cOlMlerc i al production. 

2Se::d pr oduced in the hatchery and s01d regularly or irregularly to 
co~ercial shellfish growers, 

3Estimated ave r age 5 year total of cOrtrnercial marine landings of aI l • 
species of fish and crustacea (round or li ve weight) and mo 11 usc- (meat 
weight) is 2,920 , 000 M. T. . Motlusc is ooly 4 .6% of tha total pr oduc t ion. 
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1 
1 

i 
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Tableau 2 From Lucas (1981) . 

- n il.ll\ aJUlud du \ "nl~ dr. tu~ill 1':Il 1;1 S~I I ~r 
Shdliish, Whit.swle tG. li.) cxp:imê en millit~ d1ndhidus 

.""nr:~:. OH'''': 
1 

Crc;rOIlrtc. Ru.!i:.JptJ 
( . .iulis ,'i;as d"-::I:::.J/IU 

I-;:~ ~ 3-;'4 17 iS!' ~)6 

1::1:'6 j U..; II ":01 0 

1977 ! ~[,O If ji.: jjj 

l'iiS ~ j:!.; 13 121 [ Cli:! 

l!li'; 9 -- , 0' _ .;5 085 7 j95 

1980 2\ .1~1 57 556 153 

- nilan 1/Ulucl du .'tnl.ts de Il;lLSSoLin 
p:lr l:l SAT)!AR. Barlleur. t:\:primê Cil m.ill.ien dïcQ,.idw 

(1) Bil.w de juin 11 ja:r.. (:!) Billn ,ar l nne: ci ... ~e . 

..... nr.,::s Ostr!1l C'~Jortr(Q RlldfJapu 
ed:t!is lil/as piti/i; ;;r.",rum 

(1) 
197..;....75 0 J1) 1 971) 

1975-76 198 9'9 1410 

1976-jJ 1 579 1 .. 70 J ':19 

197,-i8 1765 5 166 :! ')63 

- - ----
r:! j 
197~ 0' IS JSJ ..; i07 

i'r;~ 1 .j.j8 29 122 85)..1 

17S0 1 527 .; \ OiS IS 'la) 

1 

1 
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TEi'l'S ,APRES LA TAILLE CARACTE,:nST!QUES CRGANE5 
f 1:GJNOA TIeN (,n ,ml STAGE 

C;ENErt,4,U~5 
DE 

( ,n jou r-s) NUTRITION 

, ,a Tr-::chophor-s Fcr-me ce tcuÇl1e . p~~ C:' ~lir.:ent~ tien 
(T r:u:hcphOrg) COUr'Jnna c ! liée . Un c:.: hen : e:-on 'en 

Glende C;JC;U ilUê :-e, foli':1':: o ' U. 1T'.a ! :o 
ô:'Ia1 s ~es ce cc- , .. é::: diffa:-er:-
quille. c ! at!.::n du t:-.!c-

tu, C!gestif .• 

l ' 50-S0 ro~t - trochc:: pr,o r- e Séc r-étion d'une p~ s d'~lir:len ~~ :!cn 
1 (YCl'Jng veliged ccqu1l1e mc :-" oval ve ."ppe:-!. : !.on c'un 

velur:l , Tubs ::::!i~S -

tif ,n voie ce 
cif7ê~~nciat!~n . 

2 • 1< '0 • 1~0 V~l!.g!l!:,e Coquille fc r::l~e Velu:,:,; dÉvelc;::=~ 
St~e 0 de 2 Vo!I l ves • !'Ét!'=c : able ;;::'\ :. :-e 
(0 s.ha~ed cc c herniàre dr- ita , les '/dlves. ïw tl e 
str~i6nt-hing!!. Prcdisscconque l d!.gEstif d!:f7'!:-en -
veliSE!') Cs~erètée p.~ ,. cU (c escpna'ge, 

glanee .ecqui 1 1i~rel es t er..;:o avec Si!C 

puis Prod1ssocon- cu stylet. i:1:a! -
. que II sécrètêe po!. tin en UJ. Glar.ce 

la man t ei!U dige=.:i'Jii :"';l::=ire 

1S • 25 1 ,-_u • 230
1 

Véligè r e Frêsance d ' un CcrtVrte c i -dessus . 
umc.onêe umee 'ur 1. pro- md~" .;:l~~e Ci~~s-

(Ve1!c:::lnc:hal ô.1 !~oc=r.C;l! la II t !ve f::,:,:,;an t ~:"':I-

gr,;!~5!:l ema:"lt 

2 l oess . 

2' 230 • 240 V#ii!.:!.-gè:re T.!che pigmentaire Co=e. c!.-=essl.!s 
oeil l ée cu ~ !leil ~ do!lns ," 
CE:;9d velig!2 r l lobes cu r..!nteau , 

Le pied se diff;€-
rencie. 

27 è .29 240 • 250 P~divél1gère · Oe11 · i'résant. 'Jelt.!;;'\ . n :'9g:,ii1~ -
CPsdivel:!.6e:- ) Pied cévelo~pé sicn :::--=gres si 'Iii. 

" fonct ionna! App;r; ! ! '::!.:i:a5: ~f 
!. nc~e,":~é. 

:;0 1 2:0 Plan tisr.!!.de Pi ed . 8yssus . V'!.e C~'1!.'C2 ;:Ia!Ha!a 
1 t?lan t igrece) ber:thic;ue . Flla- ae t.!.'/e. Pa!~es 1. -

ments ~ranchi~ux b 1~\'!x . p..poo! r- ell d1-
g9s : if ir,Chë:niÉ.. 

ï a!:lleaw 3 : St~ées lo!! r v.!!.ires de MytiZus ~!i .::; en éie'J.!!.'é;e ~ 20C:C . (Lue~3, 1982b) 
6~~rs~~~ : le2 durées des diif érents s~~des lit l es ta i lles co~espor~ant2S ne scnt 
éonn~es GU'~ titre 1ndic3tii. en r aison d ' une f orte vë:ria~i1ité d ' orig i ne généti c;ue 
Qt éc ologi~ue . ~ t~i!le est la plus g~ende Cimens ion de 10 c oquille sur une ligne 
po!l r allè1e à l a c her n1èra. Le s te~es anglais sont emprunt és ~ 6o!Iyne (1S64 .t 1975] . 
Il ! o!! wt ca::enc o! nt signaler que c et auteu:' donne un S2ns res trein t au !tede a en .l a 
fa!.s.!nt. c::J [' :, e:5~or", c;,e è la pr-oe! s:::onconc;ue l (du r ée : 1-3 jou :-~ l l ;o n c .::: nséc;uer.ce: le 
!. t..!c" ve!1ccnc:-.a C;:i!:t;u ': e .! la ? :-aC::: i sscc::::r.:::;ue :: (~u r~e : 2 setr~ine:51. 

, 

-



Fiv.ur'! 3 

167 

A :'i~.,.u.ur..:;!.tic reconstruc~ion or ti'.e pedi',('!1iger la!"'1a 

of ~iy~ilus edulis . p. r . m. Fe:!al retractor o:rusclej V. :- .~. 

v~!.?I' retractor L,uoclej b . g.s . byS3a.l gl~d systeo. 

(fr-or.l Jayne, 1971) 

A d:~gT~~atic reco~struction of an early ;l~~tigr3èe 

of :.tftilus e:.1ulis, iJT.-o.ediatly aftar meta . .'r.cr;hoois and 

beiore secretion of the dissoconch shel l tas begun. 

Org~~ systems not labelled are ~s in fig . 2 (fr om 3~e, 

1?71) 

-
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(.-2) outer ê.erni·::lr:::::.::~!. 

( }-L,) in."ler ded ·c!'a.:.chs 

(f:-Or.l !)a.r:iig:l~, 1S€:5; 

::'i !t'J.re 6 

Fit!Ure 5 The giU of :.1.ytilus edul i :> . 

(from Dardignac , 1986) 

L 
fis l 

S~rnidiagT 1t;:-~';13.tic tra..,sverse sectio:1 of a lamellibre.."1ch 

gill filac:snt ~i,o·.-:ing cili:U-Y tracts: :iC, frontt.:.l cilia 

fc~, fro~t~l tr~ct of short ciliai fis, frontal tract of 

long ciliaj lc, l~tera! ci!i~i 1fc, 1a~erofrontal ·cilia. 
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1-
· U~:'''I~''. ' r'II": . 

Sche~atic rcF~e3ent ~tio~ c f pa~hs ~~~ rate of particulate 

material aratm into the inhala.'1t p2.11ial cavity. 1: sedi:o.e!".­

tation of p~tcleSi 2: p.a.ssa...se tr..ro'.1gn the ostiumj 3: impi=.­

ger::en't upon ctenidium and tr.:l.:J.sportation on frontal I!ru.CUS 

bands ta foo':' grooveSj 4: :-e jedion of la.:-ge mucus masses. 

( frorn 3er:'lar-:! , 1974) 

. ;~' >. 
. .~ . 

• •• 1 

. , 

A 

" 
-

B 

Schel':l:::.tic !"e;·!"esentation of t!1e dige:zt tract (A) of Crassost:-ea # 

~I a.~~ of the di6G~tif crlande (il). (from respectivly Boucaud­

Camou et al. , 1985 and Owen , '955) 
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Vésicule 

Grai n hétéro~ène (GHZ') 

(uchrON~ine } 

H':I!!n>chroNtine ~Ior~u 

!;uc léole 
~r9as ~oolas~:e 

COr;1S ,.ês;~uel ( CRI) 

CorllS rés ~ duel ( C~Z I 

~lycor,ene 

"14( :: inter-celluhfrt 
dl .te 

PéMl.lys;)It.e 

Sch'm. d';nterp,'t.tion ultruuuc:tur.l. d.l. c.llul. digesti .... d •• tubul." digestifs d.l. p~lourd. Rudi t.fH. d • .:u· .. .tl 
. ~ _.1. • • '-. " __ _ .. . _ _ .' 
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foticrovl11o s i t<! 

Ce~r.~~e~r 

Pinocyto~t 
i1sroso.'"'l!: c . U 1 scn,..t 
·;OI'lC t t .;r. 
occ Ivet"S 

G.rai 1'1 dt 
secr~tion 

':,\ :uol", 
:;"!utoli'l.t91t 

~ " O:l\to"d '1" 
l~rl ' ct1Iu a i r e 

!: i tcchondrie 

P.eticulu,.. Iha 

~ ; !:Iosorre 

'ictyos~ 

' ubu!! (C:Er.L) 

1~t~~~!ot'lU(! 
'/h ;Culf 
hfriss!\! 

Por t nudhire 

Hl! t~rnc:' '' er:-..l t int 
.... "!i i". ; ! 

Hti! tlrochrO:::i rtu 
~éd·nucUoh;rt 

:luc Uole 

::Oyau 

h~re 10 : from rIenrJ, 1964b 
SCh"m. d 'int.rpr""tion ultt.structurale d. t. c.nu le der"triCII d .. tubul." digutifs d. 1. palourde R udit.p •• 
dllcu" •• ru •• " moiubolismll d. roul;"II. 



Tableau 4 
p~rcent of U90 of the main algae in the commercial hatcherieo. 

(from Chretiennot-Dinet et al., 1906 ) 

nutritive value: "u-: very good 

M" p,ooJ. 

JI- meall 

ALGUE-FOURRAGE 

Fr~qucncc d 1 utltiDnt!on 
(cn pourcentage) 

d'aprèo t.lAUIE ~n SOST,197t 

--- --~-~----------------- - -~~~~~~-- - =----~-~-~-~~--=-------~--~~--~=~-~~ - ---

Ftéquencc d ' utt11~at1on 
.. (cn pourccntag':) " 

~ ' aprèB L~CAS, 19~O 

** ..... 37 , S 40 
Chuctoc.croo ca\citrano 
DunalLella prlmol ccta ~ 

25 a 

loochryo1"a galbann )1; ..... * 75 Ba 

"loochryoLO aff. ga lbana IITahLti li "* 0 20 

Nannoch\oropaiD oculata -.:" ... - - ~5 
0 

Pavlovn"1uthcrL ~** .. 62,5 JO 

Phucodact"yl um""· tricornu tum li! 12,5 50 

ps cudoloochryo"10 paradoxa 1i~ 62,5 50 

PyramLmOoao virgioLee. 1J; . ". 
37,S 0 

Skelctoncma eoatlltum *~ 
12,~ 

20 

Tctraaclmio lIuccica ~1f* 
25 60 

TI\alnooiosira pocudonona **~ i;1t~ 
40 

-::---::--- ::":-::- -:-- - -:: ...;-="---:- :; -::-::"=:-"!:;:===:=:=:~==~:- - - - -==:::-===:--:-': - -=~"!:--:: - :--=-:;-:: - =~='::-:=:-:-

~ 

" ~ 
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C1 starved C tri 

C2 ox. silt c lrl 

C3 nat. sill clrl 

C4 PHAEO ctrl 

P1 PHAEO & ox. sill 

P2 PHAEO & nat. silt 

C5 3H ctrl 

T1 3H & ox. silt 

T2 3H & nat. silt 

l 95% confidence inlerval 

T 
-L 

~ 

C1 C2 C3 C4 

-

-

-

-
L 

L 

P1 P2 C5 T1 T2 

Fi~~~e 11 : Average incr ease in individu~ live weight of oysters (ed 

wi th Phae·odac"fylum tricornutum (PP.:...EXl) , Tha.lassiosira 

pseud~ (3E) a .. '\d na.tural and o~dized sil t f or 1 'I,'eeks . 

(from Ewart ~~d Pru~er , COM. pers.) 
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""\ "; • • 0 
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1 
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f ~~. 

Figure 13 Factoriel anal:rsis of the relation between oysters wd 

foods (trom ::Jeslous- Paoli et aL 1 1982) 

-

For tee oysters: protein (pr.c) , lipid (li.c), ash (ce . 

c), carboh,ydrate (su.c) 

For the foods: turbidity (ntue), particulate C (C ocl), 

particulate N CU, cI), chlorophyl in water (chle) a."ld on 

the bottom (chlv) , pheophitin in watsr (phee) and on 

the bottom (ph~v) , teo (dooe) 

f=ole/l 

'.' 

2.' 

2 .2 

, .. 

Fionlre 14 Variation of the dissolve ami::" acide in the water of 

the bay of Mare~es-oléron (from Héral , 1986) . 
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Rtlilti..,. tiltrat icn rare Fiwre 15 

, 7 & 9 

.•...... 

--, 

177 

~~ytilus edulis larv ·(l. Size speotru:: 

of po.rtide retention, ~Iea.n of 

spectra carrected ta a maximum of 
2 100 % ; Y--49,3'+49,89x- 4,11x 

X! channel of Coulter counter 

y: ret~ntion efficiency 

(trom Spru."1g , 1SS.:a) 

". 

" . 
)~o - ' . 

Fi/roTe 16 : !~ytilU3 eè.ulis la--v3.e of .(51 1.1.':1 

shell length. Interrelation 

10'- 1: '\ r:,' 
li r-

1O'] i ,,~t:: 
.' 1 

1 i 
la 2~ Jo (,0 

Fbrure 17 

!Q Ingest ion npac ity ... 
" ,.. 

". 
'00 

' 00 

Ingest ion c2pacity 

,'CI+ r . ll ~ . IO~ ,2 Ol;r.O~ 
12'0..,.1 (" .I(1'"",2'];r ,on 
l"CW" ,.6.;:2. 'CT' Il~'; r .t 17 

!}2 
",/ 

1;-'''1 1 • 

~": 
100 t~O 2ao 2~O ).lQ 

n eeo 

ZS c ~a 

:ac=o 

'S :JO 

: ::~ 

j ::~ 

between ingestion and filtration 

rate at 12°C. 

(t'rom Sprung, 1984a) 

btrtilus edulis larvae. Ingestion 

capacity of lar/ae of different 

sizes at the experioental 

temperatures . 

" t. 
= · , < • • ,:!. 

y: ingestion capacity ( ce11s. 
h _1) 

x: shell length' {um } 

r: correl~tion coefficient 



Table 5 

Spf'C"ies 

Ostr,. ,.,jU/II 

O.-rr,. tdulis 
Os:re • .. dU/j, 
OrrrelJ ,.dulis 
O,tre.o! I!dlJlif 
O .• rred ,.du;;, 
DSlre. "ri,,;;, 
O .• rr'1. raulls 
CrdUOJUU g'çu 
Crassos(,,~~ g:ÇH 

M.\1i1us eculit 
''''~'Tilu' "rlu/i, 
M .• 'Ti/uJ edu//J 
.'-fr-ilus edulis 
MrriluJ eduli} 

M~'Tilu!' eduUs 

M~'Tilu, edulis 
M~"tllu, eduli, 
M~'TjJu't'duJiJ 

Table 6 

SpeclU 

Our_a .. nu/lJ 
Olrru "dU/II 
Oslte. edu/i, 
O,I'''4 .. du/il 
Cslr~J .. rluU, 
(ln,.,.d .. du/is 
Onred ~duli$ 
Cr.noJfrl"d g'"u 
.'frrilus .. du/il 
.'f}'TI/U'<l!duli .. 

M}1i1UJ edulis 
!-tyrillis ~duliJ 
Myr/luJ .du/il 

r 
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Bivalve larv~.e fil tration rates reported in li terature. 

Sh~1l Tempu4- food con· Fogd <ll(;" FiLtutiul\ Siluree 
len!Jth lurt (pnlraLlon ra lI! h,J hO') 

("ml ("CI [Celllld-'J 

'00 20-:!2 15-~6 'n4gt!l~lu ' 27.1 Jntçens"n (19n l ""th datl 
Irom StuCt el .i. Il !.,l''01 

218-260 1,9-25 JI-5~ rs"ch'1's/ .' 18-20 W"lne t 19;03/ 
219 2~-24' li-Ill /c"chrysl' 15-12 W .. lne 119ii~1 

Hô-lB .. " 8-230 Isndurs/S 0.8-10 Wollne Il!l651 

:m ::1-12 0-123 lJI'tC'~~'JIJ IJ .a-lU W.lne[I!!IBi 
180-260 " 20-50 fsochrrslS 12.5-25.0 W",lne (19601 

::8 , 50-100 I~"d'Jt?sis 0.J-9 \\'il~lln (19601 
::50 .. n-220 Dut:dlif'lI.J 1.8_3 ... Wilson 119801 

87-1.5\ " \01) /sndlf)'SIS 2.8_ •. 0 Clllde, [l9B31 
B:a-29~ " 50-.50 lS.:Jcnryslf .- ::!:.3-93.5 Gddc, (19B3J 

C,~~eloc,.ms 

1,0-260 " 2S-J80 Js(O~Mysis 4-:5 Bayru: (196.51 
2GO " " ls"çhrpis 1: . .5 Bt.ynl! (196.51 

'"' " 60 Is,'c~rpllf , Sa:-ne(l9651 

'SC " 1..5-.5.5 lJochrysi, Il.4 Riu'1.ira et aL! !!!8U' 
120_lS0 " )-, lsoc'~'1',is .- Hi.2-141 Rlisgara el 41. \19811 

Mon(Jchry.~ls 

120-250 "-19 J-12 Isochrynl .- 10,6-85,3 Jupe"l!n and OI5~n. 
"fo""çhrylll (19821 

120-250 , 1-' lsoch'1'SiJ 4-21 This paper 
120-250 " 1-.5 rsoc.~ryliJ !rw'il This papel 
120-250 18 1-' Isoeil/Ys;s ti-52 This p4per 

Bivalve l~rvae : ing~stion rates re~orted in liter~ttire. 

(from SpnL~g, 1984a) 

Sheliiength Temp'!lature Food 4194 Ingestion rate Source 
liom] (·e] (rl"lh h-IJ 

1RO_195 20-:2 'Fldgcll.lte r 1001.1 Bruce el .1.119~OI 
118_281) 19-25 [.."ch,,·JiJ 1040 WaJnl! [195". 19.5':11 
'178-18~ " IJoçht)"sil 133-600 Walneo (196.51 

219 lJ-~4 Isochrys!s 591_1517 Walne (196.51 

'" :!1-2:! rs,·~h,.,'",s oI5(j-2JJ3 Walneo (19651 
IAlI_~fil) " ISf><'h,.,'Sls 8JC}-2!10U W .. lnfll [I!llir.j 

2:!ij , 
Iso~h"rs" 90_9-1.10 Wilson (198(1) 

>200 " Isochryns 2600 ,..1.101./1 "na Sle ... ,~ 0971J 

1" " J.<"rh,,·siJ 81-89 RiisgArd 1!1.1!. (198O! 
Whule ~il.e " 1.~t><"hryJU ... 151"1-1:100 Jr .. p .. nen .na Ols,." 
Sp>:-tlNIIl ,.,1(>n<Jc.~r)"Jjl (19821 
tln-~!lO , /sochr:'su 18_80 This p"per 
110_250 " /so~hr}"Ji, 011_:92 This papf'r 
120-1!lQ " 15"chrysis JB-~OB This pap'" 
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Figure 20 Cirowth of ~Wtilus eàulis larvae ; 

A-Crowth of larvae feeè.. wi th Isochrysis ~a1bana 

T starved 
- 1 

• : 25 cells.ul 
-1 o : 100 cells.ul 

(trom Bayne t 1965 ) 
_1 _ 1 

B-with an injection of 50 cells . ul . day 

• 
b 

c 

440 la:. 'Vae .1 
-1 

-1 
2100 la.rvae.l 

16500 larvae.l-
1 

d 32900 larvae.l-
1 

(from Davis , 1953 ) 
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~------------T~ 

>, , 
~O .~" 't c'-
~ .. ,,' .c 

.:::.~ 
~.:$J~ Fieure 18 ~tvtilus edulis larvae. As-

" '-~~ simila.tion efficiency ( ::~) et 
.0 

b 1,; various food concentration ,.' 
l!O 200 and hrval sizes. Curves fi t-

S.h.1l1 engl h [~"1 ted by eye . 

(from SpnL~, '984b) 

"'-------~·,00 

eo ~ 
Fh'ure 19 i:(vtilus edulis larva e . Cross 

growth efticiency K, (%) 

/ ~ -
at various food con­

centration and la~'al 

sizes . Curves 

t'itted by '" 
eye. 80 

(from Sprung, 

1984b) 
60 

• 61) . !iI 

· " ~ 
~7----;r_.J l • 1 20 ::; 

• ., 

. ~' 

(/ . 
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Fiçure 21 t'ÎOnthly v:l.I'iations of the 

filtration rates tor 

Mytilus edulis feed wi th 

natural food. l<teasured from 

A(- ) Coulter cOU1'lter 

(- - -) cblorophyl a.1d 

pheophi tin 

B (-) total seston 

(- - -) biodeposition 

( frorr. :aoromthanarat , 19S6) 

M F'H'R'H'j'j'R'S'D'N'D'j ' F' 
"10 '·11 

' 0 0 0 7_ • .s::,...... ~--.. -
0 • • • 

c • 
80 0 • 

z • 
<) 

" • z 
w 0 • 
~ 60 • w • 0 
~ 

~ 

z 
w '-0 Chtamys ,slat\d.ca 
u " < .-. Cer<lsloderma adule 
w 
~ 

.~_., t.4)'hlu$ edulis 

( ' 
v_. CrassQSllea vitg i nic~ 

20 

, . , , '0 

PARTICLE OIA"dETER. fol 

Fi~re 22 : Graph show1ng the partiele retentien efficiency 

of a variety of bivalves as a fonction of partiele 

size. ~i~ efficiency of each species - 100 % 
(from vahl, 1973) 



J~"- '..:.;1_ !loOl'11 

D~ .. t .&oC" r"",,,:. .. 

1 ~t~~tl< .. 

I;:'.~~;",- : 1 /1 
. / ~ 

1 ~~·1It 1 ,.[ces 
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Figurp. 24; Season ol1 evo1ution of biodeposit 

product by crassQstr ea gigas (g /g dry flesh 

weight) and of average ses ton (g/m3) (from 
Sornin et .al., 1983). 

18 1 

Figure 'j. : I-f':eilus eduLi.::J. Senematie 
diagram ~ ummarising effect of parti­
ele concentration on feeding and di­

g~stive system (from Widdows et al., 

'979 J. 
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Aulocot'!'{.:\ ater . :;:E'cst~d 

ration, assirnil~taà retion 

oxyge,- ecnsu~~ticn and scop~ 

for growth in 50 ;:un rnussels, 

erpressed as f'.l.nc-:ions of 

food concentrations. 

(troC! Criffi th! and i(1ng , 

'979 ) 

r 

i 

103 

Fi.<rore 25 .:'1tilu:; c:cl~:E.: . CO:lcP.pt of t!~c 

inter:-!!l::.tic:'.ships existing 

bct~lI!!en fi.lt:-:l.'; :"on rate, <l~si::li -

btien effici!!!'Ic:r and food 

concentration . 

(froJ:\ ~:l.var:,o ar.d :'lir.t'?r, 1982) 
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Firure 27 Daily rhytl-.J!\ of the filtration 

rate of Crassostr~:l ~in.s. 
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\
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'10 li: 
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• ~~-,:=.. ':;.{l .... 

SC;"<!ir,atic represe!!t .=.'tion of the di;;es'tiv!! 

t:-a.ïsi t in CrassosT.re~ ~ ( for e7.:-1:'.:H:~:on 

see 'text) . (from Eouc::l.u:i-Ca.r.:ou -3t al. 1 19(5) 

y.l.67X+21 . 39 

n .. 19 roC . 686 0 

0 

0 

0.0 

o e..{ o=' 

A : 
0 

• 
c • • 

, -, ,. 

• 
• 

0 o. 

• 

• • 
• 

• • 

1 

'J 

• 

• 

• 
Y"" . 112:': .... 19 • ..:5 

n-24 "=0. 64 

~=l~~ion between tae org3r.ic fra=t~~~ of tn~ 

fooi a.ïd 1if:estibili ty for rern;!. ~ (3e:"ry 

~ti Sca1eye:" , 1984)(0) and for "lytilus e::'ulis 
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A D C 

1 1 
1 Péri o de Jui] • Nov, fc\(r . Avril ,Iuil , I~ov , f .!-vr, Avri 1 1 .'ui 1 . Ho \', F' evr , " \'ri l 
1 1902 1982 1903 1903 1962 1902 1993 1!l!J3 1 1 \)S~ 1982 1993 1953 

1 r 
1 1 
1 Org 49,0 34,3 31, 3 20,G 54 ,7 39 .4 1,2 23,0 1 37 , ô 33,2 ~3,5 12 ,0 

D 1 Prot 40,5 '-1,9 75,3 11,8 43,0 17,2 62,7 1 15,0 39 ,0 a 7':,.j 

1 C 1 L;e 68,3 93 ,5 18 .4 19 ,6 90 , 9 88 , 9 100 32 ,7 1 100 100 100 100 

1 1 Glu .j6,3 a a 50 ,5 41 1 2 a a 26,2 1 21,1' a 0 40, 6 
1 IChloro 
1 jI 1 • 64,9 60,7 46,S 56,4 2G,7 53 , 0 10 ,0 Gl ,~ 53,8 65 , 7 1 2 , 6 45 ,6 

1 Iphêo 

1 1 
1 c 1 
l a 1 Org (mg) 11 29 , 9 234 1 572 813 1162,3 451 543 1 107 36 ,6 75 , 4 106 , 2 e6,6 

1 1) 1 Prot (mg) 1 4,9 14,5 95 , 6 62 , 8 1 6 ,1 28 , 0 33,0 85 ,5 l ,4 4,7 6 , 5 6 , 7 

1 5 1 Lip (mg) 1 2 , 5 6,4 12 , 9 14 ,0 1 3,1 12, 4 4,5 19,1 0,7 2 ,1 0 , 9 1, 5 

la 1 Glue (mg) 1 10 ,5 10,6 59 , 7 64,6 1 13 , 2 20,5 20,6 87 , 9 3,0 3,4 4 , 0 6,9 
1 loi jChloro 
l ,) 1 • (uell 255 133 760 678 319 257 263 923 72 4 3 51 72 ~ 

1 E I Pheo 1 
a, 
~ 

1-,,--1 
A 1 
D 1 Org (mg) 63,7 BO , 5 492 168 BA,6 173 6 , 5 255 13,6 25 , 0 25,0 10,4 

5 1 Prot (mg) 5 , 9 40,1 47 , 3 0,72 12 , 0 5,7 ~3,6 0 , 2 1,8 0 5,0 

o 1 t.lp (mg) 2 , 2 6 , 0 2 ,4 2,8 2 ,6 11,0 4 , 5 ii .2 û , 7 2 , 1 O,~ 1, 5 

Il 1 Glue ( mg) 4,9 0 0 32 , 6 5 ,4 0 0 :'3.0 {',6 a 0 2 , 8 

8 [Chl c.ro 
E 1 + (ug1 1166 81 369 396 85 136 27 5t.~ " 28 6,5 33 

.. IPh~ o • 1 Energi e 
) (EPLG) 1 169 • 376 1 042 1 787 1 220 719 3 11 1 9 1û "' 125 34 225 
1 (Joul es) 

_ 1 
1 

1 1 :Ctlf 'S ( h) 14 16 ,5 18 , 5 16,5 14 16 ,5 16 , 5 18 , 5 " 16 , 5 18,5 18, 5 

1 1 imrn~rsÎGn 

1 1 Taux ~o! 

1 Ifiltr[,Li on 2,03 2,f>3 1, 75 5 ,52 1 ,53 "' ,07 O,G " , :'.'2 1 (;,5'1 0 , 95 0,1 2 0.59 

1 1 J I I"! / nC s 

1 1 
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