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Introduction

On the contrary to the U.S. where they represent but 4.6 % of the total
marine production (CHEW and DONALDSON, 1985) (Table 1), mollusc, principally
bivalves, can no longer be considered & a ma~ginal production. In France, 100 000.

ton of oysters, 98 % of which is represented by Crassostrea gigas (HERAL et al.,

1985a) and 85 000 ton of mussels (Mytilus edulis, Mytilus edulis galloprovincialis)

(DARDIGNAC, 1985) are produced yearly. Elsewhere, new rearings are being developed,

such as pectinidae and Ruditapes philippinarum, on the Atlantic and Mediterranean

L
coasts.

The species presently cultured, some of which depending only on natural

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

others depend on hatchery production, either partially Crassostrea gigas in

the U.S., Pecton maximus, Ostrea edulis, or totally (Ruditapes philippinarum,

Crassostrea virginica, Argopecten irradians (Table 1 - 2)

In addition, the development in laboratories of mollusc strains with
higher growth potential, or showing more resistance to 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 shel |fish ponds (HERAL et al., 1985b)

" and the successive mortalities through epizooties which struck Crassostrea angulata

and Ostrea edulis, requires a better comprehension of the relations existing

between the rearing environments and the mol luscs cultured there or those which
live naturally in competition. Due to the fact that these organisms are sedentary,
the comprehension of these relations require the knowledge of not only the seaso-
nal and daily variations of the quality and quantity of food available and which
is brought by the currents, but also the knowledge of the nutriment requirements

linked with the physiological evolution of the individuals. -

Thus the studies carried out on food, whether those pertaining to larvae
produced in hatcheries, or living in natural environments, or hatchery adult brood-
stock or those cultured in natural environments, become necessary so as to guarantec

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

ment the rational management of the molluscs stocks exploited.
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1. RESULTS AND THE ORGANIZATION SCHEME

From the general eduation by WINBERG (1956) which has been reexamined
and modified by different authors (RICKER, 1963 ; CRISP, 1971 ; GRODZINSKI et af
1975 ; LUCAS, 1982 ; HOLMES and Mc INTYRE, 1984) the transfers can be synthetiz:;

by the following equation (Fig. 1).
C=R+F+U+P
where C : Consumption (filtration or captured)

R,= Re + Rs + Ra : respiration
Re : overheating
Rs : standard metabolism

Ra : activity

-n
|

=F’ + F” : biodeposits
F’ : pseudofaeces

F* : faeces

U= Ua + Uc : excretion
Ua : non assimilated

Uc : products from catabolism

)
1l

Pg + Pr + Ps + Pe : production
Pg : growth
Pr : reproduction
Ps : secretions (mucus, shell, byssus)

Pe : eliminated tissue (predation, desquamation)
2. ANATOMY .

2.1. Organs employed for the capture and sorting out of particles

2.1.1. With larvae (see BAYNE, 1971, 1976)

Larvae do not start eating until the veligerous stage has been reachet
(Table 3). Until the metamorphosis takes place, they ensure the capture of particl
by means of the muco-ciliary mechanism of the velum (Fig. 2). When the metamorpho
takes place, the velum regresses and is anatomically replaced by the labial palps
which are employed to sort out particles before ingestion (Fig. 3). The function

of the food particle retention is then ensured by the gill filaments which are



developing and whose ciliary quivering ensure the intrapalleal circulation of the

sea-water.

2.1.2. With juveniles and adults (See OWEN, 1974 ; PANDIAN, 1975 ; PURCHON,
1974 ; MORTON, 1983)

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

1977). These are the prosobranchia, the septibranchia and the lamellibranchia.

The prosobranchia feed by means of their ciliary tracts which they

stick out of the sediment. The labial palps permit a quantitative sorting out.

L4

Ctenidia are present but their importance for the supply of food is unknown.

Septibranchia have modified Ctenidia forming muscular septa which

can open and close. These animals feed on debris and big particles.

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

ting in the water, depending on whether they have or have not siphons. The princi-
pal organ for filtration is the gill. Mussels have (DARDIGNAC, 1985), two gills.
(Figure 4). Linked to the visceral mass by the branchial axis, each one has two
rows of flat filaments. These filaments face the ventral side of the mollusc (direct
or descending branches, bend round abruptly, and then turn round and up facing

the dorsal side (reflexed or ascending branches. On the contrary to the oyster,

the extremities of the reflexed branches are not connected to the visceral mass ;
also, all the filaments are similar to one another and placed in uniform rows‘
(smooth gills). Each direct branch is linked to the corresponding reflexed branch

by three very flexible bridges which are tissue expansions. Otherwise, clumps of cilia
link each filament to the neighbouring one and delimit the spaces between each,
these spaces are known as ostia (Fig. 5). The lateral sides of the filaments

(Fig. 6) are garnished with frontal, latero-frontal and lateral cilia, which by
their movement, create and maintain the circulation of the water in the palleal
cavity. The current penetrates in between the lobes of the mantle, crosses threugh

the gills while passing by the ostia and flows out through the exhaling siphon.

From 1851 onwards (DRAL, 1967) the gill was considered as a sieve,whose
meshes were formed by the latero-frontal cilia. However, no one could figure out
how smaller sized particles than the meshes were retained. In 1905, it was remarked

that the latero-frontal cilia were covered by a layer of sticky mucus, which explai=
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ned how the particles were kept back, as they stuck to the cilia. The study carrig
out by DRAL (1967) on the movement of the latero-frontal cilia and the retention

of particles by the Mytilus edulis L shows the power of retention of molluscs

depends both on the movement as well as on the frequence of the quivering of the
cilia.

When the particles are captured by the gills, they are directed towarg
the marginal grooves (junction of the direct and reflexed branches of the filamenf
or dorsal grooves (extremities of the reflexed branches) and conveyed towards the

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

2.2. The digestive tract

2.2.1: Anatomy

After 48 hours with D.shaped larvae, the different regions of the dig
tive tract differ from each other and prefigure the digestive tract of the adults
(Fig. 2 - 3). It is at pediveliger stage that the digestive gland starts showing
two lobes which are the anlages of the two caecals of the adult gland. The morpha=

logy of the digestive gland will only be complete when young adult stage is reacht

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

mouth between the labial palps. In its mouth follows the oesophagus, which bend{_
slightly and leads to the stomach. The latter communicates by means of canals,

with the digestive gland, a pigmented khaki colour mass (Fig. 8).

The stomach is extended posteriorly by means of a cylindric caecum i
an oblique position : The stylet bag in which lies the cristalline stylet, pro-

trudes largely into stomach cavity. . .

Half separated from the stylet bag by two typhlosoles, major and minol
which come out of the stomach, the intestinal pipe is very slack and in a spiral
shape which runs lengthwise along the stylet bag. At the posterior end of the
tract, the intestinal pipe opens onto the intestine, into a corresponding groove
while the stylet bag, is prolonged a little longer to the rear and opens into
the other groove of the intestine ; both organs, pipe and stylet bag, are then

separated in the terminal region.

From the beginning, the intestine presents a recurrent route (ascendil

branch) in the shape of a dorso-ventral curl around the stomach and the digestivé
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gland, and then directs towards (descending branch) the posterior end of the ani-
mal. From the intestine then fol lows the rectum which runs along the dorsal exter-
nal side of the adducent muscle and is finished off by the anus, which opens into

the palleal cavity.

2.2.2. Histological structure

With the exception of the gastric shield,the digestive tract is |ined
with ciliated epithelium of numerous glandular cells, having a glycoproteinic
secretion. The muscular wall is not very well developed. Thus the histological
structure of the digestive tract appears very uniform, the only variations, depen-
ding on the regions, being the height of the ciliated cells and the density of
the glandular cells. The gastric shield is an exception. |t comprises a layer of

high cells, covered with a thick, chitinous and sclerotic cuticle (ARNCULD, 1976).

The digestive gland is made up of a great number of tubules at the
blind extremity,communicating with the stomach, by a series of ramified channels
(Fig. 8). The glandular tubules open onto a short secondary channel which is
the same for many tubules, the channel then continues on to the principal channel.
The principal channelsjoin up together in channels of larger and larger diameter

before entering into the stomach.

The glandular tubules contain two categories of cells : the digestive

and secretory cells.

The digestive cells are more numerous. These are high cells, whose

apical part shows some microvillosities (Fig. 9). The nucleus is basal, the mito-
chondria are quite numerous. The presence of heterophagical vacuoles at different
stages of evolution, characterize these cells. In the routine metabolism, they
have the functions of intracellular digestion, which are followed by the functions
of extracellular digestion, by the emission of fragmentation spheres when the

feeding conditions vary.

The secretory cells are characterized by a cytoplasm rich in vesicles

of rough endoplasmic reticulum. The nucleus has a developed nucleolus (Fig. 10).

It has an intense synthesis and proteinic secretion.

The different canals and tubules of the digestive gland are surrounded
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by a reserve tissue formed of cells of conjunctive nature, with lots of lipijg

and glycogen granulas.

The digestive gland of Mytilus galloprovincialis larvae changes ven

early (LUBET,1978). 48 hours after fecundation (larvae D), it contains the diffe
rent cellular types, characterizing the adult gland : secretory and digestive

cells. The process of digestion and the absorbtion starts when stage D is reache

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

3. THE SOURCES OF FOOD

3.1. In aquaculture

3.1.1. Algae fodder

One fifth of the phytoplanktonic species belonging to 37 types.have
been |isted,to feed mollusc larvae and juveniles in hatcheries and nurseries
(CHRET I ENNOT-DINET et al., 1986). However, from these species, only ten of them
are used regularly in aquaculture (Table 4). These algae have been selected in
accordance to three criteria. They must be of adequat size, good nutritional

value, and relatively easy to culture.

Size is a limiting parameter concerning the diameter of the mouth and’

the oesophages of larvae juveniles and adults.

The nutritional value depends on the species which are to be fed, and
their development stages. Indeed, the larvae can be more or less demanding (in des:

cending order : Crassostrea Ostrea Mytilus and Mercenaria) In addition, the

requirements of the animals develop with time, and a species of poor nutritional
qual ity for the young stages can be of better quality for the older stages. The
nutritional quality also depends on the intrinsic quality of the phytoplanktonic
species used. However, the biochemical composition of an algae varies, depending
on the function of the culture (LAING and MILLICAN, 1986), while NEWKIRK and KAYA

RAT (1985) remark that an increase in survival and growth of Ostrea edulis larvae

It has also been demonstrated that the kind of lipids in the food ration will
intervene in the notion of the nutritional quality. Certain unsaturated fatty

acids, in particular, those of 6 w 3 group favour the growth of oyster larvae d



of juveniles. At present, the nutritive quality of an alga can not however be ex-
plained by only its biochemical composition, but all authors acknowledge the supe-
riority of a plurialgal type food concerning the growth of larvae, and of the

water supply containing natural elements (HELM et al., 1973).

The facility in the production of cultures is very important in hatche-

ries and nurseries of industrial type where the quantities of algae produced can

reach 10,000 |iters per day (example SATMAR in France).

3.1.2. Other sources of food

In order to feed larvae in the same way as marine bivalve juveniles,
different nutritional sources have been tested (Yeasts, minced macrophytes, vege-
table and animal extract, etc... ) but these have all turned out to be of little
effect. On the other hand, the importance of bacteria has been remarked by MENGUS
(1978) and PRIEUR (1981). Also the use of |yophilized algae and enriched microcap-
sules seem more promising.Nevertheless, at present, only live unicellular algae
produced in culture contain all the suitable elements for the feeding requirements

of bivalves at young stages in either hatcheries or nurseries.

| f the presence of inorganic particles in the matter held in suspension
does not supply any digestible matter, it can however contribute, either negatively
or positively to the development of molluscs, depending on the concentration and
type of mineral used. The addition of argillaceous suspension can be even recom-
mended so as to facilitate the ingestion of artificial preparations which are given
in the first fattening of oysters (LANGTON and BOLTON, 1984) and their digestion
when there exists feeble concentrations of algae (EWARD and CARRIKER, 1983). This
also helps to reduce the costs of artificial rearings (URBAN and LANGTON, 1984)
and to increase the growth rates of oysters (ALl et PRUDER, 1983) (Fig. 11).

The dissolved substances which are contained in the sea-water or in
the phytoplanktonic culture mediums also play a leading part. WILSON (1979) demons-

trates that the filtrates of Isochrysis galbana cultures, at stationary phase,

speed up the capture of cells by the bivalves, while the filtrates at declining

stages are inhibited from doing so.
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3.2. In the natural environment (HERAL, 1985)

3.2.1. Particulate material

In the studies in situ, if one of the first explicative factors for
growth is the temperature, this is but the third explicative factor for the

tion of flesh of Crassostrea gigas. Thus HERAL et al (1984) demonstrate a closg

connection for the production of flesh with phytoplankton and phytobenthos whet

Ruditapes decussatus. These relations with phytoplankton are confirmed for th&
fattening of oysters (DESLOUS-PAOL| et al., 1982) (Fig. 13) for the growth of ;“
sels (KAUTSKY, 1082) and for the energetic tenor of Ruditapes decussatus (BGDQﬂ
PLANTE-CUNNY, 1983). !

Otherwise, the pernicious influence of a too elevated sestonic load

has been demonstrated with the production of flesh by VAHL (1980) for Chlamys is|
dica, by WILDISH et al., (1981) for different lamel!libranches and by DESLOUS-

L -
PAOLI et al (1981), HERAL et al., (1983) and DESLOUS-PAOL! and HERAL (1984) for

[

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

often associated with particles, has been pointed out by MARTIN (1976) for Rudi tas
pes decussatus and by AMOUROUX (1982) for Venus verucosa.

3.2.2. Dissolved organic substances

In the coastal waters, the levels of dissolved amino-acids vary bet 22*1
0.2 and 2.9 1 moles per liter (NORTH, 1975). While, JORGENSEN (1982), at Isef jordil
found variations between 0.4 and 2.5 ,u moles per liter. In the Marennes-Oleron | |
basin, HERAL et al. (not published, fig. 14), find fluctuations between 0.2 andj
10 u moles per liter but not presenting significant seasonal peaks, the daily
variability during a tidal cycle being superior than the annual variation. The saf
applies for the dissolved fulvic and humic carbon (FEUILLET et al. (1979). 7hcse
great variablilities could be caused by the synthesis of absorptions and excretiofl

by molluscs but also by all other organisms.

4. FEEDING FOR BIVALVES

4.1. With larvae

For the larvae, the ingestion takes place in a continuous way . Howe



the filtration and ingestion rates (Table 5 - 6) can vary depending on numerous

parameters,

The efficiency to retain particles depends on the size of these particle:
For mussel larvae, the optimum capture of particles is situated around g 3.5 um,
(Fig. 15)(RIISGARD et al., 1980 ; SPRUNG, 1984a). The filtration rate depends on
the cellular density in the environment and permits to regulate the ingestion
(Fig. 16) while decreasing the energy losses caused by the effort made to capture
the particles. The ingestion of cells by the larvae depends on the size of the
larvae. However, the increase in number of cells ingested, corresponds to the
decrease of the percentage which is represented by the ration, with regard to the
body weight (Fig. 17) Ingestion also depends on the temperature, thus , on the meta-
bolic level of the individuals. Indeed, UKLES and SWEENEY (1969) register an inges—

tion of 134 cells of Monochrysis lutheri by Crassostrea virginica larvae of 75 um

par day at 10° C while it is 457 cells per larva per day at 27-30° C. Likewise,
LUCAS and RANGEL-DAVALOS (19381) remark that the Crassostrea gigas larva ingests

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

ture of |sochrysis galbana and Monochrysis lutheri.

For Mytilus edulis fed on |sochrysis galbana, the assimilation efficiency

(100 * (respiration + growth ingestion) varies little around 40 % for concentrations
of between 5 and 40 cells per liter. On the other hand, it increases up to 75 %

for lower cell densities (SPRUNG, 1984b) (Fig. 18). On parallel, the net efficiency
of growth, in other words the percentage of energy assimilated for growth, increases
from the cell density permitting the acquisition of a maintenance ration, up to

a plateau of about 6,5 % from 10 cells per ul (Fig 19). .Indeed, the relation bet-
ween the larval density in rearing and the availability of food is.an important
factor For the growth of the larvae (Fig. 20) and must be aijusted according to

the size of the larvae.

4.2. For juveniles and larvaec  (See BAYNE and NEWELL, 1983 ; DESLOUS-PAOLI: 1985)

In feeding conditions, which are much similar to those found in natural
environments, the filtration level depends on the physiological state of the ani-

mals. Indeed, the high metabolic demand induced when its time for the spawning

period and for the reconstitution of gamets of Mytilus edulis to take place brings

about a remarkable increase in filtration rates. These drop to a plateau as soon



spawning ends in the month of June (BOROMTHANARAT, 1986) (Fig. 21). During

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

in the environment.

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

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

is more than 50 % for particles of 1 ,um for Mytilus edulis (Fig. 22) and of 4 um

for Craasostrea gigas.

A schematic aspect of the relations existing between the sestonic load
and the feeding is given by WIDDOWS et al (1979) (Fig. 23). When a certain level
of the sestonic load is reached, the quantity of matter retained by the gills exciﬁ-
the ingestion possibilities and causes the production of psecudo-faeces. It is stil]
difficult to conclude on whether a qualitative sorting out is made or whether the
size of the particles is taken into consideration by tge individuals. However,
certain authors (KIORBOE et al., 1981 ; NEWELL ad JORDAN, 1983) have remarked a

relative enrichment of the ration ingested in comparaison to filtered particles

and LOPEZ and CHENZ (1983) pointed out that Nucula annulata ingests selectively
the organic and especially the bacterial fraction of the ration consumed. However,
they point out that this selectivity can be modulated by sedimentological factors.
If the sestonic loads are above values of 200 mg per liter, one will remark a
decrease, of even a complete arrest for the capture of particles. This has been

remarked for Crassostrea gigas in natural environments, when high sestonic loads

were caused by Winter storms. (Fig. 24). On the contrary, when there are low sesto:

nic loads, the efficiency with which the particles are retained increases (Tablel
This mechanism can be used to maintain an optimum ingestion and continuous digesti@
PALMER, 1980b).

The relations between filtration, ingestion and assimilation are schef

tized for Mytilus edulis by NAVARRO and WINTER (1982) fFig. 25).In this case, poif

corresponds to the cellular load for which ingestion and assimilation are at optl:
mum. Above this, the assimilation rate is maintained constant by the progressive
decrease of the filtration rate. However, with other bivalves, such as Aulacomyas
ater, the filtration rate remains constant, which leads to an increase in the cell
density. The resulting increase of the digestive transit leads to a decrease of th

digestion efficiency which little by little decreases the assimilation (Fig. 26)
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The intertidal lateral bivalves have imposed feeding activity rythms
by the periodical emergence caused by the tides. However, for species which are
constantly submerged the tidal rythms or nychthemerals have not been clearly defined.
Certain authors have registered some (SALANKI, 1966 ; MORTON, 1977 ; PALMER, 1980 ;
COPPELO, 1982) (Fig. 27), while others have not remarked any (LOOSANOFF and NOMEJK(
1946 ; WINTER, 1978 ; HIGGINS, 1980). It seems however that the feeding and digestior
rhythms are controlled by the variability of the feed at disposal (LANGTON and GABBOT,
1974 ; OWEN, 1974 ; WILSON and LA TOUCHE, 1978 ; ROBINSON and LANGTON, 1980).

5. DIGESTION WITH BIVALVES

5.1. The digestive transit and rhythms of digestion

5.1.1. The digestive transit

The mechanical aspect of digestion is similar in larvae and adults. It
is a trituration, caused by the combined action of the cristallire style of the gas-
tric shield, of the food which is separated and mixed with the enzymes (LUBET, 1978)
Only the fluids and the macromolecules, which result from the extracellular diges-
tion exist in the gastric cavity, are capable of entering into the diverticula
(OWEN, 1974). They are then absorbed by the pinocytose and digested by the intercel-
lular passage. The intracellular wastes are rejected by the desintegration of the

digestive cell.

The part played by the cristal line style has not yet been clearly des-
cribed, it seems to act as a never ending screw which carries the fine particles

to the epithelium level of the cristalline style 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 transport faeces.

With larvae, the evolution of the digestive gland takes place according

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

(LE PENNEC and RANGEL-DAVALOS, 1985). In the first case, all the Pecten maximus

larvae ingest and digest at the same time and continuously, after 7 hours of feeding
at 16° C, and after 5 hours 20 mn, at 18° C (Fig. 28 b). In the second case, diges-
tion commences 6 hours after ingestion, and finishes after 10 hours at 17° C for

Pavlova lutheri (Fig 28 a). The time for digestion varies however according to
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the algal species employed. Mytilus.edulis larvae require 15 hours at 10°C to

digest 80 % of the Isochrysis galbana cells and 13 hours with Monochrysis lutheri

cells. Digestion is also 2.6 times quicker at 20° C than at 10° C (LUCAS and RANGE
DAVALOS, 1981).

For Crassostrea gigas adults, the dynamic of the digestive transit

takes place in three phases, when a sequential feeding method is employed (LEBESNE
RAIT, 1985 ; BOUCAUD-CAMOU et al., 1985).

The infilling of the digestive tube (Fig. 29 a) :

This infilling takes place rather quickly, and one can remark intact
algae in the stomach, intheprincipal channels of the digestive gland ad in the intes
tine. It takes around 5 - 3 hours between 10° C - 20° C for the algae to completel
pass through the digestive tube. Then, they are excreted along with a lot of mucus

through the anus (Fig. 29 a 1). The temperature has a great influence on this stag
(Table 8).

The start of the digestion (Fig. 29 b) :

As soon as the alaae enter into the channels of the digestive gland,
they are affected (within an hour) ; while live algae can be observed rather
a long time in the stomach (6 hours)and especially in the intestine (8 to 16 hours
after feeding). Three to six hours after the commencement of the experiments, the
First residues of the digestion appear in the faeces, mixed with numerous live
algae (Fig. 29 b 2). Progressively, the percentage of residues will rise, while
" the faeces solidify and mould themselves into the shape of the rectum. The residues
accumulate into a pleated ribbon and are clearly separated from the straight ribbof
formed by the intact algae (Fig. 29 b 3). Both ribbons are probabl; moulded togethé
in the rectal bag so at the start of the digestion at least there are supposedly

separate transit tubes for the algae and residues.

The end of the digestion (Fig. 29 ¢) :

The residues will dominate the intact algae, invading all the lumen of
the rectum, and after around 10 hours,homogeneous faeces will be obtained (Fig. 25
but we must wait for at least 40 hours to find no more live algae in the faeces.
They will no longer be excreted continuously, but intermittently,mixed with a lo

of mucus. The digestive tract will-be completely empty after 50 hours at 20° C,



but the digestion can last for 75 hours at 10° C.

As stated by NIDDGWS (1978) the efficiency of digestion and so absorption:
depends on the quantity of food available. Indeed, the more food available, the
less the need to complete the digestion so to ensure the energy gain necessary

for Mytilus edulis. However, as the quantity of food influences the efficiency of

digestion so does its composition. BERRY and SCHLEYER (1983) on Perna perna, BRIEELJ
and MALOUF (1984) on Mercenaria mercenaria and BOROMTHANARAT (1986) on Mytilus

edulis reveal the increase in efficiency of digestion with an increase of the orga~
nic fragtion in the food (Fig. 30), thus pointing out the gene that is represented
by the mineral seston for the digestion when this makes up 80 % to 90 % of the
food ration, as is often encountered in the rearing sectors on the French Atlantic
coast. (Fig. 31). Thus, as numerous authors have remarked with different bivalves,
the efficiency of absorption varies with the seasons. These variations are probably
due to the environmental conditions on one hand and to the requirement of the
molluscs on the other. Indeed, it appears that during Wintertime sugars are

not used, while during Spring and Summertime around 50 % of the sugars consumed

are digested by Mytilus edulis and Crassostrea gigas (DESLOUS-PAOLI and al., 1936)

(Table 8), while the lipids are greatly employed during both 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 rhythms of digestion (See MORTON, 1983)

The study of the dissolution rhytfm of the cristallinestyle of Rasaea
rubra (MORTON, 1956) and of the stucture of the digestive tubules (Mc QUISTON,
1969) along with the results obtained by other authors (MORTON, 1973 ; LANGTON
and GABBOTT, 1974 ; LANGTON, 1975 ; MATTEWS, 1976 ; MORTON, 1977) give to believe
that the digestion phases, extracellular in the stomach and intracellular in tﬂe
digestive tubules are organized in the repetitive phases |inked with the tidal
cycte§. For example, MORTON (1970, 1971) described for Cardmium edule and Ostrea

edulis a cycle linked with the tides : The feeding will take place during the
high tide cycle, and the matter ingested will not pass through the digestive diver-
ticular before the next high tide, when it will be submitted to intercellular
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digestion. It is thus during the low tide period that the extracellular digestion
is produced in the gastric cavity. The intracellular digestion during out flowing
waters and low tide periods will be followed by the fragmentation of the digestive

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

the following high tide cycle.

But numerous authors pointed out that the rhythm of digestion was lost &
when the animals were placed into continuous immersion or feeding conditions

(LANGTON and GABBOT, 1974).

Thus it appears that the synchronism of the digestive processes is regus
lated by the availability of food (OWEN, 1974 ; MORTON, 1977 ; ROBINSON and LANG:ﬂ:
1980 ; MORTON, 1983 ; HILY, 1985) (Fig. 32), the maximum size of the cristalline
style is reached when the stomach is full, and the minimum size, when it is errpty_‘_
(LANGTON and GABBOTT, 1974). This does not differ from the results showing thatl
the rythm of digestion were under the control of the environmental varients, suc3 
as tides or day and night alternance. Indeed, the food levels fluctuate in unaturéy

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, numerous enzymatic
activities commence,apart from some lypolitic enzyms which will not develop until;ﬂ
after the metamorphosis has taken place, and with the exception of the amylasis

which will only commence activity during the pelagic life.

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

The studies carried out by HILY (1985) on Ruditapes philippinarum 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) (BOUCAUD-CAMOU et al.,

that there is a amylase secretion in the stomach, and the glucanases can be found

on the surface of the cristallincstyle. The latter then seems to, incorporate the '
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enzymes sccreted by the stomach wall (ARNOULT and BOUCHEZ-DECLOUX, 1678).

Lipases and proteases in feeble quantities are found present in the
lumen of the digestive tubules and of the stomach. Normally proteases are found
in the intestine. The proteins scem to be digested by the enzymes at

optimum acid pH (BOUCAUD-CAMOU et al., 1985).

An intracellular digestion continues in the bordering brushy cells
and in the digestive cells by the action of the lysosomale enzymes |ike the D.gluco-
sidase for glucides (HILY, 1985), the acid phosphatase, the acetyl- glucosaminidase
and the -peptidase (BOUCAUD-CAMOU et al., 1985). There also_exists, at the brushy
border level of the digestion canals and in the-stomach epithel ium, membranar
enzymes (peptidases, alkaline phosphatases) which must have a relation with absorp-

A Thus, a plan of the digestion of Crassostrea gigas (Fig. 33) is propo-

sed by BOUCAUD-CAMOU et al., 1985) : “Oysters seem to fill their digestive tube

completely as soon as the food is taken. A flow of particulates enter simultaneously
into the stomach and into the canals of the digestive gland. All the substances
directly assimilable seem to be then absorbed by the membrane enzymes of the borde-
ring brushy cells. The algal walls are attached as soon as they enter into the
digestive canal,due to the action of the glucanases which are particularly active

at this level, then progressively in the stomach due to the mechanical and then
chemical action of the cristalline style, with the help of the enzymes secreted

by the stomach wall and the digestive gland. The food digested in the stomach can
then continue into the digestive gland or else be digested and absorbed by the
stomach wall” . The absorption and the intracellular digestion continues in the

intestine.

5.3. Dissolved absorption

While the experimental work carried out by PEQUIGNAT (1973) points
out the nutritional role of the amino-acids and the dissolved sugars, the energetic
supply that they represent has, up to present, not been quantified in the energetic

balance of mol luscs.

Indeed, the branchial epiderm of the lamellibranches is where a strong
absorption of the dissolved organic molecules, such as the amino-acids, sugars and

fatty acids, takes place. Numerous experiments emphasize these mechanisms (JORGENSEN,
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1982, 1983 ; WRIGHT and STEPHEN, 1982 ; GOMME, 1982 ; NELL et al., 1983). Thus thi_
absorption is carried out prinéipally at gill, mantle edge, stomach and small integy
tine level (GOREAU et al., 1973 ; BAMFORD and GINGLES, 1974 ; STEWARD and BAMFORD,

1976). Mytilus edulis can thus absorb half of the amino-acids contained in the

sea-water which passes through the branchial cavity at concentrations of 1 umole
per liter (JORGENSEN, 1983). JORGENSEN (1982) also shows that the absorption of l
amino—acids from natural water can suffice and supply more than twice the amount @
of energy necessary for the filtration activity of the gills. On parallel WRIGHT |
(1982) estimates that the absorption of amino-acids supplies 6 to 60 % according-:.
to the concentrations available in the water, of the oxydation requirements of
the metabol ism expressed by the respiration. This mechanism thus permits to satiSEﬂ

the requirements of 11 essential amino-acids for Mytilus californianus with princi=j

pally the L-methionine and L-Lysine Ncl (HARRISON, 1976) as well as taurine which
represents 70 % of the pool of intracellular free amino-acids of the gills (ZURBURGH
and DE ZWAAN, 1981). On the contrary, according to NELL et al.,(1983), while Foi'
amino-acids there is an active absorption; for glucose, the absorption appears
like a passive diffusion which does not contribute greatly to the carbohydrate necd
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-water and PHLEGER and ROSSI (1982) point out that Hinnites i

multirugosus juveniles can concentrate 150 times in 24 hours.

On parallel, a certain number of dissolved organic substances can be i
absorbed in the same metabol ic manner and don’t play an energetic role but a gro:?
substance role, as does cholin chloride and vitamins (NELL et al., 1983). COLLIER *
et al., (1953) also pointed out the great beneficial influence oF'carbohydrates,j
which are present in marine environments, on the pumping rate and the intervalvui@
activity of the oysters and THOMSON and BAYNE (1972) on the filtration rates of &
mussels. These constatations brought about the development of the first artificial

diets, employing sugars, lipids and vitamins (CASTELL and TRIDER, 1974 ; TRIDER
and CASTELL, 1980 ; NELL and WISELY, 1983).

CONCLUSION

The variety of food found in natural environments, and its variabilif}

in a control led environment, make it difficult to comprehend the nutrition of



bivalves.

Indeed, if bivalveé are classed as suspensivores and deposivores, this
classification is no longer applicable when dealing with animals living in an inter-
tidal environment. The re-suspension of the water-sediment interface leads to an
as important participation of the phytoplankton in the food rations of suspensi-

vore animals, such as oysters and mussels for example.

In addition, in a hatchery, a nursery or experimentally, the variabi-
lity of a same phytoplanktonic species, depending on the factors of the culture
environment, or the age of the populations make it difficult to comprehend of the

cause-effect relations.

On the other hand, the existing controversy between OWEN (1956) and
MORTON (1973, 1983) concerning the rhythms of nutrition, are due more probably to
the study of the secondary factors (tides, nycthemerals) rather than the primary
ones (food). Indeed, those animals whose feeding rtythm is cyclic in intertidal
environments, adapt to continuous feeding when they are fed constantly. Indeed

these two authors agree that the digestion depends on the availability of food.

However there exist some points where particular efforts are required,
if one wishes to fully understand the feeding mechanisms of bivalves. The first
is the quantitative and qualitative estimation of the ration really ingested. Up
to present, most of the studies have been carried out in conditions which do not
bring about the apparition of pseudo-faeces. This means that the totality of the
matter filtered was ingested . This is not what normally happens in natural inter-
tidal environments, where the particulate loads are often relatively high. Also
the level of digestion is probably linked with the quantity and the quality of
the food ingested. Indeed, without a doubt a connection is produced between the
time of transit of the food in the digestive tract and the level of the different
enzymatic activities, which gives an optimization of the energy acquired, depending

on the energetic requirements of the animals.

Therefore, the nutrition of bivalves is the result of successive adap=
tation of the filtration functions, ingestion and digestion, to the amount and
the quality of the food available permitting a animal of given physiology to satisfy

its requirements in the best way possible.
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Table 1. Estimated Five Year Average (1978-1982) of Commercial
Landings for Mollusc in the United States

(from Chew and Donaldson, 1985) .
Metric Tons

Oysters (Meat weight)
Pacific Crassotrea gigasl 2,950
American Crassostrea virginica 27,400
Others 50

: Oyster Total 30,400

Clams
Hard: Mercenaria mercenaria1 6,325
Surf: Spisula solidissima 18,850
Ocean quahog: Arctica islandica 14,740
Soft: Mya arenzria 2 3,970
Manila: TJapes japonica 500
Others 1,315

Clam Total 45,700
Scallops
Bay: Araopecten irradiansz 5385
Calico: Argopecten gibbus 2,490
Sea: Placopecten magellanius 12,960
Others I
Scallop Total 16,050
Others
Squids, Octopus, Abalonez, Mussels 42,200

GRAND TOTAL 134,350°

1Depende'nt on hatchery seed for portion of commercial production.

25e=d produced in the hatchery and sold regu]arly or irregularly to
cormercial shellfish growers.

3Esuimated average 5 year total of commercial marine landings of all -«
species of fish and crustacea (round or live weight) and mollusc (meat
weight) is 2,920,000 M.T.. Mollusc is only 4.6% of the total production.
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Tablezu 2 : From Lucas (1981).

— Bilan annucl des venles de naissain par la Seasalter
Shelliish, Whitstable (G.L.) exprimié en milliers dindividues

s [ Birer | Chometes| Hulfuge
1573 1574 17 185 236
1976 513 1102 0
1877 1 850 16 374 337
1978 y3l+ 183121 1072
1979 9792 35085 7 385
1980 21 451 §7 336 753

— Bilan annuel des venles de naissain
par 1a SATMAR, Bartleur, exprimé en milliers d'individus

(17 Bilan de juin a juirn. (2) Bilan par annés civile.

st | O | Crememe | utienn
199275 0 ERE! 1979
1575-76 198 999 1470
1976-77 1579 1430 1459
1977-78 1765 5166 2063
(X
1973 : 15 383 +707
1979 1448 19 122 g 534
1550 1527 41078 18 983
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TIPS ARRES LA | marios ' CARACTERISTIQUES RREANSS
FZCONDATICN STACE = o CE
(en jours) (s pml GeNEAAL=S NUTRITICN
1 80 Trochaphare Fcrme ce touple. Pas c'zlimentaticn
(Traehophare] Couronna cilige. Un archenteron en
Glande cocuilligre,| farme d'U, mais
mals pas ce cao- pas cs différen-
quille. ciatizn du trac-
tus digestif.
1* 80-50 Fost-trochenhaore | Séerétion d'une Pas d'alimenzaticn
(Young veligar) cecuille moncvalve | Apparition d'un
- velum. Tube ciz=s-
tiT =n vci=z ce
différsnciaticn.
2 214 €0 2 150 Véiigare Coquille formée Velum dévelecgzE
Stade 0 de 2 valves & rétractabie sntre
(0 sheped or charniérz drcitz : | les velves, Tute
straizht-hinge Prodissoconque I digestif giffEren-
veliger) (sécratée per la cié (c=sopnage,
glande .coquillizre]| estomac avec =zc
puis Prodissocon- |cdu stylet, intes-
que II sécrétée parp tin en U). Glande
la manteau digesiive Imgaire
13 & 25§ 150 & 230| Véiigére Frésence d'un Ccmme ci-dessus,
umcanéeg umba sur la gro- maisz zlance cifas-
(Velicancha) dissaczngue II tive farmmant pra-
grzszivemant
2 lcces.
26 |1 230 & 240| VEligare Tache pigmentaire | Corme cl-des:sus
ceillée cu "geil® dans les
(Eyed veliger] lobes cdu menteau.
Le pied s= diifé-
rencie. '
- 27 & 29 240 & 280} Pédivéligers “"Oeil” présznt. Velum en regres-
(Fedivelizer) Pied dévalappé sien cregressive.
et fonctionnel Appsreil digastif
inchangs.
za 250 Plantigrade Pied. Byssus. Vie ayits pellzals
Plantigrade) ternthigue. Fila- ective. Pslpes la-
ments branchizaux biaux. Appereil di-
gastif inchengé.

Tahleau 3
Remarcues

dannées gu'a titr

Stades larvaires de Mytilus edulis en éievege 3 ZD°C.(Luc35, 1982b)
les durées des différents stades et les tailles correspancantas ne sant

e indicatit, en raison d'une farte variahilité d'origine génétigue
et €calogique, La taille est la plus grande cimension de la coquille sur une lizne
paralleéle & la charnigre. Les termes anglails sont empruntés & Bayns (1564 et 1978),
Il faut cependant signaler que cet auteur donne un sans resireint au stade O en le

£ a4 i - - P -
valsant carresgoncre & la prodiszoncangue I (durée : 1-3 jouss) ; sn csnsésuerce le

etace veliccncha débute & la procdizsccancue (durée : 2 semaines).
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Fizure 2 : A dizgrazmmetic reconstiruction of the pediveliger larva
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valar retractor Luscle; b.g.s. byssal gland systen.
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of Aytilus edulis, immediatly after metamcrthosis and

vefore secretion of the dissoconch shell has begun,
Orgzan systems not labelled are 2s in fig.2 (from Bayme,
1071)
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Tableau 4 : Percent of use of the main algae in the commercial hatchériea.

(from Chretiennot-Dinet et al., 1986)
Hutritive value : *¥*¥: very good
% 3 good

#* 1 mean

ALGUE-FOURRAGE

d'apres LucAs, 1980

Chaetoceros calcitrans *k K 3715
Dunaliclla primolecta * 25
Toochrysis galbana **% 75
Toochrysia aff. galbana nTahici! *% 0
Nannochloropeis oculata o 235
Paviova lutheri *** °° 62,5
Phacodactylum tricornutum * 12,5
Pscudoisochrysis paradoxa *% 62,5
Pyramimonas virginica * 31,5
Skeletoncma costatum *% l2,§
Totrasclmia succica KKk 25

Thalassiosira pscudonana LTS . 62,5
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Fizure 11 : Average increase in individual live weight of oysters fed

with Phaeodactylum tricornutum (PHAEO), Thzlassiosira

pseudonana (3E) and natural and oxydized silt for 7 Weeks.

(from Ewart and Pruder, com. pers.)
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Figure 13 : Factoriel analysis of the relation between oysters and
foods (from Deslous-Paoli et al., 1982)
For the oystars: protein (pr.c), lipid (li.c), ash (ce.
¢), carbohydrate (su.c)
For the foods: turbidity (ntuc), particulate C (C.cl),
particulate N (¥.cl), chlorophyl in water (chle) and on
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Fizure 14 : Variation of the dissolve amirmo acids in the water of
the bay of Mareanes-Oléron (from Héral, 1986).
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[%]  Relative filtration rate Figure 15 : Mytilus edulis larv-e. Size speotrun
1007 of particle retention. Mean of
80+ spectra corrected to a maximum of
2
60+ 100 % : y==49.31+49.89x-4.17x
L0 - x: channel of Coulter counter
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Table 5

: Bivalve larvae :

(frem Sprung, 1984a)

filtration rates reported in literature.

Species Shell Tempera-  Fuod con- Food alga Filtration Suurce
length ture cenlralion rate (upl h*)
s (pm) "C (cells wl™')
Ostrea edulis 200 20-22 15-26 ‘Nagellates’ a7l Jargensen (1943) with datg |
from Bruce et ai. (19400

Ostrea edulis 218-260 18-25 31-534 Isochrysis 18-20 Walne (1236]

Osirea edulis 219 2-2¢ B-123 Isnchrvsis 15-42 Walne (1983

Ostrea edulis 175-154 24 8-220 Isachrysis 0.8-10 Walne (1985

Ostrea edulis 21 21-12 0-123 [sackhrvsis 13.8-275 Walne (19A3)

Ostrea eduiis * 180-260 21 20-30 [sochrysis 12.5-25.0 Walne (1886)

Os:irea eduiis 228 1 5000 [sochrysis 03-3 Wilson (19601

Ostrea edulis 250 ? 40-220 Duraliella 1.8-3.4 Wilson (1280)

Crassostrea gicas 87=151 25 100 Isochrysis 2.80-7.0 Gerdes (1983

Crassostrea gigcas  B3-294 25 50-350 Isachrysis = 2.3-91.5 Cerdes (198])
Chaetoceras

Mytilus eduliz 170-260 18 25-330 Isechrysis 4-25 Bayvne (1965}

‘Mrilus edulis 260 16 64 Isnchrysis 12.53 Bayne (1263,

Mytilus edults 260 11 60 Isochrysis 2 Bame (1965

Myzilus edulis 150 12 1.5-5.5 Isochrysis 11.4 Riisgard et al. (128U

Mytilus edulis 120-250 13 3-6 Isochinysis = 16.2-141 Riuisgird et al. (1981)
Monochrysis

Mytilus edulis 120-250 17=19 3-12 Isochrysis = 10.6-85.3 Jespersen and Olsen
Monachrysis {1982)

Mytilus edulis 120-250 6 1-3 Isochrysis 4-21 This paper

Mytilus edulis 120-250 12 1-3 Isochrysis 1n-61 This paper

Mytilus edulis 120-230 18 1-5 Isochirysis 17=-52 This paper

Table 6 : Bivalve larvae
(from Sprung, 1984a)

: ingestion rates reported in literzture.

Species Shell length Temperature Food alga Ingestion rate Source
{nm) (*C) {cells h™") "
Ostr=a edulis 100-195 =22 ‘Flagellate I 1000 Bruce et al. [1240)
Ostrea adulis 218-280 19=25 Isochrysis 1040 Walne (1956, 1950)
Ostrea edulis 178-184 24 Isochrysis 133-600 Walne (19531
Ostres edulis 219 23-24 Isochrysis 591-1517 Walne (19635)
Cstrea edulis 231 21=22 Isochrysis 4560-2333 Walne (19635)
COstrea edulis 1A0=260 21 Isachrysis 8J0-2500 Walne (1966
Ostrea edulis 24 1 Isochrysis 9n0-%u0 Wilson (19801 :
Crassostrea gicas > 200 20 Isochrysis 2600 Maloul and Sreese (1577] |
Mlytilus edulis 150 12 Isachrysis 81-89 Riisgdrd et al. (198M 3
Ahvtilus edulis Whule size 15 Isachrysis + 150=800 Jespersen and Olsrr
spectrum Monochrysis (1982)
Afytilus edulis 120-250 6 Isochrysis 18-80 This paper
Mytilus edulis 120-250 12 Isochrysis 41-292 This paper
Miytilus edulis 120-250 18 Isochrysis 38-408 This paper

3]
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Fizure 20 : Growth of Mytilus edulis larvae :
A-Growth of larvae feed with Isochrysis galbana

¥ : starved
e :25 cens.ul‘1

o : 100 cel].s.ulm1
(from Bayne, 1965)
B-with an injection of 50 cells.ul-1.day"1
a : 440 lavvae.l
b : 2700 larvae.l”
¢ : 16500 larvae.l”
d : 329C0 larvae.l”
(from Davis, 1953)
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Figure 21 : lionthly variations of the
filtration rates for
Mytilus edulis feed with
natural food. Measured from

A (—) Coulter counter
(- --) chlorophyl and
pheophitin

B (—) totzl seston
(- --) biodeposition
(from Boromthanarat, 1986)
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Fizure 25 : Aulocomya ater. -acested
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Figsure 27 : Daily rnythm of the filtration
rate of Crassostrea gigas.
(frem Coppelo, 16€2) -

i N ' haurn



184

FUTIND UOTFLLwr (P PUY UOCODINL JO [isj-om

(9061 fgouavy—oduny pui 20U G e ) )

*Doll v (V) 'suniimem nogoag Jo suAdvp 1o
Jurpeay SNONUTIUODSIP dutanp uotysoedip

pue uotrjsadut oyj Jo Topowm o13o1julg

oryaauky : ag

¢ S5 P

)
FOVIN WO

= L]
]
L]
Y
[ .-
IS IenIN] Bamay
M__o L] ”.. “ -.ar/ " _v r T ' .
! " e — = ' o T
| . ./.-._IJ.H . ..\‘..\i\ - ...m.t &
n ] ¢ ]
. u J i “loe
) § 7
i . /. \. —oc
q ..‘ £ /
$ e <N -{o»
- ®
.s...s g .43
] oe
K
...l. /. ot
- - / o
u L e X
\.-\.. H f)-.. ./ﬂ oe
J o
LELIE L BT

IRINNIM] Bemuy

ovim 3wn0Dg



185

12
Y=1.67%+21.33
n=19 r=0.686 x
g2 -
g i - o
=
= Y=1, 1125+19.28
42- A n=24 r=0.64
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: Rezlztion between the organic fractisn of tae

fooi and digestibility for Pernz pesraz (3erry
and Schleyer, 1984)(o) and for lytilus edulis

(Boromthanarat, 1986)(A).
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Fizure 31 :

Variation of the %0%2l sestorn znd of its mineral fraction

in the b2y of iiarennes-0Oléron. (from Heral et al., 1980)
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Srepidula jornicata (C).

Ladian wo

R I R L L T L

s Bl boaaite o @0

ARy

ST akestadle s S

s L e

1/h/gCs

A

I | | I I
| | Période | Juil, Nov. Févr., Avril | Juil. HNov. Févr. Avril | Juil. HNov. Fevr. Avril |
| | | 1982 1982 1283 1983 1982 1982 1983 1983 | 1982 1982 1933 19583
I__| I I

I I I I
| | ore | 49,0 34,3 31,3 20,6 54,7 39,4 1,2 23,0 | 37.6 33,2 23,5 12,0 |
| p | Prot | 40,5 41,9 75,3 11,8 43,0 17,2 62,7 | 15,8 39,8 0 74,4

| ¢ | Lip | 88,3 93,5 18,4 19,6 90,9 88,9 100 32,7 100 100 100 100

| | Glu 46,3 0 0 50,5 41,2 0 0 26,2 i I 0 0 40,6 |
| |Chloro

| % |« 64,9 60,7 48,5 58,4 | 26,7 53,0 10,0 61,2 | =3,8 65,7 12,6 45,8

|  |phéo I |
| | |
lc | [ |

lo | org (mg) |129,9 234 1 572 813 162,3 451 543 1 107 | 36,8 75,4 108,2 86,6

| u | Prot (mg) | 4,9 14,5 95,6 62,8 6,1 28,0 33,0 85,5 1,4 4,7 6,5 6,7 |
| s | Lip (mg) | 2,5 6,4 12,9 14,0 | 3,1 12,4 4,5 19,1 0,7 2,1 0,9 1,5 |
| o | Gluc (mg) | 10,5 10,6 59,7 64,6 13,2 20,5 20,6 87,9 3,0 3,4 4,0 6,9 |
| ® [Chloro . |
| | + (ug)| 255 133 760 678 319 257 263 923 72 a3 51 72 |
| B |Pheo |
| s | |
| | - |
| B | org (mg) 63,7 80,5 492 168 | 88,8 173 6,5 255 13,8 25,0 25,0 10,4 |
| 3 | Prot (mg) - 5,9 40,1 47,3 | 0,72 12,0 5,7 53,6 0,2 1,8 0 5,0 |
|- o | Lip (mg) 2,2 6,0 2,4 2,8 | 2,8 11,0 a,5 é.2 | 0,7 2.1 c,9 15 |
|y | Gluc (mg) 4,9 0 o] 32,6 | 5,4 o] 0 23,0 | 0,6 0 0 2,8 |
| g lchloro | | |
lg | + (ug)| 166 81 369 396 | 85 136 27 564 | 23 28 6,5 23 |
l S |Phé° I | |
| | Energie | ; | |
| | (EPLG) 169 376 1042 1787 | 220 719 311 216 | <4 125 34 225 |
| | tjoules) | | | |
|| | | | [
|l | | I I
| | Temps (h) | 14 16,5 18,5 18,5 | 14 16,5 18,5 18,5 | 14 16,5 18,5 18,5 |
| | immersion | | ] |
| | Taux e | | | |
| |Filtration | 2,03 2,63 1,75 5,52 | ,53 5,67 0,6 7,52 | 0,57 0,85 0,12 0,59 |
|| | I !
|| ! :

L3231
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Figure 32 : Th2 ccordinated cycles of feeding and extra- and

intrzcellular digestion of the bivalve. (from
Worton, 1973)
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