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ABSTRACT The biochemical composition of young Rudltapes phlllppinaruln was exanlined in 2 
groups of clams, healthy clams and those expenmentally Infected with the pathogenic V ~ b n o  P1 bac- 
tenum to document utilization of biochemical reserves in ~ n d ~ v i d u a l s  affected by 'brown ring d ~ s e a s e '  
After 1 mo of starvation, refeedlng half of the expenmental  clams induced recovery as determined by 
the absence of v~sua l  slgns of disease D~sease  was associated with decreased dry weights In both fed 
and starved individuals (from 41  down to 30-35 mg clam ' )  Glycogen was found to be the main bio- 
chemical reselve used by diseased ~ndlviduals A significant decrease In glycogen (from 45 down to 
20-25 my g ' dry wt) was observed in infected clams Lipid and proteln amounts were related to nutri- 
tional conditions In refed ~ndividuals,  carbohydrate reserves were  low In s p ~ t c  of some iecovery These 
results could Indicate an ~rieversible change of the digestive gland manifested by the inabil~ty to store 
reserves and distnbute them to other tissues In the field, mass mortal~ties obseived in infected popu- 
l a t~ons  could result from the degeneration of metabolic actlvity 

KEY WORDS Brown rlng disease . Clam . V ~ b r i o  . B~ochemlcal reserves 

INTRODUCTION viduals occurs (Plana & Le Pennec 1991, Plana 1995). It 
was subsequently of interest to study how the disease 

In 1980, a new venerid culture was developed along disrupts the normal energy storage cycle by measuring 
the French Atlant~c Coast with the introduction of the levels of clam biochenlical components. Two stress fac- 
Japanese clam Ruditapes philippjnarum (Goulletquer tors were tested, starvation and disease. Refeeding 
et al. 1986). High mortalities associated w ~ t h  decreased was used to study eventual recovery of clams. 
dry weights and loss of metabolic reserves were first 
observed at the end of winter 1984 (Flassch 1987, Goul- 
letquer 1989), but from 1987 to 1993, mass mortalities MATERIAL AND METHODS 
occurred in summer. Most dead clams exhibited a 
brownish deposit on the inner surface of the valves Rearing conditions. Healthy young Ruditapes 
called 'brown ring' (Goulletquer 1988, Paillard et al. philippinarum of uniform size (14 ? 1 mm long) were 
1989). The disease, caused by a pathogenic Vibno bac- received from a nursery at  Arcachon (Francej. 'Brown 
terium strain P1 (Paillard & Mae 1990), has decimated ring disease' was experimentally induced in individual 
populations of cultivated Japanese clams. Compara- clams by injection of 107 cells of Vibj-io P1 as described 
tive studies of the digestive diverticula from healthy by Paillard & Maes (1990). Individuals were separated 
and infected clams using image analysis techniques into 2 groups: positive controls injected w ~ t h  sterlle sea 
have provided a quantitative evaluation of disease pro- water and experimentally infected clams (500 indi- 
gression in which degeneration of digestive diverticula viduals per group). Sea water was renewed every 3 d 
and alteration of the digestive cycle in infected indi- and water characteristics were determined daily in 

each tank.  One month after injection, half of the con- 
trol and half of the infected clams were fed with 40 X 

106 cells Dunaliella primolecta 1-' every 2 d. 
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Specimen preparation. Infected clams were subdi- 
vided into different test groups (Stages 1 to 4) once the 
macroscopic signs of 'brown ring' disease were visible 
on the shells. Th~rty individuals were sampled from the 
control and each test group of infected clams every 
10 d during a 50 d period. Soft tissues were removed 
from the shells, washed with distilled water and 
weighed. Dry weights were determined after freeze 
drying and tissues were stored at -30°C. Clam viscera 
were pooled, in triplicate samples, to ensure sufficient 
biomass for biochemical analysis. 

Biochemical analysis. Total lipids of the freeze-dried 
viscera were determined using a modification of the 
sulphuric acid-charring method described by Marsh 
& Weinstein (1966) using tripalmitin as the standard. 
Polar lipids, which are stable, were precipitated by 
treatment of the mixture containing total lipids with 
activated silicic acid (Holland & Gabbott 1971). After 
centrifugation [3000 rpm (800 X g), 10 min)] the super- 
nate was dried and analyzed by the modified sulphuric 
acid-charring method to determine the neutral-lipid 
content (Holland & Hannant 1973). Total carbohy- 
drates were measured as described by Dubois et al. 
(1956) using D-glucose as the standard. Glycogen was 
precipitated from the supernatant liquid with 100 % 
alcohol and released from the residue with boiling 
water. Absorbancies were measured after treatment 
as described by Dubois et al. (1956). Proteins were 
treated as described by Lowry et al. (1951) using 
bovine serum albumin as the standard. 

All final analyses were performed in triplicate in all 
groups (which were pooled in triplicate) and expressed 
as mg g-l dry wt. Total organic matter was defined as the 
sum of gross biochemical components and expressed as 
mg g-l of dry wt. Dry weights, water content and C/P 
ratios (total carbohydrates/proteins) were calculated. 
First, the impact of disease on the evolution of each bio- 
chemical component during the starvation period and 
potential differences between the control and infected 
groups were tested with the Wilcoxon rank test at a con- 
fldence level of 95% (Sokal & Rohlf 1985). We also 
analysed the incidence of refeeding in each group 
and between each group with the Mann-Whitney non- 
apparied test. In a second analysis, we tested the impact 
of each phase of the disease (in the infected group only) 
in starved and refed clams with the Mann-Whitney test 
at a confidence level of 95 % (Sokal & Rohlf 1985) 

RESULTS 

Development of 'brown ring' disease 

In the infected group, the first macroscopic signs 
(Stage l )  were visible 10 d after infection: brown 

'spots' and marks appeared on the inner surface of 
the valves in the 30 clams sampled. After 20 d (T20), 
some clams showed more serious lesions termed 
'brown layers' (Stage 2) due to the accumulation of 
'spots'; a portion of the individuals remained in 'Stage 
1' (30 clams by stage were sampled). One month after 
bacterial injection (T30), the 'brown ring' was formed 
and masked the shell nacre (Stage 3). Half of the 
diseased clams were starved beyond T30 and, at 
T50, 45% were dead and others showed 'Stage 3' 
signs. The other half of the diseased clams were fed 
after T30 and they secreted a layer of calcium that 
covered the 'brown ring'. By T50, no signs of 'brown 
ring' were visible (Stage 4) and 14% of the indi- 
viduals had died. The only difference between con- 
trol and recovered infected clams was that the valves 
were thicker in the latter specimens. No signs or 
mortality were noted in controls during the experi- 
ment (Stage 0). 

Biochemical analysis: impact of starvation 

Dry weights. 
ranged from 45 
cant decrease to 

In control clams, mean dry weights 
to 40 mg (Fig. 1). Inversely, a signifi- 
30 mg occurred in infected individuals 

(Fig. 1). Analysis of data indicated that dry weights 
were lower in infected clams from T10 (Wilcoxon's test: 
p = 0.0309712). 

Water content. The soft tissue water content did not 
vary in both control and infected clams (p  = 0.177529); 
data ranged from 82 to 85 % (Fig. 2). 

Total organic matter (sum of proteins, lipids and 
carbohydrates). In control and infected clams, organic 
content decreased slightly from 660 to 610 mg g-' dry 
wt (Fig. 3). There was no difference between the 2 
groups (p = 0.787402). 

25 -1 1 
TO T10 T20 T30 T40 TSO 

Days 

Fig. 1 Ruditapes philippinarurn. Mean dry we~ghts (mg) in 
control (0) and infected ( A )  Japanese clams maintained under 

starvation conditions. Solid symbols: means 
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Fig. 2. Rudltapes philippinarum. Mean water contents (%) in 
control ( 0 )  and infected ( A )  Japanese clams maintained under 

starvation conditions solid symbols: means 

Proteins. Proteins were the major biochenlical com- 
ponent (86 to 92%),  and, as for total organic matter, 
protein amounts decreased from 580 to 530 mg g-' dry 
wt in both control and infected clams during the ex- 
periment (Fig. 4); no significant difference between 
the 2 groups was noted (p = 0.589636). 

Total lipids. Starved control individuals possessed 
highly variable lipid amounts but, as in infected clams, 
final data (from 25 to 27 mg g-' dry wt) were approxl- 
mately similar to first data (Fig. 5).  Analysis of data 
showed no difference between the 2 groups (p = 

0.787402). 
Neutral lipids. Amounts of neutral lipids showed the 

same pattern of distribution as total lipids. Data ranged 
from 15 to 20 mg g-' dry wt. No difference was noted 
between control and infected clams (p  = 0.280712). 

Total carbohydrates. In the control group, the lowest 
carbohydrate value was found at T10 (35 mg g- ' )  but 
final data were at least 50 mg g-' dl-y wt (Fig. 6). In 
infected clams, total carbohydrate amounts declined 
from 60 (TO) to 45 mg g-' dry wt at T10 (Fig. 6). At T20, 

- ; 1 
E 500 -. 

TO T10 T20 T30 T40 T50 

Days 

Fig. 3. Ruditapes philipplnarum. Mean total organic matter 
amounts in control ( 0 )  and infected ( A )  Japanese clams main- 

tamed under starvation conditions. Solld symbols: means 

L, A l 

l 

400 l t t .-. 
TO T10 T20 T30 T40 T50 

Days 

Fig. 4 Rudltapes philippinarum.  mean protein amounts in 
control ( 0 )  and infected ( A )  Japanese clams malntalned under 

starvation conditions. Solid symbols: means 

2 groups of individuals were distinguished: one in 
'Stage 1' (Spots) and the other in 'Stage 2' (Layers). A 
marked decrease was observed in 'Stage 2' individu- 
als, while 'Stage 1' clams had T20 values similar to 
those of the controls. Final data ranged from 34 to 
36 mg g-l. The difference between control and infected 
clams was not significant (p = 0.0590579). 

Glycogen. The amounts of glycogen present showed 
the same variations as for total carbohydrates in control 
and infected clams (Fig. 7) .  The same differentiation 
between 'Stage 1' and 'Stage 2'  at T20 was necessary 
in the infected group and no difference was found 
between control and infected clams (p = 0.105645). 

Biochemical analysis: impact of refeeding 

Dry weights. After T30, refeeding lnduced a 
decrease in dry weight in control and infected indi- 
viduals (Fig. 8). Dry weights were lower in infected 
clams at T50 (35 mg) but the differences compared to 

l 

15 . I 
TO T10 T2 0 T30 T40 T50 

Days 

Fig. 5. Ruditapes philippinarum. Mean total lipid amounts in 
control (0)  and infected ( A )  Japanese clams maintained under 

starvation conditions. Solid symbols. means 
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Days 

Fig. 6. Ruditapes philippinarum. Mean total carbohydrate 
amounts in control ( 0 )  and infected ( A )  Japanese clams main- 

tained under starvation conditions. Solid symbols: means 

the control group were not significant (Mann-Whitney 
test, p = 0.417581). No difference was noted between 
starved and fed clams in the control group (p = 

0.101845) or in the infected group (p  = 0.224838). 
Water content. After refeeding, water content de- 

creased (Fig. g), lower values were found in the control 
group (78%) but differences between control and 
infected clams were not significant (p = 0.128205). 
Inversely, differences were significant between starved 
and refed clams in the controls (p < 0.0025) and in 
infected clams (p 0.025). 

Total organic matter. Refeeding caused an increase 
in organic matter to 700 mg g-' dry wt in control and 
infected clams (Fig. 10). At T40, control values were 
higher but no difference was found between the 
infected group and the control group (p  = 0.128205). 
On the other hand, differences between starved and 
refed clams were significant in the controls ( p  < 
0.00025) and in the infected group (p < 0.025). 

15 I 1 
TO T10 T20 T30 T40 T50 

Days 

Fig. 7. Ruditapes philippinarum. Mean glycogen amounts In 
control ( 0 )  and infected ( A )  Japanese clams maintained under 

starvation conditions. Solid symbols: means 

25 
TO T10 T20 T30 T40 T50 

Days 

Fig. 8. Ruditapes philippinarum. Mean dry weights in control 
(0) and infected ( A )  Japanese clams maintained under star- 
vation conditions. After 30 d, experimental clams were fed. 

Solid symbols: means 

Proteins. As for total organic matter, protein amounts 
increased to 600-620 mg g-' with refeeding (Fig. 11) 
and no difference was shown between control and 
infected groups (p  = 0.689917). Inversely, higher 
values were significant in refed clams compared to 
starved clams in the control group (p  < 0.01) and in 
infected group (p c 0.05). 

Total lipids. Refeeding involved an increase in total 
lipids amounts from 29 to 40 mg g-' in the control group. 
The same pattern was observed later in infected clams 
(Fig. 12) but no difference was evident between the 2 
groups (p = 0.0926954). Higher values in refed clams 
were significant only in the control group (p  < 0.01); this 
was not the case in the infected group (p = 0.575171). 

Neutral lipids. Amounts of neutral lipids showed the 
same pattern of distribution as total lipids with an 
increase from 16 to 25 mg g-l. As for total lipids, only 
the highest amounts measured in refed clams were 
significant in the control group (p  < 0.005). 

77 0 

TO T10 T20 T30 T40 T50 
Days 

Fig. 9. Ruditapes phil~ppinarum. Mean water content in con- 
trol (0)  and infected ( A )  Japanese clams maintained under 
starvation conditions. After 30 d, experimental clams were 

fed. Solid symbols: means 
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-. 

Days 

Fig. 10. Ruditapes phil lpp~narum. Mean total organic matter 
amounts In control ( 0 )  and infected ( A )  Japanese clams main- 
tained under starvation cond~tions.  After 30 d ,  expenmental 

clams were fed. Solid symbols: means 

400 
TO T10 T20 T30 T4O T50 

Days 

Fig. 11 Rudltapes philippjnarum Mean protein amounts in 
control ( 0 )  and ~nfccted  ( A )  Japanese clams maintained under 
starvat~on conditions After 30 d ,  experimental clams were 

fed Solld symbols: means 

1 
TO T10 T20 T30 T40 T50 

Days 

Total carbohydrates. After T40, increases in total 
carbohydrate amounts occurred in the control group 
so final data \yere similar to start data (60 mg g-l) .  
Inversely, in the infected group, total carbohydrates 
decreased to 30 mg g.' (Fig 13) and a signlflcant dif- 
ference was obtained between the control and In- 
fected clams (p < 0.005). But, no difference was noted 
between starved and refed clams In the control 
group (p = 0.173485) or in the infected group (p  = 

0.378476). 
Glycogen. Flnal data were similar to start data In 

control clams (50 mg g-l) .  In the infected group, a 
decrease to 20 mg g-' was obtained at T50 (Fig. 14) so 
the difference between the 2 groups (control and 
infected clams) was significant (p  < 0.005). As for total 
carbohydrates, no difference was found between 
starved and refed clams in controls (p = 0.471168) and 
infected individuals (p  = 0.0655518). 

Influence of the pathological state 

If we consider the macroscopic signs, a similar pat- 
tern of changes in glycogen and total carbohydrate 
amounts is observed in starved (Fig. 15) and in refed 
clams (Fig 16) Healthy individuals (stage 0) showed 
the highest values, a decrease was measured In 
'Stage 1' clams followed by a marked decrease In 
'Stage 2' individuals (p  i 0.05) and no difference was 
noted between 'Stage 2' and 'Stage 3' individuals 
(total carbohydrates: p = 0,711528; glycogen: p = l ) .  
Minimal values were found in recovered clams 
(Stage 4 ;  Fig. 16) and their lower values were s~gnifi- 
cant for total carbohydrates and glycogen amounts (p 
< 0.05). 

- 
m - 
I-0 25 ! 

TO T10 T20 T30 740 T50 

Days 

Fig. 12. Ruditapesphillpplnarum. Mean total lipid amounts In Fig. 13. Ruditapes phlllppinarum. Mean total carbohydrate 
control ( 0 )  and Infected ( A )  Japanese clams maintained under amounts in control (0)  and infected (A)  Japanese  clams main- 
starvatlon conditions. After 30 d ,  expel- mental clams were tained under starvatlon conditions After 30 d ,  expermenta l  

fed. Solld symbols: means clams were  fed. Solid symbols: means 
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DISCUSSION 

A 

15 1 
TO T10 T20 T30 T40 T50 

Days 

Fig. 14. Ruditapes philippinarum. Mean glycogen amounts In 
control (0) and infected ( A )  Japanese clams, maintained under 
starvation conditions. After 30 d, experimental clams were 

fpd Snlid ~ y m h n l s .  m e a n s  

v 

20 0 I 
0 1 2 3 

Pathologic state 

Fig. 15. Ruditapes philippinarum. Amounts of total carbo- 
hydrates (0) and glycogen (0) in starved Japanese clams in 
relat~on to pathological state. 0: control clams, l .  'bro\vn 
spots'; 2: ' b ro~rn  layers'; 3: 'brown ring'. Solid symbols: means 

15 4 4 
0 1 2 3 4 

Pathological state 

Fig. 16. Ruditapes philippinarum. Amounts of total carbo- 
hydrates ( 0 )  and glycogen (0) in starved and refed Japanese 
clams in relat~on to pathological state. 0: control clams; 1 
'brown spots'; 2: 'brown layers'; 3: 'brown ring'. 4: 'recovered' 

refed clams. Solid symbols: means 

The digestive cycle of clams exper1mental.ly infected 
with Vibrio P1 exhibits alterations of the digestive 
diverticula and an increase in the level of tubule types 
representing the degenerative form; mass mortalities 
were also observed (Plana & Le Pennec 1991, Plana 
1995). Stress conditions induced a replacement of the 4 
tubule types (Platt 1971) by an atrophic form (Moore et 
al. 1979, Lowe et al. 1981, Couch 1984). Environmental 
stress conditions induced a thinning of the digestive 
epithelium (Marigomez et al. 1990). Bayne & Thomp- 
son (1970) demonstrated that the digestive gland of 
Mytilus edulis exhibited marked seasonal variations in 
its biochemical composition suggesting a role in stor- 
age of metabolic energv reserves. Thompson & Bayne 
(1972) observed a flow of I4C labelled material from 
the digestive gland to the gonad and other tissues 
when M. edulis was fed Tetraselmis grown in medium 
containing NaHI4CO3. Material from the digestive 
gland was also rapidly utilized during stress, as the 
recovery of a normal digestive cell structure and diges- 
tive gland index in fed mussels after an initial stress is 
considered essential to survival because all metabolic 
processes are ultimately dependent upon the func- 
tional integrity of the digestive gland (Thompson et al. 
1974). However, morphological changes in the diges- 
tive gland may indicate stress effects which are not 
revealed by biochemical analysis (Bayne & Thompson 
1970). In the present study, measurements were per- 
formed to analyze the influence of 'brown ring' disease 
on the energy storage cycle in Ruditapes philip- 
pinarum. 

The dry weights of tissues were stable in control 
clams during the experiment while a significant loss 
was observed in infected clams. Starvation did not 
appear to influence dry weight. Water content did not 
vary significantly between the groups but lower values 
were found in controls and refed clams. Riley (1976) 
showed that starvation involved dry weight losses and 
a general increase in the water content of the body of 
Crassostrea yigas. Barber et al. (1988) observed that 
mean dry weight of oysters was inversely correlated 
with severity of infection in oysters affected by a proto- 
zoan parasite, Haplosporidium nelsoni (MSX). In 
Ruditapes philippinarum, the dry weight was f0un.d to 
be lower when clams showed brown ring or had appar- 
ently recovered. This result suggests that clams may 
have diverted a substantial portion of their energy to 
fight the disease. 

Organic matter declined in starved individuals and 
reached a maximum after refeeding in both control 
and infected clams. Proteins, the major biochemical 
component, had the same pattern of distribution as 
organic matter during the experiment, as did lipids, 
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which are the lesser constituents. On the other hand, 
carbohydrate amounts declined in spite of refeeding in 
the infected group; this process was not observed in 
controls. According to various authors (e.g.  Dare & 
Edwards 1975, Pieters et al. 1979), protein levels follow 
a reverse pattern with respect to carbohydrates. The 
major physiological role of proteins is the supply of 
structural elements and the catalysis of metabolic reac- 
tions (Dittrich 1991), and numerous studies contested 
the importance of proteins as a reserve (Gabbott & 
Bayne 1973, Zandee et al. 1980). The C/P ratio, a n  indi- 
cation of the balance between carbohydrates and pro- 
teins in the tissues (Bayne & Thompson 1970), showed 
the preferential utilization of carbohydrate reserves 
over proteins. Dry weight losses were found concomi- 
tantly with losses of carbohydrates in Ruditapesphilip- 
pinarum. It is interesting to note that juveniles perform 
as adults in this respect. This is in agreement with the 
findings of Holland & Hannant (1974) for Ostrea edulis, 
who showed that a change from neutral lipids (Holland 
& Spencer 1973) to carbohydrates was the main energy 
reserve for larvae as well as for adults. Starvation and 
infection had no influence on l ip~d content. We can 
conclude that carbohydrates are the major energy 
source in young R. philippinarum. 

The amounts of total carbohydrates varied signifi- 
cantly, which reflected the variations of glycogen. 
Zwaan & Zandee (1972) and Gabbott & Bayne (1973) 
showed that carbohydrate is stored as glycogen which 
reaches 90% of total carbohydrates in Tellina tenuis 
(Ansell & Trevallion 1967, Trevallion 1971). In control 
clams, carbohydrate amounts were lowest in starved 
individuals and highest in the refed group. Conversely, 
lower amounts were found in refed infected clams than 
in starved infected clams in spite of their recovery. 
These results were disease related; decreases in 
amounts of total carbohydrates and glycogen were 
correlated with pathological state. Similarly, Barber et 
al. (1988) found that glycogen content was reduced in 
oysters in relation to MSX infection intensity. 

During the early period of starvation, carbohydrates 
were the most catabolised reserve in terms of grams 
utilized in Crassostrea gigas (Riley 1976); glycogen is 
the major short-term energetic reserve but lipids are  
the most important substrate in terms of total energy. 
The contradiction between this energetic importance 
of lipids and their stability during the starvation could 
be resolved by Bressan & Marin (1985) and Zandee et 
al. (1980); in adult bivalves, carbohydrate losses a re  a 
consequence of the conversion of carbohydrates into 
lipids during gametogenesis or in unfavourable condi- 
tions (e.g.  after the decrease of phytoplankton biomass 
in winter). It is possible that carbohydrate and lipid 
contents were used by individuals but that w e  could 
measure only the decrease in carbohydrate amounts. 

This hypothesis IS confirmed by the small increase in 
lipid amounts in starved clams in control and infected 
groups and by the significant decrease in carbohydrate 
amounts. 

Under normal circun~stances, mortality in the popu- 
lation might follow depletion of proteins (Ansell & 

Sivadas 1973). Epizootic mortalities were observed in 
tropical species of Donax, which did not appear to 
accumulate large lipid and carbohydrate reserves and 
did use protein content more rapidly during stress 
(Ansell et al. 1974). Goulletquer (1989) observed in 
Ruditapes philippinarum, during winter mortalities, a 
significant fall of glycogen that could be explained by 
a strong maintenance metabolism, twice as high than 
that of R. decussatus (Bodoy et  al. 1986). It appears that 
R. philippinarum cannot adapt to environmental stres- 
sors so individuals rapidly use biochemical reserves 
when they are not in their 'functional area' (Bernard 
1983); their filtration rates stay stable and cannot adapt 
to nutritional and seasonal variations (Deslous-Paoli 
et  al. 1987). Some bivalves reduced respiration during 
starvation, hence they could limit energetic losses 
(Bayne & Scullard 1977). 

Refeeding after 30 d of starvation induced recovery 
of infected clams; the brown ring was masked by a 
new layer of calcium. However, carbohydrate amounts 
remained low whereas, as in Mytilus galloprovincialis 
(Bressan & Mann 1985), the presence of food allowed 
the accumulation of both lipid and carbohydrate re- 
serves in the control group. This abnormality could be 
explain by a high energetic requirement during the 
recovery, 01- by functional alterations, or both reasons 
Eble (1966) observed that the activity of digestive 
enzymes decreased with infection, indicating that oys- 
ter digestion was disrupted in oysters infected by para- 
sites. Disease disrupted the normal energy storage 
cycle of the host by inhibiting feeding or digestion 
(Plana & Le Pennec 1991, Plana 1995) or by utilizing 
stored nutrients (Thompson 1983). Refeeding permit- 
ted the storage and stability of lipid and  protein con- 
tent and calcification onto the valves by the rapid uti- 
lization of the carbohydrates to supply the metabolic 
demands. 

Our study showed the importance of glycogen as  a n  
energy source, which maintained the integrity of indi- 
viduals and permitted their recovery. After feeding, 
the food was ingested but carbohydrate reserves did 
not seem to accumulate in the infected group and  mor- 
talities occurred in starved as  in refed infected clams. 
In general, when n~etabolic requirements increase, 
glycogen is the first component catabolised, especially 
in Ruditapes (Baghdiguian 1989). Individuals then 
become more sensitive to external factors and  physio- 
logical variations (Hummel et  al. 1986). Energetic 
requirements are enhanced by a direct utilisation of 
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carbohydrates. The digestive diverticula store the neu- 
tral lipids and glycogen when food is digested (Henry 
1987, Robinson et al. 1989) and redistribute them to the 
entire body. The histolog~cal alteration of the digestive 
gland in the infected clams would prevent this storage 
and this redistribution (Plana & Le Pennec 1991, 
Plana 1995). Protein content may be used because of 
this degeneration under stress conditions (starvation, 
emersion, abnormal temperature); a decrease in pro- 
tein amounts was observed in starved infected indi- 
viduals. The same results were obtained in R. decussa- 
tus after a protracted starvation (Baghdiguian & R~va  
1984). Mortalities were significant in the starved group 
during all the experiments. In the refed group, it is 
possible that the recovery induced an  'energetic debt' 
w h i r h  was nnt compensated by the refeedina. In such 
a case, mortalities will be more likely since disease will 
not be resisted as in individuals in good condition. In 
the field, clams are subjected to various 'natural' stres- 
sors and this may contribute to mass mortalities. 
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