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Effect of dietary fatty acids on intertidal bivalves

ABSTRACT
The pre-spawning condition of adult bivalves is influenced by quantity and quality of available food. 

For bivalves, the essential polyunsaturated fatty acids (PUFAs) eicosapentaenoic acid (EPA) 20:5(n-3) 
and docosahexaenoic acid (DHA) 22:6(n-3) are presumed to determine the nutritional value of algae. 
Macoma balthica kept on a broodstock diet supplemented with PUFAs spawned a larger number of eggs 
(average 22220) per female and larger sized eggs (106.7 µm) compared to adults kept on a diet without 
PUFA supplementation (962.5 eggs with average size 99.8 µm).

Larvae of M. balthica from the same parental pool however, did not profit from a diet where a part was 
replaced with spheres containing PUFAs. Instead, larvae reared on Isochrysis sp. showed lower mortality 
and higher growth rates than larvae fed on the same algae supplemented with lipid spheres. Crassostrea 
gigas larvae showed no clear response to a PUFA supplemented diet.

Adapted from Journal of Experimental Marine Biology and Ecology (2003) 296:199-213
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INTRODUCTION
Reproduction of intertidal bivalves includes gametogenesis, development and metamorphosis, all of 

which are energy consuming processes, (Bayne 1976, Martinez et al. 2000b). The success of those processes 
depends on the physiological condition and especially the pre-spawning condition of the adult. The larger 
the amounts of storage material build up, the more weight loss at spawning the animal can afford without 
endangering its subsequent survival and growth (Beukema et al. 2001). Most intertidal bivalves have a life 
span of several years and spawning is a yearly event. Due to loss of body weight after reproduction, each 
spawning event affects the success of reproduction in following years. Macoma balthica populations adapt 
their reproductive outputs to their condition at spawning (Honkoop and van der Meer 1997). M. balthica 
populations in the Wadden Sea apply a spawning strategy adapted to local conditions by refraining from 
spawning at a Body Mass Index (BMI) below a certain threshold value. A certain minimal somatic mass 
is essential to survive. This is thought to be a way of optimising a maximum lifetime number of eggs per 
individual female (Beukema et al. 2001). BMI is influenced by quantity and quality of available food and 
ambient seawater temperature. Cold winters reduce metabolic costs, which reduce the decrease of BMI 
(Honkoop and Beukema 1997, Beukema et al. 1998). Energy reserves can be saved and later used for 
vitellogenesis (Bayne 1976).

Algae vary greatly in abundance from year to year and are patchily distributed throughout the water 
column (Baldwin and Newell 1995). The nutritional value of algae for most bivalves is determined by the 
essential fatty acids eicosapentaenoic acid (EPA) 20:5(n-3) and docosahexaenoic acid (DHA) 22:6(n-3) 
(Lane 1989). These polyunsaturated fatty acids (PUFAs) are essential because most bivalve species are 
unable to produce them from shorter chain pre-cursors (Ackman 1983, Chu and Greaves 1991, Delaunay 
et al. 1993). Algae differ in their lipid (Eglinton et al. 1996, Brown et al. 2001), and more specifically, 
PUFA content (Napolitano et al. 1990, Leonardos and Lucas 2000, Renaud et al. 2000). Therefore, some 
species make better quality food for building up gonads than others (Napolitano et al. 1990, Delaunay 
et al. 1993, Lane 1989).

The PUFA content of eggs is dependent on a two-phase process controlled at first by the environmental 
conditions during the fattening of broodstock and early gametogenesis (phospholipid PUFAs) and then 
by the conditions during the later stages of oocyte development (neutral lipid PUFAs) (Helm et al. 1991, 
Utting and Millican 1997). Endogenous reserves laid down in the eggs are important for providing 
energy during embryogenesis and growth until larvae are able to feed on exogenous sources (Bayne 1976, 
Gallager and Mann 1986, Gallager et al. 1986, Whyte et al. 1990, 1992, Delaunay et al. 1992, Marty 
et al. 1992, Labarta et al. 1999). More than half of the energy requirements for embryogenesis is met by 
lipids (PUFAs) (Whyte et al. 1990, 1991, 1992), the other part is primarily met by proteins (Whyte et 
al. 1990, 1991, 1992, Labarta et al. 1999). Of the two fatty acids considered to be essential for bivalves, 
20:5(n-3) (EPA) is utilised preferentially during embryonic development (as a source of energy) while 
22:6(n-3) (DHA) is used as a source for structural compounds (Whyte et al. 1990, 1991, Helm et al. 
1991, Marty et al. 1992). The proportion of larvae reaching the D-stage, at which the first larval shell is 
developed and larvae start feeding, is positively correlated with the initial lipid content of the eggs (Helm 
et al. 1973).

In general, PUFA composition of the eggs is related to the fatty acids in broodstock diets (Lane 
1989, Marty et al. 1992, Soudant et al. 1996a, 1996b). Many attempts have been made to optimise the 
broodstock diet of commercially important bivalve species (Utting and Millican 1997 and references 
therein). Although artificial diets such as concentrated algal paste or algal diets with supplements cannot 
keep adults in optimal condition compared to animals in the wild (Helm et al. 1973, Lane 1989), 
supplementation of the broodstock diet with lipid microspheres or emulsions appears to be promising 
(Lane 1989, Robinson 1992, Caers et al. 1999b, Martinez et al. 2000a, 2000b, Navarro et al. 2000). It is 
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thus reasonable to expect that the positive effect of lipid supplementation is similar for non-commercial 
species, such as M. balthica. However, not much research has been devoted to the effect of fatty acid 
supplementation on non-commercial soft-sediment species from temperate latitudes.

After a decrease during the costly embryogenesis, lipid reserves of the larvae accumulate again during 
the subsequent larval feeding stage (Bayne 1976, Gallager and Mann 1986, Gallager et al. 1986). During 
this stage the quality of the larval diet is important to build up energy reserves for metamorphosis because 
during metamorphosis the larva is unable to feed (Whyte et al. 1990, 1992).

In this chapter we present the result of our investigation of the effect of PUFAs on reproductive output 
of M. balthica. Primarily we look at the effect of supplementing PUFAs in the broodstock diet on number 
of eggs produced per female and size (a measure of quality) of the eggs.

Furthermore, we investigate the effect of supplementation of the larval diet with PUFAs on larvae of 
M. balthica. Additionally Crassostrea gigas larvae were also cultured to research species-specific effects and 
look at different degrees of supplementation and quantities of food particles on bivalve larvae.

MATERIALS AND METHODS
Effect of partial replacement of the algal diet with lipid emulsion on fecundity of 
Macoma balthica.

Adult M. balthica were collected on March 26th and 27th 2001 in the Mok, a small bay at the south-
eastern part of the island of Texel, the Netherlands. This area is described in more detail by Honkoop and 
Beukema (1997).

Adults were kept in trays (350 x 300 mm bottom surface x 85 mm height), which held 80 individuals 
per tray (density 750 ind. m-2). They were allowed to bury themselves in approximately 40 mm deep silica 
sand (average diameter 248.9 µm). Filtered (0.2 µm) seawater above the sand was continuously aerated 
and at a temperature of 5°C ± 1 °C.

Two trays were kept under the same conditions, but fed different diets. The control tray was fed 
Instant Algae® Isochrysis sp., strain CCMP1324, supplied by Reed Mariculture. The other tray was kept 
on a mix of Instant Algae® and lipid enrichment emulsion (supplied by the Artemia Reference Centre, 
Ghent University). We used a standard set (ICES enrichment solution 30/4/C) with 30% (n-3) PUFA 
and a DHA/EPA ratio of 4. The emulsion contains 62% lipid on wet weight basis, vitamins (C, E, A, D3), 
antioxidants, preservatives, emulgators and water. The control tray was fed only Instant Algae® while 
the tray kept on an enrichment diet was supplied with Instant Algae® and 1 ml of the lipid emulsion 
(containing 1.2 x 109 spheres of approximately 2 µm), which replaced similar sized algae to obtain the 
same total amount of particles supplied per individual. All individuals were fed 1.0 x 108 particles total 
(algae and lipid spheres) twice a week.

Total duration of conditioning at 5 °C of adults was 24 days. These adults are compared to adults, 
who were induced to spawn only 7 days after removal from the field; the result from this batch gives 
an indication of the effect of long conditioning under laboratory circumstances on adult M. balthica. 
Because there is a positive relationship between egg lipid content and egg diameter in Crassostrea virginica 
and Mercenaria mercenaria (Gallager and Mann 1986) egg diameter was used as a measure of the quality 
of eggs of M. balthica. To obtain eggs after the storage period, adults were taken from their tray, counted 
and kept in a small layer of seawater overnight at 5 °C. The next day they were induced to spawn with 
a temperature shock and fluoxetine, and eggs were collected, counted and measured as described in 
Chapter 2.

Once disturbed, females did not resume spawning when put in fresh seawater and all individuals were 
left undisturbed until the next day when the procedure was repeated.
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Effect of partial replacement of the algal diet with lipid emulsion on growth and 
mortality of Macoma balthica larvae

Adult M. balthica were collected on March 19th 2002 in the Mok. Within a month 423 adults with 
an average size of 18 mm were induced to spawn. Fertilisation of the eggs and breeding of the embryos 
and larvae took place in a climate-controlled room at 15 °C air temperature. Fertilised eggs were kept in 
Plexiglas cylinders with a funnel shaped bottom, which were aerated to keep the embryos in suspension. 
Embryos were kept in these 3 litre vessels until they reached the first feeding stage. Antibiotics were 
added, 25 mg Streptomycin (Sigma S-6501) and 15 mg Penicillin G Sodium salt (Merck 1.06993) per 
litre filtered (0.2 µm) seawater. Filtered seawater was kept in a 200-litre barrel and radiated with UV-C 
light to prevent algal and bacterial growth.

When the larvae started feeding, they were transferred to 100 ml bottles and put on roller bottle 
incubators to prevent deposition of the larvae on the bottom. At that point, larvae measured 117.3 µm 
(SE = 2.88). A total of 800 larvae per bottle were used (8 larvae ml-1). The bottles were divided into four 
groups, with three replicates for each group. Each group was fed a different diet (Table 1a). The control 
group of larvae was starved (NO). The second group fed on fresh algae (100 cells µl-1) (ALG). In the third 
group 10% of the algal cells were replaced by the lipid particles also used in the adult feeding experiment 
(SUP). The last group was fed on lipid emulsion only (LIP). The flagellate Isochrysis sp. provided the 
reference algal diet. Algae were cultured in 10 l volume glass bottles, using a 12 - 12 h light-dark cycle, 
and maintained at 15 ± 1 °C. Aeration provided circulation in the cultures.

Table 2. Quantitative diet Crassostrea gigas larvae. Amount and percentage (in brackets) of algae and lipid 
particles.

Treatment n Algae ml-1 Lipid particles ml-1 Total part. ml-1

CI (30% replaced) 3 1.75 104 7.50 103 2.50 104

CII (30% replaced) 3 7.00 104 3.00 104 1.00 105

CIII (30% replaced) 3 1.23 105 5.25 104 1.75 105

Table 1. Qualitative diet of a) Macoma balthica and b) Crassostrea gigas larvae. Amount and percentage (in 
brackets) of algae and lipid particles.

Treatment n Algae ml-1 Lipid particles ml-1 Total part. ml-1

a) Macoma balthica

NO (starvation) 3 0 0 0

ALG (Control) 3 1.0 105 0 1.0 105

LIP (100% replaced) 3 0 1.0 105 1.0 105

SUP (10% replaced) 3 9.0 104 1.0 104 1.0 105

b) Crassostrea gigas

A (Control) 3 1.0 105 0 1.0 105

B (20% replaced) 3 8.0 104 2.0 104 1.0 105

C (30% replaced) 3 7.0 104 3.0 104 1.0 105

D (40% replaced) 3 6.0 104 4.0 104 1.0 105
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Effect of partial replacement of the algal diet with lipid emulsion on growth and 
mortality of Crassostrea gigas larvae

Adult C. gigas were obtained from Guernsey Sea Farms Ltd. on the island of Guernsey on November 
the 16th, 2000. At the hatchery they were kept at 23 ± 1 °C and 35 ± 2 ‰ salinity. The 5 males and 
5 females were kept overnight to recover and strip spawned the next day according to the protocol for 
bioassays on salty dredged material used by the National Institute for Coastal and Marine Management 
(RIKZ).

Fertilisation of the eggs and breeding of the embryos followed the protocol used for Macoma balthica 
larvae, but at 25 °C.

When the larvae started feeding, they were transferred to 150 µm thick polyethylene breeding bags 
with a volume of 2 litres, sealed in a funnel shape and aerated to prevent deposition of the larvae on the 
bottom. Initial shell length was 72.4 µm (SE = 1.72) when the larval cultures were divided into treatments. 
The flagellates Isochrysis sp. and Pavlova lutheri provided the reference algal diet. The larval culture bags 
were divided into four groups, with three replicates for each group. All groups were fed with a mix (1:1) 
of fresh Isochrysis sp. and P. lutheri and (except for the control group) the lipid supplement (Table 1b). 
The treatments differed from those of M. balthica.

In addition to the replacement (food quality) experiment, the effect of the amount of food available was 
studied by expanding the 30% replacement group with two groups which were fed different concentrations 
of particles, although the replaced algae percentages remained the same (Table 2).

Maintaining cultures

Cultures were maintained as described in Chapter 2. Sub samples were taken for C. gigas in triplicate 
(1/100) during the cleaning process. After 21 days for M. balthica and 19 days for C. gigas, the larvae 
remaining in culture were collected and fixed in 4% formaldehyde.

Statistical analysis

All statistical analyses were performed in Statistica 6.0. A log linear model was used to distinguish 
differences between initial spawning in animals directly spawned from the field and observed spawning 
after laboratory treatments.

Data sets of egg numbers were normalised with log-transformation. This was not necessary for egg-
sizes. A t-test for independent samples was performed for both egg number and size.
Mortality of M. balthica larvae was analysed by means of a one-way ANOVA. The Tukey HSD post-hoc 
comparison was used to determine significant differences between group means. To assess differences in 
mortality of C. gigas larvae after culturing for 19 days also a one-way ANOVA was used.

Differences between larval shell-size on the last day of larval culture were evaluated with a nested 
ANOVA design in the GLM section. Cultures were treated as a random factor. To normalise data, M. 
balthica shell sizes were log-transformed.
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RESULTS
Effect of partial replacement of the algal diet with lipid emulsion on fecundity of 
Macoma balthica.

After 24 days of lab conditions the spawning percentage of adults fed algae and an enrichment emulsion, 
was 46.25%. For the control treatment (only algae) the spawning percentage was 16.25% (Figure1). A 
parallel batch of M. balthica was induced to spawn 7 days after removal from their natural environment. 
Spawning percentages were then 80.90%. Compared to individuals spawned shortly after removal from 
the field, the lab treatments caused lower spawning (χ2 d.f.=1 = 125.18, p < 0.01). Adults fed an enriched 
diet had higher spawning percentages (χ2 d.f.=1 = 16.98, p < 0.01) than adults maintained on the control 
diet.

Females on the contrfigureol diet produced fewer eggs (p < 0.01) than females on an enriched diet. Eggs 
spawned by females fed the enrichment diet were larger in diameter than eggs spawned by females only fed 
Instant Algae® (p < 0.01). These results are summarised in Table 3. Duplicate measurements showed sub 
samples were adequately large to estimate total abundance and average egg size per female. Fecundity of 
M. balthica decreases with prolonged storage. Stored females only fed Instant Algae®® spawned relatively 
small numbers of small eggs in comparison with number and diameter of eggs spawned by M. balthica in 
the field in early spring. The latter values range from 20.000 – 70.000 and are 107 µm in diameter (for 
Macoma females 14-17 mm length: Honkoop and van der Meer 1998). Females fed the enrichment diet 
are, even after 24 days of storage, not below the normal range.

Effect of partial replacement of the algal diet with lipid emulsion on growth and 
mortality of Macoma balthica larvae

Adult females spawned on average 84 250 eggs (SE = 5573.4). Spawning percentage was 63.3%. 
Mortality of larvae was high for all treatments, but not abnormal for M. balthica larval cultures (1 - 8 % 
d-1 for larval densities 1 - 32 ml-1, Oscar Bos, personal communication). Mortality was different between 
treatments (Fd.f.=3, 8 = 20.41, p < 0.001). After post-hoc comparison, differences were attributed to the 
higher mortality for the LIP treatment compared to all other treatments (p < 0.01, Table 4).

Figure 1. Reproductive output of 
Macoma balthica initially (after 7 days, 
n = 423) and after 24 days of storage 
on a enriched and control diet (n = 
80).  Black portion of the bar graph 
refers to spawned males, white to 
females, dark grey to individuals that 
did not spawn and light grey to adults 
dead after storage.
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The size of the larval shell differed after 21 days between treatments (Fd.f.=3, 8 = 18.4, p < 0.001) (Figure 
2), but there were also significant differences between cultures of the same treatment (Fd.f.=8, 26 = 18.4, p 
= 0.001). The larvae in cultures fed only fresh algae were largest, followed by larvae in the supplemented 
culture. Surprisingly larvae in the starved culture were larger on average than larvae fed only lipid 
emulsion.

Table 4. Mortality rate larval cultures (percentage d-1).

Culture Mortality rate (% d-1) SE

a) Macoma balthica

NO 4.10 0.048

ALG 3.98 0.059

SUP 4.23 0.032

LIP 4.73** 0.015

b) Crassostrea gigas (qualitative)

A 5.24 0.005

B 5.21 0.012

C 5.21 0.023

D 5.23

b) Crassostrea gigas (quantitative)

CI 5.23 0.013

CII 5.21 0.023

CIII 5.24 0.003

 ** = p < 0.01

Figure 3. Mortality (treatment average) in larval cultures of Crassostrea gigas on (a) a qualitative diet 
with 2.50 x 104 particles ml-1, with A control and B (20 % replaced), C (30%), and D (40%) lipid enriched 
diets (b) a quantitative diet of 2.50 x 104 particles ml-1 with CI 2.50 x 104, CII 1.00 x 104 and CIII 1.75 x 104 
particles ml-1.
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Figure 4. Larval shell size (treatment average length, µm ± SE) after 19 days of culturing Crassostrea 
gigas larvae for (a) a qualitative diet with 2.50 x 104 particles ml-1, with A control and B (20 % replaced), 
C (30%), and D (40%) lipid enriched diets (b) a quantitative diet of 2.50 x 104 particles ml-1 with CI 2.50 x 
104, CII 1.00 x 104 and CIII 1.75 x 104 particles ml-1.
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Figure 2. Growth as larval shell size (µm 
± SE) in cultures of Macoma balthica 
on starved control (NO), algal (ALG), 
enriched (SUP) and lipid only (LIP) diet 
after 21 days of culturing.
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Table 3. Average number and diameter (d in µm) ± SE of spawned eggs of Macoma balthica females on an 
enriched and control diet.

Diet number SE d SE n

Control 962.5 330.96 99.8 0.47 6

Enriched 22220.2 5855.11 106.7 0.15 21
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Effect of partial replacement of the algal diet with lipid emulsion on growth and 
mortality of Crassostrea gigas larvae

Food quality
No difference in mortality (Fd.f.=3, 8= 0.3, p = 0.846) on day 19 could be observed between the control 

group fed with the cultured algal diet and the groups with added ICES lipid emulsion (Fig 3a, Table 4).
Differences in size (width) of the larval shell (Fd.f.=3, 8 = 0.42, p = 0.75) could not be observed between 

treatments (Figure 4a).

Food quantity
No difference in mortality (Fd.f.=2, 6= 0.2, p = 0.794) could be observed between the cultures fed a 

different overall amount of particles (Figure 3b, Table 4).
Differtences in size (width) of the larval shell (Fd.f.=2, 6 = 0.36, p = 0.71) could not be observed between 
treatments (Figure 4b).

Figure 3. Mortality (treatment average) in larval cultures of Crassostrea gigas on (a) a qualitative diet 
with 2.50 x 104 particles ml-1, with A control and B (20 % replaced), C (30%), and D (40%) lipid enriched 
diets (b) a quantitative diet of 2.50 x 104 particles ml-1 with CI 2.50 x 104, CII 1.00 x 104 and CIII 1.75 x 104 
particles ml-1.
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Figure 4. Larval shell size (treatment average length, µm ± SE) after 19 days of culturing Crassostrea 
gigas larvae for (a) a qualitative diet with 2.50 x 104 particles ml-1, with A control and B (20 % replaced), 
C (30%), and D (40%) lipid enriched diets (b) a quantitative diet of 2.50 x 104 particles ml-1 with CI 2.50 x 
104, CII 1.00 x 104 and CIII 1.75 x 104 particles ml-1.
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DISCUSSION
Effect of diet supplementation on fecundity of Macoma balthica

Implications for laboratory experiments
Reproductive output consists of different components, egg number, volume and compositional quality 

of the eggs. If there is a minimum egg size under which it is not profitable to produce eggs at all, egg 
numbers should decrease more than egg size under unfavourable conditions. Our results are consistent 
with this theory. This study shows a decrease in egg numbers as well as a decrease in egg size under 
unfavourable conditions. Our minimum egg diameter (99.8 µm) is similar to the lower limit of the range 
(app. 109 – 100 µm) published by Honkoop and van der Meer (1997). This diameter might be the lower 
limit for producing viable eggs. Not only lipid quantity but also the qualitative constituent of the eggs 
determines the quality of the eggs for further development into healthy larvae.

Instant Algae® are, according to the producer (Reed Mariculture), sufficient food-source for adult 
bivalves. However, processing the algae could have some adverse effects on the quality. The algae are 
centrifuged and stored. Thus some of the algae may have been damaged by freezing and leaking. Dissolved 
material may not be easily accessible to shellfish. Necessary PUFAs may be lacking or limiting in a mono-
specific Instant Algae® diet because normally Isochrysis is low on EPA (but high on DHA). Instant Algae® 
are a good solution when it is needed to maintain adult bivalves for a prolonged time, since culturing fresh 
algae is too expensive and time-consuming. Although we have to be careful with the interpretation of these 
results because of shortage of replication of the treatments, it seems that when adults are stored during 
the spawning season for a long period of time and high reproductive output is wanted, results might be 
better when a small portion of the algal diet is supplemented with a lipid emulsion like ICES 30/4/C (this 
study). On this diet adults do not seem to resort to resorption of already build up gonadal tissue to meet 
their energy demands. Completely avoiding a decrease in reproductive output is probably not possible 
since laboratory conditions are never a perfect imitation of field circumstances, but a combination of cold 
storage, a supplemented broodstock diet, and providing spawning triggers like a temperature shock and 
fluoxetine seem to produce good results.

Implications for fieldstudies
M. balthica takes a long time to build up gonadal mass compared to M. edulis and C. edule (Honkoop 

and van der Meer 1998) but still the effect of starvation or poor quality food only shortly prior to a 
spawning event on egg number and diameter is demonstrable (this study).

Because quality of food is important for fecundity it would not be sufficient to monitor chlorophyll 
content to predict reproductive output of M. balthica and development (and metamorphosis potential) 
of their larvae. M. balthica spawns early in spring, at low temperatures, causing possible a lower larval 
development until first feeding (Honkoop et al. 1999b). About 30% of the ash-free dry mass of M. 
balthica eggs consists of lipids, while the eggs of later spawning C. edule and M. edulis contain respectively 
11% and 20% lipids (Honkoop et al. 1999b). Also the period and duration of the period in which the 
gonads of C. edule and M. edulis are built up differs (Honkoop et al. 1999b). Temporal variations in food 
quality and availability might therefore affect these species differently.
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Because algae species differ in PUFA content it is important which algae are available as food. The 
observed PUFA content of the same species of algae varies between authors (Table 5). This could be an 
effect of culturing or condition the algae are in because most algae investigated are cultured algae. Also the 
difference in analytical methodology could cause differences. We performed lipid extraction according to 
the method described in Blight and Dyer (1959). An inventory of PUFA content of naturally occurring 
algae would be useful. This could help to better predict good or bad years for shellfish recruitment and 
thus be a tool in developing a sustainable shellfish fishery.

Effect of lipid emulsion on growth and mortality of bivalve larvae

Energy reserves vs. feeding during the planktonic stage
Whether subsequent growth and survival of larvae is a function of initial egg lipid reserves is still a 

matter of debate. Ostrea edulis larvae seem to benefit from large initial lipid contents (Helm et al. 1973, 
Lane 1989) and PUFA content can show a positive correlation with growth rate (Berntsson et al. 1997). 
In Plactopecten magellanicus the lipid content of eggs has been regarded as crucial for increasing larval 
survival and successful metamorphosis (Gallager et al. 1986). Neutral lipid is used as the main energy 
reserve during metamorphosis of O. edulis and Pecten maximus (Holland and Spencer 1973, Delaunay 
et al. 1993, Lane 1989). In Crassostrea virginica and Mercenaria mercenaria larval survival is related to 
large initial lipid supplies in eggs, while growth rate is not (Gallager and Mann 1986). It is probable that 
bivalve larvae have a level of metabolic control over their lipid composition since proportions of PUFA 
throughout development after embryogenesis are very stable (Holland and Spencer 1973, Chu and Webb 
1984, Napolitano et al. 1988, Whyte et al. 1990, Delaunay et al. 1992, Marty et al. 1992, Delaunay et 
al. 1993). Or their fatty acid composition reflects the composition of their food source. Jonsson et al. 
(1999) found a clear correlation between the fatty acid profiles in the food and in the larvae temsleves. 
This implicates that the fatty acid profile of larvae would be likely to change with food quality under field 
conditions.

In this study all larvae came from the same parental stock, and therefore are assumed to have had 
a similar egg lipid content. During the larval feeding stage larvae need to grow and also store energy 
for metamorphosis (Whyte et al. 1990, 1992). Therefore, necessary PUFAs need to be supplied via a 
diet. Mixed diets provide more necessary PUFAs than monospecific diets. Use of monospecific diets 
in the feeding stage indicate that these are not beneficial for bivalve larvae while mixed diets have a 
positive effect on growth and mortality compared to diets consisting of only one algal species (Robert 
et al. 2001). Partial substitution of a mixed algal diet with preserved algae or a yeast-based diet seems 
successful (Southgate et al. 1998, Robert et al. 2001). Lipid emulsion supplementation has not been 
tested before on larval cultures. Results from the present study suggest that it does seem profitable. A 
positive effect of lipid supplementation on a monospecific diet is expected because it would putatively 
supply the necessary PUFAs. But M. balthica larvae on a starvation diet showed higher growth rate and 
lower mortality during 21 days of culturing than larvae fed lipid emulsion only. Growing larvae not only 
need lipids but also proteins. The higher growth rate for the starvation treatment leads to the hypothesis 
that the lipid emulsion possibly may have been harmful for the larvae of M. balthica. Bivalve larvae 
are very susceptible for infections when cultured. Despite the addition of antibiotics the added lipid 
emulsion could have promoted bacterial growth, which is harmful for the larvae. Or the lipid spheres 
might not have been available for the larvae as food particles e.g. by ‘clogging’ (forming particles that are 
too large for consumption), or by suspension in seawater. Also ingestion and handling of this unprofitable 
food may have cost a lot of energy leading to a higher mortality rate. ICES emulsion has been used as 



Chapter 3 Effect of dietary fatty acids on intertidal bivalves

59

supplementation before with positive effects on Tapes philippinarum spat (Caers et al. 1998, 1999a). Lipid 
supplementation by means of an emulsion is also positive for the broodstock condition of bivalves. But 
supplementation with lipid emulsions in the larval stage seems ineffective. Fresh algae proved the best diet 
for M. balthica larvae.

The used food concentration of 1.0 105 particles ml-1 seems sufficient for C. gigas larvae on an enriched 
diet. C. gigas larvae did not show differences in mortality and were not smaller at the last culture day when 
a part (up to 40%) of the fresh algae was replaced by lipid particles. These larvae might have been less 
susceptible to the hypothesised negative effects of the lipid emulsion.

There could be another diet component important for larvae once they start feeding. Amount of lipid 
or total energy present in pre-metamorphic larvae has no significant effect on post-larval survival; rather 
protein utilisation during metamorphosis is the limiting step (Labarta et al. 1999, García-Esquivel et 
al. 2001). Structural growth during metamorphosis after the pelagic life stage is largely dependent on 
proteins while lipids are the main source of energetic metabolism throughout development (Labarta 
et al. 1999). A hypothesis could be that survival to the feeding stage of bivalve larvae is correlated with 
endogenous energy reserves like egg fatty acid content, while structural growth and subsequent successful 
metamorphosis is dependent on protein content of the diet as well.
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