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Abstract:  
 
In contrast with the Japanese oyster Crassostrea gigas and the Manila clam Ruditapes philippinarum, 
Ostrea edulis seed production in the hatchery has been reported to be erratic, with sudden and 
unexplained larval and post-metamorphosis mortalities. Fecundity and initial larval quality have been 
related to broodstock conditioning, but effects on larval development and metamorphosis remain 
poorly understood. In addition, molluscan larval mortalities have been often associated with bacterial 
contamination and flow-through techniques may help to overcome this problem. Both aspects have 
been considered in the present work. O. edulis broodstock were conditioned at 19 °C and fed three 
different microalgal diets. Two were single-species diets: Rhodomonas salina (Rs) or Thalassiosira 
weissflogii (Tw) and the third was a combination of both species (RsTw: 50/50 in equivalent cell 
volume). Mean fecundity, expressed as mean number of larvae released by oysters fed different diets, 
was 0.16, 0.28 and 0.39 million, respectively; whereas, mean larval size at release differed 
significantly from 174 to 181 μm. Moreover, when broodstock were fed combined assemblage (RsTw), 
larval release occurred more consistently. Larvae were subsequently fed two different diets over an 
11-day period: Chaetoceros gracilis solely (Cg) or a bi-specific assemblage (T: Isochrysis affinis 
galbana plus Cg). Larval growth ranged from 5.5 to 7.4 μm d− 1 for larvae fed Cg and was generally 
higher (8.1 μm d− 1) in larvae fed the mixed diet TCg. On day 11, larval survival and competence 
ranged from 50 to 75% and 40 to 70% respectively, these results being closely related to broodstock 
nutrition. On day 18 the larval settlement ranged from 1 to 60%. When analyzing overall performance, 
from fecundity to settlement, best results were obtained with broodstock, fed the bi-specific diet (RsTw), 
which released numerous larvae over a short period with satisfactory larval development and high 
metamorphosis, and these larvae also fed bi-specific diet, TCg. 
 

Highlights 

► We study the role of three microalgal diets on flat oyster broodstock conditioning. ► The influence 
of three other different diets is determined on larval development. ► RsTw leads to the highest O. 
edulis fecundity ► TCg leads to the highest O. edulis settlement. ► Best overall performances are 
obtained with mixed diets from broodstock to larvae. 
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1. Introduction 
 
From the 70’s and 80’s two successive diseases affected O. edulis production in 
Brittany (main area in France for its culture) and the population dropped from 20,000 
tons to 1,000 – 1,500 tons y-1 nowadays (Buestel et al., 2009). Despite several 
attempts to control marteiliosis and bonamiosis in natural surroundings (Grizel, 1985) 
or eradicate its effects through modified husbandry (Le Bec et al., 1991; Robert et al., 
1991), introduction of exotic flat oysters (e.g. O. puelchana: Pascual et al., 1991), and 
genetic improvement (Naciri-Graven et al., 1999), the flat oyster population has never 
recovered. 
This situation was quite similar for most countries in Europe (Laing et al., 2005) and, in 
this context, except in some limited free disease areas (e.g. Scotland, North Ireland, 
Norway, Denmark) flat oyster farming consists in improving oyster growth before the 
fateful limit of 3 years old or equivalent size and, accordingly, O. edulis production in 
Europe is constrained.  
However, progress has been made in breeding for diseases resistance including new 
genetic tools (Lalias et al., 2009; Morga et al., 2011). Currently, a selective breeding 
program is, accordingly a possibility to enhance flat oyster farming. Such targeted 
genetic orientation, however, will not be feasible until the difficulty inherent to a lack of 
fully reliable methods in hatchery for this species is overcome. Indeed in the hatchery, 
unexplained mortalities have often been reported during larval rearing on day 8 and 
post-settlement (anonymous, 2004; Bédier, 2004; Laing et al., 2005). Hatchery 
methods are now relatively well known for many mollusks (e.g. Crassostrea gigas: 
Utting and Spencer, 1991, Ruditapes philippinarum: Helm and Pellizato, 1990, 
Mercenaria mercenaria: Castagna and Kraeuter, 1981). Despite indisputable know-
how, mainly due to pioneers work (Walne, 1974), the state of the art in hatchery 
rearing of O. edulis remains clearly insufficient to support reliable seed production, 
probably because of a lack of updated, detailed knowledge of the biology of this 
species. Compared to oviparous and dioecious species such as C. gigas and R. 
decussatus/philippinarum, the flat oyster is larviparous. Fecundity and initial larval 
quality have been related clearly to broodstock conditioning, mainly food delivery 
(Helm et al., 1991; Millican and Helm; 1994; Utting and Millican, 1997) but further 
effects on larval development and metamorphosis are poorly known. Maternal effects 
on metamorphosis have been reported with O. chilensis which incubates larvae for a 
very long period (Wilson et al., 1996); whereas in O. edulis, such parental effects have 
been shown to affect only larval growth and survival (Berntsson et al., 1997). The 
present work will contribute to this scope by focusing on the effects of food on O. edulis 
broodstock conditioning and subsequent larval development, including metamorphosis.  
Moreover molluscan larval mortalities have often been associated with bacterial 
contamination, specifically to vibrios (Elston, 1984, Thompson et al., 2003; Estes et al., 
2004). Widely described for Pectinidae (Riquelme et al., 1996; Lambert et al., 1999), 
and cupped oysters Crassostrea spp. (Elston and Leibovitz, 1980; Jeffries, 1982; 
Sugumar et al., 1998; Elston et al., 2008), vibriosis has recently been shown to affect 
O. edulis as well (Prado et al., 2005) confirming previous results on the same species 
(Jeffries, 1983). It is well known that scallops are very sensitive to vibrio infection 
(Nicolas et al., 1996) which led to the use of antibiotics, as a preventive measure, to 
limit larval mortalities (Robert et al., 1995). Such practices are not sustainable, and 
Norwegian researchers have partly overcome this problem by developing 5,000-L flow-
through larval rearing technique (Magnesen et al., 2006). To study the 
ecophysiological requirements of mollusks with low fertility (1-2 million oocytes in O. 
edulis) vs 10-20 in P. maximus in hatchery conditions (Le Pennec et al., 1998) a 5-L 
container was designed, and a new, flow-through larval-rearing configuration was 
developed for O. edulis. 
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2. Material and methods 
 
Microalgae and diet composition 
 
Four different microalgal species were used in the present study: two large species for 
broodstock conditioning, Rhodomonas salina (Rs: volumetric size ≈ 200 µm3, dry 
weight 60 pg cell-1, strain CCAP 978/24) and Thalassiosira weissflogii (Tw: 950 µm3, 
250 pg cell-1, CCAP 1077/5) and two small species for larval rearing, Isochrysis affinis 
galbana (T:  40 µm3, 12 pg cell-1, CCAP 927/14 also named T-Iso) and Chaetoceros 
gracilis (Cg: 80 µm3, 25 pg cell-1, UTEX LB2658). 
O. edulis broodstock conditioning was assessed using three microalgal diets in 
duplicate: two single-species, R. salina with a daily ration of 109 cells oyster-1or T. 
weissflogii (0.25 X 109 day-1 oyster-1) and the bi-specific combination of R. salina plus T. 
weissflogii (50/50 equivalent cell volume). Because feeding in the inhalant chamber 
occurs in O. chilensis during motherhood (Chaparro et al., 2001, 2006), 10% of T-Iso 
supplemented all diets during the second month of conditioning.  
O. edulis larval development was achieved using mono (C. gracilis) or bi-specific diets 
(T-Iso plus C. gracilis) delivered to maintain continuously 25 cells (± 5) per each larva, 
as recommended for C. gigas larvae (Rico Villa et al., 2009); whereas unfed larvae 
were used as a negative control. Additionally in a single experiment, a batch of larvae 
was also fed T-Iso to elucidate its role in larval development excluding metamorphosis. 
 

Broodstock conditioning 
 
Three hundred flat oysters from the same location were dredged from the Bay of Brest 
(Brittany, France) in March 2007. After scrubbing shells free of fouling organisms and 
debris before stocking in experimental structures at the Ifremer experimental station of 
Argenton (Brittany, France), oysters were pre-conditioned to experimental temperature 
(19 °C) by a daily gradual increase of 1 °C during 10 days. Seawater temperature was 
maintained at 19 °C by means of regulated thermal floodgates. Thereafter 50 2 year-
old oysters were distributed homogeneously (70 g ± 20 mean whole weight, 1.7 g ± 0.6 
mean meat dry weight, 70 mm ± 8 mean length) in each duplicate tank (2 m length x 
0.5 m width x 0.2 m depth) per experimental condition. Continuous flow of 1-µm 
filtered-seawater was delivered from the top at a constant flow rate of 40 L h-1 (40% 
renewal h-1). Daily rations of 6% dry weight microalgae (mg) per oyster meat (g) were 
provided to broodstock by peristaltic pumps that mixed the algae with filtered seawater 
at the inlet of each tank. All tank outlets were secured with a 100-µm mesh sieve to 
prevent larvae from escaping. O. edulis broodstock conditioning continued over a 4 
month-period from February to May 2007.  
Seawater at inlet and outlet of each experimental tank was sampled twice a day 
(morning and afternoon) and phytoplankton counts were made using an electronic 
particles counter (Multisizer 3 equipped with a 100-µm aperture tube). Grazing was 
expressed in number of cells removed from suspension oyster-1 d-1 or in μm3 oyster-1 d-

1. For each experimental condition, fecundity was assessed as the number of released 
larvae over the considered period.  
 

Larval rearing 
 
When detected, expelled larvae were counted and measured for length. When a large 
release of larvae was recorded (³ 1 million), larval rearing was set up in a dedicated 
flow-through cylindrical system inspired by the Cawthron design (King et al., 2005). 
Made from 3 mm, transparent Polymethyl methacrylate, six 5-l tanks (104 cm height 
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and 9 cm diameter) were self-supported on a 12-mm PVC table of 150 cm length (Fig. 
1a). The outlet of each tank was equipped with a 32 mm PVC pipe connected within 
the tank to a bevelled, 100-μm sieve to prevent larvae from escaping. Each microalga 
was delivered by pumping from a reservoir into each inlet pipe through a 4-mm 
translucent, flexible line (Fig. 1b). Each larval rearing tank received from the top 1-µm-
filtered phytoplankton-enriched seawater through a secondary line with flow controlled 
by a flow-meter (one per tank: Fig. 1c). In each larval tank, aeration was provided from 
the bottom and was maintained at 0.5 L min-1 using a 4-mm PVC valve (Fig. 1). Lastly 
the outlet of each cylinder was connected to a 6-mm tube allowing complete tank 
draining. For each broodstock origin (diet) and when a sufficient number of released 
larvae was collected, larvae were reared in those flow through units at a density of 5 
larvae ml-1 with seawater flow maintained at 1.3 L h-1 (≈ 6 renewals day-1). Seawater 
temperature/salinity was maintained at 22 °C/34 ppt according to Robert et al. (1988). 
Each broodstock diet was split into treatments with three larval diets, i.e., 9 different 
larval conditions were assessed: BRsLS, BRsLCg, BRsLTCg, BTwLS, BTwLCg, 
BTwLTCg, BRsTwLS, BRsTwLCg and BRsTwLTCg. Moreover a high number of released 
larvae, originating from broodstock fed RsTw, allowed to set up an additional feeding 
condition and accordingly a batch of larvae was fed T. Iso alone. Thus, the designation 
BRsLS means that broodstock was fed R. salina and larvae from them were starved; 
whereas, BRsTwLTCg means that broodstock was fed R. salina plus T. weissflogii, and 
larvae from them were fed T-Iso plus C. gracilis.  
Phytoplankton cell density was assessed twice a day at inlet and outlet of each 
experimental rearing tank, and adjustments were made to stabilize cell count around 
each larva at 25 cells (± 5) or 1,000 µm3 equivalent T-Iso, values reported as an 
effective algal-cell density for C. gigas larval development (Rico-Villa et al., 2009). 
In each rearing tank, larvae were collected by siphoning subsamples and larval shell 
length was measured on days 0 (released), 3, 7 and 11 using image analysis (Image 
vision Builder version 6.0). Survival was estimated on day 11 on the entire larval 
population collected by draining, mixing thoroughly, and counting a sub-sample under 
the light microscope. The number of larvae ready to set (competent larvae showing 
presence of large eyespots and active foot) was estimated prior to a selective grading 
on 200-µm mesh. Pediveligers > 280 µm were distributed at an initial density varying 
from 0.3 to 0.7 larvae ml-1 in 30-L tanks containing plastic disks as cultch (settlement 
material) (Rico-Villa et al., 2006). They were fed the bi-specific diet (TCg: 50/50, v/v) 
thereafter, post-set, were maintained in a flow through system (9 L h-1;  30%  h-1 
seawater renewal) for an additional week. The number of eyed pediveligers selected 
was, however, limited and we only obtained sufficient numbers of post-set for duplicate 
treatments fed bi-specific diets from broodstock to larvae. 
 
Analytical procedures 
 
Growth and cell size of microalgae cultures were estimated using a Multisizer 3, and 
for dry weight determinations, 50 ml of culture were harvested and centrifuged (3,200 
g, 10min); pellets then were rinsed with 20 ml of 0.5 M ammonium formate, re-
centrifuged and placed in pre-weighed tin capsules. Dry weight and ash were 
measured after heating at 80 °C (overnight) and 450 °C (4h) respectively. Gross 
composition analysis followed methods of Lowry et al. (1951) for proteins, Bligh and 
Dyer (1959) for lipids and Dubois et al. (1956) for carbohydrates. Fatty acids were 
analyzed following methods described by Marty et al. (1992) with 23:0 as an internal 
standard. Fatty acid composition was expressed as the relative contents of the total 
fatty acids of the entire fraction. 
 
Statistical analysis 
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Data were analyzed using STATISTICA software (version 8.0). One-way analyses of 
variance (ANOVA) were used to test the effects of larval diet on larval length, survival 
and competence. Two-way analysis of variance was used to test the combined effects 
of broodstock nutritional diets and larval diets on larval length. When needed, data 
transformation (arcsin[sqr(χ/100)]) to respect homogeneity of residues distribution 
(Sokal and Rohlf, 2001) was made. Differences of mean were assessed using a 
posteriori Tukey’s tests. 
 

3. Results 
 
Broodstock conditioning 
 
Consumption by oyster 
 

Grazing was estimated daily. When expressed in cells number per oyster per day, 
grazing clearly was related to the type of food delivered during conditioning, with 
maximum values of 0.52 X 109 (± 0.10 X 109, on day 19), 1.1 X 109 (± 0.1 X 109, on day 
31) and 2.2 X 109 (± 0.4 X 109, on day 35) for Tw, RsTw, and Rs respectively. When 
expressed in volume (μm³ oyster-1 d-1), similar trends were observed with optimal 
values of 120 X 109 (± 6.7 X 109, on day 19), 180 X 109 (± 15 X 109, on day 31) and 220 
X 109 (±  72 X 109, on day 35) for Tw, RsTw and Rs respectively. Whatever the diet, a 
general decrease in grazing was detected from day 35 until the end of the experiment, 
but this trend was difficult to quantify because of data overlap. To obtain a clearer 
overall view of microalgae uptake changes, data were accordingly stacked and 
expressed on a weekly basis (Fig. 2). With this visualization, grazing, expressed as 
cells number oyster-1 wk-1, showed a steady decrease from week 6 until the end of the 
experiment for broodstock fed Rs alone or the mixture RsTw, with values decreasing 
from 1-1.2 X 109 to 0.2 X 109 (six fold decrease). In contrast, grazing seemed to be 
almost constant when broodstock were fed Tw (Fig. 2a); however a decline occurred 
when grazing was expressed as cells volume oyster-1 d-1 (Fig. 2b) with values 
decreasing from 85 X 109  to 5 X 109 (17 fold decrease).  
 
Oyster fecundity 
 
As previously done with grazing, fecundity data were stacked and expressed on a 
weekly basis. For broodstock fed Rs alone, the first larval release occurred on week 4; 
whereas fecundity increased from 0.5-1, on week 6, to 6 X 106 larvae, on week 10, 
simultaneously with a grazing-rate decrease (Fig. 3a). Similar relationships between 
larval release and grazing decrease were also found with the other feeding conditions: 
Tw (Fig. 3b) alone or the mixture RsTw (Fig. 3c). The greatest number of larvae 
released occurred with flat oysters fed RsTw with a mean number of 0.39 million ± 0.04 
per oyster with precocious (week 3) and steadier expulsion. The lowest number of 
released larvae was recorded for broodstock fed Rs alone with a mean number of 0.16 
million ± 0.007 per oyster; whereas, brooders fed Tw exhibited intermediate 
performances (0.28 million ± 0.12) with the last expulsion occurring on week 11 (Fig. 
3b).  

 

Larval development 
 
Size at release and biochemical composition 
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Initial larval size was related to broodstock nutrition, with mean lengths of 174 µm (± 1), 
176 µm (± 2) and 181 µm (± 1) for larvae originating from broodstock oysters fed RsTw, 
Tw and Rs respectively, with these differences being significant (2, 5.5, p = 0.004). 
Tukeys’ tests, however, revealed significant differences only between Tw and RsTw. In 
contrast, no differences in gross biochemical composition of newly-released larvae 
were recorded, with proteins varying from 13.0 to 16.2% (2, 5.1, p = 0.051), 
carbohydrates from ≈ 1 to 1.2% (2, 2.1, p = 0.2) and lipids from 2.9 to 4.0% (2, 4.2, p = 
0.07) (Table 1).  
The algal species used differed in several aspects of fatty acid composition. R. salina 
exhibited relative high content of 20:5(n-3) with 10% and was also rich in 22:6(n-3) with 
8%; whereas, 20:4(n-6) represented 3% of total fatty acids (Table 2). In contrast, T. 
weissflogii showed lower amount of 22:6(n-3) and 20:4(n-6) with 4% and 0.2% 
respectively, but this diatom was particularly rich in 20:5(n-3) reaching 20% of total 
fatty acids. On the other hand, R. salina was characterized by a high content of 18:2(n-
6), 18:3(n-3), 18:4(n-3) representing 18%, 12% and 14% respectively; whereas, T. 
weissflogii was poor in these three fatty acids with 1-2%. An opposite trend occurred 
with 16:3(n-4) and 16:1(n-4), which both were 18% in T. weissflogii; whereas, these 
fatty acids did not exceed 1% in R. salina (Table 2).  
Despite these differences in the fatty acid composition of the diet, newly- released O. 
edulis larvae were very similar in PUFA contents with no significant differences 
between larvae originated from broodstock fed different diet (p<0.05): Table 2. 
 

Larval growth  
 

Regardless of broodstock diet, larvae were released in sufficient quantity in week 8 
and were reared under two different feeding conditions; unfed larvae were used as 
negative controls. 
The effects of broodstock diets (Rs, Tw, RsTw) on larvae combined with the effects of 
larval diet (Cg,  TCg) on larval growth (expressed as total daily growth rate from D1 to 
D11) highlighted a predominant influence of initial breeders nutrition (2, 9.3, p = 0.004) 
but no influence of larva nutrition (1,  0.15, p = 0.70) as well as interaction effects 
(broodstock diet * larval  diet:  (2, 0.2, p = 0.80). Regardless of the experimental 
conditions unfed larvae did not grow significantly; at the end of the experiment larval 
length only reached 175-180 µm (Figs. 4a, 4b, 4c). In contrast, larvae originating from 
broodstock fed Rs exhibited the highest growth of 7 µm d-1 leading to a final length of 
258 µm (Fig. 4 a). Larvae fed C. gracilis alone or the bi-specific diet TCg showed 
similar growth (p =0.012) (Figs. 4b, 4c) with the exception of larvae originating from 
broodstock fed Rs during the first week (p <0.01) (Fig. 4 a). Under these latter 
conditions, the mixed larval diet improved larval growth significantly, but this difference 
disappeared thereafter (Fig. 4a). When the larvae originating from broodstock fed 
RsTw, were provided solely T-Iso, larval growth was depressed with 4.8 µm d-1, leading 
to a final size of 226 µm (Fig. 4c).  

 

Larval survival 
 
Survival was assessed at the end of larval rearing, on day 11. Low survival was 
observed for unfed larvae (<1%), regardless of broodstock diet. Overall, larvae 
originating from broodstock fed Rs or Tw exhibited higher survival from 58 to 74% for 
larvae fed C. gracilis or TCg (Fig. 5a). The lowest survival, 50 to 55% was recorded for 
larvae released by broodstock fed RsTw, regardless of larval feeding (Fig. 5a). The 
combined effects of broodstock and larval diets (which excluded T-Iso) on larval 
survival revealed a predominant influence of nutrition during conditioning (2, 6.91, p = 
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0.002) these differences being significant only between BRsLTCg and BRsLCg (p = 
0.003) and BRsLTCg and BTwLCg (p = 0.002). 
 

Larval competence and metamorphosis 
 
When fed the mixed larval diet TCg, compared to single-species diet Cg, larvae 
exhibited higher competence (60-70%) (Fig. 5b). The combined effects of diets on 
broodstock and larvae upon larval competence (which excluded T-Iso) revealed a 
predominant influence of broodstock nutrition (2, 757.6, p<0.0001), and a significant 
influence of larval nutrition (1, 126.6, p<0.0001). In contrast, no interaction effects 
(broodstock diet X larval diet) were noted (2, 0.7, p = 0.49). When fed T-Iso, however, 
larval competence represented 75% of that achieved with C. gracilis in larvae released 
by parents fed RsTw (31% vs 41%). 
Whatever the broodstock diet, higher settlement was recorded when larvae were fed 
the mixed larval diet TCg (25-60%: Fig. 5c), but metamorphosis performance was poor 
(1.3%) when broodstock were fed R. salina and larvae C. gracilis (Fig. 5c). Settlement 
ranged accordingly from 1.3 to 60% but the experimental design was incomplete to 
allow overall statistical data treatment. Thus, the effect of broodstock diet on larval 
settlement is difficult to confirm, although feeding broodstock R. salina led to similar 
larval metamorphosis (≈ 26%) as in broodstock fed C. gracilis (≈ 30%) which is only 
half the value recorded when broodstock received the mixed diet (≈ 60%). Similarly, 
when considering parents fed single-species microalgal diets, overall mean post-larval 
yield (from initial larval release to the end of settlement) was ≈ 7.5% for larvae fed 
single diets vs 28% for those fed bi-specific diet.  
 

4. Discussion 
 
It is difficult to differentiate the role of adult reserves from that of additional food. For 
the cupped oyster C. gigas, which has external fertilization and larval development, 
additional food for broodstock appears to be of less importance than the initial content 
of glycogen reserves before conditioning (Cannuel and Beninger, 2007). In some 
cases, food availability favors growth and maintenance rather than reproduction 
(Donaldson, 1991); whereas, Muranaka and Lannan (1984) found that the fecundity of 
C. gigas broodstock was 60% greater when fed an algal food supplement rather than 
starved. Such apparent contrasting results can be explained by trials reported by 
Chávez-Villalba et al. (2003) who showed that a 6% (dry weight of algae per dry meat 
oyster weight) addition per day of equal quantities of Chaetoceros calcitrans and T-Iso 
had a positive effect on C. gigas fertility, but these effects were closely related to the 
season and the amount of initial reserves in oysters at the beginning of conditioning. 
Thus, in spring, the mean fertility (number of eggs per female) of fed broodstock 
originating from six different French oyster areas was 5.23 million (± 2.91) vs 0.77 
million (± 1.21) for unfed groups, while in summer fertility reached 30.74 million (± 
12.05) vs 8.11 million (± 7.20), respectively, for fed and unfed oysters. Gamete 
viability, however, did not differ significantly between conditions, nor did larval growth 
when larvae were fed a mixed diet (Chávez-Villalba et al., 2003). 
On the other hand, Devauchelle and Mingant (1991) reported that the fecundity of the 
hermaphroditic scallop P. maximus, at similar gametogenic stages, decreased with 
feeding levels. Gonad activity suffered first at lower feeding levels, but only in the 
female part of the gonad. No eggs were obtained after 28 and 45 days of conditioning 
when scallops were kept unfed; whereas, fecundity increased by 8 to 25% with a food 
ration of 3 X 109 cells animal-1 day-1 and by 30-60% with 14 X 109 cells animal-1 day-1. 
Similar results were reported for P. fumatus, showing that gonad condition and egg 
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production improved as feeding rates increased from 12.5 to 100 satiation (equivalent 
to 0.75 to 6 X 109 cells scallop-1 day-1 respectively) at all test temperatures in the 12-21 
°C range (Heasman et al., 1996).  
The genus Ostrea is larviparous; accordingly broodstock must sustain egg 
development, embryogenesis and larval growth in the gill cavity for at least 1 week 
(Walne, 1974). Starving females of the Chilean oyster Ostrea chilensis induced low 
spat growth and survival (Wilson et al., 1996); whereas, O. edulis broodstock receiving 
T. suecica- enriched seawater produced earlier broods with subsequent larval growth 
and settlement improvement (Helm et al., 1973). Moreover, an algal diet representing 3 
to 6% of the initial meat weight of oysters (dry weight to dry weight) per day increased 
larval production in O. edulis as did the type of algae delivered, the poorest result 
being obtained with the single diet Dunaliella tertiolecta (Millican and Helm, 1994).  
In the present work, when fed three different diets - Rhodomonas salina, Thalassiosira 
weissflogii and mixed R. salina plus T weissflogii at 6% dry weight -, O. edulis 
broodstock did not show any specific diet preference during the first month of 
experiment, grazing rate being quite similar for all diets delivered. Beyond day 35, 
microalgae uptake decreased sharply and similarly for all diets until day 50. Such 
grazing depression could be explained by larval incubation in brachial chamber as 
reported in O. chilensis by Chaparro et al. (2001) who linked larval inactivity and water 
circulation interference in the pallial cavity. Furthermore, O. edulis fecundity 
development (expressed as number and intensity of released larvae) presented an 
antagonistic relationship to food consumption, with obvious “pre-spawning” activity and 
large fecundity differences depending upon broodstock diet: 0.16 million larvae per 
oyster were released for BRs, 0.28 million for BTw and 0.39 million for BRsTw. When 
compared to similar age (2-yr-old oyster), 0.5 million larvae released per oyster was 
reported by Walne (1974), which is in agreement with values found in the present work 
for broodstock fed the bi-specific diet (≈ 0.4 million) as well as oysters fed single diets 
(≈ 0.2 million).  
Larval survival ranged from 50 to 75% with a significant effect of broodstock feeding 
leading to differences between single and bi-specific diets but no clear trend emerged 
as already reported by Helm (1969, 1977) or Bertsson et al. (1997) (Table 3). In static 
culture, higher survival has been reported (95%: Helm 1969, Ferreiro et al., 1990), but 
no information is given on the use of antibiotics. Antibiotics utilization is, however, 
suspected as this was previously recommended (Walne, 1966). In a more recent work, 
the use of erythromycin was shown to be essential to survival of larvae in French 
experimental and commercial hatcheries employing stagnant-water methods (Bédier, 
2004). Flow through larval rearing techniques were developed accordingly, and this 
practice was highly successful with C. gigas, leading to survival > 90% in 150 L (Rico-
Villa et al., 2008) or in similar 5-L containers (Petton et al., 2009a). For O. edulis, the 
lowest larval survival reported here probably is attributable to poor optimization of the 
techniques, particularly the direction of food-enriched seawater flow that has shown to 
be more efficient from bottom to top for C. gigas larvae (Petton et al., 2009b).  
Generally, a multi-specific microalgal diet is beneficial to mollusk larval development 
(e.g. Robert and Gérard, 1999, Rico-Villa et al., 2006; Marshall et al., 2010). A 
successful mixed-algal diet must be composed of two or three species with high 
nutritive values, often combining diatoms and flagellates (Robert and Gérard, 1999). In 
O. edulis, mixed-algal species diets support generally better growth and competence 
than single-species diets (Helm et al., 2004, Table 3), and the results reported here 
showed that this ascertainment is true for T- Iso (Fig. 4c). In contrast, the difference in 
larval growth between the bi-specific diet TCg and C. gracilis is slim, regardless of 
broodstock diet. Indeed the additive effect of T-Iso for flat-oyster larval growth is slight, 
but high for metamorphosis as already shown for the cupped oyster C. gigas (Rico-
Villa et al., 2006). This generalization disagrees, however with the work of Jonnson et 
al. (1999) on O. edulis larvae for which a negative effect on growth of C. calcitrans was 
reported. High fluctuations in diatom quality may be suspected because batches of C. 
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calcitrans varied at harvest from 3 x 106 cells ml-1 to 7 x 106 cells ml-1 (Jonnson et al., 
1999).  
In the present study, larval competence ranged from 30 to 70% with a clear effect of 
larval nutrition and a positive influence of the bi-specific diet vs single-species diet, as 
already pointed out with C. gigas (Rico-Villa et al., 2006: Marshall et al., 2010). Such 
differences also occurred for settlement; single-species larval diets led to lower 
metamorphosis performances (8%) compared to larval bispecific diets (28%), as well 
as for broodstock diet, for which bi-specific diets led to 60% settlement (vs 30%).  
Initial larval proximate condition (proteins, lipids, carbohydrates), however, did not 
reveal any differences. On the other hand, it has been shown that neutral lipids in the 
form of triacylglycerol (TAG), is an important source of energy for bivalve larvae, 
especially in periods of low food availability or during starvation (Gallager et al., 1986; 
Whyte et al., 1992; Ben Kheder et al., 2010 a, b). More precisely, essential fatty acids 
(EFAs), particularly omega-3 fatty acids eicosapentaenoic acid (20:5n-3, EPA) and 
docosahexaenoic acid (22:6n-3, DHA), are important to bivalve-larval growth and 
development (Langdon and Waldock, 1981) because they are major membrane 
components (Hendriks et al., 2003) and possible modulators of membrane function 
(Palacios et al., 2005). DHA is, indeed, involved in maintaining suitable structure of 
membranes; whereas, EPA has a role as energy source and as a precursor of 
eicosanoids. In addition, the omega-6 fatty acids docosapentaenoic acid (22:5n-6, 
DPA) and arachidonic acid (20:4n-6, AA) have been identified as fatty acids affecting 
growth and survival of larval and postlarval stages (Pernet et al., 2005; Milke et al., 
2006, 2008). Yet, initial O. edulis fatty acid composition did not reveal any differences 
and, larval initial potential seemed to be similar. 
The present work confirms that one critical factor in conditioning O. spp. is feeding in 
terms of the species of microalgae delivered and/or ration (Wilson et al., 1996; Utting 
and Millican, 1997; Chapparo et al., 2006; Dunphy et al., 2006). “Natural” food has 
however proved to be better for broodstock conditioning than hatchery controlled 
feeding (Helm et al., 1991; Millican and Helm, 1994) and progress in this field is 
accordingly expected. To better understand how microalgae are mobilized to support 
reproduction, studies will have to be carried out to include ingestion, assimilation and 
biochemical allocation to gonads.  
 

Conclusion 
 
When Ostrea edulis broodstock are fed Rhodomonas salina or Thalassiosira 
weissflogii, lower fecundity is recorded than when broodstock are fed a mix of the two 
species. 
When fed the mixed diet (T-Iso plus Chaetoceros gracilis), development of larvae is 
overall better than with single-species microalgal diets. 
C. gracilis plays an important role in O. edulis larvae growth but addition of T-Iso 
improves significantly percentage metamorphosis. 
Broodstock diet has a clear influence on O. edulis larval development, including 
metamorphosis.  
 
 
Acknowledgments 
 
This work could not have been completed without the technical support of the team at 
the Argenton Ifremer station – I. Quéau, L. Lebrun and P. Le Souchu - all of whom we 
wish to thank. A great thank to G. Wikfors from Milford laboratory for reviewing the first 
version of this manuscript and improving the English. We are also grateful to the 



 10

Universidad de Los Lagos (MECESUP) which contributed to the partial funding of a 
PhD grant for the first author. 
 

Literature 
 
Anonymous, 2004. Report of the Working Group on Marine Shellfish Culture 
(WGMASC). Portland (Maine), USA,13-15 May 2004. ICES Mariculture Committee, 
ICES CM 2004/F:05, Ref. G. ACME, 55pp. 
 
Bédier, E., 2004. Faisabilité technique d’une filière de production commerciale 
d’huîtres plates Ostrea edulis tolérantes à Bonamia ostreae. Rapport final d’activités, 
période avril 2002 à août 2004, convention OFIMER n° 078/02/C, 31pp. 
 
Buestel, D., Ropert, M., Prou, J., Goulletquer, P., 2009. History, status and future of 
oyster culture in France. J. Shellfish Res. 28 (4), 813–820.  
 
Ben Kheder, R., Quéré, C., Moal, J., Robert, R., 2010 a. Effect of nutrition on 
Crassostrea gigas larval development and the evolution of physiological indices. Part 
A: Quantitative and qualitative diet effects. Aquaculture 305, 165-173. 
 
Ben Kheder, R., Quéré, C., Moal, J., Robert, R, 2010 b. Effect of nutrition on 
Crassostrea gigas larval development and the evolution of physiological indices. Part 
B: Effects of temporary food deprivation. Aquaculture 308, 174–182. 
 
Berntsson, K.M., Jonsson, P.R., Wängberg, S.Å., Carlsson, A.S., 1997. Effects of 
broodstock diets on fatty acid composition, survival and growth rates in larvae of the 
European flat oyster, Ostrea edulis. Aquaculture 154, 139-153. 
 
Bligh, E.G., Dyer, W.T., 1959. A method of total lipid extraction and purification. Can. J. 
Biochem. Physiol. 77, 911–917. 
 
Cannuel, R., Beninger, P.G., 2007. Is oyster broodstock feeding always necessary? A 
study using oocyte quality predictors and validators in Crassostrea gigas. Aquat. Living 
Resour. 18 (1), 35-43. 
 
Castagna, A., Kraeuter, J.N., 1981. Manual for growing the hard clam, Mercenaria 
mercenaria. Va. Inst. Mar. Sci., Spec. Rep. 249, 110pp. 
 
Chaparro, O.R., Soto, C.J., Thompson, R.J., Concha I.I., 2001. Feeding behaviour 
during brooding in the oyster Ostrea chilensis : gut retention time in adults and larvae 
and potential use of larval faeces by adults. Mar. Ecol. Prog. Ser. 222, 119-129. 
 
Chaparro, O.R., Navarrete, L.R., Thompson, R.J., 2006. The physiology of the larva of 
the Chilean oyster Ostrea chilensis and the utilisation of biochemical energy reserves 
during development : An extreme case of the brooding habit. J. Sea Res. 55, 292-300. 
 
Chávez-Villalba, J., Barret, J., Mingant, C., Cochard, J.C., Le Pennec, M., 2003. 
Influence of timing of broodstock collection on conditioning, oocyte production, and 
larval rearing of the oyster, Crassostrea gigas (Thunberg) at six sites in France J. 
Shellfish. Res. 22 (3), 465-474. 
 
Coatanea, D., Vercelli, C., Chabirand J.M., Oheix, J., Pichot, Y., Hirata, T., 1994. 
Contrôle de la maturation et du calendrier d'émission larvaire d'un stock de géniteurs 



 11

d'huîtres plates Ostrea edulis méditerranéennes. Rapport, convention de recherche 
IFREMER / Région Languedoc-Roussillon n°94.3.522.001/F., 125pp. 
 
Devauchelle, N., Mingant, C., 1991. Review of the reproductive physiology of the 
scallop, Pecten maximus applicable to intensive aquaculture. Aquat. Living Resour. 4, 
41-51. 
 
Donaldson, J., 1991. Commercial production of microalgae at Coast Oyster Company; 
Rotifer and microalgae culture systems, Proc. US-Asia Workshop, Honolulu, HI, 1991, 
pp. 229-236. 
 
Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A., Smith, F., 1956. Colorimetric 
method for determination of sugars and related substances. Anal. Chem. 28, 350–356. 
 
Dunphy, B.J., Hall, J.A., Jeffs, A.G., Wells, R.M.G., 2006. Selective particle feeding by 
the Chilean oyster, Ostrea chilensis; implications for nursery culture and broodstock 
conditioning. Aquaculture 261, 594-602. 
 
Elston, R.A., 1984. Prevention and management of infectious diseases in intensive 
mollusc husbandry. J. World Maricult. Soc. 15, 284-300. 
 
Elston, R.A., Leibovitz, L., 1980. Pathogenesis of experimental vibriosis in larval 
American oysters Crassostrea virginica. Can. J. Fish. Aquat. Sci. 37, 964-978. 
 
Elston, R.A., Hasegawa, H., Humphrey, K.L., Polyak, I.K., Hase, C.C., 2008. Re-
emergence of Vibrio tubiashii in bivalve shellfish aquaculture: severity, environmental 
drivers, geographic extent and management. Dis. Aquat. Org. 82 (2), 119-134. 
 
Estes, R.M., Friedman, C.S., Elston, R.A, Herwig, R.P., 2004. Pathogenicity testing of 
shellfish hatchery bacterial isolates on Pacific oyster Crassostrea gigas larvae. Dis. 
Aquat. Org. 58, 223-230. 
 
Ferreiro, M.J, Perez-Camacho, A., Labarta, U., Beiras, R., Planas, M., Fernandez-
Reiriz, M.J., 1990. Changes in the biochemical composition of Ostrea edulis larvae fed 
on different food regimes. Mar. Biol. 106, 395-401. 
 
Gallager, S.M., Mann, R., Sasaki, G.C., 1986. Lipid as an index of growth and viability 
in three species of bivalve larvae. Aquaculture 56, 81-103. 
 
Glize, P., 1994. Contribution à la maîtrise de l'élevage larvaire de l'huître plate (Ostrea 
edulis) en région des pays de la Loire. Syndicat mixte pour le développement aquacole 
en pays de la Loire, 10pp. 
 
Grizel, H., 1985. Etude des récentes épizooties de l’huître plate Ostrea edulis Linne et 
de leur impact sur l’ostréiculture bretonne. Thèse d’état, Université de Montpellier, 
145pp. 
 
Heasman, M.P., O’connor, W.A., Frazer, A.W., 1996. Temperature and nutrition as 
factors in conditioning broodstock of the commercial scallop Pecten fumatus Reeve. 
Aquaculture 143 (1), 75-90. 
 
Helm, M. M., 1969. The effect of diet on the culture of the larvae of the European flat 
oyster, Ostrea edulis L. International council for the exploration of the sea, 11pp. 
 



 12

Helm, M.M., Holland, D.L., Stephenson, R.R., 1973. The effect of supplementary algal 
feeding of a hatchery breeding stock of Ostrea edulis L. on larval vigour. J. Mar. Biol. 
Assoc. U.K. 53, 673-684. 
 
Helm, M.M., 1977. Mixed algal feeding of Ostrea edulis with Isochrysis galbana and 
Tetraselmis suecica. J. Mar. Biol. Ass. UK. 57, 1019-1029. 
 
Helm, M.M., Pellizzato, M., 1990. Riproduzione ed allevamento in schiuditoio della 
specie Tapes philippinarum. p 117-140. In G. Allessandra (ed) Tapes philippinarum: 
Biologia e Sperimentazione. Ente Svillupo Agricolo Veneto, Venice, Italy, 299pp. 
 
Helm, M.M., Holland, D.L., Utting, S.D., East, J., 1991. Fatty acid composition of early 
non-feeding larvae of the European flat oyster, Ostrea edulis L. J. Mar. Biol. Assoc. 
UK. 71, 691-705. 
 
Helm, M.M., Bourne, N., Lovatelli, A., 2004. Hatchery culture of bivalves. A practical 
manual. FAO Fisheries Technical Paper, No.471FAO, Rome, Italy, 177pp. 
 
Hendriks, I.E., van Duren, L.A., Herman, P.M.J., 2003. Effect of dietary 
polyunsaturated fatty acids on reproductive output and larval growth of bivalves. J. 
Exp. Mar. Biol. Ecol. 296 (2), 199-213.  
 
Jeffries, V.E., 1982. Three Vibrio strains pathogenic to larvae of Crassostrea gigas and 
Ostrea edulis. Aquaculture, 29, 201–226. 
 
Jonsson, P.R., Berntsson, K.M., André, C., Wängberg, S.Å., 1999. Larval growth and 
settlement of the European oyster Ostrea edulis as a function of food quality measured 
as fatty acid composition. Mar. Biol. 134, 559-570. 
 
King, N.G., Janke, A.R., Kaspar, H.F., Foster, S., 2005. An intensive high density larval 
rearing system for the large scale simultaneous production of families of the Pacific 
oyster Crassostrea gigas. 4th Fish & Shellfish larviculture Symposium. Larvi 2005. 
September 5-8, Ghent University, Belgium.  
 
Labarta, U., Fernández-Reiriz, M.J., Pérez –Camacho, A., 1999. Larvae of Ostrea 
edulis (L.) during starvation: growth, energy and biochemical substrates. Hydrobiologia 
405, 125-131. 
 
Laing, I., Walker, P., Areal, F., 2005. A feasibility study of native oyster (Ostrea edulis) 
stock regeneration in the United Kingdom. CARD Project FC1016, Native oyster stock 
regeneration: a review of biological, technical and economic feasibility, 95pp. 
 
Lallias, D., Gomez-Raya, L., Haley, C.S., Arzul, I., Heurtebise, S., Beaumont, A.R., 
Boudry, P., Lapègue, S., 2009. Combining two-stage testing and interval mapping 
strategies to detect QTL for resistance to Bonamiosis in the European flat oyster 
Ostrea edulis. Mar. Biotechnol. 11, 570–584. 
 
Lambert, C., Nicolas, J.L., Cilia, V., Corre, S., 1999. Vibrio pectenicida sp. nov. a 
pathogen of Pecten maximus larvae. Int. J. Syst. Bacteriol. 8, 481-487. 
 
Langdon, C.J., Waldock, M.J., 1981. The effect of algal and artificial diet on the growth 
and fatty acid composition of Crassostrea gigas spat.  J.  Mar.  Biol.  Assoc.  U.K.  62,  
431–448. 
 



 13

Le Bec, C., Mazurié, J., Cochennec, N., Le Coguic, Y., 1991. Influence of Crassostrea 
gigas mixed with Ostrea edulis on the incidence of Bonamia disease. Aquaculture 93, 
263-272. 
 
Le Pennec, M., Robert, R., Avandano, M., 1998. The importance of gonadal 
development on larval production in Pectinids. J. Shellfish Res. 17(1), 97-101. 
 
Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951. Protein measurement 
with the Folin phenol reagent. J. Biol. Chem. 193, 265–275. 
 
Magnesen, T., Bergh, Ø., Christophersen, G., 2006. Yields of great scallop, Pecten 
maximus, larvae in a commercial flow through rearing system in Norway. Aquacult. Int. 
14(4), 377–394. 
 
Marshall, R., McKinley, S., Pearce, C.M., 2010. Effects of nutrition on larval growth and 
survival in bivalves. Rev. Aquacult. 2, 33-55. 
 
Marty, Y., Delaunay, F., Moal, J., Samain, J.F., 1992. Changes in the fatty acid 
composition of Pecten maximus (L.) during larval development. J. Exp. Mar. Biol. Ecol. 
163, 221–234. 
 
Milke, L.M., Bricelj, V.M., Parrish, C.C., 2006. Comparison of early life history stages 
on the bay scallop Argopecten irradians: Effects of microalgal diets on growth and 
biochemical composition. Aquaculture 260, 272-289. 
 
Milke, L.M., Bricelj, V.M., Parrish, C.C., 2008. Biochemical characterization and 
nutritional value of three Pavlova spp. in unialgal and mixed diets with Chaetoceros 
muelleri for postlarval sea scallops, Placopecten magellanicus. Aquaculture 276, 130-
142. 
 
Millican, P.F., Helm, M.M., 1994. Effects of nutrition on larvae production in the 
European flat oyster, Ostrea edulis. Aquaculture 123, 83-94. 
 
Morga, B., Arzul, I., Faury, N., Segarra, A., Chollet, B., Renault, T., 2011. Molecular 
responses of Ostrea edulis haemocytes to an in vitro infection with Bonamia ostreae. 
Dev. Comp. Immunol. 35, 323–333. 
 
Muranaka, M.S., Lannan, J.E., 1984. Broodstock management of environmental 
influences on broodstock conditioning. Aquaculture 39, 217-228. 
 
Naciri-Graven, Y., Haure, J., Gérard, A., Baud, J.P., 1999. Comparative growth of 
Bonamia ostreae resistant and wild flat oyster Ostrea edulis in a intensive system. II. 
Second year of the experiment. Aquaculture 171, 195-208. 
 
Nicolas, J.L., Corre, S., Gautier, A., Robert, R., Ansquer, D., 1996. Bacterial problem 
associated with scallop (Pecten maximus) larval culture. Dis. Aquat. Org. 27, 67-76. 
 
Palacios, E., Racotta, I.S., Kraffe, E., Marty, Y., Moal, J., Samain, J.F., 2005. Lipid 
composition of the giant lion's-paw scallop (Nodipecten subnodosus) in relation to 
gametogenesis: I. Fatty acids. Aquaculture 250, 270-282. 
 
Pascual, M., Martin, A.G., Zampatti, E., Coatanéa, D., Deffossez, J., Robert, R., 1991. 
Testing of the Argentina oyster Ostrea puelchana in several French oyster-farming 
sites. CIEM., CM/K, 30pp. 
 



 14

Pernet, F., Bricelj, V.M., Parrish, C.C., 2005. Effect of varying dietary levels of omega 6 
polyunsaturated fatty acids during the early ontogeny of the sea scallop, Placopecten 
magellanicus. J. Exp. Mar. Biol. Ecol. 327, 115-133. 
 
Prado, S., Romalde, J.L., Montes, J., Barja, J.L., 2005. Pathogenic bacteria isolated 
from disease outbreaks in shellfish hatcheries. First description of Vibrio neptunius as 
an oyster pathogen. Dis. Aquat. Org., 67, 209-215. 
 
Petton, B., Le Souchu, P., Mingant, C., Robert, R., 2009 a. Small volume flow-through 
containers for bivalve larval rearing. Aquaculture Europe 09 « New Research 
frontiers », 14-17 August 2009, Trondheim, Norway, Book of Abstract, 491-492. 
 
Petton, B., Le Souchu, P., Mingant, C., Robert, R., 2009 b. Determining hydrobiological 
larval rearing parameters for Crassostrea gigas in small volume flow-through 
containers. LARVI ’09 – Fish & shellfish larviculture symposium., 07-10 September 
2009, Ghent, Belgium, Book of Abstract, Special Publication EAS, No 38, 333-334.  
 
Rico-Villa, B., Le Coz, J.R., Mingant, C., Robert, R., 2006. Influence of phytoplankton 
diet mixtures on microalgae consumption, larval development and settlement of the 
Pacific oyster Crassostrea gigas. Aquaculture 256, 377-388. 
 
Rico-Villa, B., Woerther, P., Mingant, C., Lepiver, D., Pouvreau, S., Hamon, M., 
Robert, R., 2008. A flow-through rearing system for ecophysiological studies of Pacific 
oyster Crassostrea gigas larvae. Aquaculture 282, 54–60. 
 
Rico-Villa, B., Pouvreau, S., Robert, R., 2009. Influence of food density and 
temperature on ingestion, growth and settlement of Pacific oyster larvae Crassostrea 
gigas. Aquaculture 287, 395–401. 
 
Riquelme, C., Toranzo, A.E., Barja, J.L., Vergara, N., Araya, R., 1996. Association of 
Aeromonas hydrophila and Vibrio alginolyticus with larval mortalities of scallop 
(Argopecten purpuratus). J. Invertebr. Pathol. 67(3), 213-218. 
 
Robert, R., Gérard, A., 1999. Bivalve hatchery technology: the current situation for the 
Pacific oyster, Crassostrea gigas, and the scallop Pecten maximus in France. Aquat. 
Living Resour. 12 (2), 121–130. 
 
Robert, R., His, E., Dinet, A., 1988. Combined effects of temperature and salinity on 
fed and starved larvae of the European oyster Ostrea edulis. Mar. Biol. 97, 95-100. 
 
Robert, R., Borel, M., Pichot, Y., Trut, G., 1991. Growth and mortality of the European 
oyster Ostrea edulis in the Bay of Arcachon (France). Aquat. Living Resour. 4, 265-
274. 
 
Robert, R., Miner, P., Nicolas, J.L., 1995. Mortality control of scallop (Pecten maximus) 
larvae in the hatchery. Aquac. Int. 4, 305-313. 
 
Sokal, R., Rohlf, J., 2001. Biometry. The principles and practice of statistic in biological 
research, 3e edition, 887pp. 
 
Sugumar, G., Nakai, T., Hirata, Y., Matsubara, D., Muroga, K., 1998. Vibrio splendidus 
biovar II as the causative agent of bacillary necrosis of Japanese oyster Crassostrea 
gigas larvae. Dis. Aquat. Org. 33, l11-118. 
 



 15

Thompson, F.L., Li, Y., Gómez-Gil, B., Thompson, C.C., Hoste, B., 
Vandemeulebroecke, K., Rupp, G.S., Pereira, A., De Bem, M.M., Sorgeloos, P., 
Swings, J., 2003. Vibrio neptunius sp.nov., Vibrio brasiliensis sp.nov. and Vibrio xuii 
sp.nov., isolated from the marine aquaculture environment (bivalve, fish, rotifers and 
shrimps). Int. J. Syst. Evol. Microb. 53, 245-252. 
 
Utting, S.D., Millican, P.F., 1997. Techniques for the hatchery conditioning of bivalves 
broodstock and the subsequent effect of egg quality and larval viability. Aquaculture 
155, 45-54. 
 
Utting, S.D., Spencer, B.E., 1991. The hatchery culture of bivalve mollusc larvae and 
juveniles. Leaflet Laboratory of Ministry of Agriculture, Fisheries and Food, Directorate 
of Fisheries Research, Lowestoft, UK, Vol. 68, 31pp. 
 
Walne, P.R., 1966. Large scale culture of larvae of Ostrea edulis L. Fishery Invest., 
Series II,Volume XXV, Number 4, 52pp. 
 
Walne, P.R., 1974. Culture of bivalve molluscs, 50 years experience at Conwy. Fishing 
News Book, 1974, 189pp. 
 
Whyte, J.N.C., Bourne, N., Ginther, N.G., Hodgson, C.A., 1992. Compositional 
changes in the larva to juvenile development of the scallop Crassadoma gigantea 
(Gray). J. Exp. Mar. Biol. Ecol. 163, 13-29. 
 
Wilson, J.A., Chaparro, O.R., Thompson, R.J., 1996. The importance of broodstock 
nutrition on the viability of larvae and spat in the Chilean oyster Ostrea chilensis. 
Aquaculture 139, 63-75. 



 16

Table 1: Proteins, carbohydrates and total lipids, expressed in % of dry weight (± S.D., 
n = 3), in Ostrea edulis released larvae originated from broodstocks fed R. salina (Rs), 
T. weissflogii (Tw), R. salina plus T. weissflogii (RsTw).  
Same letter in the same line indicates no significant differences 
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 Rs Tw RsTw 

Proteins a 13.00 (1.73) a 16.23 (1.27) a 15.30 (0.53) 

Carbohydrates b 0.96 (0.06) b 1.15 (0.10) b 1.18 (0.22) 

Lipids c 2.88 (0.12) c 4.02 (0.66) c 3.80 (0.57) 
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Figure 1. (a) Overview of 5 L cylinder for Ostrea edulis larval rearing, (b) details of inlet 
and outlet of phytoplankton enriched seawater and (c) overview of mesh sieve in larval 
tank. 
 
 
Figure 2. Weekly consumption in Ostrea edulis (L.) broodstock, fed single R. salina diet 
(BRs), single T. weissflogii diet (BTw) and bi-specific diet BRsTw, expressed as billion 
of cells oyster-1 d-1 (a) and billion of µm3 oyster-1 d-1 (b). 
 
 
Figure 3. Weekly evolution of grazing (billion µm3 oyster-1) and fecundity of Ostrea 
edulis (L.) broodstock fed: (a) R. salina (Rs), (b) T. weissflogii (Tw), (c) R. salina plus T. 
weissflogii (RsTw). 
 
 
Figure 4. Larval growth (µm) for larvae fed Isochrysis affinis galbana (T), Chaetoceros 
gracilis (Cg), bi-specific diet TCg and originated from Ostrea edulis (L.) broodstocks 
previously fed: (a) R. salina (BRs), (b) T. weissflogii (BTw), (c) R. salina plus T. 
weissflogii (BRsTw). 
 
Figure 5. Survival (a), competence (b) and metamorphosis (c) of Ostrea edulis (L.) 
larvae starved or fed Chaetoceros gracilis (Cg) or Isochrysis aff. galbana + 
Chaetoceros gracilis (TCg), and originated from oysters fed R. salina (BRs), T. 
weissflogii (BTw), R. salina + T. weissflogii (BRsTw). 
N.A.: Data not achieved due to technical failure. 
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Figure 2 
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Figure 3 
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Figure 4  
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Figure 5 
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