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Abstract 

Predation by adult bivalves on bivalve larvae has been 
suggested to significantly reduce numbers of bivalve 
larvae and their settlement success in areas with high 
filter-feeder biomass. Larvae of Crassostrea gigas have been 
found to avoid predation in laboratory experiments and 
must therefore be able to detect adult bivalve filter-
feeders. C. gigas larvae do not respond to inhalant feeding 
currents, leaving the possibility that they avoid filtration 
by detecting and responding to chemical substances 
associated with adult bivalve filter-feeders. A simple 
experiment was conducted to establish whether bivalve 
larvae (C. gigas and Mytilus edulis) avoid the vicinity of an 
adult bivalve filter-feeder (C. gigas) by migrating to higher 
water layers. The adult bivalve was tied shut, preventing it 
from circulating water and predating larvae, after it had 
been feeding for 2 hours to allow a build-up of metabolite 
concentrations. The results showed that C. gigas larvae 
responded to the presence of adult bivalves by migrating 
upward and by keeping away from the bottom. Larvae of 
M. edulis did not redistribute to higher water layers, but 
did show a response in that more larvae stayed clear from 
the bottom. This study indicates an ability of bivalve 
larvae to chemically detect an adult bivalve, to avoid its 
vicinity and thereby avoid predation. 
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5.1. Introduction 

 

Predation by adult bivalves on bivalve larvae has been suggested to significantly 
reduce numbers of bivalve larvae and their settlement success in waters with high 
bivalve filter-feeder biomass (André and Rosenberg 1991; Lehane and Davenport 
2004; Troost et al. 2009a, Chapter 6). Larvae of many bivalve species settle in dense 
aggregations (Bayne 1969; Hidu et al. 1978; Burke 1986; Cáceres-Martínez et al. 1994; 
Pascual and Zampatti 1995; Tamburri et al. 2007). Competent larvae move towards 
the bottom to find a suitable substrate to settle onto. For these larvae, advantages of 
settling into a bed of conspecific adults (see Jonsson et al. 1991; André et al. 1993; 
Rodríguez et al. 1993; Pechenik 1999) may outweigh the risk of being filtered. For 
younger larvae that are not yet competent to settle it would seem more advantageous 
to avoid benthic filter-feeders.  

The ability of bivalve larvae to avoid or escape filtration has seldom been studied. 
Early-stage veliger larvae of Mytilus edulis L. have been demonstrated to occupy higher 
water layers as a result of phototaxis and negative geotaxis (Bayne 1964b), thereby 
avoiding benthic filter-feeders. However, veliger larvae of the same species have also 
been shown to be distributed homogeneously throughout the water column in tidally 
driven turbulent waters such as the Irish Sea (Knights et al. 2006) and the Dutch 
Oosterschelde estuary (Troost et al. 2009a, Chapter 6). Results of a laboratory study 
by Troost et al. (2008a, Chapter 3) indicated an ability of Crassostrea gigas (Thunberg) 
larvae to avoid predation by bivalve filter-feeders. Larvae of C. gigas were filtered 50% 
less than either M. edulis larvae or micro-algae by three species of adult bivalves. In 
another study, Troost et al. (2008b, Chapter 4) showed that larvae of C. gigas and M. 

edulis showed no avoidance nor escape responses to an artificial inhalant feeding 
current and suggested that they are unable to detect bivalve feeding currents. Chemical 
detection of adult bivalve filter-feeders may offer an alternative explanation for the 
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observed lower filtration rate of C. gigas larvae, in comparison to M. edulis larvae, by 
adult bivalves (Troost et al. 2008a, Chapter 3). Larvae of bivalve species are reported 
to respond to contaminants, increased hydrostatic pressure and mechanical 
disturbances by increasing their upward swimming speed (Cragg 1980, Prael et al. 
2001), or by retracting the velum and sinking rapidly (LaBarbera 1974, Cragg 1980). 
The null-hypothesis to be tested was that the larvae of both species do not respond to 
the presence of an adult bivalve by migrating upward or by sinking downward.         

 
5.2. Materials and methods 

 
5.2.1. Experimental animals - adults  

 
In November 2006, adult oysters (C. gigas) were collected by hand from an intertidal 
oyster bed in the Oosterschelde estuary. They ranged from 0.53 to 1.23 grams ash-free 
dry flesh weight (afdw) and measured 9 ± 1 cm. All specimens were transported dry 
and on ice to the laboratory at Yerseke as soon as possible but within 24 hours. They 
were left to acclimatize in aerated natural seawater (30 psu and 18 / 21 °C, depending 
on the experiment) for at least two weeks. They were fed with the Instant Algae® 
Shellfish Diet ® (Reed Mariculture Inc., Campbell, CA, USA), containing Isochrysis sp., 
Tetraselmis sp., Pavlova sp. and Thalassioseira weissflogii. Helm et al. (2004) and Reed 
Mariculture (www.reed-mariculture.com) were consulted to calculate food rations 
suitable for growth (approximately 2 g dry weight of Shellfish Diet® per 100 g wet 
meat weight of bivalves).     
 

5.2.2. Experimental animals - larvae 

 

C. gigas veliger larvae were purchased from a commercial hatchery (Seasalter Shellfish 
(Whitstable) Ltd., UK) in December 2006, and shipped to the laboratory at Yerseke, 
the Netherlands. These larvae were in the veliconcha (umbo) stage, and their average 
shell length was 88.1 ± 1.4 (s.e., n = 30) µm. The larvae were reared at 27 ºC and 30 
psu. During transport, the larvae were kept on ice in moist filtration paper. Transport 
took no more than 24 hours. Upon arrival, the larvae were submerged in 2-3 litres of 
natural filtered (0.2 µm) seawater of 4 – 5 °C and 30 psu. They were then placed in a 
climate chamber to acclimatize to 21 °C over a period of at least 4 hours (protocol 
after Helm et al. 2004). This temperature corresponds with seawater temperatures 
during the reproductive season (in the Netherlands July – September; unpublished 
data Wageningen IMARES and the National Institute for Coastal and Marine 
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Management RIKZ). While acclimatizing they were fed the same algal mix they had 
been reared on (Pavlova sp., Isochrysis sp., Chaetoceros muelleri and Tetraselmis sp.). Helm et 
al. (2004) and Reed Mariculture (www.reed-mariculture.com) were followed in 
calculating a food ration suitable for growth. M. edulis larvae were produced in January 
2007 in the experimental mussel hatchery of Wageningen IMARES at the laboratory 
at Yerseke. The larvae were in the veliconcha (straight-hinge) stage, and their average 
shell length was 129.3 ± 1.2 µm. The M. edulis larvae were reared at a water 
temperature of 18 °C and this temperature was maintained during the experiment. 
This temperature is at the higher end of the range of seawater temperatures occurring 
during the reproductive season (in the Netherlands May – June; unpublished data 
Wageningen IMARES and RIKZ).  

 
5.2.3. Vertical distribution  

 

Responses of C. gigas and M. edulis larvae were studied in two separate experiments. 
Per experiment eight grazing chambers with 8 litres of filtered (0.2 µm) seawater were 
used. At the bottoms of four of these chambers one adult oyster (C. gigas) of 9 ± 1 cm 
shell length was placed. Algae (I. galbana and Chaetoceros calcitrans) were added to these 4 
chambers and the animals were left to feed for 2 hours, to allow metabolites to 
accumulate in the water column. The valves of the oysters were then tied together 
with elastic bands to exclude the effect of filtration of larvae on the vertical 
distribution of the larvae. Algae were added to the other 4 chambers without adult 
oysters (3 x 104 to 4 x 104 cells ml-1) and replenished in the chambers with oysters to 
the same concentration. After adding C. gigas larvae to a concentration of 10.4 ± 0.5 
(s.e., n = 8) larvae ml-1 in each chamber in the first experiment at t = 0 and M. edulis 

larvae to a concentration of 5.0 ± 0.4 (s.e., n = 8) larvae ml-1 in the second experiment, 
the water was stirred gently for a few seconds. After 50 minutes, water samples of 12 
ml were taken from all chambers, at three different levels above the bottom: 2, 11 and 
19.5 cm. After 90 minutes, a second set of water samples was taken. Samples were 
fixated with Lugol’s solution and the larvae were counted the next day. Larval 
concentrations at all three levels were determined and the proportion of added larvae 
present in the water column was calculated by multiplying the average concentration 
per chamber (average of all three levels, in number ml-1) with the water volume (in 
ml).  
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5.3. Results 

 
5.3.1. Oyster larvae  

 

At t = 50 (min.), C. gigas larvae were distributed homogeneously throughout the water 
column in chambers both with and without oysters; there were no significant 
differences between levels and treatments (Figure 5.1; ANOVA, p > 0.05). At t = 90 
the larvae in chambers without adult oysters were still distributed homogeneously over 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1. Average Crassostrea gigas larvae concentrations (n = 4) at three levels in chambers with (filled 
circles) and without (open circles) an adult oyster at t = 50 and t = 90, with standard errors. An asterisk 
denotes a significant difference between concentrations in presence and absence of an oyster at a specific 
level (ANOVA, p > 0.05). Different letters indicate significant differences (ANOVA + Bonferroni, p < 
0.05) between concentrations at different levels for chambers with (upper case) and without (lower case) 
oysters separately. 

 
 
the water column (ANOVA, p > 0.05), whereas larvae in chambers with oysters had 
redistributed to higher water layers (Figure 5.1). They were found in significantly 
higher concentrations near the surface than near the bottom (ANOVA + Bonferroni, 
p < 0.05). At the near-surface level, larval concentrations were higher in chambers 
with oysters than in chambers without oyster (ANOVA, p < 0.05). Of the larvae 
added, 93% was still in suspension in chambers with oysters at t = 50, and 75% in 
chambers without oysters (Table 5.1). At t = 90, 85% was still in suspension in 
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chambers with oysters and 61% in chambers without oysters. These differences 
between treatments were not significant (ANOVA, p > 0.05). The proportion of 
larvae in suspension declined significantly from t = 50 to t = 90 in chambers without 
oysters (ANOVA, p < 0.05) but not in chambers with oysters (ANOVA, p > 0.05). 
 
 
Table 5.1. Mean proportions of added larvae still in suspension at t = 50 and t = 90 with standard errors. 
Significant differences per experiment (larval species) between chambers with and without an adult oyster 
are shown with asterisks (ANOVA, p < 0.05). Significant differences per experiment between t = 50 and 
t = 90 are given in a separate column (ANOVA, p < 0.05).  
Larval species Adult oyster Replicas Mean proportion in suspension ± s.e.  

 
Significant 
difference 

  (n) t = 50 (%) t = 90 (%) (p < 0.05) 

      
Crassostrea gigas absent 4 74.7 ± 4.3 60.7 ± 3.0 * 

 present 4 92.5 ± 4.0 85.0 ± 5.6 n.s. 

      
Mytilus edulis absent 4 23.0 ± 4.7 * 25.3 ± 6.3 * n.s. 

 present 4 68.9 ± 7.7 * 49.2 ± 7.3 * n.s. 

 
 

5.3.2. Mussel larvae 

  

The vertical distribution pattern of M. edulis larvae showed no difference between 
treatments. In both treatments, at t = 50 and t = 90, larvae were distributed 
homogeneously (Figure 5.2). Larval concentrations were consistently lower in 
chambers without oysters, significantly so at levels of 2 and 11 cm above the bottom 
at t = 50 (ANOVA, p < 0.05). At t = 90 no differences were found between levels per 
treatment and between treatments (ANOVA, p > 0.05). A higher proportion of larvae 
remained in suspension in chambers with oysters than in chambers without oysters, at 
t = 50 (respectively 69 and 23%; Table 5.1) and at t = 90 (49 and 25%; Table 5.1) 
(ANOVA, p < 0.05). The proportion of larvae in suspension did not change 
significantly between t = 50 and t = 90 in both treatments (ANOVA, p > 0.05). 

 

5.4. Discussion 

 

The presence of an adult oyster stimulated C. gigas larvae to keep away from the 
bottom and to migrate to higher water layers. This follows not only from the 
difference in vertical distribution pattern between treatments, but also from the 
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observation that proportions of larvae still in suspension decreased in chambers 
without oysters but not in chambers with oysters. The latter decrease was likely caused 
by larvae accumulating at the bottom, which was indeed observed visually. In 
chambers without oysters a clearly higher accumulation of C. gigas larvae was observed 
at the bottom (visible as a brownish hue) than in chambers with oysters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2. Mytilus edulis larvae concentrations at three levels in chambers with (filled circles) and without 
(open circles) an adult oyster at t = 50 and t = 90, with standard errors. An asterisk denotes a significant 
difference between concentrations in presence and absence of an oyster at a specific level (ANOVA, p < 
0.05). No significant differences in larval concentrations were found between different levels.  

 
 

Although M. edulis larvae did not change their vertical distribution pattern in 
response to the presence of an oyster, they did remain in suspension in higher 
proportions in chambers where oysters were present. The presence of an adult oyster 
must have stimulated the M. edulis larvae to stay in the water column, although it did 
not stimulate them to move to higher water levels. 

Differences between species in the number of larvae added are not expected to 
have affected the comparison between species. Concentrations of C. gigas larvae were 
higher but always below 30 ml-1. In Pacific oyster hatcheries, concentrations of 5 up to 
57 ml-1 are generally used without significant negative effects on larval production 
(Helm et al. 2004). At the higher end of this range, growth and survival are decreased 
slightly, but mainly because the food supply becomes more critical. The experiments 
with oyster and mussel larvae only lasted for a few hours. 
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Larvae of M. edulis accumulated in much higher proportions at the bottom than 
larvae of C. gigas. This does not necessarily imply that M. edulis larvae were stressed 
more than C. gigas larvae. C. gigas larvae received a more stressful treatment (transport 
of at least 18 hours and subsequent acclimatization) than M. edulis larvae that were 
hatched in the same laboratory as where the experiment was carried out. The C. gigas 
larvae performed well and did not appear stressed. Larvae of both species from the 
same batches were observed for a few days after the experiments. They appeared 
healthy and did not show abnormal mortalities. Moreover, in bivalve hatcheries larvae 
are commonly observed to accumulate near the bottom when the water is not mixed 
vigorously, without showing signs of stress, disease or mortality (pers. comm. Antoine 
Pennec). These larvae are generally observed to be moving lively in a water layer of < 
1 cm above the bottom (pers. comm. Ainhoa Blanco and Pauline Kamermans). I am 
therefore confident that the larvae were healthy and that the observed differences 
between the treatments were caused by the treatments alone. Furthermore, larvae 
accumulating near the bottom only reduced the concentrations but did not affect the 
comparison between treatments of vertical distributions in the water column. Why the 
larvae accumulated at the bottom is not clear.  

Concluding, larvae of both species must have detected the presence of the adult 
oyster in some way. For both species significant differences were found between 
treatments that can only have been caused by the absence or presence of an oyster. 
Since the oysters were tied there were no hydromechanical differences between the 
treatments. The only differences between treatments were the physical presence or 
absence of an oyster and the presence or absence of its metabolites. There is also the 
hypothetical possibility that the rubber bands used to tie the oysters had an effect. 
This is unlikely, however, because the results of this study match so well with the 
results found by Troost et al. (2008a, Chapter 3) in whose experiments no rubber 
bands were used. Since in those experiments C. gigas larvae avoided filtration by three 
different bivalve species, it seems likely that the larvae detected and responded to a 
chemical substance that is produced commonly by these adult bivalves. In our 
experiment, responses of C. gigas and M. edulis larvae to the presence of an adult oyster 
may have been induced by the oyster’s metabolites or substances originating from, or 
bound to, its shell. C. gigas larvae may for instance use the same waterborne triggers 
(e.g. metabolites, see Turner et al. 1994 and references therein) or substrate-bound 
triggers (e.g. biofilms, see Turner et al. 1994 and references therein) that induce 
settlement in later life stages to avoid adult filter-feeders in earlier life stages. This 
study was designed to investigate whether bivalve larvae respond to the presence of an 
adult filter-feeder, but not to identify the chemical cue. Reduced levels of oxygen due 
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to the metabolic activity of adult oysters are not a likely cause for the observed 
differences, since an adult oyster consumes roughly 1.25 µl O2  l-1 in 2 hours (Gerdes 
1983) which in my experiments is only 0.02% of full O2 saturation (Mann & Rainer 
1990).  

The results indicate an ability of bivalve veliger larvae to detect and avoid the 
presence of adult bivalve filter-feeders. The upward migration of C. gigas in response 
to the presence of adult C. gigas may at least partly explain why Troost et al. (2008a, 
Chapter 3) found C. gigas larvae to be filtered less than M. edulis larvae.  

Settlement of oyster larvae in response to waterborne adult chemical cues is 
enhanced in still water as well as flowing water resembling hydrodynamic conditions 
in the field (Turner et al. 1994; Tamburri et al. 2007). Whether the observed avoidance 
of adult filter-feeders by C. gigas larvae, which also appears to be chemically-induced, 
effectively reduces the filtration risk in turbulent conditions in the field remains open 
for further research.   

 




