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Abstract :  
 
This work assesses the present knowledge on Pacific oyster sperm biology in comparison to two 
marine fish species (turbot and seabass) whose sperm characteristics are well described. Sperm 
morphology mainly differs by the presence of an acrosome in Pacific oyster which is absent in both 
fish species. In turbot as in Pacific oyster, a sperm ‘maturation process’ along the genital tract is 
observed. Sperm motility is triggered by changes in osmolality for seabass and turbot and in pH for 
Pacific oyster. However, complementary factors are involved to maintain sperm immotile in the genital 
tract. Sperm movement duration is very long in Pacific oyster (20–24 h), compared to turbot (3–5 min) 
and seabass (40–50 s). A high capacity of ATP regeneration is observed in Pacific oyster sperm, 
sustained by the limited changes in its morphology observed at the end of the swimming phase. Then, 
the total distance covered by spermatozoa is very different among the studied species (seabass: 
2 mm, turbot: 12 mm, Pacific oyster: 1 m). Considering the main characteristics of sperm movement, 
the three studied species can be separated in two groups: the sprint racer group (seabass: high 
velocity and short distance covered) and the marathonian racer one (Pacific oyster: low velocity but 
covering long distances). To an intermediate extent, turbot sperm belongs to the sprint racer group. 
Then, the two different sperm movement strategies observed in the three species, are compensated 
by the behaviour of the breeders. 
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1. Introduction 
 
Pacific oyster (Crassostrea gigas) farming used to rely almost exclusively 
on spat collected from the wild. However, natural recruitment can vary 
considerably from one year to another. This explains the soaring role of 
hatcheries in Pacific oyster farming (Robert and Gérard, 1999). Yet, 
techniques used for Pacific oyster reproduction have changed very little 
since pioneer’s works (Galstoff, 1930 and 1940).  
 
The biology of Pacific oyster sperm remains little explored. Papers 
previously published in this species mainly deal with sperm morphology 
(Bozzo et al., 1993; Faure, 1996), sperm motility initiation (Devauchelle et 
al., 1994; Faure, 1996), the effects of different factors on sperm movement 
characteristics (Faure, 1996; Nice, 2005) and the changes in sperm 
features during the movement phase (Suquet et al, 2010). This limited 
knowledge on oyster sperm can be explained by i) the very high fecundity 
observed in both sexes (close to 50x106 oocytes per female, Helme and 
Bourne, 2004; 20x109 spermatozoa per male, Dong et al., 2005a), ii) the 
traditional rearing practices used for the reproduction of this species. Both 
factors allow mass production of Pacific oyster larvae regardless of gamete 
biology knowledge. 
 
However, today aquaculture is improving the control of its production by 
using controlled crosses for selective breeding plans in order to improve 
disease resistance and growth rate, by creating special lines such as 
tetraploids in order to produce sterile offspring whose quality will not be 
altered during the reproductive season and by cryopreserving gametes in 
order to facilitate line preservation and diffusion. These techniques require 
the development of standardised procedures for which a good knowledge 
on gamete biology and a high control of their quality are required (Fauvel et 
al., 2010; Piferrer et al., 2009). Cryopreservation of Pacific oyster sperm is 
a representative example of such a requirement since large individual 
differences in sperm post thaw survival were reported (Dong et al., 2005b). 
As a consequence, the control of initial sperm quality becomes a major 
issue. 
 
The aim of this paper is to compare Pacific oyster sperm characteristics 
with those of two marine fish species (turbot, Psetta maxima and seabass, 
Dicentrarchus labrax), which have been well described (Chauvaud et al., 
1995; Cosson et al., 2008a and b; Dreanno, 1998; Fauvel et al., 1999).  
 

2. Sperm morphology 
 
The general morphology of spermatozoa is similar between the three 
studied species, all belonging to the primitive type as described by Franzen 
(1970) and presenting a rounded or conical head, a middle piece and a 
long flagellum consisting of a typical ‘9+2’ axoneme. They can also be 
termed aquasperm, used for species presenting external fertilization 
(Jamieson, 1991).  
 
However, sperm morphology in the oyster mainly differs by the presence of 
an acrosome thereby giving an ovoid shape to the head (Faure, 1996) 
while turbot and seabass sperm have, as typical teleosts, no acrosome 
(Dreanno, 1998). The acrosome allows the spermatozoon to penetrate the 
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egg enveloping layers during fertilization. In fish species lacking an 
acrosome, the micropyle provides a passage for sperm entry through egg 
layers towards the egg plasma membrane (Jamieson, 1991).  
 

3. Sperm ‘maturation process’ along the genital ducts 
 
In turbot, the percentage of motile spermatozoa collected from the testes is 
lower than that assessed for spermatozoa collected at the gonopore. 
Similarly, the flagellar beat frequency of Pacific oyster spermatozoa 
collected in testes is lower than that of spermatozoa released at the 
gonopore, after intragonadal serotonin injection (Fig. 1). These 
observations suggest a sperm ‘maturation process’ along the genital tract in 
these species.  
 
Sperm ‘maturation process’ can be in vitro simulated in Pacific oyster: 
addition of 10 mM caffeine to seawater increased the flagellar beat 
frequency of intratesticular spermatozoa (Fig. 2). The flagellar beat 
frequency of these in vitro matured spermatozoa is similar to that observed 
for spermatozoa released at the gonopore, after intragonadal serotonin 
injection (40-50 Hz, Fig. 1). The addition of caffeine also enhanced the 
percentage of motility of tetraploid Pacific oyster sperm collected in testes 
(Dong et al., 2002). Caffeine but also theophylline, act as 
phosphodiesterase inhibitors, thus raising intracellular cAMP (Weiss, 1975).  
This stimulates protein phosphorylation which triggers sperm movement 
(Tash and Means, 1983). As a consequence, caffeine must be added in 
solutions designed to activate intratesticular Pacific oyster sperm.  
 

4. Sperm activation 
 
Sugar solutions, deprived of ions, are used to demonstrate that osmolality 
is a key factor for sperm activation. A synchronous activation of 100% 
turbot spermatozoa was observed in the range of 320 to 1000 mosmol 
glucose solutions (Chauvaud et al., 1995). Hypertonicity also triggers the 
motility of seabass spermatozoa (Cosson et al., 2008a). 
 
In Pacific oyster, the osmotic pressure of the seminal fluid is close to that of 
seawater (1020 mosm l-1; Severe, unpublished result), suggesting this 
parameter is not involved in the maintenance of sperm immotility in the 
genital tract. In this species, changes in pH of swimming solutions trigger 
sperm motility, 100% motile spermatozoa being observed from pH 8.0 to 
9.0 (Faure, 1996). The percentage of motile spermatozoa collected from 
tetraploid Pacific oysters was higher than 90% for values of pH ranging 
from 8.0 to 11.5 (Dong et al., 2002). However, these papers assessing the 
effect of pH on the movement of Pacific oyster sperm, use only 
intratesticular sperm. As a consequence, it remains difficult to separate the 
respective contribution of sperm ‘maturation process’ and of sperm 
activation when measuring the effect of pH on Pacific oyster motility. 
Complementary experiments must be carried out using ‘mature’ 
spermatozoa, collected at the gonopore after serotonine injection.   
 
Both values of osmotic pressure, assessed in the seminal fluid of turbot  
(317 ± 2 mosm l-1; Dreanno, 1998) and of pH, measured in the seminal fluid 
of Pacific oyster (6.4 ± 0.1; Faure, 1996) do not totally prevent sperm 
motility in the genital tract of these species, suggesting that complementary 
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inhibitory factors are involved. The inhibitory effect of CO2 on the movement 
of turbot sperm has been demonstrated (Dreanno, 1998). The high sperm 
concentration in the semen contributes to prevent sperm motility by the 
generation of CO2 in milt.  
 

5.  Sperm characteristics at the beginning of the movement 
phase 
 
Intracellular ATP content of immotile spermatozoa is low in oyster, 
compared to the values observed in seabass and turbot (Fig. 3a).  
 
Just after sperm activation, the Straight Line Velocity (VSL) is higher in the 
studied fish species, compared to that recorded in Pacific oyster (Fig. 3b). 
At the beginning of sperm swimming phase, the flagellar beat frequency of 
the flagellum is also higher in both fish species (seabass: 58 Hz, turbot: 55 
Hz; Dreanno, 1998) compared to Pacific oyster (38 Hz; Faure, 1996).  

 

6. Changes in sperm characteristics during the motility 
phase 
 
The movement duration of seabass (40 to 50s) and turbot sperm (3 to 5 
min) is very short (Dreanno, 1998), compared to values observed for 
Pacific oyster sperm (20 to 24h; Suquet et al., 2010).  
 
Initial ATP content of seabass sperm drops to 25% of its initial value, 10s 
after sperm activation (Dreanno et al., 1999a). This suggests a very low 
capacity of ATP regeneration during sperm movement in this species, 
mitochondrial oxidative phosphorylation remaining inefficient to 
compensate ATP hydrolysis. This low mitochondrial activity during sperm 
movement phase could be explained by the drastic changes of sperm 
morphology, observed 40s post activation: mitochondria are shrunk and 
intracristae spaces are enlarged (Dreanno et al., 1999a). In contrast, ATP 
content of Pacific oyster sperm decreases only to 94% of its initial value 
after a 24h movement, suggesting a high ATP metabolism compensating 
for its hydrolysis by dynein motors and sustaining a long duration of sperm 
movement in this species. This high capacity of energy restoration during 
the swimming phase is sustained by the limited changes of sperm 
morphology mainly observed in the shape and structure of mitochondria 
after a 24h movement period (Suquet et al., 2010).  
 
Turbot presents an intermediate case: the supply of energy required for 
sperm motility is partly provided by mitochondrial activity of spermatozoa 
since 54% of the initial ATP content was still measured 10s post activation 
(Dreanno et al., 1999b). Following a first movement phase, turbot 
spermatozoa transitorily (30 mn) retransferred into a non activating medium 
for energy restoration, can reinitiate a second swimming phase, suggesting 
that the structural modifications observed after the first movement period 
(shrinkage of mitochondria and vacuoles observed in the midpiece), remain 
limited or are reversed. However, the structural modifications of 
mitochondria observed after the first swimming period could explain the 
partial restoration of ATP level (58% of the initial content) and sperm 
motility (55% of the initial percentage of motile spermatozoa) assessed at 
the beginning of the second swimming phase (Dreanno et al., 1999b). The 
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capacity of Pacific oyster sperm to perform a second swimming phase must 
be investigated.  
 

7. Total distance covered by spermatozoa during the 
movement phase 
 
The swimming characteristics of sperm (velocity and movement duration) 
recorded in the three studied species result in highly different total 
distances covered by spermatozoa during their movement period: 2 mm for 
seabass, 12 mm for turbot (Dreanno et al., 1999a) and close to 1 m for 
Pacific oyster (Suquet et al., 2010).  
 

8. Sperm efficiency 
 
Sperm efficiency can be assessed by the minimum sperm to egg ratio 
allowing the highest fertilization rate. In Pacific oyster, sperm efficiency is 
very low (500; Song et al., 2009) compared to values observed in turbot (6 
000; Suquet et al., 1995) and seabass (70 000; Fauvel et al., 1999). Sperm 
efficiency can be improved by chemotaxis as observed in Pacific oyster 
(Faure, 1996) but also in turbot (Dreanno, 1998). Sperm aggregation in 
Pacific and American (Crassostrea virginica) oysters was firstly reported by 
Galstoff (1964), observing the sperm attraction by egg and the changes of 
sperm movement characteristics in the vicinity of egg. The molecular 
mechanisms of sperm - egg interactions are suggested to be different in 
vertebrates and invertebrates (Morisawa, 2008). 
 

9. Discussion  
 
Sperm ‘maturation process’ was firstly described in mammalian 
spermatozoa which acquire their movement potential during transit through 
the epididymis (Tournade, 1913). According to observations reported in 
Pacific oyster, seabass and turbot, this phenomenon was also reported in 
many aquatic species including scallop, Pecten maximus (Faure et al., 
1994) and rainbow trout, Oncorhynchuss mykiss (Morisawa and Morisawa, 
1990), showing that, although most aquatic species do not bear complex 
organs such as epididymis, the acquisition of a potential for sperm motility 
still operates at some level within the genital tract. 
 
The general model based on the osmolality control of marine fish sperm 
motility is well established (Cosson et al., 2008a). The effect of pH on 
Pacific oyster sperm activation was also reported in sea urchin, 
Strongylocentrotus purpuratus: an increase in the intracellular pH, modified 
by changes in external pH, triggers sperm motility in this species (Christen 
et al., 1982). The motility of black-lip pearl oyster, Pinctada margaritifera, 
occurs when spermatozoa are transferred to alkaline seawater which pH 
ranges from 9.0 to 10.5 (Demoy-Schneider et al., 2012). Complementary 
factors were suggested : the inhibitory effect of CO2 on sperm motility was 
reported as early as 1918 by Cohn, working in sea urchin (Arbacia 
punctulata) but also in several flatfish species (Inaba et al., 2003). 
 
The amount of ATP assessed in immotile turbot and seabass spermatozoa 
is similar to that measured in different fish species (from 18 to 233 nMole 
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10-9 spermatozoa; Ingermann, 2008). ATP concentrations have been little 
reported in invertebrates: from 3.9 to 6.2 nMole 10-9 spermatozoa in sea 
urchins (Arbacia lixula and Paracentrotus lividus; Mita et al., 1994). But, 
intracellular ATP content higher than that measured in Pacific oyster was 
assessed in black-lip pearl oyster, ranging from 251 to 1977 nMole 10-9 
spermatozoa (Demoy-Schneider et al., 2012). The very low capacity of ATP 
regeneration observed during seabass sperm movement was also 
described in rainbow trout (Christen et al., 1987). 
 
The movement duration of marine fish sperm is generally short, ranging 
from 40s in seabass to 20 min in congers (Cosson et al., 2008b). On the 
other hand, sperm movement duration is longer in the few invertebrate 
species studied up to now: 4h in scallop (Faure, 1996), 180h in American 
oyster (Rose and Heath, 1978). However, a short movement duration was 
observed in black-lip pearl oyster: 10 minutes (Demoy-Schneider et al., 
2012). 
 
The VSL values reported in the present work in the three studied species 
are similar to those reported in the literature for Pacific oyster (40 µm s-1; 
Jeong and Cho, 2005) and seabass (100 µm s-1; Abascal et al., 2007). 
Sperm VSL recorded in fish ranged from 20 in European eel (Anguilla 
anguilla; Asturiano et al., 2005) to 200 µm s-1 in Atlantic salmon (Salmo 
salar; Dziewulska et al., 2010). A high value of VSL (220 µm s-1) was 
observed in black-lip pearl oyster (Demoy-Schneider et al., 2012). 
 
A brief summary of the main characteristics recorded during sperm 
movement (Table 1) suggests that the three studied species can be 
separated in two groups: i) the sprint racers, represented by seabass which 
sperm presents a high initial velocity, a short movement duration and a low 
total distance covered during the swimming phase. To an intermediate 
extent, turbot sperm also belongs to this group, the spermatozoa of which 
stop swimming after 10 minutes, ii) the marathonian racers represented by 
Pacific oyster which sperm presents a low velocity, a long movement 
duration and a high total distance covered. The low sperm to egg ratio 
required for Pacific oyster fertilization suggests a higher sperm efficiency in 
the marathonian group, compared to that assessed in the sprint racer one.  
 
Sperm movement strategy is complementary to that observed for the 
breeders of the studied species. The success of fertilization requires the 
synchronization of male and female gamete release and is promoted by the 
proximity of individuals of both sexes. This was observed in turbot and 
seabass, where, in both species, spawning determinism is controlled by a 
mating behaviour. Isolated seabass females do not release their eggs while 
heterosexual or only female couples spontaneously spawn. When ready to 
spawn, the females approach the males face to face and then escape, 
inducing the chase resulting in a fast swimming behaviour of both sexes. 
Then, ova and spermatozoa are released simultaneously, insuring the 
proximity of gametes during fertilization.  
 
As a compensation of the absence of mating due to the sedentary life of 
breeders, a three step strategy has been developed in Pacific oyster: i) The 
proximity of individual breeders: it is increased by the formation of oyster 
beds.  Coastal areas were colonized because of Pacific oyster ability to 
adapt to a wide range of environmental conditions. The high population 
density of oyster beds is a key component of fertilization success (Serrao 
and Havenhand, 2009), ii) The timing of gamete release: the fertilization of 
Pacific oyster oocytes is promoted since spawns are mainly observed 
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during the slack tide, when water currents are limited (Bernard, 2011). iii) 
The low capacity of oocyte self activation in seawater: the fertilization 
capacity of Pacific oyster oocytes is not affected after a 4h period in 
seawater prior to fertilization (Song et al., 2009). These three arguments 
reflect an adaptative strategy of Pacific oyster to the sedentary life of 
breeders. 
 

10. Conclusion 
 
The present study emphazises the role of breeder behaviour and sperm 
movement in the reproduction strategy of three marine animal species. 
Regarding sperm behaviour, the three studied species can be classified 
either as sprint racers (seabass and turbot: high velocity and short distance 
covered during the motility phase) or as marathon runners (Pacific oyster: 
low velocity but covering long distances). Pacific oyster spermatozoa may 
be considered as having developed a compensative strategy in the 
absence of breeding mates in contrast to the reproductive strategy in fish. 
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Tables 
 
Table 1. Main characteristics recorded during the movement phase of 
seabass, turbot and Pacific oyster sperm. 
 

Parameter seabass turbot Pacific oyster 
Sperm velocity high high low 

ATP regeneration low intermediate high 
Changes in morphology high intermediate low 

Movement duration low low high 
Total distance covered low low high 

 

 

 

Figures 
 
 
Figure 1. Effect of sperm sampling localization (testes or gonopore, at least 
30 spermatozoa observed for each male) on the movement characteristics 
(mean ± SD) of turbot (6 males; Dreanno, 1998) and Pacific oyster sperm 
(3 males). Released Pacific oyster sperm were obtained after serotonin 
injection (100 µl of a 10 mM solution; different letters refer to significantly 
different results as assessed by ANOVA and Tukey a posteriori test). 
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Figure 2. Effect of caffeine on flagellar beat frequency (observed according 
to Cosson et al., 2008a and b; mean ± SD) of intratesticular Pacific oyster 
sperm (2 males, at least 30 spermatozoa observed for each male, different 
letters refer to significantly different results as assessed by ANOVA and 
Tukey a posteriori test). 
 

 
 
 
 

 
Figure 3. Intracellular sperm ATP content (a) and Straight Line velocity (b) 
assessed (mean ± SD) at the beginning of the movement phase (ATP: 15 
males for turbot and seabass-200µl sperm samples, 3 males for Pacific 
oyster-500µl sperm samples; VSL: 15 males for turbot and seabass, 3 
males for Pacific oyster, at least 30 spermatozoa observed for each male; 
from Dreanno, 1998; Suquet et al., 2010; Cosson and Devauchelle, 
unpublished results).  
 

 

 

 


