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It has been postulated that sperm competition during the process of fertilization 

can be considered as part of a nechanism involved in sexual selection that occurs in 

wide range of animals (Birkhead and Møller, 1998; Birkhead and Pizzari, 2002). 

This common phenomenon has an important effect on the reproductive behavior in 

many animals, including fish with external and internal fertilization. 

Parker (1970) defined sperm competition as “competition with a single female 

between the sperm from two or more males for the fertilization of ova”. More 

recently he re-defined it as “competition between the sperm from two or more males 

for the fertilization of given set of ova” (Parker, 1998). Furthermore, Parker et al. 

(1996) also distinguished between the risk and the intensity of sperm competition. 

The risk of sperm competition refers to the probability that a male will spawn with at 

least one other male competing for a batch of eggs, whereas the intensity of sperm 

competition refers to the number of males whose sperm are competing for a batch of 

eggs. Sperm competition in fish, especially those with external fertilization, is 

represented by alternative mating strategies (Taborsky 1994; 1998). Many 

descriptive and functional terms are used to describe these strategies (forum by 

Taborsky, 1997). There have been different concepts to the assessment of sperm 

competition in a variety of fish species. Methods to evaluate sperm competition 

include: studies of reproductive behavior and tactics, particulary in species with two 

life history strategies (Gross, 1985; Fuller, 1998; Evans and Magurran, 1999; Leach 

and Montgomerie, 2000; Vladic and Jarvi, 2001; Burness et al., 2004; Reichard et 

al., 2004), comparative studies of sperm competition across species with external 

fertilization, evaluation of the intensity of competition by the relative investment into 

gametes via the gonadosomatic index GSI (Stockley et al., 1997; Stolz et al., 2005) 

and studies evaluating the reproductive success of spawners using DNA 



fingerprinting. These studies have been performed both in natural spawning systems 

(Colbourne et al., 1996; Foote et al., 1997; Mjolnerod et al., 1998; Hoysak et al., 

2004; Reichard et al., 2004) and using in vitro fertilization trials (Withler, 1988; 

Withler and Beacham, 1994; Gage et al., 2004; Linhart et al., 2005; Kaspar et al., 

2007; Yeates et al., 2007Kaspar et al., submitted;).  

From the practical viewpoint of a hatchery manager, the extent of sperm 

competition is very important for the logistics of genetic programmes, because the 

common practice of pooling sperm from different males may have very detrimental 

effects if sperm competition levels are high (McKay and McMillan, 1991). Due to 

the potential for a high level of sperm competition, pooling sperm from different 

males may result in a much lower number of males being effectively represented in 

the offspring as numerically present in the competition, with predictable 

consequences of inbreeding and loss of genetic variability through genetic drift that 

such type of bottleneck is known to generate. Still, the extent of the problem may be 

very different according to the use of the hatchery products. If the only aim of the 

hatchery production is to stock ponds or tanks for growing fish to commercial size, a 

loss of genetic variability is not necessarily a problem, as it will not accumulate over 

time. Still, some advocate that a higher genetic variability helps to reduce the spread 

of diseases in a population (Springbett et al., 2003). However, if the stock produced 

aims at restocking natural populations or at being the basis of a selective breeding or 

domestication program (i.e. if the products are to be used as broodstock), then the 

loss of genetic variability will accumulate over time, together with inbreeding, and 

quickly produce negative effects on the performance of the population. This effect 

may have quite strong consequences, like hatchery strains which perform less in a 

farm environment than wild strains, as seen  in tilapia in Asia (Eknath  et al., 1993). 



This paper is not an original contribution but conceputally reviews sperm 

competition experiments that were conducted with common carp (Cyprinus carpio 

L.), and evaluates the genetic consequences of sperm competition in hatchery 

practice. Management procedures able to reduce these effects are discussed. 

THE DETERMINANTS OF SPERM COMPETITION IN COMMON CARP 

Sperm competition under hatchery conditions, when using pooled sperm, was 

confirmed in salmonids (Gharrett and Shirley, 1985; Withler, 1988; Withler and 

Beacham, 1994; Gage et al., 2004). These studies showed that sperm competition is a 

reality, and can lead to highly disequilibrated progeny numbers between males when 

using pools of sperm. It appears that the outcome of sperm competition is not 

necessarily linked to its fertilization success when used alone in fertilization control 

tests, neither to spermatocrit or sperm longevity (Withler, 1988; Gage et al., 2004). 

However, sperm velocity is correlated with competition success in Atlantic salmon 

(Gage et al 2004), and is considered to be a good predictor of sperm potency when 

equal numbers of spermatozoa per male are used in a pool (Wedekind et al., 2007). 

In common carp it seems to be different. In a first experiment involving a series 

of male-to-male sperm competition trials, we showed that sperm competition was 

high, but that sperm velocity had no impact on the outcome of sperm competition 

(Linhart et al., 2005). On the contrary, both sperm motility (percentage of motile 

spermatozoa) and fertilization success in single trials could explain part of the 

differences between male potencies. Sperm motility accounted for 17.1% of the 

variance between males, and fertilization success in single trials for 32.5%, still 

leaving 41.8 % of the variance between males unexplained. 

In a second experiment conducted with sperm pooled from five males, 

spermatocrit values, sperm motility, sperm velocity and hatching rate in separate 



tests all had an impact on the male potency. However, this still left a high proportion 

of the variation between the males unexplained (Kaspar et al., 2007). 

A third experiment, also with sperm pooled from five males, showed that the 

sperm motility seems to be the main determinant of male potency (Kaspar et al., 

submitted). However, in this particular study, sperm motility was very low (<5%) in 

two of the males used. This is expected to magnify the effect of motility on potency, 

when compared to other trials where all males had a high motility (>70%). In the 

latter experiment, by fertilizing different egg batches with 5 000, 10 000, 20 000 and 

100 000 spermatozoa per egg, using the same pool of 5 males, we also tested 

possible impact of the total number of spermatozoa per egg in the sperm pool on 

male potency. Undoubtedly it was demonstrated that total sperm concentration had 

no impact on male potency. 

From the above it can be concluded that all recorded sperm parameters 

(spermatocrit, motility, velocity, single trial fertilization success) could have an 

impact on male potency in common carp, but that none of these can be considered as 

the main explanatory variable. This is in contrast to salmonids, where velocity seems 

to be the primary determinant of sperm competition success (Gage et al., 2004). 

Moreover, even with all parameters combined, a large proportion of the variance 

among males competitive success in sperm competition remains unexplained 

(Linhart et al., 2005; Kaspar et al., 2007). 

GENETIC CONSEQUENCES OF SPERM COMPETITION 

One of the main practical problems caused by sperm competition is unequal 

representation of males in hatchery progeny when pooled sperms are used for 

fertilization. This results in reduction of the effective size of the populations and a 

loss of genetic variability (e.g. McKay and McMillan 1991; Wedekind et al., 2007). 



Pooled sperm are frequently used in hatcheries to reduce the impact of males with 

low sperm quality on the overall fertilization rate, allowing the use of several males 

in a single fertilization in an attempt to maintain genetic variability.  

The basic parameter that is modified by unequal male representation, linked to 

the amount of genetic variance lost at the next generation, is the effective number of 

males, Nem. This can be calculated as: 

Nem=(Nmkm-1)/(km-1+Vm/km) (1) 

Where Nm is the number  of males used, km the mean number of progenies per 

male, and Vm the variance of the number of progeny per male (Kimura and Crow, 

1963). If all males have the same potency, any offspring has an equal chance to 

originate from each of the males used, and the number of progeny per male is 

expected to follow a Poisson distribution. In a Poisson distribution, the variance and 

mean are equal, then km=Vm. This simplifies equation 1 to: 

Nem=Nm-1/km  (2) 

The latter will give the expected effective number of males if all males had the 

same reproductive success. 

The above equations were used to estimate the expected and true values of Nem in 

the mentioned 3 experiments on sperm competition in carp: 

• In the first experiment (Linhart et al., 2005) 36 competition challenges 

between 2 males were performed with a total of 14720 offspring recorded. 

The theoretical Nem in the absence of competition was 2.0 on average, and the 

true Nem was 1.43 on average (1.02-1.98). This resulted in a mean reduction 

in Nem of 28.4%. 

• In the second experiment (Kaspar et al., 2007), where equal volumes of 

sperm from 5 males were mixed and 250 offspring were evaluated, the 



theoretical Nem was 4.98, and the true Nem was 2.87, representing a 42.4% 

reduction.  

• In V. Kaspar, K. Kohlmann, M. Vandeputte, M. Rodina, D. Gela, M. Kocour, 

S.M.H. Alavi, M. Hulak and O. Linhart; unpublished data, four trials were 

conducted with the same pool from 5 males, using different sperm:egg ratios. 

The expected Nem was 4.93 on average, and the true Nem ranged from 2.68 to 

3.21 (mean 2.85), showing a mean reduction of 42.2%. 

 

The above show that using pooled sperm leads to a severe reduction of the effective 

number of males used. This can generate important reductions in genetic variability, 

if this technique is used in hatchery propagation of common carp broodstock. Similar 

calculations, using data published by Withler (1988) and Withler and Beacham 

(1994) in chinook salmon, give a mean reduction in Nem equal to 31.4% (13-52%), 

which is quite comparable to our results found for common carp. 

ALLEVIATING THE GENETIC CONSEQUENCES OF SPERM 

COMPETITION  

We now know that sperm competition arising from fertilization using pooled 

sperm can have severe consequences on the genetic variability in populations of 

common carp, the question arises of how to reduce these negative effects. With 

current hatchery practices in mind, the first recommendation would be to equalize the 

volume of sperm used from each male. In salmonids ignoring of this practice is 

expected to generate losses in Nem in the range of 40-50% (Wedekind et al., 2007). 

Use of equal volumes of sperm from each male was tested in Kaspar et al. (2007), 

and generated a 42.4% reduction in Nem. In the same experiment, we also tried to set 

up a pool of sperm with equal number of spermatozoa per male, compensating 



spermatocrit differences by using unequal volumes of sperm from each male. 

Although this reduced the loss in Nem (-34.9% instead of -42.4%), the value remains 

high. Moreover, the other two experiments (Linhart et al., 2005; V. Kaspar, K. 

Kohlmann, M. Vandeputte, M. Rodina, D. Gela, M. Kocour, S.M.H. Alavi, M. Hulak 

and O. Linhart; unpublished data) both involved only competition tests with equal 

numbers of spermatozoa per male, and we previously found this to still generate high 

reductions in Nem. In chinook salmon, Withler and Beacham (1994) showed that 

holding a pool of sperm for 60 minutes prior to use allowed a good, if not total re-

equilibration of male contributions. Using the Nem calculation approach with the data 

of Withler and Beacham (1994) the initial reduction in Nem when the pool was used 

immediately was 32.8% on average, whereas it was only 7.6% when the pool was 

held for 60 minutes prior to fertilization. This approach was not tested in common 

carp, but could be interesting to assess in future, using more males than were 

previously tested in salmon (only 3 males were used, which is lower than the number 

practically used in hatcheries, which is 5 at least for a batch of eggs by in vitro 

fertilization in common carp). 

Another possibility to reduce the consequences of sperm competition in common 

carp would be to divide eggs into batches equal to the number of males used and to 

fertilize them separately before combining them for incubation. This was tested in 

common carp in two experiments, where the males were identified with 

microsatellite markers. In the first experiment 24 males were crossed with 10 females 

in a full-factorial design (see Vandeputte et al., 2004 for details). The number of 

offspring assigned to parents was 524, the theoretical Nem was 24.0, and the true Nem 

was 23.0, resulting in a 4.2% reduction. In a second experiment, where 147 males 

were crossed with 8 females in a full factorial design (more details in Kocour et al., 



2007), 615 offspring were assigned to parents. The theoretical Nem was 146.7, and 

the true Nem of 124.9 represents a reduction of 14.9%. Thus, by using separate 

fertilizations of egg batches, it is possible to obtain male representations in progeny 

that are close to the optimum. For the time being, in the absence of a good predictor 

of a male’s potency, the above approach could be recommended for the propagation 

of carp broodstocks in hatcheries.  

The above is in line with theoretical studies which showed that factorial designs 

can reduce the variance in family sizes (Busack and Knudsen, 2007). Moreover, 

apart from the reduction of the variance in family sizes, factorial mating designs are 

also known to improve the conservation of genetic variance, either with or without 

selection (Dupont-Nivet et al., 2006), making their use even more beneficial. With a 

good predictor of a male's individual potency available, the use of factorial designs 

produced with pools of sperm could be an option. However, in the absence of such 

predictors, the use of separate fertilizations to produce factorial designs is highly 

recommended for the propagation of carp broodstocks in hatcheries. However, as 

outlined before, these recommendations are essential for hatchery batches that will 

generate the future broodstock for the next generation, but not necessarily for the 

mass production of fingerlings for stocking grow-out ponds, which should be much 

less affected by a reduction in genetic variability. 
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