
Experiments were carried out on sperm cryopreservation of two European percid fish species, the
pikeperch (Sander lucioperca) and the Volga pikeperch (S. volgensis). Two experiments were conducted
on pikeperch sperm. In the first, the effects of three extenders (Glucose, KCl, Sucrose) and two cry-
oprotectants (dimethyl-sulfoxide: DMSO, methanol: MeOH) were tested on motility and fertilization. In
the second, the effects of two dilution ratios (1 : 1, 1 : 9) and two cryoprotectants (DMSO, MeOH) on
hatching were investigated. In the experiment on Volga pikeperch the suitability of using cryopreserva-
tion for fertilization was investigated. In the first experiment on pikeperch the highest post-thaw motili-
ty (28 ± 21%) and fertilization rate (43 ± 12%) was found with DMSO as cryoprotectant in combination
with Glucose extender. In the second, the highest hatch rate (41 ± 22%) was observed with MeOH as cry-
oprotectant and 1 : 1 sperm dilution ratio, however no significant difference was found among the results.
In the experiment on Volga pikeperch hatch rates with cryopreserved sperm  (60 ± 2%) did not signifi-
cantly differ from the control (60 ± 6%). Contamination of sperm with urine seems to be a key problem
in the success of sperm cryopreservation of these species.
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INTRODUCTION

The pikeperch (Sander lucioperca) is an Eurasian predator fish species. It is farmed
in a number of European countries with a double purpose: for its excellent boneless
meat on one hand and on the other hand for the predation of wild fish that penetrate
fish ponds and become food competitors for farmed cyprinids.

Until recently it was generally accepted that pikeperch individuals do not tolerate
handling, thus, making artificial propagation impossible. Broodfish were allowed to
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spawn naturally onto prepared nests and these were later collected and incubated in
hatcheries [11]. A report on successful induced propagation in Germany has been
published 10 years ago [24]. Recently, however, several studies have been published
on the hormonally induced spawning of this species [12, 22, 29] which will facilitate
the adoption of these methods into the hatchery practice. 

The Volga pikeperch (S. volgensis) is a close relative of the pikeperch, an inhabi-
tant of Central- and Eastern European waters. Although it grows slower than the
pikeperch [24] it is a species of potential interest in aquaculture and it is believed to
tolerate lower oxygen levels and to be less sensitive to harvesting and handling. The
artificial propagation of Volga pikeperch has been accomplised [21]. The two species
were recently hybridized [20, 21] and the evaluation of hybrids is currently in
process.

Cryopreservation of the sperm of these two species could be an important tool in
the hatchery work with these species as well as in the future hybridization programs.
Little is known on the cryopreservation of the semen of percid fish species. Methods
have been reported on the yellow perch (Perca flavescens) [1], the walleye (S. vit-
reus) [19], the perch (P. fluviatilis) [8] and the zingel (Zingel zingel) [13] but no pro-
tocol is available for the cryopreservation of the two European Sander species.

The objective of these experiments was to develop a cryopreservation protocol for
the sperm of pikeperch and Volga pikeperch.

MATERIALS AND METHODS

Two experiments were carried out on pikeperch on two locations, the first at the
Laboratory of Fish Culture of the Georgikon Faculty of Agriculture of Pannon
University, in Keszthely, Hungary and the second at a commercial hatchery (Attala
Hal Ltd., Attala, Hungary). Experiments on Volga pikeperch were conducted at the
same location as the first experiments on pikeperch.

The fish in the first experiment originated from two a commercial fish farms:
Aranyponty Ltd. (Sáregres-Rétimajor, Hungary) (8 females and 10 males, weight:
1424–1870 g). Fish were transported to the research facilities of the Laboratory of
Fish Culture and placed in a 12 m3 tank. Later they were moved in small groups for
spawning into a 600 l plastic tank with external filter and heating unit.

Spawning was induced by gradual increase of temperature in the tank from 5 to
14 °C for 8 days and by hormonal treatment with [250 International Units (IU) of
human chorion gonadotropin (hCG) and 6 mg carp pituitary per fish on day 4 and 5
IU hCG per fish on day 5]. Sperm and eggs were stripped on day 8 from the initia-
tion of induced spawning.

Males were anaesthetized in a solution of clove oil (Syzygium aromaticum, L. 1
aliquot per 1 l of water), then they were removed from the water onto wet towels and
their genital aperture was dried with dry paper towels. Semen was collected by
applying abdominal pressure with an automatic pipette and emptied into 10 ml plas-
tic test tubes. Motility of sperm samples (percentage of spermatozoa performing for-



ward movement) was estimated following activation of approximately 0.2 μl of
sperm with 20 μl of water on a microscope slide at ×200 magnification with a Zeiss
Laboval 4 microscope (Carl Zeiss, Jena, DDR).

Sperm from three males was used for cryopreservation in this experiment. The
freezing protocol originally tested on perch by Horváth and Urbányi [8] was used.
The following extenders were prepared: 1. Glucose extender (350 mM glucose,
30 mM Tris, pH 8.0), 2. KCl extender (200 mM KCl, 30 mM Tris, pH 8.0), 3.
Sucrose extender (300 mM sucrose, 30 mM Tris, pH 8.0). Methanol (MeOH) and
dimethyl-sulfoxide (DMSO) were used as cryoprotectants in 10% V/V final (post-
dilution) concentration. All chemicals used in the experiments were purchased from
Reanal Ltd. (Budapest, Hungary). Sperm was diluted in the extender in a 1 : 9 ratio
and was loaded into 0.5 ml French straws (Minitüb, Tiefenbach, Germany). Straws
were frozen in the vapor of liquid nitrogen. A styrofoam box was filled with liquid
nitrogen and a 3 cm high styrofoam frame was placed on the surface of nitrogen with
the straws placed on the frame. The straws were frozen for 3 minutes and then
plunged directly into nitrogen. The straws were stored in canister storage dewars for
a week before being used for fertilization trials. Frozen samples were thawed in a
40 °C water bath for 13 seconds and motility of samples was estimated similarly to
fresh sperm.

Eggs from one female were used in this experiment. The release of eggs was reg-
ularly monitored in females. Individuals that were releasing eggs were anaesthetized
similarly to males. They were removed from the anaesthetic solution and their geni-
tal areas were wiped dry. Eggs were collected into a dry plastic bowl by gentle
abdominal pressure. Eggs were distributed into 5 cm ∅ Petri dishes in batches of
approximately 200–350 eggs so that following fertilization they would form a mono-
layer of eggs in the Petri dish. Eggs were fertilized with half a straw (250 μl) of
thawed sperm. Sperm was added to the eggs and then 1 ml of water was used to acti-
vate the gametes. Following fertilization the eggs were allowed to stick to the bottom
of the Petri dish spread in a monolayer. All fertilization trials were conducted in
duplicates. Fertilization rate was calculated at neurolation.

In the second set of experiments on pikeperch investigations were conducted in
parallel with a commercial spawning. Males and females were both injected with a
single dose of 4 mg per kg of body weight of dry carp pituitary extract 72 hours
before stripping. Sperm from four males and eggs from one female were used in this
experiment. The methods of gamete collection and sperm motility estimation were
carried out as described at the first experiment. Only the Glucose extender described
above was used in this experiment with either MeOH or DMSO used as cryoprotec-
tants in 10% V/V final (post-dilution) concentration. Sperm was diluted either in 1 : 1
or in 1 : 9 ratio with the extender. Conditions of freezing, thawing and motility esti-
mation were conducted as described at the first experiment.

Eggs were distributed in batches of 10 g (approximately 10,000 eggs according to
our own counting) into plastic bowls. Each batch was fertilized with one straw of
thawed semen. Following activation of the gametes with approximately 1 ml of water
Woynárovich-solution (0.4% NaCl, 0.3% urea) was added to the eggs and they were
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stirred in this solution for 90 minutes allowing them to swell. Following swelling the
eggs were washed in a 0.5% solution of tannic acid and placed into 7 l Zuger-type
hatching jars where they were incubated until hatching (for 6 days at 14 °C) when the
number of hatched larvae was counted and the hatching rate was calculated. Due to
the limited volume of available eggs this experiment did not have a control group.

In the experiment on Volga pikeperch males were selected from a commercial har-
vest of the Balaton Fishing Ltd. (Lake Balaton, Hungary). The fish were placed into
500 tanks with external filtering at 16–17.5 °C. The fish were not fed during the
experimental period. Spermiation was not induced by hormonal treatment, only
sperm naturally produced by the animals was collected. Sperm from five Volga
pikeperch males was used in the experiment. The parameters of sperm collection and
motility estimation were the same as in case of the pikeperch. Following motility
estimation the sperm of males 2–3 and 4–5 was mixed together to form two groups.
Similarly to the second experiment on pikeperch only Glucose extender was used for
the cryopreservation of Volga pikeperch sperm. Methanol was used as cryoprotectant
in 10% V/V final concentration. The sperm was diluted in a 1 : 1 ratio with the exten-
der and frozen in the vapor of liquid nitrogen. Freezing and thawing of sperm was
conducted as described at the experiments on pikeperch.

The females were injected with a single dose of 6 mg per kg of body weight of dry
carp pituitary extract 70 hours before stripping. Eggs were distributed into 5 cm ∅

Fig. 1. Post-thaw motility of pikeperch sperm in the first experiment. DMSO: dimethyl-sulfoxide,
MeOH: methanol, Glucose: Glucose extender, KCl: KCl extender, Sucrose: Sucrose extender, Control:

motility of fresh sperm. Data are expressed as mean and SD (n = 3)



Petri dishes in batches of approximately 150–400 eggs. These were fertilized with
half a straw (250 μl) of thawed sperm. Gametes were activates by water and they
were allowed to stick to the bottom of Petri dishes where they were incubated until
hatching when the hatching rate was calculated.

All statistical analyses were conducted using the statistical software GraphPad
Prism version 4.00 for Windows (GraphPad Software, San Diego California USA).
The main effect of cryoprotectants and extenders on motility and fertilization data in
the first experiment on pikeperch as well as the main effects of cryoprotectants and
dilution ratios on the hatching data in the second were investigated by two-way
analysis of variance (ANOVA). Hatching rates of Volga pikeperch larvae were sub-
jected to one-way ANOVA with Turkey’s post-test to investigate the difference
between hatching rates in eggs fertilized with cryopreserved sperm and the control.

RESULTS

Motility of fresh sperm in the first experiment was 50 ± 17%. During stripping the
sperm of all individuals was contaminated with urine. The highest post-thaw motili-
ty with DMSO as cryoprotectant (28 ± 21%) was observed in combination with
Glucose extender while with MeOH (27 ± 6%) in combination with Sucrose exten-
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Fig. 2. Fertilization rates of pikeperch eggs fertilized with cryopreserved sperm in the first experiment.
DMSO: dimethyl-sulfoxide, MeOH: methanol, Glucose: Glucose extender, KCl: KCl extender, Sucrose:

Sucrose extender. Data are expressed as mean and SD (n = 3)
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Fig. 3. Hatch rates of pikeperch eggs fertilized with cryopreserved sperm in the second experiment.
DMSO: dimethyl-sulfoxide, MeOH: methanol. Data are expressed as mean and SD (n = 3)

Fig. 4. Hatch rates of Volga pikeperch eggs fertilized with cryopreserved sperm. Data are expressed as
mean and SD (n = 3). Columns sharing the same letter are not significantly different (P ≥ 0.05)



der (Fig. 1). However, no statistically significant difference was observed among the
post-thaw motility rates in the first experiment.

The type of cryoprotectant had a significant main effect (P = 0.0338) on the fertil-
ization rates observed with pikeperch sperm in the first experiment (Fig. 2). The
highest fertilization rate (43 ± 12%) was found with DMSO as cryoprotectant in
combination with Glucose extender. Control fertilization rate was 51%.

In the second experiment on pikeperch the motility of fresh sperm was 45 ± 30%
and, similarly to the first experiment, it was also contaminated with urine during
stripping. Contrary to the observations in the first experiment the post-thaw motility
of sperm samples frozen in presence of DMSO was low (0 – 2%) whereas the motil-
ity of sperm frozen with MeOH was 40% regardless of the dilution rate.

The highest hatch rate (41 ± 22%) was observed with MeOH as cryoprotectant and
1 : 1 sperm dilution ratio (Fig. 3), however, no main effects of either cryoprotectants
or dilution rates on hatch rates were found and no significant differences were
observed among the hatch rates. Motility of fresh Volga pikeperch sperm was
60 ± 20% (n = 5) while that of frozen-thawed sperm was 30 ± 10% (n = 3). Again, as
in the case of pikeperch contamination of sperm with urine during stripping could not
be avoided.

No significant difference was observed among hatch rates of eggs fertilized with
either cryopreserved or fresh sperm with the exception of those fertilized with the
thawed sperm of male 1 (Fig. 4). The highest hatch rate (60 ± 2%) was observed with
the sperm of males 4–5 with 60 ± 6% hatch rate in the control.

DISCUSSION

According to our observation it is not possible to strip the sperm of pikeperch or
Volga pikeperch without contamination with urine. This type of contamination led to
the initiation of motility and progressive exhaustion of ATP stores in common carp
(Cyprinus carpio) spermatozoa [23] and has been observed to reduce the percentage
of live sperm cells measured by flow cytometry in the Atlantic salmon (Salmo salar)
[7]. A possible solution to this problem is offered by Glogowski et al. [4] who used
a flexible catheter inserted into the sperm duct of rainbow trout (Oncorhynchus
mykiss) to collect sperm. Contamination with urine could be one reason for the great
variability of results observed in this study.

In the first experiment on pikeperch DMSO in combination with Glucose exten-
der resulted in the highest fertilization rates and DMSO as a cryoprotectant seemed
to by more suitable for pikeperch sperm than MeOH. However, these findings were
not supported by the results of the second experiment which was conducted in hatch-
ery conditions. Both cryoprotectants have successfully been tested in a number of
fish species. DMSO is typically the preferred cryoprotectant of in studies on cryop-
reservation of cyprinid sperm [2, 3, 14, 16, 17, 18], however, MeOH yielded higher
fertilization and hatch rates in common carp [9]. MeOH has also been successfully
used for sturgeons [5, 10], salmonids [15], catfishes [26, 27, 28] and tilapias [6].
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According to our results we can only assume that MeOH as a cryoprotectant and 1 : 1
dilution ratio of sperm seems suitable for the cryopreservation of pikeperch sperm.

We have also found that Glucose extender and MeOH as a cryoprotectant is suit-
able for the cryopreservation of Volga pikeperch sperm in laboratory conditions.
However, if cryopreserved sperm is planned to be used for commercial purposes, or
the hybridization of the two species, this method needs to be tested in hatchery con-
ditions as well.
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