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Abstract. The aim of the study was to compare the quality
and quantity parameters of semen in male lake minnow,
Eupallasella percnurus (Pallas, 1814), from six Polish
populations. Substantial differences among the populations
were found in milt volume (36–112 µl) and sperm
concentration (4.7–8.0 × 109 ml-1). Mean values for sperm
motility were similar; however, there were population-related
differences in sperm velocity measured with VSL (96.3–127
µm s-1). Despite this, the quality of semen in all cases was high
and appropriate for both artificial reproduction and
cryopreservation.
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Introduction
The lake minnow, Eupallasella percnurus (Pallas,
1814), is a small cyprinid fish that is threatened with
extinction in Poland, and it is strictly protected by
law including the formal requirement of active
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protection (Kaczmarczyk and Wolnicki 2016,
Sowiñska-Œwierkosz et. al. 2019). Consequently, different approaches to active protection have been implemented to date (Wolnicki et al. 2019), and the
most common involve initiating new populations by
translocating juvenile fish originating from
aquaculture (Wolnicki et al. 2011, 2018). The basis
of this approach is the controlled reproduction of mature fish, egg incubation, and rearing of early stages
to the size of 0.5–1.0 g, which is appropriate for
translocation.
General knowledge on these topics is already
quite advanced (Kamiñski et al. 2011, Dietrich et al.
2014, 2015, Wolnicki et al. 2018, 2019); however,
very little is known about the qualitative and quantitative characteristics of lake minnow semen. Knowledge is also limited concerning natural diversity in
quality and quantity parameters of semen from different populations. Preliminary results suggested
that there might be distinct differences in sperm
quality among populations, but these studies have
been conducted on scarce material concerning only
one or two populations (Dietrich et al. 2011, 2014).
Therefore, the aim of the present study was to compare basic quantitative and qualitative parameters of
semen in lake minnows from six Polish populations
to assess its suitability for the active protection of this
species through artificial reproduction.
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sperm was collected 24 h after the injection by gentle
abdominal massage. Samples were collected individually taking care to avoid contamination. All fish manipulations were done after mild anesthesia was
applied by immersing the fish in a 80 mg l-1 MS-222
solution (Argent Laboratories, USA).

Materials and Methods

Lake minnow males of unknown age were collected
from six populations located in a large part of the
range of occurrence of this species in Poland (Fig. 1).
The main differences observed in these habitats included water surface and water depth (0.5–2.0
m) and physicochemical features like water pH
and electrolytic conductivity (Table 1). Fifty fish
specimens were caught from each population
in May 2016 at a water temperature close to
18°C. Next, they were transported to a laboratory and acclimated for two weeks in six separate 200 l flow-through tanks to the following
conditions: water temperature 15°C (range ±
0.5°C), pH = 7.8–7.9, oxygen saturation
80–90%, and a water exchange rate of 1 l min-1.
The fish were not fed during the acclimation period.
Hormonal stimulation was applied according to the method described by Kamiñski et al.
(2004) and was approved by the Local Ethic
Committee for Animal Experiments (No.
15/2015). All the fish were intraperitoneally injected with a single dose of Ovopel© (2 pellets Figure 1. Present distribution of Eupallasella percnurus sites in Poland (grey
circles) and sampling sites (red circles): DRW – Drêszew, DCZ – Dzia³y
per kg), which is a mammalian GnRH analog Czarnowskie, ZLK – Zielonka, GUZ – Guzy, PTR – Piotrowo, MPM –
with a dopamine receptor antagonist (D-Ala6, Miko³ajki Pomorskie.
Pro9-Net-mGnRH; Unic-trade, Hungary). Prior
Sperm motility characteristics, i.e. the percentage
to injection, the agent was homogenized in
of motile sperm and straight line velocity (VSL), were
a 0.9% NaCl solution (Horváth et al. 1997). In the six
determined using a two-step procedure described by
hours following injection, the water temperature was
Wojtczak et al. (2007) with modifications by Dietrich
gradually increased from 15°C to 18°C. The fish
Table 1
General characteristics of sampling sites where male E. percnurus were caught

Habitat name*

Geographical
location

Water surface
(ha)

Drêszew (DRW)

52°30'11''N; 21°19'03''E 0.22

Water pH
(units)

Electrolytic conductivity
(µS cm-1)

5.70–7.62

66–93

Dzia³y Czarnowskie (DCZ)

52°28'46''N; 21°14'52''E 1.00

6.37–6.57

103–106

Zielonka (ZLK)

52°17'51''N; 21°08'28''E 0.08

6.68–7.30

228–399

Guzy (GUZ)

54°08'44''N; 18°19'17''E 0.16

7.91–8.44

56–136

Piotrowo (PTR)

54°11'13''N; 18°09'14''E 0.07

5.37–6.25

29–36

Miko³ajki Pomorskie (MPM)

53°50'19''N; 19°10'44''E 0.10

6.63–7.45

50–93

Abbreviated names of the populations are in parentheses.
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et al. (2014). All motility measurements were made
at least in duplicate for each sample of a minimum of
50 sperm per record. The spectrophotometric
method was used for measurements of sperm concentration (Ciereszko and Dabrowski 1993).
Prior to data statistical analysis, percentages were
normalized via arc-sin transformation. The values of
fish size and sperm quality and quantity parameters
presented in Table 2 were analyzed using one-way
analysis of variance (ANOVA), followed by Tukey’s
test for post hoc comparisons of means. All analyses
were performed at a significance level of P < 0.05 using GraphPad Prism 5.02 (GraphPad Software Inc;
www.graphpad.com). Pearson’s correlation was used
to determine the strength and direction of the relationship between semen volume and fish body weight and
total length. These analyses were performed using
Statistica 8 for Windows (Statsoft, Inc.).

Results
Considerable differences in fish size and semen volume and quality were found among the males from
the populations analyzed (Table 2). The largest males
were from the DCZ and MPM populations
(3.36–3.73 g, respectively). The smallest, with a body
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mass of 1.38 g, were from the DRW population. The
highest condition factor of 0.97–0.99 was noted in
the fish from the PTR and MPM populations,
whereas the lowest value was noted in fish from the
ZLK population (K = 0.82).
The milt volume and sperm concentration of the
lake minnow males from the populations investigated were markedly different. Milt from the smallest
males from the DRW population had the lowest total
volume of 36 µl (Table 2). The highest semen volume
of 112 µl was noted in males from the MPM population, which was one of the largest. Likewise, when
calculated per gram of fish body weight, the highest
semen volume was recorded in the MPM population.
Average sperm concentrations differed among populations from about 5 × 109 ml-1 to 8 × 109 ml-1 in
fish from the MPM population.
A positive linear correlation was found between
total semen volume and fish body weight (r = 0.61; y
= 17.45 BW + 12.64; P = 0.0000). A similar correlation was noted between semen volume and fish total
length (r = 0.55; y = 1,79 – 58.37 TL; P = 0.0000).
Mean values of sperm motility were similar and
ranged from 86.2 in fish from the PTR population to
88.6% in fish from the MPM population (Table 2);
however, there were population related differences in
sperm velocity measured by VSL. The highest mean

Table 2
Fish biometric parameters and semen characteristics of lake minnow, E. percnurus, males caught at different sampling sites
in Poland
Parameter

Body mass (g)
Total length (mm)
Condition factor K
Total semen volume (µl)
Semen volume
(µl g-1 BW)
Sperm concentration
(× 109 ml-1)
Motile sperm (%)
VSL (µm s-1)

DRW (n=50)
d

DCZ (n=50)

ZLK (n=50)

a

b

GUZ (n=50)
c

PTR (n=50)

MPM (n=50)

b

1.38 ± 0.57
52.8 ± 6.6d
0.91 ± 0.05abc
36.0 ± 19.4d

3.73 ± 0.92
74.9 ± 5.7a
0.87 ± 0.06bc
59.0 ± 44.9b

1.97 ± 0.74
61.1 ± 7.2b
0.82 ± 0.07c
39.7 ± 17.9d

1.71 ± 0.47
57.0 ± 4.8c
0.90 ± 0.07abc
50.5 ± 18.5c

1.97 ± 0.33
58.6 ± 2.8c
0.97 ± 0.06ab
49.3 ± 12.9c

3.36 ± 0.84a
69.1± 5.2a
0.99 ± 0.04a
112.0 ± 16.9a

26.2 ± 6.4bc

15.2 ± 7.9e

20.5 ± 6.8d

30.0 ± 8.9ab

25.4 ± 6.5c

34.3 ± 4.8a

6.2 ± 2.7b

4.7 ± 2.3c

5.9 ± 2.4b

4.8 ± 1.5c

5.2 ± 1.8c

8.0 ± 1.5a

88.3 ± 10.5a
103.2 ± 32.6c

86.7 ± 9.9a
100.7 ± 30.7c

87.0 ± 12.5a
112.7 ± 32.7b

87.4 ± 10.0a
127.0 ± 39.6a

86.2 ± 14.0a
96.3 ± 33.4c

88.6 ± 10.9a
106.3 ± 32.7bc

Abbreviations of the population names as in Table 1. Results obtained for different populations are presented as means ± SD.
Data in rows marked with different superscripts differ significantly at P < 0.05.
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value of VSL was determined in sperm from the GUZ
population (127 µm s-1), whereas the lowest values
were determined for the DRW, MPM, and PTR populations (96.3–106.3 µm s-1).

Discussion
Polish lake minnow populations inhabit small, shallow water bodies with environmental conditions
ranging from dystrophy to eutrophy. Physical and
chemical water properties in the habitats such as water temperature, pH, oxygen saturation, conductivity,
and other parameters differ considerably (Wolnicki
et al. 2008, Kamiñski et al. 2011). These differences
were reflected in fish size and the amount of sperm
and its quality.
In this study high positive correlations between
lake minnow male size (body weight and total length)
and total semen volume were noted. The largest total
volume of semen was obtained from the largest
males in the MPM population, while the smallest total volume was obtained from the smallest males in
the DRW population.
Despite the large differences in habitat conditions, the motility of lake minnow sperm did not differ among the populations, but substantial
differences were found in sperm concentration and
VSL. Although these parameters varied significantly,
it was difficult to determine relations among them or
to different environmental conditions. These differences, however, suggested different reproductive potential in lake minnow males among populations. It
is known that sperm quality in fish can be affected by
biotic and abiotic factors and is dependent on complex interactions among genetic, physiological, and
environmental factors (Rurangwa et al. 2004). However, in our study it could not be determined to what
extent the differences among lake minnow populations originated from genetic or physiological differences or environmental conditions. Differences in
fish sperm quality are known to occur, even under
similar hatchery conditions (Judycka et al. 2019).

In the present study, the males were stimulated
with Ovopel©, and they had increased semen volume
(up to 112 µl) and lower sperm concentration
(4.7–8.0 × 109 ml-1) in comparison to
non-stimulated E. percnurus males from other studies (Dietrich et al. 2011, 2014). The typical semen
volume of non-stimulated males was 18.6–36.3 µl
and the sperm concentration was 8.9–14.7 × 109
ml-1 (Dietrich et al. 2014). Semen volume in
non-stimulated males can also be even lower and the
sperm concentration much higher. For example, in
the ZLK population that was investigated several
years earlier by Dietrich et al. (2011), fish semen volume was minute (<9 µl) with a very high sperm concentration (20.8 × 109 ml1). However, in other
cyprinids, for example in non-stimulated common
carp, Cyprinus carpio (L.), the reported sperm concentration was even as high as 30.8 × 109 ml-1
(Dietrich et al. 2019).
It is well known that hormonal stimulation usually does not affect semen quality parameters such as
the percentage of sperm motility, motility duration,
or sperm velocity (Mylonas et al. 2017). These facts
enabled us to compare these parameters among the
six populations. Computer – assisted sperm analysis
(CASA) showed that sperm in hormonally stimulated
lake minnow males had a motility rate very similar to
non-stimulated fish and comparable values of straight
line velocity.
In conclusion, the quality of semen obtained
from E. percnurus males from six different Polish
populations, though diversified, was considered to
be high in all cases. Therefore, it was determined to
be useful for both artificial reproduction and cryopreservation.
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