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Abstract

Sperm handling procedures and its usage for in vitro fertilization are crucial for standard-
ized experimental operations on evaluation of reproductive performance, gamete quality,
and optimization of fertilization protocols. In our study, the changes in perch sperm
motility parameters within 6-h chilled storage and using 4 different activating solutions
were compared. Eight different sperm-to-egg ratio was also compared during fertilization.
Sperm activated with modified activating solution for cyprinids (78+11%), common
perch activating solution (68+£16%), modified Lahnsteiner activating solution (75
+16%), and Woynarovich solution (76+13%) showed similar progressive motility at
10 s after activation. At 30 s after activation, progressive motility decreased below 5%,
regardless the activating solution used. Progressive motility decreased significantly
already after 2 h of storage (51+19%) in comparison with 0 h (78+5%). The highest
average fertilization rate (using common perch activating solution) was observed with a
sperm-to-egg ratio 2.5%105:1 (80+9%), where the smallest variability in the values was
also recorded (coefficient of variation: 11%). However, no significant difference was
detected among the 8 sperm-to-egg ratio groups. According to our findings, undiluted
fresh perch sperm is recommended to use in 1 h post-stripping. Modified Lahnsteiner’s
activating solution can be applied efficiently for quality assessment where common perch
activating solution is applicable for fertilization in Eurasian perch. A sperm-to-egg ratio
2.5x10%:1 already allows to achieve a high fertilization rate; however, the finding is
needed to be tested also at hatchery level (higher number of eggs).

Keywords Eurasian perch - Sperm-to-egg ratio - CASA - Fertilization rate - Short-term storage

Handling Editor: Gavin Burnell

< G. Bernath
Bernath.Gergely @uni—mate.hu

Extended author information available on the last page of the article

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10499-021-00731-4&domain=pdf
mailto:Bernath.Gergely@uni-mate.hu

2022 Aquaculture International (2021) 29:2021-2033

Introduction

Control of gamete quality (both sperm and egg) is a major issue for the aquaculture industry
both for the production of species with already high commercial interest and of new potential
candidates as well (Cabrita et al. 2014; Samarin et al. 2017). The quality of sperm is related to
their capacity to produce viable embryos during fertilization of high-quality eggs in an
appropriate environment (Cabrita et al. 2009). Efficient management of fish reproduction
requires the use of best males as breeders in order to promote aquaculture or conservation of
wild stocks (Cabrita et al. 2011).

Short-term gamete preservation can support different breeding programs, artificial fertili-
zation, and hybridization (Riley 2002). Fertilizing capacity decreases during the post-stripping
storage depending on several factors (fish age, spawning season, storage conditions: temper-
ature, storage time, oxygen availability, diluent composition etc., Babiak et al. 2006; DeGraaf
and Berlinsky 2004; Mylonas et al. 2003; Risopatron et al. 2018; Trigo et al. 2015;
Vuthiphandchai et al. 2009). Chilled storage methods have been already developed for
numerous known fish species of commercial interest. During in vitro storage of fish sperm,
its quality can reduce significantly (motility, viability, integrity of plasma membrane,
mitochondrial membrane potential, Contreras et al. 2017; Risopatron et al. 2018; Trigo et al.
2015). Sperm storage time (hours to days) highly depend on the appropriate method and on the
species (Beiro et al. 2019; Contreras et al. 2020).

Among several other extrinsic parameters, an optimal fertilizing medium or activating
solution is also required for the successful fertilization mechanism (Beirdo et al. 2019).
Hypotonic solutions in freshwater and hypertonic media in marine species can trigger sperm
movement. The ionic composition as well as the final osmolality plays an important role in the
activation process (Alavi et al. 2007; Beirdo et al. 2019). There is no universal solution which
can enhance sperm movement in all fish species; however, various highly conserved mecha-
nisms can help to design species-specific media (Beir2o et al. 2019). Longevity of sperm in
most freshwater and marine species extends for periods from seconds to minutes. The
osmolality and the temperature of the fertilization environment can affect longevity of sperm
of freshwater fish (Browne et al. 2015; Cosson et al. 2008; Dreanno et al. 1999).

One of the most important parameters affecting fertilization success is the sperm-to-egg-
ratio (Zarski et al. 2017b). A direct relationship between sperm density and fertilizing capacity
of sperm was revealed by former studies (Horvéth et al. 2015). Too frequent stripping
intensity, over-exploitation of males, and deficit of the sperm (leading to low fertilization rate)
may reduce the effectiveness of the controlled reproduction. Nonetheless, in case of hatchery
practice, this aspect is often ignored (Zarski et al. 2017b). Sperm quality is a limiting factor in
the appropriate sperm-to-egg ratio. Correspondingly, sperm motility was defined as one of the
most important quality parameters during fertilization. In the case of a low-quality sperm
(<50%), the effective number of spermatozoa per egg is needed to be adjusted (enhanced) to
maximize the fertilization rate (Beirdo et al. 2019; Gallego et al. 2013).

Eurasian perch (Perca fluviatilis) is one of the most promising candidate freshwater species
for intensive aquaculture. It has already a notable commercial production in several European
countries (Judycka et al. 2019). Its reproduction, although feasible under controlled conditions,
is constantly being improved (Zarski et al. 2019). Especially, that its effectiveness, by affecting
number of juveniles produced, significantly influences effectiveness of further production
process. Several studies were investigating the physiological features of sperm quality
(Alavi et al. 2007; Boryshpolets et al. 2009). Furthermore, Lahnsteiner (2011) presented an
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effective activating medium for sperm motility assessment as well. Sperm was able to move
(motility: 41+10%) more than 2 h at 4 °C (Lahnsteiner 2011). Sarosiek et al. (2014) published
the positive effect of an extender on the possible short-term storage time (prolonged for 17
days) comparison with the control undiluted sperm (7 days) where motility was measured in
every 3-5 days. In shorter period (4, 8, and 24 h), Krdl et al. (2018) proved that the quality of
undiluted perch sperm is negatively affected by urine contamination. However, the possible
quality changes during chilled storage of undiluted perch sperm in laboratory conditions (1 to a
few hours) were (according to our knowledge) not tested, so far. Fertilization procedure was
already optimized for Eurasian perch by Zarski et al. (2012a); however, according to our
knowledge, the optimal sperm-to-egg ratio was not investigated whenever fresh sperm was
used for fertilization in Eurasian perch. A controlled ratio was used in stripped perch sperm
(9.2 or 12x103 spermatozoa per oocyte, hatching rate: 80.3+14%, 49.3+21.0%) and testicular
sperm of perch neomales (12x105 spermatozoa per oocyte, hatching rate: 42.5+22.7%) for
fertilization by Rodina et al. (2008). In former study, the high fertilizing capacity (73—77%) of
cryopreserved perch sperm was proven using a ratio ranged from 5x10% to 5x10° spermatozoa
per oocyte (Judycka et al. 2019).

The aim of our study was to determine optimal sperm handling protocol by focusing on
changes in sperm motility during the short-term storage (for 6 h) of the freshly collected sperm
as well as finding the best activating solution for evaluation of spermatozoa motility with
CASA system. Additionally, the study aimed at evaluation of sperm-to-egg ratio during the
in vitro fertilization procedure.

Materials and methods

In our study, 3 different experiments were carried out. The experiments 1 and 2 were carried
out in Poland, whereas experiment 3 was performed in Hungary.

Broodstock management

In experiments 1 and 2, Wild Eurasian perch broodstock (collected at the beginning of the
reproductive season from Saska river, North-East Poland) was kept in 1 m? fiberglass tanks at
12 °C in recirculating aquaculture system (RAS; equipped with automatic photo-thermal
control, biological filtration, UV sterilization, and aeration) at the laboratories of Aquaculture
and Ecological Engineering Center of University of Warmia and Mazury in Olsztyn, Poland
(N= 30 males, average bodyweight: 113+49 g). In experiment 3, a broodstock (provided by
Szabolcsi Halaszati Ltd.) of Eurasian perch males (N=13, 88469 g) and females (N=24, 167
+188 g) was kept (according to the hatchery temperature average on 9 °C) at the Department of
Aquaculture, Szent Istvan University in Hungary. Perch individuals were placed into 1 m3 at a
temperature varied according to the hatchery temperature. In both cases, the daily fresh water
supply was provided.

Gamete collection
The male broodstock kept in experiments 1 and 2 at 14 °C where individuals were

hormonally not stimulated prior to the sampling (individuals were already spermiating
because of the spawning season). In experiment 3, both males and females were
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hormonally induced using 500 IU per kg™! of hCG (human chorionic gonadotropin
Ferring, Switzerland). In this experiment, injected females were kept at 12 °C for 3 days
whereas males were kept for 6 days at various temperatures (according to the hatchery
temperature) before sampling (Zarski et al. 2017a). In the case of females, genital pores
were closed with surgical suture after injection to prevent spontaneous release of eggs.
Synchronization of ovulation was achieved using the oocyte categorization described by
Zarski et al. (2011 and 2012b) for Eurasian perch. Genital apertures of anesthetized (in
experiments 1 and 2: 150 mg L~! MS-222, tricaine-methanesulfonate; in experiment 3: 0.4
mL L', 2-phenoxyethanol) males and females were wiped dry immediately before
stripping. Sperm was collected in all experiments using catheter (connected to the genital
pore) into 1.5-mL Eppendorf tubes and were stored at 4 °C. Eggs were stripped into plastic
dishes and were stored at 4 °C prior to fertilization experiment.

Sperm motility assessments

In experiments 1 and 2, progressive motility (pMOT, %), curvilinear velocity (VCL, pm s™1),
and straightness (STR, %) was recorded using a CASA (Sperm Class Analyzer v. 4.0.0. by
Microptic S.L., Barcelona, Spain) system whereas in experiment 3, another system was used
(computer-assisted sperm analysis, Sperm VisionTM v. 3.7.4., Minitube of America, Venture
Court Verona, USA). Sperm was diluted in experiments 1 and 2 in an ionic immobilizing
solution designed for perch (150 mM NaCl, 5 mM KCI,1 mM MgS0O,7H,0,1 mM CaCl,
2H,0, 20 mM Tris, pH 8, Lahnsteiner 2011) because of the high cell concentration at a ratio
1:50 and 1:100 (according to the visually observed sperm density using a brightfield micro-
scope) prior to the motility assessment. Four different activating solutions (which were already
tested in perch or other species) were used with the addition of 0.01 g mL~! BSA according to
the experimental design:

1. Modified activating solution for cyprinids (As, 45 mM NaCl, 5 mM KCl, 30 mM Tris,
pH 8 (Saad et al. 1988)) in experiment 1.

2. Common perch activating solution (Co, S0 mM NaCl, pH 8.0 (Lahnsteiner 2011)) in
experiments 1 and 3.

3. Modified Lahnsteiner’s activating solution (La, 75 mM NaCl, 2 mM KCI, 1 mM
MgS0O4x7H,0, 1 mM CaCl,x 2H,0, 20 mM Tris, pH 8 (Lahnsteiner 2011)) in experi-
ments 1 and 2.

4. Woynarovich solution (Wo, 50 mM urea, 68 mM NaCl, pH 8 (Woynarovich and
Woynarovich 1980)) in experiment 1.

Experimental design

Experiment 1.1: Selection of the best activating solution (first trial)

Sperm was collected from 10 males. Samples were diluted in modified Lahnsteiner’s
immobilizing solution only prior to motility assessments (just immediately prior to the

measurement, because of the too high sperm density). Sperm was activated immediately after
dilution with common perch activating solution, modified activating solution for cyprinids,
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modified Lahnsteiner’s activating, and Woynarovich solution. Movement was recorded at 10,
30, 60, 90, and 120 s following activation.

Experiment 1.2: Selection of the best activating solution (second trial)

Based on the results of experiment 1.1, the abovementioned investigation was repeated
with minor changes. In this case, sperm from 10 males was diluted in Lahnsteiner’s
immobilizing solution (just immediately prior to the measurement, because of the too
high sperm density) and was activated using the 4 activating solutions. However, motility
was recorded at 10 and 20 s after activation.

Experiment 2: Short-term storage of undiluted sperm

Ten samples following stripping were stored for up for 6 h at 4 °C. Sperm was diluted only
immediately prior to motility assessments using modified Lahnsteiner’s immobilizing
solution (just immediately prior to the measurement, because of the too high sperm
density). Movement was recorded in 1-h interval using modified Lahnsteiner’s activating
solution.

Experiment 3: The investigation of the effective sperm-to-egg ratio

Prior to fertilization, motility of 8 stripped males was evaluated. According to the results, 3
samples (showed the highest pMOT) were chosen. The cell concentration of the mentioned 3
samples was measured as well. Individual samples were diluted in modified Tanaka’s extender
(137 mM NaCl and 76.2 mM NaHCOs, Bernath et al. 2016; Szabo et al. 2005) at a ratio of
1:99 and were loaded into a Biirker-type hemocytometer (Marienfield Superior, Paul
Marienfield GmBH & CO. KG, Lauda-Ko6nigshofen, Germany). Concentration was calculated
visually using a digital camera (QImaging Micro Publisher 3.3, QImaging, Surrey, Canada)
connected to a brightfield microscope (Nikon Eclipse 600, Auroscience Kft., Budapest,
Hungary) equipped with a x20 objective. For fertilization, eggs (ribbon, perch eggs are held
together in a long ribbon-like structure, Rougeot et al. 2008) from 1 female (to reduce
individual variation obtained from different females) were used. To estimate the number of
eggs used for fertilization, the total number of eggs in a 1 g of ribbon was calculated by direct
counting of number of eggs under the microscope (Carl Ceiss Jena Technival, Carl Zeiss
Microscopy GmbH, Germany). Next, eight different sperm-to-egg ratios were tested experi-
mentally: 2.5x10%:1, 5x10*:1, 10%:1, 1.5x10%:1, 2x10%:1, 2.5x105:1, 3x105:1, 5x105:1
(spermatozoa:egg) for each sperm sample separately. The amount of sperm was adjusted
according to the sperm-to-egg ratio. Egg batches were placed into petri dishes onto which
common perch activating solution was added. Eggs were incubated for 15 s in the common
perch activating solution thereafter sperm samples were pipetted on them (according to the
method of Zarski et al. (2012a)). Petri dishes were roughly mixed for 20 s. Embryos were
incubated in plastic cups (400 mL) at a temperature between 10 and 12 °C. Water was changed
daily. Eggs were identified as “fertilized” if they reached the neurula stage and viable embryos
were counted directly under the microscope (Carl Ceiss Jena Technival, Carl Zeiss Micros-
copy GmbH, Germany). Fertilization was performed not later than 2 h following collection of
the gametes, which included all the necessary procedures allowing estimation of sperm
concentration and number of eggs in 1 g of ribbon (Samarin et al. 2017).
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Statistical analyses

The precise calculations were performed using the MS Excel (Microsoft Excel 2007,
Microsoft Corporation) spreadsheet considering number of eggs in 1 g and sperm concentra-
tion calculated. The statistical software packages SPSS 14.0 (SPSS Inc., Chicago, USA) and
GraphPad Prism 5.0 for Windows (GraphPad Software, La Jolla, CA, USA) were used to
analyze results of motility and fertilization experiments. Normal distribution of data was
verified using a Kolmogorov-Smirnov test at a significance level of p<0.05. Data were log
transformed (VCL) or transformed using arcsine square root (pMOT, STR, fertilization rate) if
distribution was not normal. The differences among experimental groups were investigated
using one- and two-way ANOVA (analysis of variance) and Kruskal-Wallis test combined
with Tukey’s, Dunnett’s, Bonferroni’s, and Dunn’s multiple comparison post hoc tests (at a
significance level of p<0.05).

Results
Experiment 1.1: Selection of the best activating solution (first trial)

No significant difference was recorded pMOT at 10 and 30 s following activation using the 4
solutions. At 30 s after activation, progressive motility decreased with every activating
solutions around or below 5%. A significantly higher VCL was observed with La than in
Co at 10 s. At 30 s, a significantly higher VCL was also measured using La and AS in
comparison with Co and Wo. No significant difference was found in STR during the
comparison of the 4 different solutions at 10 s. Similarly to VCL, significantly higher STR
values were recorded using La and AS than in Co and Wo at 30 s post-activation (Table 1).

Experiment 1.2: Selection of the best activating solution (second trial)

The lowest reduction in pMOT was measured during 20 s with La (80+£26-69+22%), compare
to AS (73£26-53+21%), Wo (80£25-60+20%), and Co (79+25-43+17%). Using AS, VCL
showed a significant reduction at 20 s following activation compare to La (65+19 and 80
+19 um s7!). A similar significant decrease was observed in VCL using Co already at 20 s in
comparison with La (54+14 and 80+19 um s') and Wo (54+14 and 66+15 um s7!). In

Table 1 The investigation of progressive motility (pMOT), curvilinear velocity (VCL), and straightness (STR)
using 4 activating solutions (modified activating solution for cyprinids, common perch activating solution,
modified Lahnsteiner’s activating solution, Woynarovich solution) (N=10). Different letters indicate significant
difference between the activating solutions at the given motility parameter and time post-activation. The table
represents mean and standard deviation at 10 and 30 s post-activation

CASA parameters Time (s) Modified a.s.c. Common p.a.s. Modified L.a.s. Woynarovich s.

pMOT (%) 10 78 £ 112 68 + 162 75 £ 162 76 + 132
30 5+£092 0.2+0.32 3+£6% 128

VCL (um s7!) 10 158 + 242 135 + 292 171 £ 34 158 + 33abe
30 27 + 62 19 +3b 3052 21 +5b

STR (%) 10 70 + 82 72 +102 68 + 92 71 102
30 56+122 33+£09b 60 + 132 42 +13b
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contrast, no significant difference in STR was recorded among the 4 different activating
solutions at 10 and 20 s following thawing (Table 2).

Experiment 2: Short-term storage of undiluted sperm

Motility decreased significantly already after 2 h of storage (51£19%) in comparison with 0 h
(78+5%). VCL decreased significantly also after 2 (105+39 um s7!), where STR reduced only
after 5 (73+5%) h of storage time in comparison with 0 h (15514 um s™! and 81+4%) (Fig. 1
a—C).

Experiment 3: Evaluation of the effective sperm-to-egg ratio

Prior to fertilization, 566 eggs were counted in 1g of egg. The egg batches were calculated
according to the sperm concentration measured in the 3 sperm samples. Used fresh sperm
samples showed just after stripping an average motility 884+4% and a high concentration (1:
2.34x107, 2: 4.52x107, 3: 3.575%x107 spermatozoa pL1). The highest average fertilization rate
was observed with a ratio 2.5x103:1 (80+9%); however, no significant difference was detected
among the 8 sperm-to-egg ratio group. The lowest coefficient of variation values were
recorded by the ratios 2x103:1 (17%) and 2.5x103:1 (11%) where the highest variability was
observed using 5x10%1 (80%) and 1.5x10%:1 (80%) (Table 3).

Discussion

The decrease of pMOT after 30 s following activation observed in our study, regardless the
activating solution used, was comparable to the observations of Bernath et al. (2016), who also
recorded 30 s as a threshold for motility in cryopreserved-thawed sperm. Similarly to our
results, frozen-thawed sperm showed identical tendency in progressive motility at 10 s after
activation (Bernath et al. 2016). The lowest reduction in pMOT after 20 s following activation
was recorded in La, perch sperm movement decreased drastic 30 s post-activation (5% or less)
in comparison with the findings of Lahnsteiner (2011) where sperm showed 41+£10% motility
more than 2 h post-activation at 4 °C using the similar activating solution (La). Dilution ratio is
a key factor in the longevity of sperm movement. High ratio and two-step dilution (first:
immobilizing solution, second: activating solution) is recommended for observation of sperm

Table 2 The investigation of progressive motility (pMOT), curvilinear velocity (VCL), and straightness (STR)
using 4 activating solutions (modified activating solution for cyprinids, common perch activating solution,
modified Lahnsteiner’s activating solution, Woynarovich solution) (N=10). Different letters indicate significant
difference between the activating solutions at the given motility parameter and time post-activation. The table
represents mean and standard deviation at 10 and 20 s post-activation

CASA parameters Time (s) Modified a.s.c. Common p.a.s. Modified L.a.s. Woynarovich s.

pMOT (%) 10 73 + 26° 79 + 252 80 + 262 80 + 252
20 53 £ 212 43 + 172 69 + 22% 60 + 203be

VCL (um s7!) 10 159 + 232 165 + 192 186 + 252 181 + 222
20 65 + 192 54 + 17 80 £ 19¢ 66 = 15%

STR (%) 10 75 + 62 77 £ 78 73 £ 10° 71 £ 92
20 91 + 32 88 + 67 92 = 20 92 £ 3
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Fig. 1 a—c The effect of storage
time on the progressive motility
(pMOT), curvilinear velocity
(VCL), and straightness (STR) of
undiluted perch sperm (N=10).
The columns represent standard
deviation. Asterisks indicate sig-
nificant difference compared to the
result at 0 h (P<0.05)

VCL (ums™)

100+

pMOT (%)

80

60+

40-

204

i

0 1

2

Storage tlme (hour)

*

*

i

|
|

0 1

2

Storage tlme (hour)

*
i

H *

0 1

2

3

4

5

Storage time (hour)

Table 3 The fertilization rate obtained from the comparison of 8 different sperm-to-egg ratios (N=3). The

columns represent mean, standard deviation, and coefficient of variation values

Dilution ratio (spermatozoa 1 egg™)

Fertilization rate (%)

Coefficient of variation (%)

2.5x104
5%10%
105
1.5x10°
2x10°
2.5x10°
3x10°
5x10°

38 +£28
42 +33
44 £33
48 + 38
68 £ 12
80£9
59 +44
73 +£23

73
80
74
80
17
11
75
31
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motility (Alavi et al. 2007). In our study, the too high sperm density hypothetically could have
a negative effect on sperm longevity in Eurasian perch. Co achieved a high fertilization rate
using fresh perch sperm. In our former study, cryopreserved and thawed perch sperm showed a
similar high (72 £ 14%) fertilization rate using Co (Bernath et al. 2016). Because of the simple
chemical composition, Co can be a recommended solution for the regular hatchery practice
during the standard propagation process (Bernath et al. 2016). According to our results and the
study by Lahnsteiner (2011), La for semen analysis and Co for fertilization tests can be
efficiently used in Eurasian perch.

Short-term storage can support the successful fertilization through hatchery practice in the
case of a possible asynchronous spemiation and ovulation with the elongated applicability of
fresh sperm (Cabrita et al. 2010). After 2 h, a significant negative effect of storage time was
recorded on the progressive motility of perch sperm. In contrast with our result, Sarosiek et al.
(2014) found that drastic reduction in motility parameters in undiluted semen was recorded
only after 3 days of chilled storage (4 °C). Furthermore, Krol et al. (2018) presented a dose-
dependent negative effect of urine contamination on the perch sperm motility. In both studies,
a similar flexible catheter was used during stripping allowing collection of urine-free sperm.
Despite to the precise sperm stripping method, a relatively low-quality sperm (low VCL and
high STR values) was collected in our study. Zarski et al. 2017a) presented the clear positive
effects of hCG and sGnRHa on sperm motility at 6 days following injection in Eurasian perch.
Contrary, in our study, already spermiating males were used without hormonal induction
during the spawning season. According to our hypothesis, the lacks of hormonal stimulation
lead to a low initial sperm quality and a reduced tolerance to short-term storage. Furthermore,
former studies proved that gaseous exchange (O,-Co,) is generally important in the stored
samples (Bobe and Labbe 2009). In our experiment, the Eppendorf tubes used for storage
could not allow the efficient oxygen supply for the samples. The notable reduction measured in
motility could cause by the sedimentation of the samples. In a future method, a periodic gentle
mixing, stirring, or rocking can avoid the mentioned phenomenon (Babiak et al. 2006; Beirdo
et al. 2019; Dorsey et al. 2011; McNiven et al. 1993; Park and Chapman 2005; Santos et al.
2018).

The effective sperm-to-egg ratio was investigated by several authors and its importance
during artificial propagation was also presented. However, different species specific ratios
were suggested in different fish species. The highest fertilization rate was achieved in Eurasian
perch using 2.5x105 spermatozoa for one oocyte. Furthermore, an increasing tendency was
observed between the sperm-to egg-ratios 2.5x10%:1-2.5x10%:1. Comparable result (hatching
rate: 80.3+14%) was found in perch males by Rodina et al. (2008) where 9.2 x105 sperma-
tozoa per oocyte were used. Furthermore, Judycka et al. (2019) achieved also high fertilization
rates (73%) with frozen-thawed perch sperm at as low ratio as 5x10% The authors also
suggested that a relatively small sperm-to-egg ratio can be successfully applied for fertilization
of an elevated amount (25 g) of perch egg using cryopreserved sperm (Judycka et al. 2019).
Contrary, the results showed in our experiment that in controlled (laboratory) conditions,
higher amount of spermatozoa was more efficient and showed smaller variation in the
fertilization success. According to the average cell concentration, lower and higher optimal
sperm-to-egg ratios were reported in different fish species (Beirdo et al. 2019). In comparison
with our results, a higher effective sperm-to-egg-ratio was suggested in Caspian brown trout
(Salmo trutta caspius, 3 or 6x103, Golshahi et al. 2015) and brook trout (Salvelinus fontinalis,
3x103, Nynca et al. 2015). Contrary, lower sperm-to-egg ratio was observed in Atlantic cod
(Gadus morhua, L., 10°, Butts et al. 2009), Adriatic grayling (Thymallus thymallus, 5%10%
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Horvath et al. 2015), and in turbot (Scophthalmus maximus, 6103, Suquet et al. 1995).
According to our and the results of Judycka et al. (2019), a medium high (5x10%-2.5x105:1)
sperm-to-egg ratio is recommended to maximize the fertilization success both using fresh and
cryopreserved perch sperm as well. This information can support the intensive culture of the
species via optimization of gamete usage during fertilization.

Conclusion

According to our results, modified Lahnsteiner’s activating solution should be applied during
CASA measurements. The possible storage time without significant decrease in pMOT and
VCL for undiluted perch sperm was defined in maximum 1 h (refrigerated storage at 4 °C,
without additional O, supply). The common perch activating solution is suitable for fertiliza-
tion during standard propagation process. An effective sperm-to-egg ratio was experimentally
defined for fresh Eurasian perch sperm to 2.5x103:1, for laboratory-scale fertilization. Our
findings can contribute to the improvement of the artificial propagation of perch at hatchery
conditions.

Abbreviations Co, Common perch activating solution; CASA, Computer-assisted sperm analysis; VCL,
Curvilinear velocity; As, Modified activating solution for cyprinids; La, Modified Lahnsteiner’s activating
solution; pMOT, Progressive motility; STR, Straightness; Wo, Woynarovich solution
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