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Abstract
This study investigated physiological and behavioral responses of pikeperch broodstock related
to sexual interactions under controlled conditions throughout semi-artificial reproduction.
Blood samples taken from pond-cultured pikeperch broodstock were analyzed to assess the
stress response at different stages of semi-artificial reproduction protocol. Sampling was
performed as follows: before hormonal induction (control), 24 h (SP24) and 48 h (SP48) after
spawning when males and females were separated, and 24 h (NS24) and 48 h (NS48) after
spawning when males and females were kept together. The separation immediately after
spawning had a significant effect on physiological state of broodstock. Separation affected
indices of erythrocyte count, hematocrit (packed cell volume, PCV), glucose (GLU), and mean
corpuscular volume (MCV) in females and levels of lactate and leukocytes in males. Monitor-
ing of pikeperch behavior in groups NS24 and NS48 revealed the strong aggressive paternal
behavior of male to females. Attacks mainly targeted the caudal fin and resulted in female
mortality in group NS48.

Keywords Aquaculture . Blood analyzing . Ecology .Management . Mortality . Spawning

Introduction

Over the last few decades, commercial interest in pikeperch culture prioritized research
developing reproduction techniques (Blecha et al. 2016; Policar et al. 2016; Samarin et al.
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2015). Despite current progress in domestication, wild-caught and pond-cultured pikeperch are
still a source of broodstock providing high-quality gametes (Fontaine et al. 2009,
2015; Křišťan et al. 2012, 2018; Ljubobratović et al. 2017; Khendek et al. 2018; Kestemont
and Henrotte, 2015). However, the biggest disadvantage of wild and pond-cultured broodstock
is their higher post-spawning mortality in comparison to broodstock reared in recirculation
aquatic systems (RASs) (Łuczyński et al. 2007; Rónyai 2007; Zakęś and Demska-Zakęś 2009;
Zakęś et al. 2013).

Semi-artificial or so-called Bnest^ spawning is an effective and convenient reproduction
method for pond-cultured and wild broodstock. Unlike artificial reproduction (stripping),
where post-spawning losses may reach up to 100% in several days after spawning (Gomułka
et al. 2007; Łuczyński et al. 2007; Rónyai 2007; Zakęś and Demska-Zakęś 2009). Semi-
artificial reproduction in RASs and ponds (Malinovskyi et al. 2018) has significantly less
handling requirements, and broodstock survival after recovery treatment can be about 92–
100% depending on the sex (Policar et al. 2019).

Stress response is a generically costly process resulting in poor physiological status of
broodstock (Schreck et al. 2001; Schreck 2010; Sarameh et al. 2013). Post-spawning losses of
pikeperch are mainly caused by exposure to artificial environment and handling procedures
resulting in a decrease of immunity level and subsequent outbreak of either protozoan,
bacterial, or fungal infections (Gomułka et al. 2007; Muller-Belecke and Zienert 2008; Zakęś
and Demska-Zakęś 2009). Antifungal and antibacterial treatments could increase survival
(Policar et al. 2019), even though their application aimed to resolve secondary consequences,
like diseases, rather than improvement of the poor health status.

Physiological changes and stress responses of pikeperch broodstock on artificial
photoperiod, hormonal treatment, and handling were studied during nest or artificial
spawning by Sarameh et al. (2012, 2013) and Falahatkar and Poursaeid (2014); however,
broodstock physiology and stress response were not documented in relation to broodstock
behavioral interaction between males and females. General spawning behavior before and
during nest spawning in pikeperch was observed by Drasovean and Blidariu (2013), but
neither of the male’s aggression during spawning nor problematic interactions between sexes
after spawning were mentioned there.

The aims of this study were (1) to investigate the health and physiological status of
pikeperch broodstock during semi-controlled reproduction, (2) to determine the most stressful
steps related to broodstock sexual behavior, and finally, (3) to optimize broodstock manage-
ment in pond-cultured pikeperch during semi-artificial reproduction.

Materials and methods

Fish and experimental conditions

In total, 15 males (total length (TL) = 542 mm ± 37 mm and body weight (BW) = 1487 g ±
434 g) and 15 females (TL = 532 mm ± 40 mm and BW = 1353 g ± 309 g) of matured
pikeperch were used in this study. All broodstock fish were captured from the production pond
of the fish farm Rybářství Nové Hrady, Ltd., during the autumn harvesting season, before
being transferred to an earthen pond at the Faculty of Fisheries and Protection of Waters,
University of South Bohemia in Vodňany, Czech Republic, for overwintering. In early April,
males and females were randomly selected for the study and stocked into a RAS. Fish were
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evenly distributed among six tanks with a volume of 350 l—three for males and three for
females. After 2 weeks of adaptation, pikeperch broodstock were divided into pairs for
sampling throughout reproduction (described in Table 1). Each pair of pikeperch was stocked
into separate 350-l tanks connected to a RAS. Throughout the experiment, fish were exposed
with artificial luminescent light. The intensity was set on 50–100 lx on water surface with the
photoperiod of 13 h light and 11 h dark (13L:11D) in accordance with the latitude of the
Czech Republic (at the end of April). Water temperature was constantly set at 15 °C ± 0.3 °C
(Blecha et al. 2015), and oxygen saturation was maintained at a level of 107% ± 2.7%. The
nests, made from artificial grass, were placed on the bottom of each tank as a spawning
substrate (Malinovskyi et al. 2018). For the induction and synchronization of spawning, both
sexes were intramuscularly injected with the human chorionic gonadotropin (hCG) (Chorulon;
Intervet, Netherlands) at a concentration of 500 IU per kg (Křišťan et al. 2013).

All the manipulations with fish during the experiment were done under anesthesia (clove
oil, 0.03 ml l−1; according to Křišťan et al. 2014) in accordance with the directive 2010/63/EU
on the protection of animals used for scientific purposes. The injection of hormonal agents and
samplings of the blood were performed with veterinary guidance in accordance with good
veterinary practice. The fish in this experiment have not been used more than once in
procedures involving pain, distress, or suffering.

Blood sampling

Three pairs of fish were sampled on different stages of semi-artificial reproduction protocol:
before hormonal treatment and 24 h and 48 h after spawning (Table 1). After anesthetizing the
fish, blood samples were collected from vena caudalis using a heparinized needle and 1-ml
volume syringe. Immediately after collection, the blood was transferred to microtubes rinsed
with sodium heparin (Heparin Léčiva inj. sol.; Zentiva, Prague, Czech Republic) 40 IU per ml
of blood to prevent coagulation.

The blood samples for biochemical analyses were immediately centrifuged at 1500×g for
10 min in a microcentrifuge (MPW 55; MPW Instruments, Warszawa, Poland) after sampling,
and the blood plasma was transferred on ice and stored in − 80 °C before analyses. The blood
samples for hematological analyses were processed immediately after sampling. After the

Table 1 Description of experimental groups and sampling plan of pikeperch (Sander lucioperca) broodstock
throughout semi-artificial reproduction

Group
name

Group
no.

n Sex
(M/F)

Hormonal treatment
applied (yes/no)

Description

Control 1 3 F No Fish were sampled at the beginning of the experiment,
before hormonal treatment2 3 M No

NS24 3 3 F Yes Fish were sampled 24 h after spawning;
males and females were not separated4 3 M Yes

NS48 5 3 F Yes Fish were sampled 48 h after spawning;
males and females were not separated6 3 M Yes

SP24 7 3 F Yes Fish were sampled 24 h after spawning;
males and females were separated8 3 M Yes

SP48 9 2 F Yes Fish were sampled 48 h after spawning;
males and females were separated10 3 M Yes

NS not separated, SP separated, M male, F female, h hours
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sampling procedure, fish were transferred into a RAS with a constant water salinity of 5–10 g
l−1 of NaCl for elimination of secondary fungal infection (Policar et al. 2019). Comparison of
hematological and biochemical indices was used for evaluation of physiological changes
during semi-artificial reproduction with respect to sexual behavior with the aim of optimizing
the separation of females after spawning.

Measurement of hematological and biochemical parameters

The hematological profile was evaluated immediately after blood sampling according to
Svobodova et al. (2012) and included an erythrocyte (Er) count, hematocrit (packed cell
volume, PCV), hemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), and leukocyte
(Leuko) count. Cortisol was assayed in the blood plasma by RIA using a commercial antibody
kit (cortisol-3-OCMO antiserum; Immunotech, Prague, Czech Republic). The following
biochemical parameters in the blood plasma: calcium (Ca2+), glucose (GLU), and lactate
(LACT) were assayed by the methods described by Kolářová and Velíšek (2012) using the
blood gas analyzer VetTest 8008 (IDEXX Laboratories, Inc., USA).

Monitoring of pikeperch behavior after spawning and evaluation of fin erosion

Awaterproof digital camera (LAMAX Action X8 Electra; elem6 s.r.o., Czech Republic) was
used for observing pikeperch behavior after nest spawning. Five-minute recordings were
randomly collected during the light phase within the following periods: 0–24 h, 24–48 h,
and 48–72 h post spawning in groups NS24 and NS48. The total duration of records accounted
135 min for each 0–24-h and 24–48-h period and 120 min for the period 48–72 h after
spawning. After recording, completed video files were analyzed to determine specific patterns
of sexual behavior after spawning such as the number of male attacks on female per minute.

The caudal fins of both sexes in all groups were photographed and processed throughout
the experiment. Evaluation of fin erosion was done by image analysis with QuickPHOTO
MICRO 3.0 software. Fin erosion was shown as a percentage of the fragmented and inflamed
area of the total caudal fin surface (according to Policar et al. 2016).

After the experiment, all fish were transferred to a RAS with brackish water in a concen-
tration of 5–10 g l−1 for recovery and were fed ad libitum with prey fish (Pseudorasbora
parva) according Policar et al. (2019). After 2 weeks of the recovery period, pikeperch
broodstock were restocked to the local polyculture pond.

Statistical analysis

Data from 15 pikeperch males and 14 females were analyzed due to the mortality of one
female at the end of the experiment. Due to the rareness of matured pikeperch during spawning
season, it was possible to get samples of only three individuals for each tested group. Although
the test strength of some data points was not high, it was enough to find significant differences
among groups in the following parameters.

The normal distribution of data was ensured by the Shapiro–Wilk test. Normal distribution
of caudal fin erosion data was achieved by square root transformation. After the parametric
assumptions were met, differences in hematological, biochemical, and caudal fin erosion
values were estimated using two-way analysis of variance (ANOVA) followed by post hoc
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Tukey tests to find the differences among tested groups. All analyses were conducted using the
statistical package Statistica 13 (StatSoft, Inc.). For all tests, the level of significance was set at
p < 0.05. Results were presented as mean ± SD. Statistical differences during reproduction are
marked in Tables 2 and 3 according to the numbers of fish groups (described in Table 1).

Results

Hematological profile

Changes of hematological profile in broodstock of each group are summarized in Table 2.
Indices of Hb in the blood of females were significantly lower (p < 0.05) in groups NS48
(44.76 g l−1 ± 5.37 g l−1) and SP24 (46.19 g l−1 ± 6.53 g l−1) compared to the control group
(58.01 g l−1 ± 4.12 g l−1), while there were no significant differences in males among tested
groups. Indices of PCV were significantly lower (p < 0.05) in all tested groups in comparison
to control groups in both males and females.

Indices of Er count in blood had significant differences (p < 0.05) only between the males
and females from groups NS24 and NS48 and accounted the following: in NS24, 1.86 T l−1 ±
0.18 T l−1 for males and 1.48 T l−1 ± 0.04 T l−1 for females, and in NS48, 1.90 T l−1 ± 0.15 T l−1

for males and 1.43 T l−1 ± 0.16 T l−1 for females.
Values of MCV in females were significantly lower (p < 0.05) in groups SP24 (133.83

fentoliters (fl) ± 13.56 fl) and SP48 (198.00 fl ± 48.16 fl) compared to groups NS24 (222.77 fl
± 9.37 fl) and NS48 (217.48 fl ± 16.69 fl) and the control group (259.91 fl ± 31.04 fl). Indices
of MCV in males varied with the same trend and were significantly lower in groups NS24
(187.29 fl ± 19.61 fl), NS48 (181.13 fl ± 24.4 fl), and SP24 (156.99 fl ± 24.82 fl) when
compared to the control group.

Indices of Leuko count in the blood of females had no significant differences among tested
groups. Values of Leuko count in males were significantly higher in group NS48 (14.33 g l−1 ±
6.25 g l−1) in comparison with groups SP24 (3.67 g l−1 ± 1.25 g l−1) and SP48 (5.50 g l−1 ± 2.45 g
l−1). There were no significant differences in indices of MCH and MCHC among tested groups.

Biochemical plasma profile

Changes in indices of biochemical plasma profile of broodstock are summarized in Table 3.
Females’ level of cortisol was significantly higher (p < 0.05) in comparison to males in the

1 - Minimal erosion (<3 % of fin surface is damaged). 

2 - Minor erosion (3-15 % of surface is damaged). 

3 - Moderate erosion (15-25% of fin surface is damaged).

Fig. 1 The examples of different levels of erosion in caudal fin of pikeperch (Sander lucioperca) broodstock
after semi-artificial reproduction. 1 Minimal erosion (< 3% of fin surface is damaged). 2 Minor erosion (3–15%
of surface is damaged). 3 Moderate erosion (15–25% of fin surface is damaged)
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control group alone (68.34 ng ml−1 ± 17.47 ng ml−1 for males and 228.90 ng ml−1 ± 96.65 ng
ml−1 for females). Although the given high variability in cortisol values, there was no
significance in tested groups, although the general baseline of cortisol level was higher in
females compared to the males.

Indices of Ca2+ in the plasma of females varied without significant differences among tested
groups. Values of Ca2+ in the plasma of males from group NS48 (4.18 mmol l−1 ± 2.36 mmol
l−1) were significantly higher (p < 0.05) compared to those from groups NS24 (2.32 mmol l−1 ±
0.16 mmol l−1), SP24 (2.25 mmol l−1 ± 0.22 mmol l−1), and SP48 (2.35 mmol l−1 ± 0.15 mmol
l−1).

Values of GLU in the plasma of females from group SP24 (1.94 mmol l−1 ± 0.28 mmol l−1)
were significantly lower (p < 0.05) compared to group NS48 (8.84 mmol l−1 ± 5.84 mmol l−1)
and the control group (7.97 mmol l−1 ± 4.23 mmol l−1). Indices of GLU in the plasma of males
were not significantly different among tested groups.

LACT plasma indices of females did not differ significantly among tested groups, while
blood LACT indices of males were significantly higher (p < 0.05) in group SP48 (5.80 mmol
l−1 ± 2.85 mmol l−1) compared to all tested groups.

Monitoring of pikeperch behavior after spawning and evaluation of fin erosion

After spawning, all males exhibited strong aggressive paternal behavior to females in
groups NS24 and NS48. There was no evidence of female aggressive behavior, and all
attacks were initiated by males. The attack frequency accounted 1.68 ± 1.46 attacks per
min within 0–24 h after spawning, 2.26 ± 1.14 attacks per min within 24–48 h after
spawning, and 2.56 ± 2.36 attacks per min within 48–72 h after spawning without
significant differences between groups. The caudal fin and tail of females were the most
often attacked, resulting in fin damages (Fig. 1). Significantly higher levels (F(3, 15) =
19.943, p < 0.05) of caudal fin deterioration erosion were observed in females from groups
NS48 and NS24 (23.8% ± 2.9% and 15.7% ± 3.5%, respectively). For both males and
females in the rest of the groups, this value did not exceed a mean of 3% (Table 4). The
experiment was stopped when the first female mortality occurred. The death was caused
by the male attacking, and subsequently damaging, body tissue. After the end of the
experiment, males and females were separated in different tanks for 2 weeks of the
recovery period. No further mortality was observed.

Table 4 Level of caudal fin erosion in pikeperch (Sander lucioperca) broodstock on different steps of semi-
artificial reproduction (groups described in Table 1)

Group name Sex

Male (%) Female (%)

NS24 2.5 ± 0.4 15.7 ± 3.5*
NS48 1.9 ± 0.6 23.8 ± 2.9*
SP24 0.7 ± 0.4 2.7 ± 0.6*
SP48 2.7 ± 1.1 2.3 ± 0.4

All values are presented as means ± SD

NS not separated, SP separated

*p < 0.05, significant levels observed
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Discussion

This study revealed differences in physiological response between pond-cultured males and
females with regard to nest spawning under controlled conditions of the RAS.

The hematological and biochemical profiles are often used for estimation of physiological
status and stress response in fish (Kusakabe et al. 2003; Noaksson et al. 2005; Ghosh and Joshi
2008; Westring et al. 2008; Milla et al. 2009; Sarameh et al. 2013; Falahatkar and Poursaeid
2014; Křišťan et al. 2014; Lepič et al. 2014; Svačina et al. 2016). The experimental design
elucidated crucial points of pikeperch reproduction for both males and females, considering
certain aspects of behavior, i.e., aggressive paternal behavior of males (Lappalainen et al.
2003), when fish were not separated after spawning completion. There is no investigation
about this aspect in pikeperch paternal behavior with regard to the controlled condition of
reproduction unit. Results from this study could serve for optimization of broodstock man-
agement procedures and for decreasing, or even eliminating, issues related to higher mortality
of outdoor-reared broodstock and thus minimizing costs needed for production (Zakęś and
Demska-Zakęś 2009; Zakęś et al. 2013).

In this study, strong and aggressive behavior of males drastically affected the physiological
status of the females. Our results are in line with other authors reporting higher sensitivity of
female pikeperch during reproduction (Rónyai 2007; Falahatkar and Poursaeid 2014;
Falahatkar et al. 2014; Sarameh et al. 2013; Ljubobratović et al. 2017). Falahatkar and
Poursaeid (2014) observed higher levels of cortisol in pikeperch females from control groups
as well as in response to the hormonal induction compared to the males. The highest values
were found in females treated with hCG. Similar pattern was found in our study, where both of
the sexes were treated with hCG and females exhibited higher cortisol levels in blood
compared to the males. However, due to the high variability, those differences were significant
only in a control group. The baseline of cortisol concentrations was in range as described by
Sarameh et al. (2013), although they were lower than those in juveniles reported by Falahatkar
et al. (2012), which could be explained by the age of pikeperch used for the investigation.

Changes in blood plasma cortisol levels with regard to maturation are common in fish (Milla
et al. 2009). Physiological changes occurring during the spawning period induced cortisol level
fluctuation. Furthermore, the literature validates the essential role of corticosteroids for regula-
tion of reproductive mechanisms (Cook et al. 1980; Pickering and Christie 1981; Bry 1985;
Kime and Dolben 1985; Andersen 2002; Milla et al. 2009). In this study, higher cortisol level in
the blood of females may not necessarily relate to stress alone but may stem from physiological
changes in the final stages of maturation (Andersen 2002). Current fish literature reports a broad
increase in blood cortisol levels during late maturation and spawning (Kusakabe et al. 2003;
Noaksson et al. 2005; Westring et al. 2008; Milla et al. 2009; Faught and Vijayan 2018).

In response to physiological stress, cortisol released in fish body induces both glycogenesis
and gluconeogenesis resulting in increased levels of GLU in the blood plasma which is directly
related to the energy metabolism (Ghosh and Joshi 2008; Milla et al. 2009). This study
observed consistently high levels of GLU in both males and females throughout the semi-
controlled reproduction procedure. The only significant decrease of GLU was found in females
from group SP24 that could indicate the positive effect of separation after spawning. Despite
the absence of significance, there was an overall tendency of higher levels of GLU in groups
NS24 and NS48 for both males and females. This could confirm that higher stress level was a
consequence of keeping male and female together and concomitant male aggressive behavior
(Lappalainen et al. 2003).
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There is a lack of information regarding Ca2+ metabolism in fish; however, an increase in
Ca2+ ion concentration is rather related to acute respiratory acidosis (Ghosh and Joshi 2008).
This combined with lower numbers of erythrocytes could lead to insufficient nutrient transport
and low tissue oxygenation with subsequent anemia (Nakayasu et al. 2002; Witeska 2015). In
this study, levels of Ca2+ were significantly higher in males that were not separated from the
females (NS48) after spawning and indicated higher movement activity in comparison to
separated fish.

Physiological stress is often combined with increased movement activity of the fish
(Thomas et al. 1999; Sarameh et al. 2013). Subsequent diminished oxygen availability leads
to an increase of LACT in the blood plasma (Omlin and Weber 2010; Svačina et al. 2016). In
this study, the higher LACT levels were found in males from group SP48, which is contra-
dictory to our observations of intensive movement of the males due to aggressive behavior.
The higher LACT level in separated males could be explained not only with increased
movement activity but also with the stimulation of anaerobic glycolysis or the reduction of
the lactate utilization rate (Omlin and Weber 2010). Apparently, concentration measurements
of LACT in this study are not enough to fully reveal the changes in fish body while direct
measurements of glycolytic flux would help to interpret results.

Significant differences were recorded in hematological parameters between fish that were
separated after spawning and those kept together. In this study, significant changes of MCV
were observed in both males and females which were not separated from each other after
spawning. This difference might indicate an osmoregulatory failure of blood cells, leading to
their deformation. Subsequently, insufficient function of these cells may lead to destruction of
erythrocytes and concomitant anemia (Nakayasu et al. 2002; Gomułka et al. 2015; Witeska
2015).

During the experiment, males from groups NS24 and NS48 exhibited a significantly higher
count of Leuko compare to groups SP24 and SP48. Our results are in line with Sarameh et al.
(2013) who observed a high count of Leuko in pikeperch broodstock exposed to handling and
different photoperiods. Observed changes of this parameter are more likely to be an outcome
of the stress that fish experienced during reproduction. From the other hand, consistently high
count of Leuko in female’s plasma could be a result of a general fragility of their immune
system during reproduction (Espelid et al. 1996; Bowden 2008).

Although there was no significant differences in Er count in females of any experimental
group, the separation had a positive effect on this parameter, and 48 h after spawning, the
numbers of Er count increased back to their at the beginning of the experiment (Table 2). This
normalization period may represent approximate time required for broodstock to restore their
physiological state.

Separation of females during semi-artificial reproduction under RAS conditions is a
necessary step with regard to fish welfare practices. During the semi-artificial reproduction
protocol, when limited space is available, females are often subjected to attack (Zakęś and
Demska-Zakęś 2009). When both sexes are kept together, they are likely to exhibit skin
damages caused by attacking, increasing vulnerability to infection and disease (Gomułka et al.
2007; Łuczyński et al. 2007; Rónyai 2007).

Despite the growing interest in pikeperch as a commercial fish species, there are only a few
studies concerning behavioral monitoring in the context of artificial and semi-artificial repro-
duction (Drasovean and Blidariu 2013; Grozea et al. 2016; Baekelandt et al. 2019). Over the
past decade, technology of digital recording has improved, significantly allowing behavioral
monitoring of aquatic organism at lower cost (Huse and Skiftesvik 1990; Lucas and Baras
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2000; Papadakis et al. 2012; Steen and Ski 2014). Although behavioral monitoring of fish is
widely used in aquaculture, these studies are still rare for pikeperch (Drasovean and Blidariu
2013; Grozea et al. 2016). Hence, this study was focused on paternal behavior of pikeperch
males and provided useful data necessary to understand the physiological changes occurring in
the bodies of pikeperch broodstock. Photo analyses indicated much higher fin damage levels in
females that were kept together with males after spawning compared to fish from other
experimental groups (Fig. 1). The effect of male aggressive behavior was reflected in some
of the hematological and biochemical parameters, while video recordings and photo analyses
made clear a necessity of separating females after spawning in limited area.

Developing techniques for behavioral monitoring will help to improve semi-artificial
reproduction protocol for pikeperch in terms of welfare. Remote monitoring systems are
currently used for aquaculture (Steen and Ski 2014; Kuklina et al. 2018) and are useful in
conditions when long-term observations are necessary or when human presence disturbs the
animals. Pikeperch spawning is accompanied with intensive movement of the fish around the
nest (Drasovean and Blidariu 2013). Using this system to determine intensive movements of
fish in the tank could serve as an alarm indicating necessary human involvement, which, in
case of this study, means separation of females immediately after spawning. Evaluation of fin
erosion level was previously used in the assessment of rearing condition for pikeperch
juveniles (Policar et al. 2016) and Eurasian perch (Perca fluviatilis; Stejskal et al. 2011) during
intensive culture. Adámek et al. (2007) used the same principle of digital photo analysis to
evaluate body injuries of fish that had escaped cormorant (Phalacrocorax carbo sinensis)
attacks. The approach in this study permitted significant improvements of broodstock health
status during reproduction and minimized, or even totally prevented, mortality after spawning.

Post-spawning losses of pikeperch broodstock is a common consequence of high sensitivity
to manipulation and stress during reproduction (Gomułka et al. 2007; Łuczyński et al. 2007;
Rónyai 2007; Zakęś and Demska-Zakęś 2009). Cortisol released in to the bloodstream
demonstrates immunosuppressive effect resulting in low effectivity of the immune system
(Witeska 2015). Without application of special treatments, subsequent mortality of broodstock
could reach 100% in several days after spawning (Policar et al. 2019). In this study, experi-
mental trials were stopped after occurrence of first mortality. A female died after being kept
with male for 48 h in one tank. Male’s protective behavior to the nest is well known, and in
limited space, females are often targeted which leads to various injures and a decrease in health
status (Zakęś and Demska-Zakęś 2009; Policar et al. 2019). In this study, relatively small-
volume tanks were used for the reproduction (350 l). It may be important to understand how
the volume of water and subsequent available space can affect aggressive behavior in male
pikeperch for a managerial point of view. Further research is needed to investigate the size of
the territory guarded by male pikeperch to enhance our understanding of reproduction
techniques and thereby improve broodstock management practices during reproduction in
controlled conditions.

Hematological and biochemical alterations are useful indicators for evaluating fish physi-
ological status; however, among pikeperch, these indices vary depending on age, maturation,
and general health status (Falahatkar et al. 2012; Křišťan et al. 2012; Sarameh et al. 2013;
Falahatkar and Poursaeid 2014). This study contributed to our understanding of semi-artificial
reproduction of pikeperch broodstock caught from natural environment, when fish are contin-
ually exposed to multiple stressors. Broodstock behavior monitoring allowed us to minimize
mortality after spawning by separating females, thereby significantly improving their physio-
logical status during reproduction. Semi-artificial reproduction is an effective and widely used
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protocol in pikeperch aquaculture (Blecha et al. 2016; Malinovskyi et al. 2018). This method
of reproduction results in high spawning success of broodstock and improved egg incubation,
thereby improving the hatching rate by about 72% (Blecha et al. 2016). Further investigations
focusing on physiological changes will improve our understanding of the stress response and
risks associated with reproduction. Investigation of ecological and behavioral features of
pikeperch species could be used to minimize negative consequences of reproduction in
captivity, including reducing broodstock mortality, and may dramatically improve the effec-
tiveness of broodstock management procedures.
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