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Summary 17 

The continuous production of large numbers of high quality gametes is essential for 18 

aquaculture, particularly in candidate species, such as pikeperch, Sander lucioperca (L.). The 19 

common practice of year-round reproduction is under suspicion  of inflicting adverse effects on 20 

the quality of the gametes through the disturbance of endogenous rhythms. We hypothesized 21 

that such perturbation does not affect RAS-reared F-generation broodstock. Reproductive 22 

performance (number of eggs) and gamete quality (fertilization and hatching rate) were 23 

assessed over the course of three years covering six independent, photothermal shifted 24 

spawning seasons in a commercial pikeperch hatchery (n = 31 egg batches of F-generation fish 25 

in total). No substantial differences in fertilization or hatching rates could be detected between 26 

the individual spawning seasons. Fecundity varied, but there are indications for a size effect on 27 

female fecundity with intermediate sized females producing higher number of eggs (~65 – 70 28 

cm). Low egg quality could be detected in batches of very large fish. In conclusion, size-29 

specific broodstock composition, but not year-round reproduction of F-generation pikeperch 30 

spawners affects the reproductive performance.  31 

 32 

Keywords: egg quality; fertilization; oocyte; out-of-season; sperm quality  33 
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1. Introduction 35 

The continuous production of large numbers of high quality gametes is essential for 36 

aquaculture and often constitutes the first major bottleneck, particularly in candidate species 37 

such as pikeperch, Sander lucioperca. Protocols for the reproduction of pikeperch in 38 

recirculating aquaculture systems (RAS) have been established, which are applied on a 39 

commercial level (Fontaine et al., 2015; Żarski et al., 2015). Through the photothermal control 40 

of sexual maturation and parallel rearing of several broodstocks, reproduction of pikeperch can 41 

be achieved in RAS at any given time of the year (Hermelink et al., 2011, 2013; Żarski et al., 42 

2015), with or without the use of hormone treatments (Müller-Belecke et al., 2008; Zakęś & 43 

Demska-Zakęś, 2005). Maturation is induced once per year in every broodstock, but the timing 44 

is shifted to achieve year-round supply of larvae. In contrast, these freshwater percids 45 

reproduce only during spring under natural conditions (Lappalainen et al., 2003). Still, similar 46 

to other emerging cultured fish, the reproductive performance (number of fertilized eggs, 47 

hatching success) is highly variable in pikeperch spawners and supply of stocking material is 48 

presently often insufficient and inconsistent (Overton et al., 2015; Schaerlinger & Żarski, 49 

2015). 50 

Various factors affecting the reproductive performance of fish in aquaculture have been 51 

identified, including fish size and condition, hormone treatment, broodstock nutrition or 52 

handling stress (Brooks et al., 1997; Izquierdo et al., 2001; Bobe & Labbé, 2010; Migaud et al., 53 

2013; Valdebenito et al., 2015). It is very likely that reproduction of pikeperch is similarly 54 

compromised by these factors, especially since this species has yet to overcome candidate 55 

status. For example, there are no species-specific broodstock diets available and selective 56 

breeding programs are just being launched.  While differences in gamete quantity and quality 57 

have been mainly attributed to broodstock rearing and maternal characteristics, it remains 58 
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unknown to what extent these parameters might change in response to a disturbance of 59 

endogenous rhythms. Similar to other species, the neuroendocrine regulation of reproduction in 60 

pikeperch is triggered by environmental factors, most importantly temperature and – to a 61 

certain extent – photoperiod (Hermelink et al., 2011, 2013). The regulation of environmental 62 

cues, as commonly practiced to achieve year-round spawning, may result in such a disturbance 63 

affecting the homeostasis (endocrine system, metabolism) and subsequently modulate the 64 

reproductive performance (Brooks et al., 1997; Schaerlinger & Żarski, 2015).  65 

Interestingly, knowledge of the consequences of this aquaculture practice on the 66 

reproductive performance is limited. Only a few studies comprehensively addressed the effects 67 

of year-round on egg quality in temperate fish species and this has yet not been evaluated in 68 

pikeperch. To date, studies on the effects of photothermal manipulation on gamete quality in 69 

pikeperch mainly addressed wild-caught broodstocks, which are adapted to the natural cycle 70 

(e.g., Khemis et al., 2014; Müller-Belecke et al., 2008; Zakęś & Demska-Zakęś, 2005). There 71 

are indications that shifting the reproductive season through such manipulation has adverse 72 

effects on the reproduction of wild fish, for example in Eurasian perch, Perca fluviatilis (Żarski 73 

et al., 2011). We hypothesized that year-round reproduction does not affect reproductive 74 

performance of RAS-hatched F-generation spawners, which are not adapted to a natural 75 

photothermal cycle, but rather to continuous high temperatures suppressing gonad maturation 76 

during grow-out (Hermelink et al., 2011, 2013). To gain insights from practice on how 77 

environmental manipulation affects broodstocks, this hypothesis was tested during routine 78 

reproduction at a commercial pikeperch farm. 79 

 80 

2. Materials and Methods 81 

2.1 Animal rearing and reproductive protocol 82 
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Four separated broodstocks (mixed sex) were kept on the site (AquaPri, Egtved, Denmark). 83 

Maturation was induced by wintering below 14 °C for 12 weeks and subsequent warming to 84 

∼16 °C to trigger ovulation and spermiation. Assessment of maturation stage and detection of 85 

ovulation in female spawners was monitored using the biopsy technique: several eggs were 86 

obtained form anaesthetized females (Kalmagin 20%; Centrovet, Santiago de Chile, Chile) 87 

using a catheter and were analyzed for the maturation stage (cf. Żarski et al., 2015). 88 

Reproduction was induced at different time points (spring, summer, fall, winter) once per year 89 

in each group in accordance with EU and National legislation for animal welfare in fish 90 

production with approximately three months time in-between the broodstocks (no hormone 91 

treatments applied). The applied photothermal protocol, broodstock feed (mix of commercial 92 

broodstock diets) and the handling personal did not differ in-between spawning periods. 93 

Spawners originate from grow-out facilities and were introduced to the broodstock prior to the 94 

previous reproduction period. They were allowed to acclimatize for one entire photothermal 95 

cycle prior to first stripping.  96 

 97 

2.2 Sampling and egg incubation 98 

Before stripping, the fish were anesthetized. The standard length (SL) of females was measured 99 

to the nearest cm and the number of eggs per females was calculated using egg counts of a 2 100 

mL subsample. A total of 31 egg batches of F-generation pikeperch (same genetic origin) were 101 

collected covering a total of six independent spawning periods (Summer 2013, S1, n = 6; 102 

Autumn 2013, S2, n = 5; Winter 2014, S3, n = 5; Summer 2014, S4, n = 7; Winter 2015, S5, n 103 

= 5; Spring 2015, S6, n = 3). Eggs were fertilized (dry) with freshly stripped sperm of one to 104 

three males (sperm activation visible).  After fertilization, eggs were transferred to Zug-jars and 105 

incubated (15 – 16 °C). Fifty 50 eggs were monitored in triplicates per batch 2 h after 106 
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fertilization and during hatching (from day 4 post-fertilization) for the determination of 107 

fertilization and hatching rates (%) using a Stereozoom IT-TR microscope (Gundlach, Harlev, 108 

Denmark). Female reproductive performance was assessed as total number of eggs and 109 

respective rates of fertilization and hatching. Fertilization rate was used as approximation to 110 

assess male reproductive performance.  111 

 112 

2.3 Data analysis 113 

Data are presented as mean ± standard deviation (SD). Groups of non-parametric data 114 

(Kolmogorov-Smirnov normality test) were compared with Kruskal-Wallis tests and Dunn’s 115 

post-hoc test. For the comparison of two paired non-parametric groups Wilcoxon matched-pairs 116 

test was carried out. Correlations were tested with Spearman’s (non-parametric data) 117 

correlation. Data analysis was performed with PRISM software (version 4.03; GraphPad, 118 

Irvine, CA, USA). Due to hatchery related working operations, not all performance parameters 119 

could be obtained in individual cases.  120 

 121 

3. Results 122 

Average number of eggs was 491.400 ± 161.609 per female ranging from 160.000 to 840.000 123 

eggs. Average fertilization rate was 90.2 ± 14.8% with a minimum of 40.0 and a maximum of 124 

100.0%. Hatching rates were 77.4 ± 5.7% on average ranging from 40.0 to 99.0% and were 125 

significantly lower than fertilization rates (Wilcoxon matched-pairs test; p < .0001).  Group 126 

comparison of the six different spawning periods observed showed no substantial differences in 127 

fertilization and hatching rates (Fig. 1). It needs to be noted that in spawning period S6 only 128 

two batches could be assessed until fertilization. Differences in the number of eggs per female 129 

were similarly marginal with only one season (S1) producing on average lower egg counts 130 
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compared to S2 and S3. The size composition of the broodstocks partially explained for these 131 

observations. Against our expectations, large females (> 70 cm) showed increased variability in 132 

reproductive performance and fecundity was not higher compared to intermediate sized fish 133 

(Fig. 2). While there were no significant differences in the size composition of the broodstocks 134 

(Kruskal-Wallis test: p = .69), the spawning periods S1 and S6 were strongly influenced by this 135 

pattern with large females (> 70 cm) producing comparably low number of eggs with variable 136 

quality. Consequently, correlation coefficients were negative for both, average fertilization 137 

(Spearman’s r = -0.45; p = .007) and hatching rates (Spearman’s r = -0.27; p = .077) versus 138 

female SL.  139 

 140 

4. Discussion 141 

Reproductive performance in terms of gamete quality was relatively high confirming good 142 

hatchery practice. Previous studies on embryo viability, assessed as survival at 72 h post-143 

fertilization or survival until the eyed stage, typically reported survival rates of ~50 to 80% on 144 

average in wild-caught pikeperch breeders (Müller-Belecke et al., 2008; Zakęś & Demska-145 

Zakęś, 2005; Żarski et al., 2012). These results seem comparable, since mortalities in pikeperch 146 

embryos mainly occur during early embryogenesis and not within 48 h prior to hatching 147 

(Schaefer et al., 2016). Similar to egg quality, high sperm quality was confirmed by fertilization 148 

rates. Fertilization success is commonly regarded as ultimate measure of sperm quality in fish 149 

(Rurangwa et al., 2004). Here, low fertilization success (< 50%) could only be observed in 150 

individual egg batches and it remains unknown whether these observations were caused by low 151 

sperm or egg quality. Despite the overall high observed gamete quality, there was quite a high 152 

variability especially in hatching rates and the number of eggs produced per female. In line 153 

with our hypothesis, this variability can not be attributed to adverse effects of year-round 154 
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reproduction. Consequently, there were no substantial adverse effects on the reproductive 155 

performance in-between the six spawning periods. Therefore, there seems to be no perturbation 156 

of endogenous rhythms affecting homeostasis in F-generation spawners, which were not 157 

adapted to a natural photothermal cycle.  158 

Rather than effects of year-round reproduction, the maternal size composition in the 159 

respective broodstock seems to affect variability in the female reproductive performance 160 

representing an optimum-driven relationship. Especially an intermediate fish SL (~65 to 70 cm) 161 

was associated with high and stable number and quality of eggs. In contrast, very large females 162 

above a size of 70 cm showed exhaustion effects, which are reflected in variable egg quality 163 

and in stagnating numbers of eggs per female. In fish below ~65 cm on the other hand, chances 164 

for low individual egg counts were higher. These findings contrast sharply with the common 165 

convincement that large spawners produce more eggs of higher quality, which is supported by 166 

numerous studies (Feiner & Höök, 2015) and is recognized for fisheries management 167 

(Birkeland & Dayton, 2005). In freshwater percids a similar positive relation of absolute 168 

fecundity and/or egg quality with female age and/or size was observed (Żivkov & Petrova, 169 

1993; Wiegand et al., 2004; Johnston et al., 2012). In pikeperch, however, the relative 170 

fecundity does not always show such a clear linear relationship. Similar to out observations, a 171 

decrease of fecundity above a female size of ~65 cm has been reported in some populations 172 

(Lappalainen et al., 2003). This might represent a species-specific pattern in pikeperch, which 173 

might affect population dynamics and fisheries management. It needs to be noted that age-174 

specific effects are masked in RAS, since spawner age is unknown and cannot easily be 175 

identified in isothermally reared fish. Here, F-generation spawners of very large lengths 176 

showed decreased reproductive performance, which may indicate that fast growth and 177 

reproduction are competitive traits.  178 
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Conclusively, it is recommended to focus hatchery efforts during year-round reproduction 179 

on intermediate sized F-generation females (65-70 cm). The results suggest that the inherent 180 

circadian rhythm is of negligible importance. These insights from hatchery practice present 181 

promising research perspectives in regard to selective breeding and the optimization of 182 

broodstock management.   183 
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Figure legends 256 

Fig. 1. Fertilization rates (A; n = 30), hatching rates (B; n = 29) and number of eggs (C; n = 30) 257 

of pikeperch egg batches during respective spawning periods. The horizontal lines indicate the 258 

mean values and whiskers indicate the standard deviation. Significant differences in-between 259 

individual spawning periods are indicated by brackets (Dunn’s multiple comparison: p < .05).  260 

 261 

Fig. 2. Number of eggs per female (A; n = 30) and fertilization (open circles; n = 30) and 262 

hatching rates (filled circles; n = 29) (B) versus standard length of female pikeperch for all six 263 

observed spawning periods.  264 

  265 
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