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Abstract
The effect of different feed rations on RAS-based pikeperch juveniles’ growth parameters 
was studied. Juvenile pikeperch were reared in three separate experiments (I, II, and III) at 
a temperature of 24 °C with initial body weights of the fish at 1.3, 9.4, and 25.6 g, respec-
tively. Four applied feed rations increased by 0.5% in each experiment: 3.0, 3.5, 4.0, and 
4.5% of body weight per day (BW day−1) in experiment I; 2.0, 2.5, 3.0, and 3.5% BW day−1 
in experiment II; 1.0, 1.5, 2.0, and 2.5% BW day−1 in experiment III. Each experiment in 
triplicates lasted 28 days. The fish were reared in tanks with working volumes of 1.0 m3 
each. All experiments were performed in the same recirculating aquaculture system. The 
stocking density in experiments I, II, and III was 800, 400, and 200 individuals per tank, 
respectively. The results of experiment I showed the highest specific growth rate (SGR), 
weight gain (WG), and biomass gain at the feed ration of 4.5% BW day−1 (P < 0.05). In 
experiment II, feed ration from 2.5 to 3.5% BW day−1 showed the highest final weight 
(P < 0.05). In experimental III, feed ration of 2.0 and 2.5% BW day−1 showed the highest 
final weight, SGR, and WG (P < 0.05). Only in experiment III, based on SGR and WG, 
second-order polynomial regression showed that the optimal feed ration for pikeperch was 
2.35–2.39% BW day−1.
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Introduction

Pikeperch, Sander lucioperca (Linnaeus), is a predatory fish of the family Percidae that is 
common in the waters of parts of Europe and Asia (Kottelat and Freyhof 2007; Kestemont 
et al. 2015). This fish is popular among consumers for its good quality meat, high protein 
and low-fat contents, and its small number of intermuscular bones (Jankowska et al. 2003; 
Tönißen et al. 2022). Consumer demand for pikeperch is mainly met by commercial fisher-
ies and pond aquaculture. Evidence of the demand and expansion of this species is that, in 
the years 2011–2021, global commercial fisheries pikeperch catches grew from approxi-
mately 17,000 to 23,000 tons and global pikeperch inland aquaculture production increased 
from 787 to 1992 tons (FAO 2023). In some European countries, the popularity of pike-
perch has resulted in the increased intensification of commercial aquaculture production at 
facilities with recirculating aquaculture systems (RAS) (Policar et al. 2019).

The growth of cultured fishes depends on many factors, including temperature (Desai 
and Singh 2009; Swirplies et  al. 2019), feed composition (Nyina-wamwiza et  al. 2005; 
Schulz et  al. 2008; Bochert 2022), stocking density (Liu et  al. 2019; Kozłowski and 
Piotrowska 2023), and feeding frequency (Zakęś et al. 2006;  Pěnka et al. 2023). In aqua-
culture, the amount of feed provided to fish is the most important since it significantly 
influences growth parameters and feeding efficiency (Cho et al. 2006; Zheng et al. 2015; 
Ahmed 2018). However, there is little information about optimal feed rations for juvenile 
pikeperch (Zakęś et  al. 2003; Bódis and Bercsényi 2009; Kozłowski et  al. 2018). Inap-
propriate amounts of feed provided for cultured species can lead to poor growth, malnutri-
tion, size variation, increased aggression, and cannibalism (Dwyer et al. 2002; Fiogbé and 
Kestemont 2003; Kim et al. 2021). Moreover, excessive feed can lead to overloaded diges-
tive systems, undesirable fat accumulation in tissues, and large increases in the quantity of 
excrement and unconsumed food that can deteriorate water quality (Du et al. 2006, Abbas 
and Siddiqui 2009, Mizanur and Bai 2014, Baloi et al. 2017). Feeds account for 30 to 70% 
of total production costs, depending on the species, and have a significant impact on the 
economic effectiveness of fish production (Gunther et al. 1992, Rad et al. 2003, Cho et al. 
2006, Ahmed 2010, Luo et al. 2015, Zheng et al. 2015, Oyarzún et al. 2019, Hassan et al. 
2021). Both underfeeding and overfeeding of cultured fishes cause stress and/or disease or 
mortality affecting the quality of the final product (López-Olmeda et al. 2012). Therefore, 
optimizing feeding rates is crucial to achieve the best growth results at the lowest possible 
production costs (Abbas and Siddiqui 2009, Desai and Singh 2009; Ahmed 2010; Okorie 
et al. 2013; Zheng et al. 2015, Kim et al. 2021).

Therefore, the aim of the study was to assess the effect of different feeding rates on 
growth parameters and to determine the optimal feed ration for juvenile pikeperch reared in 
three different size groups in a RAS (initial mean body weight 1.3, 9.4, and 25.6 g).

Materials and methods

Rearing conditions and experimental design

The study material was juvenile pikeperch obtained from artificial spawning (Zakęś 2013) 
and initial rearing at the Department of Sturgeon Breeding in Pieczarki of the National 
Inland Fisheries Research Institute in Olsztyn, Poland. Three separate experiments (I, II, 
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III) were conducted on fish of different initial body weights (1.3, 9.4, and 25.6 g). In exper-
iment I (64 days post-hatch (DPH)), the average pikeperch body weight was 1.3 ± 0.0 g, 
and body length was 5.1 ± 0.1 cm. In experiment II (100 DPH), the body weight of pike-
perch was 9.4 ± 0.2 g and its body length was 8.9 ± 0.0 cm. In experiment III (130 DPH), 
the body weight of pikeperch was 25.6 ± 0.2  g and its body length was 12.6 ± 0.1  cm 
(Table 1). Each group was conducted in triplicate. The fish were reared in 12 tanks with 
working volumes of 1.0 m3 each (1.2 m × 1.2 m × 0.7 m). All experiments were performed 
in the same RAS with specification described in previous work (Kozłowski and Piotrowska 
2023). The photoperiod applied during the experiments was 24 h light at an intensity of 
4  lx. The stocking density of each of the experiments was determined based on a previ-
ous study (Kozłowski and Piotrowska 2023). In each part of the study, four experimental 
groups were reared to test the different feed rations, as follows:

•	 Experiment I: Group S3, feed ration 3.0% body weight (BW) day−1; Group S3.5, feed 
ration 3.5% BW day−1; Group S4, feed ration 4.0% BW day−1; Group S4.5, feed ration 
4.5% BW day−1;

•	 Experiment II: Group M2, feed ration 2.0% BW day−1; Group M2.5, feed ration 2.5% 
BW day−1; Group M3, feed ration 3.0% BW day−1; Group M3.5, feed ration 3.5% BW 
day−1;

•	 Experiment III: Group L1, feed ration 1.0% BW day−1; Group L1.5, feed ration 1.5% 
BW day−1; Group L2, feed ration 2.0% BW day−1; Group L2.5, feed ration 2.5% BW 
day−1.

The pellet size of feed for different fish sizes in the three experiments was determined 
based on the results of a previous study (Kozłowski et al. 2021). The fish were fed com-
mercial sinking feed manufactured by Aller Aqua (Denmark). Thalassa Ex GR 0.9–1.6 mm 
was used in experiment I; Thalassa Ex GR 1.3–2.0 mm was used in experiment II; and 
Thalassa Ex GR 1.6–2.4 mm was used in experiment III. All of the feeds contained 54% 
protein, 15% fat, and 8.5% carbohydrates. The feeds were delivered by automated band 
feeders (Fischtechnik GmbH, Germany) for 18 h day−1.

Physical and chemical analyses of water

Water flow in the rearing tanks was maintained at a constant 12 l min−1. Water temperature 
was measured daily and maintained at a constant level of 24  °C. Oxygen concentration 

Table 1   Initial characteristics of pikeperch juveniles at the beginning of three separate experiments. Data of 
body weights and lengths are presented as mean ± SD

Abbreviations: DPH day post-hatch

Experiment Body weight (g) Body length (cm) Age (DPH) Fish number 
per tank

Stocking 
density (kg 
m−3)

I 1.3 ± 0.0 5.1 ± 0.1 64 800 1.04
II 9.4 ± 0.2 8.9 ± 0.0 100 400 3.76
III 25.6 ± 0.2 12.6 ± 0.1 130 200 5.12
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at tank outflows was higher than 6.8 mg O2 l−1, and the water pH was 7.5–7.8. Measure-
ments of these parameters were taken with a Cyber Scan 5500 (Eutech Instruments, USA). 
Total ammonia nitrogen (TAN = NH4

+-N + NH3-N) at the tank outflows did not exceed 
0.30 mg l−1, and the nitrite contents did not exceed 0.15 mg NO2- l−1. These parameters 
were determined with a Thermo Aquamate Plus UV–Vis spectrophotometer (Thermo Sci-
entific, England).

Data collection and statistical analyses

The biomass and the number of fish in each tank were determined separately in each tank 
at the beginning and the end of each of the three experiments (I, II, and III). Additionally, 
on days 1, 7, 14, 21, and 28 of the experiments, body weight (BW), total length (TL), and 
body length (BL) were measured for 50 specimens from each tank to determine growth 
parameters and the weekly feed ration. Before the measurements, the fish were anesthetized 
with a solution of Propiscin (active ingredient etomidate) at a concentration of 0.8 ml l−1 
water. Fish mortality was monitored and recorded daily. The following parameters were 
calculated from these data: specific growth rate: SGR (% d−1) = 100 × (ln BW2 − ln 
BW1) × T−1; feed conversion ratio, FCR = TFC × (FB − IB)−1; protein efficiency ratio 
PER = (FB – IB) × PI−1, feed efficiency FE (%) = 100 × (FB – IB)/TFC; condition factor, 
K = 100 × BW × BL−3, coefficient of variation for body weight, CV (%) = 100 × SD × BW−1; 
survival, S (%) = 100 (FN IN−1); weight gain WG (%) = 100 × (BW2 – BW1) × BW1

−1; and 
biomass gain, BG (%) = 100 × (FB − IB) × IB−1, where BW1 is the initial body weight (g), 
BW2 is the final body weight (g), BW is the body weight (g), T is the rearing period (days), 
BL is the body length (cm), SD is the body weight standard deviation, IB is the initial fish 
biomass (g), FB is the final fish biomass (g), IN is the initial number of fish (individuals), 
FN is the final number of fish (individuals), TFC is the total feed consumption (g), and PI 
is protein intake.

Mean values and standard deviations (SD) are presented. The normality of parameter 
distribution was tested by the Shapiro–Wilk test and, to confirm the homogeneity of vari-
ance, Levene’s test. The data expressed in percentages were arcsin transformed before the 
statistical analysis. Data were compared using one-way ANOVA. The significance of dif-
ferences was estimated using a post hoc HSD Tukey test (P < 0.05). Analyses were per-
formed using STATISTICA 12 PL software (StatSoft, Poland). The optimum feed rate was 
determined by the specific growth rate (SGR) and weight gain (WG) using a second-order 
polynomial regression.

Results

The results of the study showed that in experiment I, the feed ration of 4.5% BW day−1 
differed significantly from the feed ration of 3.5% BW day−1 for SGR and WG (P < 0.05). 
Feed efficiency and protein efficiency ratio decreased as feed ration increased from 3.0 to 
4.5% BW day−1 (Table 2, P < 0.05). Survival was highest at feed rations from 4.5 to 3.5% 
BW day−1 and differed statistically from the feed ration of 3% BW day−1 (P < 0.05). The 
biomass gain achieved the highest value at a feed ration of 4.0–4.5% day−1 and differed 
statistically from groups S3 and S3.5 (P < 0.05).

In experiment II, the lowest final weight and the highest CV of pikeperch were achieved 
at the lowest feed ration of 2.0% BW day−1 which differed significantly from the other feed 
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rations (P < 0.05). The lowest feed conversion ratio was recorded at the feed ration of 2.0% 
BW day−1, which differed statistically from the feed rations of 3.0 and 3.5% BW day−1 
(P < 0.05). Feed efficiency and PER decreased as feed rations increased from 2.0 to 3.5% 
BW day−1 (Table 3, P < 0.05).

In experiment III, the highest final weight, SGR, and WG were noted at the feed ration of 
2.0 and 2.5% BW day−1, which differed statistically from the other feed rations (P < 0.05). 
Total length, body length, and BG at feed rations of 2.0 and 2.5% BW day−1 were also 

Table 2   Growth parameters (n = 3 replicates) of pikeperch juveniles (initial body weight of 1.3 g) fed with 
different feed rations in experiment I (S3, 3.0% BW day−1; S3.5, 3.5% BW day−1; S4.0, 4% BW day−1; S4.5, 
4.5% BW day−1)

All data are expressed as mean ± SD. Values marked with different letters show significant differences 
(P < 0.05) based on analysis of variance followed by using a post hoc HSD Tukey test

Parameter Group S3 Group S3.5 Group S4 Group S4.5

Final weight (g) 6.9 ± 1.0a 6.5 ± 0.5a 6.8 ± 0.1a 7.7 ± 0.5a

Total length (TL, cm) 9.0 ± 0.5a 9.2 ± 0.4a 9.1 ± 0.2a 9.5 ± 0.2a

Body length (BL, cm) 7.9 ± 0.4a 8.0 ± 0.2a 7.8 ± 0.1a 8.2 ± 0.2a

Specific growth rate (SGR, % d−1) 5.80 ± 0.35ab 5.66 ± 0.14b 5.79 ± 0.10ab 6.29 ± 0.23a

Feed conversion ratio (FCR) 0.73 ± 0.03a 0.75 ± 0.01a 0.80 ± 0.06a 0.79 ± 0.06a

Protein efficiency ratio (PER) 2.53 ± 0.11a 2.48 ± 0.04a 2.31 ± 0.16a 2.35 ± 0.18a

Feed efficiency (FE, %) 136.5 ± 5.8a 133.9 ± 2.3a 124.7 ± 8.9a 126.7 ± 9.5a

Condition factor (K) 1.32 ± 0.01a 1.32 ± 0.04a 1.34 ± 0.07a 1.33 ± 0.03a

Body weight variation coefficient (CV, %) 38.7 ± 5.3a 50.9 ± 0.8a 54.7 ± 7.0a 44.4 ± 8.7a

Survival (S, %) 65.0 ± 2.7b 75.4 ± 1.8a 77.9 ± 2.5a 79.2 ± 4.8a

Weight gain (WG, %) 409.2 ± 51.9ab 387.6 ± 18.8b 406.3 ± 14.2ab 482.4 ± 37.3a

Biomass gain (BG, %) 330.1 ± 25.4b 367.5 ± 13.0b 394.0 ± 3.1a 460.0 ± 12.6a

Table 3   Growth parameters (n = 3 replicates) of pikeperch juveniles (initial body weight of 9.4 g) fed with 
different feed rations in experiment II (M2, 2.0% BW day−1; M2.5, 2.5% BW day−1; M3, 3.0% BW day−1; 
M3.5, 3.5% BW day−1)

All data are expressed as mean ± SD. Values marked with different letters show significant differences 
(P < 0.05) based on analysis of variance followed by using a post hoc HSD Tukey test

Parameter Group M2 Group M2.5 Group M3 Group M3.5

Final weight (g) 20.8 ± 1.7b 23.4 ± 0.7a 23.5 ± 0.8a 23.8 ± 1.0a

Total length (TL, cm) 14.2 ± 0.2a 13.9 ± 0.3a 14.6 ± 0.4a 14.3 ± 0.2a

Body length (BL, cm) 12.2 ± 0.1a 12.0 ± 0.3a 12.6 ± 0.4a 12.4 ± 0.2a

Specific growth rate (SGR, % d−1) 2.94 ± 0.30a 3.22 ± 0.10a 3.24 ± 0.15a 3.26 ± 0.19a

Feed conversion ratio (FCR) 0.70 ± 0.03a 0.77 ± 0.03ab 0.98 ± 0.17b 1.28 ± 0.02c

Protein efficiency ratio (PER) 2.64 ± 0.10a 2.41 ± 0.10a 1.93 ± 0.31b 1.40 ± 0.12c

Feed efficiency (FE, %) 142.6 ± 5.6a 130.3 ± 5.6a 104.5 ± 16.8b 78.1 ± 4.2c

Condition factor (K) 1.30 ± 0.02a 1.35 ± 0.03a 1.31 ± 0.01a 1.33 ± 0.02a

Body weight variation coefficient (CV, %) 44.5 ± 5.0b 32.0 ± 2.3a 32.3 ± 2.3a 28.9 ± 5.8a

Survival (S, %) 95.9 ± 3.3a 96.8 ± 2.0a 95.3 ± 5.1a 87.6 ± 3.9a

Weight gain (WG, %) 128.3 ± 19.0a 146.5 ± 7.0a 147.6 ± 10.5a 149.5 ± 12.9a

Biomass gain (BG, %) 218.6 ± 10.9a 238.4 ± 2.7a 236.4 ± 22.2a 218.3 ± 6.6a
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statistically higher than those of fish fed with the feed ration of 1% BW day−1 (P < 0.05). 
The feed conversion ratio was the lowest at a feed ration of 1.0 and 1.5% BW day−1 and dif-
fered statistically from group L2.5 (P < 0.05). Feed efficiency and PER decreased as feed 
rations increased from 1.0 to 2.5% BW day−1 (Table 4, P < 0.05). Statistically, the differ-
ences in condition factor between the feed ration of 1% BW day−1 and other feed rations 
were significant (P < 0.05).

Statistical analysis (second-degree polynomial regression), based on SGR and WG, 
showed that the optimum feed ration for pikeperch was found at 2.35–2.39% BW day−1 
only in experiment III (P < 0.05, Fig. 1).

Discussion

In the present study, SGR values in all experiments increased with increasing levels of 
feeding. The highest SGR values were noted when the highest feed rations were applied 
(4.5%, 3.5%, and 2.5% BW day−1 in experiments I, II, and III, respectively), and these 
corresponded to the results of previous studies of pikeperch (Zakęś et  al. 2003; Rónyai 
and Csengeri 2008; Kozłowski et al. 2018). The results of the present study were also con-
sistent with those regarding other fish species, such as Dicentrarchus labrax (Linnaeus) 
(Eroldoğan et al. 2004), Paralichthys olivaceus (Temminck & Schlegel) (Cho et al. 2006), 
Sebastes schlegeli (Hilgendorf) (Mizanur and Bai 2014), Sardinella brasiliensis (Stein-
dachner) (Baloi et al. 2017) , and Siniperca scherzer (Steindachner) (Kim et al. 2021). 

The results of the current study showed that in all experiments, the lowest FCR values 
were noted with the lower feed rations, which is consistent with previous results observed 
in pikeperch reared in pond cages (Bódis and Bercsényi 2009). Studies conducted on Cir-
rhinus mrigala (Hamilton) (Khan et  al. 2004), Labeo rohita (Hamilton) (Ahmed 2007), 
Heteropneustes fossilis (Bloch) (Ahmed 2010), Oncorhynchus mykiss (Walbaum) (Ahmed 
2018), Schizothorax zarudnyi (Nikolskii) (Barani et  al. 2019), Eleginops maclovinus 

Table 4   Growth parameters (n = 3 replicates) of pikeperch juveniles (initial body weight of 25.6 g) fed with 
different feed rations in experiment III (L1, 1.0% BW day−1; L1.5, 1.5% BW day−1; L2, 2.0% BW day−1; 
L2.5, 2.5% BW day−1)

All data are expressed as mean ± SD. Values marked with different letters show significant differences 
(P < 0.05) based on analysis of variance followed by using a post hoc HSD Tukey test

Parameter Group L1 Group L1.5 Group L2 Group L2.5

Final weight ( g) 36.5 ± 0.9c 42.9 ± 1.1b 47.8 ± 0.7a 47.6 ± 0.4a

Total length (TL, cm) 16.7 ± 0.2b 17.3 ± 0.3a 17.7 ± 0.1a 17.7 ± 0.1a

Body length (BL, cm) 14.5 ± 0.2b 15.0 ± 0.2ab 15.4 ± 0.1a 15.4 ± 0.1a

Specific growth rate (SGR, % d−1) 1.25 ± 0.10c 1.87 ± 0.07b 2.21 ± 0.12a 2.26 ± 0.05a

Feed conversion ratio (FCR) 0.81 ± 0.07a 0.88 ± 0.10a 0.96 ± 0.10ab 1.21 ± 0.15b

Protein efficiency ratio (PER) 2.31 ± 0.22a 2.12 ± 0.25a 1.94 ± 0.20ab 1.54 ± 0.18b

Feed efficiency (FE, %) 124.5 ± 12.1a 114.2 ± 13.3a 104.8 ± 10.6ab 83.3 ± 9.8b

Condition factor (K) 1.20 ± 0.01b 1.29 ± 0.02a 1.30 ± 0.01a 1.30 ± 0.02a

Body weight variation coefficient (CV, %) 29.7 ± 1.0a 28.1 ± 2.1a 27.8 ± 6.3a 29.2 ± 7.3a

Survival (S, %) 99.0 ± 1.3a 94.8 ± 3.0a 95.7 ± 2.5a 94.7 ± 4.2a

Weight gain (WG, %) 41.8 ± 3.9c 68.9 ± 3.5b 85.6 ± 6.4a 88.2 ± 2.8a

Biomass gain (BG, %) 140.3 ± 3.9b 160.1 ± 8.4ab 177.6 ± 8.5a 178.2 ± 9.6a
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(Cuvier) (Oyarzún et al. 2019), and Lates calcarifer (Bloch) (Hassan et al. 2021) showed 
that FCR values initially decreased and then increased with an increase in feed rations. At 
feed excess, the food passes through the digestive tract much more slowly, which impedes 
efficient digestion (Van Ham et al. 2003; Mizanur and Bai 2014; Baloi et al. 2017). There-
fore, it is crucial to provide less feed than required for optimal feed ration while providing 
sufficient food for growth to reduce feed costs and water pollution (Dwyer et al. 2002; Cho 
et al. 2006).

Fig. 1   Relationship between feed ration and specific growth rate (a) and weight gain (b). The optimum feed 
ration for juvenile pikeperch was estimated based on the second-order polynomial regression analysis in 
experimental III (initial body weight of 25.6 g, n = 3)
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The protein efficiency ratio (PER) of pikeperch fed different feed rations in the cur-
rent study exhibited a decreasing trend with increasing feed rations. The maximum values 
were obtained with feed rations 3.0, 2.0, and 1.0% BW day−1 in experiments I, II, and III, 
respectively. These data are consistent with the results of studies of Lutjanus argentimacu-
latus (Forsskål) (Abbas and Siddiqui  2009) and Cyprinus carpio (Linnaeus) (Desai and 
Singh 2009). Other studies reported that PER values increased to a certain level of feeding 
but then decreased as feed rations were increased for Cirrhinus mrigala (Khan et al. 2004), 
Heteropneustes fossilis (Ahmed 2010), Oncorhynchus mykiss (Ahmed 2018), Schizothorax 
zarudnyi (Barani et al. 2019), Lates calcarifer (Hassan et al. 2021), and Siniperca scherzeri 
(Kim et al. 2021).

FE values always increase with increasing feed rations when the level of feeding is 
below the feed ration of fish. However, FE values decrease with increasing feed rations 
when the feeding level exceeds the optimal value for fish (Mihelakakis et  al. 2002; 
Eroldoğan et al. 2004; Kim et al. 2021). In the current study, the highest FE was attained at 
the lowest feed rations (3, 2, and 1% BW day−1 in experiments I, II, and III, respectively), 
while this value decreased with increasing feed rations. Similar observations were reported 
for Mystus nemurus (Valenciennes) (Ng et al. 2000), Ctenopharyngodon idella (Valenci-
ennes) (Du et al. 2006), Cyprinus carpio (Desai and Singh 2009), and Paralichthys oliva-
ceus (Okorie et al. 2013). Probably, the minimal feed ration in the current study exceeded 
the living ration level for juvenile pikeperch that in groups S3, M2, and L1 still gained 
body weight at 409.2, 128.3, and 41.8%, respectively. Under restricted feeding conditions, 
fish growth decreases and FE values improve because fishes have the tendency to optimize 
digestion to better exploit the nutritional components of feed (Meyer-Burgdorff et al. 1989; 
Zoccarato et al. 1994; Van Ham et al. 2003).

The coefficient of body weight variation (CV) is used to identify changes in size that 
are caused by the effects of competition or hierarchy. CV values increase in fish popula-
tions in which the growth of some individuals is inhibited by the effects of competition 
or hierarchy (Jobling 1993, Jobling and Koskela 1996). In the current study, CV values 
did not differ significantly among the groups studied in experiment I, although the values 
of this parameter ranged from 38.7 to 54.7. The lack of a significant effect stemmed from 
the wide range of CV values among the replicates in each of the experiments, which is 
consistent with the results of Zakęś et al. (2003). In experiment II, the lowest feed ration 
(2% BW day−1) caused an increase in CV values in this group compared to the groups in 
which smaller feed rations were applied. In experiment III, the CV values were stable in all 
the groups although the fish in the groups fed different feed rations exhibited significantly 
different growth. Similar results were obtained for Sparus aurata (Linnaeus) (Mihelakakis 
et al. 2002), Limanda ferruginea (Storer) (Puvanendran et al. 2003), Scophthalmus maxi-
mus (Linnaeus) (Van Ham et al. 2003), and pikeperch (Kozłowski et al. 2018).

The feed rations significantly influenced the survival of the pikeperch only in experi-
ment I in which the smallest pikeperch individuals were used. The significantly lower 
survival of juvenile pikeperch fed the feed ration of 3% BW day−1 was likely caused by 
the occurrence of higher cannibalism in this group, evidence of which was the lowest CV 
value. This could be explained by the fact that in this group, the smallest fish were preyed 
upon most frequently. This is confirmed by the pikeperch in this group obtaining the same 
SGR value and final weight as the group in which the feed ration applied was 4% BW 
day−1. Additionally, in all of the experiments, fish were observed to jump out of the tanks, 
which made it impossible to confirm cannibalism. This reaction was probably caused by 
the light intensity being too low. Every change in lighting and every time a staff member 
approached the tanks caused stress among the pikeperch, which resulted in fish losses. The 
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presence of service staff near the tanks when the band feeder was delivering feed often 
caused feed losses because the pikeperch moved to the bottom of the tanks and ceased 
feeding. Steenfeldt et al. (2010) reported similar observations during pikeperch rearing.

Condition factor (CF) is used frequently to assess the nutritional status of fish since it 
is quick and easy to determine, and it provides information about the physiological state of 
fish (Ng et al. 2000, Eroldoğan et al. 2004, Abbas and Siddiqui 2009). In the current study, 
no significant differences in CF values were noted in experiments I or II. Similarly, no dif-
ferences in CF were noted for Dicentrarchus labrax reared in both salt and fresh waters 
(Eroldoğan et al. 2004), Paralichthys olivaceus (Cho et al. 2006), and Acipenser dabryanus 
(Duméril) (He et  al. 2023). In experiment III, no differences were noted among fish-fed 
feed rations of 1.5 to 2.5% BW day−1, which suggests that pikeperch from these groups 
received appropriate nutrition. However, when feed ration 1.0% BW day−1 was applied, 
lower CF values were noted, which indicated that the ration was suboptimal. Zakęś et al. 
(2003) reported similar results for pikeperch with an initial body weight of approximately 
25 g that were fed a feed ration of 1.2% BW day−1. Lower CF values could have resulted 
from the utilization of the lipids in the intestines and the liver to meet energy and growth 
requirements (Du et al. 2006). Similar differences in fish condition indices fed suboptimal 
and optimal feed rations were noted for Mystus nemurus (Ng et  al. 2000) and Lutjanus 
argentimaculatus (Abbas and Siddiqui 2009). In addition, increases in feed rations influ-
enced CF values, which was consistent with previous reports on Sparus aurata (Mihelaka-
kis et al. 2002), Lates calcarifer (Hassan et al. 2021), and Siniperca scherzeri (Kim et al. 
2021).

The optimal feed ration for the maximum growth of fish differs depending on the fish 
species, size, and growth conditions (Mizanur and Bai 2014; Hassan et al. 2021; Kim 
et al. 2021). The optimal feed ration was determined based on second-degree polyno-
mial regression analysis for SGR and WG and amounted to 2.35–2.39% BW day−1 for 
25.6 g pikeperch. Recommended optimal feed rations for other fish species show a wide 
range of results obtained for similar groups of fish. For example, optimal feed rations 
for 2.6 g of Dicentrarchus labrax was 3.0–3.5% BW day−1 (Eroldoğan et al. 2004), for 
27.1  g Lutjanus argentimaculatus was 2.5 BW day−1 (Abbas and Siddiqui 2009), for 
3.1  g Heteropneustes fossilis was 4.0–4.5% BW day−1 (Ahmed 2010), for 5 and 20  g 
Paralichthys olivaceus was 5.1% and 3.4% BW day−1, respectively (Okorie et al. 2013), 
for 5 and 16 g Sebastes schlegeli was 4.48–4.83% and 3.34–3.75 BW day−1, respectively 
(Mizanur and Bai 2014), for 1.69 g Sardinella brasiliensis was 5.45 BW day−1 (Barani 
et al. 2019), for 1.42 g Oncorhynchus mykiss was 4.60–5.30% BW day−1 (Ahmed 2018), 
for 2.17  g Schizothorax zarudnyi was 4.9–5.2% BW day−1 (Barani et  al. 2019), for 
5.47 g Lates calcarifer was 6.5% BW day−1 (Hassan et  al. 2021), and for 18.4 g Sin-
iperca scherzeri was 1.88–2.80% BW day−1 (Kim et al. 2021).

Differences between the results of this study and those of others could stem from dif-
ferences in fish size, experimental conditions, and methodology. Many factors affect fish 
growth, including feed composition, temperature, stocking density, feeding frequency, light 
intensity, and water quality (Ng et al. 2000; Fiogbé and Kestemont 2003; Eroldoğan et al. 
2004; Ahmed 2018). Similarly to many other teleost fishes, the maximum pikeperch SGR 
values decreased as body weight increased from 6.29% day−1 (initial body weight of 1.3 g) 
to 2.26% day−1 (initial body weight of 25.6  g). This decrease in maximum growth rate 
associated with fish size was confirmed for Perca fluviatilis (Linnaeus) (Fiogbé and Keste-
mont 2003), Paralichthys olivaceus (Okorie et al. 2013), and Acipenser medirostris (Ayres) 
(Zheng et  al. 2015). Since the current study only assessed feed rations, it remains to be 
determined whether optimizing other variables, such as temperature, feed composition, and 
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frequency of feeding in combination with feed ration, could increase juvenile pikeperch 
growth. This is why the current experiment was conducted at a temperature (Rónyai and 
Csengeri 2008; Dalsgaard et al. 2013; Swirplies et al. 2019) and with a feed composition 
(Nyina-Wamwiza et  al. 2005; Schulz et  al. 2008) and a feeding frequency (Zakęś et  al. 
2006; Pěnka et al. 2023) that were determined to be optimal for this species. In the current 
experiment, these conditions were continuous feeding with a feed containing 54% protein, 
15% fat, and 8.5% carbohydrates at a temperature of 24 °C.

To summarize, the results of the study indicated that under the same experimental con-
ditions, the highest SGR values were noted with the highest feed rations. The lowest FCR 
occurred when the lowest feed ration was applied, while PER and FE values decreased 
with the increasing feed rations. One-way ANOVA of growth performance indicated that 
the optimum feeding rates could be 4.0–4.5, 2.5–3.5, and 2.0–2.5% BW day−1 for juvenile 
pikeperch with an initial body weight of 1.3, 9.4, and 25.6 g, respectively. A second-order 
polynomial regression based on SGR and WG indicated that the optimum feed ration for 
pikeperch of initial body weight was 2.35–2.39% BW day−1. The results of this study pro-
vide important information for pikeperch farmers to achieve the best growth and feed effi-
ciency, preventing water quality deterioration as a result of overfeeding and consequently 
reducing production costs.
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