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Abstract: The study tested the effect of daily feed ration (DFR: 0.5%, 0.75%, 1.0%, 1.25%, and 1.5% of fish biomass)
on juvenile pikeperch (Sander lucioperca) with an initial body weight of 21.5 + 5.1 g and total length of 144.5 + 8.5 mm.
The pikeperch were fed floating feed at 8-hour intervals for a duration of 84 days. By the end of the experiment,
the group fed DFR of 1.5% exhibited the highest body weight (51.5 + 16.1 g) and total length (188.2 + 17.8 mm).
The weight heterogeneity, measured as the coefficient of variation (CV), ranged between 30.29 and 33.24%.
The specific heterogeneity rate (SHR) ranged from 304.44 to 334.94%o/day. The group with DFR of 1.0% exhibited
the highest degree of heterogeneity. Minor fin erosion was observed in the caudal fin by the end of the experiment.
No significant differences were revealed in selected biochemical parameters indicating the liver, spleen, and intes-
tinal function. All the fish tested were adequately fed, being provided sufficient nutrients for the proper growth
of pikeperch. The DFR of 1.5% was evaluated as the most favourable. This amount of feed supported a higher
number of values for Fulton’s coefficient (FC), specific growth rate (SGR), thermal growth rate (TGR), fish weight
heterogeneity, growth of total fish biomass (BG), and optimum level of biochemical parameters in blood plasma.
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Feeding is one of the most important aspects rate, and environmental conditions (Assan et al.
of aquaculture, as it significantly affects growth, 2021). Overfeeding can result in nutrient wastage
feed efficiency, and health status of fish (FAO 2022).  and reduced water quality, while underfeeding can
The amount of feed provided to fish is usually deter-  lead to growth retardation and decreased survival
mined based on the fish feeding behaviour, growth  (Robaina et al. 2019). Therefore, the optimal feed-
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ing rate determination is essential for maximizing
growth and minimizing feed wastage in aquacul-
ture (Lietal. 2022). The proper management of feed
is particularly critical in recirculating aquaculture
systems (RAS). Additionally, achieving optimal wa-
ter quality is integral to overall performance and
health of cultured organisms. Adapting the feed-
ing method to align with cultured fish physiologi-
cal and behavioural needs is crucial (Jobling et al.
1995; Policar et al. 2013). The growth and condition
of juvenile pikeperch (Sander lucioperca) in RAS
are affected by various factors, among which dai-
ly ration plays a crucial role (Schulz et al. 2005,
2007; Steinberg et al. 2018; Rahimnejad et al. 2021,
2023). Understanding the optimal feeding regime
is paramount for maximizing growth rates, ensur-
ing proper development, and maintaining overall
health in aquaculture production.

Numerous studies have investigated the feed-
ing behaviour and rates of pikeperch in ponds and
RAS (Ende et al. 2021; Kozlowski and Piotrowska
2023; Penka et al. 2023). However, there remains
a significant gap in our understanding of how vary-
ing feed rations impact on the growth and physi-
ological responses of juvenile pikeperch in RAS.
Previous research has primarily examined the ef-
fects of feeding rates on the growth performance
and feeding behaviour of pikeperch, with a par-
ticular focus on feeding frequency (Zakes et al.
2006; Penka et al. 2023) and the use of biculture
or polyculture in RAS (Thomas et al. 2020; Penka
etal. 2021; Thomas et al. 2022). It is crucial to con-
sider the interaction between feeding frequency
and feed quality, as these two factors collectively
influence not only the growth performance but also
the overall health and welfare of the fish (Penka
et al. 2023). While numerous studies have sought
to optimize feeding frequency (Zakes et al. 2006;
Wang et al. 2019; Penka et al. 2023), further inves-
tigation into this aspect, focusing on the precise
application of daily feed rates, is needed to ensure
a more comprehensive understanding of feeding
strategies in pikeperch culture.

The primary objective of the experiment was
to ascertain the most effective feeding rate tai-
lored to juvenile pikeperch within a recirculating
aquaculture system (RAS), examining the impact
of different feeding rates on their growth trajectory
and physiological responses. This research provides
valuable guidance for the development of efficient
feeding protocols.

MATERIAL AND METHODS
Ethical statement

The study was in compliance with Czech animal
welfare regulations and approved by the animal ethi-
cal panel at the Laboratory of Intensive Aquaculture
(LIA), a part of the University of South Bohemia,
Faculty of Fisheries and Protection of Waters
(USB FFPW) in Vodnany, Czech Republic. These
guidelines are in accordance with the prevailing
legislative regulations of the Czech Republic, spe-
cifically Act No. 166/1996 and No. 246/1992, and
they were approved by the Departmental Expert
Committee for the Authorization of Experimental
Projects of the Ministry of Education, Youth, and
Sports of the Czech Republic (Permit MSMT
4394/2017-2).

Experimental environmental conditions
and feed rations

The experiment was conducted in cylindri-
cal plastic tanks (of 88.5 cm in diameter, 62 cm
in height, and 380 litres in volume) for 84 days. These
tanks were connected to large-scale experimental
RAS at the University of South Bohemia, Faculty
of Fisheries and Protection of Waters at Vodnany,
Czech Republic. The light regime was set at 12 h
oflight and 12 h of darkness (6:00-18:00). The light
intensity of 7 lux on the water surface was measured
by the UNITEST 93514 luxmeter (Beha-Amprobe
GmbH, Glottertal, Germany). Water temperature
and dissolved oxygen content were measured three
times daily (at 7:00, 14:30 and 18:00 h) using a YSI
ProODO oximeter (YSI Inc., Yellow Springs, OH,
USA). Additionally, pH, ammonia, and nitrite
levels in the water were monitored once daily
throughout the 84-day experiment. The average
values were as follows: temperature: 21.5 + 8.7 °C;
dissolved oxygen saturation: 105 + 4.56%; pH:
7.14 £+ 0.173; ammonia: 0.371 + 0.281 mg/]; nitrite:
0.402 + 0.223 mg/1). Tanks were cleaned once daily
in the morning.

According to Penka et al. (2023), the fish were fed
by automatic feeders Imetronic (Pessac, France).
The feeding occurred three times daily (at 10:00,
18:00 and 02:00 h). The fish were given floating pel-
lets Skretting Europa F 15 (Stavanger, Norway; with
pellet size 2 mm). The feed composition included:
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55% crude protein, 16% crude fat, 0.7% crude fi-

bre, 9% crude ash, digestible energy of 19.4 M]J/kg.

In this way, five different feeding regimes were tested

as different Daily Feed Ration (DFR) of the total fish

biomass:

+ T0.5: The group fed DFR of 0.5% of the total fish
biomass.

» T0.75: The group fed DER of 0.75% of the total
fish biomass.

+ T1.0: The group fed DER of 1.0% of the total fish
biomass.

» T1.25: The group fed DFR of 1.25% of the total
fish biomass.

+ T1.5: The group fed DFR of 1.5% of the total fish
biomass.
Each feeding rate was tested in triplicate.

It means, in total 15 experimental units were used

during this study.

Experimental fish and data collection
for production assessment

Pikeperch juveniles, with an initial mean body
weight of 21.5 + 5.10 g, were produced by the com-
bination of pond and intensive aquaculture meth-
ods according to Policar et al. (2013, 2016) in LIA.
Each of the 15 experimental units was initially
stocked with 100 fish per tank, resulting in a den-
sity of 5.66 kg/m?3, Prior to their introduction into
the RAS, the fish had already been adapted to the
feed intake and the RAS conditions.

Daily monitoring of fish mortality (%) and feed
consumption was performed throughout the ex-
periment. Any uneaten pellet left on the water
surface or on bottom of tanks within 24 h was
collected and calculated to determine the exact
feed intake (and to determine the real feed con-
version ratio).

After a 28-day period, each tank was assessed
for weight; the current daily feed ration for each
tank was determined using a CAS PB 100/200 kg
scale (CAS Corporation, East Rutherford, NJ,
USA). These measurements of fish biomass were
done to the nearest 0.01 kg with the aim to update
tested DFR.

The biomass and number of fish in each tank were
determined at the beginning and at the end of the
experiment. Body weight (BW) and total length
(TL) were simultaneously determined for 50 fish
from each tank. BW was measured using a KERN
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PCB 1000-2 scale (Kern & Sohn GmbH, Balingen,
Germany), while TL in millimetres was measured
using a fish measuring board. These measure-
ments were used to determine growth parameters.
During the measurements, the fish were anaesthe-
tised using a tricaine mesylate solution (MS-222;
Sigma-Aldrich, St. Louis, MO, USA) at a concen-
tration of 80 mg/1 to minimize stress, following the
method described by Rozynski et al. (2018). The
collected data are presented as mean + standard
deviation (SD) and the following parameters were
calculated:

Coefficient of variation for body weight (%):
CV =100 x SD x BW~! (1)

Specific heterogeneity variation rate
(%o/day; Kestemont et al. 2000):
SHR = 100 x (In CV,-In CV,) x D! 2)

Fulton’s condition factor:
FC = 100 x BW x TL™3 (3)

Specific growth rate (%/day):

SGR = 100 x (In BW, — In BW,) x D! (4)

Thermal growth coefficient:

TGC (Jobling 2003) = 100 x (BW}/3 - (5)
- BW{?) x (T x D)™!

Feed conversion ratio:
FCR = TFC x (FB — IB) ! (6)

Feed ingestion rate (%):
FIR = 100 x FEA x TFC! (7)

Survival (%):
S =100 x (FN x IN1) 8)

Biomass gain (%):

BG = 100 x (FB — IB) x IB™! 9
where:

SD - standard deviation

BW - body weight (g);

CV, - coefficient of variation of BW;

CV,; - coefficient of variation of BW;

D — rearing period (days);

TL - total length (cm);
BW, - final body weight (g);
BW, - initial body weight (g);
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T — water temperature (°C);
TFC - total feed consumption (g);
FB - final fish biomass (g);

1B — initial fish biomass (g);
FEA - feed actually eaten (g);

FN - final number of fish (pcs);
IN - initial number of fish (pcs).

Data collection for the assessment of blood
biochemistry and organosomatic indices

For the purpose of determining blood biochemical
parameters, fish were randomly selected. Initially,
20 fish were chosen, and at the end of the experi-
ment, three fish were selected from each tank in the
test groups (for a total of 9 fish per group). Blood
was collected from the caudal vein using a sampling
material treated with heparin (Heparin inj. 5 000 IU/
ml, Leciva, Prague, Czech Republic). The blood was
then separated by centrifugation (at 1 073 x g for
10 min at 4 °C). The plasma samples were stored
at —80 °C until analysis.

For evaluation of the biochemical blood analysis,
the following parameters were selected: total pro-
tein (TP), albumin (ALB), globulin (GLB), amylase
(AMYL), lipase (LIPA), total cholesterol (TCHOL),
glucose (GLU), ammonia (NH;), triglyceride
(TAQG), alanine aminotransferase (ALT), aspartate
aminotransferase (AST). These parameters were
measured using the FUJI DRI-CHEM NX 500i
analyser (FUJIFILM Europe GmbH, Dusseldorf,
Germany).

After blood collection, the fish were used for the
determination of selected organs: liver, spleen, in-
ternal fat, gonads. These organs were collected and
weighed using the KERN PCB 1000-2 scale (Kern
& Sohn GmbH, Balingen, Germany). The following
organosomatic indices were calculated:

Hepatosomatic index:

HSI = 100 x (W, x BW™) (10)
Fatsomatic index:

FSI = 100 x (W, x BW™1) (11)
Spleen somatic index:

SSI = 100 x (W, x BW™) (12)
Gonadosomatic index:

GSI =100 x (W, x BW™) (13)

where:

W, - weight of fish liver (g);

W, — weight of fish visceral fat (g);
W
W, — weight of fish gonads (g);

g
BW - body weight (g).

— weight of fish spleen (g);

S

The fin conditions of every fish in each tank were
individually assessed in all used tanks by following
the methodology outlined by Policar et al. (2016).
The assessment of the fin condition was always per-
formed by the same person who analysed all fish fins.
This fin analysis included the left and right pecto-
ral fins, left and right ventral fins, first and second
dorsal fins, as well as the caudal and anal fins. The
levels of fin erosion were:

» Degree 0: No fin erosion, ranging from 0-5%
of the fin erosion.

» Degree 1: Minor damage, ranging from 6-30%
of the fin erosion.

+ Degree 2: Moderate damage, ranging from 31—

70% of the fin erosion.

» Degree 3: Severe damage, ranging from 7-100%
of the fin erosion.

Statistical analyses

All data were analysed using Statistica v14
(StatSoft Inc., Czech Republic). Prior to conduct-
ing the statistical analysis, several checks were
performed. The normality of the residuals was
assessed using the Shapiro-Wilk test, and the ho-
mogeneity of variance was examined by Levene’s
test. Additionally, data were evaluated for normal-
ity using the Kolmogorov-Smirnov test.

In each group, a two-way ANOVA was conducted
to explore the potential presence of a “tank effect”
among individual tanks. For statistical compari-
sons, analysis of variance (one-way ANOVA) was
performed, followed by Tukey’s honestly signifi-
cant difference test to detect possible differences
in biometric, production and biochemical data
at the statistically significant level (P < 0.05). In ad-
dition, correlation analyses were performed to de-
tect the strength of the linear relationships between
the variables in the dataset.

A linear regression function was used for the cor-
relation analyses with respect to the gradual increase
in feed intake and mean body weight (in grams) be-
tween treatments (T0.5-T1.5). The correlation was
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presented between the increase in mean body weight
and between treatments (T0.5-T1.5) on day 28, day
56 and day 84. The correlation between the number
of steps and the mean body weight increase was
calculated using Pearson’s correlation coefficients.

RESULTS

After conducting the 84-day test, significant dif-
ferences in fish production parameters (TL and
BW) were found between all pikeperch groups
(Table 1). The variability of the increase in the av-
erage body weight of the fish over the time of the
experiment also gradually increased the feeding
rate between the treatments (Figure 1). Figure 2
represents four graphs and their correlations be-
tween the treatments (T0.5-T1.5) and body weight

https://doi.org/10.17221/33/2024-CJAS

over 0, 28, 56 and 84 days of the experiment, when
there was a consistent increase in body weight
as the treatment time increased. Group T1.5 had
the highest production parameters compared
to the other tested groups. The weight heteroge-
neity at the end of the experiment (CV,) was higher
in Groups T0.75, T1.0, T1.25, T1.5 (CV, = 31.3-
33.2; SHR = 341-347%o/day) compared to Group
T0.5 (CV, = 30.3 £ 0.542; SHR = 338%0/day). FC
was significantly different for all test groups at the
end of the experiment. The highest FC values
were observed in the groups T1.25 (0.772 + 0.079)
and T1.5 (0.771 + 0.079), and the lowest FC val-
ues were found in Group T0.5 (0.660 + 0.082).
The highest SGR was determined in Group T1.5
(1.01 + 0.103%/day) and the lowest SGR value
in Group T0.5 (0.411 + 0.091%/day). Additionally,
the highest TGC was determined in Group T1.5

Table 1. Initial and final growth parameters (n = trireplicates) of pikeperch (Sander lucioperca) reared in the tank for
84 days using five different feeding rates of the total fish biomass (0.5% — T0.5, 0.75% — T0.75, 1.0% — T1.0, 1.25% —

T1.25,1.5% — T1.5)

0 2 S Q n - Ei

Parameters g g ; ;. ; << ;

A
iTL (mm) 145 + 8.67 144 + 8.40 144 + 8.30 144 + 8.97 146 +7.85  0.000  0.628
fTL (mm) 166 + 16.64 171 + 16.2%4 175 + 17.6° 182 + 16.4° 188 + 17.8* 0.171 < 0.001
iBW (g) 21.8 +3.75 21.5 + 3.78 21.1 + 3.76 21.7 + 3.78 22.1+355 0003  0.085
fBW (g) 30.5 + 9.24° 34.7 + 11.44 39.8 £ 13.2¢ 46.9 + 15.0° 51.5+16.1* 0.834 <0.001
CV, (%) 16.2 + 0.202 16.8 + 0.201 17.1 £ 0.211 18.0 +0.223 16.8 +0.214 0.006  0.380
CV, (%) 30.3+0.542°  32.8+0.664°  33.2+0.771° 32.0+0.867*°  31.3+0.942° 0.003  0.856
SHR (%o/day) 338 346 347 343 341 0.003  0.876
iFC 0.705+0.051  0.722 +0.052  0.708 £0.053  0.720 + 0.049  0.709 = 0.042 0.001  0.620
fEC 0.660 + 0.082¢ 0.711 + 0.076°  0.715+0.089°  0.772 + 0.079*  0.771 £ 0.079° 0.194 <0.001
SGR (%/day)  0.411 +0.091¢  0.546 + 0.059%¢ 0.732 + 0.058>°  0.959 + 0.093*®  1.01 + 0.103* 0.863 < 0.001
TGC (°C/day)  0.087 + 0.020¢ 0.118 £ 0.014%¢ 0.162 + 0.014>  0.220 + 0.024*" 0.234 + 0.029° 0.858 < 0.001
aFCR 1.50 + 0.163 1.43 +0.125 1.43 + 0.094 1.33 + 0.047 1.37+0.047 0.186  0.109
rFCR 1.20 + 0.253 1.19 + 0.229 1.19 + 0.103 1.04 £ 0.096  0.966 + 0.089 0.095  0.199
FIR (%) 100 £ 0.017°  98.8+0.837*  99.5 + 0.293? 95.8 + 2.89* 81.2+4.77° 0574  0.001
S (%) 99.8 + 0.162 99.8 + 0.272 99.6 + 0.387 100 99.7 +0.337 0.020  0.614
BG (%) 41.6 + 11.1° 58.4 + 7.87¢ 85.1 +9.18¢ 125 + 17.9°° 135 £20.0° 0.845 <0.001

2~¢Different letters in the same row indicate statistical differences (P < 0.05); Data are presented as mean + SD. Analysed

parameters are labelled with an 7* value that indicates the strength and direction of the correlation and P-value

aFCR = apparent feed conversion ratio; BG = biomass gain; BW = body weight; CV, = initial coefficient of weight variation;

CV, = final coefficient of weight variation; f = final; FC = Fulton’s condition factor; FIR = feed ingestion rate; I = initial;

rFCR = real feed conversion ratio; S = survival; SGR = specific growth rate; SHR = specific heterogeneity variation rate;
SL = standard length; TGC = thermal growth coefficient; TL = total length
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Figure 1. Boxplot graph of the body weight of juve-
nile pikeperch (Sander lucioperca) in five treatments
(0.5% - T0.5,0.75% — T0.75, 1.0% — T1.0, 1.25% — T1.25,
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illustrating variability and weight gain over time
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determined in Group T1.5 (135 + 20.0%) and the
lowest BG in Groups T0.5 (41.6 + 11.1%) and T0.75
(58.4 + 7.87%).

No significant differences were observed in HSI
(1.39-1.69) and FSI (1.79-2.73) in all tested groups
(Table 2). Additionally, significant differences
were observed within the tested groups in SSI.
The results indicated that Groups T0.75-T1.5 had
higher SSI (0.502-0.609) compared to Group T0.5
(0.323 £ 0.105). Conversely, significant differences
were observed for GSI, with the highest values de-
termined in Group T0.5 (0.745 + 0.317) and the low-
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Figure 2. Correlation between body weight and treatments (0.5% — T0.5, 0.75% — T0.75, 1.0% — T1.0, 1.25% — T1.25,

1.5% — T1.5) in time periods (0, 28, 56, 84 days)

Each graph is labelled with a linear regression equation and an R? value that indicates the strength and direction of the

correlation
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Table 2. Initial and final organosomatic parameters of pikeperch (Sander lucioperca) reared in the tank for 84 days
using five different feeding rates of the total fish biomass (0.5% — T0.5, 0.75% — T0.75, 1.0% — T1.0, 1.25% — T1.25,

1.5% — T1.5)

E 0 10 o 3 1 o E
Parameters ‘é g g [:' E: ; [~ ;

— o
HSI 1.72£0.242 1.62+0.709 1.39+0.609 1.61+0.676 1.69+0.828 1.43+0.805 0.000 0.922
FSI 555+213 1.79+1.19 1.85+0.75 2.49 + 0.85 2.73 +0.82 2.00+0.80  0.000 0.909
SSI 0.031 + 0.003 0.323 + 0.105" 0.502 + 0.184* 0.544 +0.118* 0.577 +0.144* 0.609 + 0.259° 0.192 0.003
GSI 0 0.745 + 0.317% 0.504 + 0.094* 0.444 + 0.252*P 0.381 + 0.315" 0.337 + 0.224> 0.139 0.042

Initial # = 20, final # = 45; **Different letters in the same row indicate statistical differences (P < 0.05); Data are pre-

sented as mean * SD. Analysed parameters are labelled with an R? value that indicates the strength and direction of the

correlation and P-value

FSI = fatsomatic index; GSI = gonadosomatic index; HSI = hepatosomatic index; SSI = spleen somatic index

Table 3. Initial and final biochemical parameters in the blood plasma of juvenile pikeperch (Sander lucioperca) reared
in the tank for 84 days using five different feeding rates of the total fish biomass (0.5% — T0.5, 0.75% — T0.75, 1.0% —

T1.0, 1.25% — T1.25, 1.5% — T1.5)

E 0 = 2 ] W “ E
Parameters E g g ; g ; (<4 E
TAG (mmol/l) 545+189 635+235 542+266 5.07+2.94 586 +£249 6.20+1.39 0.000 0.943
LIPA (pkat/l) 0.371 £ 0.051 0.477 + 0.173 0.372 + 0.051 0.449 + 0.185 0.410 + 0.043 0.381 £ 0.133 0.040 0.221
AMYL (pkat/l) 16.84 £2.30 124 +2.45 12.7 £+ 1.51 12.9 + 2.26 121+1.71 12.0+2.29 0.010 0.517
TP (g/l) 39.2+6.00 33.0+221> 350+221* 356+282* 36.0+3.40° 37.1+348 0.159 0.009
ALB (g/1) 543 +1.18 391+0.796 3.99+0.918 4.25+1.05 4.10 £ 0.903 4.16 + 0.651 0.009 0.539
GLB (g/l) 33.8+3.59 29.1+1.79® 31.0+159" 31.7+1.55*" 32.6+257* 33.0+3.07° 0.223 0.001
GLU (mmol/l) 9.79+5.82 4.76 +2.61 3.07+1.07 3.87+0.753 4.30+0.831 3.88+0.543 0.002 0.751
NH; (pmol/l) 827 + 108 962 + 219 1054 + 260 1085 + 191 1152+ 999 1165 +279  0.098 0.066
TCHOL (mmol/l) 4.60 + 0.806 3.64+0.946 4.20+0.911 4.27 +1.40 525+1.69 525+1.48 0.069 0.076
ALT (pkat/1) 0.817 £ 0.181 0.239 + 0.055 0.264 + 0.052 0.354 + 0.175 0.327 + 0.110 0.404 £ 0.226 0.119 0.027
AST (pkat/1) 3.47 £0.956 0.983 £0.307 1.39+0.423 1.45+0.604 1.41+0.637 1.68+0.922 0.077 0.011

Initial 7 = 20, final # = 45; **Different letters in the same row indicate statistical differences (P <0.05); Data are presented

as mean + SD

ALB = albumin; ALT = alanine aminotransferase; AMYL = amylase; AST = aspartate aminotransferase; GLB = globulin;
GLU = glucose; LIPA = lipase; NH; = ammonia; TAG = triglyceride; TCHOL = total cholesterol; TP = total protein

est GSI values in groups T1.25 (0.381 + 0.315) and
T1.5 (0.337 + 0.224). Furthermore, no significant
differences were revealed in all experimental units
for selected blood biochemical parameters (TAG,
LIPA, AMYL, ALB, GLU, NH,;, TCHOL, ALT, AST)
(Table 3). TP and GLB had a gradual upward tendency,
where the highest values were determined in groups
T1.25(TP =36.0+3.40g/l; GLB = 32.6 + 2.57 g/1) and
T1.5 (TP = 37.1 + 3.48 g/l; GLB = 33.0 + 3.07 g/l)
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and the lowest in Group T0.5 (TP =33.0 + 2.21 g/I;
GLB =29.1 + 1.79 g/l).

Our study observed a minor increase in damage
to the caudal fin (at the end of the experiment), es-
calating from degree O to 1, as depicted in Figure 3.
Almost all fish (99-100%) in each group exhibited
no damage (degree 0) to their pectoral fins (both
left and right), dorsal fins (both first and second),
anal fins, and caudal fin.
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Figure 3. Frequency of fin erosion in juvenile pikeperch (Sander lucioperca) (degree 1 to 3, with degree 3 indicating

the most severe damage according by Policar et al. 2016)

The assessment was conducted at the beginning (Initial) and at the end of an 84-day feeding test with five groups with
different daily feed rations (0.5% — T0.5, 0.75% — T0.75, 1.0% — T1.0, 1.25% — T1.25, 1.5% — T1.5)

DISCUSSION
Biometric parameters

In this experiment, significant differences were
found within the treatments tested, with the high-
est TL and BW values determined in Group T1.5
(TL =188 + 17.8 mm; BW = 51.5 + 16.1 g). There
was no significant “tank effect” between tanks

within all tested groups. Based on these results,
it can be concluded that the tested fish were able
to adapt themselves to all tested daily feed rations.
The lowest values of production parameters (FC,
SGR) were calculated in Group T0.5. However, the
highest values were calculated in Group T1.5 with
growth heterogeneity (SHR = 341%o/day).

The applied DFR limitation was found to be ap-
propriate based on previous studies. Zakes et al.
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(2003) used the lowest DFR (1.2-2.0%) for juve-
nile pikeperch with an initial body weight of 25 g.
Similarly, Zakes et al. (2006) used a DFR (0.8—
1.0%) for pikeperch (BW = 21 g). Previous stud-
ies on smaller pikeperch have suggested similar
trends in growth and required feed intake. These
results highlight that those higher fish densities
in intensive aquaculture can help reduce growth
heterogeneity and cannibalism among fish. In ad-
dition, limiting DFR was an appropriate practice,
consistent with previous studies where lower DFRs
were used for fish of similar body weight (Zakes
etal. 2003). In our study, the FC for all tested groups
ranged from 0.66 to 0.77 after 84 days of rearing.
This value is lower than those observed in previ-
ous studies, where comparable FC values were
reported for fish of similar body weight (Zakes
et al. 2003). SGR and FCR were consistent with
the results of previous studies (Zakes et al. 2003;
Zakes et al. 2006). The differences in these param-
eters were probably due to the age and body weight
of fish in each group (Wang et al. 2019). The tested
feeding regimes significantly affected the biomet-
ric parameters in pikeperch. Higher fish densities
in intensive aquaculture seem suitable to minimize
growth heterogeneity and cannibalism (Zakes et al.
2006; Policar et al. 2013). Optimal DFR is an effec-
tive strategy for optimizing the growth and per-
formance of fish (Schulz et al. 2005; Zakes et al.
2006; Schulz et al. 2007). In our study, the fish were
able to fully consume food at a DER of 1.5%. Using
higher DFR (2% and 2.5%) would result in greater
feed consumption. This could have a negative im-
pact on the local ecosystem as more unused feed
would enter the water. Too high DFR could cause
digestion problems and disturb the nutrient bal-
ance of the fish. This could lead to various health
problems such as digestive problems or overweight.
Additionally, excess feed may also cause increased
levels of ammonia and other waste products in the
rearing system (pond or RAS), which could lead
to further environmental problems (Abd El-Hack
2022). This could negatively affect water quality and
the overall health of the ecosystem (Lin et al.2022).

In this study, juvenile fish with higher SGR
(0.96—1.01%/day) were observed in Groups T1.25
and T1.5. This aligns with Penka et al. (2023), who
observed similar trends with the fixed DFR of 1%,
but with lower BW (SGR = 0.82-0.95%/day). Schulz
et al. (2005) achieved a higher SGR (1.37-1.45%/
day) using Sera fish oil-enriched feed at a high-
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er temperature of 22.6 °C. Ronyai and Csengeri
(20098) conducted an 18-week experiment with the
fish of average weight 84 + 19 g, achieving an SGR
0f1.07 £ 0.01%/day with DFR at 1.2%. Discrepancies
between our production data and those previously
published may be attributed to variations in tank
specifications, water quality, light regime, stock-
ing density, or the digestibility and quality of the
applied feed. These factors play a significant role
in influencing the performance of intensive aqua-
culture in percid fish, as emphasized by Melard
et al. (1996) and Policar et al. (2019).

This experiment demonstrates that the contrast
between real and apparent FCRs underscores their
significance. The apparent FCR is derived from the
designed feed consumption rate, while the real FCR
reflects the actual observed consumption. Notably,
the mean difference between these two metrics var-
ies across groups receiving different feeding rates
(T0.5-T1.5). For the first four groups (T0.5-T1.25),
this difference remains at 0.3 or lower, indicating
good agreement. However, in the group with the
highest feeding rate (T1.5), the mean difference
reaches 0.4, the highest among all groups. This find-
ing supports our approach, especially considering
that this group also had the highest leftover feed.
Leftover feed, a common occurrence in pikeperch
culture, provides valuable insights into assessing the
feasibility and optimizing feeding strategies (Zakes
et al. 2006; Wang et al. 2019; Penka et al. 2023).
If DFR increases, feed consumption and fish growth
efficiency increase proportionally. However, due
to the experimental design, which included only
limited feeding treatments (DFR = 0.5-1.5%) with
a linear increase in intake, a clear dose-response
calculation was performed to determine the op-
timal feeding level. After performing the correla-
tion analysis, valuable insights were provided into
the effect of increased DFR on the average body
weight of the fish. And DFR = 1.5% was determined
as suitable.

Physiology and fish condition

Several physiological and biochemical param-
eters were tested in different groups of fish, shed-
ding light on potential health implications. FSI was
higher in groups T1.25 and T1.5, compared to SSI,
which was lowest in treatment group T0.5. This
suggests that the initial assertion of not exceeding
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the maximal feeding rate may need to be reconsid-
ered. Essentially, the data indicate a negative health
trend in the group with the highest feeding rate,
underscoring the need for a correlation analysis.
It is important to note that the high FSI is not typi-
cally desired by farmers rearing pikeperch (Molnar
et al. 2006). Therefore, apart from health impli-
cations, FSI could also impact on the economic
feasibility of rearing. A significant observation was
the lack of substantial differences in HSI across all
tested groups. Other organosomatic parameters
in the groups (T0.75-T1.5) displayed higher SSI
due to spleen enlargement, with group T0.5 exhib-
iting the significantly lowest SSI. FSI values were
higher in groups T1.25 and T1.5, with the lowest
ESI observed in group T0.5. Generally, the enlarged
spleen in fish can be indicative of potential health
issues or problems related to inadequate nutrition
(Seppanen et al. 2009). GSI presented an inverse
trend, peaking in group T0.5, while the lowest val-
ues were found in groups T1.25 and T1.5. This ob-
servation could indicate a negative effect of higher
DER on the GSI. The amount of feed may affect
the reproductive performance of the fish, which
is an important factor in aquaculture (Izquierdo
et al. 2001; Torsabo et al. 2022).

Different feeding rates (0.5-1.5%) influenced the
concentration of plasma total protein (TP), with
values continuously increasing from the lowest
to the highest feed ration. Statistically significant
differences were found for the outlying groups.
When comparing TP in fish at the beginning of the
test with TP of fish from all treatments (T0.5-T1.5)
at the end of the test, higher values were observed
in fish at the beginning of the test. This could
be attributed to the natural growth of the fish that
achieved a higher level of nutrient digestion dur-
ing the 84 days of the experiment. Lower levels
of TP could indicate malnutrition or poor health,
as proteins are essential for growth and repair in or-
ganisms (El-Wahab et al. 2020; Yuan et al. 2023).
In the context of aquaculture, this could poten-
tially lead to slower growth rates and lower overall
yield, affecting the economic viability of the opera-
tion (Henriksson et al. 2021). In contrast, higher
TP levels, particularly those observed in groups
T1.25 and T1.5, could suggest that the fish receive
an adequate or excessive amount of feed. While this
may initially seem beneficial for growth, it could
also lead to health issues such as obesity or organ
damage if the protein intake is too high (Roh et al.

2020). Additionally, overfeeding can result in waste
accumulation and water quality degradation, which
can further affect fish health and survival (Abd EI-
Hack et al. 2022). Therefore, maintaining an opti-
mal TP level is crucial for ensuring the health and
growth of the fish, as well as the sustainability and
profitability of intensive aquaculture (Henriksson
et al. 2021). GLB and ALB parameters are closely
related to the TP parameter, and in our follow-up,
GLB had similar tendencies like TP, but ALB did
not indicate any statistical differences between the
groups at the end of the test. TP, ALB and GLB
corresponded to the values published for pikeperch
in good condition (Kolarova and Velisek 2012).
TAG was comparable with lipid metabolism,
which did not present any significant differenc-
es in all groups. However, we found higher val-
ues (5.07-6.35 mmol/l) in fish of all groups at the
beginning and end of the experiment compared
to the TAG values of the pond-based pikeperch
(1.75-4.20 mmol/l) published by Kolarova and
Velisek (2012). These differences in TAG values
are likely due to different farming methods (RAS
and pond culture) used in both groups of the pike-
perch in both studies. RAS-based pikeperch has
a higher lipid metabolism due to the higher fat
content in the artificial granules used (16%) com-
pared to the natural diet (zoobenthos or prey fish
with fat content 1-5%) of the pond-based pikeperch
(Policar et al. 2016). Lipase concentration (LIPA)
did not differ significantly between the groups
of fish with different feeding rates. LIPA was signifi-
cantly lower only when comparing the fish at the
beginning and end of the test with the daily feeding
rate of T0.5-T1.5. The same trend was observed
for amylase concentration (AMYL). Both enzymes
are involved in lipid metabolism and are closely
related to pancreatic activity, with an increase
in AMYL accompanied by an increase in LIPA.
GLU, NH3, and TCHOL concentrations indicate
the level of stress in fish. No significant differenc-
es were observed between the groups with different
daily feeding rates. The ammonia concentration
in the blood plasma of the RAS-based fish was
generally found lower (828-1 165 pmol/l) com-
pared to the ammonia level in the blood plasma
of pond-based fish (330-960 pmol/l) published
by Kolarova and Velisek (2012). This difference
could be due to the higher stress levels in pikeperch
or the lower water quality and higher ammonia
concentration in the water of each RAS compared
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to the pond. Therefore, while certain biochemical
parameters are related to the stress level in fish,
the feeding rate did not appear to influence these
stress markers significantly. Thanks to these ob-
servations, we can conclude that the RAS-based
pikeperch have a physiologically higher concen-
tration of ammonia in the blood plasma than the
pond-based pikeperch. This difference may be due
to the higher stress of pikeperch reared in the RAS.
The enclosed environment of RAS, while allow-
ing the better control of conditions, can also lead
to increased stress due to factors such as higher
fish density and less natural behaviour. This stress
can result in increased ammonia production as the
fish metabolism changes in response to the envi-
ronment. In contrast, pond-based pikeperch live
in a more natural and spacious environment, which
can be related with lower stress levels and thus
lower ammonia production. The water in ponds
is also naturally filtered through the ecosystem,
which can help maintain lower ammonia levels.
Therefore, while RAS offers advantages in terms
of control and efficiency, it is crucial to carefully
manage the system to minimize stress and main-
tain water quality, thereby ensuring the health and
well-being of the fish. Further research is needed
to optimize these systems and mitigate potential is-
sues related to ammonia accumulation. This could
include exploring different feeding strategies, im-
proving filtration systems, or investigating ways
to reduce stress in the fish. These efforts can help
make RAS a more sustainable and effective method
for pikeperch aquaculture.

By the end of the test, juvenile pikeperch reared
in RAS exhibited more fin erosion, particularly
in the caudal fins. Other fins such as pectoral,
ventral, dorsal, and anal fins suffered less damage
compared to the caudal fin. Compared to the pre-
vious study by Policar et al. (2016), these fins were
either minimally damaged or not damaged to the
same extent. In the study by Penka et al. (2023),
pikeperch fin erosion was lowest when fed at an op-
timal 8-hour interval. In conclusion, the caudal fin
appeared to be the most susceptible to fin erosion
in RAS-based pikeperch, and the feeding frequen-
cy did not significantly affect the rate of fin ero-
sion. Clayton et al. (1998) reported the fin erosion
in walleye (Stizostedion vitreum), where mechani-
cal injuries were caused by low light intensity and
they speculated on possible causes of fin erosion.
The main cause of fin erosion could be a bacterial
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disease (Bacillus columnaris), neither poor water
quality nor overstocking in tanks (Clayton et al.
1998). There is evidence that diet quality influ-
ences fin erosion in fish (Lellis and Barrows 2000;
Latremouille 2003). Feed manufacturers should
take responsibility for developing diets that reduce
fin erosion (Latremouille 2003). Future diet formu-
lation trials should include an assessment of fin
erosion and should not focus solely on growth rate
and cost (Ellis et al. 2008).

CONCLUSION

This study suggests that Group T1.5 (with
DER = 1.5%) optimizes growth and performance
in juvenile pikeperch, potentially enhancing yield
and profitability in intensive aquaculture. It was
observed that DFRs exceeding this level could lead
to health issues such as organ damage or malnutri-
tion. These health issues could, in turn, negatively
impact on the economic viability of the aquacul-
ture operation due to their effects on water quality
and waste management. Therefore, it is crucial
to balance the benefits of commercial growth with
the fish welfare. This conclusion is well-suited for
a research journal, as it summarizes the findings
of the study and provides a clear direction for
future research and practice in the field of aqua-
culture.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Abd El-Hack ME, El-Saadony MT, Nader MM, Salem HM,
El-Tahan AM, Soliman SM, Khafaga AF. Effect of envi-
ronmental factors on growth performance of Nile tilapia
(Oreochromis niloticus). Int ] Biometeorol. 2022 Aug 4;
66(11):2183-94.

Assan D, Huang Y, Mustapha UF, Addah MN, Li G, Chen H.
Fish feed intake, feeding behavior, and the physiological
response of apelin to fasting and refeeding. Front Endo-
crinol. 2021 Dec 15;12:798903.

Clayton RD, Stevenson TL, Summerfelt RC. Fin erosion
in intensively cultured walleyes and hybrid walleyes. The
Progressive Fish-Culturist. 1998 Jan 13;60(2):114-18.



Czech Journal of Animal Science, 69, 2024 (6): 230-242

Original Paper

https://doi.org/10.17221/33/2024-CJAS

Ellis T, Oidtmann B, St-Hilaire S, Turnbull JF, North BP. Mac-
Intyre CM, Nikolaidis J, Hoyle I, Kestin SC, Knowles TG.
Fin erosion in farmed fish. In: Branson EJ, editors. Fish Wel-
fare. Oxford, UK: Blackwell Publishing; 2008. p. 121-49.

El-Wahab AA, Visscher C, Teitge F, Steinhagen D. Choice
preference of diets with different protein levels depend-
ing on water temperature in Nile tilapia. ] World Aquac
Soc. 2020 Jan 7;51:512-26.

Ende SSW, Larceva E, Bogner M, Lugert V, Slater MJ,
Henjes J. Low turbidity in recirculating aquaculture sys-
tems (RAS) reduces feeding behavior and increases
stress-related physiological parameters in pikeperch
(Sander lucioperca) during grow-out. Transl Anim Sci.
2021 Dec 7;5(4):1-10.

FAO. The State of World Fisheries and Aquaculture 2022.
Towards Blue Transformation. In Brief to The State
of World Fisheries and Aquaculture 2022. 2022; 266 p.

Henriksson PJG, Troell M, Banks LK, Belton B, Beveridge
MCM, Klinger DH, Pelletier N, Phillips MJ, Tran N. In-
terventions for improving the productivity and environ-
mental performance of global aquaculture for future food
security. One Earth. 2021 Sep 17;4(9):1220-32.

Izquierdo MS, Fernandez-Palacios H, Tacon AG]J. Effect
of broodstock nutrition on reproductive performance
of fish. Aquaculture. 2001 Dec;197(1-4):25-42.

Jobling M. The thermal growth coefficient (TGC) model
of fish growth: A cautionary note. Aquac Res. 2003
May 28;34(7):581-4.

Jobling M, Arnesen AM, Baardvik BM, Christiansen JS,
Jorgensen EH. Monitoring feeding behaviour and food
intake: Methods and applications. Aquac Nutr. 1995
May 18;1(3):131-43.

Kestemont P, Cuvier A, Houbart M, Melard C, Baras E,
Fontaine P, Jourdan S, Gardeur JN, Anthouard M, Bou-
jard T, Kentouri M, Paspatis M, Ducarme C. An inte-
grated study of interindividual competition and its
relationships with feeding physiology and behaviour
in culture predatory fish. FAIR CT96-1572, final report,
Facultes Universitaires Notre-Dame de la Paix, Namur,
Belgium; 2000 Mar 3; 118 p.

Kolarova J, Velisek J. Stanoveni a vyhodnoceni biochem-
ickeho profilu krve ryb [Determination and evaluation
of the biochemical profile of fish blood]. Edition of Me-
thodics (Certified technology). Vodnany: University
of South Bohemia in Ceske Budejovice, Faculty of Fisher-
ies and Protection of Water; 2012. 54 p. Edition of Me-
thodics (Certified technology). Czech.

Kozlowski M, Piotrowska I. Effect of stocking density
on growth, survival and cannibalism of juvenile pike-
perch, Sander lucioperca (L.), in a recirculating aquacul-
ture system. Aquac Int. 2023 Nov 15;32(3):1-9.

Kozlowski M, Zakes Z, Szczepkowski M, Wunderlich K,
Piotrowska I, Szczepkowska B. Impact of light intensity
on the results of rearing juvenile pikeperch, Sander lu-
cioperca (L.), in recirculating aquaculture systems. Arch
Pol Fish. 2010 May 15;18(2):77-84.

Latremouille DN. Fin erosion in aquaculture and natural en-
vironments. Rev Fish Sci Aquac. 2003 Mar 21;11(4):315-35.

Lellis W, Barrows F. Effect of dietary ingredient substitution
on dorsal fin erosion of steelhead. N Am ] Aquacult. 2000
Apr 7;62:135-8.

Li H, Chatzifotis S, Lian G, Duan Y, Li D, Chen T. Mecha-
nistic model based optimization of feeding practices
in aquaculture. Aquac Eng. 2022 Mar 18;97:102245.

Lin L, Yang H, Xu X. Effects of water pollution on human
health and disease heterogeneity: A review. Front Environ
Sci. 2022 Jun 9;10:880246.

Melard C, Kestemont P, Grignard, JC. Biotic and abiotic
factors on growth. Survival. 1996 Jul 15;12:175-80.

Molnar T, Szabo A, Szabo G, Szabo C, Hancz C. Effect
of different dietary fat content and fat type on the growth
and body composition of intensively reared pikeperch
Sander lucioperca (L.). Aquac Nutr. 2006 Jan 5;12:173-82.

Penka T, Malinovskyi O, Imentai A, Kolarova J, Kucera V,
Policar T. Evaluation of different feeding frequencies
in RAS-based juvenile pikeperch (Sander lucioperca)
aquaculture. Aquaculture. 2023 Jan 13;562:738815.

Penka T, Malinovskyi O, Kristan J, Imentai A, Policar T.
Effect of density and mixed culture of largemouth bass
(Micropterus salmoides) and pikeperch (Sander lucio-
perca) on growth, survival and feed conversion rate in in-
tensive culture. Czech J Anim. 2021 Sep 7;66(10):
428-40.

Policar T, Blecha M, Kristan J, Mraz J, Velisek J, Stara A,
Stejskal V, Malinovskyi O, Svacina P, Samarin, AM. Com-
parison of production efficiency and quality of differently
cultured pikeperch (Sander lucioperca L.) juveniles
as a valuable product for ongrowing culture. Aquac Int.
2016 Aug 4;24(6):1607-26.

Policar T, Schaefer FJ, Panana E, Meyer S, Teerlinck S,
Toner D, Zarski D. Recent progress in European percid
fish culture production technology — Tackling bottle-
necks. Aquac Int. 2019 Jul 9;27(5):1151-74.

Policar T, Stejskal V, Kristan ], Podhorec P, Svinger V,
Blaha M. The effect of fish size and stocking density
on the weaning success of pond-cultured pikeperch
Sander lucioperca L. juveniles. Aquac Int. 2013 Jul 11;
21(4):869-82.

Rahimnejad S, Leclercq E, Malinovskyi O, Penka T,
Kolarova J, Policar T. Effects of yeast hydrolysate sup-
plementation in low-fish meal diets for pikeperch. Ani-
mal. 2023 May 26;17:100870.

241



Original Paper

Czech Journal of Animal Science, 69, 2024 (6): 230-242

Rahimnejad S, Dabrowski K, Izquierdo M, Hematyar N,
Imentai A, Steinbach C, Policar T. Effects of vitamin C
and E supplementation on growth, fatty acid composition,
innate immunity, and antioxidant capacity of rainbow
trout (Oncorhynchus mykiss) fed oxidized fish oil. Front
Mar Sci. 2021 Oct 12;8:760587.

Robaina L, Pirhonen J, Mente E, Sanchez J, Goosen N. Fish
diets in aquaponics. In: Goddek S, Joyce A, Kotzen B,
Burnell GM, editors. Aquaponics food production sys-
tems. Cham, Germany: Springer; 2019. p. 333-52.

Roh H, Park J, Kim A, Kim N, Lee Y, Kim BS, Vijayan J,
Lee MK, Park CI, Kim DH. Overfeeding-induced obesity
could cause potential immune-physiological disorders
in rainbow trout (Oncorhynchus mykiss). Animals. 2020
Aug 25;10(9):1499.

Ronyai A, Csengeri I. Effect of feeding regime and tem-
perature on ongrowing results of pikeperch (Sander lu-
cioperca L.). Aquac Res. 2008 Jun;39(8):820-7.

Rozynski M, Hopko M, Stawecki K, Zakes Z. Impact of fish
size, water temperature, and MS-222 concentration on in-
ducing general anesthesia in pikeperch (Sander lu-
cioperca). Aquac Res. 2018 May 9;49(8):2774-81.

Schulz C, Bohm M, Wirth M, Rennert B. Effect of dietary
protein on growth, feed conversion, body composition
and survival of pike perch fingerlings (Sander lucioperca).
Aquac Nutr. 2007 Aug 20;13:373-80.

Schulz C, Huber M, Ogunji J, Rennert B. Effects of varying
dietary protein to lipid ratios on growth performance and
body composition of juvenile pike perch (Sander lu-
cioperca). Aquac Nutr. 2005 Jan 22;11(6):403-13.

Seppanen E, Kuukka H, Voutilainen A, Huuskonen H, Peu-
hkuri N. Metabolic depression and spleen and liver en-
largement in juvenile Arctic charr Salvelinus alpinus
exposed to chronic parasite infection. J Fish Biol. 2009
Oct 29;74(3):553-61.

Steinberg K, Zimmermann J, Meyer S, Schulz C. Start-up
of recirculating aquaculture systems: How do water ex-
change rates influence pikeperch (Sander lucioperca) and
water composition? Aquac Eng. 2018 Oct 30;83(2018):
151-9.

242

https://doi.org/10.17221/33/2024-CJAS

Thomas M, Lecocq T, Abregal C, Nahon S, Aubin J, Jae-
ger C, Wilfart A, Schaeffer L, Ledore Y, Puillet L, Pas-
quet A. The effects of polyculture on behaviour and
production of pikeperch in recirculation systems. Aquac
Rep. 2020 Jul 1;17: [6].

Thomas M, Amoussou N, El Manfaloti M, Fleck C, Ledore Y,
Pasquet A, Lecocq T. All species matter: Comprehensive
analysis of polyculture consequences on pikeperch
(Sander lucioperca), sterlet (Acipenser ruthenus) and
tench (Tinca tinca) in recirculated aquaculture system.
Aquaculture. 2022 May 29;559:7384.38.

Torsabo D, Ishak SD, Noordin NM, Koh ICC, Abduh MY,
Iber BT, Kuah MK, Abol-Munafi AB. Enhancing repro-
ductive performance of freshwater finfish species through
dietary lipids. Aquac Nutr. 2022 Nov 28;2022(1):7138012.

Wang D, Yao H, Li YH, Xu YJ, Ma XF, Wang HP. Global
diversity and genetic landscape of natural populations
and hatchery stocks of largemouth bass micropterus
salmoides across American and Asian regions. Sci Rep.
2019 Nov 13;9(1):16697.

Yuan H, Song W, Tan ], Zheng Y, Wang H, Shi L, Zhang S.
The Effects of dietary protein level on the growth per-
formance, body composition, intestinal digestion and
microbiota of Litopenaeus vannamei fed Chlorella soro-
kiniana as the main protein source. Animals 2023
Sep 10;13(18):2881

Zakes Z, Szkudlarek M, Wozniak M, Demska-Zakes K, Cz-
erniak S. Effects of feeding regimes on growth, within-
group weight variability, and chemical composition of the
juvenile zander, Sander lucioperca (L.), body. Electron
J Po Agric Univ. 2003;6(1):1-9.

Zakes Z, Kowalska A, Czerniak S, Demska-Zakes K. Effect
of feeding frequency on growth and size variation in ju-
venile pikeperch, Sander lucioperca (L.). Czech ] Anim.
2006 Feb 26;51(2):85-91.

Received: March 1, 2024
Accepted: June 6, 2024
Published online: June 26, 2024



	_Hlk67484827
	_Hlk163125758
	_Hlk163126353
	_Hlk121214241
	_Hlk128578477
	_Hlk163109195
	_Hlk163109590
	_Hlk163111358
	_Hlk163116113
	_Hlk163025452
	_Hlk162939822

