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Abstract: This study is focused on the comparison of production efficiency (growth, survival, and development)
and economic evaluation of large-scale larvae culture in pikeperch (Sander lucioperca) using Artemia (Group A)
compared to using rotifers and the subsequent combination of rotifers and Artemia (Group R) as a first exogenous
feed following weaning and intensive culture of juveniles. Both experimental groups were stocked with the same
initial density (100 pcs per litre) of larvae at 4 days post hatching (DPH). Each group was cultured in triplicate until
65 DPH. Assessed parameters included FBW (final body weight), FTL (final total length), SGR (specific growth
rate), SR (survival rate), CR (cannibalism rate), SBI (swim bladder inflation rate), and TDR (total deformity rate).
Production costs were confronted with total number of all produced and high-quality juveniles to determine the
cost per one juvenile. Juveniles in Group A displayed more rapid growth (significantly higher FBW, FTL and SGR).
On the other hand, parameters concerning quality of the fish (SBI, SR, Share of high quality juveniles and TDR)
were significantly higher in Group R. Statistical difference in CR also benefits Group R. Production of bigger share
of high-quality juveniles in Group R decreased overall production cost per one high-quality juvenile by 59.7%,
from 0.72 EUR in Group A to 0.29 EUR in Group R. Use of established feeding protocols confirmed significant
production and economic improvements in pikeperch larvae culture and production of high-quality juveniles.
Even though the price of rotifer cultivation significantly exceeded the price of Artemia purchase and cultivation,
the production cost of high-quality pikeperch juveniles significantly decreased.
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Pikeperch (Sander lucioperca) has been used for ket profitability (Overton et al. 2015). Fully grown
the diversification of inland aquaculture due to its  marketable-sized pikeperch is highly demanded
high-quality flesh, fast growth, and overall mar- by the gastronomy industry and the angling com-
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munity (Policar et al. 2019). However, most of its
production comes from fishing in open waters,
while the share of an RAS-cultured (Recirculating
Aquaculture System) pikeperch is minor (Penka
et al. 2023). During the last two decades, this
species was subjected to an extensive scientific
research in Central (Czech Republic, Hungary,
Poland) and Western Europe (Belgium, France,
Germany, Switzerland) (Policar et al. 2019). Larvae
culture remains the biggest bottleneck due to low
effectiveness, high mortality rates, and deformi-
ties of larvae, resulting in high production costs
of pikeperch (Imentai et al. 2022). Several published
studies aimed at optimizing larval culture focused
on the improvement of growth, fish condition,
survival rate, elimination of cannibalism, decreas-
ing of the deformity rates and avoiding the point
of no return (Kestemont et al. 2007; Imentai et al.
2019a, b; 2020; Colchen et al. 2020; Yanes-Roca
et al. 2022). Today, the issue has not been adequate-
ly solved, and the highest mortality occurs during
the introduction of exogenous food sources. This
issue is caused by the small mouth diameter and
underdeveloped digestive tract of pikeperch larvae
(Yanes-Roca et al. 2018). Therefore, the presence
of suitable live feed at the beginning of exogenous
feeding is one of the key factors for successful lar-
val culture. The benefits of the euryhaline rotifer
Brachionus plicatilis for small and primitive larvae
and their controlled culture and production has
been well documented and proven in marine aq-
uaculture in the last 45 years (Yuifera et al. 1993).
Therefore, the same species of rotifers was recently
used to tackle the issues associated with pikeperch
larvae culture, and rotifers were introduced as the
first exogenous live feed (Yanes-Roca et al. 2018).
B. plicatilis are suitable for inland aquaculture for
several reasons: (i) they are easy to culture and pro-
duce, (ii) they are approximately about 100 pm and
are therefore acceptable for small larvae, (iii) they
are slow swimmers easily hunted by the larvae, (iv)
they can survive and be motile in low-salinity water
(2—4%o) for a sufficient time period, and (v) they
meet the first nutritional requirements of larvae,
including complements of enzymes for the diges-
tive system of underdeveloped larvae (Imentai et al.
2019a; 2020). A study published by Yanes-Roca
et al. (2018) described the efficiency of B. plicatilis
combined with Artemia salina as a primary first
live feed for pikeperch larvae. Otherwise, knowl-
edge of the application of rotifers to other fresh-
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water species in inland aquaculture is scarce (Allen
et al. 2016). It was reported that different timings
of introduction of exogenous feed, their duration,
proportion and enrichment significantly enhance
the efficacy of the first feeding in larvae culture
of pikeperch Yanes-Roca et al. (2018; 2020a, b) and
Imentai et al. (2019a, b; 2022). Despite the effec-
tiveness of these measures, these studies have little
to no information about production efficacy and
cost, which is crucial for large-scale commercial
production. The present study is focused on the
comparison of pikeperch production efficiency
(growth, survival, and development) and produc-
tion cost of large-scale larval culture using Artemia
compared to first feeding with rotifers and the com-
bination of rotifers and Artemia as a first exogenous
feed with subsequent weaning and intensive culture
of juveniles until 65 DPH.

MATERIAL AND METHODS
Origin of the experimental larvae

Pikeperch broodstock were produced in pond
culture of a commercial fishery company
Rybarstvi Nové Hrady Ltd. (Czech Republic).
In autumn, broodstock were collected from pond
harvesting and transported to the facilities

of the Laboratory of Intensive Aquaculture (LIA)
of the Faculty of Fisheries and Protection of the
Waters of the University of South Bohemia (FFPW
USB, Vodnany, Czech Republic), where fish were
wintered and successfully stimulated for gonadal
development under conditions of earthen ponds
with live prey fish according to Malinovskyi et al.
(2020). During the natural pikeperch reproduction
season, females at the 3—4 maturation oocyte stage
and males spontaneously releasing sperm were
identified as ready for spawning according to Zarski
et al. (2012). In total, six pairs of broodstock were
moved to the controlled environment of the RAS
(Recirculating Aquaculture System) of LIA FFPW
USB, with a controlled and constant water tem-
perature of 14.5 + 0.5 °C and a natural light regime.

After one day of acclimatization in RAS, both
sexes of broodstock were hormonally treated with
intramuscular injection of human chorionic gon-
adotropin (hCG, Chorulon, Intervet International
B.V.) at a dose of 500 IU/kg according to Kristan
et al. (2013). After hormonal treatment of brood-
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stock, semiartificial nest spawning and egg incuba-
tion were performed. For this study, larvae at the age
of 4 days post hatching (DPH) were collected and
mixed from all used nests in one hatchery cage
and finally stocked into the experimental tanks.

Used aquaculture technology
and abiotic conditions

The experimental RAS consisted of 6 black plastic
cylindrical tanks with a diameter of 885 mm, height
of 620 mm, and usable volume of 333 1. Water out-
lets were connected to overflow with a water sur-
face skimmer described by Fazekas et al. (2021),
ensuring a clean water surface enabling larvae
to successfully inflate the swim bladder. The over-
flow was wrapped in a fine net (300 um) to pre-
vent larvae from escaping from the tank to other
parts of RAS. From the skimmer, wastewater went
to a BaseDrum15 mechanical filter (Ratz Aqua
& Polymer Technik GmbH, Ramscheid, Germany).
After mechanical filtration, water went through
biological filtration into a bed moving filter with
a volume of 890 L and into the commercially pro-
duced filter unit Nexus 310 (Evolution Aqua Ltd.
Wigan, UK) (100 1). The air blower Secoh EL-S
250 W (Secoh Shanghai Mec. Ltd., Shanghai, China)
was used for the aeration of both mentioned fil-
ters. After biological filtration, water was treated
with UV light (UV lamp EVO 110, Evolution Aqua,
Ltd. Wigan, UK). After UV treatment, water was
pumped back into rearing tanks by bottom inflow,
esuring the movement of feeding organisms in the
water column.

During the experiment, the following water quality
was maintained: water temperature of 20.0 £ 1.5 °C,
oxygen saturation 85.0 £ 10.0%, pH 6.8 + 0.3, total
ammonia concentration 0.3 £ 0.1 mg/l, and nitrite
concentration 0.2 + 0.1 mg/l. Water temperature
and oxygen levels were measured using a YSI
ProODO oximeter (YSI Inc., Yellow Springs, OH,
USA) twice a day (7:00 and 15:00). The pH value
was measured by a WTW 3 310 pH meter (WTW,
Prague, Czech Republic) once a day at 7 a.m. Total
ammonia and nitrite were measured every day
at 7:30 a.m. using simple titration and colorim-
etry reference kits according to (Penka et al. 2021).

To prolong the lifespan and motility of rotifers
and Artemia inside the rearing tanks, a water sa-
linity of 3—4 g/l was set and maintained by the ad-

dition of sea salt (Instant Ocean, Blacksburg, VA,
USA) to the whole RAS according to Imentai et al.
(2019a). The light regime was set as 12 h of light and
12 h of dark. Light intensity was 80 + 15 lux meas-
ured by a UNITEST 93514 luxmeter (Beha-Amprobe
GmbH, Glottertal, Germany) once per day.

Experimental groups
and their feeding protocol

In total, 199 800 larvae were stocked in 6 tanks
(3 tanks per group) at 4 DPH. In each tank, 33 300 lar-
vae were stocked with an initial larval density
of 100 larvae per litre. The number of larvae was
measured using the volumetric method. Larvae are
concentrated in a small portable tank (10 1). After
homogenization (gentle hand mixing) 3 samples are
taken, using 10 ml cup. After calculation of exact
number of the larvae in each sample mean number
of the larvae is calculated and multiplied by 1 000
to determine the amount of larvae in a portable
tank. In total, 99 900 larvae were stocked per each
group. The whole experiment was divided into
4 periods: the 1% period was set up to 5-12 DPH, the
2" to 13-17 DPH, the 3" to 18-26 DPH and the 4"
to 27-65 DPH. Two feeding protocols were tested
in two experimental groups as follows.

During the 1% period, larvae in Group R (rotifers)
were fed by rotifers, maintaining the density of ro-
tifers at 10 ind/mlin the rearing tanks. During the
2™ period, this group was fed rotifers (5 ind/ ml),
and Artemia nauplii (Micro Artemia cysts, Ocean
Nutrition, Belgium) were added at a density
of 5 ind/ml. During the 3™ period, larvae of this
group were adapted to dry feed. This adaptation was
performed by the co-feeding (mix of Artemia and
dry feed) with the share of dry starter Otohime A,
with grain size 75-250 um, nutritional content:
8.0% moisture, 60.5% crude protein, 11.1% crude
fat, 2.3% crude fibre, 15.8% crude ash, 3.1% calcium
and 2.4% phosphorus (Marubeni Nisshin Feed Co.,
Ltd, Tokyo, Japan). The relative share of dry feed
started at 11% of DFR (Daily Feeding Ratio) on the
first day of weaning. The share of dry feed was
gradually increased every day. As the share of dry
feed in DFR was increasing amount of Artemia
decreased accordingly and resulted in complete
transition between Artemia and dry feed in 9 days.
Dry feeding of larvae was carried out during the
4" period at ad libitum. The particle size of dry feed
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was gradually increased to keep up with the needs
of growing larvae and early juveniles up to par-
ticle size 1 410 pm. The same commercial brand
of feed was maintained during the whole trial.
First, Otohime A than Otohime B1 (250-360 pm)
and B2 (360-350 pm) had slightly modified nutri-
tion compositions compared to Otohime A: 6.3%
moisture, 55.8% crude protein, 14.9% crude fat,
2.8% crude fibre, 15% crude ash, 2.5% calcium, and
2.2% phosphorus.

Later, towards the end of the trial, Otohime C1/
C2 (580-1 410 pm) was used with 6.3% moisture,
55.1% crude protein, 14.3% crude fat, 2.9% crude
fibre, 16.4% crude ash, 2.9% calcium and 2.4%
phosphorus. The feeding protocol is summarized
in Table 1.

During the 1**period of larval culture in Group A
(Artemia), larvae were fed with Artemia nauplii
at a feeding density of 5 ind/ml in the rearing tanks,
and at the 2" period density of Artemia was in-
creased up to 10 ind/ml. At the 3" period included
juvenile weaning to dry food and following juvenile
culture (4™ period) with dry feed, Otohime A was
applied identically as described in Group R. As stat-
ed by Ronnestad et al. (2013) and later Yanes-Roca
et al. (2018) rotifers size and nutritional value be-
comes insufficient in 10—11 DPH. At this point big-
ger size of prey organisms such as Artemia must
be introduced to cope with exponential growth
of the larvae.

Given the fact that larvae must enter the phase
of weaning in overall good condition inclusion of group
fed exclusively by rotifers was not feasible to achieve
production goals (Yanes-Roca et al. 2018). Larvae

https://doi.org/10.17221/42/2024-CJAS

in both groups were fed live feed three times a day,
providing continuous movement of feeding organ-
isms in the water column of the rearing tanks and
supporting continuous larval feeding (Imentai et al.
2019b). The density of feeding organisms in the
rearing tanks was checked prior to feeding using
an Olympus BX41 microscope (Olympus Corp,
Tokyo, Japan), and the cells were counted. Live
feed culture was performed on-site. Rotifers were
produced in 50-1 flat-bottomed buckets following
a batch culture protocol with feeding by commer-
cially sold Nannochloropsis occulata suspen-
sion (Nanno 3 600, Reed Mariculture, Campbell,
CA, USA) according to Yanes-Roca et al. (2018).
Artemia nauplii were also hatched on-site (hatch-
ing after 20-24 h under controlled conditions with
temperature 28 °C; pH 8.5; continuous light and
aeration). After the introduction of live feed into
the cultured tanks, water inflow was stopped and
restarted after 2 h to improve larval feeding ef-
ficiency and decrease the waste of feeding organ-
isms otherwise escaping from the tanks according
to Yanes-Roca et al. (2020b).

At the beginning of the experiment, 100 larvae
were fixated for a biometrical measurement. The
mean initial TL (total length) was 5.7 + 0.2 mm,
and the mean IBW (initial body weight) was
0.7 £ 0.15 mg. TL was measured with an ac-
curacy of 0.01 mmusing an Olympus BX41 mi-
croscope fitted with a Canon-72 digital camera
(Canon Inc. Tokyo, Japan) connected to the im-
aging software cellSens (Olympus corp., Tokyo,
Japan). BW was measured in the laboratory us-
ing analytical scales KERN ABT 220-5DM (Kern

Table 1. Feeding protocol of both experimental groups under intensive larvae culture of pikeperch. Group R used

rotifers as the first exogenous feeding, and Group A used the conventional method of intensive culture of larvae using

only Artemia nauplii

Group R

Rearing period fed with rotifers and Artemia

Group A
fed exclusively with Artemia

(DPH) as first exogenous feeding as first exogenous feeding
5th_path rotifers 10 ind/ml Artemia 5 ind/ml
13th-17t rotifers and Artemia 5 + 5 ind/ml Artemia 10 ind/ml
18th_2gth process of weaning using co-feeding with Artemia and dry starter
Otohime A (75-250 pm) gradually increasing by 11% per day of DFR starting at 11% of DFR
Otohime A (75-250 pm) 27-40 day
27th_g5th Otohime B1/B2 (250-650 pm) 35-55 day

Otohime C1/C2 (580-1 410 um) 45-65 day

DER = daily feeding ratio
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& Sohn GmbH, Balingen, Germany) with an ac- Cannibalism rate (%) as follows:
cxperiment was torminated, The whole biomass <~ CETRM) oo @

of fish in tanks was determined using KERN KB
2400-2 N scales (Kern & Sohn, GmbH, Balingen,
Germany) with an accuracy of 0.1 g. All cultured
surviving fish from each tank were counted by hand.
In total, 100 fish from each tank (300 fish per group)
were anaesthetized using MS-222 (tricaine meth-
anesulfonate, Sigma-Aldrich, St. Louis, MO, USA,
100 mg/l), and TL (total length) and BW (body
weight) were determined using the same method
as at the beginning of the experiment.

After the measurement, fish were put back into
the tanks to recover from anaesthesia. During the
biometrical measurement, the total percentage
of fish deformities (total deformity rate — TDR)
in both groups was assessed as well as the number
of fish with successfully inflated swim bladders
to determine the SBI parameter. Fish without de-
formities with normal development and shape with
inflated swim bladder were graded as high-quality
juveniles. In malformed fish, the proportion of each
deformity — lordosis, scoliosis and zig-zag shape
(%) was evident by one expert person according
to Policar et al. (2016a) as well as the proportion
of fish with uninflated swim bladders. All these
fish were excluded from further culture, and all
these parameters were then used for calculation
of production cost and comparison of economic
profitability.

Evaluated production parameters

At the end of the experiment, the following pro-
duction parameters were calculated according
to the following formulas.

Specific growth rate (%/d) was calculated as fol-
lows:

InFBW —InIBW 8

SGR = 100 1)

Swim bladder inflation rate (%) as follows:

spr=2M 100 )

Survival rate (%) was calculated as follows:

sr=NE 100 ©3)
NI

NI

The total deformity rate (%) was calculated as fol-
lows:

TDR = NDF
NF

%100 ()

where:
FBW - final body weight;
IBW - initial body weight;

FTL - final total length;

t — number of days of the experiment;

Ninf - number of fish with an inflated swim bladder;
N — number of fish in the sample;

NF - final number of fish;

NI — initial number of fish;

RM - recorded mortality;

NDF - number of deformed fish.

The recorded mortality of the cultured fish was
checked three times a day, and all the deceased
individuals were counted by hand and recorded.
These records were later used to calculate CR.

Calculation of production cost and
comparison of economic profitability

To analyse the production cost and assess the
economic profitability of the two tested feeding
protocols, the 12 main production costs were eval-
uated as follows: Personal costs including insur-
ance and taxes; Artemia (including the purchase
of the eggs, their cultivation, used chemicals and
tap water); rotifers (including their production
cost for incubation, such as labour, chemicals,
electricity and tap water), dry feed, price of larvae,
preparation of RAS, electricity, water, chemicals
applied in RAS, other consumables, and depre-
ciation.

To enhance the understanding of the econom-
ic profitability of both tested feeding protocols
and address the challenges posed by escalat-
ing prices across various aspects of production.
Each cost was also transformed into a relative
percentage distribution. This approach was em-
ployed to ensure the long-term applicability and
significance of this study for future application
in practice.
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5-12 Artemia (5 ind/ml)
13th_q7th Artemia (10 ind/ml)
18th_26th
27065t

Spawning of the broodstok
(sem-artificial, using nests and hormonally injected fish)

Incubation of the eggs and hatching of the larvae
(on nest, in RAS)

Counting of the larvae using volumetric method

Introduction of 33 300 larvae in each tank

Weaning process
Dry feeding using dry starter feed

Processing of the fish for the experiment — TL, W, TDR,
SBI, SR etc.

Rotifers (10 ind/ml)

Rotifers and Artemia
(5 + 5 ind/ml)

Figure 1. Scheme of an experiment providing an overview of two experimental rearing strategies of pikeperch larvae

from 5 up to 65 DPH
Ethical statement

The experimental procedures conformed to the
European Communities Directive (No. 2010/63/EU)
and were authorized by the Czech Ministry of Health
(No. MSMT-6744/2018-2) regarding the protec-
tion of animals used for scientific purposes with
valid legislative regulations in the Czech Republic
(Act No. 166/1996 and No. 246/1992).

Statistical analysis

Data were analysed with the program R Studio
(R Core Team, 2014). The normal distribution
of data was confirmed by the Shapiro-Wilk test.
A comparison of production parameters was
made by t-test with a margin of significance set
at P < 0.05. The homogeneity of the data was as-
sessed by the Tukey HSD method. All the data are
presented as the mean + standard deviation (SD).

RESULTS

Production parameters

Significant differences were found in final
body weight (FBW) and total length (FTL) be-
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tween the two tested feeding protocols (groups).
Better growth results were observed in Group A.
The FBW in Group A reached 0.67 + 0.38 g
compared to 0.39 £ 0.11 g in Group R. The
FTL in Group A was 41.33 + 8.18 mm com-
pared to 36.03 + 3.95 mm in Group R. Fish from
Group A managed to outgrow Group R by42% of body
weight and by 13% of total length. A significantly
higher SGR was found in Group A (7.37 £ 0.04%/day)
than in Group R (6.83 + 0.04%/day) at the end of this
trial. Group A reached a rather low survival rate
of 16 + 2.29% compared to Group R, which reached
a significantly higher survival rate of 37 + 3.92%, 2.31
times higher than that in Group A.

Comparison of the cannibalism rate in both
groups indicated a decreased cannibalism rate
in Group R. Group A displayed a 2.86 times high-
er CR than Group R. In Group R, the cannibal-
ism rate reached only 6.97 + 2.35% compared
to Group A (20.03 + 4.32%). SBI was signifi-
cantly higher in Group R (85.00 + 6.76%) than
in Group A (66.50 + 7.37%).

The TDR in Group A was 33.0 + 7.21% compared
to the TDR in Group R (15.0 + 5.29%). Lordosis
contributed by 40.0 £ 8.19% and 62 + 10.54%
in Group R and A, respectively. Scoliosis contrib-
uted to TDR by 35.0 + 10.15% in Group R compared
t024.0 £ 5.57% in Group A. Zig-zag deformity shape
was observed at 25.0 £ 2.00% of all malformed fish
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Table 2. Summary of production parameters during the intensive culture of larvae and early juveniles of pikeperch

(Sander lucioperca) under controlled RAS conditions until 65 DPH, including relative shares of each type of deform-

ity as a subcategory of TDR

Production parameters

Groups Group R Group A P-value

FTL (mm) 36.0 + 3.95° 41.3 +8.18° P <0.001
FBW (g) 0.39+0.11° 0.67 + 0.38° P <0.001
SGR (%/day) 6.83 +0.04° 7.37 £ 0.04% P <0.001
SR (%) 37.0 + 3.92° 16.0 + 2.29° P =0.001
CR (%) 6.97 + 2,35 20.0 + 4.322 P =0.010
SBI (%) 85.0 + 6.76 66.5 +7.37° P=0.033
TDR (%) 15.0 + 5.29° 33.0+7.21% P =0.025
TDR - lordosis (%) 40.0 + 8.19° 62.0 £ 10.5% P =0.046
TDR - zig-zag (%) 25.0 + 2.00? 14.0 + 5.00 P =0.024
TDR - scoliosis (%) 35.0 +10.2° 24.0 £ 5.57° P=0.018

All produced juveniles (pcs.)/

HQ juveniles (pcs.) 37000 /31 450

Proportion of HQ juveniles (%) 85

16 000 / 10 720 -

67.2 -

abDifferent letters in the same row indicate significant differences (P < 0.05)
CR = cannibalism rate; FBW = final body weight; FTL = final total length; HQ = high-quality; SBI = swim bladder infla-
tion rate; SGR = specific growth rate; SR = survival rate; TDR = total deformity rate

in Group R compared to 14.0 £ 5.00% in Group A.
After 60 days of this trial, in total 37 000 juveniles
were produced with a share of 31 450 pcs. (85%)
of high-quality RAS juveniles without any morpho-
logical deformities and with normal development
in Group R. However, only 16 000 juveniles were
produced with a share of 10 720 pcs. of high-quality
juveniles (67.2%) in Group A. For a convenient use
a complete summary of all the production param-
eters is shown in Table 2.

Economical evaluation

The overall production cost of one juvenile (mean
FBW= 0.67 g) raised in Group A was 0.48 EUR,
while that of the juvenile raised in Group R (mean
FBW= 0.39 g) was 0.25 EUR, which suggests a 48%
reduction in production costs. Lower production cost
in Group R was achieved with a higher survival rate
and lower TDR. Differences between both groups
were confirmed in high-quality juvenile produc-
tion.

The Group R production cost was 0.29 EUR for
one pc. of high-quality juveniles compared to the
total production cost of 0.72 EUR for one high-

quality juvenile in Group A. A significant cost dif-
ference of 59.7% between one high-quality raised
juvenile from each group was observed. Since the
larvae were raised in the same experimental RAS
and were fed with the same frequency using the
same technology the personal cost (3 500 EUR),
depreciation (1 500 EUR), preparation of RAS
(350 EUR), tap water consumption (250 EUR), oxy-
gen consumption (300 EUR), electricity consump-
tion (210 EUR), other materials (105 EUR), cost
of larvae (280 EUR) chemicals (125 EUR) and dry
feed (650 EUR) were the same for both experimen-
tal groups. Major difference in production cost
was caused by different live feed — rotifers and
Artemia.

Overall price of rotifers cultivation including
added labour and chemicals, electricity, tap water
consumption and amortization of the used infra-
structure resulted in 1 710 EUR (19%) of overall
cost of juveniles. Together with subsequent Artemia
cultivation (250 EUR, 3%) overall cost of live feed
for Group R was 1960 EUR (22%). In comparison
production in Group A solely depending on Artemia
cultivation resulted in 450 EUR (6% of all produc-
tion cost in this group) which is 4.35 times less than
in Group R.
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DISCUSSION

The survival rate of currently produced pikeperch
juveniles after weaning with an FBW of approxi-
mately 0.5 g on commercial-scale farms is ap-
proximately 10% (2023 conversation with Lukas
Shneeberger; see “References”) The issue of in-
creasing the intensive production of juveniles and
market-sized pikeperch needs to be addressed. One
of the possible solutions to this problem was the
recent introduction of euryhaline rotifers to pike-
perch larval culture (Yanes-Roca et al. 2018).
Pikeperch has one of the smallest fresh hatched
larvae of all inland freshwater species around
the world with a small mouth diameter, so to in-
crease the survival rate, small feeding organisms
such as rotifers were introduced. In recent years,
research has pointed towards the optimization
of the feeding regime (Imentai et al. 2020), appli-
cation of rotifers (Imentai et al. 2019b) and en-
richment (Yanes-Roca et al. 2020a, b), with results
further increasing the efficacy of utilizing rotifers
as a primary exogenous live feed for pikeperch
larvae. The production of live feed is expensive.
Therefore, much effort must be put into the pro-
duction of a stable quantity and quality of live feed
for larvae (Policar et al. 2019). A cost-effectiveness
evaluation is then in place to determine the influ-
ence of the euryhaline rotifers on larval culture
not only from the production point of view but
also from the economic point of view to help fur-
ther increase the efficacy and rentability of larvae
culture of pikeperch.

The results in this study confirmed that the
use of rotifers as a first live feed provides lower
growth of pikeperch larvae and early juveniles.
On the other hand, they significantly increase the
survival rate and stimulate correct development.
At this stage of pikeperch production survival and
development with less frequent malformation
is more important than rapid growth and may in-
crease the culture efficiency. In this study, the final
body weight after 60 days of the feeding protocol in-
creased from 0.07 mg to 0.67 g (Group A) and 0.39 g
(Group R). This means that fish in Group A were 1.7
times heavier than those in Group R. As published
by Yanes-Roca et al. (2018), larvae fed a mixture
of rotifers and Artemia were 2.05 times heavier
than those fed rotifers after 17 DPH. Yanes-Roca
etal. (2018) achieved higher disproportion among
the groups, which is probably caused by the ab-
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sence of subsequent weaning using dry starter feed,
which may help decrease size variability after ini-
tial growth deprivation and a shorter trial period.
In a study published by Kestemont et al. (2007), lar-
vae were weaned from 19 DPH (this study 18 DPH)
and achieved a survival rate of 15.3% resp. 13.3%
at 26 DPH compared to 16% and 37% at 65 DPH
in the present study. However, larvae produced
by Kestemont et al. (2007) were fed exclusively
by Artemia nauplii (such as Group A) and were
subsequently weaned to a commercial diet, Kyowa
FFK B-400 (BioKyowa, Inc., Chesterfield, MO,
USA). In the present study, the Japanese starter
Otohime A was used for the initial part of the wean-
ing process as well as early grow-out.

Pikeperch larvae display a significant mortality
rate when switching to exogenous feed. This period
is the most critical part of larval culture and at the
same time has the highest potential for produc-
tion improvement. The smaller size of the rotifers
and enzymes provided by rotifers to the underde-
veloped small larvae significantly increases the
survival rate, while feeding with Artemia nauplii
favours the larger and stronger larvae and sup-
ports cannibalism directly linked to a decreased
survival rate.

Yanes-Roca et al. (2018) reached a survival rate
of 35% in the experimental group fed exclusively
by Artemia nauplii at 18 DPH. The survival rate
in the group fed by both Artemia and rotifers (such
as Group R in the present study) was almost 65%
at 18 DPH, suggesting almost doubled survival
while using rotifers. However, these authors did not
organize weaning of larvae which is critical point
of pikeperch culture. Imentai et al. (2020) found
that the highest survival rate was linked to a group
fed by rotifers until 8 DPH and then by a mixture
of Artemia and rotifers and reached a survival rate
of almost 70% at 17 DPH, again without wean-
ing. Other studies display similar survival rates
(Imentai et al. 2019a, b; Yanes-Roca et al. 2020a).
Even though these results are much higher than the
survival rate displayed in the present study, a pos-
sible explanation of this disproportion lies in sub-
sequent mortality during weaning and following
60 days intensive rearing until 65 DPH. Mortality
during these upcoming stages of rearing was deter-
mined by Kestemont et al. (2007) as 6—14% mortal-
ity during weaning and 4—6% mortality during the
after-weaning period (26+ DPH). Further small dis-
proportion could be caused by the different origins
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of broodstock, as previously stated by Schaerlinger
and Zarski (2015). After taking that into account,
all the studies display comparable survival rates.
As suggested by Yanes-Roca et al. (2018), rotifers
are suitable for larvae from 5 DPH to 10-12 DPH.

During the first larval stages, growth is exponen-
tial, contrary to juveniles or subadults, where SGR
drops to 0.5-2% per day (Penka et al. 2023; Policar
et al. 2013; Ronyai and Csengeri 2008). A higher
SGR was observed in Group A (fed by Artemia only)
at 7.37%/day. The group fed by rotifers and then
Artemia accounted for 6.83%/day. Other authors
stated 7.96 resp. 7.15%/day at 25 DPH (Kestemont
et al. 2007). Imentai et al. (2019b) reached SGR
15-18%/day, and 7-10%/day at 17 DPH. Higher
SGR stated by all mentioned authors including this
study is probably determined by the size of the
feed organism. As the larvae reaches certain size
the energetic cost of attacking small prey exceeds
the gain from digesting smaller food particles (ro-
tifers).

For intensive aquaculture in RAS, there are sig-
nificant challenges. In RAS facilities, fish are reared
at high density; therefore, cannibalism occurrence
can lead to significant economic losses. Cannibalism
is one the biggest issues of pikeperch larvae cul-
ture (Policar et al. 2019). One of the most effective
strategies for eliminating this issue is regular sorting
of the fish. However, in early life stages, sorting is not
applicable because of the small size of the fish.
Therefore, providing high accessibility of life feed
for pikeperch larvae is the only option to reduce the
variation in size (Yanes-Roca et al. 2018). In this
study cannibalism rate was almost three times
higher in Group A than in Group R (Table 2). This
result could be explained as follows. Initial feeding
with rotifers decreased the share of slowly grow-
ing nonfeeding larvae, which would be eventually
predated by larger individuals within the cohort.
This meant decreased growth heterogeneity and
cannibalism. Larger and stronger larvae in Group
A started to feed on large Artemia nauplii early
and overgrew their siblings, which were unable
to capture, swallow and digest Artemia nauplii.
In a short time, the size difference of larvae was
so significant that members of the large cohort
started to attack small and underdeveloped larvae.

This phenomenon was previously described
by Yanes-Roca et al. (2018) and Steenfeldt et al.
(2011) in both larvae and early juvenile cultures fed
with Artemia. Cannibalism is rooted into a behav-

ioural quality and learning of predatory abilities.
In a study conducted by Colchen et al. (2023) was
proven that cannibals are more efficient hunters
than noncannibals. Similar tendencies were ob-
served in study conducted by Molnar et al. (2018).

Pikeperch larvae feature a pneumatic duct, an or-
gan that enables the inflation of the swim bladder
(Bagowski et al. 2011), larvae need to expend a sig-
nificant effort to breach the water surface to gulp
the air bubble. If the surface is covered with slime,
lipid residues or other impurities, this issue may
become a serious bottleneck due to the irrevers-
ibility of the process. Aberrant energy-consuming
swimming behaviour causes a higher mortality
or deformity rate (Clayton and Summerfelt 2010;
Blecha et al. 2019). Fish able to breach the water
surface are at risk of transferring bacteria from the
water surface to the swim bladder. Fazekas et al.
(2021) reached an SBI of 70% with the help of wa-
ter jets spraying the surface. Blecha et al. (2019)
observed 83.4% to 99% SBI in ponds during tradi-
tional pond larvae rearing. The higher SBIin pond
culture may be explained by optimal nutrition and
thus better viability and ability to breach the clean
water surface.

Another explanation of this difference lies in the
natural selection of individuals with uninflated
swim bladders by predators and natural conditions.
In the present study, the SBI of Group R was 85%
and 66.5% in Group A. This result is once again
caused by the higher viability of larvae fed with
rotifers at the beginning of exogenous feeding.
Because a higher share of larvae was feeding, more
individuals were in good condition and were able
to breach the water surface and successfully inflate
their swim bladder. In this study, the use of rotifers
increased the swim bladder inflation rate by 18.5%,
which is nearly one-fifth of the whole production.
No study aimed at the application of rotifers and
their use for pikeperch culture has discussed SBI
in intensive larval culture before.

Another variable is the presence of deformities
among the larvae, which could be tracked from
the larval stage (Kestemont et al. 2007). It is gen-
erally associated with nutritional deficiencies, the
unavailability of nutrients (Zakes 2012) and non-
inflation of the swim bladder (Szkudlarek and
Zakes 2007). Individuals with uninflated swim
bladders end up with prehaemal lordosis, which
is caused by upwards bending of the mid-posterior
part of vertebrae (Steenfeldt 2015). In Group A, the
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overall deformity rate reached 33%. Lordosis as the
most significant malformation added 62% of all
malformed fish. In Group A, where the SBI was
66.5%, the high occurrence of lordosis was quite
predictable compared to Group R where TDR was
15%, SBI 85% and lordosis was therefore present
on only 40% of malformed fish. The high relative
share of lordosis could be also caused by the higher
survival of lordosis-suffering fish compared to oth-
er types of deformities. Fish with lordosis feeds
on the food sinking to the bottom where the de-
formed fish sits. This process reduces energetically
demanding swimming and increases survivability
which may artificially increase the observed share
of lordosis-impacted individuals, as suggested pre-
viously by Steenfeldt (2015).

The production cost to cultivate 6 million rotifers
per day for 13 consecutive days to successfully feed
the larvae was approximately 3.9 times more ex-
pensive than the cultivation of Artemia for 21 days.
However, the use of rotifers for intensive culture
of pikeperch larvae in RAS on a large scale was
proven. The cost of one dry feed-adapted juvenile
pikeperch with a body weight of 8—10 g normally
ranges from 0.6-0.8 EUR (Policar et al. 2016b).
Currently, rising costs all around the world has
increased the production costs of this size of pike-
perch juveniles up to 1.1-1.5 EUR per piece. These
results render it economically unsustainable for
future development of European pikeperch inten-
sive aquaculture and its commercial production.
Therefore, the reduction of production costs and
simultaneous improvement of rearing efficacy and
stability of production is crucial for the future de-
velopment of this sector (Overton et al. 2015). This
study presents an analysis of the economic aspects
associated with pikeperch larvae culture, especially
focusing on rotifers and Artemia utilization. This
study serves as a valuable contribution to the field,
providing a precise feeding protocol and econom-
ic insight previously infeasible in a comparative
analysis.

The results from this study, when integrated into
commercial-scale production, may bring signifi-
cant benefits. The optimization of the feeding strat-
egy provides an increased survival rate and higher
quality of produced juveniles for future pikeperch
culture phases. These results reduce production
costs per produced pikeperch juvenile and enhance
the overall profitability of intensive commercial
pikeperch farming. As a result, the aquaculture
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industry could improve practices that would lead
to sustainable and economically viable production
of malformation-free weaned pikeperch juveniles
for ongoing intensive culture phases.

CONCLUSION

In this study, the applicability of rotifer as the
first exogenous feeding for pikeperch larvae un-
der large-scale conditions was proven. The use
of an established feeding protocol using rotifers
during 5-12 DPH with following combination
of rotifers with Artemia (13—17 DPH) and following
weaning during 18—-26 DPH significantly increases
pikeperch juvenile production value, quality and
economic profitability up to 65 DPH.

Acknowledgement

To this study Ing. Vit Profant significantly con-
tributed as a technician working on experimental
RAS providing continuous feed for fish as well as
technical support and maintenance.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Allen RL, Wallace RL, Sisson BE. A rotifer-based technique
to rear zebrafish larvae in small academic settings. Ze-
brafish. 2016 Aug;13(4):281-6.

Bagowski CP, Bertola LD, Schoonheere E, Wilms I, Kabli S,
Alia A, Groot HJM, Tagamoa A, Khames A. Effects of hy-
poxia on buoyancy control and the development of lor-
dosis in physostomous and physoclistous fish species.
Res Rev Biosci. 2011 Dec 1;5(1):1-7.

Blecha M, Malinovskyi O, Vesely L, Kristan ], Policar T.
Swim bladder inflation failure in pikeperch (Sander lu-
cioperca) larvae in pond culture. Aquac Int. 2019 Mar 22;
7(4):983-9.

Clayton RD, Summerfelt RC. Gas bladder inflation in wall-
eye fry cultured in turbid water with and without a sur-
face spray. N Am ] Aquac. 2010 Oct;72:338-42.

Colchen T, Gisbert E, Krauss D, Ledore Y, Pasquet A, Fon-

taine P. Improving pikeperch larviculture by combining



Czech Journal of Animal Science, 69, 2024 (6): 243-254

Original Paper

https://doi.org/10.17221/42/2024-CJAS

environmental, feeding and populational factors. Aquac
Rep. 2020 Apr 11;17.

Colchen T, Ledore Y, Fontaine P, Teletchea F, Pasquet A,
Larval pikeperch Sander lucioperca cannibals are more
efficient predators on zebrafish Danio rerio than non-
cannibals. Aquaculture. 2023 Jun 3;575.

Fazekas G, Vass V, Demeny F, Toth F, Ljubobratovic U. The
effect of different surface-cleaning devices on the success
of swim bladder inflation in zander larvae. N Am J Aquac.
2021 Sep 24;83(2):78-82.

Imentai A, Gilannejad N, Martinez-Rodriguez G, Lopez
FJM, Martinez FP, Penka T, Dzyuba V, Dadras H, Poli-
car T. Effects of first feeding regime on gene expression
and enzyme activity in pikeperch (Sander lucioperca)
larvae. Front Mar Sci. 2022 Mar 11;9:1-12.

Imentai A, Raskovic B, Steinbach C, Rahimnejad S, Yanes-
Roca C, Policar T. Effects of first feeding regime on growth
performance, survival rate and development of digestive
system in pikeperch (Sander lucioperca) larvae. Aqua-
culture. 2020 Jun 16;529.

Imentai A, Yanes-Roca C, Malinovskyi O, Policar T. Effect
of Brachionus plicatilis density on pikeperch (Sander lu-
cioperca L.) larva performance at first feeding. ] Appl
Ichthyol. 2019a Jul 26;35(6):1292-4.

Imentai A, Yanes-Roca C, Steinbach C, Policar T. Optimized
application of rotifers Brachionus plicatilis for rearing
pikeperch Sander lucioperca L. larvae. Aquac Int. 2019b
Jun 20;27(4):1137-49.

Kestemont P, Xueliang X, Hamza N, Maboudou J, Imorou
Toko I. Effect of learning age and diet on pikeperch lar-
viculture. Aquaculture. 2007 Dec 11;264(1-4):197-204.

Kristan ], Alavi SMH, Stejskal V, Policar T. Hormonal induc-
tion of ovulation in pikeperch (Sander lucioperca L.) us-
ing human chorionic gonadotropin (hCG) and
mammalian GnRH analogue. Aquac Int. 2013 Aug 3;21(4):
811-8.

Malinovskyi O, Blecha M, Kristan J, Policar T. Feeding ac-
tivity of pikeperch (Sander lucioperca) under winter and
spring photothermal conditions of pre-spawning period.
Aquac Res. 2020 Oct 25; 51(2):852-7.

Molnar T, Csuvar A, Benedek I, Molnar M, Kabai P. Do-
mestication affects exploratory behaviour of pikeperch
(Sander lucioperca L.) during the transition to pelleted
food. PLoS One. 2018 May 9;13(5):1-11.

Overton JL, Toner D, Policar T, Kucharczyk D. Commercial
production: Factors for success and limitations in euro-
pean percid fish culture. In: Kestemont P, Dabrowski K,
Summerfelt RC (editors). Biology and culture of percid
fishes. Dordrecht: Springer Netherlands; 2015. p. 881-91.

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 intensive culture. Czech ] Anim Sci. 2021 Oct;66(10):
428-40.

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 Sep 8;562:738815.

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.

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.
2016a Aug 4;24:1607-26.

Policar T, Kristan J, Blecha M, Vanis J. Adaptace a chov
juvenilnich ryb candata obecneho (Sander lucioperca L.)
v recirkulacnim akvakulturnim systemu (RAS) [Adaptation
and culture of pikeperch (Sander lucioperca L.) juveniles
in recirculating aquaculture system (RAS)]. Vodnany: Uni-
versity of South Bohemia in Ceske Budejovice, Faculty
of Fisheries and Protection of Water; 2016b. 38 p. Edition
of Methodics (Certified technology), 141. Czech.

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.

Ronnestad I, Yufera M, Ueberschar B, Ribeiro L, Sele O,
Boglione C. Feeding behaviour and digestive physiology
in larval fish: Current knowledge, and gaps and bottle-
necks in research. Rev Aquac. 2013 Aug 23;5(1):59-98.

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

Schaerlinger B, Zarski D. Evaluation and improvement
of eggs and larval quality in percid fishes. In: Kestemont P,
Dabrowski K, Summerfelt RC. Biology and culture of per-
cid fishes. Dordrecht: Springer Netherlands; 2015.
p. 193-227.

Schneeberger L (FTN AquaArts, Switzerland). Conversa-
tion with: Policar Tomas (Faculty of Fisheries and Protec-
tion of the Waters, University of South Bohemia, Czech
republic). 2023 Apr 10.

Steenfeldt S, Fontaine P, Overton JL, Policar T, Toner D,
Falahatkar B, Horvath A, Khemis IB, Hamza N, Mhetli
M. Current status of eurasian percid fishes aquaculture.

In: Kestemont P, Dabrowski K, Summerfelt RC, editors.

253



Original Paper

Czech Journal of Animal Science, 69, 2024 (6): 243-254

Biology and culture of percid fishes. Dordrecht: Springer
Netherlands; 2015. p. 817-41.

Steenfeldt S, Lund I, Hoglund E. Is batch variability in hatch-
ing time related to size heterogeneity and cannibalism
in pikeperch (Sander lucioperca)? Aquac Res. 2021;42(5):
727-32.

Szkudlarek M, Zakes Z. Effect of stocking density on sur-
vival and growth performance of pikeperch, Sander lu-
cioperca (L.), larvae under controlled conditions. Aquac
Int. 2007 Nov 1;15(1):67-81.

Yanes-Roca C, Mraz J, Born-Torrijos A, Holzer AS, Imen-
tai A, Policar T. Introduction of rotifers (Brachionus pli-
catilis) during pikeperch first feeding. Aquaculture. 2018
Aug 2;97:260-8.

Yanes-Roca C, Holzer A, Mraz ], Vesely L, Malinovskyi O,
Policar T. Improvements on live feed enrichments for
pikeperch (Sander lucioperca) larval culture. Animals.
2020a Feb 29;10(3):401.

Yanes-Roca C, Leclercq E, Vesely L, Malinovskyi O, Poli-
car T. Use of lactic acid bacteria during pikeperch (Sander
lucioperca) larval rearing. Microorganisms, 2020b Feb 9;
8(2):238.

254

https://doi.org/10.17221/42/2024-CJAS

Yanes-Roca C, Galindo A, Holzer AS, Vesely L, Policar T,
Rodriguez C, Perez JA. Taurine supplement improved
growth performance and digestive capacity of pikeperch
larvae. Aquac Res. 2022 Jun 27;53:5105-14.

Yuifera M, Pascual E, Polo A, Sarasquete MC. Effect of star-
vation on the feeding ability of gilthead seabream (Sparus
aurata L.) larvae at first feeding. Mar Biol Ecol. 1993
Mar 45169:259-72.

Zakes Z. The effect of body size and water temperature
on the results of intensive rearing of pike-perch, Stizos-
tedion lucioperca (L.) fry under controlled conditions.
Arch Pol Fish. 2012;20(3):165-72.

Zarski D, Kucharczyk D, Targonska K, Palinska K, Ku-
pren K, Fontaine P, Kestemont P. A new classification
of pre-ovulatory oocyte maturation stages in pikeperch,
Sander lucioperca (L.), and its application during artificial
reproduction. Aquac Res. 2012;43(5):713-21.

Received: March 25, 2024
Accepted: May 28, 2024
Published online: June 26, 2024



	MTBlankEqn
	_Hlk141163024
	_Hlk141267394

