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Abstract. The article presents materials on optimizing the conditions for growing pike-perch during the larval period
of development in an artificially created environment. The problems associated with the complexity of embryonic and
post-embryonic development, the transition of larvae from endogenous to exogenous food, their rearing on artificial feed,
and the causes of cannibalism have been described. The goal was to obtain and analyze the results of growing pike-perch
larvae in conditions of closed water supply using living organisms as starter feed. The results of a study of the reproduc-
tion of pike-perch in industrial conditions of the aqua complex of the Coastal Scientific Expeditionary Base “Kagalnik”
of the SSC RAS (Rostov Region, Azov District) are presented, describes the results of rearing pike-perch larvae in a re-
circulating aquaculture system. The values of the main hydrochemical parameters of the environment in fish tanks, neces-
sary to ensure the normal growth and development of pike-perch larvae, as well as the characteristics of growth and sur-
vival during the experiments, are given. As a result, biotechnical standards for the reproduction of pike-perch by the in-
tensive method have been developed. For high survival of pike-perch larvae, it is necessary to ensure timely feeding
of larvae — after filling the swim bladder and switching to active feeding. The diet should be varied in terms of species
composition of zooplankton. To prevent cannibalism among farmed fish, it is important to maintain the hydrochemical
parameters at an optimal level, and the presence of food organisms in the fish tank is also necessary.
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Aunotauusi. [IpencraBieHbl MaTepuaibl [0 ONTHMH3AIWK YCIOBHH BBIPAIIMBAHUS CyJaKa B JIMUYHMHOYHBINA ITEPHO.
Pa3BUTHS B MCKYCCTBEHHO CO3JaHHON cpene. OmucaHbl poOeMbl, CBA3aHHbIE CO CIOXKHOCTBIO Hpoliecca IMOpHO-
HaJBHOTO M MOCTAMOPUOHAIBHOTO Pa3BUTHS, IEPEX0/ja JUUYHHOK C SHJOTEHHOI0 KOpMa Ha SK30T€HHBIH, HX BBIpAIlH-
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BaHHUA HAa MCKYCCTBEHHbBIX KOPMaX, M NPUYMHBI BO3HUKHOBEHUs KaHHMOanm3Ma. IlocTaBieHHas Lielb 3aKI0yanach
B IOJIyYCHUH M aHAJIW3€ PE3yJbTaTOB BBIPALMBAHMS JHYMHOK CyJaKa B YCIOBHSAX 3aMKHYTOTO BOJOOOECIICUCHUS
C UCIIOJIB30BaHUEM B Ka4eCTBE CTAPTOBBIX KOPMOB JKUBBIX OPraHu3MoB. [IpuBeeHBI pe3ysIbTaThl HCCIIEN0BAHUS BOC-
HPOM3BOJICTBA Cy/JaKa B MH/YCTPUAIBHBIX YCIOBHAX aKBaKoMIulekca beperoBoii Hay4HO-3KcIeAMIMOHHOM 0a3bl «Ka-
ransHuK» FOHL] PAH (PocToBckast o61acTh, A30BCKHI paiioH), ONMICaHBI pe3yabTaThl HOAPALIMBAHUS JTHYMHOK CyIa-
Ka B YCTaHOBKE 3aMKHYTOTO BOJOCHa0XeHHs. [IpuBeieHbI 3HaUeHNs] OCHOBHBIX T'HIPOXUMHUYECKHX ITOKa3aTesei cpe-
Abl B pr6OBO}1HbIX CMKOCTAX, HCO6XO)1HMI)IX JUTA 06ecneqe1-n/m HOPMaJIBHOI'O pOCTa U Pa3BUTUA JIMYMHOK CyJlaKa,
a TAKKe XapaKTEPHUCTHKH POCTA U BBDKMBAEMOCTH B MEPUOJ SKCHEPUMEHTOB. B pe3ynbTaTe paspaboTaHsl OHOTEXHHU-
YeCcKHe HOPMATHBBI 110 BOCHPOU3BOJCTBY CYyJaKa MHTEHCHBHBIM METOMOM. [l BEICOKOH BBEDKMBAEMOCTH JTHYMHOK
Cy/laKa HeOOXOZMMO 00ECIIEeUHTh CBOEBPEMEHHOE KOPMIICHHE JIMUMHOK — IOCJIE 3aI0JHEHUS I1aBaTEIbHOTO ITy3bIps
U IIepexo/ia Ha aKTHBHOE IUTAHUE; PALMOH AOJDKEH ObITh Pa3HOOOPA3HBIM 110 BUAOBOMY COCTaBY 300IUIaHKTOHA. JIst
HPEIOTBPAIICHNs] KaHHUOAIH3Ma CPeIi BBIPAIIMBAEMBIX PHIO BaKHO MOJICPIKHBATH THAPOXMMHYECKUE MOKA3aTENH
Ha ONTHMAaJBHOM ypPOBHE, a TAK)Ke HEOOXOIUMO HaJIH4He KOPMOBBIX OPraHU3MOB B PEIOOBOZHOM OacceliHe.

KiroueBsble ciioBa: YCTaHOBKa 3aMKHYTOI'O BOﬂOCHaG)KeHI/Iﬂ, JIMYUHKH, CYyJIaK, UCKYCCTBEHHBIC KOpMa, JKUBBIC KOpMa,
TUAPOXUMHUYCCKUE ITOKA3aTEIIN, KaHHUOAIN3M
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¢ ucrnonp3oBanneM YHY «MYK» IOHI] PAH u bropecypcHoli KomieKuy peakux 1 ucuyesaronux suaos poio FOHLL
PAH Ne 73602.
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Introduction

Commercial aquaculture continues to be a major
source of fish products on the world market [1]. Fish is
recommended as an important part of a healthy human
diet because of its high protein quality, fatty acid com-
position and micronutrient content [2].

The rapid growth and good nutritive quality of the
meat have contributed to an increased interest in aqua-
culture of perch fish species [3]. Perch (Sander Ilu-
cioperca Linnaeus, 1758) has been a highly valuable
supplementary fish of the pond industry for many
years and also a popular sport fishery [4]. For more
than two decades, efforts have been made to improve
the intensive production of pikeperch in recirculating
aquaculture systems (RAS) [5].

Pikeperch breeding is hampered by the difficulties
of early ontogenesis, which includes the developmental
phase of organogenesis as well as the growth and devel-
opmental phase of the immune system [6]. The embry-
onic period ends with hatching 4-6 days after fertiliza-
tion. This is followed by the phase of mixotrophic feed-
ing until the yolk sac is completely dissolved. This is
followed by gradual adaptation to pelleted feed and
transition to the juvenile stage [7]. The three main bot-
tlenecks in pikeperch breeding are the transition from
endogenous to exogenous feed, swim bladder bloat and
cannibalism. This leads to general problems such as
impaired growth and development of the organism and
consequently to a high mortality rate [5, §].

The way to further develop pikeperch production is
to optimise growing conditions, both in the larval and
fry periods. However, pikeperch larvae are very diffi-
cult to raise on artificial feed [9]. The ongoing research
to develop a starter artificial diet for pikeperch larvae
without the use of natural food, from the early 1960s
to date, has failed [10]. The survival rate of pikeperch
larvae consuming only artificial food approached 0%,
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leading to the conclusion that the digestive capacity
of early pikeperch larvae is limited with respect to
artificial food (the digestive tract is undeveloped and
enzymatic activity is very low) [11].

The best results have been obtained using mixed
pikeperch rearing: the first stage in ponds on natural feed
and the second stage in pools using mixed feed [12].
Thus, juvenile pikeperch reared on a natural food base
can be better prepared as planting material for inten-
sive rearing.

In breeding perch species, intragroup cannibalism
is an important factor affecting survival, especially in
the ecarly life stages of the fish [13]. The most im-
portant factor in the survival of offspring of predatory
fish in artificially bred species is the availability of live
prey of appropriate size at the beginning of exogenous
feeding. The most urgent task for the fish farmer is to
ensure the availability of natural food of optimal size
in proportion to the size of the larvae of fish that are
just beginning to feed [14].

The development of feeding technology for pike-
perch larvae when reared in an artificially created en-
vironment will make it possible to obtain viable off-
spring under controlled conditions on a food diet that
meets the needs of the organism.

The goal of this research was to carry out experi-
mental work on the rearing of pikeperch larvae (Sand-
er lucioperca Linnaeus, 1758) in RAS on live feed.

Material and research methods

The experimental studies were carried out in the
aquatic complex of the Coastal Scientific Expedition-
ary Base “Kagalnik” of the SSC RAS.

The area of the flume in the RAS was 2.5 m?. The
water level in the flume was 0.35 m. Water flow rate
(or flow rate) was maintained at 2-4 /min/m’. The
volume of water was 0.9 m”.
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Pikeperch larvae were the subject of the study.
Larvae for the study were obtained from pikeperch
producers from Miusskiy Liman, CJSC which had no
deformities, ulcers, injuries, abrasions and redden-
ings, in the ratio of females to males 1: 1. The aver-
age weight of the producers was 1.77 kg. Reproduc-
tive cells for further insemination were obtained us-

ing the broodstock method. Insemination was per-
formed by the “dry” method [15]. The eggs were in-
cubated in a pikeperch spawning device [16] on nests
with artificial substrate. The percentage of fertiliza-
tion of the eggs was 70%.

In addition, the pikeperch larvae were fed with nat-
ural food organisms by culturing live food (Fig. 1).

b

Fig. 1. Breeding live food under experimental conditions: ¢ — microalgae; b — Daphnia

A hydrochemical analysis of the water was carried
out throughout the pikeperch larval rearing experiment.

Results and discussion

Five days after of the fertilisation of the eggs, the
hatching of larvae with an average mass of 0.43 mg
was observed. The hatching pikeperch larvae from the
spawning unit were transferred to aquaria at the Col-
lective Management Centre of the SSC RAS.

One of the most important rearing parameters is the
water temperature. The rearing temperature should be
within the thermal comfort zone characteristic of the fish
species. The ambient temperature affects the metabolic
rate of the fish, which increases with increasing water
temperature [17]. That, in its turn, leads to an increased

food requirement, a more pronounced larval heterogenei-
ty and, as a consequence in predatory fish species, to
potential cannibalism [18]. Cultivation at lower tempera-
tures may have a beneficial effect in slowing cannibal-
ism but is associated with delayed larval growth [19].
The temperature optimum for pikeperch larvae is be-
tween 22-24 °C [20]. During the experiment the rearing
temperature ranged from 20-22 °C, rarely dropping to
20 °C, more often values close to 22 °C were recorded.

During larval rearing, the concentration of the dis-
solved oxygen in the fish tanks was 8-8.6 mg/l. Hy-
drochemical parameters during pikeperch larval rear-
ing using live feed complied with the recommended
standards [21] and are presented in Table 1.

Table 1

Hydrochemical indicators in the basins of the controlled system when rearing early juvenile zander using live feed

Indicator Indicator value Standards
Water temperature when passing to exogenous feeding, °C 19-20 20-24 (acceptable 18-20)
Water temperature when rearing juveniles to a weight of 0.3 g, °C 20-22 20-24 (acceptable 18-20)
Active medium pH reaction, units 7.6-8.4 6.5-7.5
Oxygen concentration at the outflow from the system, mg/1 6.6-7.2 6-7
Total ammonium nitrogen, mg N/1 0.2 no more 2.5
Nitrites, mg N/1 0.015 no more 0.2

The larvae seeded in the tanks were moving verti-
cally and had not yet adopted exogenous nutrition. The
larva was not fed while the yolk sac was dissolving.
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The attempts to raise pikeperch larvae from the
first days of feeding on artificial feed are known to
result in 100% mortality, while when using a feed mix-
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ture containing 50% natural product (mashed decapsu-
lated Artemia eggs), the survival rate does not exceed
4.3% [22]. According to I. N. Ostroumova [22], only
on the 18th day after hatching (length 17 mm), pike-
perch develops a stomach and gastric glands (pyloric
appendages) and is able to digest incoming food as an
adult; therefore, at the initial stage after hatching and
before all organs and systems are formed, pikeperch
require live food. Therefore, we envisaged the incuba-
tion of artemia cysts to produce nauplii as well as the
cultivation of other live food organisms such as infuso-
ria, rotifers and microalgae.

During the rearing of the seeding material, fixed
daily doses were set at each stage according to earlier
recommendations and depending on the size of the fish

being reared [23]. At the same time, some artificial
feed was added, as the background presence of starter
artificial feed allows the larvae to develop a positive
response to the odour background of the feed [24].
There were used infusoria and rotifers with slight in-
clusion of artemia cysts and microalgae as starter live
food on day 4 after hatching (larval length 4-5 mm,
weight 0.35-0.50 mg). Artemia nauplii were then in-
troduced. Studies have shown that when fed with A4r-
temia salina nauplii, pikeperch larvae have high sur-
vival and growth rates, and the composition of fatty
acids fully satisfies the fish's need for them [25].

The species composition of the food organisms in
pikeperch larval rearing differed depending on the
rearing period (Fig. 2).
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Fig. 2. The ratio of live prey

On the 11th day the larvae were 6.5-7 mm long. At
this point, cladoceran crayfish — Moin and juvenile
Daphnia were added into the diet. The size of the in-
troduced organisms was up to 275 pm.

On 15th day, the amount of Artemia nauplii (32%)
was reduced Moin and Daphnia (34% each) were add-
ed to the larval diet (Fig. 3).

After 20 days of hatching the larvae were more
than 8 mm in length. The diet during this period
contained adult daphnia (50%), up to 900 pm in size,
and artemia metanauplius (50%), up to 850 um in size.

Pikeperch larvae with an initial mass of 0.43 mg
after 26 days of rearing with a feeding frequency of 10
times a day reached a maximum mass of 250 mg at
a length of 10 mm. The larval survival rate was 67%
and the average daily gain was 7.35 mg/day. The mass
accumulation coefficient was 0.58.
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Fig. 3. Larva of zander at the age of 15 days

The results of rearing pikeperch larvae after
switching to active feeding are presented in Table 2.
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Table 2

Fish breeding and biological indicators of pikeperch larvae grown on live feed

Indicator Value
Weight, mg:
Initial; 0.43 £0.02
ultimate 191.6 £ 6.6
Absolute gain, mg 191.2
Average daily gain, mg/day 7.35
Growing time, days 26
Survival rate of fish, % 67
Frequency rate of feeding, times/day 10
Coefficient of mass accumulation, unit 0.58

During the experiment, no infectious diseases were
noticed in the fish. In a single species, abnormalities
such as skeletal deformities (5.3%) and lack of swim
bladder occupancy were observed. As a result, these
larvae did not feed, had a low growth rate and were
preyed upon by healthy larvae.

Conclusions

1. In the process of this research the values of the
main indicators of the hydrochemical regime were
maintained, corresponding to the previously developed
and recommended standards, which are necessary for
normal growth and development of pikeperch larvae.
Characteristics of growth and survival rate of larvae
during the period of experiments under these hydro-
chemical parameters have been determined.

2. The species composition of live food organisms
for feeding pikeperch larvae in the regulated condi-
tions depending on the period of rearing is determined.

3. It is important to maintain hydrochemical indica-
tors at an optimal level to prevent negative effects. In
addition, a prerequisite of the larval rearing process is
the timely removal of dead fish, maintaining the sani-
tary condition of the fishponds at a high level to avoid
secondary contamination of the water.

4. The high survival rates of pikeperch larvae in the
experiments conducted are a consequence of a number
of factors:

— feeding the larvae was started after they passed
the critical stage — filling the swim bladder and their
transition to active feeding;

— complex feeding with several types of zooplank-
ton to ensure fullness of diet;

— reducing the likelihood of cannibalism through
frequent feeding and availability of food organisms in
the fish pool.
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