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ICHTHYOTROPHOLOGICAL AND
ICHTHYOPATHOLOGICAL ANALYSIS OF BESTER
(ACIPENCER NIKOLJUKINII)

The paper presents the results of ichthyotrophological and ichthyopathological studies of the bester-
hybrid, which is of a significant importance among sturgeon fish. The purpose of the research work is
to study the food spectrum of bester, bred in the pond and to study the external environment influence
on the fish.

Sturgeon is a promising form of modern aquaculture. In addition, sturgeon fish currently undergo
mass extinction and their population decline sharply every year, so the interest in their commercial
breeding has increased. In 2001, four countries of the Caspian Sea — Kazakhstan, Turkmenistan, Azer-
baijan, and Russia (except Iran) imposed a temporary ban on catching sturgeon. This ban was imposed
by the UN requirement within the framework of CITES (Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora). The problem was solved by the breeding of besters which are
hybrid species produced from mating male sterlet and female huso. To carry out research bester hybrid
fish was delivered from the Halyk Balyk pond farm in 2021. The absolute length of the studied 15 fish
ranged from 12.7 to 30.1 cm, and their maximum weight ranged from 11.38 to 110.4 g. Ichthyologi-
cal, ichthyotrophological and ichthyopathological analysis was carried out during the study. Standard
numerical-weight and special histological methods were used for the study. Ichthyotrophological studies
revealed that the fullness index was higher than 30.75%00. The studies showed a high level of nutrients
in the reservoir and the absence of negative external environment influence on fish.

Key words: bester, ichthyotrophology, ichthyopathology, sturgeons, the Caspian Sea.
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bectep 6aabifbiHa (Acipencer Nikoljukinii) nxTnoTpochoaorusiabik,
YKOHE UXTUOMATOAOIMSAbIK, aHAAU3

Makanrapa 6ekipe TykbiMaac OGaAbIKTAP apacbiHAQ 6Te MaHpl3Abl OPbIH aAaTbiH TMOPUA- GecTep
GaAbIFbIHbIH,  UXTUOTPOQOAOTUSIAIK,  XKOHE  MXTMOMATOAOIMSIAbIK,  3€PTTEYAEPiHiH  HaTUXeAepi
KOPCETIAreH. 3epTTey >KYMbICbIHbIH MakCaTbl — TOFaHAQ ©cipiAreH 6ectep GaAblFbiHbIH, KOPEKTEHY
CMeKTPiH 3epTTey XXeHe CbIPTK bl OPTaHbIH GaAbIKKa TUri3reH acepiH 3epTrey.

bekipe TykbiMaac GaAbikTap Kasipri 3amaHAQ aKBaMOAEHMETTIH MaHbi3bl 30p, OaraAbl OKiAi
6oAbIn ecenteaeai. OraH Koca, Kasipri yakbiTTa 6ekipe TykbiMAaC GaAbIKTapAblH >Kannam KblpbIAybl
JKOHE OAAPAbIH, CaHbIHbIH, >KbIA 6TKEH CalblH a3alobl HOTUXKECIHAE, OAAPAb! TayapAblK, ecipyre AereH
KbI3bIFYLWbIAbIK, ecyae. 2001 >kbiAbl Kacnuii TeHi3iHiH wWwekapaAac TepT mMemaekeTi — KasakcraH,
TypikmetcTaH, O3epbarxaH xaHe Peceit (MpaHHaH 6acka) 6ekipe TyKbIMAAC GaAbiKTapAbl ayAayFfa
yakbiTila ThiMbiIM caaraH 6oAaTbiH. OA BYY TapanbiHan CITES (kayin TeHin TypraH TypAepmeH
XaAbIKApaAbIK, cayAa >XOHIHAEri KOHBeHLMs) OoMblHIIA eHri3iAai. ByA MaceAeHiH wewimi 6ectepai
ecipy 60AAbl, 6ecTep aTaAblk, CYMpiK MeH aHaAblK, KOPTMNaHbIH LWAFbIAbICYbIHAH aAbIHFAH TMOPUA
TYp 60AbIN caHaAaabl. 3epTrey >KymbicTapbiHa 6ectep GaabikTapbl 2021 biabl Halyk Balyk Toran
LIapyallbIAbIFbIHAH >KeTKi3iAAl. 3epTTeareH 15 aaHa 6aAbIKTbIH, aBCOAIOTTbI Y3bIHAbIFbI 12.7 CM-A€H
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30.1 cM apacbiHAa 60ACa, YAKeH caAmarbl 11.38 r-HaH 110.4 r apaAblfbiHAQFbl HOTMXKE KOPCEeTTi.
3epTTey 6apbICbiHAQ MXTUOAOTMSIABIK, MXTUOTPOMOAOTUSIABIK, >KOHE WXTUOMATOAOIMSIAbIK, AHAAMU3
JKYPri3iAai. 3epTTey Xyprisyre CTaHAQPTTbl CAHAbIK- CAAMAK,TbIK, XK&HE apHalibl TMCTOAOTUSAbIK, BAICTEP
KOAAQHbIAABL.  MIXTMOTPOOAOTUSIALIK, 3epTTeyAep OoMbiHIWa TOAbICY MHAEKCE 30,75%00 >korapbi
LIAMACbIH KOPCETTIi. 3epTTey HaTMXKECIHAE CYKOMMAHbIH, KOPEKTIK KOPbIHbIH >KOFApbl AEHIeMAIr KaHe
CbIPTKbI OPTaAaH GaAblkka Tepic acep GOAMaFaHbl aHbIKTAAAbI.

Tyiin cesaep: Gectep OGanbifbl, MXTMOTPOGOAOTMS, Oekipe TyKbiIMAACTap, WXTMOMATOAOTUS,
Kacnui TeHi3si.
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MNxTHMOTpOhOAOrMUYECKMIt M MXTMOMATOAOTMYECKMI aHaAU3 becTepa
(Acipencer Nikoljukinii)

B cTaTbe nprBeaeHbl pe3yAbTaTbl UXTUOTPOOAOTMYECKUX M UXTUOMATOAOTMUYECKNX MCCAEAOBAHWI
bectepa- rmMbpraa, 4TO MMeeT OOAbLLIOE 3Ha4yeHre CpeAM OCETPOBbIX pbib. Lleablo HayuHO-
MNCCAEAOBATEAbCKOM PabOoTbl SIBASETCSI M3ydeHue CrekTpa MuTaHus pasBoOAMMO B MpyAy bectepa u
MN3yYeHME BAMSIHUS BHELLHEN CPEeAbl Ha PbiOy.

OceTpoBble — nepcrnekTMBHas hopmMa COBpPEMEHHOM akBakyAbTypbl. KpomMe Toro, B HacTosiliee
BPEMSI OCETPOBbIE Pbibbl NMOABEP>KEHbI MACCOBOMY BbIMMPAHMIO M UX YUCAEHHOCTb C Ka>KAbIM FOAOM
pPe3KOo COKpalLlaeTcs, MO3TOMY Pe3KO BO3POC MHTEPEC K MX KOMMepUecKoMy pa3sBeaeHuto. B 2001 roay
yeTblpe cTpaHbl Kacnmickoro Mopst — KasaxcraH, TypkmenuctaH, AzepbaiaxkaH, n Poccus (kpome
MpaHa) BBeAN BPEMEHHDII1 3amnpeT Ha BbIAOB 0CceTpoBbIx. OH 6biA BBeAeH Mnoa AaBAeHnem OOH B pamkax
CITES (KoHBeHUMSI 0 MEXKAYHAPOAHOM TOPrOBAE BUAAMM, HAXOASLLIMMMCS MOA YTPO30 MCUE3HOBEHMS).
PelueHnem 3Toi NpoOGAEMbI CTaAO pasBeAeHre DeCTepoB, KOTOPbIE CUMTAOTCS TMOPUAHBIMM BUAAMM,
MOAYYEHHbIMM OT CMapMBaHMA CaMLIOB CTEPASIAM M CaMOK 6eAyrn. ABCOAIOTHAsi AAMHA MCCAEAOBAHHbIX
15 pbi6 coctaBasaa ot 12.7 Ao 30.1 cM, a MakcuMaAbHasi Macca — ot 11.38 ao 110.4 r. B xopae
MNCCAEAOBaHUS MPOBEAEH UXTUOAOTMUYECKUI, MXTUOTPOPOAOrMUYECKMI M MXTMOMATOAOTMYECKMIA aHAAMS.
AAS UCCAEAOBAHMS UCMOAb30BaAM CTAHAAPTHbIE UMCAOBO-BECOBbIE U CrieLMaAbHble TMCTOAOTMYEeCcKne
MeToAbl. B pe3syabTaTe MCCAEAOBAHMIA YCTAHOBAEHO, UYTO BOAOEM OTAMYAETCS BbICOKMM YPOBHEM
MUTaTEAbHbIX BELLECTB M OTCYTCTBME HEraTMBHOIO BO3AEMCTBMSI Ha Pbl0 BHELLHEN CPEADI.

KAroueBble caoBa: 6ectep, MXTUOMNATOAOI S, MXTMOTPOoAorus, Kacnminckoe Mope, 0CeTpoBble.

Introduction

Recently, biological diversity conservation in
the Caspian Sea has become a big problem. Due to
the endless fishing bioresources in the Caspian Sea,
the number of valuable fish- sturgeon is sharply
decreasing. According to the scientific data, over the
past 10 years, the number of catching the sturgeon
in the Ural-Caspian basin has decreased by 10 times.
If in 1995-1996 the catching of the fish was 15-16
thousand tons, then in recent years this number has
risen to 150-214 tons [1].

Sturgeons (Acipenseriformes) are relict fauna
representatives, they appeared in the Lower Jurassic
Period, 200 million years ago and survived various
natural disasters of our planet. They are currently on
the verge of extinction, some species have become
extinct in several countries, where the measures to
preserve these species were not taken [2,3]. The high
marketable value of sturgeon is the main reason for

their illegal catch that leads to a sharp decrease in
their population [4,5].

The breeding of sturgeon started in the XIX
century, when Russian scientists first began artificial
breeding. Currently, the aquaculture of sturgeon is
under industrial development which contributes
to the preservation of endangered species. In the
commercial breeding of sturgeon’s interspecific
hybrids are of a great significance. However, among
interspecific hybrids bester plays the much more
important role in the commercial breeding than any
other species of this category of fish. There were
many hybridizations between the Russian sturgeon,
the sterlet, the beluga and the stellate sturgeon.
The Huso Huso (beluga) was interbreed with the
Acipencer ruthenus (sterlet), and the good result was
not obtained due to the taxonomic distance and the
huge differences between these species. However,
as subsequent studies revealed, this hybrid gained
an incredible successful and was widely used and,

79



Ichthyotrophological and ichthyopathological analysis of bester (Acipencer Nikoljukinii)

by the suggestion of the authors, it received the
name “Bester” — consisting of the initial syllables of
the parent species name: beluga and sterlet [6,7,8].

Bester has 5 rows of bony plates (scutes): 1
dorsal, 2 lateral and 2 ventrals. Lateral spines are
51-52. They have a flattened rostrum. There are two
pairs of slightly flattened barbels. Bester has the
characteristics of two fish. They are the beluga’s
rapid growth and the early maturation of the sterlet.
It can reach up to 1.8 m long and weigh up to 30
kg. In aquaculture, due to the breeding in cages and
pools the first-generation hybrids reached the mass
of 1 kg or more in the second year [9,10].

Bester are trophologically carnivorous, they
eat molluscs, small crustaceans, worms, and
insects [11]. For ichthyotrophological research, the
standard quantitative-weight method was employed.
According to this method: the fish is cut from the
abdominal section to the pharynx using scissors
and a scalpel, the digestive system is removed, the
digestive system is divided into 3 parts, the intestine
1s cut crosswise, and a nutrient node is made. After
obtaining the nutrient node, the content is dried,
weighed and systematically identified using a
microscope.

Ichthyopathological studies were carried out
using histological methods. The parts taken from the
gills, muscles, liver gland and intestines of the fish
are treated according to a histological method and
paraffin incisions are made through a Microtome.
The ichthyopathological changes in fish are observed
using a microscope.

The relevance of the study is supported by the
fact that sturgeon family representatives have been
on the verge the extinction in recent years and many
species were included in the Red Book. To preserve
sturgeon, various hybrids were produced, including
highly adaptable, high-quality bester. Bester
matures and grows rapidly. So, this fish was chosen
as the main object of our research because of its high
commercial value.

The aim of the study is to determine the nutritional
spectrum of the bester bred in the pond and to identify
the pond conditions by bester histological studies in
the presence of ichthyopathological changes.

Materials and methods

In the fall of 2021, for the fish nutrition and
histological studies the samples were taken from
Halyk Balyk pond farm during the fall estimation
period. 15 selected samples of the fish were placed
in 10% formalin and were delivered to the laboratoty
of Biodiversity and Bioresources of the Department
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of the Biology and Biotechnology faculty in Al-
Farabi KazNU (Figure 1).

FEey e

Figure 1 — 15 bester samples taken for research

Ichthyological, ichthyotrophological  and
ichthyopathological studies of 15 bester fish taken
for study were carried out. Ichthyological studies
were carried out according to the Pravdin method.
Ichthyological studies included the determination
of large and small length, large and small weight
of 15 bester samples, and their fatness according to
Fulton and Clark formula. A caliper was employed
to measure the research object length, and a MW-
Micro Digital Computing Scale (Korea) was used to
measure the weight. The following formulas were
applied to calculate the fatness of samples [12,13]:

Fu= Q*100/ I
Cl= g*100/ I

Ichthyotrophological studies were carried out
according to the standard quantitative — weight
method and processing was carried out by the
quantitative method. The ichthyotrophological
study consists of steps. They are the isolation of
the intestine, the extraction of the nutrient node,
the drying, measurement, and the identification of
nutrient organisms. During the study the fish was
cut from the abdominal part to the pharynx with
scissors and a scalpel, the digestive system was
removed. The intestine was divided into 3 parts:
the front, middle and back, respectively. A nutrient
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node was taken from the intestinal sections and was
dried. The EP613C (Switzerland) torzion scale was
employed to measure the nutritional node. Binocular
magnifying glass (MBS-9 stereomicroscope
(SCOPICA, Russian)) and microscope (MicroOptix
light microscope (MicroOptx, Inc., Austria)) were
used to identify organisms from the nutrient node.
The relative values of nutrient organisms in the
nutrition spectrum were estimated by the repetition
frequency and the proportion of the individual
components in the total composition of nutrient
particles (in % of mass). During the studies fullness
index of intestine (%) was calculated [14,15,
16,17].

According to ichthyopathological studies,
a histological investigation was carried out to
determine the physiological state of the fish. To carry
out this investigation organs and special histological
methods were employed. The taken organs parts
were prepared for dehydration by placing the cut in
cassettes. The dehydration process was carried out
in the battery of butyl and ethyl alcohol of different
concentration. It started at 70° of alcohol and was
brought to 98°. The materials obtained from each
solution were dried on filter paper, the exposure
time to alcohol of different concentration was 35

Table 1 — Length and weight values of the studied bester samples

minutes. After the immersion of the material into
butanol-II solution, it was placed in melted paraffin.
Then the material was put in the thermostat, at 56
°C, for a day and the tissue absorbed paraffin. When
the tissue absorbed paraffin paraffin block was
made. The material was solidified in paraffin, the
microtome device (“MEP — 01 TECHNOM?”) was
employed and paraffin sections 5 micrometers thick
were prepared. The preparation was passed through
xylene solutions and alcohol concentrations. It
was dried and placed in hemotoxylin and eosin
paints [18,19, 20]. The coloured samples were
examined using an optical microscope (Motic BA-
400 microscope (Motic Asia, Hong Kong, China)).
Statistical data processing was carried out using
standard methods, and statistical indicators were
processed in Microsoft Excel.

Results and discussion

Standard length and large and small weight
were measured using ichthyological analysis. The
total length value of fish samples was calculated to
be from 12 c¢cm to 30.1 cm, the average length was
19.1 cm, and the weight value ranged from 13.87 g
to 119.4 g, the average weight was 43.6 g (Table 1).

No Qg q, g L,cm I, cm
1 13.87 7.85 12.7 9.1
2 20.09 11.22 14.7 11
3 11.38 5.44 12 9.3
4 12.13 9.81 13.1 10.1
5 18.12 12.85 17.5 14.3
6 15.03 13.97 13.8 10.5
7 21.35 17.58 18.5 14.3
8 16.93 13.11 15.6 11.5
9 40.82 20.41 18.6 14
10 26.79 21.67 20.8 16.4
11 68.53 55.77 24 19.1
12 71.42 41.6 242 22.5
13 85.53 70.86 26.3 21
14 113.07 106.13 25 25.5
15 119.4 114.32 30.1 9.5
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The table above demostrates the values of the
total (L), standard (1) length and large (Q), small (q)
weight of the studied 15 bester samples. The table
shows that the correspondence of the length and the
weight of the fish samples is a good indicator.

According to the Fulton and Clark formula the
fish fatness was calculated, the interval of Fulton
values was from 0.3 to 0.68, and the Clark interval
was from 0.24 to 0.68 (Table 2).

According to Fulton and Clark results, the
bester fish fatness was at a relatively good
level, the samples with a low indicator have
a small amount of nutritional node or empty
intestine.

During ichthyotrophological studies, the
fullness index of 15 bester samples was calculated.
The overall fullness index was 461.3%00 and the
average one was 30.75%00 (Figure 2).

Table 2 — Fatness results of the studied fish samples by Fulton and Clark

Ne Fulton Clark
1 0.68 0.38
2 0.63 0.35
3 0.66 0.31
4 0.54 0.44
5 0.34 0.24
6 0.57 0.53
7 0.34 0.28
8 0.45 0.35
9 0.63 0.32
10 0.3 0.24
11 0.5 0.4
12 0.5 0.29
13 0.47 0.39
14 0.72 0.68
15 0.44 0.42
Medium 0.52 0.37

According to the fullness index, a very low
indicator of samples Ne 3,9, 10, 11 can be observed
in the chart. These were the fish that had a small
amount of nutrient node the came out of their
intestines and a large number of fully digested food.

The study of the nutrition features of the
obtained bester samples allowed determination of
the pond nutritional base in the farm. The division
of the intestine into 3 parts (front, middle and back)
(Figure 3) was made using the methods employed in
these studies.

The figures above illustrate the bester sample
organs and the intestinal sections obtained by
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ichthyotrophological study and the nutrient node
from each intestinal section.

According to the results of ichthyotrophological
studies, mainly shrimp and undetectable digested
food were found in the digestive tract of the studied
samples (Figure 4-5).

Figures 4 and 5 present the main components
which were found in the nutrient nodes of the bester
fish samples, i.e., the main food of the bester was
shrimps.

The repetition frequency of the fragments and
the number of the fragments were determined using
Microsoft Excel (Table 4) (figure 6-7).
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Figure 2 — Fullness index of the studied bester

Figure 4 — A, B- shrimp pieces from the intestines of bester

B
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B

Figure 5 — A, B — digested, undetectable food from the intestine of samples

Table 3 — The repetition frequency and the number of components in the digestive tract of the bester

84

Components The number of components,% The repetition frequency, %
shrimp 87.8 70
gammarus 7.31 10
mollusca 2.43 10
plants’ seeds 2.43 10
The repetition frequency , %
plants' seeds
10,0%
mollusca
10,0%
gammarus
10,0%
shrimp
70,0%

Figure 6 — The repetition frequency of components in the digestive tract of the bester
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Figure 7 — The number of the components in bester digestive tract

The diagrams above show the results of
ichthyotrophological studies of 15 studied bester
fish samples. The diagrams indicate that the main
food of bester fish bred in the pond of the fish farm
is shrimp. Gammarus and mollusc were identified
as additional components, while plant grains were
random components.

The structure of the fish gills studied by
histological methods wasn’t damaged, in general,
the primary and secondary lamellas retain their
normal structure. Bester gill’s structure obtained in
the study showed that, as in all fish, cartilaginous
filaments are in the lamellas center of the Ist order
and the 2nd order lamellas are horizontally attached
to it (Figure 8).

Some fish were observed to have hyperplasia of
the primary and secondary lamellas (Figure 9).

According to a histological study, the skeletal
muscle structure was shown to be normal. No
pathological changes were found in histological
samples of fish muscles. The muscles horizontal

lines are well visible, as well as the sarcolemma
is intact, the nuclei are located on the periphery
(Figure 10).

When histological liver tests of fish samples
were conducted, no pathologies were observed.
Blood capillaries and stem cells looked good.
Hepotocyte cells are intact. The liver capillaries are
sufficiently filled with red blood cells. Hepatocyte
cells and sinusoids looked good. The sinusoids can
be observed to be filled with red blood cells (Figure
11).

Including the gills, liver, and muscles, we the
digestive tract histological preparation of the studied
bester were seen. Figure 11 shows clearly that
intestines were full. The fragments of arthropods
were found (Figure 12).

The front section of histological preparation
of the digestive system of bester sample was
examined. No dangerous pathologies were found
here either. The walls are straight and intact. The
figure demonstrates the normal state (Figure 12).
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Scale:200.00um

Figure 8 — The images of histological section of bester gills coloured by hematoxylin- eosin
A —20x magnified, B — 10x magnified

Scale:200.00um K

Figure 9 — The images of histological section of bester gills coloured
by hematoxylin — eosin, 10x magnified

T AT
| Scale:200.00um

Figure 10 — The images of histological section of bester muscles coloured
by Hematoxylin- eosin A- 20x magnified, B- 10x magnified
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Figure 11 — The Images of histological section of bester liver coloured by hematoxylin- eosin
A- 40x magnified, B- 10x magnified

Figure 12 — The images of histological section of bester
intestine coloured
by hematoxylin- eosin, 20x magnified

Ichthyopathological studies did not reveal
any pathology in bester samples bred in pond
conditions. Protozoa infestation and swellings have
been observed in the fish gills. The structure of the
liver, intestines, muscles wasn’t damaged and was
in a normal condition.

Conclusion

The results of an ichthyotrophological study of
bester (Acipencer nikoljukinii) bred in the fish farm
“Halyk balyk” were obtained. The results showed
that:

The quantitative analysis of nutrition showed
that the repetition frequency was: 100% shrimp,
10% gammarus, 20% plant grains, 10% molluscs.

Figure 13 — The images of histological section of bester
intestine coloured
by hematoxylin- eosin, 10x magnified

According to the qualitative analysis of nutrition:
shrimp was 87.80%, Gammarus was 7.31%, plant
grains were 2.43%, mollusks were 2.43%.

The results of bester histological studies showed
the following:

The changes found in the gills were normal in
most of them, hyperplasia was observed to occur
because of the protozoa invasion in the gill lammellas
and swelling of the secondary gill lamellas.

The structure of the liver gland was intact, and
it was in a normal state, hepotocyte cells were in a
columnar form.

The structure of the muscles was in a normal
state and did not undergo changes.

The ichthyotrophological studies showed the
sufficiency of the food supplies for bester samples
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bred in pond conditions and the good conditions Currently, the bester, which is of a major
of the pond nutritional base. According to  importance, is a valuable object for ichthyological
ichthyopathological studies, no abnormalities were  research. The study of bester, the study of fish bred
identified in the fish, and the conditions for fish  in the pond conditions promotes the preservation
breeding in the pond were discovered to be good. and breeding of sturgeon fish.
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