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Abstract. The hydrological, hydrobiological and ichthyological parameters of the Kirovsk Reser-
voir in the West Kazakhstan region of the Republic of Kazakhstan are described. The reservoir was se-
lected as a model for realization of the grant project No. AP09058066 “Developing mobile active hy-
droacoustic fish protecting device to protect fish and juveniles from entering the dam spillways of large
hydroelectric power plants and reservoirs” of the Ministry of Education and Science of the Republic of
Kazakhstan. Hydrological, hydrobiological and ichthyological studies were aimed to obtain data for
making optimal decisions on the design, equipment and working algorithm of the fish protection device.
Hydrological studies include measuring depths and current speed in the water area of the reservoir and
in front of the dam spillway. The species composition, abundance and biomass of forage invertebrates
of zooplankton and zoobenthos were studied as hydrobiological indicators. The main biological indica-
tors, fish abundance and biomass, species composition and concentration of juveniles were taken into
account when studying ichthyological data. The obtained hydrological, hydrobiological and ichthyolog-
ical parameters of the Kirov Reservoir served as the basis for developing the concept of a mobile active
hydroacoustic fish protecting device to prevent fish and juveniles from entering the spillways of dams at
the large hydroelectric power plants and reservoirs.
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Introduction

The Kirov Reservoir is the first in the cascade of the reservoirs of the Ural-Kushum irrigation-
watering system [1]. According to the list of the fishery reservoirs of local importance [2], its area
makes 3000 hectares. A water filling source is the Ural River. The reservoir has a retaining dam with
a spillway. Stability of the water regime with periodic water discharges, presence of a capital regulated
hydraulic structure and a variety of ichthyofauna create conditions for designing fishery devices suita-
ble for this kind of reservoirs, which was chosen as a model reservoir.

At the first stage of research there have been conducted the hydrological, hydrobiological and icthyo-
logical studies of a reservoir covering such indicators as depth, speed of a current, specific structure, number
and biomass of feed invertebrates, zooplankton and zoobenthos, specific features, basic biological indica-
tors, fish number and biomass, specific structure and concentration of juveniles. The obtained data served
as a basis for working out a concept of a fishery device.

The purpose of the given research was studying hydrological, hydrobiological and icthyological
parameters of the reservoir for the purpose of data acquisition for making optimum decisions on a design,
a complete set and a working algorithm of the projected fishery device.

Materials and techniques

Studying the hydrological indicators was carried out by using a technique of quantitative defini-
tion and the account of elements of the reservoirs [3]. The depth was measured by the Harmin EHO
150 echo sounder, and the speed of a current - by hydrometric revolving object GMCM 1. In total,
75 measurements of depths and 85 measurements of the current speed have been made.

! This research has been/was/is funded by the Science Committee of the Ministry of Education and Science of the Republic of Ka-
zakhstan (Grant No. AP09058066 Development of the active mobile hydroacoustic fish-protecting device for protection of juveniles from hit in spill-
ways of HPS dams, reservoirs).
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The data on the state of fish fodder resources were collected and processed, according to the
standard techniques [4, 5]. For the analysis of the state of the forage reserve there has been made sam-
pling of zooplankton and macrozoobenthos for the purpose of defining the specific structure, number
and biomass of the most important species of fodder organisms. In total, 10 tests of zooplankton and
15 tests of zoobenthos have been selected.

Scientific catches were made by the nets with mash size from 22 to 80 mm. In total, there were
made 10 scientific catches. Sampling fish juveniles was made by fry circle of Rass and by fry drag. The
species definition of fish and juveniles resulted in the well-known benefits [6, 7]. The ichthyological re-
searches were carried out by using the standard methodical management [8]. In total, 320 fish species
were defined, according to the specific, age and size-weighting composition of ichthyofauna.

The research of fish concentration was conducted by using the method of echoshooting [9]. To de-
fine the concentration, migrations and downstream of the fish juveniles there have been taken 20 tests
with the early juveniles by using the circle of Rass and 10 tests of the late juveniles by the fry drag.

Results Discussion

Hydrological indicators. The Kirov Reservoir basin has an even profile of a bottom. The reser-
voir volume at the normal retaining level makes 60 million m’. During the dry summer season the
depth of the channel ranges from 2.5 to 3.2 m. During the spring flood the level increases due to the
waters coming from the Ural River, and the depth grows up to 3.5-4.2 m. Before the dam spillway the
depth increases a little, which is caused by a stronger current washing away the ground (2.7-3.5 m in
the offseason, and 3.7-4.5 m in the spring high water).

The speed of the current is also an important hydrological indicator. The speed of a current was
measured from a motor boat (Fig.).

Measuring current speed

The current speed in the reservoir is observed only during the water admission through the dam
spillway. In the spring time through the spillway the water is dumped with 35-40 m’/s, during summer
and autumn drought seasons the speed of the current is 25 m’/s. During peak of the spring high water
(3¢ decade of April), when the water passes through the dam waterworks, the water maximum quantity
is dumped, the speed of a current on the water bringing channel increases to 1.94 m/s. It is caused by
the fact that weight of water in the pre-dam parts getting to the narrow water bringing channel consid-
erably accelerates. However, on removal in radius of 100 m from the waterworks the speed of
a current decreases to 0.72 m/s, in radius of 200 m - to 0.37 m/s, and in radius of 300 m - to 0.02 m/s.
In summer drought season, during the water dump there was observed a more moderate current speed:
0.47 m/s on the water bringing channel; 0.25 m/s on removal from waterworks in radius of 50 m;
0.15 m/s in radius of 100 m; 0.08 m/s in radius of 150 m.
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Hpydrobiological indicators. The taxonomic structure of zooplankton organisms in the Kirov Res-
ervoir is presented by 18 taxa of invertebrates. Eight representatives of zooplanktonofauna were found in
2021, from them the Cladozer - 6, copepod - 2, rotifers were not found. The absence of rotifers can be
explained by the unfavorable weather conditions at the time of sampling; they will probably restore their
population next year. In 2021 the list of cladoceras was replenished with new species: A. harpae and
A. emarginatus. Among copepods a new representative of crustaceans, Eurytemora minor, was regis-
tered; they were also dominants. Small cladoceras B. longirostris acted as subdominants. As a result of
a quantitative analysis of the zooplankton of the Kirov Reservoir, it was found that copepods (92.0%)
prevailed in abundance, while copepods also dominated in terms of biomass (94.7%). Cladoceras in the
surveyed biotope were represented by single specimens in 2021, which affected the final biomass values.
This is probably due to the fact that of all the groups of zooplankton cladoceras are the favorite food for
fish juveniles. The total number of zooplankton in the Kirov Reservoir in 2021 was 1.88 thousand
ind./m’. The biomass value of 118.71 mg/m’ indicates low productivity of zooplankton.

Zoobenthos of the Kirov Reservoir is presented by oligeclates, leeches, larvae of water insects
(mosquito-bells, hoarse, muddens, swirls), bivalve and brickeloous mollusks [10]. The distribution of
zoobenthos of the Kirov Reservoir for quantitative indicators, which in communities were dominated
by unauthorized worms, the biomass - mollusks-unionida and leeches that are not feed organisms. The
total number of zoobenthos of the Kirov Reservoir amounted to 3230 ex./m” in 2021. The value of bi-
omass 5.5 g/m’ indicates the average productivity of zoobenthos in the studied period.

Icthyological indicators. The basic ichthyofauna of the Kirov Reservoir is presented by the spe-
cies living in the Ural River. In the historically developed natural system of outflow the Kushum River
is characterized by the annual migrations of fish going on spawning. After registering the rivers and
formations of the Kushum Channel with the cascade of the reservoirs, the natural spawning ways have
not been blocked. At the same time, the conditions were created for some of the increasing populations
to remain here for a long time for acclimatization. In this connection, by the developed tradition these
species are included into the specific lists as native. The scientific catches of 2021 included such spe-
cies as pike, bream, silver carp, roach and perch.

Pike in the research catches made 4.2% from the total of the caught fishes. Their basic biological
indicators are presented in Table 1.

Table 1
The basic biological indicators of pike in the Kirov Reservoir, 2021
Agerange | Length, sm (min-max) | Average length, sm | Weight, g (min-max) | Average weight, g n* Yo**
2+ 31.1-32.0 31.6 283-321 296 3 334
3+ 35.5-36.0 35.8 415-424 420 2 22.2
4+ 39.4-43.0 41.2 521-793 657 2 22.2
7+ 62.5-63.0 62.8 2 569-2 595 2582 2 22.2

* Number of fish in age groups; ** catchpercentage of age groups.

Analysis of Table 1 shows that the population is represented by fish aged from 2 to 7 years. The
difference in the number of fish by age groups is small, which indicates a good survival of the species.
The ratio of females and males is 5 : 4, respectively. The fatness of the caught fish averaged 0.95 ac-
cording to Fulton, and 0.87 according to Clarke.

The share of bream in research catches in 2021 was 93.0% of the total fish caught. Thus, bream
was the most frequently caught species. The studied part of the population was represented by individ-
uals of 5-10 years old. Their main biological parameters are presented in Table 2.

Table 2
The basic biological indicators of bream in the Kirov Reservoir, 2021
Agerange | Length, sm (min-max) | Average length, sm Weight, g (min-max) Average weight, g n* Yo**
5+ 19.0-19.5 19.3 149-159 153 4 2.0
6+ 20.0-23.2 21.8 153-274 220 45 22.7
7+ 23.3-26.4 24.4 257-405 312 65 32.8
8+ 27.0-29.8 29.1 408675 567 53 26.8
9+ 30.0-32.5 30.1 561-781 674 26 13.1
10+ 33.0-34.0 33.5 728-936 833 5 2.6

* Number of fish in age groups; ** catchpercentage of age groups.
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The ratio of females to males in the studied part of the population was 17 : 13. The fatness of the
caught fish averaged 2.21 according to Fulton, and 1.97 according to Clarke.

Analysis of Table 2 shows that population is presented by fishes at the age from 5-10. The fishes of
the senior age groups, on the result of equation of trade loading on a trade stock bream, are well presented.

The share of silver crucian in research catches of the Kirov Reservoir has made 0.5% from the
total of the caught fish, had on one seven-year female. Its basic biological indicators are presented in
Table 3. The fatness of the caught fish by Fulton has made 4.53, on Clark - 3.33.

Table 3
The basic biological indicators of silver crucian of the Kirov Reservoir, 2021
Agerange | Length, sm (min-max) | Average length, sm | Weight, g (min-max) Average weight, g n** Yo
7+ —* 253 —* 734 1 100.0

* Only one fish caught; ** number of fish in age groups; *** catchpercentage of age groups.

Table 3 analysis shows that the fish population is characterized by fishes of advanced ages. The
small number of crucian in the catch has casual character as in the reservoir there is steady enough
population of this species.

Roach in research catches in the Kirov Reservoir was represented by 0.9% of the total number of
fish caught. The sample included 4- and 7-year-old females. Their basic biological indicators are pre-
sented in Table 4.

Table 4
The basic biological indicators of roach of the Kirov Reservoir, 2021
Age range | Length, sm (min-max) | Average length, sm Weight, g (min-max) | Average weight, g n** Yo***
4+ —* 17.0 —* 117 1 50.0
7+ —* 24.3 —* 333 1 50.0

* Only one fish caught; ** number of fish in age groups; *** catchpercentage of age groups.

Fatness of the caught fishes by Fulton on the average was 2.35, by Clark - 1.95.

Analysis of Table 4 shows that for population presence of fishes of advanced ages is characteris-
tic. The small number of roach in the catch is rather random, since there is a fairly stable population of
the species in the reservoir.

Perch in research catches in the Kirov Reservoir has been presented on 1.4% from the total of
the caught fishes. Sampling included four - six-year individuals. Their basic biological indicators are
presented in Table 5.

Table 5
The basic biological indicators of perch of the Kirov Reservoir, 2021
Age range Length, sm (min-max) Average length, sm Weight, g (min-max) | Average weight, g. n** Yo **
4+ —* 19.5 —* 167 1 333
6+ 22.5-22.7 22.6 247-275 261 2 66.7

* Only one fish caught; ** number of fish in age groups; *** catchpercentage of age groups.

The parity of females and males in the investigated part of population was 2 : 1 respectively. The
fatness of the caught fishes by Fulton on the average has made 2.26, by Clark - 2.01.

Analysis of Table 5 shows that for population the presence of fishes of advanced ages is characteris-
tic. A small number of perch in the catch has casual character, as it is a widespread species in the reservoir.

The research of the number of fish by the method of echo sounding showed a concentration of
only 285 specimens per 1 ha.

An indicator of fishing fish product capacity was 32 kg/ha.

The data obtained on the study of the concentration and species composition of fish juveniles are
shown in Table 6.
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Table 6
Species composition and concentration of juveniles in the Kirov Reservoir, 2021
Kind of juveniles Development stage Average length, mm Average weight, g Concentration, Ex. / ha
Pike juvenile 52 2.49 348
Carp juvenile 48 1.34 81
Bream juvenile 31 0.72 9716
Carp juvenile 27 0.57 2998
Roach juvenile 31 0.58 1745
Perch juvenile 32 0.71 1511

Analysis of Table 6 shows that deviations from the average values of the sizes and weight for ju-
veniles in the first stages is not observed. The most noticeable concentration of bream juveniles is due to
the high size of the population. An interesting fact is that carp juveniles are observed in the reservoir, but
adult fish are not found. The reservoir is annually stocked with carp yearlings, so they are found in juve-
nile samples. But obviously most of the juveniles leave their reservoirs during regular releases of water
through the hydroelectric complex. This explains the absence of adult carp species in the reservoir.

Conclusions

The Kirov Reservoir has an even profile of the bottom and a rather small depth - to 3.2 m in the
drought summer season to 4.2 m in the spring high water. In the spring when the water maximum
quantity is dumped through the waterworks, the speed of a current on the water bringing channel in-
creases to 1.94 m/s. On removal in radius of 100 m from waterworks the speed of a current decreases
to 0.72 m/s, in radius of 200 m - to 0.37 m/s, and in radius of 300 m - to 0.02 m/s. In the drought sum-
mer season the speed of a current is more moderate and practically does not decrease on the removal
from waterworks in radius more than 150 m.

The forage reserve of fishes has low indicators on zooplankton, and averages on zoobenthos.
However, considering that it is a residual biomass of fodder organisms, it is possible to speak about
sufficient fish provision by natural feed resources.

The commercial fish fauna is represented by pike, bream, crucian carp, roach and perch, with
a total commercial fish productivity of 32 kg/ha.

The trade ichthyofauna is presented by pike, bream, crucian carp, roach and perch, with a total
trade fish productivity 32 kg/ha. Concentration of juveniles only 16 399 sp./ha. Although the reservoir
is annually stocked with carp underyearlings, which are found in the juvenile samples, no adult fish
was found in the catches. A small quantity of the commercial species, their low productivity, and the
absence of adult carp, despite the annual stocking of fish, speaks of the withdrawal of fish and juve-
niles from the reservoir during regular releases of water through the waterworks.

For preserving and increasing the trade ichthyofauna it is necessary to develop and install the ef-
fective the fish protecting devices. At the same time, its effect should cover the entire water area of the
pre-dam part, at a distance of more than 300 m from the spillway of the hydroelectric complex, in order
to protect adult fish and juveniles from drift by the current.
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NCCIEJOBAHUE KHPOBCKOI'O BOJOXPAHUJINIIIA
AJI51 PASPABOTKH AKTUBHOI'O IIEPEJIBUKHOTI'O
I'MIAPOAKYCTHYECKOI'O PBIBO3AIIUTHOI'O YCTPOUCTBA

A. H. Tymenos, C. K. Acvinoexosa, A. U. Kum, A. A. Myxpamosa

TOO «Hayuno-npou3z600cmeeHHblll YyeHmp PblOHO20 X03AUCMEd,
Anmamul, Pecnyonruxa Kazaxcman

OnucaHbl THAPOJIOTHYECKHE, THAPOOHOIOTHYSCKIE U UXTHOJIOTHYeCKHe napaMeTpbl KupoBckoro
BOJIOXPaHUIIUINA, PACTIOIOXKEeHHOTO B 3ananHo-Kazaxcranckoi obmactu Pecyonmku Kazaxcran. Bo-
JIOeM BBIOpaH B Ka4ueCTBE MOJEIBHOTO ISl BBHITIOJIHEHUs TpaHToBOrO mpoekra Ne AP09058066 «Pa3-
paboTka akTHBHOTO MEPEIBMKHOTO T'MAPOAKYCTUYECKOTO PHIOO3AIIUTHOTO YCTPOMCTBA JUISl 3aIl[HThI
PBIO M MOJIOAM OT TOMANaHKUs B BOJOCOPOCHI TUIOTHH KpyNmHBIX ['DC M BogoXpaHWIMIy MUHHCTEp-
cTBa 0oOpazoBaHusi U Hayku Pecnyonuku Kazaxcran. ['unposorudeckue, THIpOOUOIOrHIeCKUe U UX-
THOJIOTHYECKUC UCCIICAOBAHUS TIPOBOMIINCH C LEIBIO MOTYYCHUS JAHHBIX JUIS MPUHSATHS ONTHMAIb-
HBIX PCIICHUIA M0 pa3paboTKe KOHCTPYKIMU, KOMIUICKTAIIMU U pab0yero aropuTMa phlO03aIluTHOTO
ycrpoiicTBa. ['MApONIOruueckre UCCISOBAaHUS BKITFOUAOT B ce0sl MPOMEPHI TIyOMH M CKOPOCTEH Te-
YCHUSI HA aKBATOPUH BOJOXPAHIIMIIA U ITepei BOJOCOPOCOM IUIOTHHBL. B kadecTBe ruapoOuoioruye-
CKHUX IMOKa3aTeliel MCCIeIOBAIUCH BUIOBOW COCTaB, YHCICHHOCTh M OMOMAacca KOPMOBBIX OECIO3BO-
HOYHBIX 300IUTAHKTOHA M 3000eHTOCa. [Ipy M3ydYeHHH HMXTHOJIOTHYCCKUX JAHHBIX MPUHUMAIUCH BO
BHUMaHHE BHIOBOH COCTaB, OCHOBHbBIC OMOJIOTMYECKHE MMOKA3aTesH, YHCICHHOCTh U Ouomacca phlo,
a TaKkXKe BUJIOBOW COCTaB M KOHLEHTpaIysi Mosioau. [TonydeHHble THIPOIOTHYESCKHE, THIPOOHUOIOrH-
YeCKHe M MXTHOJOTMYeCKUe napaMeTpbl KHpOBCKOro BOIOXpaHMIIHIIA SIBUITHCH OCHOBO# /isi pa3pa-
OOTKM KOHLIEMIMH aKTUBHOTO TIEPEABIIKHOTO THIPOAKYCTHUECKOTO PhIO03AIIMTHOTO YCTPOHCTBA ISt
3aIUTHI PHIO U MOJIOJTU OT TIOTIAIAHKS B BOJOCOPOCHI TWIOTHH KpyIHBIX ' DC 1 BOJOXpaHUITHIIL.

KiiroueBble €JI0BA: BOAOXPAHWIMIIES, IUIOTHHA, IIyOWHA, TEYCHHUE, 300IUIAHKTOH, 3000€HTOC,
Ooromacca, peIObI, KOHIICHTPALIUS.

Jdns murupoBanus: Tymenos A. H., Acvinbexosa C. XK., Kum A. U., Myxpamosa A. A. Vccie-
noBanue KHpoBCKOro BOJOXpaHWIIMILA JUIs Pa3paOOTKH aKTHBHOTO MEPEIBIKHOTO THIIPOAKyCTH-
YEeCKOro phI003alUTHOTO YCTpoicTBa // BecTHMK ACTpaxaHCKOTro rocy1apCTBEHHOTO TEXHUYECKO-
ro ynusepcurera. Cepust: PeioHoe xo3siicto. 2021. Ne 3. C. 102-108. DOI: 10.24143/2073-5529-
2021-3-102-108.
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