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FOUNDATION AND CALCULATION OF THE FISH SEEDING DENSITY
FOR SPECIAL COMMODITY FISHERIES CREATION

The results of the complex reservoir research are presented, the proposals for the special
commodity fisheries creation are developed. The state of the aquatic environment meets the
requirements of the fishery regulations, and the natural feed base was at a relatively high
productive level.

Non-industrial fish species dominated in the reservoir, the natural fish productivity is
3.0-3.5 centners per ha, industrial fish has 0.5 centners per ha.

It is suggested to use carp, silver carp, bighead carp, and grass carp for fish seeding.

We should use a two-year-old (this year) sander for the purpose of biological melioration of
reservoirs.
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Tab. 1. Ref. 15.

Statement of the problem. In modern conditions, aquaculture is one of the
crucial means of producing high-protein products and low production costs.

To obtain 1 kg of fish gain we use 1.0-1.5 kg of feed, at the same time but we
use more feed for the production of other types of livestock products (chicken, pork,
and beef). Therefore, an increase in the production of fish products is rather actual.

Water bodies and reservoirs are the most accessible for development in
Ukraine. They provide about 70% of fish production and are the main reserve for the
further development of domestic aquaculture [7].

There are 1103 reservoirs in Ukraine; their total volume is 55315.8 million
cbm.

There are 92 reservoirs in Vinnytsia region with a total area of 9,658 hectares
and a total volume of 293 million cbm. The hydrographic network of water objects of
the region belongs to the basins of the three main rivers of Ukraine such as the
Dniester, the Southern Bug and the Dnieper, with 28%, 62% and 10% respectively of
the territory of the region [8].

A characteristic feature of the region rivers is the high degree of regulation of
the flow of artificial reservoirs, i.e. small reservoirs and ponds. Most of reservoirs,
94% (49 units), are of a small volume, they have less than 10 million cbm; Ladyzhyn
reservoir is a medium-sized one.

Small reservoirs are created as a result of economic activity that is related to
the need to create stable water supplies to meet the needs of different water users.
Requirements for such reservoirs are caused by the interests of departments and
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organizations that determine the special hydrological, physico-chemical,
hydrobiological regimes [1].

According to the intended purpose the reservoirs of the Vinnytsia region are
used for the needs of water supply, energy, fish breeding, cultural and household
purposes.

The peculiarity of small reservoirs is an objective sum of abiotic and biotic
factors, which allow the directed formation of its ichthyofauna to produce
commercial products [1].

According to the literary primary sources, the vast majority of small reservoirs
have favorable conditions for feeding but they have not conditions for the effective
reproduction of valuable fish species. This state allows us to use a catchy form of fish
farming that requires the systematic accumulation of reservoirs by posterior material,
1.e. carp, white and multicolored papillae [12, 15].

Fish productivity depends on such factors as the quality of water, the natural
forage base, the set of fish polyculture, the degree of intensification of fish farming.

Literature Review. A lot of works are devoted to the research of small
reservoirs as an object of fishing exploitation. [2, 3, 6, 7, 10, 13, 15].

The development of small reservoirs is one of the most promising lines of
modern pasture aquaculture but their design and construction took place without
taking into account the interests of fish farming [2, 5].

Breeding of fish in small reservoirs was considered as a secondary one.

The polyculture of small reservoirs includes both the main objects of fish
farming and non-traditional representatives of aquaculture (pike, sheatfish and pike
perch, etc.) is practiced, which contributes to a more complete development of the
forage basin of reservoirs, increase their fish productivity and economic efficiency of
fish-breeding enterprises [3].

To determine the fish density we take into account the feed base, i.e.
phytoplankton, zooplankton, the water area, and the volume of the photonic layer [13].

The purpose of the work is to calculate the density of planting fish to create
special commodity fisheries, research the quality of the water environment and the
state of ichthyology fauna and the natural forage basin of the reservoir.

Material and methods of research. Laboratory and field methods, literature
review were used in the process of research. The research was carried out at Sandrak
Reservoir, located on the Southern Bug River.

The area of the reservoir is about 170 hectares, the total and useful volume is
respectively 1.9 and 1.5 million cbm, average depth is 1.8 m.

The reservoir is divided into the upper, middle and lower sections according to
the depth, flow and characteristics of the coastline. The upper part has a lake-river
character, the water mass extends beyond the channel, its average depth is 2 m, the
river channel depth is 8 m [3-5].

The waters of the middle part of the reservoir cover large areas of the
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floodplain. The maximum depth of the site reaches 11 m, the average depth is about 6
m. The lower part is the deepest. Near the dam the depth is 14 m, the average depth is
8 m.

The level regime of the reservoir is unstable, it is determined by the spring
flood terms, water content and wind activity.

The collection of ichthyologic material was carried out with control and
industrial fishing gear. The number of fish and industrial ichthyologic fauna were
determined by combined representative methods [11, 14].

The hydrochemical regime, the water quality, the number and biomass of the
main groups of fish organisms (phytoplankton, zooplankton, zoobenthos and visually
higher aquatic vegetation) were studied [9].

To study of phytoplankton water samples were taken by Rotner's Bathometer,
Einstein's zooplankton net according to generally accepted techniques.

The hydrochemical state of the water environment indicators was investigated
in the laboratory, and the collection of samples, their fixation and treatment was
carried out according to modern techniques. The obtained results were compared with
the standards [11].

The water temperature during the research period was measured by a
thermometer.

The Tretiak and Grytsyniak formula with zonal corrections on the forage base
was used in calculations of fish densities [4].

The research results were processed using a personal computer and Microsoft
Excel.

Experimental part and results discussion. As a result of research, it was
found that the active reaction of water (pH) and the amount of dissolved oxygen are
within the limits of norm, and its quantity is rather high.

The amount of calcium and magnesium ions is respectively 62-70 mg/l and
27-34 mg/l, these figures are slightly higher than the normative, but the excess is
insignificant.

The amount of chlorides and sulfates is small, it is respectively 27 mg/l and
30-50 mg/1, water is dominated by hydrocarbons (330-347 mg/1).

The number of nitrogen and phosphorus basic nutrients (ammonium ion,
nitrites, nitrates and phosphates), total iron and silicates (silicon) fully complies with
the requirements of the fishery regulations. The hydrochemical parameters of
reservoir water are in accordance with the fishery regulations, water is suitable for
growing commercial fish.

As a result of the research it was established that phytoplankton reservoirs are
represented by 54 species of algae; they belong to 6 freshwater phytoplankton groups,
1.e. Cyanophyta (blue-green) has 3 species; Bacllariophyta (diatomaceous) has
25 species; Eugleno-phyta (eugenic) has 3 species ; Dinophyta (dinophytic) has
1 species; Chrysophyta (golden) has 2 species; Chlorophyta (green) has 21 species.
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The basis species of phytoplankton are diatoms. The second place belongs to
green algae, they are dominated by chlorococci (20), it is the most favorite feed for
herbivorous fish.

The highest species diversity of algae is in the upper and lower part (41 and
37 species respectively). The basis of phytoplankton was diatoms and green algae.
Their average number is 9,391 thousand cl/l and biomass is 4.12 g/m’.

The dominant place in phytoplankton biomass is occupied by euglenic algae
(1.6 g/n?), they are represented predominantly by Trachlomonas species.

The next place in biomass is occupied by diatoms (1.409 g/m’). The biomass of
green algae, despite their greatest diversity, was only 0.862 g/mr’.

The analysis of the results shows that most algae are concentrated in the upper
part of the reservoir. Biomass was dominated by euglenic algae (1,940 thousand cl/l
at 3,069 g/m’). In addition to them, alga flora was present in diatoms (2.4 g/m’ at
4,200 thousand cl/l) and green algae (1.03 g/m’ at 4.5 thousand cl/l).

The algae biomass of the reservoir middle part was 2 times lower than of the
upper one; it amounted to 3.2 g/m’ at 7,650 thousand cl/l. The diatoms had the
greatest amount (1.164 g/m’ at 1,700 thousand cl/1). There were euglenic, chlorococci
and golden algae in the biomass.

Near the dam the algae population and their biomass were lower than in other
parts, it was 2.63 g/m’. However, the basis of biomass was eugenic algae (0.844 g/m’
and 550 thousand cl/l) due to the development of Tgshelomonas volvocina. In
addition, there were chlorococci and diatoms in phytoplankton; the percentage of
other algae groups was negligible.

As a result of the research, it was established that the zooplankton reservoir
was characterized by sufficient qualitative quantity; it has 32 species and taxa, i.e.
18 species of rotifers (Rotatoria), 5 species of Cladocera and 8 species of copepods
(Copepoda), and ostracods (Ostracoda).

The number of species on some plots varied from 27 to 30, and in each section
almost all kinds of water basins in general are presented, which indicates a very large
faunistic similarity of zooplankton in the reservoir.

Such species as Asplanchna sieboldi, Keratella guadrata dominated among
rotifers. Speaking about Cladocera we should mention that such species as Bosmina
longirostris + llyocryptus sordidus dominates at the upper part, Daphnia longispina +
B.longirostris dominates at the middle part, Chydorus sphaericus + B.llongirostris
dominates near the dam. Speaking about copepods we should mention that such
species as Cuclops strenuus + Eurutemora velox dominates at the upper part,
C.strenuus + Mesocuclops crasus dominates at the middle part and near the dam. The
average number and biomass of zooplankton was 1,826 per m’ and 1.5 g/nr’.

The smallest number of zooplankton was recorded in the upper part of the
reservoir; in the middle and lower parts the number and biomass of the zooplankton
group was larger by 1.6-1.2 and by 4.3-3.7 times the biomass than in the upper part.
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Rotifers dominated among the main taxonomic groups in biomass, their
percentage 59-65% of total biomass.

In spring the species of the reservoir bottom fauna consisted of 6 species and
belonged to 4 systematic groups, i.e. oligochaetes (2 species), larvae of chironomids
(2 species), and larvae of other two-winged (2 species).

Insect larvae prevailed quantitatively and qualitatively. The average number
and biomass of zoobenthos in the reservoir was 280 per m* and 5.184 g/m”.

At the same time, the maximum indicators for the development of the
zoobenthos were on silty sand in the middle and near-dam areas of the reservoir of
5.840 g/m” and 9.072 g/m”.

Despite the low water temperature in the spring benthic biomass indicators
were quite high. The predominance of benthic high calorie fodder larvae of
chironomids and other insects and oligochaetes indicates a highly developed feed
base.

There was a high development of phytoplankton and macrozoobenthos in the
reservoir in spring.

According to visual observations, the reservoir has significant reserves of
higher aquatic vegetation, especially in the upper part of it.

The representatives of the surface higher vegetation such as phragmites,
broadleaf cattail and others dominated among macrophytes. Falcaria, Myriophyllum
spicatum, meadow cultures dominated among the swimming and underwater higher
plants.

According to observations, the overgrowing area in the upper part is from 50 to
75%, and directly in the upper reaches of the reservoir, these figures are close to
100%.

In the middle part, the surface macrophytes are located along the coast line
entirely or with intervals, the area of overgrowing is approximately 15-20% taking
into account floating and underwater plants,

In the lower, the most deep-water section of the reservoir the vegetation occurs
only in separate islands. Thus, the total area of overgrowing of the reservoir is
25-35% in total.

The research results showed that there are 17 species of fish and their young,
belonging to 6 families.

The most numerous is the Cyprinidae family, it has 11 species (carp, prussian
carp, silver carp, rutilus, grass carp, rudd, bleak, gobio, rhodeus, tench, stone
moroko), Percidae family has 2 species (perch, gymnocephalus), Esocidae family has
1 species (pike), Siluridae family has 1 species (European catfish), Cobitidae family
has 1 species (misgurnus) and Acipenseridae family has 1 species (sterlet).

It should be noted that grass carp, tench, pike, catfish, misgurnus, and sterlet
are also listed as a result of a interviewing of fishermen who caught these fish.

According to the results of catching, the young perch had a length,
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respectively, lim=3.9-10.5 cm, rutilus had 3.0-11.2 cm, rudd had 3.9-7.9 cm, prussian
carp had 15.3-17.0 cm, and other non-industrial fish had 2.3-8.5 cm. 234 fish species
were measured.

Non-industrial small species of fish, including bleak (98-99% of the total fish
catch), gobio exceeded 23% at separate areas dominated by relative number.

In spring absolute number of bleak was above 12 per m’, absolute number of
gobio was above 1.2 per m’

Taking into account that there is a significant amount of gymnocephalus but
they are non-industrial and unwanted fish in the management of cultural fisheries.
They negatively affect the feed base, reducing its potential productivity.

It was established that the number of young industrial fishes was only 1-1.5%
(rutilus, perch, crucian, rudd).

Thus, the species and number of fish populations are represented by non-
industrial and garbage species of fish.

An analysis of the industrial ichthyologic fauna shows that carp (3 years),
prussian carp (3-4 years old), silver carp (3 years), perch (4 years), rudd (4 years) and
gymnocephalus (5 years) live in a reservoir.

The carp was 0.49-0.5 kg, silver carp was 0.72-1.2 kg, prussian carp was
0.14-0.38 kg, perch was 50-80 g.

There are listed types of fish of larger sizes in the reservoir; they are typical
species naturally reproduced.

The analysis of the length of the fish body shows that the intensity of their
growth is low.

According to the results of control fishing, industrial catch was 20 fish species
(6.41 kg) by net for night in the Sandrak Reservoir on an area of 830 square meters.
They were prussian carp (35%), carp (25%), perch (20%) and silver carp (10%).

Carp (38.8%), silver carp (30.0%), and prussian carp (24.3%) were dominant in
the weight.

As a result of the conducted research it was established that the reservoir actual
fish productivity is 76.7 kg/ha. At the same time, the weight of the carp per hectare
was 29.8 kg/ha, silver carp was 23.0 kg/ha and prussian carp was 18.6 kg/ha.

The calculations show that, with a bleak absolute number of 12.38 per m?, its
actual catch could be at 371.4 kg/ha.

It was established that actual fish productivity of the reservoir is
300-350 kg/ha. Industrial species have above 50 kg/ha of and non-industrial species
have above 250-300 kg/ha.

Taking into account the obtained results on the natural forage base, water
environment and ichthyologic fauna, we will calculate the density of fish planting.

The calculation of the fish seeding is carried out for the period 2019-2022. The
ratio for fish seeding is the following: silver carp (40%), bighead carp (10%), grass
carp (5%), carp (10%) and sander (35%).
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Table 1
Total annual fish seeding
Years
. 2019 2020 2021 2022
No Species per per per per
ha total ha total ha total ha total
1. | Silver carp 140 | 23,520 | 130 | 21,840 | 110 | 18,480 | 100 | 16,800
2. | Bighead carp 50 8,400 | 40 6,720 30 5,040 20 3,360
3. | Grass carp 30 5,040 | 30 5,040 20 3,360 10 1,680
4. | Carp 50 8,400 | 50 8,400 40 6,720 30 5,040
5. | Sander 80 13,440 | 50 8,400 30 5,040 20 3,360
Total 350 | 58,800 | 300 | 50,400 | 230 | 38,640 | 180 | 30,240

The table analysis shows that the total number of seeding fish in 2019 is
58,800, 1.e. silver carp is 23,520, bighead carp is 8,400, and grass carp is 5,040.

The number of sander as a biological ameliorant is 13,440, as the amount of
garbage is reduced, its amount will be reduced from 80 to 20 per ha

Conclusions. The natural forage base of the reservoir was at a high productive
level. The state of the aquatic environment meets the regulatory requirements and is
suitable for the introduction and cultivation of commercial fish.

Non-industrial small species of fish dominated in the reservoir, fish
productivity is 3.0-3.5 centers per ha (0.5 centers per ha was industrial fish and
2.5-3.0 centers per ha was non-industrial fish).

The ratio for fish seeding is the following: silver carp (40%), bighead carp
(10%), grass carp (5%), carp (10%) and sander (35%).

The total number of seeding fish in 2019 is 58,800, i.e. silver carp is 23,520,
bighead carp is 8,400, and grass carp is 5,040.

In order to improve the species composition and conduct biological melioration
of the reservoir we shall install two-year-old (this year) sander (80 per ha). Their total
number will be 13.44 thousand. As the amount of garbage is reduced, its amount will
be reduced from 80 to 20 per ha.
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AHHOTAIIIA
OBI'PYHTYBAHHSA TA PO3PAXYHOK IILTBHOCTI ITOCA/IKH PUE JI/IS CTBOPEHHS
CHELIATBHOIO TOBAPHOI'O PHEHOI'O I'OCIIOJJAPCTBA

30TbK0 M.O., KaHAMAAT 010JIOTIYHUX HAYK, JOIICHT
Binnuyvxuii nayionanvruii acpapHuil ynisepcumem

Buknadeno pezynomamu KOMNAEKCHO20 OOCNIONCEHHS 6000CX08UWA HA OCHOBI AKUX
PO3pobieHo npono3uyii no CMeopPenHIo CReYiAIbHO20 MOBAPHO20 PUOHO20 20CNO0APCMEd.

Xapakmeprnoto pucoro pivox Binnuyvbkoi obnacmi € 8ucoka cmyniwb 3apecyibO8aHOCMi
CMOKY MAIUMU 8000CX08UWAMU [ CMABKAMU. Y NepesadicHill OiibuloCcmi MAIuUx 6000UM CAPUAMAUBE
VYMOBU Ol HA2YMy 1 NPAKMUYHO NOBHA GIOCYMHICMb YMO8 Ol eqheKmueHo20 HNpupooHO20
8i0meopenHs YiHHux 6uodie pubu. Ilpu yvomy cyma abiomuunux i OiomuuHux Haxkmopie maiux
8000CX08UWY, 003605€ 30IUCHUMU CHPAMOBAHE (QOPMYBaHHs Ixmioghaynu ma o0oepicysamu
MOBAPHY NPOOYKYIIO.

LT'iopoximiuni noxasHuxku 600u 8i0nosiodaroms pubo2ocno0apCoKuUM HOPMAMUBHUM BUMO2AM,
a 80oHA NPUOAMHa OJisl BUPOUWYBAHHS MOBAPHOI pudU.

Ilpupoona xopmosa 6aza 3HAXOOUNACL HA BIOHOCHO BUCOKOMY NPOOYKMUBHOM) DIGHI.
3oonnankmon 6o0ocxoeuuia Xapakmepusyeascs 00CMamHim SAKICHUM bazamcmeom — y 1020 ckiaoi
3apeecmposano 32 euou.

Booocxosuwe mae snauni 3anacu euwoi 600HOI pocIuHHOCTI, 3a2aNbHA NIOWA 3APOCMAHHS
cknaoae 25-35%. Ilowa 3apocmanns y 6epXHill 4acmuHi cmanosums 8 cepeonvomy 60%, npu
yomy besnocepedHvo y 6epxis’i godocxosuwa yi nokazHuku € onuzvkumu 0o 100%.

Busuenns ixmioghaynu sooocxosuwa noxkazye, wjo y nbomy mewkaromo 17 6uodie pub ma ix
MOOOI, sIKI Hanexcamsv 00 6 pooun. Ilpu ybomy 0ominyrOme HENPOMUCIOBI UOU pub, a NPupPooHa
pubonpodykmusrocmi cmanosumo 3,0-3,5 y/ea, 3 axux 0,5 y/ea npomucnosi puou.

s 3apubnennss nponoHyEMbCA  BUKOPUCMOBY8AMU KOPONA, Mo8cmonoba 06inoco i
cmpokamoeo ma Oinoeo amypa. 3 memoiw npogedeHHs 0OI0N02IUHOI Meniopayii 8000UMU
sUKOpuUCmogyeamu 08oOXIIMoK (yboconimok) cyoaka. CniegiOHOWEHH npu nocaoyi pub Ha
8UPOWYBAHHS DYOe cmano8umu: moscmonooux oinuti — 40%, moscmonooux cmpokamui — 10%,
amyp oinuti — 5%, kopon — 10% ma cyoax — 35%.

Knrwouoei cnoea: soone cepedosuwye, poounu ma euou pud, Kopmosa 06asza, 8000cxosuuye,
2iopobionmu,  pubo2cocnooapcvbKi - HOpMamueu,  2IOPOXIMIYHI  NOKA3HUKU,  IMONIAHKMOH,
8000pocmi, 300NNAHKMOH, pPUOHUYME0, KOPON, OiNUli MO8CMONI00UK, KAPACh, 8IBCAHKA

Ta6u. 1. JliT. 15.

AHHOTALIAA
OBOCHOBAHHE H PACYET IVIOTHOCTH ITIOCAJIKH PhIB JUIA CO3AHHA
CHELIHAJTBHOT O TOBAPHOI'O PBIEHOI'O X034 CTBA

3omuoko H.A., kanouoam 6uonoeutecKux Hayk, OoyeHm
Bunnuyxuu nayuonanvusii acpapHuli ynugepcumem

H3znooicenvl pesynomamel KOMNIEKCHO20 UCCAE008AHUS 8000XPAHUIUWA HA OCHOBAHUU
KOMOpbuIX  pazpabomamnsbl NpeoioNceHusi Nno CO30aHUI0 CHEYUdIbHO20 MOBAPHOSO PbIOHO2O
X0351Ccmada.

Xapakmepnoti ocebennocmio pek Bunnuykoti obaacmu a61s1emcsi 8biCOKAs CMENneHb
Pe2yIupoB8anusi CMmoka MaiblMu 6000XPAHUIUWAMU U npyOamu. B nodaensrowem borvuwuncmee
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MAbIX 8000eM08 ONA2ONpUsmMHble YCI08Us OISl HA2YAA U NPAKMUYECKU HNOIHOe OMCYmcmeue
VC08Ull 01151 IhPHexmueHo20 ecmecmeeHHo20 60CNPOU3BO0CMBA YEHHBIX U008 pblovl. [Ipu 3mom
cymMma abuomudecKux u Ouomu4eckux pakmopos Mauvlx 6000XpAHUIUL, NO3BOTIAEM OCYYECMBUNb
HanpasienHoe popmuposarue UXmuogpayHol U NOIY4YaAms MOBAPHYIO NPOOYKYUIO.
l'uopoxumuueckue  nokasamenu  600bl  COOMBEMCMBYIOM  PblOOXO3AUCMEEHHBIM
HOPMAMUBHbIM Mmpebo8aHusM, a OHA NPULOOHA ONls BLIPAWYUBAHUS MOBAPHOU PbLObL.

Ecmecmeennas kopmosas 6aza maxoounace Ha OMHOCUMENbHO GbICOKOM NPOOYKMUSBHOM
yposHe. 300NIAHKMOH BOOOXPAHUNUWA XAPAKMEPUZ0BANCA OOCMAMOYHbIM  KAYECMBEHHbIM
KOU4eCmeom — 8 e2o cocmase 3ape2ucmpuposano 32 euoa.

Boooxpanunuwe umeem snauumenvrvle 3anacwl @vlcuieli 600HOU pacmumenrbHocmu, oouas
naowaos 3apacmanusi cocmasnsiem 25-35%. Ilnowaos 3apacmanus 6 éepxueti yacmu cocmaeisem
om 50 00 75%, npuuem HenocpeoCcmeeHHO 6 8epx08be 8000XPAHUNUWA IMU NOKA3amenu OIU3KU K
100%.

H3yuenue uxmuoghaynovr 6o0oxpanunuuia noxkasvieaem, umo 6 Hem ooumarom 17 61008 pvio
U ux monooexcu, omuocsauwuxcs k 6 cemvsam. Ilpu smom OomuHupyrom HenpomvlulieHHble 8UOb
puld, a ecmecmeenHas pvloonpooykmusHocms cocmasisiem 3,0-3,5 y/ea, uz komopwvix 0,5 y/ea
NpOMbIULLEHHbBIE PbLObL.

/s 3apwibnesanus npednazaemcs UCnoib308ams Kapna, moicmonoouxka 6e102o u necmpozo
u 6enoco amypa. C yervio npogedeHus OUOOSUHECKOU Meauopayuu 6000emMa UCHOIb308aAMb
osyxnemox (cezonemok) cyoaxka. Coommuouienue npu nocaoxke pvlO Ha 6vlpawusanue Oyoem
cocmasnsams. 6enviti moacmonodouk — 40%, moacmonodoux necmpuiti — 10%, oenwiti amyp — 5%,
kapn — 10% u cyoax — 35%.

Knroueevle cnoea: soonas cpeoa, cemvbu u 6udbl pvld, KOpMOBas 6a3a, 8000XpaHuIuue,
2uopoodbUoHmMbl, pulOOXO3AlICMEEHHbIE HOpMamuebwl, 2uopoxumuieckue nokazamenu,
Gumoniankmon, 6000pPOCaU, 300NIAHKMOH, PblOOBOOCMBO, KAPN, KAPACH, OBCAHKA

Taoa. 1. JIur. 15.
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