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Purpose. The purpose of the work is to deter-
mine and analyze the main parameters, which
characterize the impact of fisheries activities on
the conditions for biological amelioration of the
cooling pond of the Khmelnytskyi NPP.

Methodology. Ichthyological material was
selected from commercial catches of gillnets with
a mesh size of 36-120 mm in the summer-autumn
period of 2021 and the autumn period of 2024.
A total of 244 net-days were analyzed, of which
2268 individuals of different species were collect-
ed for mass measurements, and 434 individuals
for full biological analysis. The collection and
analysis of materials were carried out according
to generally accepted methods. To assess the the-
oretical survival of silver and bighead carps, the
annual natural mortality rate was used, which
was determined based on the natural mortali-
ty rate calculated using the parameters of the
Bertalanffy equation. The abundance of silver
and bighead carp generations for a given year
was determined based on the volume of stocking,
average natural mortality rates, and commer-
cial catch parameters. The volume of stocking
and catch was taken from official reporting data.
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Mema. Bu3Ha4yeHHA mMa aHAAI3 OCHOBHUX
MOKA3HUKI8, AKi xapakmepu3sytome enaue pubo-
20cno0apcbKoi 0ignbHoCcmi Ha ymosu 30ilicHeHHA
bionoziyHoi meniopauii 800olimu-oxon00xcysaya
(BO) XmenbHuuybkoi AEC.

MemooduKa. IxmionoziyHuli  mamepian
8i0bupasca 3 NPOMUCAOBUX Y708i8 CMABHUX
CimoK 3 Kpokom 8iyka 36—120 mMm 8 sAimHbo-
ociHHIl nepiod 2021 ma ociHHili nepiod 2024 pp.
3azanom 6yno npoaHasnizoeaHo 244 cimkodobu
MPOMUC/I08UX CIMOK, 3 AKUX HO MAcosi npomipu
8i0ibpaHo 2268 eK3. pi3Hux eudie, HA MOBHUL
bionoziyHuli aHaniz — 434 ek3. 36ip ma aHanis
mamepianie npoesoousaucs 3a 3a2a1bHOMPULHA-
mumu memooukamu. [naa ouyiHKu meopemuy-
HO20 BUXUBAHHA MOBCMOA06UKI8 BUKOPUCMAHO
piyHuli KoegpiyieHm npupodHoi cmepmHocmi,
AKUl 8u3Hayaeca HA nidcmasi MOKA3HUKA Mpu-
POOHOI cMepmHOCMI, PO3pPaxoeaHoO20 3a napa-
mempamu pieHAHHA BepmanaHpi. YucenbHicms
eeHepayili moecmonobukie Ha neeHuli piK eu-
3Ha4anu Ha niocmaei obcszie 3apubneHHs, ce-
peodHix KoegpiyieHmie npupodHoi cmepmHocmi
ma MoKAa3HUKie npomucnosozo susosy. Obcsazu
3apubsieHHA ma sunosy npulimanucs y 8idnoeio-
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Calculations were performed in MS Excel 2016.

Findings. The majority of the commercial
stock of the ichthyofauna of the studied pond in
recent years were silver and bighead carps (on
average 32.7%), Prussian carp (18.7%), roach
(15.1%) and common carp (10.8%), the compo-
sition of dominant species was characterized
by stability, with the exception of an increase in
the share of Prussian carp. The actual stocking
rates of the pond generally corresponded to the
planned ones, however, the commercial catches
amounted to only 12% of the planned ones.

The average total mortality for middle age
groups, according to the analysis of the catch
curve, was @,=0.42, which allows assessing
their estimated annual catch at the level of
¢,=0.03...0.07. In contrast, for older age groups,
the total annual mortality rate was ¢,=0.47,
while the average estimated annual fishing
mortality was ¢,=0.26..0.27. Meanwhile, cal-
culations of annual natural mortality for older
age groups based on the analysis of the catch
structure and catch statistics data gave the value
¢,=0.01...0.05.

To localize the negative impact of secondary
(due to increased natural mortality) pollution of
the pond at an acceptable level, it is necessary
to introduce moderate harvest of ichthyomas of
middle age groups of biological control agents
with an annual fishing mortality coefficient at the
level of ¢, =0.05-0.10, and increased catch of age
groups from age-7 and older with ¢,=0.30...0.40.
To ensure maximum effect of biological control,
the optimal gears for catching silver and bighead
carps are gill nets with a mesh size of a=90-100
mm.

Originality. General trends in the dynamics of
integral characteristics of the commercial stock of
silver and bighead carps were determined in the
context of the scientific fundamentals of manag-
ing the biomass of biological control agents. The
knowledge on the methodological principles of
ensuring the effectiveness of biological amelio-
ration of technical water bodies has been deep-
ened.

Practical Value. The results obtained were
used to adjust the procedure for fishery exploita-
tion of the Khmelnitsky NPP pond in order to im-
plement biological amelioration through the di-
rected development of ichthyofauna.

Keywords: cooling pond, ichthyofauna, bio-
logical amelioration, Chinese carps.

Hocmi 00 ogiuyiliHux 38imHux daHux. O6YucneHHsa
npoeodusnu Ha Komn’romepi 8 enNeKMPOHHUX Ma-
bnuyax «MS Excel 2016».

Pe3ynemamu. OcHo8y rpomucsa08020 3anacy
ixmiogpayHu OocnidxceHoi 80dolimu oCMaHHIMU
POKamMu CcKknadanu moscmosnobuKku (8 cepedHbo-
my 32,7%), kapace cpibnacmul (18,7%), naimka
(15,1%) ma kopon (10,8%); cknad eudie-0OMiHaH-
mie xapakmepu3ysascs cmabinbHiCMo, 30 BUK/O-
YEHHAM 3POCMAHHA YaCMKU cpibasacmozo Kapacs.
dakmuyHi NokasHUKU 3apubneHHs 8odolimu 8 yi-
/71I0My 8i0noeidanu naAaHo8UM, PomMe MPOMUCI08i
yno8su cknanu auwe 12% sio naaHos8uX.

CepedHA 3020/41bHA CMepmHicme 074 ce-
peoHix siKosux epyr, 30 OQHUMU QHAAI3Yy Kpu-
eoi’ ynosy, cmaHosuna ¢,=0,42, wo 00380714€
oyiHUMU po3paxyHKoee ix piyHe 8usy4eHHA Ha
pisHi ¢,=0,03...0,07. Hamomicme, 0219 cmapwux
8iKOBUX 2pyn MOKA3HUK 3a2aAbHOI piyHOT cmepm-
Hocmi nepebysas Ha pieHi ¢,=0,47, cepedHa
PO3PAXYHKOBA PiYHA MPOMUC/I08A CMePMHiCMeb
npu ybomy ckaadana ©,=0,26...0,27. Mix mum,
pPO3pPAxyHKU piYHOI NPupoOHOi cMepmHocmi 05
cmapwux eikosux epyn Ha nidcmasi aHasnizy
cmpykmypu ya108i8 i 0aHUX MPomucsa080i cma-
mucmuku 0arome 8enUYUHY ¢,=0,01...0,05.

[Ana noKanizayii HecamueHo20 ernaugy npo-
uecie 8mMopuHHO20 (3a paxyHoK nidsuweHol npu-
pOOHOI cmepmHocmi) 3a6pyoHeHHA 8000UMU Ha
npuliHAMHOMY pigHi, cn1id 3anposadumu nomipHe
8UsYYEHHSA iXmiomacu cepedHix 8iKosux 2pyn me-
niopamopis 3 KoegiyieHMoM piyHoI npomucaosoi
cmepmHocmi Ha pieHi ¢,=0,05-0,10, ma nocune-
Huli 067108 8iKOBUX 2pyn 8i0 cemMupidoK i cmapwe
3 ¢,=0,30...0,40. Ans 3a6e3rneyeHHs MAKCUMarb-
HO20 MesniopamusHo20 ehekmy ornMUManbHUMU
3HApPAOOAMU /108y MOBCMOA0BUKI8 € cMasHi cim-
KU 3 KpoKom siyka a=90-100 mm.

Haykoea Hoeu3Ha. Bu3HaYyeHO 3Qa20/1bHI
meHOeHyil QUHAMIKU [HMezpanbHUX Xapakme-
puUCMuK npomucsno8o20 cmada moscmosnobu-
Kie 8 KOHMeKCcmi HAayKo8ux OCHO8 YmnpassiHHA
MnoKasHukamu  biomacu  pub-mesniopamopis.
Po3wupeHo ysasneHHA woo0o memoouYyHUX 30cad
3a6e3neyeHHsA epekmusHocmi bionoziyHoi mesi-
opayii mexHiYHux 8000UM.

MpakmuyHa 3Ha4yumicme. OmpumaHi pe-
3yAbMamu 8UKOPUCMAHI Npu KOpu2ye8aHHi rno-
pAOKY pubo20cnodapcbKo2o 8UKOpUCmMaHHA BO
XMAEC 3 memoto 30ilicHeHHA bionoeiyHoi meni-
opayii 3a paxyHoK CrnpamMosaH020 (hOpMyB8aHHS
ixmioghayHu.

Kmrovoei cnoea: 8odolima-oxonooxcysay, ixmi-
ogpayHa, bionoeiyHa meniopayis, PocauHOIOHI pubu.
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PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

Biological obstacles associated with
the water supply of power plants can be
traced in several aspects. First of all, this is
a change in the operational characteristics
of the cooling pond (reduction in the active
heat exchange area due to overgrowth of
the cooling pond with the highest aquatic
vegetation; reduction in heat transfer to the
atmosphere due to water “blooms”; reduc-
tion in the useful volume of the pond due
to an increase in the thickness of bottom
sediments. In addition, bioobstacles can
occur directly in the heat exchange equip-
ment (due to the development of biofilms
on the condenser tubes and other heat ex-
changers) and in the technical and circulat-
ing water supply system (ingress of a large
amount of biological material into the wa-
ter supply system) [1-7].

Today, there are several methods for
removing excess organic matter from wa-
ter bodies - mechanical (mowing of mac-
rophytes, cleaning the bed from mollusks
and bottom sediments), chemical (appli-
cation of phytocides), however the most
optimal in terms of combining efficiency,
cost and impact on the environment can
be considered a biological method, in par-
ticular through the directed development
of ichthyofauna. However, in most cases,
such measures are carried out in water
bodies with a developed self-reproducing
ichthyofauna complex, which is an impor-
tant element in maintaining the stability of
the aquatic ecosystem and, accordingly,
requires a separate assessment of the con-
sequences of the introduction of biological
control agents [8-10]. This problem is es-
pecially acute in the context of the general
deterioration of the structural and function-
al parameters of the ichthyofauna of water
bodies of various types, which has been
observed in the last 20 years [11-14]. In

MMOCTAHOBKA NMPOBJEMM
TA AHAJII3 OCTAHHIX
JOCJIPKEHD TA TYBJIKALII

Bionoriyai mepenikoau, IOB’sA3aHi
3 BOJONOCTAaYaHHSIM EIIEKTPOCTAHIIIH,
MOXYTh HPOCTEKYBAaTHCS Y KiJTBKOX ac-
nektax. Hacammepen, 1e 3MiHa eKcInTya-
TaIMHAX XapaKTePUCTHK BOIAOHWMH-0XO-
JOKyBavya (3MEHIIEHHS! aKTUBHOI TUIOMTI
TEMI000MIHY 3a paXyHOK 3apOCTaHHS BO-
JIOVMHU-OXOJIOMKYBa4a BHUIIOK BOASHOIO
POCJIMHHICTIO; 3MEHIICHHS TEeIUIOBiIIa-
4i B atMoc(epy 3a paxyHOK «IBITIHHS»
BOIM; 3MCHIICHHS KOPHUCHOTO 00’eMy
BOJIOMMU 3a paxyHOK 301TbIIICHHS TOTYX-
HOCTI JTIOHHMX BifKjJageHb. Kpim Toro,
OlorepenKkoIi MOKYTh BUHUKATH O€310-
CEepeNHbO B TEILUIOOOMIHHOMY YCTaTKy-
BaHHI (32 paXyHOK YTBOpPEHHs 0i10TUIiBOK
Ha TpyOKax KOHJCHCATOPIB Ta IHIIMX Te-
IJI000MIHHMKAX) Ta B CUCTEMI TEXHIYHO-
r0 Ta IUPKYISAMIHHOTO BOXOIIOCTAaYaHHS
(TOTpaIuIIHHS B CHCTEMY BOJOBOIIB Be-
JIUKOT KUTBKOCTI 010JI0T1YHOTO MaTepiay)
[1-7].

Ha cporomni icHye Kinbka croco-
0iB BWJIyYeHHS HAJIMIIKOBOI OpraHid-
HOI PEYOBHMHHU 3 BOJOWM: MEXaHIUHHH
(BUKONIYBaHHS MakpOQiTiB, OYWIICHHS
JIOKa BIJ MOJIFOCKIB Ta JOHHUX BIJKia-
JIeHb), XIMIYHUH (3acTOCyBaHHS (iTOIH-
IIiB), MPOTE HAHONTUMAIBHIIIINM 3 TOYKH
30py TNO€NHAHHS €(PEeKTHBHOCTI, BapTO-
CTi Ta BIUIUBY Ha HAaBKOJIMITHE CEpelo-
BUIIE, MO)KHA BBa)kKaTH O10J0TIYHUI Me-
TOI, 30KpeMa 3a JOIIOMOTOI0 CIIPSIMOBa-
Horo (hopMyBaHHs ixTiodayHu. [Ipote y
OULTBIIOCT] BUIAMIKIB TaKi 3aX0AH IIPOBO-
IATHCS y BoJIOMMAax 31 cpOpMOBaHHUM ca-
MOBIITBOPIOBAIBHUM 1XTiOKOMILIEKCOM,
SKAH € Ba)XJIUBUM €JIEMEHTOM IIiATpH-
MaHHSA cTa0lJILHOCTI BOJHOI EKOCUCTEMU
1, BIIMOBITHO, IOTPEOy€e OKPEMOT OLIIHKU
HACIIKIB 1HTPOIYKIIi BHIiB-MeIiopa-
TopiB [8—10]. OcoOIHUBO TOCTPO 1A MPO-
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addition, cooling ponds are fishery water
bodies with the possibility of organizing
the harvest of aquatic bioresources, that is,
they should (at least at the regional level)
become part of the food security complex
of the state [15-17].

That is, biological amelioration should
include a set of measures developed within
the framework of an integrated approach,
taking into account ecological and fisher-
ies, technical and organizational factors.

HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

Studies of the state of the ichthyofau-
na of the Khmelnytskyi NPP cooling pond
(KhmNPP CP), which were conducted in
previous years, were aimed both at deter-
mining the structural parameters of the ich-
thyofauna in conditions of elevated water
temperature [18], and at certain aspects of
biological amelioration using the directed
development of the ichthyofauna [6, 8, 19].
However, during the 15-year period of oper-
ation of the KhmNPP cooling pond in the re-
gime of special commercial fish farm, there
was a need to assess the current state of the
ichthyofauna complex of this water body, in
particular from the point of view of the effec-
tiveness of measures for the artificial repro-
duction of biological control agents.

The aim of the work was to determine
and analyze the main parameters that char-
acterize the impact of fisheries activities
on the conditions for biological amelio-
ration of the cooling pond of the Khmel-
nytskyi NPP.

OlemMa MoCTae B KOHTEKCTiI 3arajbHOTO
MOTIPIICHHS] CTPYKTYPHO-(QYHKITIOHAIb-
HUAX TIOKa3HHKIB iXTio)ayHW BOITHHUX
00’€KTIB Pi3HOTO THITY, SIKE CIIOCTEepira-
€ThCs BIPOAOBXK ocTaHHiX 20 pokiB [11—
14]. KpiM TOTO, BOJIOHMHU-0XOJIOKYBadi
BIIHOCATBCA 1O PUOOTOCIONAPCHKUX
BOJIHHUX O0’€KTIB 3 MOXKIHBICTIO Opra-
Hi3alii IpoMHCIy BOZHHX Oiopecypcis,
TOOTO BOHM TOBWHHI (NMpUHAWMHI Ha
perioHaJbHOMY piBHI) CTaTH YaCTUHOIO
KOMITIICKCY 3a0e3IeueHHs IPOI0BOIBIOL
Oe3nexu aepxasu [15-17].

TobTo, GiomoriyHa Memiopallis TTOBUH-
Ha BKJIOYATH KOMIUICKC 3aXOJiB, SIKi pO3-
poOJieHi B paMKax iHTETPOBAHOTO MiIXOIy
3 ypaxyBaHHIM €KOJOro-puborocmnoaap-
CHKHX, TEXHIYHUX Ta OpTaHi3alliiHIX YUH-
HUKIB.

BUAIVIEHHSA HEBUPIINEHUX
PAHIIIE YACTUH 3ATAJIBHOI
INPOBJIEMU. META POBOTH

JocnikeHHs cTaHy ixTtiodayHu BO-
JIOMMH-0XOJIO/IKyBada XMENbHUILILKOT
AEC (BO XMAEC), ski npoBOIWINCH Y
moriepeiHi poku, OynH 30CepeKeHi sK
Ha BU3HAUCHHI CTPYKTYpHUX ITOKa3HUKIB
ixTioayHHd B yMOBax ITiIBUIICHOT TEMIIE-
parypu Bomu [18], Tak i OKpeMHX acrek-
Tax 010JIOTIYHOT MeJTiopallii 3a JOTTOMOTO0
CIpSIMOBaHOTO (hOpMYBaHHS iXTiohayHH
[6, 8, 19]. IIpote 3a 15-piunuii mepiox
excrutyatanii BO XMAEC B pexxumi crie-
[iaJJPHOTO TOBAPHOTO PHUOHOTO TOCIIO-
JlapCcTBa BHUHHKIIA HEOOXIMHICTH B OIIHII
Cy4aCHOTO CTaHy IXTIOKOMIUIEKCY JaHOi
BOJIOMMH, 30KpeMa 3 TOUKH 30pY €(PEeKTUB-
HOCTI 3aXOMiB 31 IITyYHOTO BiJITBOPCHHS
Oiomernioparopis.

Mertoro pob0TH € BU3HAYCHHS Ta aHa-
73 OCHOBHHUX IOKAa3HHKIB, SIKi Xapakre-
pPU3YIOTh BIUTHB PHOOTOCIIONAPCHKOT JIi-
SUTHOCTI Ha YMOBH 3/iHCHEHHS 0ioioriu-
HOI MeJiopamii BOJOWMH-OXOJIOMKyBada
Xmenpaunproi AEC.

29

ISSN-L 2075-1508 FISHERIES SCIENCE OF UKRAINE ¢ Ne 1/2025




ICHTHYOLOGICAL ASPECTS OF IMPLEMENTING BIOLOGICAL AMELIORATION
OF THE COOLING POND OF THE KHMELNYTSKYI NPP

MATERIALS AND METHODS

The assessment of the state of the ich-
thyofauna of the KhmNPP CP was carried
out based on the results of the analysis of
structural and quantitative parameters of
commercial catches (catch per effort, size
composition, individual size-weight and
age characteristics) during the summer-au-
tumn period of 2021 and the autumn pe-
riod of 2024. Ichthyological material was
collected from catches of gill nets with a
mesh size of 36-120 mm, a total of 244
nets of commercial nets were analyzed, of
which 2268 individuals of different species
were collected for mass measurements,
and 434 individuals for individual biolog-
ical analysis. The collection and analysis
of materials were carried out according to
generally accepted methods [20, 21].

To assess the theoretical survival of
silver and bighead carps, the annual nat-
ural mortality rate was used, which was
determined based on the natural mortality
rate calculated using the parameters of the
Bertalanffy equation [22]. The abundance
of silver and bighead carps generations for
a given year was determined based on the
volume of stocking, average natural mor-
tality rates, and commercial catch rates.

The volumes of stocking and catches
were from the official reporting data of the
central executive body implementing state
policy in the field of fisheries.

The calculations were performed in
MS Excel 2016.

STUDY RESULTS AND THEIR
DISCUSSION

Structural and functional parameters of
the ichthyofauna of the KhmNPP cooling
pond were formed under the influence of a
number of factors, the main of which was
the inflow of heated NPP waters and the
creation of zones with different ecologi-

MATEPIAJIM TA METOAN

Ouinka crany ixtiodaynu BO XMAEC
3IIHCHIOBAJIACh Ha TIJICTaBI Pe3yNbTaTiB
aHaNi3y CTPYKTYpPHUX Ta KUIBKICHUX IIO-
Ka3HHKIB ITPOMHCIIOBHX YJIOBIiB (BHJIOB Ha
3yCHJUISA, PO3MIPHUM CKIIaJ], IHIMBIyalbHi
PO3MIpHO-BAroBi Ta BiKOBI XapaKTEpPHCTH-
KH) Y JTITHbO-OCiHHIH niepion 2021 Ta ocin-
Hill mepiox 2024 pp. IxTiomoriyauid mMate-
pian BizOupaiu 3 ylIoBiB CTaBHUX CITOK i3
KpokoM Biuka 36—120 mm. 3aramom Oyio
mpoaHaizoBaHo 244 ciTkogoOu MpOMUC-
JIOBHX CITOK, 3 SIKMX Ha MacOBi NMPOMipH
BimiOpano 2268 ek3. pi3HHX BUJIIB, Ha iH-
JUBIAyabHUH Oiomoriyauid aHamiz — 434
ek3. 30ip Ta aHai3 MaTepianiB MpPOBOAM-
JH 32 3araJbHONPUIHATHMH METOIUKAMHU
[20, 21].

Jis OLiHKK TEOPETHYHOTO BIKMBAH-
HS TOBCTOJIOOMKIB BHUKOPHCTAHO PIYHHIMA
KOC(IIIEHT MPHUPOIHOT CMEPTHOCTI, SKHMA
BU3HAYABCS HA TiJICTaBi NMOKAa3HHKA TPH-
pomHOi CMEpTHOCTI, pO3paxOBaHOTO 3a
napaMerpamu piBHsAHHS bepranandi [22].
UwrcenbHICTh TeHepalliii TOBCTOJIOOUKIB Ha
MEeBHUI pik BU3HA4asM, 6a3ytounuch Ha 00-
csArax 3apuONieHHs, CepefHixX KoedillieH-
Tax MPUPOIAHOI CMEPTHOCTI Ta MOKA3HUKAX
TIPOMHCIIOBOTO BHJIOBY.

OO0csru 3apubieHHd Ta BUJIOBY IpH-
WMaJIMCh y BIAMOBIAHOCTI 10 odimiiHUX
3BITHUX JTAaHHUX IICHTPAJBHOTO OPraHy BU-
KOHABYOI BNAAM, IO peajli3ye NepKaBHY
MOMITHUKY y chepi puOHOro rocroaapcTaa.

OO0umCIIeHHsI TIPOBOAMIIN Ha KOMII FOTe-
pi B enexkTpoHHHX Tabmuusax «MS Excel
2016».

PE3YJIBTATHU JOCJIJIXEHb
TA IX OBIrOBOPEHHS

CrpykTypHO-(QYHKIIOHANEHI ~ TOKa3-
HUKH iXTio(hayHH BOXOWMH-OXOJIOMKYBa-
ga XAEC ¢dopMyBanuch miJ BILIHBOM il
HU3KH YMHHUKIB, TOJOBHUM 3 SIKHX OYyJIO
Hagxomkenns migirpitux Box AEC Ta
CTBOPEHHSI 30H 3 Pi3HUMHU EKOJOTIYHUMHU
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cal conditions. A certain role was played
by fisheries activities, which were carried
out in two main directions - stocking with
biological control agents and commercial
harvest of aquatic bioresources. The latter
measure, due to the priority of biological
amelioration, was carried out on a limited
scale. At the same time, at the first stage
of regulated fisheries exploitation of this
water body, the biological amelioration
was implemented, which ensured the ac-
cumulation of organic substances and
biogenic elements at neutral levels for
water use (groups of organisms) without
changing the general trophic status of the
water body, however, in the future, the or-
ganization of the harvest (with an average
level of intensity) of excess ichthyomas of
biological control agents was envisaged.
In addition, the practice of fishery use of
the KhmNPP cooling pond showed a sig-
nificant role of the impact of other factors,
primarily human impact, which was man-
ifested in changes in hydrochemical, tem-
perature and hydrological regimes [8]. The
combined negative effect of these factors
can lead to a significant deterioration in
the conditions of existence of ichthyofauna
and, in some cases, to its mass death. The
purpose of the cooling pond is participa-
tion in the technological cycle of the NPP
— also acts as a significant limiting factor,
which imposes significant restrictions on
the technical and geometric intensity of
fishing, and, accordingly, on the potential
fish productivity.

The fishery exploitation regime for
2020-2024 provided for the annual stock-
ing of the pond with age-0+ or 1+ Chinese
carps in the amount of 93-102 thousand in-
dividuals of silver and bighead carps and
20-22 thousand individuals of grass carp
according to the planned fish productivity
in 2023-24 at the level of 25.7 kg/ha. In
addition, it was planned to introduce 71-
78 thousand individuals of common carp
and black carp as consumers of mollusks.

yMmoBamu. [IeBHY poinb BimirpaBasia puoo-
roCrojiapchka JisUIBHICTB, sSKa 3M1HCHIO-
BaJIach 3a JBOMa OCHOBHUMH HaIllpSIMKaMHU
— 3apuONeHHs BUAaMH-MENiopaTopaMu
Ta IPOMHUCIIOBUH BHJIOB BOIHHUX Oiopecyp-
ciB. OcraHHil 3aXiJ, BHACHIIJOK IpPiOpHU-
TETHOCTI O10JIOTIYHOI Memiopartii, 3mic-
HIOBaBCcS B OOMexeHHX Mmaciirabax. [Ipu
FOMY Ha TEpIIOMY €Talli peryIboBaHOL
puborocrnonapcbkoi excrutyatamii aaHoi
BOJIOWMHU B1IOyBasIacs peaizaiis Harpsm-
Ky 37iiicHeHHs1 OionoriuyHoi Memiopariii,
SIKUH 3a0e31e4uye aKyMyJIAIiI0 OpraHiqHUuX
PEUOBHH Ta OIOTEHHUX €JIEMEHTIB Ha HEH-
TPaJbHUX JUIS BOIOKOPHCTYBAHHS PIBHIX
(rpymax oprasi3mis) 6e3 3MiHHU 3arajbHO-
ro TPOQIYHOTO CTATyCy BOJOWMH, MPOTE
y monajiblioMy Oylo mepeadadeHo opra-
Hi3allil0 BWIIyYEHHS (3 cepenHiM piBHEM
IHTEHCHBHOCTI) HAaJUIMIIKOBOi iXTioMacH
pub-menmioparopiB. KpiM Toro, mpakThka
puborocrnonapcskoro Bukopuctanus BO
XMAEC mokazana CyTTEBY pOJb BILUIHBY
IHIIMX YUHHMKIB, HacaMIIepell aHTPOIIO-
TCHHOTO, SIKUM BHSBISBCS B 3MiHI TiJpo-
XIMIYHOTO, TEMIIEPaTypHOro Ta TiApOio-
rigaoro pexxumis [8]. CyKyIHa HeraTHBHA
ISl IUX YAHHHUKIB MOXKE TPH3BOAUTH 1O
3HAYHOTO TIOTIpPIICHHS YMOB i1CHYBaHHS
ixtiohayHH Ta, B OKPEMUX BHMAAKAX, JIO
MacoBoi 3aruben pud. 3HAUHUM 0OMEXY-
BaJIbHUM YHMHHHUKOM € i IIUThOBE IMpU3HA-
YEeHHS BOJOWMH — y4acTh Y TEXHOJOTid-
Homy nukii AEC, mo Haknazae 3Ha4Hi
00OME)KeHHSI B YaCTHHI TEXHIYHOI Ta reo-
METPUYHOI IHTCHCUBHOCTI IPOMHUCIY, a,
BIATIOBIAHO, 1 ITOKAa3HUKIB ITOTEHIIIHHOT
PHOOIIPOTYKTUBHOCTI.

Pexumom puborocmonapcbkoi eKcInty-
ararii nporarom 2020-2024 pp. 6yno me-
pendadeHe mopivHe 3apuOIeHHS BOIOHMHU
LIBOTOITKAMU 200 JBOJITKAMH POCIHHO-
imaux pu6 (PIP) ma pisni 93—102 THC. ex3.
TOBCTONIOOMKIB Ta 20-22 Tuc. ek3. Oino-
ro aMypa 3a IUIAHOBUM IIOKa3HHKOM pH-
6onpoxnykTuBHOCTi y 202324 pp. Ha piBHI
25,7 xr/ra. Kpim Toro, Oyio nependadeHo
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The actual stocking volumes correspond-
ed to the planned ones and even exceeded
them, but the actual catch was significant-
ly lower than provided for by the regime.
In the last 5 years, the majority of catches
(50...55%) were introduced species (silver,
bighead carps and their hybrid), the domi-
nant object of catch among native species
was roach. In recent years, there has been
an increase in catches of Prussian carp (Ta-
ble 1).

In the interannual aspect, the dynam-
ics of commercial catches is characterized
by a generally positive trend, however, the
total fish productivity by catch in 2021-24
amounted to an average of 6.7 kg/ha (in
2017-18 - 2.1 kg/ha, in 2019-20 - 3.2 kg/ha),
which is low for water bodies of this type.
However, taking into account the status of
the water body as a cooler of heat exchange
waters of the NPP, the main direction of
fishery activities is the creation of an ade-
quate biomass of biological control agents,
which for this water body is implemented
by regular stocking with a low level of fish-
ery exploitation. It should be noted that over
the past 10 years, the planned catch rates
on this water body have not been consist-
ently met, both for introduced species and
for most native species (the exceptions are
Prussian carp and roach, catches of which in
the past 3 years have been approaching the
planned ones).

BceneHHs1 71-78 THC. eK3. Kopora Ta 4op-
HOTO aMypa sK CHOKHUBA4iB MOIIOCKIB.
dakTryHi 00cATH 3apUONICHHS BiAMOBIAA-
JIM TUTAHOBUM Ta HaBiTh MEPEBUIIYBaJH IX,
poTe GaKTHIHUI BUIOB OyB 3HAYHO HUXK-
9uM, HDK nependadeHuil pexumom. B oc-
TaHHI 5 POKiB OCHOBY ynoBiB (50...55%)
CKJIIalOTh 1HTPOMAYLEHTH (OiMuid, cTpo-
KaTHi TOBCTOJIOOMKH Ta iX TiOpHn), JO-
MiHYBaJIbHUM 00 €KTOM BHJIOBY Cepes
a0OpPHUTCHHUX BUJIB € TUTITKA; OCTAaHHIMH
pPOKaMH CIIOCTEPIraeThes 3POCTAHHS YIO-
BiB cpibsicToro kapacs (tadm. 1).

Y MIXpIYHOMY aclieKTi IUHAMiKa Ipo-
MHCJIOBUX YIIOBIB XapaKTepU3y€EThCS B ITi-
JIOMY TIO3UTHBHOIO TCHICHIIEI0, TIPOTE 3a-
rajibHa PHOONPOAYKTUBHICTh 332 BUIIOBOM
2021-24 pp. cxyana B cepefHbOMY 6,7 Kr/
ra (y 2017-18 pp. — 2,1 kr/ra, y 2019-20
pp. — 3,2 kr/ra), mo AnsS BOAOWM Tako-
TO TUITy € HU3bKUM ITOKa3HUKOM. Pa3om 3
THM, BPaXOBYIOUH CTaTyC BOAOHMU SK 0XO-
Jo/pKyBava Teriooominaux Bog AEC, oc-
HOBHUM HAIIPSIMKOM PHOOT0CIOaapchKoi
IUSITBHOCTI € CTBOPEHHSI HAJICXKHOT OioMa-
CH BUJIIB-MEI10paTOPiB, sIKE [ JAHOI BO-
JIOWMH BHPIIIY€ETHCS OUISTXOM PETYISIPHAX
3apuOJIeHb 13 HU3BKUM PIBHEM PHOOIpPO-
MUCJIOBOI ekcrutyarartii. CiriJl BiJ3HAUNTH,
10 3a octaHHi 10 pokiB IUIaHOBI MOKA3HU-
KH BWJIOBY Ha JIaH1¥ BOJOWMI CTaOUTLHO HE
BUKOHYBAJIUCh, TIPHUOMY SIK JJIs1 BCEJICH-
IiB, TaK 1 71 OLTBIIOCTI a0OPUTEHHUX BH-

Table 1. Commercial catch of fish in the KhmNPP CP, tons

Species Years

2020 | 2021 [ 2022 | 2023 2024
Common carp 0.3281 0.417 1.8955 1.253 2.487
Silver and bighead carps 2.9715 2.2986 4.384 3.6699 6.067
Grass carp 0.201 0.2925 0.604 1.1803 1.054
Bream 0.678 0.8623 0.9188 0.9463 0.7067
Prussian carp 0.482 0.3817 3.178 2.8098 4.2527
Roach 1.281 1.979 1.822 1.9328 1.9232
Pikeperch 0.098 0.010 0.1215 0.136 0.076
Silver bream 0.0794 0.755 0.631 0.7573 0.6693
Other species 0.7062 0.1872 0.688 0.605 0.5602
Total 6.8252 7.1833 14.2428 13.2904 17.7961
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According to research data for 2021-
2024, the ichthyofauna of the Khmel-
nytskyi NPP included 14 fish species be-
longing to the “commercial” category.

Ten species were recorded in the sum-
mer catches of 2021; the composition of
the dominant ichthyological complex of
the cooling pond during 2015-2021 re-
mained practically unchanged: the most
abundant in catches among native spe-
cies were roach, bream and silver bream.
However, unlike previous years, there was
a sharp (almost threefold) increase in the
share of perch in the summer of 2021,
while the share of Prussian carp in nets
with a mesh size of a=50 mm decreased
noticeably; in the autumn period, the share
of perch again decreased to average mul-
ti-year values (Table 2).

In the autumn period of 2021, the struc-
ture of catches of small-mesh nets changed
somewhat - roach became the main spe-
cies (mainly due to nets with a mesh size
of a=36 mm, which accounted for 66.7%
of the total catch of this species (by abun-
dance). The specific catch of perch in the
autumn period decreased noticeably, main-
ly due to nets with a mesh size of a=40
mm, which accounted for 45.8% of the
total catch of this species in the summer
period. A similar picture was observed for
nets with a mesh size of a=50 mm - the
absolute amounts of perch catches in the
autumn period decreased by 6.1 times. In
addition, unlike the summer period, no
bream was recorded in catches of large-
sized nets, while the absolute catches of
common carp increased by 2.3 times.

Catches of small-mesh nets in the au-
tumn period of 2024 were dominated by
roach, the share of perch continued to de-
crease, however, this species was repre-
sented quite widely in nets with a=50 mm.
It is also worth noting a sharp increase in
the specific abundance of bream in nets

IiB (BUKITIOUCHHS CKJIAJIAIOTh CPiOJIACTHHA
Kapach Ta IUTITKa, YIOBH SKHX B OCTaHHi 3
POKH HAOIIDKAIOTECS IO TUIAHOBUX).

3a pganumu gocuimkens 2021-2024
pp., A0 ckiany ixtiodpayau BO XMAEC
BXOIUTH 14 BUAIB pUO, K1 BITHOCATHCS 10
KaTeropii «IpoOMHCIIOBI».

VY nitHix ynoBax 2021 p. Oyno 3adik-
coBano 10 BuAiB, CKiIajx JOMIHAHTHO-
r0 iXTiOKOMIUIEKCY BOJOWMH TPOTIATOM
2015-2021 pp. 3anumiaBcsi MPAKTUIHO
HE3MIHHUM: HalBHIII KUTBKICHI MMOKa3HU-
KH YJIOBIB cepell aOpUTeHHUX BHIIB OyiIH
BiIMiY€HI JJIS TUTITKH, JISIIa Ta TUIOCKUP-
k. [IpoTe, Ha BiZIMiHY BiJl MUHYJIHX POKIB,
y nmitHii nepiox 2021 p. cnoctepiranoch
pi3ke (Maike TpUKpaTHe) 30UTBIICHHS
YacTKH OKYHS, TOJl AK Taka cpiOscToro
Kapacs B CiTKaX i3 KpOKOM Biuka a=50 MM
MOMITHO 3MEHIINIACh; B OCIHHINA mepiox
qacTKa OKyHS 3HOBY 3HH3WIIACS 10 CEepel-
HbOOAraTopiuHUX 3HaueHb (Tabdi. 2).

B ocinniit nmepion 2021 p. cTpykTypa
yJOBiB JIpiOHOBIYKOBHX CITOK JEII0 3Mi-
HUJIACh: OCHOBHHM BHAOM CTaja IUTITKa
(B OCHOBHOMY 3a PaxyHOK CITOK i3 KPOKOM
Biuka a=36 MM, Ha YacTKy SKHX MPHITAIO
66,7% 3aranbHOTO YIOBY I[LOTO BUIY (32
YucenbHICTIO). [IuTOMHI BHJIOB OKYHS B
OCiHHII mepiofi MOMITHO 3HU3UBCH, 3JI€-
OUTBIIOTO 332 PAaXyHOK CITOK i3 KPOKOM
Biuka a=40 MM, Ha 4acTKy SKUX B JITHil
niepion npumangaio 45,8% 3araibHOT Kilb-
KOCTi YJIOBY LIbOTO BHUJy. AHAJIOTiYHA Kap-
THHA OyJa BiMideHa i JUTsI CITOK 13 KPOKOM
Biuka a=50 MM — a0CONIOTHI TTOKa3HUKH
VIIOBIB OKYHSI B OCIHHIH Tepio] 3MeHIIH-
muce y 6,1 pasa. KpiM Toro, Ha BiiMiHY BifJ
JITHBOTO TEpioay, B yIOBaX KPYITHOBiY-
KOBHX CITOK He (DiKcyBaBcCs JIAII, TOMI SIK
a0COITIOTHI yJIOBH ca3aHa (Koporia) 3pociiv
B 2,3 pa3za.

B ymoBax npiOHOBIYKOBHX CITOK B
ocinHil nepiox 2024 p. Takox JOMiHyBaja
IUTITKA; 9aCTKA OKYHS IPOIOBKyBaja 3HHU-
AKyBaTHUCS, IPOTE B CiTKax 3 a=50 MM 1ei
BUA OyB TPENCTaBICHHHA IOCUTH IIHPO-
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Table 2. Averaged catch structure of commercial gill nets in the KhmNPP CP in

different periods (CPUE), %

Mesh size, mm
Species a= 36-40 a=50 a=70-120
pcs. | kg pcs. kg pcs. kg
2021
Bream 0.9 0.7 6.9 9.2 10.2 3.6
Roach 46.2 455 12.5 14.5 0.0 0.0
Pikeperch 0.5 0.4 2.7 7.8 0.0 0.0
Prussian carp 3.5 3.1 30.3 24.9 0.0 0.0
Perch 36.4 39.4 213 19.6 0.0 0.0
Silver bream 12.2 10.3 25.3 22.5 0.0 0.0
Common carp 0.2 0.5 0.8 1.3 30.8 17.4
i’!‘r’sg and bighead 0.0 0.0 0.0 0.0 52.6 73.2
Grass carp 0.0 0.0 0.0 0.0 6.4 5.5
Other? 0.3 0.3 0.4 0.5 0.1 0.2
2024
Bream 1.2 1.7 30.3 29.2 30.5 16.7
Roach 77.9 79.9 5.1 4.7 0.0 0.0
Pikeperch 0.0 0.0 33 9.2 1.2 0.4
Prussian carp 0.2 0.1 17.7 25.6 50.8 17.6
Perch 8.2 9.9 10.2 9.1 0.0 0.0
Silver bream 11.8 7.8 27.9 17.7 0.0 0.0
Common carp 0.5 0.4 4.3 3.6 2.6 8.4
i:‘r’ssr and bighead 0.0 0.0 0.0 0.0 10.4 49.0
Grass carp 0.0 0.0 0.0 0.0 1.0 5.0
Other? 0.2 0.2 1.2 1.0 3.5 3.0

Note. ! - black carp, pike, rudd, tench, bleak.

with a=50 mm (mainly due to age-4-5
fish of 23-30 cm long), which, taking into
account a sharp increase in the catch per
effort of these nets (up to 4.1 individuals
versus 0.6 individuals in 2021), indicates
a numerical recruitment of generations,
which in 2025-26 will form the majority
of the reproductive core of this species in
the Khmelnytskyi NPP. It is interesting to
note that compared to 2021, the share of
Prussian carp in catches decreased by al-
most half in abundance, but by weight -
remained at the average multi-year level.
This is due to the transition of the abun-
dant remainder of the middle age groups to
the left wing of the length frequency dis-

k0. CIifi TakoX 3BEPHYTH yBary Ha pi3ke
3pOCTaHHS MMUTOMOI YHCENBHOCTI JIAIIa B
ciTkax 3 a=50 MM (OCHOBHOMY 32 paxyHOK
YOTHUPU—IT ATHIIITOK ~ JAOBKHHOKO 23-30
CM), 0, BPaXxOBYIOUH pi3Ke 301IbIICHHS
VJIOBY Ha 3yCHJUISA TaHUX CiTOK (10 4,1 ek3.
npotu 0,6 ex3. y 2021 p.), cBizuuTh Ipo
YHCIICHHE TOMOBHEHHS TE€HEepallisiMH, sKi
y 2025-26 pp. ¢opMyBaTHMyTb OCHOBY
PETPOIYKTUBHOTO si/ipa HBOro Buay y BO
XMAEC. IlikaBo BigMITUTH, IO y IMOPiB-
HsaHHI 3 2021 p., yacTka cpiOIsACTOrO Ka-
pacs B yJ0Bax 3a YHCEJBHICTIO 3HU3UIACS
Maibke BIBIdi, IPOTE 32 MAcOK — 3allu-
IIMJIACh Ha CepeTHhO0AraTopiTHOMY PiBHI.
Le 3yMOBIICHO IEPEXOIOM YHCICHHOTO 3a-
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tribution, as a result of which the average
weight of Prussian carp in a=50 mm nets
increased from 283 g to 752 g.

The structure of catches of large-mesh
nets during the studied period was char-
acterized by the stability of the dominant
complex - the majority of the catches was
composed of silver and bighead carps and,
to a lesser extent, bream and common carp.
Only in the autumn period of 2024, the
species ratio changed somewhat, mainly
due to the above-mentioned recruitment
of numerous contingents of Prussian carp
(the catch of this species by the effort of
nets with a= 80-90 mm in 2024 amounted
to 5.5 individuals (5.0 kg), while in 2021
it was not recorded in the indicated nets at
all). An important object of artificial prop-
agation is the introduced common carp,
which stably occupies a noticeable seg-
ment of catches of large-mesh nets (and,
unlike Chinese carps, this species was re-
corded in the entire set of mesh sizes of
gill nets), in some periods it accounted
for more than 30% of the total weight of
the catch. Given that carp is the main ben-
thophagous species, the accumulation of
its older age groups (the average weight
in catches of large-mesh nets in 2024
was 8.4 kg compared to 4.5 kg in 2021)
ensures an increase in the trophic load on
mollusks. At the same time, the low selec-
tivity of nets with a mesh size of a=50-70
mm in relation to carp (in 2024, these nets
accounted for 88.9% of the total catch of
carp by abundance) indicates the need for
additional regulation of the mesh size in
gill nets.

The catch of introduced species during
2022-2024 increased significantly, howev-
er, this category accounted for an average
of 49.4% of the total catch of aquatic bi-
oresources, which is a low value for spe-
cial commercial fishery.

The majority of commercial catches of

JIMIIKY CEPEeIHIX BIKOBUX TPy JIO JIIBOTO
KpHJIa BapialiifHOro psay, BHACTIIOK YOT0
cepeHs Maca cpiOsCTOTo Kapacs B CITKaX
3 a=50 MM 30upIIMIIach 3 283 10 752 T

CTpyKkTypa VJOBIB KpPYIMHOBIYKOBHX
CITOK MpOTArOM MEpiofy, IO po3Tsiia-
€THCSI, XapaKTepU3yBaJlach CTaOITBHICTIO
JIOMIHAHTHOTO KOMIUIEKCY: OCHOBY VJIO-
BIB CKJIQJAJIM TOBCTOJIOOMKH Ta MEHIIOKO
Mipoto — JisI 1 ca3aH. Jlumie B OCiHHIN
nepion 2024 p. BHIOBE CITiBBIIHOUICHHS
JIENI0 3MIHUJIOCh, B OCHOBHOMY 33 paxy-
HOK BiAMIYEHOTr'0 BUIIE HAXOKEHHS YUC-
JICHHUX KOHTUHICHTIB CpiOIsICTOro Kapacs
(BHIJIOB IIOTO BHIY Ha 3YCHJLIA CITOK 3 a=
80-90 MM y 2024 p. cknaB 5,5 ex3. (5,0
Kr), Tomi sk B 2021 p. BiH y 3a3Ha4EeHUX
ciTKax B3araji He (ikcyBaBcs). Baxiusuii
00’€KT MTYYHOTO BiITBOPEHHS BCEJICHEIIb
Koporl (cazaH) cTaOLIbHO 3aliMaEe TOMIT-
HUA CETMEHT B YJIOBaX KPYIHOBIYKOBHX
CITOK (IIpUYOMY, Ha BiZIMiHY BiJl POCIHHO-
imHuX puoO, el BUI (QIKCYeEThCS Y BCHOMY
Ha0OPi KPOKY Biuka MPOMUCIOBHUX CITOK);
B OKpeMi TepioJ Ha WOTr0 YacTKy IpH-
nagae noHaa 30% 3araibHOi MacH YIOBY.
BpaxoByrouu, 1110 KOpOIT € OCHOBHHM 0i0-
MeJiopaTopoM-0eHTO(paroM, HaKONUYEH-
HSl HOTO CTapIIMX BIKOBUX TPYH (CepermHs
Maca B yJOBaX KPYIHOBIYKOBUX CITOK Y
2024 p. ckmana 8,4 kr npotu 4,5 xry 2021
p.), 3abe3neuye 301IbIIEHHS TPOGiYHOrO
HaBaHTa)KCHHS Ha MOMIOCKIB. Pa3zom 3 Tum,
HU3bKa CEJIEKTUBHICTD CITOK 3 KPOKOM Bid-
ka a=50—70 MM BimHOCHO Kopora (y 2024
P. Ha 4acTKy IUX CiTok mpumnaiuo 88,9% 3a-
TaJIbHOTO YJIOBY KOpOIIA 32 YUCEIBHICTIO)
CBITYUTH TPO HEOOXiTHICTH JOAATKOBOTO
pEryInoBaHHA KPOKY BiUKa B IPOMHCIIO-
BHX CITKax.

BunoB BcenenmiB mpotsrom  2022—
2024 pp. IOMITHO 3pic, IPOTE HA YACTKY
JIAaHOi Kareropii MpHIagae B CepeIHbOMY
49,4% 3aranbHOTO BWJIOBY BOJHUX Oio-
pecypciB, IO ISl CHEIialbHUX TOBAPHUX
PUOHMX TOCHONAPCTB € HU3bKUM ITOKa3HHU-
KOM.
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silver and bighead carps (which were rep-
resented by hybrids by 85%) in the sum-
mer of 2021 (77.2% in abundance) was
composed of age-4-6 individuals; the share
of older age groups was 22.9%. In 2024,
a different picture was observed - the ma-
jority of catches (80.6%) was composed of
age-6-9 individuals, younger age groups
were not recorded in catches. At the same
time, taking into account the catch per unit
effort of gill nets with a mesh size a=100
mm, the indicated changes in the age struc-
ture were mainly due to a decrease in the
absolute abundance of middle age groups
- the catch per unit effort of age-9-10 in
2024 was 0.14 individuals, while it was
0.63 individuals in 2021. However, the
weak filling of the left wing of the length
frequency distribution in catches in 2024
may be due to the absence of their accumu-
lations - for example, in catches with ac-
tive fishing gears (area of the inlet channel)
in 2021, age-2 and agt-3 silver and bighead
carps were stably recorded. The total catch
of silver and bighead carps by the unit ef-
forts of gill nets in 2024 amounted to 0.6
individuals (6.9 kg) versus the average
long-term values of 0.2-0.6 individuals
(2.3-5.2 kg).

The rate of linear and weight growth of
silver bream in the KhmNPP CP remains
satisfactory, although it shows a certain
downward trend. The average specific
growth rate of silver and bighead carps
for older age groups was 16.5% by weight
(20.6% in 2018-19, 18.5% in 2021); the
average Fulton’s condition factor was
2.24+0.22 (2.16-2.31 in 2018-21).

The main criterion for assessing the
effectiveness of stocking is the amount of
commercial return. Based on the reported
stocking volumes, actual weight growth
rates and the amount of commercial catch-
es of silver and bighead carps, the esti-
mated removal of generations that formed

OCHOBY TIPOMECIOBHX YIIOBiB TOB-
cTONOOHKIB (ki Ha 85% Oynu mpeacras-
neHl Tibpuaamu) B JiTHIM mepiox 2021
p. (77,2% 3a YUCENBHICTIO) CTaHOBWIH
OCOOMHH Y YOTHPU—TIICCTHIITHBOMY BIlli;
YacTKa CTaplIMX BIKOBUX TpyIN CKiana
22,9%. Y 2024 p. cmoctepiranach iHma
KapTHHA: OocHOBY ynoBiB (80,6%) craHo-
BWJIHM IIECTH—EB ITHIITHI OCOOMHH, MO-
JIOAIII BiKOBI TpyNH B ya0Bax He (pikcyBa-
muck. [Ipu boMy, BpaxoBYIOUH TTOKa3HHUK
YIOBY Ha 3yCHJUIS CiTOK 3 KpokoM a=100
MM, 3a3Ha4eHi 3MiHH BIKOBOI CTPYKTYpH
3yMOBJICHI TOJOBHHUM YHHOM 3HIKCHHIM
a0COJIFOTHOT YUCENTLHOCTI CEepPeHIX BiKO-
BUX TPyH — TOKAa3HHUK YJIOBY Ha 3YCHII-
TS IeB’ ATH—AeCATHIITOK y 2024 p. cKiaB
0,14 ex3., Toxi ax y 2021 p. — 0,63 ex3.
[IpoTte cmabke HANMOBHEHHS JIBOIO KpHJIa
BapiariifHoro psny B ynaoBax 2024 p. Moxe
OyTH TIOB’sI3aHO 3 BIACYTHICTIO X XOJIO-
BUX CKYITYEHB: TaK, B YJIOBaX aKTHBHUMHU
3HAPSIIAMHU  JIOBY (JIJISTHKA TTiBITHOTO
kaHaiy) y 2021 p. cTabinbHO (ikCyBaIuCh
JIBO—TPUJIITKH TOBCTOJIOOWKiB. CyMapHUiA
BWJIOB TOBCTOJIOOMKIB Ha 3yCHJUIS HpO-
MHCJIOBOTO MOPSIKY CiTOK y 2024 p. cKkiiaB
0,6 ex3. (6,9 kr) mpoTu cepenHboOararo-
piYHHX TIOKa3HWKIB Ha piBHI 0,2—0,6 ek3.
(2,3-5,2 k).

TeMm JHIHHOTO Ta BaroBOTO POCTY
ToBCcTONIOOMKIB y BO XMAEC 3anuma-
€TBCS 33/I0BUTFHHAM, X0U 1 BHSABIISIE TICBHY
TEHCHIII0 10 3HIKeHHs. CepenHiil muTo-
MUH MPHUPICT TOBCTOIOOUKIB JIJISt CTAPIIUX
BIKOBUX Tpyn ckiaB 16,5% 3a macoro (y
2018-19 pp. —20,6; y 2021 p. — 18,5%);
cepeqHs BroJloBaHicTh 3a DyjIbTOHOM —
2,24+0,22 (y 2018-21 pp. — 2,16-2,31).

OCHOBHUM KPHUTEPIEM OLIHKU €(hEeKTUB-
HOCTI 3apHOJICHHS € BEJIMYWHA ITPOMHUCIIO-
BOTO NTOBEpHEHHS. Bruxozsuu i3 3BiTHUX 00-
CATiB 3apuOJICHHS, (DAKTHYHHUX TEMITIB POC-
Ty MAaCH Ta BETMYMHHU POMHUCIIOBUX YIOBIB
TOBCTOJIOOWKIB OYyJIO OIIIHEHO pO3paxyH-
KOBE BWJIYYSHHs T'eHepallii, sKi CKIamanu
ocHOBy mpomuciy y 2022-2024 pp. Ilpu-
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the majority of the fishery in 2022-2024
was estimated. Assuming that the fishing
load was evenly distributed across the
size classes of the commercial contingents
(individuals aged from seven (7, 7+) to
nine (9, 9+) years), the average estimated
commercial return from the introduction
of these generations can be estimated at
0.6%, which was almost an order of mag-
nitude less than required for effective pas-
ture fish farming of Chinese carps.

To assess the impact of external factors
on the survival of silver and bighead carps,
we determined natural mortality rates that
characterize all types of elimination, ex-
cept fishing. The results are summarized in
Table 3.

The data in Table 3 show that silver and
bighead carps of younger and partly mid-
dle age groups, which in water bodies of
this type form the majority of the commer-
cial biomass of silver and bighead carps,
are characterized by increased natural
mortality rates, even in comparison with
large reservoirs [24]. A similar picture was
observed in 2010, but during that period
the natural mortality rates of the indicated
age groups were lower [8]. Thus, increased
natural mortality is one of the factors that
significantly affects the recruitment of the
commercial core of silver and bighead
carps in this water body.

An integral characteristic of the con-
ditions for the existence of the species (in
the context of the tasks considered in this
work) can be the total annual mortality. In
the catches of 2021, the age series of silver
and bighead carps was broken, so the catch
curve can be divided into two branches -
middle and older age groups; the catch
curve in 2024 has a classic form of an in-
verted parabola with a peak that falls on

HMaloum, M0 TPOMHUCIOBE HAaBAHTAKCHHS
PIBHOMIPHO pO3NOAUIIIIOCE Y PO3MIpPHHX
KJlacax MPOMUCIIOBUX KOHTHHICHTIB (0CO-
6uH y Bili Big cemu (7, 7+) g0 aes’stu (9,
9+) pOKiB), cepemHE pPO3PaxyHKOBE IIPO-
MHUCJIOBE TOBEPHECHHS BiJl BCCNICHHS JaHUX
reHeparliii Moxxe OyTH ortiHeHe sk 0,6%, 1110
Maiike Ha MOPSIOK MEHINE, HiK MOTPiOHO
Ui e(peKTHBHOTO BHITACHOTO PHOOpO3Be-
JICHHSI POCIMHOITHUX PHO.

Jlist omiHKK i 30BHINIHIX YHHHUKIB
Ha BIDKUBAHHSA TOBCTOJIOOWKIB HAMH OyiH
BH3HAYCHI KOe(IIIEHTH TPUPOTHOT CMEPT-
HOCTI, SKi XapaKTepU3ylOTh BCI BUAU €Ili-
MiHaIlii, 32 BUKIIOYCHHSIM TpoMHCITy. Pe-
3y/lbTaTH 3BEJCHI B TabmuLi 3.

I3 manmx Tabmuil 3 BUILIMBAE, IO TOB-
CTONOOMKM MOJOJIIMX Ta YaCTKOBO Cepell-
HIiX BIKOBUX TPYII, SIKI y BOIOWMAaxX TaKOTo
TUITy CKJIaJal0Th OCHOBY MPOMHCIIOBOI iX-
TIOMAacH TOBCTOJIOOMKIB, XapaKTepU3YIOThb-
sl MiBUIICHUMH TIOKa3HUKAMU TIPUPOITHOL
CMEPTHOCTI, HaBIiTh y IMOPIBHSHHI 3 BEJU-
KAMH BOJOCXOBUIIAMH [24]. AHaJOriyHy
KapTuHy BimmideHo y 2010 p., nmpote B Toi
Mepiof] MOKA3HUKH IPUPOTHOI CMEPTHOCTI
3a3HaYCHUX BIKOBUX TPy OYJIM HMKIAMH
[8]. Takum uymHOM, TigBHIIEHA MPUPOIHA
CMEpPTHICTb € OJJHUM i3 YUHHHKIB, SIKHH CyT-
TEBO BIUIMBAE HA TIOMIOBHEHHS IIPOMHCIIOBO-
TO s7Ipa TOBCTOJIOOWKIB y AaHIH BOIOMMI.

IHTErpanbHOI0 XapaKTEpHCTUKOIO YMOB
ICHyBaHHSI BUTy (B KOHTEKCTi 3aBlaHb, sKi
PO3MISAAAIOTHCS B IaHii poOOTi) MOXKHA BBa-
JKaTH TIOKa3HUK 3arajbHOI pIgHOT CMEPTHO-
cti. B ynoBax 2021 p. BikoBHif psii TOBCTO-
JIOOWKIB OYB PO3ipBaHUIA, TOMY KPHBA YJIOBY
Moske OyTu MOJIiIeHa Ha JBi TUTKH — cepell-
Hi Ta CTapIli BIKOBI IPYITH; KPHBa YIOBY Y
2024 p. Mae KJIACHYHUN BUIVIA 0O0EpHEHOL
nmapaboiy 3 BEpIIMHOIO, sIKa IPHIagae Ha
CEeMUPIYOK—BOCEMIITITOK. Clifi 3a3HAYMTH,

Table 3. Estimated natural mortality by age classes of silver and bighead carps at

the KhmNPP CP in 2021-24

Age, years | 3 | 4 | 5 |

6 | 7 | 8 | 9 | 10

@, 0.40 0.35 0.32

0.26 0.23 0.22 0.21 0.20
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age-7 and age-8 fish. It should be noted
that despite the difference in the shapes of
the catch curves, the obtained total mor-
tality rates are identical. At the same time,
the average total mortality for middle age
groups, according to the analysis of the
catch curve, was ¢,=0.42, which, taking
into account the data in Table 3, allows as-
sessing the estimated annual removal at the
level of ¢,=0.03...0.07, which correspond-
ed to a low level of fishery exploitation. In
contrast, for older age groups, the total an-
nual mortality rate was ¢,=0.47, while the
average annual fishing mortality rate was
¢,=0.26...0.27, which corresponded to a
sufficiently high level of elimination due
to fishing.

Thus, in recent years, a clearly ex-
pressed trend in the dynamics of the struc-
tural parameters of the commercial stock
of silver and bighead carps in the KhNPP
CP has been observed: increased elimina-
tion of younger age groups due to natural
mortality, low fishing effort on middle-age
groups, and their subsequent increased
removal. At the same time, low values of
fishery statistics indicate that a significant
segment of fish harvest is IUU fishing.

This conclusion is also confirmed by
the analysis of the coefficients of fishing
mortality of silver and bighead carps ob-
tained by different methods - based on the
analysis of the age structure of the stock
(theoretical) and based on reported data on
stocking, fishery statistics and the expect-
ed biomass of each commercial generation
at the beginning of the fishing season (ac-
tual). Calculations were carried out for the
groups that formed the majority of com-
mercial catches with the absolute number
of individuals caught reduced to the small-
est integer of the terminal age group. Since
fish harvest is carried out throughout the
year, the abundance of generations was
taken as the average of the initial and final
ones for each year. The results of the calcu-
lations are summarized in Table 4.

110, HE3BKAFOYHW Ha BIIMIHHICTH )OPM KpH-
BUX YJIOBY, OTPHMAHI MOKa3HUKH 3arajibHOl
CMEPTHOCTI € iieHTHIHIMU. [1pH 11hoMy ce-
pelHs 3arajibHa CMEPTHICTb /IS CEPEe/IHiX Bi-
KOBHX TPYTI, 33 TaHUMH aHAII3y KPUBOI YII0-
By, cKiana ¢,=0,42, 1o, BpaxoByroun JaHi
TaOIMII 3, T03BOJISE OIIHUTH PO3PAXyHKOBE
piuHe BUITyYeHHs Ha piBHi ¢,=0,03...0,07,
10 Bi/IMOBIIa€ HU3BKOMY PIBHIO PHOOIPO-
MHCJIOBO1 eKcrutyaraiii. Hartomicts, mmis
CTapIIMX BIKOBHUX IPYII TIOKA3HUK 3aralbHOL
piuHOi cMepTHOCTI cKaB ¢,=0,47, cepents
piuHA TIPOMUCIIOBA CMEPTHICTH TPH IEOMY
cranoButh ¢,=0,26...0,27, mo Binosigae
JOCHTH BUCOKOMY PIBHIO eJTiMiHaIlii BHACITI-
JTOK BUJIOBY.

TakuM YHHOM, OCTaHHIMH pPOKaMHU
CIIOCTEPIraeThCs YiTKO BUpaKeHa TEHJIeH-
i JOAHAMIKKA CTPYKTYPHHX ITOKa3HUKIB
IIPOMUCIIOBOTO CTa/la TOBCTONO0UKIB y BO
XAEC: nocwieHa emxiMiHaniss MOJOIIINX
BIKOBHUX TPYII 32 PaXyHOK IMPUPOIHOI 3aru-
Oeni, HU3bKE MPOMHUCIIOBE HABaHTAKCHHS
Ha Cepe/iHi BIKOBI IPYIH Ta iX MOAaibIIe
nocuieHe BuIydeHHS. [Ipu mboMy HU3B-
Ki TOKAa3HUKUA MPOMHUCIIOBOT CTATHCTHKH
CBiYaTh, M0 3HAYHUIA CETMEHT BHJIyYCH-
Hs cxinagae HHH-pubanscTBoO.

Lle¥ BUCHOBOK MiITBEPIXKYETHCS 1 aHAII-
30M Koe(illieHTIB MPOMUCTIOBOI CMEPTHOCTI
TOBCTOJIOOWKIB, OTPUMAaHHUX PI3HUMH METO-
JlaM1, — Ha TJICTaBl aHai3y BIKOBOI CTPYK-
TypH cTajia (TEOpEeTUYHMIA) Ta Ha TiJICTaBi
3BITHUX JAHUX 13 3apUOJICHHS, IPOMUCIOBOL
CTaTHCTHKHU ¥ OYIKyBaHOI 1XTIOMAaCH KOXKHOT
MPOMHUCIIOBOT T'eHepallii Ha OYaToK ITPOMKC-
JIOBOTO Ce30Hy ((pakTmunuii). Po3paxyHku
TIPOBOAMIIMCH JUTSL TPYIL, SIKi CKJIaald OCHO-
BY TIPOMUCIIOBHX YJIOBIB 13 TIPUBEICHHSM a0-
COJIFOTHOT YMCETbHOCTI BUJIOBIEHUX OCOOMH
JI0 HAWMEHIIIOTO I1IJI0T0 YMciia TEPMiHATBHOT
BiKOBOi Ipynu. OCKUIBKH MPOMHUCIIOBE BIITY-
YeHHS 3IHCHIOETHCS TIPOTSTOM BCHOTO POKY,
YHCENBHICTh TeHepallii MPUIMAaIIH K Cepell-
HIO BIJI IIOYATKOBOI Ta KiHIIEBOI IS KOYKHO-
ro poky. Pe3ynerati po3paxyHKiB 3BE/ICHI B
Ta0mULEo 4.
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Table 4. Estimated catch of silver and bighead carps in the KhmNPP CP

Age groups, years

Year Parameters
3 | a | s 6 7 8 9 | 10
Abundance, ind. 28689 21649 11571 5922 4765 3112 2602 747
2021 Catch, ind. 650 418 220 0 0 2 2 1
®, 0023 0019 0019 0000 0000 0001 0.001 0.001
Abundance, ind. 23593 16177 10515 6835 4443 2888 1877 1479
2024 Catch, ind. 0 184 179 650 310 155 36 10
®, 0000 0011 0017 0095 0070 0054 0019 0.007

Table 4 shows that for younger age
groups the catch values are close to those
indicated above (or 2-3 times less), while
a completely different picture is observed
for middle and especially older age groups
- the catch values determined according
to fishery statistics are significantly low-
er than the coefficients obtained based on
the analysis of the dynamics of the age
structure, although in 2024 there was a
significant increase in them compared to
2021. Such differentiation by age groups
indicates a strong impact of selective [UU
fishing, which is aimed specifically at old-
er age groups of silver and bighead carps.

This is also confirmed by the accumu-
lation of commercial fish biomass carried
out based on statistical data of stocking
and catch. Calculations show that based
on the planned stocking values in the pe-
riod of 2019-2022 and actual catch values,
the estimated fish productivity for Chinese
carps as of the end of 2025 should reach
the level of 380 kg/ha, including 170 kg/
ha - due to older age groups.

It should be noted that in view of the
need to ensure the most complete (within
the framework of creating and maintaining
conditions for the uninterrupted operation
of the NPP) use of the bioproduction re-
serves of the water body, the removal of
the biomass of introduced species is pri-
marily considered from the point of view
of ensuring the biological control ef-
fect, which consists in the destruction of
bioobstacle objects, the final removal of

3 tabmumi 4 BUAHO, 0 TSI MOJIOAIINX
BIKOBUX TPyl KOE(IIieHTH BHUIYYEHHS
HaOJIMKAIOThCSA 10 BKa3aHMX Buile (abo
MEHIIIE, HiXK TaKi, B 2—3 pa3u), TOAL K JiIs
CepeqHiX, a OCOOJMBO CTapIIUX BIKOBUX
TPyl CIOCTEpIraeThCsl 30BCIM iHIIA Kap-
THHA — BH3HAYCHI 32 TaHUMHU IPOMHCIIO-
BOI CTaTUCTHUKU KOE(QII[IEHTH BUIYyYEHHS
€ 3HAYHO MEHIIMMH, HDK Koe]imieHTH,
OTpUMaHI Ha MiACTaBl aHaN3y AWHAMIKA
BIKOBOi CTPYKTypH, X04d y 2024 p. crocte-
piraerbces iX 3HauHe 301IbIIEHHS y TOPiB-
HsaHHI 3 2021 p. Taka gudepenmiamnis 3a
BiKOBUMHU T'PYIIaMHU CBITYUTH PO CUITbHUIMA
BB cenektuBHoro HHH-pubGanbscTa,
SIKE CIPSMOBaHE caMe Ha CTaplll BiKOBi
IPyIH TOBCTOIOOHKIB.

Ha me Bkasye i oIiHKa HaKOMMYEHHS
MPOMHUCIIOBOT iXTiOMacH, IpPOBEICHA 3a
CTaTUCTUYHUMH TOKA3HUKAMHU 3apUONIeH-
HS Ta BIWJIOBY. PO3paxyHKH OKa3yIOTh, 1110
3a IUTAHOBUMH MTOKa3HUKaMH 3apUOICHHS
B mepiox 2019-2022 pp. Ta GpakTHUHUMH
MOKa3HUKAMH BHUIIOBY, PO3PaxyHKOBA pH-
OONPOIYKTHBHICTH 32 POCIMHOITHUMH PH-
0aMu cTaHOM Ha KiHelb 2025 p. MOBHHHA
OCSITHYTH piBHA 380 Kr/ra, B TOMY YHCII
170 xr/ra — 3a paxyHOK CTapIINX BIKOBUX
TpyIL.

Cnin 3a3HauMTH, 10 3 OIVISAY Ha He-
00ximHICTh 3a0e3leYeHHs MaKCHUMAaJIbHO
MOBHOTO (B paMKax CTBOPEHHS Ta MiJITPH-
MaHHS YMOB JiJIsl O€3MepenkoaHol podoTH
AEC) BukopucranHs Oi0NpOgyKUIHHUX
pe3epBiB BOJOWMH, BHITyUYEHHS iXTiOMacH
BCEJICHLIIB HacaMIlepe] pO3MIAJAEThCs 3
TOYKH 30py 3a0e3ledeHHs MeTiopaThB-
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pollutants (with the fish caught) and their
removal from the circulation (accumula-
tion in the fish biomass). At the same time,
it should be noted that when catching less
than planned, the amount of fish seeds must
be reduced in order to prevent the forma-
tion of excess biomass of Chinese carps,
which, in turn, can lead to their death and
further secondary contamination of the
water, depletion of the feed resources of
the water body and other negative conse-
quences. Therefore, fish harvest should be
considered as an amelioration measure of
the same importance as stocking.

In this regard, the organization of ef-
fective removal of excess fish biomass is
a necessary condition for ensuring a ba-
lanced structure of the aquatic ecosystem
under different operating modes of the
NPP and under extreme weather condi-
tions. Thus, one of the ways to practically
implement the scheme of integrated use of
the KhmNPP CP is to introduce commer-
cial harvest of the formed biomass of fish
with a given intensity, which will ensure
the maximum ameliorative effect and pres-
ervation (taking into account the general
direction and intensity of successional pro-
cesses in specific conditions of tempera-
ture and hydrological regime) of the struc-
tural and functional characteristics of the
ichthyocenosis.

In the case of stocking with silver and
bighead carps, the main biological control
effect, based on their feeding spectrum,
is to suppress the development of phyto-
plankton (as well as detritus) [19], but the
reverse process should also be taken into
account - as a result of natural death and
destructive processes, part of the organic
matter accumulated in the fish biomass
returns to the water body, i.e. secondary
organic pollution of the reservoir occurs.
Accordingly, the meaning of biological
control using Chinese carps is to remove
their biomass at the stage when the rate of

HOrO e(eKkTy, IKUU TOoNATaE B 3HHIICHHI
00’€eKkTiB OiomepemnIkosi, OCTaTOYHOMY BU-
JydeHHI 3a0pyIHIOBaJbHHX PEYOBHH (3
BUJIOBJICHOIO pHOOI0) Ta BUBEACHHI iX 13
Kpyroo0iry (akymymsiis B ixriomaci). Pa-
30M 3 THM, CJIiJi BiAI3HAYUTH, IO MPH BU-
JIOBI MEHIIIOMY, HI)K 3aIlJITAaHOBAHHWH, KiJb-
KICTh MOCAJKOBOTO Marepialy HEeoOXiIHO
3MCHIIIYBaTH, a0u 3amoO0IirTH YTBOPESHHIO
HaJIMIIKOBOI 1XTiOMacu BCEJIEHI[B, IO,
B CBOIO Uepry, MOKE TPHU3BECTH 10 IX 3a-
rufeni Ta TOAANBIIOTO BTOPUHHOTO 3a-
OpyIHEHHS BOAW, BUCHAKEHHS KOPMOBHUX
pecypciB BOJOWMH Ta IHIIUX HETAaTUBHHUX
HaciakiB. ToMy BWJIOB CIiJl pO3IVISIATH
SIK METTIOPAaTHBHUI 3aXi]] TAKOTO X 3HAYCH-
HA, SIK 1 3apUOJICHHS.

VY 3B’A3Ky 3 LIMM, Oprasizamis edgex-
THBHOTO BWJIYYCHHS HAJUTHIIKIB iXTiOMa-
CH € HEOOXiTHOI0 YMOBOIO 3a0€3IeueHHs
30a1aHCOBAHOT CTPYKTYPH BOJHOT €KOCHUC-
TeMH 3a pi3HUX pexuMiB podotu AEC Ta
3a eKCTPEMAaJIbHAX IMOTOAHUX YMOB. Takum
YHHOM, OJTHUM i3 IIUIAXiB IPAKTHYHOI pea-
Ji3aIii CXeMH KOMIUIEKCHOTO BUKOPHCTaH-
Hs1 BO XMAEC € 3ampoBa/y>keHHS TPOMUC-
JIOBOTO OOJIOBY C(OPMOBaAHOI iXTiOMacH
puoO 13 3a]JaHO0 IHTEHCUBHICTIO, sTKa 3a0e3-
MEYUTh MaKCHMaJbHHHA METiOpaTHBHUHA
edexT Ta 30epexeHHs (3 ypaxyBaHHSM 3a-
raJIbHOI CIPSIMOBAHOCTI Ta IHTEHCUBHOCTI
CyKLecillHUX mpoleciB y crenudidyHux
YMOBaX TEeMITepPaTypPHOTO 1 TiJPOJIOTITHOTO
PEeXUMY)  CTPYKTYPHO-(YHKI[IOHAJIBHUX
XapaKTEPUCTHK iXTiOIICHO3Y.

VY BUMNAAKy 3apHOJICHHST TOBCTOIIOOHKA-
MH, OCHOBHUI MeTiOpaTUBHUNA €(EKT, BH-
XOJISIYM 13 CIIEKTPY iX JKUBIICHHS, MOJISTAE
B NPHUTHIYCHHI PO3BUTKY (DiTOIIIAaHKTOHY
(a Takox netputy) [19], mpote ciix Bpaxo-
BYBAaTH 1 3BOPOTHIN TpOIleC — BHACTIIOK
IPUPOIHOI 3arubeni Ta JecTPyKIiiHMX
MIPOIIECiB YaCTHHA OPTaHIYHOI PEYOBUHH,
aKyMYJIbOBAHOI B iXTiOMaci, HOBEPTA€ThCS
IO BOZOWMH, TOOTO 3TIHCHIOETHCSI BTOPUH-
He opraHiuHe 3a0pyaHEeHHs Bogoimu. Bif-
MOBITHO, CeHC OioJoriuHoi Merioparlii 3a
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its accumulation begins to decrease. This
point corresponds to the age of culmina-
tion of their biomass, which can be esti-
mated by natural mortality and which will
precede the period of maximum consump-
tion of feed objects.

Calculations show that according to the
values of the natural mortality given in Ta-
ble 3 and the average weights of age class-
es, the age of culmination of the biomass
of the hybrid of silver and bighead carps
falls on age-5 individuals, i.e. the maxi-
mum consumption of feed resources will
be observed in age-6 fish. In the future, the
biomass of this generation will gradually
decrease, i.e. accumulated organic matter
will return to the water body. Accordingly,
it is precisely on these age groups that the
beginning of commercial harvest should
be oriented.

Taking into account the size compo-
sition of silver and bighead carps caught
with nets of different mesh sizes, the most
effective way to organize their harvest will
be with nets with a mesh size of 90 mm or
more (Fig.), as well as with pound seines,
which allow selectively catching a given

JIOTIOMOTOI0 POCIMHOIAHUX PHO TOIsrae
y BUJIyYEHHI iX iXTioMacH Ha eTalli, KOJIH
MIBUIKICTH 1i HAKOIIMYEHHS [OYMHAE 3HU-
xyBartucs. LI Touka BifnoBigae BiKy KyJb-
MiHaIii iXTioMacH, SKHH MOKHA OIHHATH
3a MOKa3HUKaMHU MPUPOJHOT CMEPTHOCTI, i
KA MepeayBaTIMe Mepiofy MaKCHMallb-
HOTO CIIOKMBaHHSA KOPMOBUX 00’ €KTIB.

Po3paxyHKH TIOKa3yroTh, IO 32 ITOKa3-
HUKaMU HPUPOJHOT CMEPTHOCTI, HaBele-
HUMH B TaOnmIli 3, Ta cepeqHiX xXapakre-
PHCTHK MacH BIKOBHX KJIAciB, BiK KylbMi-
HaIil ixTioMacu TiOpuaa TOBCTOJOOHKIB
[pUnajgae Ha I ATUPIYHUX OCOOUH, TOOTO
MaKCHMaJbHE CIOKHBaHHA KOPMOBHX
pecypciB CIOCTEPIraTUMETLCS Y YOTUPU—
IECTUPIYOK. Y MOJANBIIOMY iXTiomaca
JTaHOT reHepariii MOCTYIOBO 3MEHIIYBaTH-
METhCs, TOOTO 10 BOAOWMH IIOBEPTATH-
MYThCSI aKyMyJIbOBaHiI OpraHidHI PEYOBU-
HU. BiamoBigHO, camMe Ha I1i BIKOBI TPYIH i
CIIiJ] OPiEHTYBAaTU MOYATOK IIPOMHUCIOBOTO
BIUTYyIEHHS.

BpaxoBytoun po3MipHHUI CKIaJg TOB-
CTOJIOOMKIB B YJIOBAaX CITOK i3 Pi3HHUM KpO-
KOM BiuKa, Haile()eKTHBHIIIOW Oyne opra-
HI3allis 1X BUJIOBY CITKaMH 3 KPOKOM BiuKa
90 MM i Ginbire (puUc.), a TAKOXK CTABHUMU

X 30
E; = Specific ichthyomass, mm
s a=70mm
“ 25 _ ———- 2=90-100 mm
S ERCPPR a=120-140 mm
20
15
10 =
. \
\ ';’
5 =
g \: -
0 . . . . : . . —

1 2 3 4 5

6 7 8 9 Age classes, year

Fig. Accumulation of silver and bighead carps biomass in the KhmNPP CP by
age classes and its expected distribution in catches of nets with different mesh sizes
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size and weight group with the return of
the bycatch to the water body alive.

Thus, in the specific conditions of the
NPP cooling pond, the most appropriate
is the average (i.e., based on the estimated
consumption in the first year of stay in the
pond of 10-20% of gross primary produc-
tion) stocking with phytophagous fish with
the provision of conditions for the devel-
opment of their large biomass (due to lim-
ited fishing and protection). To localize the
negative impact of the processes of sec-
ondary (due to increased natural mortali-
ty) pollution of the pond at an acceptable
level, moderate removal of biomass of the
middle age groups of chinese carps with an
annual fishing mortality of ¢,=0.05...0.10,
and increased catch of age groups from
age-7 and older with ¢,=0.30...0.40.

Mass stocking with biological control
agents is a powerful ecological factor that
affects all the main structural and function-
al parameters of the biogeocenosis of the
KhmNPP CP. Ichthyofauna is one of the
most important components of the aquatic
ecosystem, which largely determines both
the direction and intensity of succession
processes and the technological charac-
teristics of the water body. Accordingly,
such a radical restructuring (up to 50% of
the biomass available in the KhmNPP CP
is formed due to artificial propagation) re-
quires constant monitoring of both the gen-
eral condition and biological parameters of
biological control agents stocks and popu-
lations of native species in order to timely
monitor those factors that can negatively
affect the water quality of the cooling pond
and worsen its characteristics as a recei-
ver of heat exchange waters. The general
scheme for monitoring the KhmNPP CP
has been developed sufficiently fully [8].
However, due to the dynamic nature of in-
tra-ecosystem processes and multi-vector
external impacts, situations may arise that

HEBOJAMH, SKi JIO3BOJAIOTH CEIEKTHBHO
OOJIOBIIOBATH 33/laHy PO3MipHO-BaroBy
TPYIy 3 TOBEPTAHHIM IMPHUIOBY IO BOIO-
HAMH y KUBOMY BUTIISIII.

TakuM 9UHOM, B CITEITU(PIIHAX YMOBaX
BoJIOMMU-0x0N0mKyBaya AEC Halo1ias-
HIIIAM € CEpeHbOYNCENTbHE (TOOTO, BUXO-
JT9U 13 PO3PaXyHKOBOTO CIIOKUBAHHS HA
MepIoMy polli nepeOyBaHHS y BOIOWMI
10-20% BayoBO1 MEPBUHHOI MPOAYKIIiT)
3apubieHHs pudamu-¢ditodaramm i3 3a-
Oe3reueHHsAM yMOB Ui (pOpMyBaHHS 1X
BEJIMKOT iXTioMacH (3a paXyHOK OOMexe-
HOTO TPOMHCIY Ta OXOPOHH BOJONMH).
Jns  stokamizamii HEraTHBHOTO —BIUIMBY
MPOIECiB BTOPUHHOTO (32 paxyHOK Iif-
BHIIICHOT MPUPOTHOI CMEPTHOCTI) 3a0py/-
HEHHSI BOJONMH Ha NPHHHATHOMY PiBHI,
OpraHi30BY€ThCS MMOMIpHE BHIIYYCHHS 1X-
TiOMacH Cepe/iHiX BIKOBUX TpYIl Meliopa-
TOPIB 13 KOe(IIli€EHTOM PIYHOT MPOMHUCIIO-
BOi cMepTHOCTI Ha pisHi ¢,=0,05-0,10, a
TaKOX MOCHJICHHI 00JIOB BIKOBHX TPYII BiJI
ceMupivoK i crapuie 3 ¢,=0,30...0,40.

MacoBe 3apuOlieHHS puOaMHU-MelTi-
oparopaMH € TOTYKHHM EKOJIOTIYHUM
(daxTopoM, SIKUi BIUTMBAE Ha BCI OCHOBHI
CTPYKTYPHO-(QYHKI[IOHAJIbHI  TOKa3HUKH
oioreonierosy BO XAEC. IxrtiodayHa €
OHUM 13 HAWBKJIMBIIINX KOMIIOHEHTIB
BOJHOI €KOCHCTEMHM, SKHH 3HAYHOIO Mi-
pOI0 BU3HAuUa€e SIK CIPSMOBaHICTh Ta iH-
TEHCUBHICTB CYKIICCIHHHX TPOIIECiB, TaK
1 TEXHOJIOT1UHI XapaKTEePUCTUKU BOAOMMU.
BinmoBinHo, Taka JTOKOpiHHA IepeOynoBa
(mo 50% mnasHOi y BO XMAEC ixTio-
MacH (OPMY€EThCA 3a PaXyHOK IITYIHO-
r0 BIITBOpEHHs) NOTpeOye MOCTIHHOIO
KOHTPOJIFO SIK 3arajibHOTO CTaHy, TaK i Oi-
OJIOTIYHHUX TIOKA3HMKIB CTajJ Melioparo-
piB Ta MONyJAIiA a0OPUTCHHUX BHUIIB 3
METOI0 CBOEYACHOTO BIJICTEXKYBAHHS TUX
YUHHUKIB, SIKI MOXYTh pEali30BYBaTHCS
HETaTUBHHUM BILTHBOM Ha SIKICTh BOJU BO-
JIOUMH-0XOJIOKyBada Ta MPU3BOAUTH IO
MOTIPIIEHHS HOTO XapaKTePUCTHUK SIK TPH-
WiMaya TerI000MiHHMX BOJ. 3arajbHa cxe-
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require separate studies. In particular, this
concerns the increased natural mortality of
younger age groups of silver and bighead
carps, the death of Prussian carp in May
2024, and the increase in the abundance of
perch.

In the context of the problem that needs
to be solved at the KhmNPP CP, two princi-
pled approaches to the purpose of monitor-
ing studies can be distinguished. The first
is the selection of several parameters that
are most important for assessing the state
of biological control agents and their im-
pact on aquatic organisms and their further
control. This allows tracking changes in bi-
ological variables and introduce the neces-
sary measures to prevent negative trends.
The advantage of this scheme is the ability
to organize fairly limited-volume research
that can be carried out, in particular, by
one institution. In addition, the purposeful
selection of several key parameters allows
ensuring high quality scientific studies and
representativeness of the results obtained.
However, the results of such monitoring
will not allow determining the causes of
certain changes with a high degree of relia-
bility, or make predictive assessments, that
is, the current situation will, as a rule, be
recorded post facto. Another type of mon-
itoring is tracking changes not only in bi-
ological variables, but also in basic factors
that affect or may affect them. The com-
plexity of the research ensures the receipt
of information on all components of the
aquatic ecosystem and external factors that
affect the main object of monitoring, that
is, a database will be created not only for
making current management decisions, but
also for developing forecasts. It should be
noted that in many cases, the effectiveness
of measures to prevent negative trends in
biological variables is possible only with a
clear idea of the causes of these trends. In
principle, these two monitoring schemes

Ma 3fificHeHHss MoHiTopuHTy BO XMAEC
npopoOsicHa JOCHTh MOBHO [8], mpote
BHACIIJIOK JMHAMIYHOTO XapaKTepy BHY-
TPINIHBOCKOCHUCTEMHUX MPOIIECIB Ta pi3-
HOBEKTOPHOTO 30BHIIIHBOTO BIDIHBY, MO-
XKyTb BUHUKATH CUTyalii, sIKi TOTpeOyI0Th
OKpEMHX JOCHTiKEHb. 30KpeMa, Ie CTOCY-
€TBCS MiJBUIIIEHOT MPUPOTHOI CMEPTHOCTI
MOJIOJIIINX BIKOBHX TPYI TOBCTOJIOOWKIB,
3aru0eni cpibmscToro kapacs B TpaBHI
2024 p., 301TBIICHHS YUCEIBHOCTI OKYHSI.

B koHTekcTi npobnemu, Ky HeoOXia-
HOo BuUpimyBatd Ha BO XAEC, moxHa
BUJUTHTH J1Ba MPHUHIUIIOBUX MiJXOAU IO
METH MOHITOPHWHTOBHX JIOCHIKeHb. [lep-
muii — 1 BUOIp KUTBKOX MOKa3HHUKIB,
Kl € HaMOLIbII BaXKIMBUMM UIS OLIHKH
cTany OioMmeniopaTopiB Ta iX BIUIMBY Ha
TiIpOOIOHTIB, 1 TIOMANBINNAN TX KOHTPOJb.
Lle nmo3Bomsie BiCTEXKYBATH KOJUBAHHA
O10JIOTIYHMX 3MIHHHX 1 3alpoBaKyBaTh
HEOOXiJHI 3aX0H OO0 3amoOiraHHs He-
raTUBHUM TeHjeHIisM. [lepeBaroro i€l
CXEMH € MOXJIUBICTH Oprasisamii goBoi
00MeKeHHX 3a 00CATaMM JOCIIKEHD, SIKI
MOXYTb 3JICHIOBATUCS, 30KpEMa, OTHIEIO
yCTaHoBOK. KpiM TOTO, ITiJIecIipsIMOBaHHHA
BUOIp KUIBKOX BHM3HAYaJbHHUX IOKa3HU-
KiB JTO3BOJIsIE 320€3MEUYNTH BHCOKY SKICTh
HAyKOBHX JOCHI/DKCHb 1 perpe3eHTaTUB-
HICTh OTPUMAHHX pe3yibTariB. Pazom 3
TUM, Pe3yNIbTaTH TAaKOr0 MOHITOPHHTY HE
aTyTh MOXITUBOCTI 3 BUCOKHM CTYIICHEM
JIOCTOBIPHOCTI BU3HAYUTU MPUYUHH THUX
YM IHIIMX 3MIiH a00 3IICHATH MPOTHO3HI
OIIIHKH, TOOTO TIOTOYHA CUTYAIlis, SIK mpa-
BHJIO, (pikcyBaTuMeThes mocThaktyM. [H-
M BUJ MOHITOPUHTY — II€ BiJICTEKEHHS
KOJTMBaHb HE TUIBKHA OIlOJOTIYHUX 3MiH-
HHUX, a i1 6a30BuX (hakTOpiB, sIKi HA HUX
BIUIMBAIOTH 00 MOXYTh BIDTHBATU. KoMm-
JIEKCHICTh JIOCIHI/DKEHb 3alesledye Hal-
XOJDKEHHs iH(popMaIlii moa0 BCiX KOMITO-
HEHTIB BOJHOI €KOCHCTEMH Ta 30BHIIIHIX
(dakTopiB, sIKi BIUIMBalOTh Ha OCHOBHHU
00’€KT MOHITOPUHTY, TOOTO CTBOPIOETH-
cs 0a3a JaHWUX HE TIIBKU JUIS TPUAHATTS
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can be combined - only the main biologi-
cal parameters will be studied in a constant
mode, and in the event of a persistent trend
in their changes - comprehensive monitor-
ing of biotic and abiotic factors that can
influence these changes will be introduced.

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

The main object of artificial propaga-
tion of the ichthyofauna of the KhmNPP
cooling pond for the purpose of biological
control are silver and bighead carps and
their hybrid, the stocking of which is car-
ried out in amounts of 184-202 thousand
ind. according to the planned fish produc-
tivity in 2023-25 at the level of 25.7 kg/ha
and the actual at the level of 3.0 kg/ha. The
average calculated commercial return from
the stocking of silver and bighead carps
can be estimated at 0.6%. In recent years,
a clearly expressed trend in the dynamics
of the structural parameters of the com-
mercial stock of silver and bighead carps
in the KhmNPP CP has been observed - in-
creased elimination of younger age groups
due to natural mortality (¢,=0.35...0.40),
low fishing load on middle age groups,
and their intensive catch upon reaching the
age-7 and older. At the same time, for older
age groups, there is a discrepancy in the
values of fishing mortality calculated by
different methods.

For the KhmNPP CP, the most appro-
priate is the average (i.e., based on the
estimated consumption in the first year of
stay in the reservoir of 10-20% of gross
primary production) stocking with phy-

MMOTOYHMX YIPABIIHCHKUX PIllIeHb, a i Is
po3poOku mporuo3is. Ciija 3a3HaYUTH, 110
B 0arathbox BUTAJKax ¢(EKTUBHICTH 3aX0-
B IIOAO0 3aIlo0iraHHs HEraTUBHUM TEH-
JICHIIISAM B O10JIOTTYHUX 3MIHHUX MOYKJIABE
JIMIIIE 32 YiTKOT ySIBU MPO MPHYNUHU BHHUK-
HEHHS WX TCHJICHITIH. Y MPHHIUTI, ITi JBi
CXEMU MOHITOPUHTY MOXYTb KOMOiHyBa-
THCS — B MTOCTIHHOMY PEXHUMI JIOCIIJKY-
FOThCSI JIMIIIE OCHOBHI 010JIOTIYHI IOKA3HH-
KH, a Y pa3i IMOSBU CTIHKOT TEHAEHIIT 110
iX 3MiH 3ampOBa/KYEThCS KOMIUICKCHHUMN
MOHITOPUHT O10THYHMX 1 a010THYHMX (PaK-
TOPIB, SIKi MOXKYTb BIUTUBATH Ha LI 3MiHH.

BUCHOBKHM TA NEPCIEKTHUBHU
MHOJAJIBIIOIO PO3BUTKY

OCHOBHUMH  0O0’€KTaMH  IITYYHOTO
BinTBopeHHsa ixtiopaynu BO XMAEC 3
METOI0 O10JIOTIYHOI Melioparii € OuTHii,
CTPOKAaTHUH TOBCTOJIOOWKHY Ta IXHii Ti0pu,
BCEJIEHHS SKUX 3OIMCHIOETHCS B 00csrax
184-202 THC. €K3., 32 IUIAHOBUM IIOKa3-
HUKOM PHOONpPOAYKTHUBHOCTI y 2023-25
pp- Ha piBHi 25,7 Kr/ra 1 pakTHYHUM — Ha
piBai 3,0 kxr/ra. CepeaHe po3paxyHKOBE
MPOMHUCIIOBE TMOBEPHEHHS BiJ BCEJICHHS
TOBCTOJIOOWKIB TPH I[OMY MOXE OyTH
ominene gk 0,6%.

OcCTaHHIMH pPOKaMH CIIOCTEPIraeTh-
Csl YITKO BHpa)XCHa TEHJICHINSl AWHAMIKA
CTPYKTYPHHX TTOKa3HUKIB IPOMHCIOBOTO
craga ToBcTonoOukiB y BO XMAEC —
IIOCHWJIEHA €JIIMIHAIS MOJIOAIIMX BIKOBUX
IPyN 3a PaxyHOK MPUPOIHOI CMEPTHOCTI
(p,~0,35...0,40), HU3bKE MPOMMCIIOBE Ha-
BaHT@)KEHHS HA CEepelHi BIKOBI TPYIH Ta
1X IHTEHCUBHUI OOJIOB ITiCJIA JTOCATHEHHS
BiKy ceMH poKiB 1 cTapiue. [Ipu npomy s
CTapIIMX BIKOBUX TPYI BiJ3HAueHa He-
BIJIMIOBITHICTh TIOKA3HUKIB MPOMHUCIOBOI
CMEPTHOCTI, PO3PaxoBaHOi PI3HUMH METO-
JIaMH.

s Bomoiimu-oxonmomxyBada XMAEC
HaWJONUIBHINIUM € CEepPEAHBOYHCEILHE
(TOOTO, BUXOJISIUH i3 PO3PAXYHKOBOTO CITO-
JKUBaHHS Ha TEPIIOMY POl MepeOyBaHHS
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tophagous fish with subsequent enhanced
catch of age groups from age-7 and old-
er with ¢,=0.30...0.40 by using nets with
a=90-100 mm.

The main directions of further research
on this topic are to establish the reasons for
the increased natural mortality of young-
er age groups of silver and bighead carps,
assess the feasibility of increasing the av-
erage weight of fish seeds in conditions of
increasing the abundance of perch and as-
sess the actual biological control effect of
measures for the directed development of
ichthyofauna.
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