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Purpose. To investigate the productive per-
formance of age-1+ common carp when partial-
ly replacing meat-and-bone meal with different
amounts of a mixture of dry microalgae chlorella
(Chlorella vulgaris) and spirulina (Spirulina plat-
ensis) as part of the main diet when growing carp
in ponds.

Methodology. The study was conducted in
2025 at the fishery of “Karpatskyi vodogray” LLC
in the Pustomyty district of the Lviv region on
three ponds, two of which were experimental and
one was a control pond. The ponds were stocked
with age-1 scaly carp with an average weight of
339.6-342.8 g at a stocking density of 1000 ind./

Received: 29.01.2026
Received in revised form: 04.03.2026
Published: 31.03.2026

PE3Y/1IbTATU BUPOLLYBAHHA
OBONITOK KOPOMA (CYPRINUS
CARPIO LINNAEUS, 1758)

B CTABAX I3 BBEAEHHAM
AO CKNAAY KOPMY
MIKPOBOLOPOCTEN

A. P. TubiHKa, andriyzluy001l@gmail.com,
ORCID ID 0009-0004-8192-4260, IHCcTUTYT
pubHoro rocnogapctea HauioHanbHOI
aKaZemii arpapHux HayK YKpaiim, m. Kuis
O. M. bepHakeBuy, frishtakolena@gmail.
com, ORCID ID 0000-0002-9144-8534,
JNlbBiBCbKa focCAiAHA CcTaHUiA IHCTUTYTY
pubHoro rocnogapctsa HauioHanbHOI
aKagemii arpapHuxX Hayk YKpaiHu, cmT
Benunkuit NMiobiHb

0. M. Ao6paHcbKa, olya_dobryanska@
ukr.net, ORCID ID 0000-0001-7238-5059,
JNlbBiBCbKa focCAiAHA CcTaHUiA IHCTUTYTY
pubHoro rocnogapctsa HauioHanbHOI
aKagemii arpapHux Hayk YKpaiHu, cmT
Benunkuit NMiobiHb

€. B. Bapnamos, varlamovbc@gmail.com,
TOB «Xnopenna YkpaiHa», m. bina
Lepksa

Mema. focaidumu npoOdyKmueHi noKasHu-
KU 080/1iMOK KOPOMa 3a 4acmkoeoi 3amiHu m's-
CO-KicmKo8020 6OPOWHA HA Pi3HY KinbKicmb cy-
Mmiwi cyxux mikposodopocmeli xnopenu (Chlorella
vulgaris) ma cnipyniHu (Spirulina platensis) y
CKMaodi 0CHOBHO20 PAYiOHY MPU 8UPOUYBAHHI KO-
porna 8 ymoeax cmasis.

MemoouKka.  [ocnidoweHHa  nposede-
Ho 6 2025 p. Ha 6a3i pubHo20 2ocnodap-
cmea T30B  «Kapnamcekuli  eodozpali»
Mycmomumiscbkozo palioHy Jlbgiecbkoi 06-
aAacmi Ha mpsox cmasax, 08a 3 AKUX 00CAIOHI
ma 00uH KoHmMpoabHUl. Cmasu 3apubHosanu
00HOPIYKAMU /1YCKAmMo20 Koporna cepedHbo
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ha. The control group of fish was fed with a bal-
anced compound feed with a protein content of
23-24%, and the two experimental groups were
fed a mixture of dry microalgae of chlorella and
spirulina in an amount of 3.0% (Experiment 1)
and 5.0% (Experiment 2) during a 65-day growing
period. Control over the conditions of the aquatic
environment was carried out using generally ac-
cepted methods in fish farming.

Findings. During the experimental period,
optimal conditions for growing carp were
provided. The main parameters of the chemical
composition of the pond water met fish
farming standards, and the average biomass of
zooplankton and zoobenthos for the cultivation
period ranged from 4.52 to 9.00 g/m* and 0.91 to
2.15 g/m? respectively. It was found that the use
of a mixture of microalgae at an amount of 3.0
and 5.0% in feeding age-1+ carp had a positive
effect on productive parameters, namely: the
average fish weight exceeded that of the control
group by 12.3 and 20.6%, respectively, and fish
productivity increased by 21.4 and 32.2%. At the
same time, feed costs for growing carp decreased
by 16.3 (Experiment 1) and 26.5% (Experiment 2)
compared to the control.

Originality. For the first time in Ukraine, the
effect of a mixture of dry microalgae with the
aim of partially replacing meat-and-bone meal
when introducing them into the main diet of age-
1+ carp on productive parameters and feed con-
sumption during cultivation has been studied.

Practical Value. The results obtained indicate
that use of a mixture of dry microalgae to par-
tially replace meat and bone meal in compound
feeds leads to an increase in the productive pa-
rameters of carp and the prospect of further stud-
ying the effect of a mixture of microalgae on the
physiological and biochemical parameters of the
body of age-1+ carp.

Keywords: microalgae, chlorella, spirulina,
carp, fish productivity, feed consumption, hydro-
chemical regime, hydrobiological regime.

macoro 339,6—-342,8 2 30 winbHOocMi nocadoku
1000 ekK3./2a. KoHmponbHil epyni pub 32000-
syeanu 36anaHcosaHuli Kombikopm i3 emic-
mowm 6inka Ha pieHi 23-24%, a 08om 00CAiOHUM
epynam — i3 3aMiHol0 M’Aco-Kicmkoeoeo 60-
poWHA Ha cymiw cyxux mikposodopocmeli xs10-
penu ma cnipynivu 8 kinekocmi 3,0% (ocnid 1)
ma 5,0% (Hocnid 2) ynpodosx 65 0i6 nepiody
supowysaHHA. KoHmpose ymos 800H020 cepe-
dosuuwja 30ilicH08aU, 3ACMOCOBYIOYU 3020/1b-
HonpulHAmi 8 pubHuymei mMemoduKu.

Pe3ynbmamu. Bripodosx ekcrnepumeHmare-
HO20 nepiody 3abesne4yeHo onMUMAaneHi ymosu
017 supowy8aHHA Koporna. OCHOBHI MOKA3HUKU
XiMmiyHO20 CcKnady cmaeosoi eodu gidnosidanu
PUBHUUBKUM HOpMmamueam, a cepedHi MoKas-
HUKU 6iomacu KOpmMOoB8UX Op2aHi3Mie 300M/1aHK-
moHy ma 3006eHmocy 3a nepiod supowy8aHHsa
nepebysanu e mexax 8id 4,52 do 9,00 z/m* ma
0,91-2,15 2/m? gidnosidHo. BcmaHosneHo, wo
B8UKOPUCMAHHA 8 200iesi 08071IMOK Kopona cy-
miwi mikposodopocmeli y Kinekocmi 3,0 i 5,0%
03UMUBHO BM/AUHYA0 HA MPOOYKMUBHI MOKa3-
HUKU: cepeOHA maca pub nepesuwyysasna rnokas-
HUKU KOHMPOosbHOI 2pynu 8idnogioHo Ha 12,3 ma
20,6%, a pubonpodykmusHicms 36inbwunace
Ha 21,4 ma 32,2%. pu ybomy sumpamu Kop-
Mi8 Ha 8UPOWYBAHHA KOPONA 3MEHWUUCA Ha
16,3 (focnid 1) ma 26,5% (Jocnid 2) eioHocHO
KOHMposio.

Haykoea Hosu3Ha. Brnepwe 8 YkpaiHi 0o-
CnidxceHo 8naus8 cymiwi cyxux mikposodopoc-
meli 3 Memoto Yacmkoeoi 3amiHu m’saco-Kicm-
K08020 6opowHa npu 8eedeHHi ix 00 0CHOBHO-
20 payioHy 080iMOK Kopona Ha npodyKmuseHi
MOKA3HUKU ma aumpamu KoOpmis rnpu eupoujy-
BQHHI.

lMpakmuyHa 3Havywjicme. OmpumaHi pe-
3ynemamu ceid4ame, W0 320008Y8AHHA CYMiuli
cyxux mikposodopocmeli 3 Memor 4acmKogoi
3aMiHU M’ACO-KicmKoso2o 60powHa 8 CcKAadi
Kombikopmie npusodume 00 nidsuUWEHHA Mpo-
OyKMUBHUX MOKA3HUKI8 Kopora, ma Mokasytome
nepcriekmuey nooanbWo20 8UBYEHHs 8Mausy cy-
Mmiwi mikposodopocmeli Ha ¢hizionoeiyHi ma bio-
XiMiYHi MOKA3HUKU 0p2aHi3my 0807imMokx.

Knruoei cnoea: mikposodopocmi, xaopena,
cnipynida, Kopon, pubonpodykmueHicme, 8u-
mpamu Kopmy, 2iopoximiyHul pexcum, 2iopobio-
no2iYHul pexcum.
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PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

The rational use of artificial feeds as
well as scientifically based rationing and
balancing of rations ensure an increase in
the productive and qualitative characteris-
tics of fish products and economic efficien-
cy in the process of fish farming [1-4].

Common carp (Cyprinus carpio Lin-
naeus, 1758), as a traditional fish farming
object in domestic and global aquacul-
ture, which requires balanced compound
feeds with sufficient protein levels to en-
sure high fish productivity [5]. In mod-
ern conditions, there is a trend towards
an increase in the cost of traditional
highly nutritious components of com-
pound feeds, a decrease in the depend-
ence on fishmeal and soybean meal, and
a minimization of the ecological burden
on the environment [6, 7]. Therefore, the
problem of finding methods to optimize
the use of feed nutrients, which makes
allows including proteins of plant origin
in fish feeds, thereby reducing their cost,
has become particularly important.

In this aspect, microalgae are prom-
ising as an effective substitute for fish
meal and fish oil in compound feeds
and an alternative source of food and
feed protein due to their high content
(40-70%) of protein, vitamins, trace
elements, balanced amino acid com-
position and the presence of bioactive
compounds such as carotenoids, phyco-
cyanin, B glucans and long-chain omega
3 fatty acids [8-11].

MMOCTAHOBKA NMPOBJEMM
TA AHAJII3 OCTAHHIX
TOCJIKEHD T MYBJIKALII

PamionanpHe BUKOPHUCTaHHS INTYd-
HUX KOPMIB, & TaKOX HayKOBO OOIpyH-
TOBaHE HOPMYBaHHS Ta OalaHCyBaHHS
pamioHiB 3a0e3MeuyrTh iJBHIICHHS
MPOJYKTUBHUX 1 SKICHHX XapaKTepHC-
THK pUOHOT MPOAYKIi Ta €KOHOMIYHOT
e(DEeKTUBHOCTI B MpOIECi BUPOUTYBaHHS
pubwu [1-4].

Kopon (Cyprinus carpio Linnaeus,
1758) sk TpaguuiiHuii 00’€KT pubO-
PO3BEJCHHS y BITYM3HSHIA 1 CBITOBIH
aKBaKyJbTypi moTpedye 30a1aHCOBaHUX
KOMOIKOPMIB 13 JOCTAaTHIM piBHeM Oinka
IUTs 320€3MeYeHHsT BUCOKUX TOKA3HUKIB
pubomnponykTuBHOCTI [5]. B cyuacHux
YMOBaX TMPOCITIJKOBYETHCS TEHICHIIS
JI0 3pPOCTaHHS BapTOCTI TPAJAUIIHHUX
BHCOKONIOKUBHUX KOMIIOHECHTIB KOM-
OiKOpMiB, 3HWXCHHS 3aJIC)KHOCTI BIJ
pubOHOrOo OOpOIIHA Ta COEBOTO IIPO-
Ty, a TaKOX MiHIMIi3aIlis EKOJOTi4HO-
ro HaBaHTa)XEHHsS Ha IOBKiLIA [6, 7].
Tomy ocoOnuBOi akTyaidbHOCTI HaOyna
npobiieMa MOMYKYy METOMIB ONTUMi3a-
i BUKOPUCTAHHS IOXUBHHUX PEUYOBHH
KOpMIiB, IO HaJa€ 3MOTY BKIJIIOYATH O
iXHBOTO CKJIaay OUIKH POCIWHHOTO TO-
XOJKEHHS, THM CaMHM 3HIDKYIOUH Bap-
TiCTh pUOHHUX KOPMIB.

VY nmaHoMy acIeKTi MepCHEeKTUBHIMU €
MIKpOBOJIOPOCTI SIK €)EKTHBHUN 3aMiHHUK
pubHOTO OOpoIIHA Ta PUO’STIOTO JKUPY B
KOMOIKOpMax Ta ajJbTepHATHBHE JHKEPEIO
XapuoBOTO Ta KOPMOBOTO OiJIKa 3aBISKH
BHUCOKOMY BMicTy mpoteiny (40-70%),
BiTaMiHIB, MIKpOEJIEMEHTIB, 30alaHcoBa-
HOMY aMiHOKHCIIOTHOMY CKJagy Ta Ha-
SIBHOCTI Ol10aKTHBHHUX CITONYK, TaKUX SIK
KapOTHHOIAM, (iKoIliaHiH, B-TIFOKaHU Ta
JTIOBTOJIAHIIIOTOBI OMera-3 JKUpPHI KHUCIOTH
[8-11].
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HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

Scientific studies in recent years con-
firm the effectiveness of using microalgae,
namely chlorella (Chlorella vulgaris) and
spirulina (Spirulina platensis) in feeding
various fish species, in particular common
carp [12—14]. Feeding chlorella when re-
placing up to 50% of fishmeal was shown
to stimulate growth performance and in-
crease the natural resistance of dorado
(Sparus aurata Linnaeus, 1758) [15], and
the introduction of spirulina into the feed
increases the feed conversion ratio and an-
tioxidant status of Atlantic salmon (Salmo
salar Linnaeus, 1758) [16]. The effective-
ness of replacing 50 and 100% of fish meal
with microalgae (Spirulina and Chlorella
vulgaris) when giving them to rainbow
trout (Oncorhynchus mykiss Walbaum,
1792) has been proven, analyzing the pro-
ductivity during the cultivation process
and the physiological status of fish [17].

Given the above, and analyzing current
scientific studies, it is advisable to study
the effectiveness of the effect of using mi-
croalgae on the productive parameters of
carp. Therefore, the aim of the work was
to study and analyze the use of a mixture
of dry microalgae chlorella and spirulina
in the main diet of age-1+ carp in order to
partially replace meat-and-bone meal.

MATERIALS AND METHODS

The study was conducted at the fish
farm of “Karpatskyi vodogray” LLC,
Pustomyty, Lviv region, in conditions
of pond-analogues with a single source
of water supply. Experimental microal-
gae supplements were used in feeding
carp, namely: chlorella powder (Chlorella

BUAIVIEHHSA HEBUPIINEHUX
PAHIIIE YACTHUH 3ATAJIBHOI
HNPOBJIEMU. META POBOTH

HaykoBi nocnimkeHHs OCTaHHIX po-
KiB MIATBEPKYIOTh C€(PEKTHBHICTh BH-
KOPHCTaHHS MiKpOBOJIOPOCTeH — XJIO-
pera (Chlorvella vulgaris) Ta coipyniHu
(Spirulina platensis) — B TOIIBII pi3HUX
BUIIB pub, 30Kkpema kopoma [12-14].
BcranoBneHo, 1m0 3rof0OBYBaHHS XJIOpeE-
i ipu 3aMmiHi 10 50% pubHOTO GOpOoIITHA
CTHMYJTIO€ MIBUAKICTH POCTY Ta IiABHIILYE
MIPUPOHY PE3UCTCHTHICTH OPTaHi3My CIia-
pa (Sparus aurata Linnaeus, 1758) [15], a
BBEJICHHS JI0 KOPMY CITIPYJTiHU ITiJBUIIIYE
Koe(]ilieHT KOHBEPCii KOpMY Ta aHTHOKCH-
MAHTHUH CTaTyCc OpraHi3My aTiIaHTHYHO-
ro nococs (Salmo salar Linnaeus, 1758)
[16]. loBeneHO edekTHBHICTh 3aMiHu S50
i 100% pubHOro OOpoIIHA MIKPOBOJIO-
poctamu (Spirulina i Chlorella vulgaris)
IpU 3TOJIOBYBaHHI iX paiiayxHii ¢opemi
(Oncorhynchus mykiss Walbaum, 1792),
Ha OCHOBI aHai3y NPOAYKTUBHOCTI B IPO-
meci KyJbTHBYBaHHS Ta (i3i0JOTIYHOTO
crarycy opraizmy pudu [17].

3 ommsioy Ha BHKJIAQIEHE BHIIE Ta Bif-
MOBIJTHO JI0 PE3yJbTaTiB aHANi3y aKTyalb-
HUX HAYKOBHX JOCIIKEHb, NOIUIBHUM €
BUBUCHHSI €(DEKTHBHOCTI BIUIMBY 3TOOBY-
BaHHS MIKPOBOJIIOPOCTEH Ha MPOMYKTHBHI
MOKa3HUKHU Kopoma. Tomy MeTor poboTu
OyJI0 BHUBYCHHS Ta aHali3 BUKOPHUCTAHHS
CyMIlIi CyXUX MIKPOBOJOPOCTEH XJIOpenu
Ta CHIPYJTIHH B CKJIaJ{i OCHOBHOTO paIfioHy
JIBOJITOK KOPOIIa 3 METOI0 YaCTKOBOT 3aMi-
HU M’CO-KICTKOBOTO OOpOIITHA.

MATEPIAJIN TA METOAN

JocnipkeHHs TpoBOMMIM  Ha  0asi
pubnoro rocmnonapctsa T30B «Kapmnar-
cbkuid Bogporpait», M. Ilyctomuru JIbBiB-
CbKOi 00JyacTi, B yMOBaX CTaBiB-aHAJIOTIB
13 €IMHUM JKEPEIOM BOJOTIOCTaYaHHsA. Y
TONIIBJIl KOpOIa BUKOPUCTOBYBAIM EKCIIE-
pUMEHTalbHI JJOOABKH MiKPOBOJOPOCTEH
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Ukraine LLC, Bila Tserkva) and spirulina
(FoodPortal, Brovary).

Three experimental ponds with areas of
0.15-0.20 ha were used for the work, two
of which were experimental and one was
a control pond. The experimental ponds
were stocked with age-1 scaly carp with
an average weight of 339.6-342.8 g at
the rate of 1000 ind./ha, selected by ran-
domization. Feeding was carried out with
balanced compound feed with a protein
content of 23.0-24.0%. Fish in the control
group (Control) received granulated feed
of the following composition, %: grain
mixture — 70, sunflower meal — 22, meat-
and-bone meal — 8. A mixture of dry mi-
croalgae in equal amounts was introduced
into the diet of carp in the experimental
groups by granulation: Experiment 1 — to
replace 3% of meat and bone meal, Exper-
iment 2 — to replace 5% of meat and bone
meal. Experimental feeding lasted 65 days
(July-September).

In order to ensure optimal environmen-
tal conditions for growing carp, systemat-
ic monitoring of the temperature, hydro-
chemical and hydrobiological regimes of
experimental ponds was carried out during
the growing season. At the same time, the
dynamics of changes in biogenic elements,
organic matter content, gas regime and de-
velopment of the natural feed supply were
analyzed.

Water samples for chemical studies
were taken once a month and analyzed in
a certified laboratory of the Lviv Research
Station of the Institute of Fisheries of the
National Academy of Agrarian Sciences
using generally accepted methods [18].
The compliance of the results of the anal-
yses was assessed according to the state
standard SOU 05.01-37-385:2013 [19].

Monthly sampling of zooplankton and
zoobenthos, their preservation and lab pro-
cessing were carried out according to gen-
erally accepted methods [18]. The species
composition of invertebrates was deter-

— mopomku xjopenu (TOB «Xiopeiia
Vkpaina», M. bina LlepkBa) Ta coipyniHu
(«FoodPortal», M. BpoBapm).

Jlis mpoBeneHHsT pobiT Oyno 3aaisHO
TPH EKCIEPUMEHTANBHI CTaBU IUIOMICIO
0,15-0,20 ra, 1Ba 3 SIKMX JOCIIAHI Ta OJUH
KOHTpOJNBHUHN. JIOCHiIHI cTaBU 3apuOHIO-
BaJIM BiiOpaHUMHU METOAOM pEeHIOoMi3allii
OJHOPIYKAMH JIyCKAaTOTO KOpOIla Cepen-
HBOIO Macoro 339,6-342.8 1 i3 po3paxyHKy
1000 ex3./ra. ['oxiBmto mpoBoavIH 30aaH-
COBaHMM KOMOIKOpPMOM i3 BMICTOM Oinka
B Mexax 23,0-24,0%. Pubu kKoHTpOIBHOT
rpyru  (KoHTpons) oTpuMyBaiid rpaHy-
JHOBAaHUH KOPM HACTYIHOTO CKiaxmy, %o:
3epHOCcyMinn — 70, MIPOT COHSAITHUKOBHMA
— 22, M’sco-kicTkoBe 6opormrHo — 8. [lo
palLioHy KOpOMiB JOCHITHUX TPYyH METO-
IIOM TpPaHYIIOBaHHS BBEICHO CyMIII CY-
XHMX MIKPOBOJOPOCTEN y PIBHUX KiJIBKOC-
ax: Jocaig 1 — Ha 3amimenus 3% M’s-
co-KictkoBoro 6opomHa, Jlocnig 2 — Ha
3aMilmeHHs 5% M’SIco-KiCTKOBOTO OOpoIII-
Ha. ExcriepuMeHTa bHA TOMIBIS TpUBAiIa
65 ni6 (JMIeHb—BepECceHb).

3 MeToro 3a0e3neueHHs] ONTUMAIbHUX
YMOB CepeoBHUINa MpH BHPONTYBaHHI KO-
poma BOPOJOBK BEreTalliiHOro Mepiomy
3MIACHIOBAIM CHCTEMATHYHUN KOHTPOJIb
TEMIIEpaTypHOro, TiIpOXiMIYHOIO Ta rii-
pOOGIONIOTIYHOTO PEKUMIB  EKCIIEPHMEH-
TaJbHUX CTaBiB. [Ipy 1bOMY aHai3yBaIu
JMIUHAMIKY 3MIHU KOHIIGHTpaIlii 010reHHUX
CJIEMEHTIB, BMICTy OpraHidyHOI peuOBHHH,
ra30BOTO PEKUMY Ta PO3BUTKY IPHPOTHOL
KOpPMOBO1 0a3H.

Bin6ip mpo6 Boam Juis XIMIYHHX JO-
CIIJIKEHb 3iMCHIOBANI pa3 Ha MiCsIb Ta
aHaTI3yBaJIX 1X B aTeCTOBaHii jJaboparopii
JIeBiBCBHKOI mocuinuoi cranmii IPI" HAAH
32 3araJbHONPUHHATAMH  METOAUKAMHU
[18]. BinmoBinHiCTh pe3ynbTariB IpoBee-
HUX aHari3iB ouiHroBanu 3a COY 05.01—
37-385:2013 [19].

[omicsraHwiA BiTOip IPOO 300IIAHKTOHY
Ta 3000€HTOCY, 1X (hiKcallito Ta KaMepanbHy
00pOOKY MPOBOIHIIH 32 3araTbHONPHHHSTH-

268

FEEDS AND FEEDING



A. TYBINKA, O. BERNAKEVYCH, O. DOBRIANSKA, E. VARLAMOV

mined using the main identification keys
[20-22]. When calculating the production
of zooplankton and zoobenthos and the in-
crease in fish production due to them, the
P/B and feed coefficients known from the
literature [23] were used, as well as a cor-
rection of 0.5 due to the shortened period
of experimental cultivation of age-1+ carp.

During the period of cultivation in
ponds, food was fed to fish once a day in
the morning [24]. Feeding rationing was
carried out taking into account the fish
weight and the main parameters of the
growing environment [25]. After the com-
pletion of the experimental works, the fish
were harvested and the survival rate of
fish, their average and total weight, aver-
age daily growth and morphometric pa-
rameters were determined. The individual
fish weight (W) was determined by weigh-
ing them on scales with an accuracy of 0.1
g; linear parameters (L, 1, C, H, G), on the
basis of which the body structure indices
were calculated: body length to height ra-
tio (I/H), compactness index, or body girth
index (I/G) and head length index (C/L);
Fulton’s condition factor (CF). To deter-
mine the total fish productivity, the total
growth of all grown fish was divided by
the area of the experimental pond [26, 27].
The feed conversion ratio was calculated
by the ratio of the total amount of feed fed
to the total weight gain of the fish during
the growing period.

Statistical processing of the material
was carried out using the standard MS EX-
CEL statistical package. We calculated the
arithmetic mean (M), standard error (m)
and power (P). Statistically significant dif-
ferences in parameters were assessed using
the Student’s t-test.

Mu MeTonrkamH [ 18]. Bu3sHaueHHS BHIOBOTO
ckinamy 6e3xpeOeTHUX 3iHCHIOBAIIH, BUKO-
PHICTOBYFOYM OCHOBHI BH3HAYHUKH [20-22].
[Tpu po3paxyHKax MPOAYKIi 300IIaHKTOHY
1 3000€HTOCY Ta MPUPOCTY PHUOOTIPOMYKIIii
3a iX paxyHOK BHUKOPHUCTOBYBAJIM BiOMi 13
miteparypu P/B- Ta xopMoBi koedimieHTH
[23], a Takox mompaBky 0,5 yepe3 ckopode-
HUH TIepiof eKCTICPIMEHTAIBHOTO BHPOIITY-
BaHHS JIBOJIITOK KOpOIIa.

VYrpomoBk mepiogy BHPOIIYBaHHSI B
YMOBaX CTaBiB KOPM 3TOIOBYBaIM puOam
OIIMH pa3 Ha 0Oy B paHKOBWH dac [24].
HopmyBanHs rofiBii 37ilicHIOBaIH, Bpa-
XOBYIOUH Macy pu0 Ta OCHOBHI ITapaMeTpH
cepenoBuia BupomtyBaHHs [25]. Ilicns
3aBEpIICHHS JOCIITHUX POOIT MPOBOAMIH
00JIOB CTaBiB 1 BH3HAYald BIKMBAHICTh
puo, IXHIO CepemHIo Ta 3arajbHy Macy, ce-
peaHbpo1000BUil IPUPICT 1 MOphoMeTpUY-
Hi MMOKa3HUKW. BU3HAYAIHN 1HAMBITyabHY
Macy pub (M), 3Baxyroun ii Ha Tepesax
3 tounicTiO 70 0,1 T; MiHIAHI TOKAa3HUKA
(L, 1, C, H, O), Ha OCHOBI SIKUX 3TIHCHIIN
PO3paxyHOK 1HJEKCIB TiIOOYIOBH: iHJICKC
BucokocnHHOCTI (I/H), iHIexc xommak-
THOCTi, abo obxBary Tima (I/O), Ta iH-
nekc pomxuHu ronosu (C/L); xoedimieHT
BrojoBanocti (KB) 3a ®ynsronom. [ns
BCTAHOBIICHHS 3arajibHOi pHOOIIPOTYKTUB-
HOCTI CyMapHHUH MPHUPICT YCiX BUPOIICHUX
pHO AUTHIN Ha IUIOLLY JOCHiJHOTO CTaBy
[26, 27]. KoedimienT koHBepCii kopMy 00-
YHCTIOBAJM 32 BIIHOIICHHSIM 3arajibHOL
KUTBKOCTI 3T0JI0OBAHOTO KOPMY JI0 3arajib-
HOTO TIPUPOCTY Macu puoHU 3a mepios BU-
POIIyBaHHS.

Craructuuny oOpoOKy  Marepiany
3IOICHIOBAIM 32 OMOMOTOIO CTaHIApT-
HOTO TMAKeTy CTaTUCTHYHUX IPOrpam
«Microsoft Excel». O6unciroBaim cepe-
Hi apupmeTnyHi Bennunau (M), cepeaHio
KBaJI[paTHYHy TOMIJIKY (m) i BIpOTiTHICTD
pizHus (P) Mixk TOCHipKyBaHUMHU cepe/l-
HBOApU(MEeTHIHUMH BenmdnHamu. Cra-
TUCTUYHO BipOTiZHY Pi3HUINIO NOKA3HUKIB
OIIIHIOBAIH 3a t-KpuTepieM CThIOJICHTA.
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STUDY RESULTS
AND THEIR DISCUSSION

The water temperature during the ex-
perimental work ranged from 19 to 24°C
with minimum values in September and
maximum values in August.

The hydrochemical regime of the ponds
did not differ significantly, since it mainly
depended on the chemical composition of
the water of their only source of water sup-
ply — the Stavchanka River, which is a trib-
utary of the Shchyrka River and belongs to
the Dniester River basin.

Analysis of the results of hydrochem-
ical studies shows that pH of the environ-
ment was slightly alkaline with a maximum
value of 8.4 in the fall (Table 1), which had
a positive effect on the productivity of the
ponds.

The permanganate oxidation, which is
a marker of the presence of easily oxidiza-
ble organic substances in water, was within
6.4-14.9 mg O/dm?, which did not exceed
regulatory values and indicated the purity
of the aquatic environment from easily ox-
idizable organic compounds. It is known
that the value of permanganate oxidation
and water temperature directly affect the
amount of dissolved oxygen. The content
of the latter, both in the control and ex-
perimental ponds, was within the optimal
values, ranging from 4.2 to 8.0 mg O /dm’
(Table 1).

It should be noted the minimal amounts
of nitrites in the water of the experimental
ponds, the average values of which ranged
from 0.002 to 0.014 mg N/dm?. Maximum
nitrate concentrations (0.31 mg N/dm?)
were recorded only at the end of the study
period due to the slowdown of biochemi-
cal processes in water bodies.

The amount of ammonium nitrogen in
all ponds during the experimental period
did not exceed the industry standard values
and ranged from 0.02 to 0.44 mg N/dm’,

PE3YJIIbTATH AJOCJ/IAXEHDb
TA IX OBTOBOPEHHS

Temneparypa BoIH BIIPOIOBX IIPOBE-
JICHHS €KCIICPUMEHTAIBHUX POOIT KOJIHBA-
nach y Mexax Big 19 no 24°C 3 miHiMalb-
HUMH 3HAUCHHSMHU Y BEPECHI Ta MaKCH-
MaJIbHUMH — B CEpIIHI.

INapoxiMiyHMIA peXUM CTaBiB CyTTEBO
HE BIJPI3HABCS, OCKUIBKHM B OCHOBHOMY
3aJIeXkKaB BiJ] XIMIYHOTO CKJIaJy BOAM €M-
HOTO U HHUX JDKEpeNna BOAOIIOCTAYaHHS
— p. CraBuaHky, 10 € TpUTOKOO p. Iu-
PKH Ta HaJeKUTh 110 Oaceiiny p. nictep.

AHaJi3 pe3yabTaTiB riApoxXiMiuHUX A0-
CIIJKEHDb CBIMUNTD, 110 BOJHEBHI IIOKa3-
Huk (pH) cepenosuia 6yB c1abomyXKHUM
13 MakCHMaJIbHAM 3HA4YeHHAM 8,4 BoceHHU
(Tabn. 1), M0 MO3WTHBHO BIUIMBAJIO Ha
MPOAYKTUBHICTH CTaBiB.

[Toka3HUK IEepPMAHTaHATHOI OKHCHIO-
BaHOCTI nepebyBaB y Mexax 6,4—14,9 mr
O/nm® Ta He mepeBHIyBaB HOPMATHBHHX
3HAYeHb, IO BKA3yBaJO Ha YUCTOTY BOI-
HOTO CEpeloBHILIA BiJl JErKOOKHMCHIOBA-
HUX OpraHiyHUX CHOJyK. Bimomo, o
3HAUCHHS MEPMAHTaHATHOI OKHCHIOBaHO-
CTi Ta TeMIeparypu Boau 0Oe3mocepenHbo
BIUIMBAIOTh HA KIBKICTh PO3YUHEHOTO Y
Hill KUCHIO. BMICT OCTaHHBOTO, SIK Y KOH-
TPOJILHOMY, TaK i B TOCIIIHUX CTaBax, Ie-
peOyBaB y MekaxX ONTUMAJIbHUX BEIWIHH,
KonuBarouuch Bin 4,2 1o 8,0 mr O,/nm’
(muB. Tabm. 1).

Crin 3BepHYTH yBary Ha MiHIMaJbHi
KUTBKOCTI HITPUTIB Y BOJII TOCIITHUX CTa-
BiB, CepelHi 3HAUCHHS SKUX KOJUBAIUCS
Bix 0,002 o 0,014 mr N/nm3. Makcumans-
Hi MOKa3HUKMU KOHLIeHTpauii HiTparis (0,31
Mmr N/nm?) 3adikcoBaHi Jinie HAIPUKIHII
nepiony JOCHiIKEHHS 3a CHOBUIbHEHHS
010XIMIYHHX MPOIIECIB Y BOIOHMAX.

KinbkicTe aMOHINHOIO a3oTy B YCiXx
CTaBax YIPOOOBX CKCIEPUMEHTAIHHOTO
MepioAy He MEePEeBHIyBala 3HAUYCHD Taly-
3€BOTO CTaHAAPTY Ta KOIMBAJIACh ¥ MEXKax
Bix 0,02 go 0,44 mr N/am’, noBinbHO 3HU-
KYIOUHCH JI0 OCEHi.
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Table 1. Chemical composition of water in experimental ponds of the “Karpat-
skyi vodogray” LLC farm, 2025, min—-max/med

Parameters pond No. 1 pond No. 2 pond No. 3 Normative
(Control) (Experiment 1) | (Experiment 2) | values [19]
7.5-8.3 7.6-8.4 7.5-8.2
pH 738 80 79 7.0-8:5
S 6.4-14.9 6.7-14.2 8.0-14.1
3
Permanganate oxidation, mg O/dm 105 02 03 15.0
- 4.7-5.6 4.5-53 4.6-5.2
_ 3 o0 000 s —
Alkalinity, mg-eq./dm 55 73 ) 3.0-6.0
286.7-341.6 274.5-323.3 280.6-317.2
- 3
Hydrocarbonates, HCO,’, mg/dm 3773 3044 3009 300.0—400.0
. 0.005-0.030 0.003-0.012 0.004-0.028
- 3
Nitrites, NO,’, mg N/dm 0,002 0,008 0014 0.1
Ammonium nitrogen, NH,", mg 0.05-0.27 0.03-0.19 0.02-0.44 20
N/dm? 0.15 0.11 0.26 ’
. 0.01-0.31 0.02-0.19 0.02-0.12
- 3
Nitrates, NO,’, mg N/dm 013 003 007 <2.0
0.08-0.28 0.18-0.37 0.13-0.42
3- 3
Phosphates, PO,*, mg P/dm 017 030 073 0.70
0.34-0.52 0.18-0.47 0.31-0.44
2+, 3+ 3
Total ferum, Fe**+ Fe’', mg Fe/dm Y 03 036 1.0
4.5-59 4.2-4.7 4.6-5.9
- 3 — ——— —— |
Total hardness, mg-eq./dm 30 73 33 3.0-7.0
. 74.6-100.8 72.8-81.0 76.8-97.2
2+ 3 )
Calcium, Ca*", mg/dm 61 6 374 50.0-70.0
. 6.8-10.9 6.8-8.8 9.2-13.1
2+ 3
Magnesium, Mg*, mg/dm —50 73 1 30.0
. 33.6-40.0 33.0-40.0 28.5-40.2
N 3 |
Chlorides, Cl;, mg/dm 367 357 333 50.0-70.0
102.4-106.2 100.3-105.7 98.4-106.3
2- 3 )
Sulfates, SO,*, mg/dm 1043 1036 033 50.0-70.0
Sodium+Potassium, Na*+K*, mg/ 67.5-101.5 81.0-95.8 59.5-74.3 50.0
dm’ 84.2 86.9 759 ’
. L 592.6-671.6 572.6-644.8 570.1-623.6
3
Mineralization, mg/dm 377 ) G 1000.0
. 43-7.6 4.5-8.0 4.2-7.8
3 _ —_—
Dissolved oxygen, mg O,/dm 3 63 6 >5.0

slowly decreasing until autumn.

At the beginning of the season, the
phosphate content was sufficient for the
development of a natural food supply with
a noticeable tendency to decrease during
the experimental period.

A similar pattern was observed with
the average seasonal amounts of total iron,
which did not exceed the industry standard
values, ranging from 0.32 to 0.42 mg/dm?
(Table 1).

The moderate hardness of the water in
the experimental ponds resulted in fairly

Ha mouarky ce3oHy BMICT (ocdariB
OyB JOCTaTHIM JJIsI PO3BUTKY MPHPOTHOI
KOPMOBO1 0a3y i3 MOMITHOIO TECHICHILIEIO
0 3HIKEHHS BIPOIOBK EKCIICPUMEH-
TaIbHOTO Mepiomy.

[ToniOHY 3aKOHOMIPHICTH BiIMIYEHO i
[IOI0 CePEMHbOCE30HHUX KIIBKOCTEH 3a-
TabHOTO 3aji3a, SKi HE IepeBUIIyBaJH
3HAUCHb TajJy3EBOrO CTaHIAPTY, KOJIUBa-
roynch B Mexax Bix 0,32 mo 0,42 mr/om?
(muB. Tabm. 1).

[TomipHa TBEpHmICTH BOAHM EKCIEPH-
MEHTaJIbHUX CTaBiB 3yMOBIIIOBANA JOBOJI
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high calcium values with the maximum
average seasonal content in Experiment
2 (87.4 mg-eq./dm?). The alkalinity of the
pond water and, accordingly, the content of
hydrocarbonates gradually increased until
autumn, without exceeding the regulatory
values. High amounts of sulfates were re-
corded in the water of experimental ponds,
the values of which were 1.5 times higher
than the regulatory ones. This is typical for
water bodies in this region and is due to the
quality of the water supply source, how-
ever, with a satisfactory oxygen regime, it
does not affect the efficiency of fish farm-
ing and its assimilation of feed.

Pond water was characterized by aver-
age mineralization: the sum of salts ranged
from 592.6 to 671.6 mg/dm? with the min-
imum value in Experiment 2 and the max-
imum in Control (Table 1).

Therefore, no significant differences in
the chemical composition of the water in
the experimental ponds were observed, the
main parameters of pond water quality met
the regulatory values, creating an optimal
environment for growing carp.

Zooplankton of experimental ponds
was represented by three systematic
groups: Rotifera, Cladocera and Copep-
oda. In terms of species composition,
among rotifers, Brachionus spp. were
most frequently encountered, among cla-
docerans, Daphniidae (genera: Daphnia,
Moina, Ceriodaphnia, Scapholeberis) and
Chydoridae (genera: Bosmina, Chydorus)
were most frequently found, and copepods
were mainly represented by species of the
genera Cyclops and Eudiaptomus.

The highest species diversity and the
highest quantitative and qualitative indica-
tors of zooplankton were observed at the
beginning of the experimental work. Lat-
er, during the season, the ratio between the
organisms of the groups was not constant
and changed under the influence of various

BHCOKI 3HAYECHHS BMICTY KaJIbITiI0 3 MAKCH-
MaJIbHIM CEePEIHbOCE30HHUM MTOKA3HUKOM
y Hocmini 2 (87,4 mr-exs./mm?). JIyKHIiCTh
CTaBOBO1 BOJM 1, BiJIOB1IHO, BMICT Tipo-
KapOOHATIB MOCTYIIOBO 3POCTAIN J0 OCE-
Hi, HE MEPEBUIIYIOYA HOPMATHBHUX 3Ha-
YeHb. 3a(iKCOBaHO BUCOKI KUTBKOCTI CYIhb-
¢atiB, 3HAUCHHS SIKUX Y BOJII €KCIICPHMEH-
TaJbHUX CTaBiB B 1,5 paza mepeBuIIyBain
HopMatuBHi. [le XapakTepHO Ui BOIHUX
00’€KTIB JTAHOTO PETIOHY Ta 3yMOBJICHO
SIKICTIO JDKEpeNa BOMOIIOCTauaHHs, MPOTe,
MIPH 33JI0BUTBHOMY KHCHEBOMY PEXHMi HE
BIUIMBAE€ Ha €()EKTHBHICTH BUPOIIYBaHHS
pUOH Ta 3aCBOEHHS HEIO KOPMIB.

CraBoBa BOzla XapakTepU3yBaJlach Ha-
CTYITHAMH MTOKa3HUKaMH CepeTHbOl MiHe-
pasizariii: cyma coseil ckiaznana Big 592,6
10 671,6 mr/om? i3 MiHIMAJILHEM 3HAYeH-
HsaM y Jlocmiai 2 Ta MakCUMajdbHUM — Y
Kontpomi (auB. Tabm. 1).

OTxe, 3HaUHUX BiIMIHHOCTEH Yy XiMid-
HOMY CKJIaJli BOAM EKCIEPHMEHTAIHHUX
CTaBiB HE BIAMIYCHO, OCHOBHI IOKA3HUKHU
SIKOCTI CTaBOBOI BOJAW BIJIMOBIAAK HOP-
MaTUBHHMM 3HAYCHHSM, CTBOPIOIOYH OITH-
MaJIbHE CEepEeNOBHINE IIPH BHPOIIYBaHHI
KOpOIIa.

300IUTaHKTOH  EKCIIEPUMEHTAIBHUX
cTaBiB OyB IpeACTaBlIeHHA OpraHizMamu
TPHOX CHUCTEMATHYHHUX TPYI: THO HIX-
gi uepBu Rotifera, paxononiOHi miapsmy
Cladocera ta psamy Copepoda. YV Bujuo-
BOMY CIIIBBIIHOLIIEHHI cepeJl KOJOBEp-
TOK HalyacTime 3ycTpidajuch OpraHis-
MU pony Brachionus, i3 TiIISICTOBYyCHX
HalyacTilie BUSABISUIA  TIPEJICTABHUKIB
ponunu Daphniidae (poau Daphnia,
Moina, Ceriodaphnia, Scapholeberis) Ta
Chydoridae (pomu Bosmina, Chydorus),
BECJIOHOT1 paKoToAiOHI B OCHOBHOMY OyJTH
npencraeieHi Bugamu poniB Cyclops Ta
Eudiaptomus.

Haii6inpma BHIOBa PpI3HOMAHITHICTh
Ta BUII KIIBKICHI Ta SIKICHI HOKa3HUKH 30-
OIIAHKTOHY BiJIMi4€HI Ha MOYaTKy MpOBe-
JIEHHSI eKCIIEPUMEHTAIBHUX poOiT. Hamami
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factors, namely temperature, hydrochem-
ical regime, phytoplankton development,
fish pressure. The majority of the zoo-
plankton of the ponds were cladocerans
(63.03-80.56% of the average seasonal
biomass) — among which Bosmina longi-
rostris, Moina rectirostris, Daphnia long-
ispina and Polyphemus pediculus were al-
ways found. Among copepod crustaceans,
Cyclops sp. predominated with a share of
10.11-28.33%, and among rotifers, Bra-
chionus calyciflorus and Asplanchna prio-
donta, with a share of 4.42-9.33%.

In the first month of cultivation (July),
the zooplankton biomass was highest
in Experiment 1 — 16.20 g/m* due to the
mass development of sexually mature
Polyphemus pediculus and Bosmina longi-
rostris, the share of which reached 88.8%
of the total zooplankton biomass. Some-
what lower biomass values were in Ex-
periment 2 — 12.33 g/m?® with a share of
cladocerans of 72.3%, and the main con-
tribution to biomass was made by adult
forms of Daphnia longispina and Moi-
na rectirostris. The lowest development
of zooplankton was in the control pond,
where the biomass was 6.27 g/m® and was
2.0-2.6 times lower compared to the ex-
perimental ponds (Fig. 1).

At the same time, the majority of bi-
omass in this pond was formed by cla-
docerans (84.1%) due to the development
of Bosmina longirostris and Moina recti-
TOSIrIS.

In August, the zooplankton biomass
decreased in all ponds by 1.64-3.48 times,
with the highest values remaining in Ex-
periment 1 — 6.17 g/m>. The values in Ex-
periment 2 and Control were 1.6—1.7 times
lower and similar to each other — 3.54 and
3.81 g/m’, respectively. In the experimen-
tal ponds, cladocerans predominated, with
copepods (1.46 g/m®) being subdominant
in Experiment 1, and rotifers (1.09 g/m?) in

BIIPOJIOBK CE30HY CITIBBIHOIIECHHS MIX
opraHizMaMmu rpymn He Oy/o HOCTIHHUM Ta
3MIHIOBAJIOCH TIiJI BIUIMBOM Pi3HUX YHUH-
HHUKIB — TeMIIepaTypH, TiIpoXiMiuyHOIo
PEXKUMY, PO3BUTKY (PITOTUIAHKTOHY, TUCKY
pu6. OCHOBY 300TUIaHKTOHY CTaBiB CTaHO-
BHJIM TIJUIACTOBYCI pakomnofmioHi (63,03—
80,56% Big cepenHbOCE30HHOI Oiomacn),
cepel SKMX TOBCSKYAC —3yCTPidasiuCs
Bosmina longirostris, Moina rectirostris,
Daphnia  longispina Tta  Polyphemus
pediculus. Cepen BECIOHOTHX PaKoOIMoO-
nioHux 13 gactkoro 10,11-28,33% mnepe-
Baxanu Cyclops sp., a cepell KOIOBEPTOK
13 yactkowo 4,42-9.33% — Brachionus
calyciflorus, Asplanchna priodonta.

VY neprwmii MicsIb BUPOIyBaHHS (JIU-
NeHp) 6ioMaca 300IJIAHKTOHY Oyna Haii-
Bumowo y Jocmini 1 — 16,20 r/m® —3aB-
JIIKA MacOBOMY PO3BHTKY CTATCBO3PLIMX
TUISICTOBYCHX pakonofioHux Polyphemus
pediculus ta Bosmina longirostris, 4acrt-
Ka sSkux gocsrana 88,8% Bix 3araabHOL
6ioMacH 300IUTaHKTOHY. Jlemo HIDKIu-
MH TOKa3HUKW Olomacu Oymm B Jlocmimi
2 — 12,33 1/, 3a 4aCTKH TiUIACTOBYCHX
paukiB Ha piBHI 72,3%, a OCHOBHHUII BHe-
cok y Oiomacy 3xificHunu gopocii Gopmu
Daphnia longispina Ta Moina rectirostris.
HafiHWK4uM  PO3BUTOK  300ILIAHKTOHY
OyB y KOHTPOJBHOMY CTaBy, Ji¢ Oioma-
ca craHoBwia 6,27 r/m® i Gyna B 2,0-2,6
pa3a HIDKYOIO, IMOPIBHSHO 3 JIOCHITHUMH
ctaBamu (puc. 1). IIpu npomy ocHOBy 0i-
OMacH B JJaHOMY CTaBy (OpPMYyBaJIU TLILIS-
cToByci pakonoaiOHi (84,1%) 3a paxyHOK
PO3BUTKY Bosmina longirostris Ta Moina
rectirostris.

Y cepnHi 0OiomMaca 300TUTAHKTOHHHUX
OpraHi3MiB 3HH3WJIacid B YCiX cCTaBax y
1,64-3,48 pa3a, npu IbOMY HalBUIII 11 110-
Ka3HUKH 3anumanuck y Jocmini 1 — 6,17
/M. Hwkaumu y 1,6—1,7 pasa ta cXOKuMU
Mixk co00I0 CTajau IMoKa3HukH B Jlocmimi 2
ta Kontposi — 3,54 ta 3,81 r/m® Biamosia-
HO. Y JOCIiHUX CTaBax MEpeBakalu Iij-
JISICTOBYCI PAKOIOMIOHI, CyOIOMiHAHTAMH
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Fig. 1. Dynamics of zooplankton biomass of experimental ponds of the “Karpat-

skyi vodogray” LLC farm, 2025

Experiment 2. In the control pond, the bio-
mass of Cladocera decreased by 3.2 times,
but the biomass of Copepoda increased by
2.6 times due to the development of Cy-
clops sp., which ensured their dominance
(52.8%).

In September, the biomass of cladocer-
ans decreased by 1.3—1.7 times in the ex-
perimental ponds, while in Experiment 1
the biomass of rotifers increased by 8.4
times, and in Experiment 2 — copepods by
4.0 times. At the same time, in the Con-
trol, the role of Cladocera increased by
1.6 times, but the biomass of copepods
decreased by 3.3 times. As a result, zo-
oplankton biomass in Experiment 1 de-
creased by 33.3%, in Control — by 10.1%,
and in Experiment 2 increased by 11.3%,
due to which the differences between the
ponds became less significant — 4.63-3.46
g/m’.

The highest average zooplankton bio-
mass during the growing period was in Ex-
periment 1 —9.00 g/m?, in Experiment 2 it
was 6.00 g/m®, and in Control —4.52 g/m?,
and its production was 900.0, 660.0 and
452.0 kg/ha, respectively. This ensured an
increase in fish production of age-1+ carp
in Experiment 1 — 75 kg/ha, in Experiment
2 — 55 kg/ha, in Control — 37.7 kg/ha.
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y Jocmiai 1 Oynu BecaoHOT pakomoaioHi
(1,46 /M), a B ocmiai 2 — KOJNOBEPTKH
(1,09 r/M®). YV KOHTpOJBHOMY CTaBy y 3,2
pa3a 3am3miacs 6iomaca Cladocera, ogHak
y 2,6 pa3a 3pocna 6iomaca Copepoda 3a
paxyHOK po3BuUTKY Cyclops sp., o 3a0e3-
neymno ix gominysauus (52,8%).

VY BepecHi B IOCHiHUX cTaBax y 1,3—
1,7 pa3a 3Hu3MIach OiomMaca TULISICTOBY-
CUX pakonomiOHuX; HaTomicTh, y Jdocmimi
1 3pocna GiomMaca KoJOBepTOK y 8,4 pasa, a
y Hocmiai 2 — BecnoHOrux pakonofioHux
y 4,0 pa3u. BogHouac, y Kontpoui B 1,6
pasa 36imbmmiacsa pons Cladocera, mpote
y 3,3 pasa 3Hu3miace 6iomaca Copepoda.
VY pesynbrari, MOKa3HUKH Oiomacu 30-
omnanktoHy B Jocmigi 1 3HU3MIMCS Ha
33,3%, y Kontponi — na 10,1%, a B [o-
ciimi 2 3pociu Ha 11,3%, 3aBASKH 4OMY
BIIMIHHOCTI MK CTaBaMM CTajdd MEHII
3HaYHUMH — 4,63-3,46 /M.

HaiigumuMm cepenniii 3a mepion BUpPO-
IIyBaHHS MMOKAa3HUK 0ioMach 300ILTaHKTO-
Hy 6yB y Hocmiai 1 — 9,00 r/v?; y Tocmiai
2 Bin cxmagas 6,00 r/m3, y Konrpomi —
4,52 /M3, a oro MpOAYKIlis BiIMOBIIHO
HamigyBana 900, 660 ta 452 kr/ra. lle 3a-
0e3meumIo IpupicT pHOOIIPOAYKIii ABOII-
ToK kKopona: y Jocmiai 1 — 75, y Hocnini
2 — 55 ta B Konrpomi — 37,7 xr/ra.
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The majority of the species compo-
sition of the pond zoobenthos were Chi-
ronomidae and Chaoboridae larvae. Small
numbers (1-8%) of Oligochaeta, Hirudin-
ea, and Hemiptera were found.

The maximum zoobenthos biomass was
recorded in July in Experiment 1 — 5.64 g/
m?, while in Experiment 2 and Control it
was lower and amounted to 4.53 and 2.50
g/m?, respectively. Subsequently, zooben-
thos biomass decreased to 0.03—1.20 g/m?
in August, and to 0.01-0.82 g/m? in Sep-
tember, which was associated with their
elimination by age-1+ carp.

The highest average zoobenthos bio-
mass values during the cultivation period
were in Experiment 1 — 2.15 g/m?, in Ex-
periment 2 — 1.51 g/m?, and in Control —
0.91 g/m? (Fig. 2).

Calculation of the obtained zooben-
thos production showed its highest values
in Experiment 1 — 64.5 kg/ha, the lowest
values in Experiment 2 — 45.3 kg/ha and
the lowest in Control —27.3 kg/ha. The fish
production obtained from zoobenthos was:
Experiment 1 — 6.5 kg/ha, Experiment 2 —
4.5 kg/ha, Control — 2.7 kg/ha.

After the completion of the experimen-
tal works, the fish were harvested and the
main productive parameters of the exper-

Biomass, g/m?

OExperiment I

B Experiment II

OCHOBY BHIOBOTO CKJIamy 3000€HTOCY
CTaBiB CKJIa[alld JIMYUHKH JIBOKPWIHX i3
poaur Chironomidae Ta Chaoboridae. B
He3HauHil KinbkocTi (1-8%) 3ycTpivanuch
MayoretiHkoBi  depBu  (Oligochaeta),
m’sBku (Hirudinea) Ta xionu-xpebrorma-
Bu (Hemiptera).

MaxkcumanbHi 3HaueHHs Oiomacu 30-
obeHTOCy Oynmo 3adikcoBaHO B JIMIHI Y
Hocmigi 1 — 5,64 t/M?, a 'y Hocmini 2 ta
KoHTpom BoHH OynH HIDKYMMH W CTa-
poBuin 4,53 Tta 2,50 r/M? BigmosigHo. Y
MOAAJBIIOMY TTIOKa3HUKH 3000€HTOCY 3HU-
xyBamuch 10 0,03-1,20 r/m* y ceprHi Ta
mo 0,01-0,82 r/m? y BepecHi, 1110 1MoB’s13a-
HO 3 BUINAHHAM X JBOJITKaMU KOPOIIA.

Hatigumi cepenHi 3a mepion BUPOIIY-
BaHHS TOKa3HUKU OiomMacu 3000eHTOCY
oymu B Hocmimi 1 — 2,15 r/m?, y Jocmini
2 Bonu cknaganu 1,51 r/m?, y Koutpomi —
0,91 r/m? (puc. 2).

Po3paxyHOK oTprMaHOI IPOIYKILT 30-
00eHTOCY MoKa3aB il HAWBHUII 3HAYCHHS Y
Hocnigi 1 — 64,5 xr/ra, HIOKHI 3HAUCHHS
y Hocmiai 2 — 45,3 kr/ra Ta HaWHWKYI y
Kontpomi — 27,3 kr/ra. OTpumMana 3a pa-
XYHOK 3000€HTOCY PUOOTPOIYKIIiSl CKIla-
nmana, kr/ra: Jlocaig 1 — 6,5; Jlocmig 2 —
4,5; Korrpoms — 2,7.

[Micnst 3akiHUEHHS JOCTIAHUX POOIT

September Average value for

the season

m Control

Fig. 2. Dynamics of zoobenthos biomass in experimental ponds of the “Karpat-

skyi vodogray” LLC fish farm, 2025
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imental groups of age-1+ carp were ana-
lysed.

Analysis of productive parameters
showed a positive effect of microalgae on
the dynamics of mass accumulation for
age-1+ carp (Fig. 3).

At the end of the experiment, the weight
of fish in Experiment 1 exceeded the Con-
trol by 12.3% (p <0.05), and in Experiment
2 by 20.6% (p < 0.001). According to the
results of the studies presented in Figure 3,
we observe that the monthly weigh gains
for 30 days of feeding were 206.1-273.9 g
with a significant superiority of the experi-
mental groups over the control group.

At the same time, the average daily
weight gains rates of carp in the experi-
mental groups exceeded the control group
by 25.8 and 30.3%, respectively (Table 3).

According to the results of the analysis
of morphometric parameters, we can state
that the age-1+ carp had a typical body
shape, which changed proportionally to
those of individual weight. The fish body
length in Experiment 2 exceeded the Con-
trol by 6.5% (P < 0.001). In Experiment
1, the head length of fish significantly in-
creased by 5.1% (P < 0.01) compared to
the Control, while in Experiment 2 it re-
mained at the level of the control group,

sp 1000
= 900
§ 700
600 ;
500 ?
300 7w e
= WM W
° Weiéhfat Interme&tfte test
stoking catch, weight on
the 30th day of
cultivation
m Control

% Experiment 1

MPOBEICHO OOJIOB CTaBiB Ta MpPOAHAII30-
BaHO OCHOBH1 pUOHHUIIBKI TTOKa3HUKH €KC-
MEPUMEHTAIFHIX TPYII ABOJIITOK KOPOTIA.

AHai3 IpoAyKTHBHUX MOKA3HUKIB 3a-
CBIJTYMB TO3UTHBHUN BIUIMB MIKpPOBOJIO-
pocTeil Ha JAMHAMIKY HAKOITHYCHHS MAacu
OJTHOpIYKaMH Kopoma (puc. 3).

Ha mepion 3akiH4eHHS JOCTiAy Maca
pu6 y Hocmigi 1 mepesunryBana Kon-
Tponb Ha 12,3% (p < 0,05), a y Jocmiai
2 —mna20,6% (p <0,001). 3a pe3ynsrara-
MU JOCHiKCHb, HABEJACHUX HAa PUCYHKY
3, CIIOCTepIiraeEMo, 1o MOKAa3HHKU MicCsd-
Horo mpupocty 3a 30 1i6 roxisii cknaja-
1 206,1-273,9 T i3 CyTTEBOIO TIEpEeBaroko
TOCIITHUX TPYI HaJ KOHTPOJIBHOIO. AHa-
JIOTiYHA TEHJCHINS CcIlocTepiragacs o
KiHIISl eKCTIEpUMEHTAIbHOI TOMIBII (IUB.
puc. 3).

[pu bOMy OKa3HUKH CEPENHBOIT000-
BOTO TIPHPOCTY KOPOIIIB JTOCTITHUX TPYII
nepeBaXkalld Taki KOHTPOJIbHOI Ha 25,8 Ta
30,3% BignoBigHO (TAOMI. 3).

3a pesynbTaTaMM aHamizy Mopdome-
TPUYHHX TTOKa3HHUKIB MOXXEMO CTBEPIXKY-
BaTH, 1[0 OJHOPIYKU MAJId THIIOBY (GOpMY
Tija, sika 3MIHIOBANAcs MPOIOPIIIHHO [0
MOKA3HUKIB iHAUBiAyanbHOI Macu. Tak,
noBxuHa Tina pud Jocniny 2 nepesury-
Bana noxasHuk Kontpomto Ha 6,5% (P <

1l vl

Final Weight gain Final weight
weight for 30 days of gain
cultivation

m Experiment 2

Fig. 3. Growth dynamics of age-1 carp with partial replacement of meat and
bone meal in the main diet with a mixture of chlorella and spirulina (M+m, n=20)
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Table 3. Linear-weight and morphometric parameters of carp with partial re-
placement of meat-and-bone meal in the main diet with a mixture of chlorella and

spirulina (M£m, n=20)

Parameters | Control | Experiment 1 | Experiment 2
M, g 748.2421.54 840.1+30.94* 902.2424.81%**
I, cm 29.1+0.26 30.0+0.39 31.0£0.36%**
C,cm 7.9+0.06 8.3+0.10%** 8.0+0.13
H, cm 10.9+0.11 11.2+0.18 11.940.15%**
G, cm 27.1+0.29 27.5+0.41 28.94(0.28%**
I/H, cm 2.66+0.031 2.67+0.023 2.61+0.023
/G, cm 1.08+0.012 1.09+0.010 1.07+0.012
C/L, % 27.14+0.260 27.71+£0.313 25.8840.320%*
Fulton’s condition factor 3.0+0.05 3.1+0.06 3.0+0.04
Average daily gain, g/day 6.27 7.65 8.66

Note. *- P<0,05; ** - P<0,01; *** - P<0,001.

which indicated the preservation of pro-
portionality of body development. As for
the height and body girth, in the carp of
Experiment 2 they significantly increased
by 9.2% (P < 0.001) and 6.6% (P < 0.001),
respectively, compared to the Control,
while in Experiment 1 the changes were
moderate (Table 3).

At the same time, body composition
ratios (I/H; 1/G) practically did not differ
between the experimental groups, which
indicated the preservation of the corre-
spondence of the development of the fish
body. At the same time, the head length
index (C/L) in Experiment 2 significantly
decreased by 4.6% (p <0.01). The Fulton’s
condition factor in the Control and Exper-
iment 2 fish was 3.0, and for the Experi-
ment 1 fish — 3.1, which corresponds to the
normative values.

The survival of age-1+ carp was almost
equal in the control and two experimen-
tal groups. The highest average weight of
grown age-1+ carp was in Experiment 2,
which exceeded those of the control group
of fish by 20.6% (Table 4).

In Experiment 1, the average weight
of the harvested fish was 840.1+£30.94 g,
which exceeded the average weight of the
control group fish by 12.3% (Table 4).

At the same time, fish productivity in
Experiment 2 was the highest and amount-

0,001). Y Hocmiai 1 moBkuHa rojoBu pud
JIOCTOBipHO 30inbmmiace Ha 5,1% (P <
0,01) nopieastHO 3 KOHTpOneM, Toxi SK y
Jocmini 2 BoHA 3ayMIanach Ha piBHI KOH-
TPOJIBHOT TPYIH, IO CBLIYUTH TIPO 30epe-
JKEHHSI POTIOPLIHHOCTI PO3BUTKY TyIyOa.
[Ilono TOKa3HHWKIB BHCOTH Ta OOXBaTy
Tija, To y KoporiB Jlociay 2 BOHU A0CTO-
BipHO 30inmbpumiTHCa Ha 9,2% (P < 0,001) i
6,6% (P < 0,001) BignmoBigHO, TOPIBHIHO
3 Konrponem, tomi sk y Hocmimi 1 3miHH
Oyiu moMipHuMH (Tadi. 3).

[Ipu oMy ixmexcu Timooymnosu (I/H,
1/0) mpakTHYHO HE BiAPIZHSIIMCS MiX €KC-
MEPUMEHTAIEHIMH TPYIIaMH, 1[0 CBITIUTH
po 30epe’keHHs BiANOBITHOCTI PO3BUTKY
Tina pub. BogHouac, iHIEKC JTOBXKHUHU TO-
nosu (C/L) y Hocniai 2 10CTOBIpHO 3HU-
3uBcs Ha 4,6% (p < 0,01). Koedimient Bro-
noBaHocTi 3a @ynsroHoM y pubd KonTpo-
mo ta Jlocmiay 2 ckias 3,0, a pu6 Hocmimy
1 — 3,1, mo BigNMOBiZa€ HOPMATUBHUM
3HAYCHHSIM.

BwxuBanicTh IBOJITOK Kopoma Oyia
Maike PiBHO3HAYHOI y KOHTPOJNBHIN Ta
JIBOX JOCHiAHUX Tpymax. HalBumoro ce-
pemHs Maca BHPOIICHHX IBOJITOK KOPO-
na Oyma y Jlocmiai 2, Mo nepeBUIyBaio
MOKAa3HUKH KOHTPOJBHOI Tpymu pud Ha
20,6% (tabmn. 4).

VY Jlocmini 1 cepentst Mmaca BUJIOBJICHOT
pubu cranosmia 840,1+£30,94 1, mo nepe-
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Table 4. Results of growing age-1+ carp with replacement of meat and bone meal

in the main diet with a mixture of chlorella and spirulina (n=15)

Parameters Control Experiment 1 Experiment 2
(3.0% microalgae) (5.0% microalgae)
Stocking density, individuals/ha 1000 1000 1000
pond area, ha 0.20 0.15 0.15
Stocked average weight, g 340.7£16.42 342.8+£12.07 339.6+19.56
total weight, kg 72.6 53.1 51.3
survival, % 85 87 86
quantity, individuals 181 135 130
Harvested .
average weight, g 748.2+£21.54 840.1+£30.94 902.2+24.81
total weight, kg 135 113 117
Total fish productivity, kg/ha 369 448 488
Feed used, kg 306 240 237
Feed conversion ratio 4.9 4.1 3.6

ed to 488 kg/ha, which was 32.2% high-
er than the Control. In Experiment 1, fish
productivity increased by 21.4% compared
to the control group of fish.

During the carp growing period, al-
most the same amount of compound feed
was fed to all ponds per weight of stocked
fish. It was found that the feed conversion
ratio in Experiment 1 and Experiment 2
was lower by 16.3 and 26.5%, respective-
ly, compared to that in the Control, which
indicated an increase in the efficiency of
feed use.

Thus, after the completion of the exper-
imental work, the highest productivity pa-
rameters were obtained when introducing
5.0% of the microalgae mixture into the
diet of age-1+ carp.

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

It was found that the best productive
parameters were obtained when feeding
5.0% microalgae in the feed of age-1+
carp, the average fish weight in the exper-
imental group was 20.6% greater than in
the control group. At the same time, the

BUIIYBAJO CEPEIHIO Macy puO KOHTPOJIb-
Hoi rpynu Ha 12,3% (auB. Tadm. 4).

IIpu oMy pHOONPONYKTUBHICTE Y
Jocmiai 2 Oyna HaiBHIO Ta ckiana 488
Kr/ra, mo Ha 32,2% nepeBuiryBano Kon-
Tpoib. Y Jocmimi 1 pubonpoayKTHBHICT
3pocna Ha 21,4% B MOpIBHAHHI 3 KOH-
TPOJIBHOIO TPYIIOK0 PHO.

Yrponorx nepioxy BUPOIILyBaHHS KOPO-
Ia B yCIX CTaBax 3TOyBaJIM MPAKTUIHO Ofl-
HaKOBY KUJIbKICTh KOMOIKOPMY B PO3PaxyHKY
Ha Macy Toca/pkeHoi puOu. BceraHoBieHo,
110 KoediLieHT KoHBepcii kopmy B Hocmini 1
ta Jlocmini 2 6yB HyxauM Ha 16,3 Ta 26,5%,
BIAMOBIZHO JI0 JaHOTO MoKa3HukKa y KoHTpo-
J1i, IO CBITYHTH PO MiIBUINCHHS e(peKTHB-
HOCT] BUKOPUCTAHHS KOPMY.

OTxe, TMICNIs 3aBEpIICHHS EKCIepH-
MEHTAJIbHUX pOOIT HaWBHUII POTYKTHBHI
MTOKa3HUKH OTPUMAaHO TIpH BBeAeHHi 5,0%
CyMilli MiKpOBOJOPOCTEH 70 palioHy J1BO-
JITOK KOpOTIa.

BUCHOBKH TA NEPCIIEKTHBH
HOJAJBIIOIO PO3BUTKY

BceranosneHo, 1m0 Halkpalli Mpomyk-
THBHI TOKa3HUKU OTPHMAaHO 3a 3TO/IOBY-
BaHHA 5,0% MIKpOBOIOpPOCTEH y CKiaai
KOpPMy JBOJITOK KOpOTAa: CEpemHs Maca
pub pochimHoi rpynu Oyna BUIIOIO Ha
20,6% BigHOCHO KOHTpOJIbHOI. [Ipu 1BO-
My, CEpeIHbOAOOOBI MPHUPOCTU KOPOIIIB
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average daily weight gain of carp in the
experimental group exceeded the control
group by 30.3%.

No significant differences in the chem-
ical composition of the water in the exper-
imental ponds were observed, the main
parameters of pond water quality met the
regulatory values, creating an optimal en-
vironment for growing carp. It was found
that the concentration of dissolved oxygen
ranged from 4.2 to 8.0 mg O,/dm’, which
provided satisfactory conditions for fish
cultivation.

The development of the natural food sup-
ply was characterized by satisfactory (exper-
imental ponds) and low (control) values. The
average zooplankton biomass in the exper-
imental ponds during the cultivation period
was 6.0-9.0 g/m’, and that of zoobenthos
was 1.51-2.15 g/m? and in the control, it
was 4.52 g/m® and 0.91 g/m?, respectively.

Preliminary positive results have been
obtained regarding the use of a mixture of
microalgae in the diet of age-1+ carp and
the need for further comprehensive assess-
ment of their impact on the physiological
and biochemical parameters of the fish
body.
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JOCITITHOT TPYIH TIepeBakalld TaKi KOH-
TposbHOi Ha 30,3%.

3HaYHUX BIAMIHHOCTEH y XIMiYHOMY
CKJaJi BOAU CKCIIEPUMEHTAIBHUX CTaBiB
HE BIAMIYEHO, OCHOBHI IOKA3HMKHU SKOCTI
CTaBOBOi BOAM BIJAMNOBiAaIM HOPMAaTHUB-
HHUM 3HAUCHHSM, CTBOPIOIOYH ONTHMAalIbHE
CepeloBHIIe NPHU BUPOILYBAaHHI KOpOTA.
BcTanoBIIeHO, 10 KOHIEHTPALTis pO3YHHE-
HOTO Y BOJ1 KHCHIO KOJUBAJIAch y MeXax
Bin 4,2 10 8,0 mr O,/nm’, mio 3a0e3nedyBa-
JI0 3310BUIbHI YMOBH BUPOILTYBaHHS pUOU.

Po3BuTok mpupomHOi KOpMOBOi 0a3zm
XapaKTepu3yBaBCs  3aA0BUIBHUMHU  (HO-
CIITHI CTaBW) Ta HHU3BKUMH (KOHTPOJIb)
nokazHukamu. CepeHi 3HaueHHs 6ioMacu
300IIJIaHKTOHY B JIOCHTIJHUX CTaBax 3a Ie-
piox BHpolIyBaHHS nepeOyBaiau Ha piBHI
6,0-9,0 r/m*, 3006enTocy — 1,51-2,15 1/
M2, a 'y Konrtponi — Bianosinuo 4,52 r/m?
Ta 0,91 /M2

OtpumaHO TomepeaHi MO3UTHBHI pe-
3yABTaTH MIOAO 3aCTOCYBaHHS CyMilln
MIKpPOBOAOpPOCTEl B palLlioOHI JBONITOK
Kopora. IcHye HeoOXiHICTh MPOBEICHHS
MOJAIBIIO] KOMIUIEKCHOI OL[IHKHA IXHBOTO
BILIMBY Ha (i3i0JIOTiYHI Ta 610XIMIYHI IMO-
Ka3HUKH OpraHizmy puo.
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