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Purpose. To investigate reproductive param-
eters, namely: fecundity, size and weight of eggs,
embryo survival to the “eye” stage in firstly and
repeatedly spawning groups of third-generation
European grayling grown and adapted to artifi-
cial conditions.

Methodology. The work on the reproduc-
tion of European grayling was carried out at the
State Institution of Trout Hatchery “Lopushno”.
Anesthesia of brood fish was carried out with a
natural anesthetic - clove oil at the rate of 1 ml/10
L of water. Measurement of length and weight
were carried out on live fish. Based on the results
of measurements, an analysis of the obtained val-
ues was performed and the productive character-
istics of brood fish were determined. Fertilization
of eggs was carried out by the “semi-dry” meth-
od. De-gluing of fertilized eggs was carried out by
washing with clean water for two hours.

Findings. The average weight of age-2, 3, and
4 European graylings used in spawning was 82.32
g, 126.5.4 g and 238 g with an average length of
20.7 cm, 23.4 cm and 28.2 cm, respectively. The
results we obtained from 2019 to 2021 showed
that under the conditions of the Lopushno farm,
European grayling spawners mature en masse at
age-2, with the average weight of two-year-old
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Mema. [ocaidumu penpodyKmusHi nokas-
HUKU, a came — r7100r4icms, PO3MipHO-8a208i
MOKA3HUKU iKPUHOK, BUM(UBAHHA eMbpioHie 00
cmadii 8iuka y snepwe- ma noemopHoHepecmy-
oyux epyn nnaidHukKie esponelicbko2o xapiyca
mpemoboi 2eHepauii, supoweHUx ma adanmosa-
HUX 00 MO8 WMYYHO20 KyabMmUBYB8AHHA.

Memooduka. Pobomu 3 sidmeopeHHA €6-
ponelicekozo xapiyca nposodunu y [epxrasHili
ycmaHogi  «PubHuybKuli  (hopenesuli 30800
«/lonywHo»». AHecmesito naiOHUKie 30ilicHto-
8asU NPUPOOHUM aHecmemuKkom — 28030uy-
HoW onieto — i3 po3paxyHKky 1 ma/10 a eodu.
JocnionceHHa pPO3MipHO-80208UX  MOKA3HUKIE
npoeodunu Ha xusili pubi. 3a pesyasmamamu
BUMIpHOBAHbL BUKOHOHO AHAMI3 OMPUMAHUX r10-
KOa3HUKI8 ma 8U3Ha4YeHo npodyKmueHi xapakme-
pucmuku naidHuUKie. 3annioHeHHs iKpu 30ilicHIo-
8anu «Haniscyxum» memodom. Ii 3HeKkneeaHHs
BUKOHY8AU W/AXOM MPOMUBAHHA YUCMOK 80-
0010 ynpodosi: 080X 200UH.

Pesynomamu. CepedHs maca naiOHUKi8
esponelicbko2o xapiyca y siui 080piYoK, mpu-
PiYOK ma 4omupupivyoK, BUKOPUCMAHUX Y Hepe-
cmi, cmaHosuna 82,32; 126,54 ma 238,0 2 3a
cepedHboi doewuHu — 20,7; 23,4 ma 28,2 cm
8i0nogioHo. OmpumaHi Hamu 3 2019 no 2021
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females ranging from 65 to 100 g with an aver-
age length of 18.0 to 23.5 cm. Ovulation of eggs
in first-spawning females occurred without arti-
ficial stimulation. The average working fecundity
of females was: age-2 — 597 eggs, age-3 — 1309
eggs, age-4 — 2950 eqggs. Fertilization of eggs was
50%.

Originality. A comprehensive analysis of
productive and reproductive parameters in
third-generation brood European grayling grown
in artificial conditions was conducted. A number
of factors were identified that may influence the
development of high-quality eggs during the cre-
ation of broodstocks in controlled conditions of
fish farms.

Practical Value. The data obtained during
the study will be used as the basis for preparing
measures for the artificial reproduction of salmo-
nids in the Carpathian region.

Keywords: eggs, females, males, length and
weight, working and relative fecundity.

PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

European grayling (Thymallus thymal-
lus Linnaeus, 1758) is a valuable species
of rheophilic ichthyofauna widely distrib-
uted in Central and Northern Europe, the
existence of which depends on excellent
water quality with low temperature and
high dissolved oxygen content.

Deterioration of the aquatic environ-
ment, reduction of water quality, changes
in river morphology and flow regime, de-
struction of spawning grounds, and over-
fishing have significantly reduced gray-
ling populations in most European water
bodies [8-10, 20]. Due to a decrease in
abundances throughout its range of distri-
bution, the European grayling is included
in the list of protected species in Appendix

pp. pe3ysemamu noKasanau, Wo 8 ymosax 20Cro-
dapcmea «/lonywHo» naAiOHUKU €8porelicbKo2o
Xxapiyca macoso 003pisarome y 2 poKu,; cepedHs
maca 080piYHUX caMuyb cmaHosuaa 8id 65 do
100 2 30 cepedHboi dosxcuHU 8i0 18,0 0o 23,5 cm.
08ynAayia ikpu y camuys, AKi Hepecmyesanu enep-
we, 8idbynacsa 6e3 wmy4yHoi cmumynsayii. Pobova
na00r4Yicme camuyb y cepedHbOMy CMAHO8UG,
iKpUHOK: y dsopiyok — 597, mpupivok — 1309,
yomupiyok — 2950. PiseHb 3anniOHeHHA CKAa-
das 50%.

Haykoea Hoeu3Ha. [lposedeHO KoMIaeK-
cHuli aHani3 NpodyKmusHUX ma pernpoodyKmus-
HUX MOKA3HUKIi8 y naiOHUKie esporelicbKo2o xa-
piyca mpemooi 2eHepayii, BUPOWEHUX Yy Wmyy-
HUX yMo8aX. BcmaHo81eHO HU3KY YUHHUKiI8, AKi
MOMCYMmb 8MnaAu8amu Ha OopMy8aHHA AKICHUX
cmamesux npodyKmis, rniod Yac hopmy8aHHA Ma-
MOYHUX cMad y KOHMPOALOBAHUX YyMO8ax pub-
HUYbKUX 2ocriodapcma.

MpakmuyHa 3Ha4umicme. OmpumaHi nio
yac 0ocnioxnceHHA 0aHi 6yoyms noKnadeHi 8 oc-
Hosy nid2omosKu 3ax00ie 3i Wwmy4yHo20 8i0meo-
peHHsA nococenodibHux sudie pub Kapnamcoekozo
pezioHy.

Karuosi cnosa: ikpa, camuyi, camyi, pos-
MipHO-80208i MOKA3HUKU, pobo4ya ma 8iOHOCHA
naoowyicme.

NMOCTAHOBKA NMPOBJEMMU
TA AHAJI3 OCTAHHIX
JOCJIIKEHD I MYBJIKALII

Xapiyc eBponeicbkuid (Thymallus
thymallus Linnaeus, 1758) — wiHHMIA BUI
peodinpHOI iXTioayHH, DIMPOKO PO3MO-
BcropkeHni y LlenTpanbHiit Ta [TiBHIuHIN
€Bporti, ICHYBaHHS SIKOTO 3QJICXKHTH BiJl
BOIM BIAMIHHOI SIKOCTI 3 HU3BKOIO TEMIIE-
paTyporo Ta BUCOKUM BMiCTOM PO3YHHEHO-
0 y Hilf KHCHIO.

[ToripmeHHsT BOAHOTO JOBKIMUISA, 3HH-
XKEHHS SKOCTI BOAM, 3MiHa Mopdosorii
PIYOK Ta PpeKUMY Tedii, pyiHHyBaHHS Hepe-
CTOBHILI, HAMIPHHUI BHUJIOB PEIIPOLYKTUB-
HOTO S/Ipa 3HAYHO 3MEHIIMIIN TOMYJISIii
xapiyca y OIIBIIOCTI €BPOMEHCHKUX BO-
noiim [8—10, 20]. Yepe3 3MeHIICHHS YH-
CEJIFHOCTI Y BChOMY apeasi iCHyBaHHS €B-
POTIEHChKUH XapiyCc BKJIFOYCHUHN JIO CIIHC-
Ky BHUJIB, IO OXOPOHSIOThCA, y Jlomarky
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II of the Bern Convention. Preservation
of the biodiversity of the fauna of natu-
ral watercourses is currently an important
task of environmental organizations. One
of the population conservation measures
commonly used for salmonids, including
European grayling, is the stocking of wa-
ter bodies with juveniles reared in artificial
conditions [12—-14].

Experience with stocking natural water-
courses with fish seeds reared in controlled
conditions of fish farms does not always
demonstrate the expected positive result,
as a result of which it can be concluded
that juveniles reared in artificial conditions
usually have a lower adaptation to the nat-
ural environment than juveniles from natu-
ral populations. Understanding this issue is
a key aspect to the development of condi-
tions that optimize the survival and adap-
tation of juveniles after release, as well as
to the awareness of the limitations of what
can be achieved by changing rearing meth-
ods in artificial conditions [15].

Fish are generally highly plastic in their
development, and through the interaction
of genes and environment, epigenetics and
maternal influences, their phenotypes will
develop differently depending on the rear-
ing conditions. This suggests that there are
opportunities to modify traditional rear-
ing techniques to prepare fish for release
into the wild. The challenge, therefore, is
to identify key modifications to the artifi-
cial rearing environment that are practical
and economically feasible and that will ef-
fectively promote development towards a
wilder phenotype [14, 18].

Reproduction of European grayling in
artificial conditions has proven to be diffi-
cult due to a number of factors that affect
its survival (water quality, temperature,
feeding, stocking density, creation of a
replacement broodstock, etc.). One of the
important stages of artificial cultivation is
early ontogenesis: incubation, incubation

III BepHchkoi KoHBeHINi. 30epekeHHS
610pi3HOMAHITTS (payHH MPUPOIHUX BOAO-
TOKIB Ha CHOTO/IHI € BaXKJIMBUM 3aBIaHHIM
MIPUPOOOXOPOHHUX Oprasizamiil. OnHuUM
13 3aXOMiB 30epeKeHHs O, SAKAN
3a3BUYail BUKOPHCTOBYETHCS JISl JIOCOCE-
MOJIOHMX BUIIB pUO, Y TOMY YHUCI U €B-
poreiickKoro Xapiyca, € 3apuOHeHHs Mare-
PHHCBKUX BOIOHM MOJIOMIIO, BUPOIICHOIO
y WITy4HUX yMoBax [12-14].

JlocBin 3apuOHEHHS NPUPOIHUX BO-
JIOTOKIB pUOOINOCATKOBUM MaTepiajiom,
BUPOIICHAM y KOHTPOJIIEOBAaHMX yMOBaX
PUOHHUIIBKUX TOCIIOJAPCTB, HE 3aBXKAH
JIEMOHCTpPY€E OUiKyBaHHWU MO3WTHUBHUH pe-
3yJbTaT, BHACTIMOK YOr0 MOXKHa 3pOO0H-
TH BHUCHOBOK: MOJIOZIb, SIKa BUPOIICHA Yy
MITyYHUX YMOBaX, 3a3BHYAil Ma€ HIDKIY
MIPUCTOCOBAHICTD J0 MPUPOTHOTO JIOBKIJ-
JIs1, HiDK MOJIOZb 3 MPHUPOIHUX MOMYJISIIiH.
Po3yMiHHS IIbOTO THTaHHS € KIIOYOBUM
ACIIEKTOM JI0 pO3POOKH YMOB, AKi ONTHMi-
3VIOTh BYDKHBAHICTH Ta aJallTaIliro MOJIO/i
IICJISL BUITYCKY, @ TAKOX /10 YCB1IOMJICHHS
00MEXEeHp TOTO, YOTO MOXKHA IOCSTTH,
3MIHIOIOYHM METOJM BHPOIIYBAHHS Y IITYY-
HUX ymMoBax [15].

Pubu, sx npasuio, gyxe IUIACTUYHI Y
CBOEMY PO3BHTKY, 1 Uepe3 B3aEMOIII0 Te-
HiB Ta YMOB JOBKUIJIS, CMir€HETHYHUN Ta
MaTepUHCHKHIA BIUIMB, 1X (EHOTHITH PO3-
BUBaTHUMYThCSI TO-PI3HOMY, 3aJIe)KHO Bij
YMOB BHpoIlyBaHHA. lle cBiguuTH mIpO
ICHYBaHHSI MOXJIMBOCTI JJisi Moau(ikarii
TPaJUIIHHUX TEXHOJOTIH BHPOITYBaHHS,
00 MiATOTyBaTH pUO O BUILYCKY Y AUKY
npupony. OTxe, HacIpaBai 3aBIaHHS TI0-
JISIra€ 'y BHU3HAUEHHI KIIIOYOBUX MoAui-
KaIlif MTyYHOTO CEpelOBHINA BHPOIIY-
BaHHA, SIKi € MPAaKTUYHO T4 EKOHOMIYHO
JOIUJILHUMH, Ta SKi e(EeKTUBHO CIIPHATH-
MYTb PO3BHUTKY JI0 OUIBII JUKOTO (PEHOTHU-
my [14, 18].

BinTBopeHHs eBpomeiicbkoro xapiyca
y IITYYHAX YMOBAaX BHSBUIIOCS CKJIQIHUM
4yepe3 HHU3KY UYUHHUKIB, SKi BIUIMBAIOThH
Ha HOro BIDKUBAaHHS (SIKICTH BOIH, TEM-
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of free embryos, transition to mixed and
external nutrition of juveniles [12, 19].

HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS

OF THE GENERAL PROBLEM.
AIM OF THE STUDY

Factors that influence the fecundity and
survival of European grayling, compared
to other salmonids, are not well under-
stood, because this species is not used for
commercial production [9, 10]. The main
factors that influence reproductive perfor-
mance and embryo development are the
age and size of the female, the feeding re-
gime of the fry, the size of the eggs, the
chemical composition of the water, and ge-
netics. In particular, there is a dependence
on the individual characteristics of individ-
uals and populations on their physiologi-
cal state and on environmental conditions
(quantity and quality of food, water tem-
perature, flow regime [6, 7, 13]. Embryo
development, growth and development of
juvenile fish are significantly influenced by
maternal factors, namely: the size of eggs,
which indicates the presence of a sufficient
amount of nutrients in the eggs, which is
closely related to the feeding of fry [16,
17]. Egg size is also a significant factor of
maternal variability, which affects the pe-
culiarities of the early period of grayling
life [15-17]. Effective reproduction, rear-
ing of larvae, fry and their further growth,
development and health are the main re-
quirements for successful fish farming,
both for the purpose of commercial pro-
duction and for reintroduction in order to
preserve valuable and endangered fish spe-
cies [10]. The quality of eggs depends on
management methods breeding stock us-
ing knowledge of the nutritional and envi-

meparypa, TOMIBIIA, MUIBHICTh TTOCAIKH,
(GbopMyBaHHS PEMOHTHO-MaTOYHOIO CTaja
tomo). OMHUM 13 BaXKJIMBUX €TaIliB MITy4-
HOTO BHUpOIIYBaHHs € PaHHIH OHTOTCHE3:
1HKyOAIlisi, BATPUMYBaHHS BUIBHHUX €MO-
pioHiB, mepexij Ha 3MilllaHe Ta 30BHIIIHE
JKUBJICHHS Mosomi [12, 19].

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHH 3ATAJIBHOI
INPOBJEMM. META POBOTH

UnHHYKY, SIKi BIUIMBAIOTh HA IUIOIO-
YiCTh T4 BIDKMBAHICTh €BPOIECHCHKOTO Xa-
piyca, MOpPiBHSHO 3 iHIIUMH JIOCOCEBUMH,
HEIOCTAaTHHO BUBYCHI, OCKIIBKH 00’ €KT HE
€ TPEICTAaBHUKOM TOBAPHOTO BHPOOHU-
urBa [9, 10]. OcHoBHUMH (aKTOpaMu, SKi
3MIACHIOIOTh BIUTHB Ha PETPOAYKTHBHICTD
Ta pO3BUTOK eMOpiOHa, € BiK Ta po3Mip ca-
MHUIll, PEXKUM TOIIBII TUTIIHHUKIB, PO3MIp
IKpUHKH, XIMIYHUH CKJIa/l BOJIU, TCHETUKA.
30kpema, BigMidueHa 3aJeKHICTh BiJl 1H-
TIUBITyaTbHUX XapaKTEPUCTUK OCOOMH Ta
MOMYJIAIIH, BiXl iX (i310JOTIYHOTO CTaHy
Ta BiJ yMOB JTOBKULIS (KUJTBKOCTI Ta SIKO-
CTi TKi, TeMIIEpaTypH BOJH, PEKUMY TEUil)
[6, 7, 13]. Ha po3BuTOK emMOpioHa, picT
Ta PO3BHTOK MOJIO/I PHOU CYTTEBO BILIHU-
BalOTh MaTEpUHCHKI (pakTopu — po3Mmip
IKpUHOK, SIKHH CBIIYUTH MPO HASBHICTH B
IKpHHIII JI0CTaTHBOI KUTBKOCTI TMOXKUBHHX
PEUYOBHH, IO TICHO IOB’S3aHO 3 TOJIBIICIO
I HUKIB [16, 17]. Po3Mip iIKpHHKH TaKoX
€ 3HA9yIIUM (PaKTOPOM MaTepHUHCHKOT MiH-
JINBOCTI, SIKMM BIUIMBA€ Ha OCOOIMBOCTI
PaHHBOTO TIEPIOy KUTTS Xapiyca [15-17].
EdextuBHe po3MHOXKEHHS, BUPOIIYBaHHS
JIUYAHOK, MAJIBKIB Ta 1X TIOAANBIINAN PICT,
PO3BUTOK Ta 3I0POB’S € OCHOBHOIO BUMO-
TOI0 JUIS YCIIITHOTO PO3BEICHHS PUOH, 5K
3 METOI0 TOBApHOTO BUPOOHHMUTBA, TaK i
JUTSL PEIHTPOAYKIIIT 3 METOI0 30epeKeHHS
LIHHUX Ta 3HMKa4Yux BumiB pud [10].
SKICTh IKPHHOK 3aJIeKUTh Bl METOJIB
YOpaBIiHHA TUIEMIHHUM IIOTOJNIB’SIM 3 BU-
KOPHCTaHHSAM 3HaHb IOI0 XapyOBHUX Ta
€KOJIOT1YHUX MOTPeO OKpeMHX BUIB PHO.
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ronmental needs of individual fish species.
As mentioned above, the quality of
eggs is determined by the availability of
nutrients from the female, so it is extreme-
ly important to optimize the nutrition of
broodstock [16, 17]. However, for some
species, including grayling, knowledge
of nutritional needs and the importance
of broodstock nutrition for reproductive
function and quality of eggs and, conse-
quently, larvae is very limited, which can
lead to low productivity of grayling grown
in artificial conditions [10, 11]. Therefore,
the aim of this study was to determine
the reproductive performance of grayling
broodstock, such as fecundity, size and
weight characteristics of eggs and embryo
survival to the stage of “eye” of the first-
ly and repeatedly spawning females of the
third generation adapted to artificial con-
ditions with improved feeding regime. In
many cultured fish species, especially new
to aquaculture, unpredictable and variable
reproductive capacity is a limiting factor
for successful massive production of juve-
niles. It is known that optimizing the feed-
ing of broodstock significantly increases
not only the qualitative characteristics of
eggs, but also sperm. The development of
the gonads and the fertility of fish are influ-
enced by certain food and nutritional com-
ponents, especially in fish with continuous
spawning with short vitellogenesis [2, 3].

MATERIALS AND METHODS

The work on the reproduction of Euro-
pean grayling was carried out at the State
Institution of Trout Hatchery “Lopushno”,
located in the village of Lopushna, Vy-
zhnetsk district, Chernivtsi region. This
region has a moderately warm climate
with relatively high air humidity and no-
ticeable differences in the microclimate of
mountain valleys. The main direction of
the farm’s work is the reproduction of of

122

Sk Oyio 3a3HaYSHO BUIIE, SKICTh IKPH-
HOK BU3HAYA€ThCS HASBHICTIO y HUX IIO-
KUBHUX PEUOBHH, SIKI HAIXOMATh BiJ ca-
MHUIIi, TOMY HA/I3BHYAHHO BAXJIMBO OITH-
MI3yBaTH KHUBJICHHS TUTITHUKIB [16, 17].
OpnHax, AJsl IeKUX BUIIB, BKIIFOUHO 3 Xa-
piycoMm, 3HaHHS PO TOTPEOH y KHUBIICHHI
Ta BOXUJIMBICTh >KUBIICHHS MAaTOYHOTO MO-
TOJIIB’SL JUIL PENPOAYKTHUBHOI (YHKIIT Ta
SIKOCT1 1KPHHOK 1, SIK HACMiJIOK, JTUYUHOK,
JIy’)Ke OOMEXEHi, 110 MOXe MPHU3BECTH 10
HU3BKOI MPOIYKTHBHOCTI Xapiyca, BHpPO-
IIEHOTO y mTy4yHuX ymoBax [10, 11].

VY Gararbox KyJIbTHBOBAHUX BHUJIB pUO,
0CO0IMBO HOBUX IS aKBaKyJIETYpH, HETIe-
pendadyBaHa Ta MIHIUBA PENPONYKTUBHA
3JIATHICTh € OOMEXYBAIBHUM (PAKTOPOM
JUI YCHIIITHOTO MAacOBOTO BUPOOHHIITBA
Monoxni. BigoMo, 1o omrmmizaris rois-
7 TUTIIHUKIB 3HAYHO MiJBHUIIYE HE JIMIIE
SIKICHI XapaKTepUCTUKH IKPHUHOK, a i criep-
MiiB. Ha po3BUTOK cTaTeBUX 3aJ103 Ta ILIO-
JIFOYiCTh pUO BILIMBAIOTH TICBHI XapyoBi Ta
MOKUBHI KOMIIOHEHTH, 0COOIMBO y pHO 3
0e3rnepepBHUM HEPECTOM 3 KOPOTKHUM Bi-
TenoreHe3om [2, 3].

OTXe, METOI0 JaHOTO JOCIHiIKCHHS
OyJi0 BH3HAUCHHS PEMPONYKTUBHHUX II0-
Ka3HHKIB, TAKUX SIK TUIOIIOYICTh, PO3MIp-
HO-BAaroBi XapaKTEPUCTUKU IKPUHOK Ta
BIDKHBAHHS €MOpIOHIB JIO CcTajaii Bivka,
BIIEpIIIe- Ta TOBTOPHOHEPECTYIOUMX ILTi/I-
HUKIB TPETHhOI reHeparlii, alanToBaHUX 10
IITYYHUX YMOB 32 YIOCKOHAJICHHS PEKH-
My TOJIIBIIi.

MATEPIAJIA 1T METOIHN
JOCJIIAKEHD

PoGotu 3 BiATBOpEHHS €BPOIEHCHKO-
ro xapiyca mpoBomwincs y JlepkaBHii
ycTaHoBi «PUOHUIIBKHUI QopeneBuii 3aBox
«JlommymrHO»Y, po3TaimoBaHiii y ¢. Jlomymi-
Ha BmxHenpkoro paitony YepHiBenpKoi
obmacti. B gaHoMy perioHi MOMIpHO Te-
IUIMKA KJTIMaT 3 BiJHOCHO BHCOKOIO BOJIO-
TICTIO TIOBITPS Ta MOMITHUMH BiJMiHHO-
CTSIMH Y MIKPOKJIIMaTi TipCBKUX JTOJHH.
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salmonids for their subsequent stocking in
water bodies of national importance in the
Carpathian region of Ukraine with viable
juveniles in order to maintain a sustainable
biocenosis.

The farm’s production capacity con-
sists of 4,256 m? of fattening ponds and
216 m? of nursery tanks. The farm’s water
supply comes from an artesian well.

Selection of sexual products from
breeders of the 3rd generation grown
in artificial conditions was carried out -
04.25.2021 at a water temperature of 8°C.
The cultivation of breeders was carried out
in a pool with an area of 4.5 m® The fish
were fed exclusively with live food (chi-
ronomids - bloodworms). Egg ovulation
in first-time spawning females and males
occurred without stimulation. In mature
males, after light pressure on the abdomen,
“flowing” of milk was observed, and in
females, ovulated eggs flowed freely. The
method of obtaining sexual products dur-
ing life was used. To avoid traumatization
of the broodstock and ease of work, an
anesthetic substance of natural origin was
used (clove oil, concentration 1 ml/10 L of
water) [3, 4].

Anesthesia of fish listed in the Red
Book is a mandatory condition, since indi-
viduals of European grayling are prone to
traumatization. In particular, stress caused
by fish farming activities reduces the im-
mune properties of fish, which is manifest-
ed in their weakening and the appearance
of secondary diseases in the form of sap-
rolegniosis, fish refusal of feed and, as a
result, their increased mortality [2, 4].

The study was conducted on live fish
according to the main exterior parameters:
body weight (W), fork length (FL), stand-
ard length (SL), trunk length (TL), head
length (HL), largest (H), and smallest body
height (h), largest (G), and smallest body
girth (g). Measurements were performed
with a measuring tape with an accuracy of
0.5 mm. Individual weighing was carried

OcCHOBHHII HampsIMOK pPOOOTH ToOCIIOHap-
CTBa — KYJBTHBYBAaHHS BOJHUX IKHBUX
pecypciB, a came — BIJITBOPSHHSI Ta BU-
POIIYBaHHS JIOCOCEBHUX BHUIB PHO A TO-
JATBINOTO 3apHOHEHHS BOTHUX 00’€KTiB
3araJbHOJIEpXKABHOTO 3HadeHHA Kapmar-
CHKOTO perioHy YKpaiHH >KUTTECTIHKOIO
MOJIOJI/IF0, 3 METOO MiATPUMAHHS CTAJIOTO
0101IEHO3Y.

CrpykTypa BUPOOHHYOI TMOTYKHOCTI
rOCIIoIapCTBa CTAHOBUTE 4256 M? HaryJIb-
HUX cTaBiB Ta 216 M?> BUpOIIYBaIbHHUX Oa-
celiHiB. BojomocTayanHs y TOCTIONapCTBi
BiZIOYBA€ThCS 3a PaxyHOK apTe3iaHCBhKOI
CBEPAJIOBUHH.

Bin6ip crareBUX MpOAYKTIB Bif IUTiJI-
HUKIB 3-1 TeHepallii, BUPOIICHOT y ITy4-
HUX yMoOBaX, 3aikicHunn 25.04.2021 p. 3a
temrnieparypu Bomu 8°C. BupormiyBanHs
IUTIJHUKIB 3A1MCHIOBAIX B OacelHl INIO-
meto 4,5 M2 TomiBmio pub MPOBOIMIM
BUKJIIOYHO XHBUMHU KOpMaMH (XipOHOMi-
). OByJAIlS IKpU y caMUIlb, 110 Hepe-
CTyBaJH BIIeplIe, Ta JO3PIBaHHS CaMIIIB
BiIOy/IMCS 0€3 CTUMYIIOBaHHS. Y 3puTUX
CaMIIiB MICIIs JIETKOTO HAaTHCKAaHHS Ha ye-
PEBIIE CITOCTEPITall «TEKYJiCTb» MOJIOK,
y CaMHUIb BUIBHO BHTIKaJM OBYJIbOBaHi
IKpUHKH. 3aCTOCOBYBAJIM METOJ MPHKAT-
TEBOTO OTPHMAHHS CTATEBUX MPOIYKTIB.
JIs yHUKHEHHSI TpaBMaTh3allii 1T IHUKIB
Ta 3PY4YHOCTI POOOTH BHKOPHUCTOBYBAJIH
aHecTe3yBaNbHY PEUOBHHY HATypaJbHOTO
MOXOJIKEHHS (TBO3IMYHY OJIiI0 3a KOHIIEH-
tpamii 1 mi/10 11 BoawM) [3, 4].

Amnecre3is IUIIHUKIB, IO BHECCHI 0
UepBOHOT KHUTH. € O0OB’S3KOBOIO YMO-
BOIO, OCKUIBKM OCOOMHM €BPOIEHCHKOTO
xapiyca CXWJIBHI JI0 TpaBMaru3aiii [2, 4].

JlocnipkeHHS TIPOBOAMIM HA KMBIl
pubi 3a OCHOBHHMH EKCTEp €PHHMHU TIO-
Ka3HUKaMU: Maca Tijda (m), JTOBKHHA 3a
Cumitom (L), nmopxkuHa 0€3 XBOCTOBOTO
wiasis (1), nowxuna tymnyo6a (1), nowxuna
ronosu (1,), naii6inema (H) ta Halimenmia
(h) Bucora Ttina, HaitOunbmMi (O) Ta Haii-
MeHImi (0) 00xBar Tina. [IpoMipu mpoBo-
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out on electronic commercial scales with
an accuracy of 0.1 mg.

Based on the measurement results, the
productive characteristics of the brood fish
were analysed and determined: working
and relative fertility. Working fecundity is
the number of mature eggs obtained from
one female for artificial insemination. Rel-
ative fecundity is the number of eggs per
unit mass of the female.

The eggs and sperm of brood fish were
collected into separate containers, the qual-
ity of the eggs (by uniform size and color)
was visually assessed, the quality of the
sperm was determined under a microscope
by the duration of mobility in seconds. The
fertilization of the eggs was carried out
by the “semi-dry” method. The de-gluing
of the fertilized eggs was carried out by
washing with clean water for two hours.
Horizontal apparatuses for salmonids,
such as Schuster’s, were used for incuba-
tion of eggs. Complete water exchange in
the incubation apparatus took place within
20 minutes. The eggs were incubated in
a darkened place, maintaining the water
temperature at 10-12°C. The water supply
to the incubation department comes from
an artesian well.

From the variational statistical values,
the minimum, maximum and average val-
ues of parameters (M), standard error (m),
standard deviation (o), and the coefficient
of variation (Cv) were determined. Statis-
tical data processing was carried out in the
MS Excel. According to the measurement
results, the productive parameters of the
brood fish were determined by the con-
dition factor — M(g)x100/Ls* and body
length to height ratio — Ls(cm)/H(cm);
gonadosomatic index — Pi(g)x100/M(kg)
and reproductive index — Pi(g)/M(kg).

Unfertilized eggs were fixed in 4%
formalin solution. Eggs were weighed on
an electronic scale “Axis AD 5007, third
accuracy class. Egg diameter was deter-
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JIATA MIPHOFO CTPIYKOIO 3 TOUHICTIO 110 0,5
MM. [HIUBITyaTbHE 3BAKYBaHHS 3/1HCHIO-
BaI Ha EJCKTPOHHHUX TOBapHHUX Barax 3
TouHicTiO 10 0,1 MI.

3a pe3yapraTaMy BUMipIOBaHb aHAI3Y-
BaJIM Ta BU3HAYAM MTPOTYKTUBHI XapaKTe-
PUCTHKH ILITHUKIB: poOO4y Ta BIJHOCHY
wioAwvicte. Poboda muiomiodicTe — 11€
KUTBKICTh 3pITMX 1KPHHOK, OTPUMAaHa Bij
ofHi€el camuIll ISl IITYYHOTO 3aIlliIHEeH-
HsI; BIJHOCHA IUIOIOYICTE — KIIBKICTD
IKPHHOK, 1[0 TIPUIAJIa€ Ha OJMHUIII0 MACH
CaMMIII.

Ikpy Ta cepMy y I JHUKIB BIALIIKY-
BaJl B OKpEMi €MHOCTI, Bi3yaJbHO OIli-
HIOBAJIU AKICTh IKPHHOK (32 PIBHOMIpHUM
PO3MIpOM Ta KOJIBOPOM); SKICTh CITEpMIiB
BH3HAYaJIH 1] MIKPOCKOIIOM 3a MOKa3HU-
KOM TPHBAJIICTh PYXJIMBOCTI y CEKyHIaX.
3aruliqHeHHs iKpH 3[iICHIOBANIN «HAIIB-
CYXHM» METOAOM. 3HEKIICIOBAHHS 3aILTif-
HEHOT IKpH BHKOHYBaJH METOJOM IIpO-
MHUBAHHS YHCTOIO BOIOIO YIIPOIOBXK ITBOX
roauH. J{ns iHKyOarii ikpu 3acTOCOBYBaIH
ropu3oHTanbHI amaparu tumy Llycrtepa
Jutst 1ococeBux pu0. [ToBHUI BOT0OOMiH B
1HKyOAaIIHAX amapaTtax BiOyBaBCs yIpo-
noBx 20 XB; IHKyOyBaIM iKpUHKH y 3aTeM-
HEHOMY MICIIi 3 JOTPHUMaHHSIM TeMIIepary-
pu Bogu B Mexax 10-12°C. Bomomocra-
YaHHS 1HKyOAaImiifHOTO IIeXy BinmOyBamocs
3a paxyHOK apTe31aHChKOi CBEPIOBUHH.

I3 BapialifHO-CTaTUCTUYHUX 3HAYCHD
BU3HAYAIM MiHIMaJbHE, MAKCUMAIIFHE Ta
cepeHe 3HaueHHS IMoKa3HUKiB (M), mo-
XHOKy cepesiHbo1 (m), cepeiHe KBaapaTu-
He BiaxwieHHs (o), kKoe(ilieHT Bapiarii
(Cv). O6pobKy CTaTUCTUYHUX JAHUX MPO-
BomwiIn y mporpami «Microsoft Excel».
3a pesynbraTaMy BUMIPIOBaHb BU3HAYHIIH
MPOAYKTUBHI XapaKTEPUCTUKU  TUTiTHH-
KiB 3a KoeQillieHTaMHU BrOJOBAaHOCTI —
M(r)*100/Ls?, mporoructocTi — Ls(cm)/
H(cm), roHajgocoMaTMYHHM  iHAEKCOM
— Pi(r)x100/M(kT), a TakoX Ta iHAEKCOM
penponykruBHocTi — Pi(g)/M(kg).

Hezarmimaeni ikpuHKH (ikcyBan y

TECHNOLOGIES IN AQUACULTURE



A. KUCHERUK, A. MRUK

mined using calipers with an accuracy of
0.1 mm.

STUDY RESULTS
AND THEIR DISCUSSION

According to studies, it is known that
during the development and maturation
of gonads in European grayling, it is rec-
ommended to feed them only with natu-
ral feeds. When fed with artificial feeds,
the development of gonads, namely eggs,
occurs in females, but the eggs are not
suitable for fertilization, which is an im-
portant aspect of the technological cycle
and a factor of influence when growing
and adapting this species in artificial con-
ditions. When using artificial feeds for
feeding females, a low percentage of ferti-
lization and high mortality of eggs during
embryonic development were observed,
which reached 95% before the stage of ac-
tive eye pigmentation. In this regard, when
growing a replacement and broodstock of
European grayling, it is necessary to take
into account the lack of appropriate feed
for broodstock, which requires further ef-
forts to improve cultivation methods in
order to reproduce and replenish natural
populations. According to the many years
of experience of the Slovak farm “Slovry-
ba”, which is located in the foothills of the
High Tatras massif, and annually grows
1.5 million age-1 grayling for stocking
Slovak rivers, feeding European grayling
with artificial feed occurs only in the first
year of life and immediately after spawn-
ing, and during the period of active gonad
development - spawners feed exclusively

4%-My pozunHi QopmainiHy. 3BaKyBaH-
HS IKPUHOK TIPOBOJIMJIM Ha EJIEeKTPOHHUX
Barax «Axis AD 500» Tperhoro kiacy
TOYHOCTI. JliaMeTp ikpu BU3HAYAIH 32 JO-
MIOMOTOI0 IITAHTEHIMPKYIS 3 TOYHICTIO
0,1 MM. BuTpumyBaHHS IKpHHOK MiJ 4ac
HaOpsAKaHHS Ta YKPIIUIEHHS iX 00OJIOHOK
BiZI0yBaJIOCh y 3aTEMHEHOMY Micli (3 Me-
TOK) YHUKHEHHsI HETaTUBHOI Jii CBIT/IA) y
€MHOCTI, B SIKif 3MIACHUIN 3aIlIiTHEHHS
Ta MPOMUBAHHA [2, 4].

PE3YJIBTATU JOCJIIXEHb
TA IX OBIOBOPEHHS

I3 mocmimkeHb BIOMO, IO Mij dYac
(dopMyBaHHS Ta JIO3piBaHHS CTaTeBHX
MPOIYKTIB y €BPOIEHUCHKOTO Xapiyca ioro
PEKOMEHIOBaHO TOYBaTH TIJIBKH IIPHPOJI-
HUMH KOpMaMu. 3a TOHIBIl IUTYYHHUMH
KopMam# (pOpMyBaHHSI CTaTEBHX NPOTYK-
TiB, a caMe€ — IKPHHOK y CaMHllb, BiaOy-
BAETHCS, OJHAK IKPUHKHU HE € IPUAaTHUMH
no 3arrigHeHHs. lle € BaIMBUM acriek-
TOM TEXHOJIOTYHOTO ITUKIY Ta (aKTOpOM
BIUIMBY TIPH BHPOIIYBAaHHI Ta aganTarfii
JAHOTO BHAY y IITyYHHX yMOBaX. 3a BHU-
KOPUCTAHHS IITYYHUX KOPMIB JUIS TOIIBII
caMuIlb, Y HUX CIIOCTEPiraid HU3bKUH Bifl-
COTOK 3aILTiTHEHHSI Ta BUCOKY CMEPTHICTb
IKPUHOK ITiJ] 9ac eMOPiOHAIBHOTO PO3BUT-
Ky, sika gocsrana 95% no craaii akTUBHOI
MmirMeHTanii odedd. ¥ 3B’s3Ky 3 IMM, Tij
9Yac BUPOIIYBAaHHS PEMOHTHO-MaTOYHOTO
CTajia €BPOIEHCHKOTO Xapiyca HEoOXiIHO
BpaxoBYBaTH BIJCYTHICTh BiANIOBIAHOTO
KOpMY ISl TUTIHHKIB, IO TIOTpeOye Io-
TANBIINX 3YCUIIb JUIS BIOCKOHAIICHHS Me-
TOJIiB BUPOITYBaHHS 3 METOIO BiITBOPCHHS
Ta TOMOBHECHHS MPHUPOMHHUX IOMYJISIIiH.
BimmosimHo 10 6arartopiqHOro JOCBITY
CIIOBaLIBKOTO TocmonapcTBa «CraoBpuday,
pO3TamoBaHoro y nepearip’i MacuBy Bu-
coki Tarpm, sxke Bupouye mopiuno 1,5
MJIH €K3. I[bOTOJIITOK Xapiyca Juis 3apuo-
HEHHS CIIOBAI[bKUX DIiYOK, TOMIBISI €BPO-
MEHCHKOr0 Xapiyca IITYYHHMH KOPMOM
BiIOYBa€ThCSl JIMIIE HA TEPIIOMY POIT
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on natural feed components. Their find-
ings were used in our studies: 7-9 months
before spawning, the feeding ration of the
grayling replacement stock was changed
from artificial to natural feed. Freshly fro-
zen chironomid larvae were used. The con-
version of natural feed during the period of
growing the broodstock was 6.

An experimental replacement brood-
stock of the third generation of Europe-
an grayling was formed at the Lopushno
farm. The average weight of the grown
brood grayling, which were used in spawn-
ing, was 128.7 g and the average length
was 23.3 cm. The range of fluctuations in
the weight of age-3 males was from 106
g to 148 g, females — from 103 to 149 g;
in length: females — from 21.5 to 29.5 cm,
males — the range of fluctuations was from
17.8 to 31 cm. Morphological measure-
ments of age-3 males and females of Eu-
ropean grayling are presented in Table 1.

The collection of eggs and sperm from
the 3rd generation spawners grown in arti-
ficial conditions was carried out on April
25, 2021 at a water temperature of §°C.
Ovulation of eggs in first-spawning fe-
males and males occurred without stimu-
lation. In mature males, after light pressure
on the abdomen, “fluidity” of milk was
observed, and in females, ovulated eggs
flowed freely. The volume of ejaculate
in grown males was 0.4 mL3 on average,
which was similar to fish from natural pop-
ulations. The Fulton’s condition factor of
brood fish of European grayling was 1.1
(Table 2).

Analysis of literature data from re-
search and observations by other scientists
showed that for water bodies of various
types, under favorable conditions, females
of European grayling become sexual-
ly mature at age-3 with a body length of
about 20-23 cm [16, 17]. The fecundity
of first-matured fish is about 1,500 eggs.
Males reach sexual maturity later — in the
fourth or fifth year of life. However, the

XKHUTTSI Ta OfIpa3y MicCIs Hepecrty, a y Iie-
piox akTUBHOrO (pOpMyBaHHS TOHAM ILIiI-
HUKH JKABJIATHCS] BUKITIOYHO TIPHPOTHUMHE
KOPMOBHMH KOMIIOHEHTaMH. Y HaIIUX
JOCITI/DKEHHSIX OyJIM BUKOPHCTaHI 1XHI Ha-
MPAIIOBaHHS: 3a 7-9 MICSILIB O HEpeCTy
PpaIlioH TOfiBIII PEMOHTHOTO CTaJa Xapiyca
OyB 3MiHEHUI! 31 MITyYHOTO Ha MPUPOTHUN
KOopM. BuxopucroByBamm cBixK03aMOpo-
KEHUX JIMYMHOK KoMapa — XipOHOMij.
KoHBepcist pUpOIHOTO KOPMY 3a TEPMiH
BUPOII[yBaHHS MAaTOYHOTO CTaja CKIaaaa
6 OIVHHAILID.

Ha rocnopapctBi «JlomymHo» cgop-
MOBaHO  CKCIICpUMEHTAIFHE  PEMOHT-
HO-MAaTOUYHE IOTOJIIB’Sl TPEThOi reHeparlii
€BpoIeiichkoro xapiyca. CepemHs maca
BUPOILCHUX IUIIAHUKIB Xapiyca, sKi Oymau
BHKOPHUCTaHI y HepecTi, craHoBmia 128,7
I, a cepenHs AoxkuHa — 23,3 cM. Mexi
KOJMBaHb 3a MacOK TPHUPIYHUX CaMIIIB
craHoBwiH Bix 106 mo 148 1, y camuup
— Bix 103 mo 149 T; 3a TOBXKUHOIW — Yy
camutlb Big 21,5 10 29,5 cm, y camiiB —
Bix 17,8 mo 31 cm. Mopdornoriudi BUMipu
TPUPIUHUX CAMI[B Ta CaMHUIb €BPOMEH-
CHKOTO Xapiyca ImpeJCcTaBieH] y Tadmumi 1.

O0’eM esIKyNATy y BUPOILEHHX CaMIliB B
cepenHboMy TiepeOyBaB Ha piBHi 0,4 ML, 1110
OyB aHAJIOTTYHUM TaKOMY OCOOUH 3 IIPUPOJI-
Hux momynsmiid [3]. Koedimient Bromosa-
HocTi 3a DyIETOHOM Y IUTTHUKIB €BpOIei-
CBKOTO Xapiyca cTaHoBUB 1,1 (Tadm. 2).

AHaui3 giTepaTypHHUX AaHUX IOJO AO-
CIIJPKCHB Ta CIIOCTEPEKEHD 1HITUX BUCHAX
3aCBIYMB, IO U BOAOHM Pi3HOTO THITY
3a CIPUATINBHX yYMOB CAMHII €BpOIICH-
CBKOTO Xapiyca CTalOTh CTaTEBO3PIIUMU Y
Billi TPHOX POKIB, 32 IOBKHHH Tij1a OJIU3BKO
20-23 cmM [16, 17]. IInoarouicTs y puo, 110
JIO3PIBalOTh BIIEPIIE, CTAHOBUTH OJNU3HKO
1500 ixpunok. Camiii 1oCSraroTh CTaTeBOl
3pLIOCTI Mi3HIIIE — HA YeTBEPTOMY—II S~
ToMy pokax xuTTsa. OOHaK, JaHi, OTpH-
MaHi Hamu 3 2019 o 2021 pp., mokazanw,
0 B YMOBax rocropapctsa «JlomymrHo»
CaMUIll €BPOIEHUCHKOTO Xapiyca MacoBO
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Table 1. Morphological characteristics of age-3 European grayling

irth. Index
Parame- | Weight Body BOf.iy length Head Girth i
Sex ters (W). g length without L. length (G). Head Condition | Body
' (Ls). cm (C)cm (L). cm cm factor girth
M 127.5 23.1 22 3.1 9.6 5.2 1.2 5.2
m 4.9 0.49 0.48 0.16 0.2 0.2 0.06 0.2
? [ 13.2 1.3 1.2 0.4 0.6 0.5 0.18 0.5
c
] Cv
© 3.9 2.1 2.2 5.0 2.5 4.2 5.5 4.2
'-% max
149 25.5 22.5 4 10.5 5.7 0.9 6
min 103 21 19.5 2.6 9 4.5 1.6 4.5
M
1233 234 21.9 3.3 9.4 5.3 1.1 5.3
S m
N 5.8 0.6 0.5 0.2 0.2 0.1 0.0 0.1
c
ﬁ [ 16.6 1.8 1.6 0.6 0.7 0.4 0.1 0.4
©
= Cv 13.5 7.7 7.4 11.6 0.8 8.3 11.3 8.3
max 148 27 25 2 10.5 6 1.4 6
min 106 20.5 21 4 8.2 4.7 0.9 4.7

Table 2. Characteristics of European grayling males. State Enterprise “Lopush-

no”. 2021
Statistical pa- Body weight Body length Max body height Min body height
rameter (W). g (L). cm (H). mm (h). mm
Age-2 (n=7)
(Mzm) 82.3+5.0 20.5+0.6 38.0+0.2 12.7+0.1
[ 12.4 1.5 0.4 20.3
Cv 15.5 7.2 12.8 28
Condition factor—1.1
Age-3 (n=9)
(M£m) 123.345.8 23.4+0.6 44.00.18 13.5+0.08
6 16.6 1.8 0.5 0.2
Cv 13.5 7.7 11.6 17.3
Condition factor—1.1
Age-4 (n=5)
(Mzm) 216.2+28.2 28.6+0.9 15.5+0.10 5.2+0.11
[ 56.5 1.8 0.2 0.2
Cv 13.0 3.2 6.7 2.1
Condition factor—1.1

data obtained in 2019 to 2021 showed that
in the conditions of the Lopushno hatchery,
the majority of European grayling females
became at age-2, and the average weight of
age-2 females was from 65 to 100 g with

JIO3PIBalOTh Y 2 POKH; CEpeIaHS Maca JBO-
plUYHUX caMuIlb cTaHOBMIIA Bif 65 mo 100
T 3a cepenuboi nowxunu 18,0 1o 23,5 cm.

PobGoua mtomrouicTe camuilh y cepei-

HeOMy craHoBmma 1470,5 ikpuHOK. 3a-
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an average length of 18.0 to 23.5 cm, re-
spectively.

The average working fecundity of fe-
males was 1470.5 eggs. The fertilization of
eggs was 50%. In our study, a natural dif-
ference in the number of eggs was observed
between first- and repeatedly-spawning
females, with the following growth trend:
the average working fecundity of age-2
fish was 597, age-3 — 1309, age-4 — 2950
eggs (Table 3).

In comparison of our data with studies
by foreign scientists [22, 23], the relative
fecundity of European grayling was signif-
icantly higher in older age groups than in
first-spawning fish. The fecundity did not
differ significantly between individual fish,
probably due to stable environmental con-
ditions and management factors. Unstable
external factors, such as sharp fluctuations
in temperature, can affect fish size, fecun-
dity, fertilization rate and embryo survival.
Under the conditions of rearing the grayling
broodstock at the State Enterprise Lopush-
no hatchery, annual temperature fluctua-
tions ranging from 3 to 20°C are observed.

TUTITHEHHSI IKpHHOK ckianaino 50%. Y Ha-
IIOMY JIOCHI/DKEHHI criocTepiragacs 3aKo-
HOMipHA PI3HHIA Y KITBKOCTI IKpHHOK MK
CaMHMIIIMH, SKi BIEpIIE Ta MOBTOPHO He-
PECTYIOTh, IPUIOMY TEHACHIIISI 3pOCTaHHS
OyJa HaCTYIIHOIO: Y JBOPIYHUX OCOOUH ce-
penHs poboya TUIOMIOYICTh CKitanana 597,
y Tpupupidok — 1309, y goTupupidaux
camutlb — 2950 ikpuHOK (Tabd. 3).

3a MopiBHSAHHS HAIIMX JaHHUX 3 JOCHi-
JOKCHHSIMU 3aKOPJIOHHUX HAayKOBIIB [22,
23], BiTHOCHA IUTOIOYICTh €BPONEHCHKOTO
xapiyca Oylia 3HAYHO BHIIOI0 Y CTapIIUX
BIKOBUX TIpylax, y IMOpIBHSHHI 3 BIEp-
meHepecTyiounMu. [lmigaukn He Mam
ICTOTHOI PI3HUII MIX 1HAMBITyaJTbHUMH
MMOKa3HUKaMH OCOOWH, HMOBIpHO, Yepe3
cTallnbHI yMOBM MOBKULIL Ta (hakTopH
ynpasiiHag. HecTabinbHI 30BHINIHI YXH-
HUKH, TaKi SK pi3Ki KOJUBAHHS TeMIepa-
TypH, MOXKYTh BIUIMBATH Ha PO3MIp puoH,
IUIOIOYICTh, KOe(IiliEHT 3alUTiIHEHHS Ta
BIDKUBAaHHSA eMOpioHiB [16]. 3a ymMoB BH-
POIIyBaHHS MaTOYHOIO CTaja Xapiyca B
Y «JlomymHo» CIIOCTEpITaoThCs PivHi
TeMIIepaTypHi KoauBaHHs Bif 3 1o 20°C.

Table 3. Productive and biological characteristics of domesticated females of Eu-

ropean grayling

No Fish weight Fgg Fect'.mdity, egg's : Egg pararneters GSl, % | pr**
(W), r weight, g | working | relative | weight, mg | diameter, mm
Age-2 (n=7)
M 89,7 6,6 597 6628 11,8 1,7 7,4 74
m 3,1 0,22 92,5 2244 0,03 0,03 0,1 1,9
[ 7,7 0,5 37 549,8 0,07 0,08 0,4 4,7
Cv 8,6 8,2 15,4 8,2 0,6 5,03 6,3 6,3
Age-3 (n=8)
M 127,5 10,2 1309 10275 14,01 2,35 8,1 82,6
m 4,9 0,2 146,3 214,5 0,06 0,05 0,3 3,7
6 13,2 0,56 55,3 567,5 0,16 0,14 0,9 9,9
Cv 3,9 5,5 11,0 5,5 1,7 9,57 12,1 12,1
Age-4 (n=5)
M 226,4 13 2950 13000 14,2 2,4 5,9 59,7
m 28,2 0,9 417 935 0,02 0,02 0,7 7,0
) 56,4 18 835 1870 0,05 0,05 1,4 14,0
Cv 24,9 14,3 28,3 14,3 0,3 2,2 23,4 23,4

Note. *GSI — gonadosomatic index, %; **IP — reproductivity index, g/kg.
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In repeatedly spawning older females,
the egg diameter was 2.4 mm compared to
1.7 mm in first-time spawners. The totality
of our results indicates that larger females
that repeatedly spawned, as a rule, had a
higher fecundity index and a larger aver-
age egg weight (Table 3).

The reproductive parameters of age-3
females reared in artificial conditions was
high: the range of fluctuations in working
fecundity was from 1030 to 1402 eggs.
It is known that the fecundity of grayling
varies both at the population and individ-
ual levels, while the relative fecundity,
according to other scientists [17], is from
3500 to 31000 eggs per kg of body weight.
According to the results of the work, the
average relative fecundity was 10 thou-
sand eggs, which is normal for European
grayling. Unfortunately, reports on the re-
production parameters of grayling reared
in artificial conditions are few, mostly low
fecundity is reported.

The duration of embryogenesis at a
water temperature of 8—12°C lasted 18-23
days, which was 200 degree-days. The fer-
tilization of eggs was 50%.

The eggs were kept in a darkened place
(to avoid the negative effects of light) in
the container in which fertilization and
washing were performed. The process of
egg swelling lasted for two hours. During
this period, complex biochemical process-
es take place in the egg, which strengthen
the outer shell of the egg, and the devel-
opment of the perivitelline space occurs,
which persists until hatching [2]. After
two hours, the egg weight and diameter in-
crease by 154 and 58%, respectively.

Research results on other fish species
indicate that the characteristics of the oft-
spring are significantly influenced by the
conditions of keeping the broodstock,
which in turn are influenced by the envi-
ronment and feeding. The main problem
with artificial reproduction of European
grayling is the high mortality during em-

VY crapmmx camuIlh, sIKi HepecTyBaln
MOBTOPHO, JiaMeTp iKpUHKHU cKiajgas 2,4
MM, TIPOTH BHepIIeHepecTyrounx — 1,7
MM. CyKymHICTh OTPUMAaHIX HAMU PE3YJib-
TaTiB BKa3ye Ha Te, M0 OUTBIIN CaMUII, AKi
HEPECTYBAIH IIOBTOPHO, SIK IIPABHJIIO, MAJIH
BHIIWIA MMOKa3HUK TUTOMIOYOCTI Ta OLIBITY
CepeHIO Macy iIKpUHOK (AuB. Tabm. 3).

PenponyKTHBHI TTOKa3HUKH TPUPIYHUX
CaMHIlb, BUPOIICHHUX y MITyYHUX YMOBAX,
MaJIl BUCOKHUH pe3ylbTaT: MeKi KOJINBaHb
poboyoi mmoarouocTi cknanaiu Big 1030
nmo 1402 ikpuHok. Bimomo, mio mromro-
YiCTh Xapiyca BapilO€ThCs K Ha MOMyJIs-
iHOMY, TaK 1 Ha IHIWUBITyaJIbHOMY PiBHI;
IpU I[bOMY BiJIHOCHA ILTOJIOYICTH, 32 Jia-
HUMH IHIIHMX BYeHHUX [17], CTAHOBUTH Bij
3,5 no 31,0 THC. iKpHHOK Ha KT MacH Tija.
3a pesynbraraM poOOTH, cepeIHs BiTHOC-
Ha IJIOAIOYICTh ckianana 10 Tuc. iKpuHOK,
IO € 3aKOHOMIPHHUM IJISi €BPONEHCHKOTO
xapiyca. Ha »xanp, 3BiTH 11010 Hapame-
TPIiB BiITBOPEHHS Xapiyca, BUPOIIEHOTO Y
MITyYHUX YMOBAX, € HEUHUCICHHUMH [16].

TpuBaicts eMOpioreHe3y 3a TeMIepa-
Typu Bogu 8—12°C craHoBmia — 18-23
nobwu, o ckianano 200 rpamyco-aHiB. 3a-
IUTITHEHHSI IKpHHOK BCTAHOBJIEHO Ha PiBHI
50%.

ITpouec HaOpsikaHHS iKPUHOK TPHUBaB
VIPOJIOBXK JBOX TOAWH. Y Ied mepion B
IKpUHII BifOyBalOThCS CKIIAAHI O10XiMid-
Hi TIPOIECH, SIKI 3MIIHIOIOTH 30BHIIIHIO
000JI0HKY IKpHHKH, 3 yTBOPCHHSM MEPUBI-
TEJTIHOBOTO MPOCTOPY, KU 30epiracThes
10 BUKIIBOBY [2]. Uepes 1Bi roguHu mMaca
Ta JliaMeTp iIKPUHOK 3pOocTaroTh Ha 154 Ta
58% BigMOBiAHO.

PesynpraTi nocmimpkeHp MOAO 1HIIUX
BUJIiB pu0 CBiJUaTh, 10 HA XapaKTEPUCTH-
KH TIOTOMCTBA iCTOTHO BIUTMBAIOTH YMOBH
yTPUMaHHA IUTiIHUKIB, Ha sIKi, Y CBOIO
94epry, YMHITH BIUTHMB HABKOIUIIHE cepe-
noBuile Ta roaiBias. OCHOBHOW mpoOiie-
MOIO IITYYHOTO BiIBOPEHHS €BPOIECHCHKO-
ro Xapiyca € BHCOKAa CMEpTHICTh HiJ uac
PO3BUTKY eMOpIOHIB 70 cTajii Biuka [16].
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bryo development to the eye stage [16].

In addition to the age and total length
of grayling females reared in artificial
conditions, many other factors influence
the reproductive rate, which requires fur-
ther identification of the most problematic
phases of reproduction.

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

Salmonids are an important element
of global aquaculture, which requires the
support of populations that are under threat
of extinction, including the European gray-
ling, which is listed in the Red Book of
Ukraine. Today, despite the improvement
of environmental conditions, the situation
regarding the vulnerability of the species
has not changed significantly. A decrease
in the number of natural populations of
grayling and other rheophilic fish species
has led to the need for their protection.
Protection is one of the main approaches
to reducing the risk of extinction of gray-
ling populations. Thus, the risk of further
reduction of grayling populations is re-
duced. However, replenishing natural pop-
ulations with juveniles grown in artificial
conditions remains an equally important,
and sometimes indispensable measure to-
day. This requires the cultivation of brood-
stock, optimization of breeding methods
and grayling cultivation on specialized fish
hatcheries.

The average weight and length of the
third generation brood grayling grown in
artificial conditions and used in spawning
were 128.7 g and 23.3 cm, respectively.
The range of fluctuations of weights of
males was from 80 g to 302 g, that of fe-
males — from 66 to 298 g; length: for males
— from 17.8 to 31 cm, for females — from
21.5 t0 29.5 cm, respectively.

The average working fecundity in age-
2 females was — 597 eggs, age-3 females
— 1309 eggs, age-4 females — 2950 eggs.

OxkpiM BiKy Ta 3araJibHOi JTOBXHUHH
caMullb Xapiyca, BUPOIIEHUX Yy MITY4YHHUX
YMOBax, Ha MOKa3HUK PENPOXyKTUBHOCTI
BILIMBa€ 0ararto iHIIMX YUHHHKIB, HIO IO-
TpeOye MONABIIOT0 BU3HAYCHHS HANIIPO-
OneMHIMUX (a3 PO3MHOXKEHHS.

BUCHOBKHM TA NEPCIIEKTHUBHU
MHOJAJBIIOTO PO3BUTKY

JlococeBi pubu € BaXJIUBUM €JIEMEH-
TOM CBITOBOI aKBaKyJIbTYpH, i IOTPEOYIOThH
MiATPUMAHHS MOIMYJISIIHN, IO 3HAXOAATHCS
i 3arpO30I0 3HWKHEHHS, BKJIIOYHO 3 €B-
POIIEHCHKUM XapiycoM, SKMHA 3aHECEHH
1o YepBonoi kuurn Ykpainu. Ha croroa-
Hi, TIONPU TOKpPAIIEHHS yYMOB JOBKLLIA,
CUTYAIlisl TIOI0 BPA3JIMBOCTI BUAY CYTTE-
BO He 3MiHWIACsS. 3MEHIIEHHS KUIBKOCTI
MPUPOJHUX TIOMYJNIAIINA Xapiyca Ta iHIIHUX
BUJIB peoiTbHUX pUO MPU3BEIO 10 HEOO-
X1THOCTI 1X 3axucTy. OCTaHHIN € OJHUM i3
TOJIOBHUX MIiAXOIB JO 3HIDKCHHS PU3UKY
3HUKHEHHS TIOMYJsAMii xapiyca. OmHak,
MIOMTOBHEHHS TIPUPOJAHUX MOMYJSIIA MO-
JIOAI0, BUPOIIEHOIO y IMITyYHUX YMOBaX,
Ha CHOTOJIHI 3QJIUIIAETHCS HE MEHII BaXK-
JIMBUM, a 1HOJII He3aMiHHUM 3axomoM. lle
notpedye BUPOIIYBAaHHA MATOYHHUX CTa],
ONTHMI3aIlii METOJIB PO3BEICHHS Ta BUPO-
LIyBaHHs Xapiyca B CIeliali3oBaHuX puo-
HHUX TOCIIOAAPCTBAX.

Busnaueni HaMM cepeiHi MOKa3HU-
KM MacH Ta JOBXKHHHU ILUTiIHUKIB Xapiyca
TPEeThOl reHeparlii, ki OyJau BUPOLIECHI y
IITyYHUX YMOBax Ta BUKOPHCTaHI y Hepe-
cri, ctanoBuian 128,7 T ta 23,3 cM Bigmo-
BiJTHO. MeXi KOJTMBAaHb 32 MacOI0 Y CaMIliB
cknananu Big 80 m0 302 1, y caMuIls — Bif
66 110 298 T; 32 TOBKUHOI — Y CaMIliB —
Bix 17,8 mo 31,0 cMm, y camuis — Big 21,5
10 29,5 cm.

Cepennst poboua TUIOAIOYICTH Y JBO-
PIYHHX caMHUIb CTaHOBWJIA 597 iKPHHOK,
y Tpupupiuok — 1309, y doTHpHUpidOK
— 2950. BigHOCHA IUIOAIOYICTh €BpOTICH-
CBKOTO Xapiyca BUSBHJIACS 3HAYHO BUILOIO
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The relative fecundity of European gray-
ling was significantly higher in older age
groups than in first-spawning ones.

In order to improve the quality of eggs
and sperm during artificial reproduction
of European grayling, it is necessary to
optimize and adjust the composition of
feeds and feeding regimen to ensure its
maximum similarity to natural food. In
particular, larger and repeatedly spawning
females should be used for reproduction,
since their reproductive performance and
survival rate in the early stages of ontogen-
esis were higher, compared to individuals
spawning for the first time.
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