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Purpose. To study the characteristics of win-
tering of Macrobrachium nipponense in natural
conditions of the Lower Dniester basin and exper-
imental assessment of the effect of physical con-
dition, soil composition and type of shelter on the
survival of wintering shrimps.

Methodology. The results of field and exper-
imental studies conducted in 2018-2020 were
used in the study. The locations and conditions of
mass wintering of shrimps in natural conditions
in the lower reaches of the Dniester River were
studied. The abundance of wintering individuals
was determined by the method of direct counting
and their physical condition was analyzed.

Shrimps were kept in a RAS at the Laboratory
of Aquatic Bioresources and Aquaculture of
Odesa State Ecological University, where envi-
ronmental parameters were maintained as close
as possible to the conditions of wintering under
natural conditions. In chronic experiments, the
selectivity and effect of the composition of natu-
ral substrates and the thickness of the soil bed on
shrimp survival were investigated. The selection
and effectiveness of the shrimp’s use of above-
ground shelters of various natural and anthro-
pogenic origin for shrimp wintering was assessed
depending on their physical condition (presence
or absence of injuries). Shrimp for experiments
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Mema. [ocnidxeHHa ocobausocmeli 3u-
mieni Macrobrachium nipponense 8 npupodHux
ymosax baceliHy HUXHb020 [JHicmpa ma eKkcne-
pUMeHMAasbHA OYiHKA 8MAUBY HA 8UHCUBAHHA 3U-
MYHYUX 0COBUH KpesemKu, ix ¢izu4Ho20 cmaty,
CKAady rpyHmie ma muny ykpummis.

Memoouka. B xodi pobomu suxkopucmosy-
8a/UCA pe3ynbmamu Monb08UX Ma eKcrepu-
MeHmasnbHuUx 00cnioxeHs, npogedeHux y 2018—
2020 pp.

Jocnioxncysanuce micya i ymosu macosoi 3u-
Misni KpesemoK 8 npupoOHUX YyMOBAX MOHU33A
piku [JHicmep. Memodom npsamoeo obsiky ecma-
HOB/1t080U KiflbKiCMb 3UuMyo4ux 0cobUH, aHani-
3yeanu ixHil ¢izu4yHull cmaH.

Y nabopamopii Bo0HUX biopecypcie ma ak-
8akynbmypu O0ecbKo20 0epyasHO20 eKosoaiy-
Hoeo yHisepcumemy (OAEKY) kpesemok ympu-
My8asU 8 yCMaHOBKAX 3aMKHEeH020 8000rNocma-
yaHHA (¥3B), 8 Akux nidmpumysanu napamempu
cepedosuwia, MAKCUMAAbHO HabauxeHi 00
3umieni 8 NpupoOHUX yMosax. Y XPOHIYHUX eKcC-
nepumeHmax 0ocnioxysanu subipkosicme ma
8r1/1U8 HA BUXUBAHHA KpeeemoK CKiady npupoo-
Hux cybcmpamie ma mosujuHU rpyHMosoi rno-
AywKu npu popmysaHHi noxa. OyiHosanu subip
ma e(heKmuBHICMb 8UKOPUCMAHHA KpesemKamu
HAOrpyHMOoBUX yKpummig pizHo20 npupooOHO20
ma aHMPONo2eHHO20 MOXOOHEHHA 04A 3umieni
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were caught in October - November in the low-
er reaches of the Dniester River and the Dniester
estuary.

The location of mass wintering of shrimps
was recorded using a GPS navigator.

Findings. It was established that shrimp M.
nipponense in natural conditions of the Lower
Dniester river winters in aboveground shel-
ters (of natural and anthropogenic origin) or by
burrowing into the soil. The shrimp’s choice of
aboveground shelters for wintering in natural
conditions depended on their physical condition.
Injured individuals (lost claws and limbs) pre-
ferred easily accessible aboveground shelters
(sheaves of grass, flooded snags). Healthy individ-
uals wintered in cracks between plant roots and
stones. A significant part of shrimps overwintered
in aboveground shelters of anthropogenic origin.
The most complex and reliable aboveground shel-
ters of natural origin were occupied by the least
damaged shrimp individuals.

More than 59% of shrimps are buried in the
soil (soil shelters) for wintering. Healthy individ-
uals prefer sandy soils or soils that contain sand.
The highest yield of healthy shrimp overwintering
was observed on sandy or sandy-gravel soils with
a thicker soil layer.

The depth of burial of shrimp depended on
soil composition. It was the maximum in soils
consisting of sand, sand-gravel mixture and cher-
nozem or chernozem with inclusions of gravel.
The survival of wintering individuals was inversely
dependent on the depth of burial.

The maximum yield of uninjured individuals
from wintering was observed when they were
buried in the soil, the minimum — when using
aboveground shelters. The share of surviving in-
jured shrimp in soil shelters decreased in propor-
tion to the severity of the injury. Maximum surviv-
al of injured individuals was ensured by wintering
in aboveground shelters.

Originality. For the first time, the data of field
observations on wintering of alien shrimp M. nip-
ponense in the conditions of the Lower Dniester
basin are presented. Locations and conditions of
mass wintering in natural conditions have been
established.

As a result of experimental studies, an anal-
ysis of the selectivity and effectiveness of the
use of soil and aboveground shelters of various
natural and anthropogenic origins by shrimp dur-

0COBUH y 3anexHocmi 8i0 iXHbo20 (hi3u4HO20
cmaHy (HaaeHicme abo eidcymHicmbs mpasm).
Kpesemok 0ns ekcrnepumeHmie eua0en08anu 8
HosemHi—aucmonadi 8 nmoHu33i p. AHicmep ma
JHicmpo8cbKOMY AUMAHI.

Jlokayito micyb Macosoi 3umiesni Kpeesemok
8cmMaHoet08asauU 3a 00MOMO20H0 CyrnyMHUKOB8O-
20 GPS-Hasieamopa.

Pe3ynbratn. BcmaHosn1eHo, wo 8 npupoo-
HUX yMoeax MoHU33A p. [Hicmep kKpesemka
M. nipponense 3umye 8 HaOrpyHmMos8uUx yKpum-
msax (MpupodHO20 Ma AHMPONO2EHHO20 10XO-
OxceHHA), abo 3aKomnyro4uce 8 rpyHm. Bubip Kpe-
8emMKaMu HaOrpyHMOoBUX yKpummie 0414 3umieni
8 MPUPOOHUX YMOBAaX 3a7aexums 8i0 iXHbo20
@izu4Ho20 cmaHy. TpaemosaHi 0cobuHu (empa-
yeHi KaewHi ma KiHyiexku) eiddasanu nepeesa-
2y ne2KodocmynHUM HAOIPYHMOBUM yKpum-
mam (cHonam mpasu, 3amornaeHUM Kop4am).
300posi 0cOBUHU 3UMy8aAU 8 WiAUHAX MIXC KO-
PIHHAM. 3HQYHA YOCMUHA KpesemoK 3umysand
8 HAOrpyHMoBUX YKpUMMAX GHMPONO2EHHO20
noxooxeHHA. Halibinew cknadHi ma HaoiliHi
HAOrpyHMosi ykpumms rnpupooOHO20 Ma aHMpo-
02eHH020 MOXOOM(EHHA 3alimanu HalimeHwe
MOWKOOMeHi 0COBUHU KpesemKu.

MoHad 59% KpesemoK 3aKonmyemMosca HA 3u-
miento 8 rpyHm (rpyHmosi ykpumms). 30oposi
ocobuHu siddasanu nepesazy MiWAHUM TPyH-
mam abo makum, 00 CKAady AKUX 8X00U8 MiCOK.
Hatisuwuli euxio (8id 80 do 95%) 3 3umieni 300-
poBUX KpesemoK criocmepiea8ca HA MiuaHUx
abo niwaHo-epasiliHux rpyHmMax npu HasgeHocmi
binbw moscmozo wapy rpyHmy.

[MubuHa 3aKOMYyBAHHA KPesemoK 3anexana
8i0 cKnady rpyHmy. MakcumasnbHowo 8oHa byna
8 I'PYHMax, AKi CKAA0anucs 3 nicKy, NiwyaHo-2pa-
giliHoi cymiwi ma YyopHo3emy abo YopHo3emy 3
BK/IOYEHHAMU  2pasito. BUMXUBAHHA 3umyrodux
0CO0bUH 3HAX00Us0Cb Yy 3860POMHIl 3aa0exHOCMI
8i0 21UBUHU 3AKOMYB8AHHA.

MakcumaneHuli 8uxi0 HempasMoBaHUX 0CO-
6UH i3 3umiesni cnocmepiaascs NMpu 3aKOMy8aHHI 8
rpyHm, MiHiMaabHUl — Mpu 8UKOPUCMAHHI HaO0-
rpyHmosux ykpummis. Yacmka mpasmosaHux
KpesemokK, AKi BUXUU 8 FPYHMOBUX YKPUMMAX,
3MeHWYy8anacL nporopyiliHo cuni mpasmyeaH-
HA. MaKcumanbHe BUXUBAHHA MPABMOBAHUX
ocobuH 3abe3nevysana 3umiens 8 HAOrPYHMO-
8UX YKpUMMAAX.

Haykoea Hosu3Ha. Briepwe rnpedcmasneHo
0aHi Moa608UX CIOCMepex(eHb 3a 3umisseto ece-
neHya — kpesemxu M. nipponense e ymosax 6a-
celiHy HUXHbo20 [JHicmpa. BcmaHoeneHi micya
ma ymo8u Macogoi 3umiesi 8 MpupoOHUX yMOBaX.
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ing wintering, their selectivity depending on the
physical condition of wintering individuals (pres-
ence or absence of injuries) is given.

Practical value. In the conditions of progres-
sive climatic changes, one of the urgent tasks
is the acclimatization of promising objects of
aquaculture in new natural ecosystems. The ob-
tained results can be used for the development
of methods of anthropogenic reproduction and
controlled cultivation of shrimp M. nipponense in
aquaculture in the south of Ukraine.

Key words: Dniester River, Macrobrachium
nipponense, wintering, aboveground shelters,
ground shelters, physical condition of individuals,
survival.

PROBLEM STATEMENT
AND ANALYSIS OF LATEST
ACHIEVEMENTS AND
PUBLICATIONS

The shrimp Macrobrachium nippon-
ense is a subtropical species common in
freshwater and brackish water ecosystems.
Due to its large size and excellent nutri-
tional qualities, it is an important object of
fishery and aquaculture.

Cultivation of M. nipponense is rapidly
developing in regions with a tropical and
subtropical climate [1, 2, 3, 4, 5]. Recently,
the geography of M. nipponense has been
significantly expanding [5, 6, 7 8, 9, 10],
which is connected with the use of warm
waste water of thermal power plants (TPP)
and recirculation aquaculture systems
(RAS) for growing shrimp [11, 12, 13, 14,
15].

In the conditions of progressive climate
changes, one of the urgent tasks of aqua-
culture is the anthropogenic restoration of
natural populations of valuable aquatic or-
ganisms within the natural range and their
acclimatization in new natural ecosystems.
This trend of aquaculture demonstrates its
high efficiency for many valuable species

Y pesynomami ekcriepumeHmaneHUx 00cni-
0xceHb MPoaHai308aHO 8UbIpKogicMms Ma egek-
MUBHICMb BUKOPUCMAHHA KPesemKoro 8 nepiod
3umieni rpyHmMosux ma HaodrpyHmMosux yKpum-
mig pi3HO20 MNOX00M(eHHS, iXHIO eubipkKosicme
y 3a1exHocmi 8i0 (hi3u4HO20 CMAHY 3UMYHYUX
0CcobUuH (HassHicmb abo 8i0cymHicme mpasm).

lMpakmuyHa 3Ha4yumicme. B ymosax Knaima-
MUYHUX 3MiH, Wo npozpecyroms, 0OHUM i3 QK-
myasnbHUX 30800Hb € AKAIMaMU3ayia nepcrekx-
mueHuUx 06’ekmie aKe8aKynbMypu 8 HO8UX Mpu-
pPOOHUX eKocucmemax. OmpumaHi pesynsmamu
MOXCymb 6ymu 8UKopucmaHi 015 po3pobKu me-
modie wmy4yHo20 8i0MBOPEHHA MA KOHMPOs16O-
8(HO20 BUPOWYBAHHA KpesemKu M. nipponense
8 aKBAKY/1bMYpIi NieOHA YKpaiHu.

Knwuosi cnoea: pika [Hicmep, Kpesemka
Macrobrachium nipponense, 3umiesns, HAOrpyH-
moesi ma rpyHmosi ykpumms, ¢izu4Huli cmaH
0COBUH, BUHUBAHHA.

MOCTAHOBKA NMPOBJEMMU
TA AHAJI3 OCTAHHIX
JOCJIIKEHD I MMYBJIKALII

Kpesetka Macrobrachium nipponense
— cyOTpOniuHUi BU, HOMIMPEHUH B IIpic-
HOBOJHHX Ta COJOHYBaTOBOTHHX EKOCH-
cTeMax. 3aB[sIKH 3HAYHUM poO3MipaMm i
YyJOBUM XapdOBUM SIKOCTSIM BOHA € BaXK-
JMBUM 00’€KTOM HPOMHCITY Ta aKBaKyJb-
TypH.

KynsruByBanusa M. nipponense mBun-
KO PpO3BHBAETHCS B PETiOHAX 3 TPOIIiU-
HUM Ta CyOTpomiuHHM Kiimatom [1-5].
OctanniM yacoM reorpadist M. nipponense
CYTT€BO po3mMproeThes [5—10], o no’s-
3aHO 3 BUKOPHUCTAHHSM U BUPOIyBaHHS
KPEBETKH TEIUIMX CKUIHHUX BOJ TEIIOBHX
exnekrpocraniiii (TEC) ta ycraHoBok i3
3aMKHEHUM LHKIOM BomooOMiHy (Y3B)
[11-15].

B ymoBax mporpecyrodnx KiimMaTny-
HUX 3MiH, OJHUM i3 aKTyaJbHHUX 3aBIAHb
aKBaKyJIBTYpH € LITY4YHE BiJHOBJICHHS
MIPUPOIHUX TTOMYJISIIN IIHHUX TiIpo0ioH-
TIB y MeXax IPHPOIHOIO apeaiy Ta iXHs
aKTiMaTH3aIlisi B HOBUX INPHPOIHUX KO-
cucremax. llell HampsMOK akBaKyJIbTYpH
IEMOHCTPYE CBOIO BHCOKY €(PEeKTHBHICTH
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of fish and invertebrates such as decapods
[14, 15, 16, 17, 18, 19].

Acclimatization of M. nipponense in
the Dniester River basin created the pre-
requisites for the naturalization of the spe-
cies and the formation of a natural popula-
tion of subtropical shrimp in the Dniester
River delta and the upper reaches of the
Dniester estuary [5, 6, 10, 20].

Much material has been accumulated
on the anatomy, morphology, physiology
and behavior of M. nipponense in anthro-
pogenic and natural conditions [4, 7, &, 9,
14, 15,21, 22, 23,24, 25, 26, 27], but there
is no work, which would describe the pro-
cess of wintering of this species in natural
conditions of the Dniester River basin.

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

Prospects for the development of com-
mercial harvest and aquaculture of M. nip-
ponense in the conditions of the Lower
Dniester River require a thorough study of
its ecological and biological features and
productive characteristics in the conditions
of its introduction range.

Taking into account the subtropical or-
igin of this species, it is important to study
the conditions and locations of wintering
in the natural water areas of the introduc-
tion range. This component of the biology
of M. nipponense has practically not been
studied, at the same time, understanding of
the possibility of further use of the object
for domestic commercial harvest, propaga-
tion and cultivation depends precisely on
this information. The availability of data
on the locations and wintering conditions
of subtropical shrimp in the lower Dniester
and the Dniester estuary allows assessing
the prospects for its further distribution in
waters of the northwestern Black Sea coast
and other aquatic ecosystems of Ukraine
under conditions of climate change.

JUIsl 0araTboX I[IHHMX BHJIIB puO Ta 0e3-
XpeOeTHUX — JECATHHOTUX PAKOMOAIOHUX
[14-19].

Axuimaruzauis M. nipponense B Oa-
ceiiHi p. JlHicTep cTBOpWIIA TMEPEIYMOBH
JUIsL HaTypasizaulii BUIy Ta (OpMyBaHHS
MIPUPOIHOT TOMYJIALIi CyOTPOIYHOI Kpe-
BETKH B JICNBTI piku JIHICTEp Ta BEpXiB’sX
JHicTpoBchKoTO JTMMany [5, 6, 10, 20].

Haxonmn4eno 3Ha4HuUit 00csAT MaTepiamy
3 aHaroMii, Mopdouorii, ¢iziosorii Ta mo-
Be/liHKU M. nipponense B INTyYHUX 1 IpU-
pomuux ymosax [4, 7-9, 14, 15, 21-27],
ajie Hemae JKOAHO1 poOoTH, sika O omKcyBa-
J1a TIPOIIEC 3UMIBJI1 BCEJICHIIS B IPUPOTHUX
yMoBax Oaceliny p. JAHicrep.

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHUH 3ATAJIBHOI
INPOBJIEMH META POBOTH

[lepcriekTHBU PO3BUTKY NPOMHUCITY Ta
aKBaKyJIbTypu M. nipponense B yMOBax
MOHM334 p. JIHiCTEp BUMArarOTh PETEIBHO-
ro JOCHiIKEHHS 1i eKOJ0r0-010J0Tr YHIX
0coOIMBOCTEH Ta pHOOTOCIIOIAPCHKHUX Xa-
PaKTEPUCTHK B YMOBaX apeary BCEJICHHS.

BpaxoByrouu cyOTpormiuHe MOXOKEH-
Hs aKJIIMaTH3aHTa, BaXKIMBUM € ITUTaH-
HSM BUBUYEHHS YMOB Ta MiCIlb 3UMIBII B
MPUPOJHUX AaKBATOPIAX apeayry BCEJCH-
Ho. Llg cknamosa Giosorii M. nipponense
MPAaKTHYHO HE JOCIIiKyBallach, pa3oM 3
THAM, came BiJ mi€i iHpopmarii 3a1eKuTh
PO3YMIHHSI MOYKJIMBOCTI TOJIAJIbIIOTO BH-
KOPUCTAaHHS 00’€KTa JUIS BITYU3HSIHOTO
MIPOMHUCITY, BIATBOPEHHS Ta BUPOIIYBaHHS.
HasBHICTH JTaHHUX MO0 MiCIlb Ta YMOB 3H-
MiBJIi CyOTpOIIYHOI KPEBETKH B MOHH33i
Huictpa ta JIHICTpOBCHKOMY JIMMaHi J103-
BOJISIE OIIHUTH TIEPCIIEKTUBH ii TIOJITBIIIO-
T'O PO3IMOBCIOKEHHSI Y BOJOWMAX IMiBHIY-
Ho-3axigHoro IIpudopHoMOp’s Ta iHIIUX
BOJIHUX €KOCHCTeMaxX YKpaiHH B yMOBax
KIIMaTHYHUX 3MiH.

Mertoto poGotu Oylio JOCTiIKSHHS
ocobmuBocTeil 3umiBIi  Macrobrachium
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The aim of the work was to study the
characteristics of M. nipponense winter-
ing in the natural conditions of the Lower
Dniester River basin and to experimental-
ly assess the effect of the physical condi-
tion, bottom soil composition and type of
aboveground shelters on the survival of
wintering shrimps.

The object of the study is the shrimp M.
nipponense from the natural population,
which was formed in the Lower Dniester
River.

The subject of the study is the locations
and conditions of wintering in natural wa-
ter areas, the choice of shelters, the surviv-
al of shrimp depending on the nature of
the bottom soil, the type of shelter and the
physical condition of wintering individu-
als.

MATERIALS AND METHODS

Field observations of wintering fresh-
water shrimp M. nipponense in natural
conditions in the Lower Dniester and
Turunchuk rivers were conducted in 2018—
2020. Experimental studies were conduct-
ed in the Aquarian Department of Aquatic
Bioresources and Aquaculture of Odesa
State Ecological University using shrimps
taken from their natural population.

To determine the locations and con-
ditions of shrimp wintering, we surveyed
natural water areas in the Lower Dniester
and Turunchuk rivers. Wintering condi-
tions were recorded (water temperature
and transparency, current speed, soil com-
position, type of shelters, etc.). The abun-
dance of wintering individuals and their
physical condition were determined by the
method of direct counting.

In laboratory conditions, the shrimp
were kept in a RAS of the original design,
in which the environmental parameters
were maintained as close as possible to
wintering in the natural conditions of the
river.

In chronic experiments, the selectivi-

nipponense B IPUPOJHUX YMOBaxX OaceiHy
HIDKHBOTO J{HICTpa, Ta eKCIIepUMEHTaIbHA
OIliHKA BIUTMBY Ha BIDKUBAHHS 3UMYIOUNX
0COOMH KpEBETKH, iX (DI3UYHOrO CTaHy,
CKJIaJy JOHHUX IPYHTIB Ta TUITY HaIIPyH-
TOBUX YKPHTTIB.

OO0’exT AOCHIKCHHS — KpeBeTka M.
nipponense 3 TPHUPOAHOT MOMYJALIi, sKa
cthopmyBanacs B mouussi p. JHicrep.

IIpenmer mocmimkeHHS — Micus Ta
YMOBH 3HMMIBJIi B MPUPOJHUX AKBATOPIsIX,
BUOIp YKPHUTTIB, BIDKHBAHHS KPEBETKH B
3aJIe)KHOCT] BiJl XapakTepy TIPYHTIB JHa,
TUIy YKPUTTS Ta (Pi3UUHOTO CTaHy 3UMY-
FOYUX OCOOWH.

MATEPIAJIN TA METOAH

[TompoBI  criocTEepeKeHHS 33  3H-
MiBJIEIO MIPiICHOBOAHOT KpPEBETKH
M. nipponense B IpUPOTHUX yMOBaX IT0-
Hu33s pik duictep ta TypyHUYK mIpoBOIU-
much B 2018-2020 pp. ExcriepumenTanbHi
JIOCITI/DKEHHS 3I1MCHIOBaIM B aKBapialib-
Hil Kadeapu BOJHUX Oi0pecypcCiB Ta aKBa-
kynsTypu OJEKY Ha kpeBeTkax, BUuIyue-
HUX 3 IPUPOIAHOT MTOMYJIALLIT.

JJis BU3HA4YEHHS MicCIlb 1 YMOB 3UMIiBII
KPEBETOK 00CTEXKYBAIH MPUPOIHI aKBATO-
pii B moHm33i pik Huicrep Ta TypyHUyK.
dikcyBasi yMOBH 3UMIBII (TemIiepary-
py Ta mpo30opicTh BOJ, WIBHIKICTH Te-
4ii, CKJIaJl IPYHTIB, BHJl YKPHUTTIB TOIIIO).
MetonoM mpsiMmoro o0JiKy BCTaHOBJIIOBA-
JIU KUTBKICTh 3UMYIOUHX OCOOWH Ta iXHiH
(hi3uyHMIi CTaH.

Y  71abopaTopHHX yMOBax KpEBETOK
yTpuMyBaiu B Y3B OpuriHaIbHOI KOH-
CTPYKIIii, B SIKHX MIATPUMYBAIH Tapame-
TPH CepeIOBUIIA, MAKCUMaIbHO HaOIKe-
Hi JIO 3UMIBIII B IPUPOTHUX YMOBAX PiKH.

Y XpOHIYHUX EKCIepUMEHTax Jdo-
CIIJKYBaJl BHUOIPKOBICTh Ta BIUIMB Ha
BIDKMBAHHS KPEBETOK pI3HHX 3a CKIa-
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ty and effect of the composition of natu-
ral substrates and the thickness of the soil
bed on shrimp survival were investigat-
ed. The selection and effectiveness of the
shrimp’s use of above-ground shelters of
various natural and anthropogenic origin
for shrimp wintering was assessed depend-
ing on their physical condition (presence
or absence of injuries).

Shrimps for experiments were caught
in October — November with the help of
dip nets and special traps in various water
areas of the Lower Dniester River and the
Dniester estuary. The selected individuals
were delivered to the Aquarian Department
of Aquatic Bioresources and Aquaculture
of Odesa State Ecological University and
kept during the winter in experimental
recirculation aquaculture systems, where
environmental conditions were maintained
as close as possible to natural ones during
this period. The species identification to
the shrimp was performed with the help of
the appropriate identification keys [9].

The locations of mass wintering of
shrimps were registered using a GPS nav-
igator. Statistical processing of data was
carried out in MS Excel.

STUDY RESULTS AND THEIR
DISCUSSION

A survey of the river bottom showed
more than 1,000 wintering places of
the shrimp M. nipponense on an area of
more than 800 m?. The main ones were
located in the coastal, shallow stretch
of the river (up to a depth of 1.5-2.5 m)
with a relatively slow current accord-
ing to the coordinates: Dniester estuary
- 46.209301, 30.774211; Dniester River
(Mayaki village) — 46.411363, 30.261390;
Karagol Bay - 46.327147, 30.326624;
Turunchuk River - 46.445972, 30.206976;
Hlyboky Turunchuk River e - 46.373239,
30.252123; Mertvyi Turunchuk River
- 46.398180, 30.249746; Bile Lake -
46.447324, 30.187776. They practically

JIOM Ta TOBIIMHOIO IPYHTOBHUX ITOAYIIOK,
SIKi BUKOPUCTOBYBAIUCH JIIsl (HOPMYBaHHS
JI0Ka JTHA; BUOIp Ta €(PEeKTHBHICTH BUKOPH-
CTaHHSI KPEBETKOIO HAATPYHTOBHUX YKPHUT-
TiB PI3HOTO MPHUPOTHOTO Ta AHTPOTIOTCH-
HOTO TOXOJKEHHS U 3UMIBIII OCOOWH Y
3aJISKHOCTI BiJ] iXHBOTO (DI3HYHOTO CTaHY
(HasgBHICTH 200 BIJICYTHICTh TPaBM).

KpeBeTok asi eKCIepuMeHTIB BHIIOB-
JIOBAJIM B JKOBTHI—JIUCTOMA/II 32 JIOTIOMO-
TOI0 CaYKiB Ta CIEIiaIbHAX MACTOK B Pi3-
HUX aKBaToOpisx TMoHU33s p. [uicrep Ta
JHicTpoBcbkOTO JMMaHy.  BimiOpaHux
OCOOMH JIOCTaBISUIM JI0 aKBapiaJbHOI
OJIEKY 1 yTpuMyBaiy MpOTITOM 3HMHU B
CKCIICPUMEHTAIBHUX  PEIUPKYISIIIHHUX
YCTaHOBKaX, A€ MiATPUMYBAINCH YMOBHU
CepeIoBUIIA, MAKCUMAIbHO HAOMMKEH1 10
MIPUPOIHUX B IIeH mepioa. BumoBy npuHa-
JIeKHICTh KPEBETOK BU3HAYAIH 32 JIOTIOMO-
rOI0 BIIMOBIIHOTO JOBiAHMKA [9].

Jlokarrito miciib MacoBOi 3UMiBIII KpeBe-
TOK BCTAHOBITIOBAJIN 32 JOTIOMOTOIO CYITyT-
HukoBoro GPS-naBiraropa. Cratuctuuny
00pOOKY JIaHUX IPOBOJIUIIH 32 JOTTOMOTOO
nporpamu «Microsoft Excel».

PE3YJIIBTATH AJOCJIAXEHDb
TA IX OBTOBOPEHHS

VY pesynbrari 00CTe)KSHHS JHA PIiKH, Ha
o noray 800 m?> GyJa0 BCTaHOBJIEHO
nmonay 1000 micie 3uMiBII KpeBeTKH M.
nipponense. OCHOBHI 3 HUX pPO3MilllyBa-
JIUCh B TIPUOEPEKHIN, MUTKOBOIHIN CMy3i
piku (10 mbunu 1,5-2,5 M) 3 BIZHOCHO
MOBUILHOKD TEUi€H0 33 KOOPJAWHATAMHU:

HuictpoBebkuit nmuman — 46.209301,
30,774211; p. Huicrep (c. Masku) —
46.411363, 30.261390; Kaparonbcbka
3aroka — 46.327147, 30.326624; p.
Typynuyk — 46.445972, 30.206976;
p. T'muboxkmit TypyHuyk — 46.373239,
30.252123; p. MeptBuit  TypyHuyk

— 46.398180, 30.249746; o3. bite —
46.447324, 30.187776. BoHu npakTHYHO
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coincided with the places of the greatest
concentration of shrimps in other seasons
of the year.

The abundance of shrimps, which win-
tered in aboveground and soil shelters,
was approximately the same (43—48 and
52-55%, respectively). The temperature
of the river waters in the places where the
shrimp wintered ranged within 4.2—0.8°C,
the transparency - from 0.6 to 1.1 m. The
length of wintering individuals varied from
3.5 to 13.5 cm. The modal group (67% of
the wintering individuals) had a length of
9.7£0.5 cm.

The most common aboveground shel-
ters of natural origin were: flooded snags,
plant roots, flooded grass, cracks between
stones. Aboveground shelters of anthro-
pogenic origin included: car tires, plastic
containers, bags and other garbage.

The frequency of shrimp use of
aboveground shelters of different types
of natural origin in river conditions dur-
ing wintering depended on their physical
condition. More than 45% of shrimps (in-
jured and not injured) wintered in cracks
between stones and soil, up to 27% of
shrimps chose the root system of higher
plants for wintering, flooded snags and
sheaves of flooded grass were chosen for
wintering by 17-18% and 11-13% of
shrimps, respectively (Fig. 1).

Individuals with damages (absence of
claws) chose the least protected but easily
accessible shelters flooded snags and bun-
dles of flooded grass). Uninjured shrimps
used hard-to-reach but more protected
shelters (cracks between stones, plant root
systems, etc.) for wintering.

A significant part of the wintering
shrimps were individuals, which used
aboveground shelters of anthropogenic or-
igin for wintering. Car tires were chosen
by 77% of individuals, plastic containers
— 11%, plastic bags — 4%, other plastic gar-
bage — 8% (Fig. 2).

As with wintering in shelters of natu-

choiBIIajaayd 3 MICUSIMM HAHOUIBIIOI KOH-
LEHTpaLlii KPEBETOK B 1HIII CE30HU POKY.
KinbkicTh KpeBETOK SIKi 3UMYBalld B
HAJIPYHTOBUX Ta TIPYHTOBUX YKPUTTAX
Oyia TpuOIM3HO OnHaKoBOO (43—48 Ta
52-55% BianoBinHo). Temmeparypa piu-
KOBUX BOJI B MICIISIX, JI¢ 3UMYBaJH Kpe-
BETKH, KojuBanack B Mexax 0,8-4,2°C,
mpo3opicte — Bix 0,6 1o 1,1 m. JloBxuHa
3UMYIOUHMX OCOOMH 3MiHIOBajachk Bix 3,5
1o 13,5 cm. MonaneHa rpyma (67% 3umy-
0YMX 0cOOMH) Mana JoBxkuny 9,7+0,5 cMm.

Haiironmpenimmmu HaAIPYHTOBH-
MH YKPUTTSMH TPHPOIHOTO TTOXOIKCHHS
Oyl 3aToIUIeHI KOpdYi, KOPIHHS POCIIHUH,
3aTOIUICHA TPaBa, IIUIMHE MK KaMiHHSM.
HanrpyHToBi  yKpHUTTS  aHTPOIIOTEHHOTO
MOXOIKEHHST BKITIOYAJIM: aBTOMOOLUIBHI TO-
KPUILIKH, TUIACTHKOBY Tapy, MAKETH Ta iHIIe
CMITTAL.

YacToTa BHUKOPHUCTaHHS KPEBETKOIO
i 9ac 3UMIBJI HAaATPYHTOBUX YKPUTTIB
MIPUPOTHOTO TOXOMKCHHS PI3HOTO THITY
B yMOBax piKH, 3ajexajga BiJl IXHBOTO
¢izuanoro cramy. [loman 45% xpeBeTok
(TpaBMOBaHUX Ta HETPABMOBAHHX) 3UMY-
BaJIO B IIUJTMHAX MK KAMIHHSM 1 IPYHTOM,
10 27% obupano i 3UMIBI KOPEHEBY
CHUCTEMY BHIIMX POCIHH; 3aTOIUICHI KOpYi
Ta CHOIU 3aTOIJICHOT TpaBU 0OMpaIo IS
suMiBal BigmosimHo 17-18% 1 11-13%
KpeBeToK (puc. 1).

OcoOuHM, SIKI MaJH YIIKOJDKEHHS (Bif-
CYTHICTh KJICIIEHb), OOMpaiy HalMeHII
3axXHMIICHI, aJIe JISTKOJAOCTYITHI YKPHUTTS (3a-
TOILJICH] KOpYi Ta CHOIH 3aTOTJICHOT TPaBH)
HerpaBmoBaHi KpeBEeTKH BUKOPHCTOBYBAJIH
JUTS 3UMIBIT BOXKKOJIOCTYIIHI, aJie OiIbII 3a-
XHINCHI YKPUATTS (IIUTMHA MIXK KaMiHHSM,
KOPEHEBY CUCTEMY POCIIHH TOLIO).

3HaYHy YacTHHY 3WMYIOUHX KPEBETOK
CKJIJJaJI1 OCOOMHH, SIKi BHKOPUCTOBYBAJIH
JUTSL 3UMIBJI HAJI'PYHTOBI YKPHUTTSX aHTPO-
MIOTEHHOTO TIOXO/KEHHs. ABTOMOOLIBHI TO-
KpHUIIKH 00upaio 77% 0coOnH, IIaCTHKOBY
tapy — 11%, mnactukoBi nmaketu — 4%,
IHIIIe TUTaCTHKOBE cMITTS — 8% (puc. 2).

ISSN-L 2075-1508 FISHERIES SCIENCE OF UKRAINE « Ne 3/2023




WINTERING OF THE EASTERN SUBTROPICAL FRESHWATER SHRIMP (MACROBRACHIUM
NIPPONENSE DE HAAN, 1849) IN THE CONDITIONS OF THE DNISTER RIVER BASIN

Injured
Finding, % M. nipponense, %
50 20
45 18
40 16
35 14
30 12
25 10
20 8
15 6
10 4
5 2
0 0
Flooded snags Roots of higher Sheaves of Cracks between
plants flooded grass stones and soil

# Frequency of detection M. nipponense during wintering in the Lower Dniester River

== Injured M. nipponense, %

Fig. 1. Findings of M. nipponense during wintering in the Lower Dniester River
basin in aboveground shelters of natural origin

Frequency of detection Injured
M. nipponense, % M.nipponense, %
90 100
80 90
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70 \\ 80
€0 \ 70
60
50
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40
40
30 \ 30
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0 N NN 7272 7
Car tires Plastic food Plastic bags Other plastic
containers garbage
M Frequency of detection M. nipponense, % B Injured M. nipponense, %

Fig. 2. Findings of M. nipponense during wintering in the Lower Dniester River
basin in aboveground shelters of anthropogenic origin
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ral origin, injured shrimp used less reli-
able but more accessible anthropogenic
shelters (plastic containers, bags and other
garbage).

The results of the study indicate the ad-
aptation and unpretentiousness of shrimps
in the selection of various substrates of an-
thropogenic origin in the Lower Dniester
basin as shelters for wintering.

Assignificant share of the shrimps (more
than 59%) was buried in the soil (soil shel-
ters) for the winter. The mechanisms of
burying in the soil as well as the advan-
tages when choosing certain soil substrates
during the wintering period were studied
experimentally.

It was found that the vast majority of
M. nipponense individuals, which were
buried in the soil, had approximately the
same typical body position (Fig. 3).

Shrimps were placed in the soil at dif-
ferent angles (in most cases — 45°), their
whiskers were located in the upper part of
the soil bed, and the tail part (telson) in the
lower part.

To determine the advantages of M.
nipponense when choosing the substrate
of the soil bed for wintering, the experi-
ment used soil mixtures of different com-
position, which were similar to natural

Sk 1 TIpH 3UMIBII B YKPUTTSAX MPHUPOJI-
HOTO TIIOXOJDKSHHsI, TpPaBMOBaHI KpeBeT-
KM BHKOPHCTOBYBAJIM MEHIN HaJiiHI, aje
OLIbII JOCTYIHI AHTPOINOICHHI YKPUTTS
(TMJTaCTHKOBY Tapy, MAKETH Ta 1HIIE CMITTH).

Pesynbratit JOCIiKEHb CBiYaTh Hpo
aJanTanio Ta HEBHOAIIMBICTH KpPEBETOK
1010 BUOOPY B SIKOCTI YKPUTTIB JUIS 3UMIBII
PI3HOMaHITHUX CyOCTpPaTiB aHTPOIIOTCHHOTO
MIOXOIKEHHS B OaceliHi HkHboro JlHicTpa.

3HayHa YacTHHA KpeBeToK (moHax 59%)
3aKOITyBaJIacsl Ha 3UMIBIIIO B IPYHT (IPyHTOBI
YKpUTTS). MeXaHi3MH 3aKOIyBaHHS B IPYHT,
a TaKOX MepeBary pu BUOOP1 TUX UM HIINX
IPYHTOBHX CYOCTpaTIB y Iepioj 3UMIBII J0-
CITPKYBAITHCh KCIIEPUMEHTAIIBHO.

BceranoBneHo, mo TmiepeBakHa Oilib-
micTb 0cOOUH M. nipponense, siKi 3aKoIly-
BAJINCH B IPYHT, Maja MPUOIH3HO OJHAKO-
BE, XapaKTepHE MOJIOKEHH Tina (puc. 3).

PakoroiOHI po3MilyBaliuch y IPyHTI
i pi3HUM KyToM (y OUIBIIOCTI BUIIAJKIB
— 45°), iXHi Byca 3HaXOJWJINCh Y BEPXHIH
YaCTHHI I'PYHTOBOI MOJYIIKH, a XBOCTOBA
YyacTrHA (TEJIbCOH) B HIDKHIH.

Jns  Bu3HayeHHs ~ mepeBar M.
nipponense Tpu BHOOpI cyOcTpary IpyH-
TOBOi MOJYNIKK JUIS 3UMIBJI B €KCIIEpH-
MEHTI BHKOPHUCTOBYBAJIM I'PYHTOBI CyMiIlni
pi3HOrO CKJIafy, sKi Oynu nofiOHi npupos-

/N

V4

Fig. 3. The common geometry of the body of M. nipponense in the soil bed (0 —
the position of the body in the soil; 1 — whisker direction vector; 2 — telson direc-
tion vecto; 3 — the upper part of the soil bed; 4 — the lower part of the soil bed)
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— Number of M. nipponense individuals buried in the soil, %

g Survival rate of M. nipponense after wintering, %

WINTERING OF THE EASTERN SUBTROPICAL FRESHWATER SHRIMP (MACROBRACHIUM

NIPPONENSE DE HAAN, 1849) IN THE CONDITIONS OF THE DNISTER RIVER BASIN

substrates in places of mass wintering of

shrimps (Table 1).

It was found that healthy (without de-
fects) shrimps always preferred sandy soils

— mixture No. 10 or those containing sand
— mixtures No. 5, 6, 7 during the wintering

period (Fig. 4).

The more shrimp were buried in the soil,
the higher was the percentage of their sur-

Table 1. Composition of soil beds used

tering per

win

Clay (%) 90%, rubble () 10%

Clay (t) 60%, rubble
Chernozem (+) 90

Chernozem (t) 60%, rubble (+) 40%

Sand (+) 90%, rubble () 10%
Sand (+) 60%, rubble (+) 40%

Sand () 50%, rubble () 30, clay (+) 20%

Clay (+) 100%

Chernozem (+) 100%

Sand (+) 100%,

Rubble (+) 100%

Number of individuals
buried in the soil, %

100

80

60 -

40

20

Fig. 4. Selection of soil for wintering and the effect of soil bed on th survival of

M. nipponense
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vival during the wintering period (1-0.926).

Regardless of soil composition, there
was a tendency (tst — 0.685) to increase the
survival of healthy individuals of M. nip-
ponense in the presence of a thicker soil
layer at the bottom of tanks (Fig. 5).

The composition of the soil bed affect-
ed the depth of burial of M. nipponense
during wintering (Fig. 6). Shrimps were
buried to the maximum depth in the soil,
which consisted of sand, sand-gravel mix-
ture, and chernozem, or chernozem with
gravel inclusions. At the same time, the
survival of wintering individuals was in-
versely dependent on the depth of burial,
the shallower the shrimp were buried, the
higher was the percentage of survival of
wintering individuals (r — 0.897).

Approximately half (45-47%) of
shrimps did not burrow into the soil but
used aboveground shelters for wintering.
In order to find out the effect of the phys-
ical condition of shrimps on the choice of
the type of shelter (aboveground or soil)
and survival during the wintering period,

Survival rate of M. nipponense
during wintering, %
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80

70

60

50

40

30

20

10

0

R B IS,

&

L S

5

Fvee
Bl

b

s

s

1 2 3 4 5

IPYHT, TaM BUIIE OyB BIJICOTOK X BHIKH-
BaHHS B nepioa 3uMiemi (r — 0,926).

HesanexHo Bij CKiIaay IPyHTIB, CHO-
crepiranace Tenaenuis (t, — 0,685) no
30UTBIICHHS BIDKUBAHHS 3JI0POBHX OCOOHH
M. nipponense 3a HaSBHOCT1 OUITbIII TOBCTO-
TO Iapy IPyHTY Ha JiHi OaceiiHiB (puc. 5).

CkJa rpyHTOBOT MOIYIIKY BILTMBAB Ha
IMOWHY 3aKoIyBaHHS M. nipponense mij
yac 3uMiBii (puc. 6). Ha MakcumanbHy
INOWHY KPEBETKH 3aKOMYBAINCH B TPYHT,
SIKUHM CKJIalaBcsl 3 MICKY, MillaHO-TpaBiid-
HOI CyMIillli Ta YOPHO3eMy 200 YOPHO3EMY
13 BKJIIOUEHHAMH Tpasito. PaszoM 3 Tuwm,
BIDKMBAHHS 3UMYIOUMX OCOOMH 3HAXOIH-
JIOCh B 3BOPOTHIH 3aJIe’KHOCTI Bia rrOu-
HU 3aKOITyBaHHS: MM Ha MEHIIY TITHOMHY
3aKOITyBaIMCh KPEBETKU, TUM BUIIUM OYyB
BiJICOTOK BIDKHBAHHS 3UMYIOUHX OCOOHH
(r—0,897).

[Mputmu3no monosuHa (45-47%) Kpese-
TOK HE 3aKOITyBaIach Y IPYHT, @ BAKOPUCTO-
ByBaJIa JIJIsl 3UMIBJII HAJIPYHTOBI YKPHUTTSL.
JUist 3°sicyBaHHS TUTAHHS BIUIUBY (Di3UUHO-
IO CTaHy KPEBETOK Ha BUOIp THITY YKPHTTS

S

e e,

&

e
R

b

i

&
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Composition of soil bed mixture

#% Mean survival rate, % , soil h=30 cm

BE Mean survival rate, %, soil h=60 cm

Fig. 5. Dependence of the survival of M. nipponense during the wintering period

on the height of the soil bed
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Maximum depth of burial
of M. nipponense in
different soils, cm
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Fig. 6. Effect of the soil bed composition on the depth of burial of M. nipponense

during wintering

we studied a group, which consisted of in-
dividuals without physical defects, those
who lacked one claw, and both claws at a
ratio of 1:1:1. It was found that injured M.
nipponense preferred aboveground shel-
ters, while non-injured ones, on the contra-
ry, preferred to spend winter buried in the
bottom soil (Fig. 7).

The maximum yield of uninjured in-
dividuals from wintering (76%) was ob-
served when they were buried in the soil.
Only up to 26% of uninjured individuals
survived in aboveground shelters of vari-
ous types.

The share of injured shrimps, which
survived in soil shelters, decreased in pro-
portion to the severity of their injury (from
41 to 3%). Aboveground shelters provided
a higher survival rate (from 62 to 97%) of
injured shrimps.

(HaarpyHToBe abo IPYHTOBE) Ta BH)KHMBaH-
HsI B IIEPioJl 3UMIBI, JOCHIIKYBaJIH IPYyILY,
sika 'y criBBimHOMIeHH] 1:1:1 ckiaganach 3
ocoOuHu 0e3 (Ppi3MYHMX Bajl, TAKUX, y SAKUX
Oyi BIJICYTHI OJIHA KJICIIHS Ta OOHJIBI
KJenHi. BcTanosneHo, o TpaBMoBaHi M.
nipponense BiAIaI0Th IIepeBary HaAIPyHTO-
BUM YKPHTTSM, & HETPABMOBaHi, HABITAKH,
BOJIIOTH MPOBECTH 3UMIBITIO, 3aKOTIABIIUCH
B IPYHT Ha (puc. 7).

MaxkcuManbHUIA BUX1JT HETPAaBMOBaHUX
ocobuH 13 3umiBni (76%) crnoctepirascs
IIpU 3aKOIyBaHHI B IPYHT. Y HaAIPYHTO-
BUX YKPHUTTSIX PI3HOTO THITy BH)KHUBAIIO
natire J1o 26% HEeTpaBMOBaHHUX OCOOWH.

YacTka TpaBMOBaHUX KPEBETOK, sIKi BU-
KIWIA B TPYHTOBUX YKPUTTSIX, 3MCHIITyBa-
JIach MPONOPLiIHO cuiIi TpaBMyBaHHS (3 41
1o 3%). HaarpynToBi ykputTs 3a0e3meqy-
BaJI BUIIUI BiJICOTOK BKUBaHHS (Big 62
110 97%) TpaBMOBAaHUX OCOOHMH KPEBETKH.
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Survival rate, %
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Wintering of M. nipponense in aboveground shelters

Wintering of M. nipponense in soil shelters

Fig. 7. The choice of the type of shelter of M. nipponense depending on the pres-
ence of injury and survival rate during wintering

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

In the Lower Dniester and Turunchuk
rivers, M. nipponense winters in
aboveground shelters or by burrowing into
the bottom soil.

The choice of aboveground shelters
for wintering depends on the physical
condition of the shrimp. Injured individ-
uals (lost claws) prefer easily accessible
aboveground shelters (sheaves of grass,
flooded snags). Individuals without de-
fects hide in cracks between plant roots
and stones.

A significant part of shrimps winters
in aboveground shelters of anthropogenic
origin.

More than 59% of shrimps are buried
in the soil wintering. Individuals without
defects prefer sandy soils or soils that con-
tain sand. The depth of burial of shrimp
depends on the composition of the soil and
the survival rate of wintering individuals is

BUCHOBKHU TA HNEPCIIEKTUBH
HOJAJIBIIOIO PO3BUTKY

VY monms3i pik Huicrep 1 TypyHuyk
KpeBeTka M. nipponense 3uMye B Hal-
IPYHTOBUX YKPHUTTSX, a00 3aKOMyIOUYHCH y
IPYHT JIHA.

Bubip ans 3uMiBIi  HaATPYHTOBHX
YKPHUTTIB 3aJI€KUTh BiJl (PI3UUHOrO cTaHy
KpeBeToK. TpaBMOBaHI 0COOMHH (BTpavcHi
KJIEIIH1) BiJ1al0Th IIepeBary JIErKOIOCTYI-
HUM HAATPYHTOBHM YKPHUTTSAM (CHOIIAM
TpaBH, 3aTOIUIEHUM KopuaM). OcoOuHH
0e3 BaJl XOBAKOTHCS B IIUIMHAX MIXK KOPiH-
HSIM POCJIMH Ta KaMiHHSM.

3HauHa YacTWHA KPEBETOK 3WUMY€ B
HAAIPYHTOBUX YKPHUTTIX aHTPOIOTEHHOT'O
TTOXOKCHHS.

[onan 59% kpeBeTOK 3aKOMyeThCs Ha
3UMIBITIO B IpyHT. OcoOuHU 0e3 Baj Bif-
JlaBajJH MepeBary Mil[aHUM IpyHTaM abo
TaKuM, 10 CKJIaay SIKUX BXOIHUB ITiCOK.
[MnbuHa 3aKonmyBaHHS KPEBETOK 3ajexa-
J1a BiJ] CKJIaqy TPYHTY, @ BIDKMBAHHS 3UMY-
IOYMX OCOOMH 3HAaXOOWJIOCS Y 3BOPOTHIM
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inversely dependent on the depth of burial.

In the process of wintering, injured
individuals prefer aboveground shelters,
while uninjured ones - bury themselves in
the soil. The survival rate of injured shrimp
in soil shelters decreased in proportion to
the severity of the injury. Maximum sur-
vival of injured individuals is ensured by
wintering in aboveground shelters.

Taking into account the perspective of
using M. nipponense in the aquaculture
of southern Ukraine, we believe that fur-
ther studies should be aimed at developing
methods to keep these shrimps in artificial
conditions during winter, capable of ensur-
ing a high yield of individuals of various
ages and physical conditions after winter-
ing.
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