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Purpose. To investigate the distribution of Macrobrachium nipponense in the Dniester river
basin in the south of Ukraine. To assess their density and diurnal fluctuations and determine their sex
ratios in different waters.

Methodology. Shrimps were caught using crayfish traps of original design with a length of 50-
200 cm and special submersible wooden boxes of 100x100x100 cm. Depths and bottom relief at the
study sites were determined using a Garmin EchoMAP CHIRP 72sv. The location was established using
a GPS unit Garmin gpsmap 78s and Google Maps 2D. The sample size was 4687 individuals, 88
locations of shrimp aggragations were detected. The diurnal population dynamics was studied at 7
sites. Sex and sex ratio of sampled shrimps where determined using a standard biological analysis.

Findings. The analysis of litertures sources showed the pathways of the spread of M. nipponense
across the territory of the republics of the USSR and the history of its acclimatization in the Dniester
River. The currents shrimp stock density and their sex ratios in different water bodis of the lower
Dniester were determined. The diurnal dynamics of changes in shrimp populations was studied at
different sites in the Dniester and Kuchurgan lagoons. It was found that the local populations of
shrimp from different waters differ significantly in terms of their numbers and sex ratios. The
circadian dynamics of shrimp population density in the Dniester and Kuchurgan lagoons had a similar
character but differed in absolute numbers.

Originality. The distribution of M. nipponense in the lower reaches of the Dniester was studied
for the first time. The abundance of this shrimp in different waters and their sex ratio were
established. The circadian dynamics of population changes in the Dniester and Kuchurgan estuaries
was studied.

Practical value. The results of the study allowed obtaining an objective biological-geographical
characteristic of M. nipponense in the conditions of the Lower Dniester basin. The obtained results
can be used to assess the state of the natural population of M. nipponense in the lower Dniester and
to determine the prospects of its use as an object of domestic fish farming and aquaculture.

Key words: Shrimp, M. nipponense, Lower Dniester, introduction, natural population, density,
sex differences.
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Ljeab pabomel. Viccnedosame pacripocmpaHeHue Macrobrachium nipponense Ha meppumopuu
t02a YKpauHsl 8 bacceliHe HuucHez20 [JHecmpa. OyeHUMs NA0MHOCMb KpesemKu U ee CymouyHble
Kosne6aHUS, yCMaHo8uUmb COOMHouweHue oo’k £€8 pasnuyHbIx akeamopusXx.

Memoouka. []na oma08a KpesemoK UCos163080U A08YWKU MUna paxkoaosku 0auHol om 50-
200 cm opueuHanbHol KOHCMPYKUUU U crneyuasnsHele nozpyxcHole 0epessHHble Kopoba pasmepom
100x100x100 cm. aybuHsl u penvegh OHa 8 Mecmax rposedeHuUs uccaedosaHuli onpedenanu c
nomowjbto axonoma Garmin EchoMAP CHIRP 72sv. JloKayuto ycmaHaenusanu ¢ MOMOWbIo
cnymHukosozo GPS Hasuzamopa garmin gpsmap 78s u google maps 2d. O6vem s8bibopku cocmasuna
4687 9K3. KpesemokK, ycmaHosneHo 88 snokayull ckonaeHul KpesemokK. Cymo4Hyro OUHAMUKY
YUC/IEHHOCMU U3y4anu Ha 7 CMAYUOHAPHbIX cmaHyusax. [lpu nposedeHUU cmaHOApPMHO20
6U0/102U4ECK020 AHAU3A Y KPesemoK onpedensnu: nos, U COomHoweHue oo’k 99,

Pe3synomamel. Ha ocHose aHOAU3G AUMEPAMYpPHbIX UCMOYHUKO8 YCMAHo8neHsl nymu
pacripocmpaHeHus Kpesemok M. nipponense Ha meppumopuu pecnybauk CCCP u ucmoputo
aKkaumamusayuu ee 6 p. [Hecmp. OnpedesneHa COBPeMeHHAA MMAOMHOCMb KpesemKu U
COOMHOWEHUE 0108 8 PA3/IUYHbIX AKBAMOPUAX HUXHe20 [Hecmpad. Ha cmayuoHapHbIX CMaHYUAX
8 [lHecmposckom U KyuyypeaHCKOM AUMGHAX UCCAe008asaCb CYMOYHasA OUHAMUKA U3MeHeHul
YucsneHHOCMU KpeesemkKu. YcmaHo81eHo, Ymo no noKa3ameaam YUucAeHHOCMU U COOMHoOWeHUs o'o’u
P9 0KanbHble MNONyAAUUU KpesemKku C pPasHbIX aKeamopulli 3HAYUMENbHO pPa3aAuYaromcs.
LlepkadHasa OuHamuKka naomdocmu nonyaayuli Kpesemku e [Hecmposckom U KydypeaHcKom
AUMAHAX uMesa cXo0HbIl Xapakmep HO 0mMAUYAAacs o abcoMomHbsiM MOKA3aMesam.

HayyHas Hoeu3Ha. Briepsbie ucciedo8aHoO pacnpocmpaHeHue UHmMpooyyeHmel - Kpesemku M.
nipponen 8 HU308bsX [lHecmpa. YcmaH0o8seHO YUCAEHHOCMb KpesemkKu 8 pa3/IuYHbIX K8AMOpUAX U
coomHoweHue oo u 99 UcnedosaHa UYupKaOHAA OUHAMUKA U3MeHeHull YucaeHHocmu 8
JHecmposckom u Ky4ypeaHCKOM AUMAHGX.

Mpakmuyeckaa 3Ha4umocme. Pe3ysnemamel uccaedosaHuli Mo3eonunu 0ames 0b6vbeKMuUBHy
3K0s1020-6UOM02UYECKYIO XapakmepucmuKy M. nipponense 8 ycnosusx bacceliHa HuxcHe20 [Hecmpa.
MonyyeHHble pe3ynbmamel mo2ym b6bimb UCMOA6308GHbI 07 OUEHKU COCMOAHUA MNpupoOHol
nonyaayuu M. nipponense HuxHe2o [Hecmpa u onpedesneHUs nepcrnekmus ee ucrnosnb308aHuU 8
Kayecmee 06bekma ome4yecmeeHH020 pblb6080OCMBA U AKBAKYAbMYPbI.

Knrouessle cnosa: Kpesemka, M. nipponense, HuxcHul [JHecmp, uHMpPoOdyKyus, ecmecmeeHHAA
nonynAyus, NA0mMHOCMe, M0a1080€ COOMHOWEeHUe.

OOCNIAMEHHA LWINbHOCTEA CKYNYEHHA CXIAHOI
NPICHOBO/JHOI KPEBETKU (MACROBRANCHIUM NIPPONENSE
DE HAAN, 1849) B BACEMHI HUXHbOTO AHICTPA
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Mema. [ocnidumu nowupeHHa Macrobrachium nipponense Ha mepumopii nieOHA YKpaiHu y
baceliHi HUXHb020 [Hicmpa. OyiHUMU WinbHicme Kpesemku ma ii 00608i KOAUBAHHA, BCMAHOBUMU
CnigiOHOWEHHA 00”00 £9 8 Pi3HUX AK8AMOPIAX.

Memoouka. []na susno8y KpesemoK 8UKOPUCMO8Y8AAU NACMKU murly paKosi08KU OOBHUHOHK
8i0 50-200 cm opu2iHanbHOI KOHCMPYKUii ma cneyianbHi no2pyxcHi 0epes’saHi Kopobu po3mipom
100x100x100 cm. [aubuHu ma penved OHA 8 Micysx npPosedeHHSA 00CAiOH(eHb B8uU3HAYAAU 34
donomoezoro exonioma Garmin EchoMAP CHIRP 72sv. /JloKauito 6cmaH06t08aau 3a 00MOMO20H0
cynymHukosoz2o GPS Hasizamopa garmin gpsmap 78s ma google maps 2d. Obcsz subipku cmaHosun
4687 eK3. KpesemKu, ecmaHosneHo 88 sokauili cKynyeHHA Kpesemok. [obosy OuHamiky

ISSN-L 2075-1508 PUBOT'OCIIOJJAPCBKA HAYKA VKPATHH * Ne 2/2020



DENSITY OF LOCATION OF THE EASTERN FRESH SHRIMPS (MACROBRANCHIUM NIPPONENSE
DE HAAN 1849) IN THE LOWER RIVER BASIN DNISTER

YyucesnbHOCMI 8UBYAAU HA 7 CMAYiOHAPHUX cmaHuisx. [pu nposedeHHi cmaHAapmHozo bionoziyHo20
aHanizy y Kpeeemok 8U3Ha4asau: cmame, ma cnigioHoweHHA o’o’0o £%.

Pesynomamu. Ha ocHosi aHanisy snimepamypHux Oxcepes 8CMAHO87AeHi  WAAXU
pO3Mo8Cco0XEeHHA KpesemoK M. nipponense Ha mepimopii pecrybnik KoauweHobo2o CPCP, icmopis

BusHauyeHa cyvyacHa wineHicme KpesemKku ma criiegioHoweHHA cmameli 8 pi3HUX aKeamopisax
HUMCHb020 [IHicmpa. Ha cmayioHapHux cmaHyiax y HicmposcbKomy ma Kyyyp2aHCbKOMY AUMAHAX
docnioxysanace 0obosa OuHAMIKAG 3MIiH 4YucesnbHOCMi Kpesemku. BcmaHoseneHo, wo 3a
MOKA3HUKAMU YucesnbHOCmi ma criggidHoweHHA 0" i 99 AoKanbHIi nonynayii Kpeeemku 3 pisHUX
akeamopili 3HAYHO pi3HAMbCA. LlepkadHa OuHamika wjinbHocmi nonyasayili kpesemku y
JHicmposcekomy ma Ky4yypeaHCbKOMY AUMAHAX Manaa cxoxulli xapakmep ane 8i0pi3HAAAce 3a
abCcoMOMHUMU MOKA3HUKAMU.

Haykoea Hoeu3Ha. Briepwe 00cnidweHo po3noscro0XeHHA iHmpodyueHmu — Kpesemku M.
nipponen e noHu33i /[lHicmpa. BcmaHo8s1eHO 4ucesbHiCMb KpesemKu 8 pi3HUX akeamopiax ma
cnigsiOHoWweHHA o'’ i 99, BussneHa UUPKaoHa AUHAMIKa 3MiH YucenbHocmi 'y [IHicmposecekomy ma
Ky4yypaaHcbKOMY AUMAHGX.

MpakmuyHa 3Hayumicme. Pe3yanbmamu 0ocnioxceHs 00380aunu 0amu 06'eKmusHy eKkosno20-
bionoeiyHy xapakmepucmuky M. nipponense 8 ymosax b6aceliHy HuxHbo20 [Hicmpa. OmpumaHi
pesyabmamu  mMoxyme 6ymu eukopucmadi 048 OUYiHKU CMAHYy npupooHoi  nonyaayii
M. nipponense HuxHbo20 [HiCmMpa ma 8uU3HA4YeHHA nepcrnekmus ii BUKOPUCMAHHA AK 06°ekmy
8iMYU3HAHO20 PUBHUYMBA MA AKB8AKYAbMYPU.

Kntouoei cnoea: Kpesemka, M. nipponense, HuxHil [Hicmep, iHMpoOyKuyis, npupooHa
nonynAayis, WinbHicms, cmamese criegioHOWeHHS.

PROBLEM STATEMENT AND ANALYSIS OF LATEST
RESEARCH AND PUBLICATIONS

Since the beginning of the twentieth century the problem of biological invasions of
alien species has become more acute, and there has been a significant increase in alien
species in areas quite far from their natural ranges. This phenomenon is global and
significantly affected aquatic ecosystems, including those that belong to the Black Sea
catchment, where the number of new species of flora and fauna has increased in recent
decades [7, 12].

In autumn 2013, several specimens of M. nipponense were caught in a crayfish trap
in the Dniester River near Tiraspol by a student of the Faculty of Geography of the
Taras Shevchenko Transnistrian State University. Thus, 27 years after the introduction
of this species into the Kuchurgan reservoir, it was able to: acclimatize in the reservoir,
adapt to low temperatures, establish a stable natural population capable of effective
reproduction, penetrate into the Turunchuk Strait where it spread upstream, penetrated
into the Dniester River reaching Tiraspol [12].

According to Google Maps, the distance covered by this shrimp from the
Kuchurgan Reservoir to Tiraspol was about 70 km or 2.5 km per year [12, 15].

In July and August 2013, Odessa scientists Stepanko N. and Gubanov V. identified
shrimp M. nipponens in the Dniester lagoon during the sampling of benthic fauna in the
waters of the Dniester estuary near the village Nikolaevka. The shrimps sampled were
two females with eggs. Sampling was carried out with a net with a mesh size of 10 mm
on the coastal area with muddy bottom. Later, in the northern part of the Karagol Bay,
rangers of the State Protection Service of the Lower Dniester National Nature Park
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found another 6 specimens in poachers’ traps (mesh size of 18-20 mm). Forty eight
individuals of M. nipponens of different age groups including one egg-laden female
were caught in a fish pond near the village Mayaki at a depth of 0.5 m [11].

Interviewing of local fishermen confirmed the presence of M. mipponens in the
Dniester and Turunchuk rivers [11, 12, 14].

In 2016, Head of the Department of Aquatic Bioresources and Aquaculture, Odessa
State Ecological University Shekk P. and junior research scientist (graduate student) of
the Department of Aquatic Bioresources and Aquaculture of Odessa State Ecological
University Astafurov Yu. initiated complex works on the study of the distribution of M.
nipponens in the lower reaches of the Dniester River [14, 15].

The area of the lower Dniester as a whole is interesting by very drastic and rapid
changes in the environmental conditions for a short period of time starting from 1986.
Thus, the interaction of "biogeography" with the practice regarding the problem of
biotic invasions is necessary [11, 14].

The importance of the topic is enhanced by the fact that works in this area is
actively carried out in the United States, Britain, Sweden, France, Australia and other
countries. In Ukraine, such studies have not been conducted systematically, and the
materials available in the literature are fragmentary and incomplete and require analysis
and generalization. This is necessary to initiate more detailed studies in this direction [5,
13].

SELECTION OF UNRESOLVED PARTS GENERAL PROBLEM.
THE PURPOSE OF THE WORK

To date, the study of the distribution of M. nipponens in the lower Dniester has not
been conducted. There are only fragmentary data on the occurrence of individual
shrimp in different waters. The formation of M. nipponens aggregations, their density
and sex ratio in the Dniester river basin has also not been studied.

MATERIALS AND METHODS

The study was conducted from 2016-2019 on coastal sites of the Dniester River in
lagoons and lakes. M. nipponens were caught with crayfish traps of original design with
a length of 50-200 cm and special submersible wooden boxes of 100x100x100 cm.
Depths and relief of the bottom at the sampling sites were determined using a Garmin
EchoMAP CHIRP 72sv. The standard biological analysis of shrimps included the
determination of their sex and sex ratio. In total, 4687 specimens were analyzed.
shrimp, 88 locations of shrimp aggregations were established. Monthly continuous
observations were performed at 7 sites.

Species identification of shrimps was performed using the appropriate
identification keys [2, 10]. The location was recorded using a GPS navigator Garmin
Gpsmap 78s. Statistical data processing was performed in Microsoft Excel.

RESEARCH RESULTS AND DISCUSSION

M. nipponense were found in brackish waters of estuaries, lagoons, along sea
coasts, as well as at great distances from the sea: rivers with large amounts of aquatic
vegetation with sandy or muddy bottoms [6, 16, 17, 18].
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The native range of M. nipponense covers China, Japan, Korea, Vietnam,
Myanmar and Taiwan. As a promising object of aquaculture, it was introduced into the
water bodies of Singapore, Philippines, USA, Israel, Iraq, Iran, India, the republics of
the former USSR (Russia, Belarus, Moldova, Kazakhstan, Tajikistan) and other
countries [1, 4 6, 8, 19, 20, 21, 22] (Fig. 1).

4 L

i'

Fig. I. Introductory shrimp scheme M. nipponense from China - 1 to Russia -
2, Belarus - 3, Pridnistrov’ya (Moldova) - 4 and Ukraine - 5

M. nipponense was introduced into the Kuchurgan Reservoir from the
Berezovskaya GRES reservoir. The stocking density of M. nipponense in the reservoir
in 1986 was about 2 ind./ha and this was enough to obtain a positive effect of
acclimatization [3].

Since the end of 1987, the population abundance in the reservoir was assessed as
0.6 million individuals, and it increased to almost 1.5 million individuals in 1988. Due
to favorable ecological conditions, the growth rate of this shrimp in the Kuchurgan
Reservoir was higher than in the parent reservoirs of Southeast Asia and the cooling
reservoirs of the Berezovskaya GRES [3, 7, 9, 12].

The population of freshwater shrimp in the Kuchurgan reservoir was dominated by
males. The shrimp population in the reservoir showed high potential reproductive
capacity (fertility), which also contributed to the successful naturalization of the species
[3,7,11,12].
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Fig. 2. Locations of M. nipponense sampling sites in the lower reaches of the
Dniester River.

The locations of M. nipponense shrimp in different waters of the Lower Dniester
were determined from the shores, bridges and boats using a GPS navigator.

The highest abundance of M. nipponense was recorded in the Dniester lagoon
(coordinates 46.209311, 30.7742). The density of shrimp per 1 m? here reached 17
individuals * m?. Males predominated in the aggregations (sex ratio - 11: 6). The
minimum density of shrimp (2.2 individuals * m?) was observed in the Bile Lake
(coordinates 46.447324, 30.187776). The sex ratio here was 1: 1 (Fig. 3).
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Fig. 3. Sex ratio and the density of M. nipponense in the water bodies of the
lower Dniester

The density of shrimps in some water bodies of the lower Dniester varied
significantly (4-9 times) during the day. The largest fluctuations in the numbers of
shrimp were observed in the Dniester lagoon (coordinates 46.209311, 30.7742) and
Kuchurgan lagoon (coordinates 46.636726, 29.957984). On-site observations at these
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two stations showed that the number of shrimp in the Dniester lagoon was higher than
in the Kuchargan lagoon (Fig. 4).

18

10 -~

Density instance / m?

Dniester estuary Kuchurgan estuary

Place of experiments

® Density instance /m? % I o Y9

Fig. 4. Density and sex ratio of M. nipponense articles at two sampling sites in
the Dniester and Kuchurgan lagoons.

Such a population structure may indicate more favorable conditions for M.
nipponense that have developed currently in the Dniester estuary.

It was found that the density of M. nipponense changed significantly during a
day. A study of the dynamics of the abundance and density of shrimps at sampling
sites in the Dniester and Kuchurgan lagoons showed that the diurnal fluctuations in
their abundances had similar dynamics. The maximum abundance of shrimps was
observed at four o'clock in the morning, gradually decreasing to 9 o'clock, followed
by a sharp drop from 9 to 12 o'clock. In the next period from 12 to 24 hours, the
density of shrimps was at a minimum, relatively stable level. From 1 o'clock at
night there was a gradual increase in the number of shrimps to a maximum at four
o'clock in the morning. It should be noted that this process was more dynamic in the
Dniester lagoon and the fluctuations were more significant than in the Kuchurgan
lagoon (Fig. 5).
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Fig. 5. Diurnal dynamics of M. nipponense density in open areas of Dniester
and Kuchurgan lagoons (sampling sites)

BIOPECYPCH TA EKOJIOTISI BOLJOWUM



P. SHEKK, YU. ASTAFUROV

CONCLUSIONS AND PROSPECTS FOR FURTHER DEVELOPMENT

The rapid development of the world economy is a powerful anthropogenic factor
that affects the distribution of plants and animals in terrestrial and aquatic ecosystems.
Directed acclimatization and unauthorized introduction of organisms often leads to
reversible, or more often, irreversible changes in biocenoses. The results of such
changes require careful studies and evaluation.

M. nipponense, which penetrated into the Kuchurgan reservoir under the Soviet
program of compensatory stocking in 1986, took its place in the benthic community of
the biocenosis and established a stable population.

Currently, M. nipponense have spread to the lower reaches of the Dniester River,
successfully reproduce, and their number is constantly growing. The highest density of
M. nipponense was recorded in the Dniester lagoon (17 individuals « m), the lowest in
the Bile Lake (2.2 individuals « m™2). Their sex ratio also differed significantly in
different areas: from 1: 1 (Bile Lake) to 11: 6 (Dniester lagoon).

The density of M. nipponense varied significantly during a day. Thus, at sampling
sites in the Dniester and Kuchurgan lagoons, diurnal fluctuations in their abundance a
similar dynamics. The maximum number of shrimp was observed at four o'clock in the
morning, gradually decreasing to 9 o'clock. In the period from 12 to 24 hours, the
density of shrimp was at a minimum, relatively stable level. From 1 o'clock at night
there is a gradual increase in the number of shrimp to a maximum. In the Dniester
lagoon, the process was more dynamic, and the fluctuations were more significant than
in the Kuchurhan lagoon.

The life cycle of M. nipponense in the Dniester River basin is synchronized and
associated with natural rhythms that occur in their natural habitat.
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