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Abstract. For the first time, a freshwater prawn of the genus Macrobrachium Spence Bate, 1868, earlier 
unknown for the basin of the Azov Sea, was recorded in the lower reaches of the Don River in September, 
2019. Based on their morphological characteristics, the found specimens were identified as M. nipponense 
(De Haan, 1849). This work presents the results of genetic analysis confirming the species status of the 
prawn, and also reports on new discovery and spreading of this species in the Don River. Oriental river 
prawn M. nipponense is a subtropical species, in its natural range widespread in Southeast Asia. Since the 
middle of the 1960s, this species is rapidly expanding its range in Eurasia. In a temperate climatic zone 
within the area of the former USSR, this thermophilic species was introduced in cooling ponds of thermal 
power plants (TPP). Acclimatization of M. nipponense was carried out as a part of warm-water aquaculture 
in order to improve the food supply of fish and enrich the fauna of TPP cooling ponds. This paper summarizes 
the available information about the formation of stable populations of M. nipponense within the area of the 
former USSR countries, as well as an assessment of the risks of invasion in the Don River.
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Аннотация. Ранее не известные для бассейна Азовского моря пресноводные креветки рода 
Macrobrachium Spence Bate, 1868 были впервые зарегистрированы в нижнем течении р. Дон в 
сентябре 2019 г. По морфологическим признакам найденные экземпляры были идентифицированы 
как M. nipponense (De Haan, 1849). В данной работе приведены результаты генетического анализа, 
подтверждающего видовой статус креветок, а также сообщается о повторной регистрации вида в 
р. Дон. Восточная речная креветка М. nipponense — субтропический вид, в естественном ареале 
широко распространенный в Юго-Восточной Азии. Примерно с середины 1960-х гг. вид стремительно 
расширяет свой ареал в Евразии. В умеренном климате на территории стран бывшего Союза ССР этот 
теплолюбивый вид креветок был интродуцирован в водоемы-охладители тепловых электростанций. 
Акклиматизацию М. nipponense проводили в рамках развития тепловодного направления аквакультуры 
с целью улучшения кормовой базы рыб и обогащения фауны водоемов-охладителей. В работе 
обобщаются имеющиеся в доступной литературе сведения о формировании М. nipponense устойчивых 
популяций на территории стран бывшего Союза ССР, а также дается оценка рисков инвазии в р. Дон.

Ключевые слова: pакообразные, пресноводная креветка, чужеродный вид, тепловодная
аквакультура

INTRODUCTION
Oriental river prawn Macrobrachium nipponense 

(De Haan, 1849) in its native range is widespread in the 
countries of Southeast Asia, including Japan, China, 
Korea, Vietnam, Myanmar, and Taiwan [1–4]. In its 
natural range in Russia, M. nipponense (=Palaemon 
asper Stimpson, 1860) is recorded in the Lake Khanka 
on the border with China [5].

Oriental river prawn is a popular aquaculture target. 
This species ranks the 2nd in the world after the giant 
river prawn Macrobrachium rosenbergii (de Man, 
1879) in terms of its production [6]. According to the 
FAO, aquaculture farms produce up to 250 thousand 
tons of marketable prawns annually [7]. The main 
producer is China, which accounts for most of the total 
production.

The fi rst prawns were introduced to fi sh farms in the 
countries of the former Soviet Union by chance at their 
larval stage with fi sh. In the early 1960s, the prawn 
M. nipponense was introduced with juvenile grass carp 
Ctenopharyngodon idella (Valenciennes, 1844) into 
the cooling pond of the hydroelectric power plant in 
the Moscow Region, where it successfully acclimatized 
and formed a stable population [8]. Around the same 
years, this prawn was brought to one of the largest 
farms of Uzbekistan—the Akkurgan fi sh farm [9].

Successful naturalization of this thermophilic 
subtropical species in reservoirs supplied with warm 
water made it possible to assess the high potential of 
the oriental river prawn as a target for warm-water 
aquaculture [9]. Since the late 1960s, this prawn has 
been purposefully brought into the cooling ponds of 
the hydroelectric power plants. In 1967, the prawn was 
introduced into the fi sh farm of the Zainsk Reservoir 
(the Republic of Tatarstan, Russia), where it was 

supplied along with juveniles of grass carp and silver 
carp Hypophthalmichthys molitrix (Valenciennes, 
1844) [10]. In 1982, a large batch of M. nipponense 
(1.5 thousand individuals) was brought to the cooling 
pond of the Berezovskaya Hydroelectric Power Plant 
(Belarus) in order to develop biotechnical methods 
for prawn cultivation [8]. By 1985, this population 
had reached 2 million individuals [11], which made it 
possible to actively develop this area of aquaculture 
and use the formed population for transfer into other 
water bodies of the USSR [9].

In 1986, this prawn was brought from the 
cooling reservoir of the Berezovskaya Hydroelectric 
Power Plant to the Kuchurgan Estuary (the cooling 
reservoir of the Moldavskaya Hydroelectric Power 
Plant (Moldova)) [12, 13]. It is also known of the 
introduction of M. nipponense into the cooling ponds 
of Primorskaya Hydroelectric Power Plant, Ryazan 
Hydroelectric Power Plant, Kursk, Smolensk and 
Kalininsk Nuclear Power Plants (Russia) [9, 14].

The purpose of these large-scale acclimatization 
measures, which were carried out throughout the 
country, was to increase the effi  ciency of using heated 
waters, improve the food supply for fi sh, and enrich the 
fauna of cooling ponds [15]. It was assumed that the 
acclimatization of M. nipponense in reservoirs supplied 
with warm water would not lead to an uncontrolled 
spread of the species, since under natural conditions 
of temperate latitudes the species would not be able to 
reproduce eff ectively [10, 11].

However, the materials of recent years have shown 
that this species is actively spreading not only in the 
countries of Central and Southeast Asia [16–18] under 
favourable conditions for reproduction in terms of 
temperature, but also in the northern edge of its range, 
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where M. nipponense was previously recorded only in 
zones of anomalous temperatures [8, 13, 19].

In the Azov Sea Basin, the fi rst two specimens of 
M. nipponense were found in 2019 near a nameless 
island on the Don River below the village Arpachin 
[20]. The new fi nding of the prawn, discussed in this 
article, indicates the continuation of the expansion of 
this species. This work reports on the repeated fi nding 
of M. nipponense in this water body and presents the 
results of genetic analysis of this prawn. It should be 
noted that the genus Macrobrachium Spence Bate, 
1868 is rather diffi  cult for identifi cation. Its taxonomy 
is based mainly on the morphological characters 
of sexually mature males [4, 5, 9]. Identifi cation of 
juveniles and females is sometimes diffi  cult, and in 
some cases is not possible, therefore, the diagnosis of 
the species by morphological criteria is recommended 
to be confi rmed by genetic studies [4, 21].

Thus, the main goal of this work was to clarify the 
species diagnosis of this prawn, as well as to present 
new data on the occurrence of this species in the Don 
River Basin.

MATERIALS AND METHODS

In October 2020, several prawn specimens were 
caught by fi shermen in the delta of the Don River in the 
Mokraya Kalancha Channel (Fig. 1). Two specimens 
were transferred to the Laboratory of Hydrobiology 
of the Azov-Black Sea Branch of the Russian Federal

Research Institute of Fisheries and Oceanography
(Rostov-on-Don).

The prawns were measured using a caliper with 
an accuracy of up to 0.1 mm with respect to three
parameters: total body length (from the rostrum end 
to the telson end), standard length (from the posterior
margin of the eye orbit to the telson end), and carapace 
length (from the posterior margin of the eye orbit to 
the middle of the dorsal part of the posterior margin of 
the carapace) [22]; they were weighed on a Shimadzu 
AX-120 electronic balance with an accuracy of 0.001 g 
after their preliminary drying on fi lter paper.

Genomic analysis. The genomic DNA was isolat-
ed from the muscle tissues of prawns by the column 
absorption method (PALL) [23]. The DNA concentra-
tion was determined with a Max-Life H100 fl uorimeter 
(MVM-Diagnostics LLC, Russia) using dsDNA-500 
kit. The nucleotide sequence of the COI gene was
determined and analyzed using universal primers: 
LCO 1490 (5'-ggtcaacaaatcataaagatattgg-3') and 
HC02198 (5'-taaacttcagggtgaccaaaaaatca-3') [24]. The 
polymerase chain reaction (PCR reaction) was carried 
out at a total volume of 15 μL: 5 μL of 2.5× reaction 
mixture for PCR-RV (NPF Syntol LLC), 10 pmol of 
each primer, and 20 ng of DNA. PCR was carried out 
in a T100 thermal cycler (Bio-Rad) according to the 
following scheme: preliminary DNA denaturation
at 95 °C for 10 min; synthesis of PCR products,
30 cycles, melting at 94 °C (20 s), primer annealing 

Fig. 1. Map of the locations (indicated by arrow) of fi rst (a) and second (b) fi ndings of M. nipponense in the Don River 

Рис. 1. Карта с указанием мест (обозначены стрелками) первой (a) и повторной (b) находки M. nipponense в
р. Дон
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at 48 °C (40 s), DNA synthesis at 72 °C (60 s); fi nal 
building of chains at 72 °C, 10 min. The result of
amplifi cation was tested by electrophoresis in 1.8 % 
agarose gel stained with ethidium bromide. The COI 
gene of mitochondrial DNA was sequenced using the 
same primers in both directions with a Nanofor 05
sequencing device (EZAN, Russian Academy of
Sciences) with the BRILLIANT DYE™ Terminator 
Kit (v. 3.1) (NimaGen, Netherlands).

The obtained primary data were processed in the 
“Analysis” software program (SINTOL, Russia), 
followed by the analysis and alignment of the sequences 
in the Chromas Pro software package [25]. The 
homologous nucleotide sequences were determined by 
the COI gene using the BLAST software program in
the GenBank [26] and BOLD (Barcode of Life 
Database) genetic databases [27]. The phylogenetic 
analysis used the COI sequences presented in the 
studies of M. nipponense: KY977498.1–KY977502.1, 
KY977505.1 [28], MK412772.1 [4], DQ656415 [21]. 
The degree of proximity was analyzed in the MEGA5 
software package [29] by the maximum parsimony 
(MP), maximum likelihood (ML), and neighbor-
joining (NJ) methods according to the Tamura–
Nei model [30]. The bootstrap method using 1000 
pseudoreplications was used as a statistical test. The 
phylogenetic trees constructed by diff erent methods 
of analysis are topologically very similar; below, 

the article describes only the tree constructed by the 
neighbor-joining (NJ) method.

RESULTS AND DISCUSSION

Both specimens caught in October, 2020 were
identifi ed as females of M. nipponense (Decapo-
da: Palaemonidae) [5]. The largest prawn (Fig. 2) 
had the total body length 55.5 mm, their standard 
length was 46.2 mm, carapace length was 12.5 mm, 
weight was 1.705 g. The second specimen had similar
parameters: 48.9 mm, 40.0 mm, 11.2 mm, and 1.084 g,
respectively. The specimens found were compared 
with the samples obtained earlier, and also compared 
with the diagnosis of the species [18], which made it 
possible to identify these prawns as M. nipponense.

Brief description of the species. The rostrum is
almost straight, as long or slightly longer than 
scaphocerites. Its upper margin is armed with 10–12 
teeth, including two or three placed posterior to the 
orbital margin (Fig. 2b). The distance between the 
penultimate and last teeth is about two times greater 
than between the previous ones. The lower margin of 
rostrum i s strongly convex, armed with two to three 
teeth. Setae of the external margin of the rostrum 
are plume-like, located in one row in the dorsal part 
and in two rows in the ventral part. Antennules are 
triramose; the short branch of the external fl agellum is 
approximately 15–20 % adherent with the long branch. 

Fig. 2. Prawn M. nipponense (female) from the Don River: (a) general view, (b) rostrum shape, (c) antennules, (d) 
second pereopod, (e) telson

Рис. 2. Креветка M. nipponense (самка), найденная в р. Дон: (a) общий вид, (b) форма рострума, (c) антеннулы, 
(d) второй переопод, (e) тельсон
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Antennal scale 0.6–0.7 times as long as the carapace, 
2.4–2.7 times as long as wide. Hepatic spine is of almost 
the same size as that of antennal one, located posterior 
to it and slightly lower. The sixth abdominal somite 
is 1.4–1.7 times as long as the fi fth segment, the pre-
anal carina unpronounced. The telson is sub-triangular, 
moderately acute (Fig. 2e), 1.4–1.5 times as long as the 
sixth abdominal somite. In addition to the subterminal 
spines, the telson has two pairs of dorsolateral spines, 
the fi rst pair of which is in the middle of it. Exopodite 
of the uropods is slightly longer than endopodite; 
mobile spine of the uropodial diaeresis is at the same 
level as the lateral margin or slightly protruding beyond 
it. The second pereopods are signifi cantly (almost 2 
times) longer than the other ones, covered with spinules 
and sparse setae; the pincer is with bundles of setae. In
males (14.3 mm carapace length), the second pereopods 
reach 0.5 of the body length.

It diff ers from the diagnosis of the species [18] 
mainly by the shorter length of the second pereiopod. 
The latter is probably determined by the allometry of 
limb growth; we studied relatively small specimens 
with a carapace length of 14.3 mm.

The resulting nucleotide sequence with a length 
of 632 bp corresponds to position 37–699 of the 

Fig. 3. Phylogenetic tree of representatives of species M. nipponense based on the nucleotide sequences of the COI 
gene. Indices in nodes indicate the bootstrap support values of over 90 % of 1000 replicates. The GenBank inventory 
number is followed by the name of the country

Fig. 3. Филогенетическое дерево представителей вида M. nipponense, построенное на основании нуклеотид-
ных последовательностей гена COI (I цитохромоксидазы). Числа в узловых точках указывают на значения 
бутстреп-поддержки, превышающие 90 % от 1000 реплик. За номером в базе генетических данных GenBank 
следует название страны

cytochrome oxidase subunit I gene from complete 
genome of mtDNA of M. nipponense [31].

Comparison of the sequences of the COI gene
region revealed that the nucleotide composition of 
specimen M. nipponense caught in the Don River
diff ered by less than 1 % with other specimens of 
this species, which corresponds to the intraspecifi c
polymorphism (Fig. 3). The phylogenetic tree
has two clearly pronounced clades with a high
bootstrap support level (>90 %). Prawn M. nipponense
from the Don River belongs to the same clade as sam-
ples from Iran, Iraq, and south-eastern China (Fig. 3).

At present, several stable populations of
M. nipponense are known to have formed under 
conditions of temperate zones within the former
Soviet Union countries. In the Zainsk 
Reservoir, the population of M. nipponense has
been successfully existing for over 40 years. Here, 
the quantitative assessment  conducted during 2004–
2010 indicated a high-density population, locally 
reaching 41 ind./m2 [10]. A large population of
M. nipponense lives in the cooling reservoir system 
of the Berezovskaya Hydroelectric Power Plant. 
After its decline in quantitative characteristics in 
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2003–2007, the population increased its abundance 
in subsequent years—probably due to a change in the 
temperature regime in the cooling pond. According 
to the data obtained in 2014, the number of females 
reached 28 ind./m2, and the number of males was up 
to 22 ind./m2 in some parts of this aquatic system [32]. 
Another population of oriental river prawn lives in the 
Kuchurgan Liman [12].

Outside of the infl uence of thermal waters from 
power plants, prawns are regularly found in the area 
of the Kamsky Reach of the Kuybyshev Reservoir [19, 
33] and in the lower reaches of the Dniester River. The 
materials of the recent years show a wide distribution 
of the oriental river prawn to the Dniester River Basin 
[8, 12, 13].

Recently, M. nipponense was found in the lower 
reaches of the Terek River [34]. Repeated fi ndings of 
adults and juveniles of oriental river prawn in 2017–
2018 suggest the existence of stable population in
the basin of Terek River.

The repeated fi ndings of M. nipponense in the Lower 
Don River area one year after its fi rst recording, as well 
as the presence of females with eggs on the pleopods, 
suggest the formation of another invader population 
under more inclement climatic conditions than the ones 
assumed to be suitable for this thermophilic species.

In the lower reaches of the Don River, this 
thermophilic invader species fi nds optimal conditions 
for its development, mainly in the zones of thermal 
waters, which it uses as refugia. The closest water body 
of such kind is the thermal canal of the Novocherkassk 
Hydroelectric Power Plant (HPP). Previously, some 
thermophilic species of invasive fauna have been 
already recorded here: the bivalve mollusc Corbicula 
fl uminea (O.F. Müller, 1774) [35] and the channel 
catfi sh Ictalurus punctatus (Rafi nesque, 1818) [36]. 
However, until present, M. nipponense has not been 
found in the thermal canal of the Novocherkassk HPP.

CONCLUSION

Genetic analysis of the samples collected in the Don 
River confi rmed the diagnosis of this species based on 
the morphological criteria. The repeated fi ndings of 
M. nipponense indicate the possibility of formation 
of a large population of this prawn in relatively harsh 
[37] conditions in the Don River. Such possibility may 
increase in the future, taking into account the long-
term trend of the global warming at the Earth's surface 
[38] and the corresponding climatic processes in the 
European part of Russia [39].
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