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Abstract—The structure and distribution of zooplankton of the Tsimlyansk Reservoir were studied in
August–September 2018. It was found that the zooplankton abundance was halved in the upstream part of
the reservoir (2.4 ± 0.8 g/m3) as compared to the zone near the dam of the Tsimlyansk hydroelectric power
plant (1.2 ± 0.6 g/m3). Copepoda constituted 70% of the biomass. The Ponto-Caspian Heterocope caspia and
the invasive species Calanipeda aquaedulcis, Thermocyclops taihokuensis, and Acanthocyclops americanus were
abundant copepods. The dynamics of zooplankton abundance in the reservoir is analyzed for more than
65 years since its creation (1952–2018) based on the published data. A more than twofold (up to 2.1 ± 0.5 g/m3)
increase in the community biomass was revealed in 2015–2018 as compared with the 40-year period up to
2013 (0.8 ± 0.1 g/m3). The trends in the dynamics of the zooplankton abundance in the Tsimlyansk Reservoir,
including the importance of the Ponto-Caspian crustaceans and invaders from other regions, are discussed.
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INTRODUCTION
The Tsimlyansk Reservoir was filled in 1952–1953

and has been in operation for over 65 years. The zoo-
plankton of the Don River was not studied prior to the
creation of the reservoir (Livshits, 1954; Dzyuban,
1958). However, zooplankton have been monitored
from the first years of the reservoir’s existence to the
present day (Livshits, 1954; Dzyuban, 1958; Sheinin,
1960; Kaftannikova, 1965; Glamazda, 1971a, 1974;
Shevlyakova, 2002; Svistunova and Sayapin, 2010;
Vekhov et al., 2014; Predvaritel’nye materialy ..., 2018;
Golokolenova et al., 2019). It was found that brackish-
water Copepoda began to displace freshwater Cladoc-
era, which were characteristic of the Don River, at the
end of the 1950s (Kaftannikova, 1965; Glamazda,
1971a), and the Ponto-Caspian Cladocera were intro-
duced into the reservoir in the 1960s (Glamazda,
1969, 1971b).

The changes in the composition, structure, and
abundance of the reservoir zooplankton community
were analyzed in detail based on data from the 1950s to
the 1970s (Dzyuban, 1958; Sheinin, 1960; Kaftan-
nikova, 1965; Glamazda, 1971a, 1974). It was noted
that the summer biomass of zooplankton began to
decrease in 1955 (Kaftannikova, 1965). In the 1960s,
with the massive development of the Ponto-Caspian
species, the biomass decreased below 2 g/m3, even
below 1 g/m3 in some years (Kaftannikova, 1965;

Glamazda, 1971a, 1974). The trends in the zooplank-
ton development after the 1970s (over 40 years) and
the trophic relationships within the community have
not been studied in fact.

The goal of the paper is to study the structure and
distribution of the abundance of the summer zoo-
plankton of the Tsimlyansk Reservoir, to assess the
importance in the community of Ponto-Caspian crus-
taceans and invaders from other regions, and to ana-
lyze the dynamics of the abundance of zooplankton
over the entire existence of the reservoir.

EXPERIMENTAL
Study region. The Tsimlyansk Reservoir is the only

manmade lake on the Don River. It is situated in the
middle of the river course, about 200 km from the
mouth (coordinates of the center: 47°50′ N, 42°50′ E).
At a normal retaining level (NRL, 36 m a.s.l. BS), its
area is 2700 km2, the average depth is 8.8 m, the max-
imal depth is 30 m, and the water turnover rate is
1.05 year–1 (Avakyan et al., 1987). The reservoir
depression is formed by a basin with three widenings
confined to the mouth areas of the Chir, Aksay Kur-
moyarskiy, and Tsimla rivers. Four reaches are distin-
guished in the reservoir: the Upper, Chir, Potemkin, and
Near-Dam reaches (Gidrometeorologicheskii rezhim ...,
1977). The reservoir is characterized by extensive shal-
213



214 LAZAREVA

Fig. 1. Location of sampling stations in Tsimlyansk Reservoir. Reaches: I, Upper; II, Chir, III, Potemkin, IV, Near-Dam.

Don

Don

Kalach-on-Don

Nizhniy Chir

Chir

Myshkova

Esaulovskiy
Aksay

Veselyi

Kurmoyarskiy
AksayTsimlyansk

Zhukovskaya
Kuleshak

Volgodonsk

I

II

III

IV

Rossosh

Ts
im

la
lows; at the NRL, areas with a depth of less than 5 m
make up 29% of the area (Vekhov et al., 2014).
According to the level of phytoplankton development
(up to 50 mg/L), the reservoir is classified as hypertro-
phic (Tsimlyanskoe vodokhranilishche ..., 2011; Vekhov
et al., 2014; Nikanorov and Horuzhaya, 2014). The
materials for the present study were collected in late
August to early September 2018 from the board of the
expedition vessel Akademik Topchiev of the Papanin
Institute for Biology of Inland Waters of the Russian
Academy of Sciences; in the coastal areas, the samples
were collected from a small boat. Sixteen sections of
the reservoir were examined (Fig. 1).

Methods of sampling and data analysis. The zoo-
plankton (Cladocera, Cyclopoida, Calanoida, and
Rotifera) in all samples collected with a Juday net with
an inlet diameter of 12 cm and a sieve with a mesh
diagonal of 105 μm was counted. The samples were
preserved with 4% formalin and examined in the lab-
oratory under a StereoDiscovery-12 stereomicro-
scope (Carl Zeiss, Jena). Crustaceans and rotifers
were identified with guidelines (Kutikova, 1970;
Monchenko, 1974; Mordukhai-Boltovskoy and
Riv’er, 1987; Borutskiy et al., 1991; Opredelitel’ zoo-
planktona…, 2010; Monchenko, 2008; Sukhikh and
Alekseev, 2013). The dominant species were identified
based on their relative biomass (more than 10% of the
total zooplankton biomass).

In the samples, the abundance and biomass of each
species, their bulk values for each taxonomic group,
ARID ECOSYSTEMS  Vol. 11  No. 2  2021



CURRENT STATE AND LONG-TERM DYNAMICS OF ZOOPLANKTON 215

Table 1. Dominant species of zooplankton in different reaches of the Tsimlyansk Reservoir in August–September 2018

*Bsp, mean biomass of a species, mg/m3; ** %Btot, contribution to total zooplankton biomass (%); *** 0, the species was absent
from samples; the sections with species domination are shaded gray.

Taxon

Section

Upper Chir Potemkin Near-Dam

Bsp* %Btot** Bsp %Btot Bsp %Btot Bsp %Btot

Crustacea
Moina micrura 1004 41 <10 <1 <10 <1 0*** 0
Thermocyclops taihokuensis 809 33 563 55 99 5 <10 <1
Acanthocyclops americanus 398 16 210 20 <10 <1 30 3
Diaphanosoma orghidani 125 5 140 14 <10 <1 <10 <1
Heterocope caspia <10 <1 21 2 1078 54 288 25
Calanipeda aquaedulcis <10 <1 20 2 200 10 772 67

Rotifera
Asplanchna priodonta <10 <1 0 0 302 15 <10 <1

Table 2. Number and biomass of zooplankton of the Tsimlyansk Reservoir in August–September 2018

Reservoir reach
Zooplankton Dreissena

veligersCladocera Cyclopoida Calanoida Rotifera сумма

Number, thousand ind./m3

Upper 87 ± 45 238 ± 149 <1 69 ± 49 395 ± 179 <0.5
Chir 12 ± 5 161 ± 48 8 ± 4 45 ± 18 226 ± 63 1 ± 0.6
Potemkin 4 ± 2 15 ± 8 69 ± 23 134 ± 48 223 ± 64 14 ± 7
Near-Dam 3 ± 1 24 ± 10 70 ± 28 24 ± 12 121 ± 32 5 ± 1
Entire reservoir 26 ± 14 100 ± 42 41 ± 13 80 ± 24 247 ± 53 6 ± 3

Biomass, g/m3

Upper 1.16 ± 0.70 1.21 ± 0.69 <0.01 0.07 ± 0.05 2.44 ± 0.77 <0.01
Chir 0.16 ± 0.03 0.77 ± 0.24 0.06 ± 0.02 0.04 ± 0.01 1.03 ± 0.24 <0.01
Potemkin 0.10 ± 0.04 0.14 ± 0.01 1.33 ± 0.69 0.42 ± 0.17 1.99 ± 0.82 0.02 ± 0.01
Near-Dam 0.02 ± 0.01 0.04 ± 0.01 1.07 ± 0.64 0.02 ± 0.01 1.16 ± 0.65 0.01 ± 0.002
Entire reservoir 0.36 ± 0.19 0.51 ± 0.20 0.71 ± 0.31 0.19 ± 0.08 1.77 ± 0.38 0.01 ± 0.004
and their common values for all zooplankton were
determined. The biomass was calculated with the for-
mulas for the relationship between individual animals’
body weight and length (Balushkina and Vinberg,
1979; Ruttner-Kolisko, 1977). The average values of
zooplankton characteristics and their errors were cal-
culated with the corresponding procedures of the Sta-
tistica software package for Windows, v. 10 (StatSoft,
Russia).

RESULTS AND DISCUSSION

Zooplankton structure. The dominant assemblage
of zooplankton in the Tsimlyansk Reservoir included
eight species of mainly copepods, two to three in each
of the four sites (Table 1). In the upper part of the res-
ARID ECOSYSTEMS  Vol. 11  No. 2  2021
ervoir above the mouth of the Donskaya Tsaritsa
River, the main zooplankton biomass (90%) was
formed by Moina micrura Kurz, 1874, as well as the
recent invasive species Thermocyclops taihokuensis
(Harada, 1931) and Acanthocyclops americanus (Mar-
shall, 1893). In the section of this river and the Chir
reach, Thermocyclops taihokuensis and Acanthocyclops
americanus prevailed (75%); in the shallow Chir River
Bay, Diaphanosoma orghidani Negrea, 1982 accounted
for up to 14% of the biomass. Starting from the section
of the Akseney–Aksay Esaulovskiy river, first on the
Don River bed and then everywhere downstream, 65–
95% of the biomass was formed by Heterocope caspia
Sars, 1897 and Calanipeda aquaedulcis Kritschagin, 1873.
The rotifers Asplanchna priodonta Gosse, 1850 were
predominant (70–75% of the biomass of zooplankton)
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Fig. 2. Distribution of zooplankton biomass over the Tsimlyansk Reservoir area in summer 2018. Legend: (1) Rotifera; (2) Cala-
noida; (3) Cyclopoida; (4) Cladocera.
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in the mouths of the Aksay Kurmoyarskiy, and Aksay
Esaulovskiy rivers; in the Potemkin reach, their con-
tribution to biomass reached 15% on average.

In 2018, five brackish-water, predatory, Ponto-
Caspian crustaceans were found in the Tsimlyansk
Reservoir and live there within their ancient range
(Mordukhai-Boltovskoi, 1960): Heterocope caspia,
Eurytemora caspica Sukhikh et Alekseev, 2013, Cerco-
pagis pengoi (Ostroumov, 1891), Cornigerius maeoticus
maeoticus (Penodone, 1879) and Podonevadne trigona
ovum (Zernov, 1901). The most abundant were the
copepods Heterocope caspia (up to 128000 ind./m3)
and Eurytemora caspica (up to 18000 ind./m3); the rest
were found in the Upper and Potemkin reaches singly
(less than 100 ind./m3). It is worth noting that Euryte-
mora caspica was previously (from the mid-1970s) identi-
fied as Eurytemora affinis (Poppe, 1880; Shevlyakova,
2002; Svistunova and Sayapin, 2010; Vekhov et al.,
2014). In 2013, E. caspica was distinguished from the
complex of cryptic species E. affinis s.l. (Sukhikh and
Alekseev, 2013). The morphological and molecular
analyses proved (Sukhikh et al., 2020) that E. caspica,
ARID ECOSYSTEMS  Vol. 11  No. 2  2021
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Fig. 3. Long-term (1952–2018) dynamics of summer (July–August) zooplankton biomass in the Rybinsk Reservoir. (1) mean val-
ues of biomass for periods of 3–7 years; (2) mean biomass in July–August of each year. References: 1952 (Livshits, 1954); 1953–
1954 (Dzyuban, 1958); 1955–1962 (Kaftannikova, 1965; Sheinin, 1960); 1966–1978 (Glamazda, 1971a, 1974); 1998–2001
(Shevlyakova, 2002), 2008–2013 (Svistunova and Sayapin, 2010; Vekhov et al., 2014), 2015–2018 (Predvaritel’nye materialy...,
2018; Golokolenova et al., 2019; original data).
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but not E. affinis, dwells in the Volga River reservoirs.
In 2018, only E. caspica was found everywhere within
the zooplankton of the Tsimlyansk Reservoir (Laza-
reva, 2020).

Two species of copepods are alien to the reservoir:
Mediterranean Calanipeda aquaedulcis, which was
introduced in the reservoir in the late 1950s
(Glamazda, 1971a), and the East Asian Thermocyclops
taihokuensis (sin. T. asiatiсus (Kiefer, 1932), which
appeared in 2012 (Vekhov et al., 2014) The latter spe-
cies became established in the downstream Volga in
the 2010s (Nechaev, 2016; Lazareva et al., 2018). It
likely spread up the Tsimlyansk Reservoir from the
Volga River along the Volga–Don canal. The copepod
Acanthocyclops americanus was recorded in the reser-
voir for the first time in 2018. The species is common
in waterbodies of the south of European Russia
(Monchenko, 1974), and its spread in the reservoir is
the result of its range expansion. A. americanus was
previously found in the Don River delta (Svistunova
et al., 2014); it is also widespread in the Volga and
Kama reservoirs (Lazareva et al., 2018).

Distribution of zooplankton abundance. Cyclopoida
and Rotifera formed the largest numbers in the Tsim-
lyansk Reservoir (40 and 32% of the total number of
zooplankton, respectively) (32%). Cladocerans are
comparatively numerous (22%) only in the Upper
ARID ECOSYSTEMS  Vol. 11  No. 2  2021
reach of the reservoir; Calanoid Copepoda, in the
Potemkin (30%) and Near-Dam (58%) reaches. The
maximal abundance (400000 ind./m3) was observed
in the Upper reach of the reservoir, and the lowest was
found in Near-Dam reach (121000 ind./m3; Table 2).
Zooplankton was especially abundant in the mouth area
of the Donskaya Tsaritsa River (919000 ind./m3). The
number of larvae (veligers) of Dreissena mollusks in most
of the reservoir area did not exceed 10000 ind./m3

(Table 2). Up to 47000 ind./m3 were recorded only in
the Potemkin reach near the right bank of the reser-
voir. Their contribution to the biomass of zooplankton
was very small (on average, about 1%).

The bulk of the reservoir zooplankton biomass was
formed by crustaceans: Calanoida (40%), Cyclopoida
(29%), and Cladocera (20%). The community bio-
mass in different parts of the reservoir varied by more
than two times (1.0–2.4 g/m3). The maximal values
were recorded in the Upper (up to 4 g/m3) and Potem-
kin (up to 6 g/m3) reaches; the minimal (less than
1.5 g/m3) was found in the Chir reach and most sam-
pling sites near the hydroelectric power plant dam
(Fig. 2). In 2018, the average level of zooplankton bio-
mass in the reservoir (1.8 ± 0.4 g/m3) was comparable
to that observed in the eutrophic reservoirs of the
upstream Volga and Kama rivers (1–2 g/m3; Lazareva
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et al., 2018; Lazareva and Sokolova, 2015). However,
it was significantly higher as compared to the mesotro-
phic reservoirs of the downstream Volga (0.2–1.2 g/m3),
which are also located in the arid zone (Malinina
et al., 2016; Lazareva et al., 2018). For comparison, in
the eutrophic Kremenchug Reservoir on the
Dnieper River in the 2000s, the zooplankton bio-
mass (0.1–0.9 g/m3) was estimated as very low (Kru-
zhilina and Didenko, 2007).

Long-term dynamics. The zooplankton dynamics
in the Tsimlyansk Reservoir was analyzed based on the
summer (July–August) biomass close to the summer–
autumn maximum of community development
(Glamazda, 1971a). Significant variations in the
amount of zooplankton were noted over the analyzed
period (1952–2018). The peak biomass (3.8–4.6 g/m3)
was recorded in the first three years after the reser-
voir’s creation (Fig. 3). At the end of the 1950s, the
biomass decreased to values of less than 1.5 g/m3; in
some years in the second half of summer, values of
0.5–0.8 g/m3 or even lower were noted (0.3 g/m3 in
2001 and 0.1 g/m3 in 2008). Conversely, at present
(2015–2018), an increase in the summer biomass of zoo-
plankton is noted; its average values (2.1 ± 0.5 g/m3) are
significantly higher (by 2.6 times) than those noted in
1972–2013 (0.8 ± 0.1 g/m3) and are close to the level
of the late 1950s. Presumably, this is due to the high
proportion of the large (body length 1.1–1.6 mm)
crustaceans Heterocope caspia, Calanipeda aquaedulcis,
and Acanthocyclops americanus in the modern plank-
ton of the reservoir.

CONCLUSIONS

It was found that Copepoda formed the bulk (60%)
of the summer zooplankton in the Tsimlyansk Reser-
voir in 2018; they also dominate (70%) in biomass.
The most abundant are the Ponto-Caspian Heterocope
caspia and the invasive species Calanipeda aquaedul-
cis, Thermocyclops taihokuensis, and Acanthocyclops
americanus. The zooplankton abundance decreases by
half in the direction from the Upper reach of the res-
ervoir (2.4 ± 0.8 g/m3) to the dam of the Tsimlyansk
hydroelectric power plant (1.2 ± 0.6 g/m3). The anal-
ysis of published data for the period of 1952–2018
shows that the community biomass has more than
doubled (up to 2.1 ± 0.5 g/m3) in the last four years
(2015–2018) as compared to the preceding 40-year
period 2013 (0.8 ± 0.1 g/m3). The current amount of
zooplankton in the Tsimlyansk Reservoir is signifi-
cantly higher than in other reservoirs in the arid zone.

ACKNOWLEDGMENTS

I am grateful to R.Z. Sabitova for assistance with sampling.
COMPLIANCE WITH ETHICAL STANDARDS
Conflict of interests. The authors declare that they have

no conflicts of interest.
Statement on the welfare of humans or animals. This arti-

cle does not contain any studies involving animals per-
formed by any of the authors.

REFERENCES
Avakyan, A.B., Saltankin, V.P., and Sharapov, V.A., Vo-

dokhranilishcha (Water Reservoirs), Moscow: Mysl’,
1987.

Balushkina, E.V. and Vinberg, G.G., The dependence be-
tween length and body weight of planktonic crusta-
ceans, in Eksperimental’nye i polevye issledovaniya bio-
logicheskikh osnov produktivnosti ozer (Experimental
and Field Studies of Biological Principles of Lake Pro-
ductivity), Leningrad: Zool. Inst., Akad. Nauk SSSR,
1979, pp. 58–72.

Borutskii, E.S., Stepanova, L.A., and Kos, M.S., Opredeli-
tel’ Calanoida presnykh vod SSSR (Guide for Identifica-
tion of Freshwater Calanoida of USSR), Leningrad:
Nauka, 1991.

Dzyuban, N.A., Zooplankton of Tsimlyansk Reservoir, Izv.
Gos. Nauchno-Issled. Inst. Ozern. Rechn. Rybn. Khoz.,
1958, vol. 45, pp. 51–74.

Gidrometeorologicheskii rezhim ozer i vodokhranilishch
SSSR. Tsimlyanskoe, vodorzadel’nye i Manychskie vo-
dokhranilishcha (Hydrometeorological Regime of
Lakes and Reservoirs of USSR. Tsymlyansk, Water-
shed, and Manych Reservoirs), Leningrad: Gidromete-
oizdat, 1977.

Glamazda, V.V., Polyphemids of the Tsimlyansk Reservoir,
Gidrobiol. Zh., 1969, vol. 5, no. 5, pp. 97–98.

Glamazda, V.V., Dynamics of zooplankton of the Tsimly-
ansk Reservoir (based on data from 1966–1968), Tr.
Volgogr. Otd. Gos. Nauchno-Issled. Inst. Ozern. Rechn.
Rybn. Khoz., 1971a, vol. 5, pp. 25–44.

Glamazda, V.V., Finds of Cercopagis pengoi (Ostr.) in Tsim-
lyansk Reservoir, Gidrobiol. Zh., 1971b, vol. 7, no. 4,
pp. 70–71.

Glamazda, V.V., Zooplankton of Tsimlyansk Reservoir in
1969–1971, Tr. Volgogr. Otd. Gos. Nauchno-Issled. Inst.
Ozern. Rechn. Rybn. Khoz., 1974, vol. 8, pp. 29–38.

Golokolenova, T.B., Gorelov, V.P., Shevlyakova, T.P., and
Bas’ko, Yu.V., Food resources of Tsimlyansk Reservoir
in 2016–2018, Materialy XIV Mezhdunarodnoi nauch-
no-prakticheskoi konferentsii “Problemy ustoichivogo
razvitiya i ekonomicheskoi bezopasnosti regiona,” Volgo-
grad, 10–11 aprelya 2019 g. (Proc. XIV Int. Sci.-Pract.
Conf. “Sustainable Development and Economic Safety
of a Region,” Volgograd, April 10–11, 2019), Volgo-
grad: Volgograd. Gos. Univ., 2019, pp. 115–121.

Kaftannikova, O.G., Zooplankton of Tsimlyansk Reservoir
according to data of 1955–1962, Tr. Volgogr. Otd. Gos.
Nauchno-Issled. Inst. Ozern. Rechn. Rybn. Khoz., 1965,
vol. 1, pp. 71–91.

Kruzhilina, S.V. and Didenko, O.V., Structural and func-
tional characteristics of zooplankton of the Kremen-
chug Reservoir in the current period and its relationship
with some components of phytoplankton, Ribogospod.
Nauka Ukr., 2007, no. 2, pp. 71–76.
ARID ECOSYSTEMS  Vol. 11  No. 2  2021



CURRENT STATE AND LONG-TERM DYNAMICS OF ZOOPLANKTON 219
Kutikova, L.A., Kolovratki fauny SSSR (The Rotifers in
Fauna of USSR), Leningrad: Nauka, 1970.

Lazareva, V.I., Distribution of Eurytemora caspica Sukhikh
et Alekseev, 2013 (Crustacea: Calanoida) in the water
reservoirs of the Volga and Don River basins, Crusta-
ceana, 2020, vol. 93, nos. 3–5, pp. 261–273.

Lazareva, V.I. and Sokolova, E.A., Metazooplankton of the
plain reservoir during climate warming: biomass and
production, Inland Water Biol., 2015, vol. 8, no. 3,
pp. 250–258.

Monchenko, V.I., Redescription of the oriental Thermocy-
clops taihokuensis (Harada, 1931) (Copepoda: Cyclo-
poida) from its westernmost population, Zool. Middle
East, 2008, vol. 43, no. 1, pp. 99–104.

Lazareva, V.I., Sabitova, R.Z., Bykova, S.V., Zhdanova, S.M.,
and Sokolova, E.A., Distribution of the summer zoo-
plankton in the cascade of reservoirs of the Volga and
Kama rivers, Tr. Inst. Biol. Vutr. Vod, Ross. Akad. Nauk,
2018, no. 83 (86), pp. 62–84.

Livshits, N.M., Plankton of Tsimlyansk Reservoir accord-
ing to summer collections in 1952, Izv. Gos. Nauchno-
Issled. Inst. Ozern. Rechn. Rybn. Khoz., 1954, vol. 34,
pp. 61–77.

Malinina, Yu.A., Dzhayani, E.A., Filinova, E.I., Kolo-
zin, V.A., and Shashulovskii, V.A., Assessment of the
rate of long-term changes in the qualitative and quanti-
tative parameters of the ecosystem of Saratov Reservoir,
Materialy Vserossiiskoi konferentsii “Sovremennoe
sostoyanie bioresursov vnutrennikh vodoemov i puti ikh
ratsional’nogo ispol’zovnaiya” (Proc. All-Russ. Conf.
“Modern State of Biological Resources of Inland Res-
ervoirs and Their Rational Use”), Kazan: Gos. Nauch-
no-Issled. Inst. Ozern. Rechn. Rybn. Khoz., 2016,
pp. 618–625.

Monchenko, V.I., Selangor cyclopoids. Cyclops (Cyclopi-
dae), in Fauna Ukraini (Fauna of Ukraine), Kiev: Nau-
kova Dumka, 1974, vol. 28, no. 3.

Mordukhai-Boltovskoi, F.D., Kaspiiskaya fauna v Azovo-
Chernomorskom basseine (Caspian Fauna in Azov-
Black Sea Basin), Kuzin, B.S., Ed., Moscow: Akad.
Nauk SSSR, 1960.

Mordukhai-Boltovskoi, F.D. and Riv’er, I.K., Khishchnye
vetvistousye Podonidae, Polyphemidae, Cercopagidae i
Leptodoridae fauny mira (The Predatory Cladocera
(Podonidae, Polyphemidae, Cercopagidae and Lept-
odoridae) of the World), Leningrad: Nauka, 1987.

Nechaev, D.Yu., Faunistic diversity of planktonic inverte-
brates of the Volga-Akhtuba floodplain, Materialy Vse-
rossiiskoi molodezhnoi gidrobiologicheskoi konferentsii
“Perspektivy i problemy sovremennoi gidrobiologii,” pos.
Borok, 10–13 noyabrya 2016 g. (Proc. All-Russ. Youth
Hydrobiological Conf. “Prospects and Problems of Mod-
ern Hydrobiology,” Borok, November 10–13, 2016), Tur-
banov, I.S., Klimova, Ya.S., and Sinel’nikov, S.Yu.,
Eds., Yaroslavl: Filigran’, 2016, pp. 117–119.

Nikanorov, A.M. and Khoruzhaya, T.A., Intra-waterbody
processes in large reservoirs of southern Russia (pollu-
tion, eutrophication, toxification), Geogr. Nat. Resour.,
2014, vol. 35, no. 2, pp. 135–142.

Opredelitel’ zooplanktona i zoobentosa presnykh vod Evro-
peiskoi Rossii. Tom 1. Zooplankton (Identification
Guide to Zooplankton and Zoobenthos of Fresh Wa-
ARID ECOSYSTEMS  Vol. 11  No. 2  2021
ters of European Russia, Vol. 1: Zooplankton), Alek-
seev, V.R., Ed., Moscow: KMK, 2010.

Predvaritel’nye materialy otsenki vozdeistviya na okruzhay-
ushchyuyu sredu ekspluatatsii energobloka no. 1 Ros-
tovskoi AES v 18-mesyachnom toplivnom tsiklena
moshchnosti reaktornoi ustanovki 104% ot nominal’noi
(Preliminary Materials for Assessment of the Environ-
mental Impact of the Operation of Power Unit No. 1 of
the Rostov NPP in an 18-Month Fuel Cycle of the Re-
actor Power Higher 104% of the Nominal), Valdai:
Gidrotekhproekt, 2018, book 2. http://old.volgodon-
skgorod.ru/all/public/pages/dosc/kniga_2_ovos_3_
12.18.pdf. Accessed February 26, 2020.

Ruttner-Kolisko, A., Suggestion for biomass calculation of
planktonic rotifers, Arch. Hydrobiol., 1977, vol. 8,
pp. 71–78.

Sheinin, M.S., Zooplankton of the Lower Don, its reser-
voirs and the eastern part of the Taganrog Bay during
the years of regulated f low, Tr. Azov. Nauchno-Issled.
Inst. Rybn. Khoz., 1960, vol. 1, no. 1, pp. 231–258.

Shevlyakova, T.P., The current state of zooplankton in
Tsimlyansk Reservoir based on materials collected in
1996–2001, in Rybokhozyaistvennye issledovaniya v bas-
seine Volgo-Donskogo mezhdurech’ya na sovremennom
etape (k 50-letiyu Volgogradskogo otdeleniya GosNIORKh)
(Modern Fishery Studies in the Volga-Don Basin In-
terfluve: To the 50th Anniversary of the Volgograd Di-
vision of the State Scientific Research Institute of Lake
and River Fisheries), St. Petersburg: Kvinta Svero-Za-
pad, 2002, pp. 46–52.

Sukhikh, N.M. and Alekseev, V.R., Eurytemora caspica sp.
nov. from the Caspian Sea—one more new species
within the E. affinis complex (Copepoda: Calanoida,
Temoridae), Tr. Zool. Inst., Ross. Akad. Nauk, 2013,
vol. 317, no. 1, pp. 85–100.

Sukhikh, N.M., Lazareva, V.I., and Alekseev, V.R., Cope-
pod Eurytemora caspica Sukhikh et Alekseev, 2013 (Crus-
tacea, Calanoida) in Volga and Kama River reservoirs, In-
land Water Biol., 2020, vol. 13, no. 2, pp. 153–160.

Svistunova, L.D. and Sayapin, V.V., The problem of eutro-
phication of Tsimlyansk Reservoir (Rostov oblast) and
new data on its zooplankton, Vestn. Yuzh. Nauchn. Tsen-
tra, Ross. Akad. Nauk, 2010, vol. 6, no. 4, pp. 61–67.

Svistunova, L.D., Bryn’ko, V.A., and Nabozhenko, M.V.,
The current state of summer zooplankton in the Don
River delta, Vestn. Yuzh. Nauchn. Tsentra, Ross. Akad.
Nauk, 2014, vol. 10, no. 3, pp. 75–82.

Tsimlyanskoe vodokhranilishche: sostoyanie vodnykh i pribre-
zhnykh ekosistem, problemy i puti ikh resheniya (Tsimly-
ansk Reservoirs: Status of Aquatic and Coastal Ecosys-
tems, Problems and Their Solution), Matishov, G.G.,
Ed., Rostov-on-Don: Yuzh. Nauchn. Tsentr, Ross.
Akad. Nauk, 2011.

Vekhov, D.A., Naumenko, A.N., gorelov, V.P., Golokole-
nova, T.B., and Shevlyakova, T.P., Current state and
use of aquatic biological resources of Tsimlyansk Res-
ervoir (2009–2013), in Rybokhozyaistvennye issledo-
vaniya na vodnykh ob”ektakh Evropeiskoi chasti Rossii
(Fishery Studies of Aquatic Objects in European Part of
Russia), St. Petersburg: Gos. Nauchno-Issled. Inst.
Ozern. Rechn. Rybn. Khoz., 2014, pp. 116–145.

Translated by D.F. Pavlov


	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

		2021-05-18T18:39:03+0300
	Preflight Ticket Signature




