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ABSTRACT: Over the past thirty years human activity has become increasingly uncontrolled. As a result,
the whole water ecosystem is transforming. Unlike natural water bodies, artificial water bodies are
characterized by higher rates of eutrophication. The current paper defines the chorological structure and
biomass of zooplankton communities in the reservoirs of the Chelyabinsk region. It reveals the influence of
the ecological continuum on the formation of the chorological structure of zooplankton in artificial reservoirs.
The given research shows that the total biomass of the representatives of the studied groups of zooplankton in
eutrophic reservoirs is two times less than in mesotrophic. These are the signs that indicate biocenoses
degradation. An increasing anthropogenic load has changed the chorological structure of zooplankton
communities in water bodies. The obtained results show that the proportion of Cladocera in mesotrophic
reservoirs is higher than in eutrophic. The Rotifera group is more common in eutrophic reservoirs than in
mesotrophic ones. Copepods are common to all water bodies. Six taxons out of the predominant are
registered as belonging to the dominant complex (D. cucullata, D. pulex, D. longispinae, Eudiaptomus
graciloides, Thermocyclops oithonoides, Cyclops vicinus). D. cucullata is the only that is registered as a part
of the dominant complex in the vast majority of study periods and spreads as a dominant in five reservoirs.
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1. INTRODUCTION

Human activity has become less controlled
recently. It brings to the ecological destructive
effects connected with decreasing ecosystem
stability [1]. As a result, water ecosystems have
been transformed for the last thirty years, which can
be compared with natural changes embracing entire
geological eras [2]. Trophic status is one of the
distinctive features of water ecosystems. Unlike
natural ecosystems, artificial reservoirs are
distinguished by increasing eutrophication. Thus,
such water bodies must be researched to identify
anthropogenic changes against the background of
natural ones [3].

In the framework of water bodies'
environmental research, zooplankton has been more
frequently biomonitor [4]. The relation of water
bodies trophic status with zooplankton quantitative
and qualitative characteristics has been often
studied regionally [8-14]. Zooplankton
communities are completely or partially replaced
[17, 18] due to the water bodies' environmental
changes [15]. Studies 1,2,7,8 show how indicator
species can be used to assess water quality. They
consider the complex nature of hydrobiots’
interrelation under adverse environment for the
analysis of water ecosystem status. In spite of the
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bioindication methods for the assessment of the
water bodies trophic status being internationally
acknowledged [19-22], the approaches to this
research are controversial [9-11, 23].

In the Chelyabinsk region, 6 of 377 water
reservoirs are actively exploited. They are of
different sizes, water regimes, salinity, etc. [24].
However, the ecological continuum of zooplankton
species in artificial reservoirs in the Chelyabinsk
region is scarcely studied. There are few works on
spatial distribution and seasonal changes in
population and biomass [25].

The current paper aims at identifying the
chorological structure and biomass of the
zooplankton community in the reservoirs of the
Chelyabinsk region (Russia) and the impact of the
ecological continuum on the structure’s formation
in artificial reservoirs. Studying the chorological
structure of the zooplankton community will allow
identifying indicator species that can be used to
determine water pollution.

2. METHODS
2.1 Study Area

In the Chelyabinsk region there are now
377 [24] water reservoirs of different sizes, water
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regime, salinity, etc. [26]. Such water bodies being
very specific differ significantly from natural.
Water is accumulated due to the rivers forming
them, snowmelt runoff in spring and residual
rainfall. In summer salinity and pH levels differ
with weather conditions and other reasons. salinity
can fluctuate up to 50 % within a season [7].
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The current research covered 6 artificial

reservoirs in the Chelyabinsk region (Russia):
Argazinskoye,Verkhne-Iremelskoye,
Verkhneuralskoye,Dolgobrodskoye,Shershnevskoy
e and Yuzhnouralskoye (Fig. 1). These reservoirs
are under different degrees of anthropogenic impact,
which is seen in their different trophic status.

Fig.1 Reservoirs location and relative distance from the city of Chelyabinsk: 1 - Dolgobrodskoye,
2 - Argazinskoye, 3 - Shershnevskoye, 4 - Yuzhnouralskoye, 5 - Verkhne-Iremelskoye, 6 - Verkhneuralskoy

2.2 Sample Collection

The primary data was collected in the following
order. In June and July 2016 samples were taken in
the  Verkhneuralskoye reservoir (3  sites),
Yuzhnouralskoye  reservoir (3  sites) and
Shershnevskoye reservoir (5 sites). Samples in
Argazinskoye (4 sites), Verkhne-Iremelskoye (3
sites) and Dolgobrodskoye (2 sites) were collected
in June and July 2017. Inventory and taxonomic
classification of species were done in 2018 [27-35].

Conical plankton net was used for catching
zooplankton (upper ring diameter is 18 cm; bottom
ring diameter is 24 cm; cell size is 25 micron).
Samples of water with zooplankton were filtered
with 30 | of surface water through the net [36-38].
Then, the samples were fixed with 5 % formalin
and made up to 100 ml. 3 successive samples 1 ml
each were examined with the binocular microscope
Altami BIO 2T (Altami Ltd, Russia, St Petersburg).
The average amount was analyzed, and the results
were shown as animal biomass in mg/m®.
Zooplankton biomass was estimated with the
standard counting method [39, 40]. Zooplankton
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taxons were identified with the published papers
[27-35].

3. Results and Discussion

The studied reservoirs are characterized by
different trophic status [41]. They are under
different anthropogenic impacts. The biomass of
32 zooplankton species was determined. All the
registered species belong to Crustacea class
(11 species of Cladocera and 7 species of
Copepoda) and Rotifera class (14 species). Table 1
gives species composition, biomass, each species
confinement to the studied reservoirs.

As the table shows, the species composition in
different reservoirs does not differ significantly and
ranges from 23 to 30. The largest amount of species
(30) was found in mesotrophic and oligotrophic
Dolgobrodskoye reservoir with 33 % of Cladocera,
23 % of Copepoda, and 44 % of Rotifera.
Mesotrophic ~ Argazinskoye and  eutrophic
Yuzhnouralskoye reservoirs are marked by the
smallest number of species (23) with 43.5-34.8 %
of Cladocera, 26.1 % of Copepoda and 30.4 %-
39.1% of Rotifera.
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Table 1 Zooplankton species biomass (mg-m)

Species Reservoirs?
1 2 3 4 5 6
order Cladocera, class Crustacea
Bosmina longirostris (O. F. Miiller, 1776) B.I 1.9 9.2 2.0 16.1 2.0 7.9
B. kessleri (Muller, 1785) B.k 18.9 0 32.7 2.0 51.8 1.2
Bythotrephes longimanus (Leydig, 1860) B.lo 49.9 5.0 7.9 429 15 0
Ceriodaphnia quadrangula (O. F. Miiller, 1785) C.q 2.3 16.9 25 11.6 15 14.9
Daphnia cucullata (Sars, 1862) D.c 264.4 2450.9 76.4 2745.1 6.9 764.3
D. longispina (O. F. Muller, 1776) D.l 4.4 93.4 24.7 33.8 0 167.2
D. pulex (Leydig, 1860) D.p 135.9 12.1 17.9 40.2 6.7 41.1
Diaphanosoma brachiurum (Levin, 1848) D.b 43.7 0 39.1 3.4 0 19.1
Leptodora kindtii (Focke, 1844) Lk 29 2.0 0.3 6.7 0 1.9
Polyphemus pediculus (Linnaeus, 1761) Pp 50.8 15.6 37.2 0 65.9 7.1
order Copepoda, class Crustacea
Eudiaptomus graciloides (Lilljeborg, 1888) E.g 110.1 67.4 62,1 98.3 94.3 2.1
E. vulgaris (Schmeil, 1896) E.v 0 1.4 0 7.6 12 0
Cyclops vicinus (Uljanin, 1875) Cv 14.3 62.4 5.2 39.1 59 13.2
C. strenuus (Fischer, 1851) Cs 9.7 4.6 4.9 0.6 4.9 11
Mesocyclops leuckarti (Claus, 1857) M.l 0 1.8 0 13.2 0 1.3
Thermocyclops oithonoides (Sars,1863) T.o 110.4 1.9 68.4 1.1 21.3 0.6
Nauplii - 12.8 2.6 13 1.6 15 13
phylum Rotifera, class Rotatoria
Asplanchna priodonta (Gosse, 1850) Ap 7.2 0.7 1.7 0 1.3 0
Bipalpus hudsoni (Imhof, 1891) B.h 2.3 * 4.5 * 18 *
Brachionus diversicornis (Daday, 1883) B.d 42 0.4 4.6 0.3 33 *
Diplois daviesiae Gosse, 1886 D.d 0 0 * 0.5 * 0
Euchlanis dilitata (Ehrenberg, 1832) E.d 0.9 0 0 0.4 0 *
Filinia longiseta (Ehrenberg, 1834) F.l 0 0 0.2 0.1 0 *
Keratella cochlearis (Gosse,1851) K.k * * * * * 0
K. longispina (Kellicott, 1879) K.l 0.1 * 0,1 * * 0
K. ticinensis (Callerio, 1921) K.t 0 * 0 * * 0
K. irregularis (Lauterborn, 1898) K.i 1.4 2.1 2.1 1.4 * 0.9
K. quadrata (O.F.Muller, 1786) K.g 3.6 * 6.3 0.8 1.7 *
Lecane luna (O. F. Muller, 1776) L.l * 0 * * 0 0
Notholca labis (Gosse, 1887) N.I 2.9 * 29 * 0 0
Trichocerca stylata (Gosse, 1851) T.s * 0 * * 0 *

@ Symbols for reservoirs: 1 - Shershnevskoye; 2 - Verkhne-lremelskoye; 3 - Verkhneuralskoye; 4 - Dolgobrodskoye; 5 -

Yuzhnouralskoye; 6 - Argazinskoye
bsymbol «*» is biomass less than 0.05 mg-m

Hydrobiont species composition of the studied
reservoirs is typical for the similar water bodies of
the South Ural. The values of the Chekanowsky-
Sorensen index that was used to assess the
similarities of dominant zooplankton species in
different reservoirs differ substantially. Thus, the
studied reservoirs can be grouped into three
chorological complexes: | - Verkhneuralskoye and
Yuzhnouralskoye; 1l -  Argazinskoye and
Dolgobrodskoye; 11l - Shershnevskoye and
Verkhne-Iremelskoye. The index values for the
reservoirs of different chorological groups were not
high: from 0.31 to 0.44 (Fig. 2).

However, the similarity of zooplankton species
composition for the reservoirs in identical
ecological continuums was high. When calculating
the amount, the average index values of 1 and 6 in
comparison were 0.64, of 1 and 2 - 0.80, of 5 and 4
- 0.94 (Fig. 2). It should be noted that the index of
similarity of the reservoirs different in the trophic
status but having similar location is lower
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(Shershnevskoye and Verkhne-lremelskoye - 0.64)
than for the reservoirs identical in the trophic status
and having similar location (Argazinskoye and
Dolgobrodskoye - 0.94; Verkhneuralskoye and
Yuzhnouralskoye - 0.80) (Fig. 2).

Among the analyzed zooplankton groups the
largest biomass of Cladocera is marked in
mesotrophic reservoirs; Copepoda - in eutrophic,
while zooplankton biomass of Rotifera in the
reservoirs is extremely small (Fig. 3).

It is necessary to point out that, in spite of slight
differences in the species composition of the
studied reservoirs, zooplankton development
analyzed according to the abundance and biomass
approximate their trophic status. The average
biomass of zooplankton in eutrophic reservoirs is

significantly lower (1533.5 mg-m?3) than in the
reservoirs of lower trophicity (6821.3 mg-m3).
Cladocera is considered sensitive to oxygen
content [25]. The obtained results show that in
mesotrophic reservoirs with the oxygen-rich water
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Fig.2 Similarity of main zooplankton groups in reservoirs of
different trophicity according to Serenson-Chekanowsky index:
1 -1 - Shershnevskoye, 2 - Verkhneuralskoye, 3
Yuzhnouralskoye; 4 - Argazinskoye, 5 - Dolgobrodskoye, 6 -
Verkhne-Iremelskoye; I, 11, 111 - chorological complexes.

column, Cladocera biomass is much higher than in
eutrophic (Fig. 4). The difference is particularly
evident for D. cucullata biomass (Fig. 4) proving
that this species is a good indicator of the
reservoir’s trophicity.

The situation is essentially different for
eutrophic  reservoirs where the amount of
Cladocera is reduced to 30.9 % (Fig. 4). Unlike
Cladocera, Rotifera is not a dominant zooplankton
group in epilimnion in middle summer [25]. But it
is identified as predominant in eutrophic reservoirs
(30.9 %) compared to mesotrophic (3.05 %)
(Fig. 4). This could be explained by anthropogenic
pollution only. The situation is essentially
different for eutrophic reservoirs where the amount
of Cladocera is reduced to 30.9 % (Fig. 4). Unlike
Cladocera, Rotifera is not a dominant zooplankton
group in epilimnion in middle summer [25]. But it
is identified as predominant in eutrophic reservoirs
(30.9 %) compared to mesotrophic (3.05 %)
(Fig. 4). This could be explained by anthropogenic
pollution only.

In  mesotrophic reservoirs, the quantity of
Copepoda in the total amount of zooplankton
accounts for 13.7 %, in eutrophic — 38.06 % (Fig.
4). Eudiaptomus graciloide occurs irrespective of
the trophicity. The species is characterized by a
wide range of tolerance. Its biomass is indifferent to
the trophicity, so it can’t be used as a bioindicator.
Cyclops vicinus is a good indicator, on the contrary.
Figure 3 shows its high sensitivity to pollution

It is essential that regardless of the trophic status
of the reservoir, the same components comprise the
basis of the copepod complex: T. oithonoides,
C. vicinus, E. graciloides, copepodites of cyclopids
of younger stages, as well as naupliuses.
Apparently, they are not much sensitive to
anthropogenic pollution.
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Fig.3 Biomass of zooplankton groups in reservoirs of different
trophicity: 1 - Shershnevskoye, 2 - Verkhneuralskoye, 3 -
Yuzhnouralskoye (eutrophic reservoirs), 4 - Argazinskoye,
5 - Dolgobrodskoye, 6 - Verkhne-lremelskoye (mesotrophic
reservoirs)

4. CONCLUSIONS

The analysis of the numerous data allows
making a conclusion about the chorological
structure of zooplankton in the studied reservoirs.

Among the factors responsible for the

differences in the structure are the location, the
nature of the coastal line, the depth and the trophic
status of the reservoir.
The study of the species composition and the
biomass of zooplankton proved its heterogeneous
nature. Six of the most abundant taxons are the
components of the dominant complex (D. cucullata,
D. pulex, D. longispina, Eudiaptomus graciloides,
Thermocyclops oithonoides, Cyclops vicinus).

Only D. cucullata of them is a member of the
dominant complex in most of the studied periods
and occurs as a dominant in five reservoirs. The
research shows that in eutrophic reservoirs the total
biomass of the representatives of the analyzed
zooplankton groups is two times less than in
mesotrophic reservoirs. The biomass percentages of
the dominant Cladocera, Copepoda and Rotifera
groups in eutrophic reservoirs are approximately
the same.

Cladocera group is significantly dominant in
mesotrophic reservoirs (2.5 times more). The
biomass of the Rotifera group is 10 times greater in
eutrophic reservoirs than in mesotrophic ones.
These are the signs indicating some degradation of
biocenoses. Increasing anthropogenic load seems to
have influenced the decrease in both the
composition and the chorological structure of
zooplankton communities in the reservoirs.
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