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In the channel areas of the large Tayshir Reservoir valley, zooplank-

ton is unevenly distributed along the longitudinal profile. The number 
and biomass of communities increases from the upper to lower rea­
ches. In the Durgun Reservoir, which has features of a canyon­type 
reservoir, the greatest abundance and biomass of zooplankton are 
recorded in the upper reaches, while the greatest number of spe-

cies is recorded in the lower reaches. In the Taishir Reservoir, an 
increase in precipitation and a raised water level have a stimula­
ting effect on the crustaceans in the middle part of the reservoir, the 
area of the greatest accumulation of substances brought from the 
catchment area, contributing  to the food supply of the invertebrates. 
In the upper reaches of the reservoir, with increased precipitation, 
high flowage prevents the development of zooplankton, and in the 
lower reaches, due to minimal accumulation of organic and biogenic 
substances and the impossibility of their intensive diffusion from bot-
tom sediments due to maximum depth and width, the communities 
display the effect of “dilution” (reduced abundance). For interannual 
changes in the zooplankton of the channel of the upper part of the 
Durgun reservoir, precipitation fluctuations are of major importance. 
In the lower reaches of the reservoir, in the deeper areas, the tem-

perature regime and fluctuations of the water level, depending on 
the work of hydroelectric power plants, are of decisive importance.
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Introduction
The arid climate, lack of water and energy 

resources in the territory of Mongolia give special 
status to water bodies of artificial origin, so 
studying the transformation of their hydrological, 
hydrochemical and biological regime under the 
influence of environmental and anthropogenic factors 
is a very important task.

Analysis of the zooplankton of the coastal 
zone of two different types of reservoirs in Mongolia 
showed (Krylov et al., 2018) that the communities 
of the large Taishir Reservoir are different along 
the longitudinal profile of the reservoir, and are also 
characterized by interannual changes. In the upper 
reaches of the reservoir, this is determined by an 
increase in water mineralization, the influx of organic 
and biogenic substances from the waters of the 
feeding river and from the surrounding landscape, 
as well as the diffusion of biogenic substances 
from bottom sediments. In the middle section of 
the reservoir, external influx of substances and the 
diffusion of biogenic oozes from bottom sediments 
are particularly important. In the lower reaches, an 
increase in precipitation and water level leads to 
dilution of the already less mineralized waters with 
impoverished zooplankton.

In the Durgun Reservoir, which is small and 
narrow, the differences in zooplankton in the coastal 
zone of the upper and lower areas are poorly 
expressed.

In general, in the Durgun Reservoir, the 
quantitative characteristics and structure of 
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coastal zooplankton are largely determined by the 
relationship with Khar­Us Lake, the eutrophic feeding 
lake, which depends on the amount of precipitation: 
their increase leads to an increase in the number 
of rotifers. With an increase in the level of water 
associated with the reduction of hydroelectric station 
discharges, under conditions of a poorly pronounced 
littoral zone and the possibility of flooding of land, the 
number of copepods increases in the composition of 
zooplankton.

It is known that the water level and the amount 
of precipitation can alter the nutrient load on the 
channel sections of reservoirs, transforming the 
biological regime and ecological state of water bodies 
(Edelshtein et al., 2005; Kuzin and Shtegman, 1972).

The purpose of this work is to describe 
the summer zooplankton of the channel areas of 
reservoirs of different types in the arid zone, with 
changes in water level, rainfall and air temperature.

Materials and methods
Research on Taishir Reservoir conducted in 

August 2012–2017, in the channel zone of the upper, 
middle and near­dam sections, Durgun, in 2012–
2015 and 2017. In the channel zone of the upper 
and near­dam sections (Fig. 1). At each station, 2–3 
samples were collected; extending from the bottom 
to the surface, using a Juday net with a mesh size 
of 64 μm and an inlet opening of 12 cm; the samples 
were fixed with 4% formalin; cameral processing 
was performed according to the standard method 
(Mordukhai­Boltovskoi, 1975). At the same time as 

Figure 1. Location of the sampling sites in the Taishir (1) and Durgun (2) reservoirs.



sampling, the depth, temperature, and conductivity 
of water were measured, information was obtained 
on the level of the reservoir from the beginning 
of the growing season to the time of collection, as 
well as on air temperature and rainfall (according 
to hydrometeorological posts of the Research and 
Information Institute for Meteorology, Hydrology and 
Environment (Mongolia)). Statistical analysis included 
checking the normality of the distribution using the 
Kolmogorov – Smirnov criterion, the significance 
of differences was assessed using single­factor 
analysis of variance (p < 0.05, ANOVA), the Pearson 
correlation coefficient was determined (p < 0.05).
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Results

Taishir Reservoir
Information on the amount of precipitation, air 

temperature and water level was previously published 
(Krylov et al., 2018).

Both in individual years and on average over 
the period studied, the highest water temperature was 
recorded in the middle of the reservoir, which is likely 
due to the optimal combination of conditions for slowing 
down the current and minimal wind mixing (Table 1).

In general, in the reservoir in 2012 and 2013, 
the water temperature was significantly higher than 

Zone Year Temperature, ºС Electrical conductivity, µS/cm

I

2012 17.8 153.8

2013 20.3 130.0

2014 16.1 155.0

2015 16.5 140.0
2016 18.2 196.0
2017 17.6 150.0

M ± SD 17.8 ± 1.5 154.1 ± 22.6
Cv 14.7 8.4

II

2012 22.9 202.9
2013 20.5 221.0

2014 17.9 215.0

2015 18.6 265.0
2016 18.0 212.0

2017 17.8 200.0

M ± SD 19.3 ± 2.0 219.3 ± 23.7
Cv 10.8 10.6

III

2012 19.7 220.0

2013 19.3 229.0
2014 17.2 233.0

2015 17.5 270.0
2016 17.9 212.0

2017 18.2 240.0
M ± SD 18.3 ± 1.0 234.0 ± 20.2
Cv 8.6 5.5

IV

2012 20.1 ± 2.6 192.2 ± 34.4
2013 20.0 ± 0.6 193.3 ± 55.0
2014 17.1 ± 0.9 201.0 ± 40.8
2015 17.5 ± 1.1 225.0 ± 73.7
2016 18.0 ± 0.2 206.7 ± 9.2
2017 17.9 ± 0.3 196.7 ± 45.1

Table 1. Temperature and electrical conductivity of water in the studied channels of the Taishir reservoir. I – the upper reaches of the 
reservoir, II – the middle reaches of the reservoir, III – the lower reaches of the reservoir, IV – total for the reservoir.
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in 2014 (p = 0.010 and 0.012, respectively), 2015 
(p = 0.023 and 0.028) and 2017 (p = 0.043 and 
0.050). The water conductivity increased along the 
longitudinal profile of the reservoir (Table 1), and in 
the upper course it was statistically significantly less 
than the average (p = 0.0001) and lower (p = 0.00002) 
sections. No significant year­to­year differences were 
recorded, although the minimum values were found 
in 2012 and 2013, and the maximum, in 2015. The 
number of species of zooplankters in the sample in 
2012–2013 was less in the upper reaches, but later 
the difference was not so significant and for the period 
of study no significant differences between the sites 
were found (Table 2). However, in the lower reaches 
of the reservoir, the number of Copepoda species 
was higher than in the upper (p = 0.001) and middle 
(p = 0.013) sites.

The maximum number of species of Rotifera 
and Cladocera as a whole for the channel sections 

of the reservoir was recorded in 2014, the values 
differed significantly from those of 2012 (p = 0.012 
and 0.049, respectively). In addition, in 2014, the 
maximum number of invertebrate species in the 
sample was recorded, which was significantly higher 
than in 2012 (p = 0.008), 2013 (p = 0.035) and 2015 
(p = 0.043). The highest abundance of zooplankton 
was observed in the lower part of the reservoir and 
was on average 3.4 times higher than in other areas, 
although the differences were not significant (Table 3). 
At the same time, in the lower reaches relative to the 
upper and middle sections, the number of Copepoda 
is significantly higher (respectively, p = 0.012, 0.013). 
The maximum density of Rotifera in the reservoir was 
recorded in 2014, and it significantly exceeded the 
values of 2012 (p = 0.038), 2013 (p = 0.047), 2015 
(p = 0.041) and 2016 (p = 0.049). Due to this, the year 
2014 was characterized by the largest number of 
zooplankton, which was more than in 2012 (p = 0.037) 
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Table 2. The number of species of zooplankton in the channel areas of the Taishir reservoir during the study period. I – the upper reaches 
of the reservoir, II – the middle reaches of the reservoir, III – the lower reaches of the reservoir, IV – total for the reservoir.

Zone Year Rotifera Copepoda Cladocera Total

I

2012 3 0 0 3

2013 4 0 1 5

2014 9 3 6 18

2015 6 0 3 9
2016 8 0 2 10

2017 5 4 7 16
M ± SD 5.8  ±  2.3 1.2 ± 1.8 3.2 ± 2.8 10.2 ± 5.9
Cv 39.7 157.3 88.0 58.2

II

2012 4 4 2 10

2013 6 1 3 10

2014 7 2 6 15

2015 10 0 4 14
2016 6 3 5 14
2017 6 3 2 11

M ± SD 6.5 ± 2.0 2.2 ± 1.5 3.7 ± 1.6 12.3 ± 2.3
Cv 30.4 67.9 44.5 18.3

III

2012 4 4 2 10

2013 5 6 3 14
2014 9 4 2 15

2015 2 4 1 7
2016 4 5 4 13

2017 6 4 2 12

M ± SD 5.0 ± 2.4 4.5 ± 0.8 2.3 ± 1.0 11.8 ± 2.9
Cv 47.3 18.6 44.3 24.7

IV

2012 3.7 ± 0.6 2.7 ± 2.3 1.3 ± 1.2 7.7 ± 4.0
2013 5.0 ± 1.0 2.3 ± 3.2 2.3 ± 1.2 9.7 ± 4.5
2014 8.3 ± 1.2 3.0 ± 1.0 4.7 ± 2.3 16.0 ± 1.7
2015 6.0 ± 4.0 1.3 ± 2.3 2.7 ± 1.5 10.0 ± 3.6
2016 6.0 ± 2.0 2.7 ± 2.5 3.7 ± 1.5 12.3 ± 2.1
2017 5.7 ± 0.6 3.7 ± 0.6 3.7 ± 2.9 13.0 ± 2.6
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and 2015 (p = 0.048). The maximum coefficients of 
variation in the total number and individual taxonomic 
groups of zooplankters were characteristic of the 
upper part of the reservoir, and the minimum, was 
recorded for the lower part.

Rotifers dominated in the zooplankton, their 
largest proportion was observed in the upper reaches 
of the reservoir (67.6% vs. 45.1% on average and 
51% in the lower reaches samples). The proportion 
of copepods increased along the longitudinal profile 
of the reservoir from 14.9% in the upper reaches to 
31.7% in the lower reaches of the reservoir, and the 
maximum proportion of cladocerans was found in the 
middle reaches of the reservoir (33.1%); whereas 
in in the upper and lower reaches, it was 17.5 and 
17.3%, respectively.

The upper reaches of the reservoir were 
dominated by Euchlanis dilatata Ehrenberg 
(2012–2015), E. meneta Myers (2012, 2013), 
Kellicottia longispina (Kellicott.) (2014), Brachionus 

quadridentatus Ehrenberg (2015), nauplia of 
Cyclopoida (2016, 2017), copepodites of Cyclopoida 
(2017), Bosmina (B.) longirostris (O.F. Müller) (2016), 
Daphnia (D. (D.) galeata G.O. Sars, D. (D.) hyalina 

Leydig, D. (D.) galeata×D. (D.) hyalina) (2014, 2016), 
and Alona rectangula Sars (2017).

The middle reaches were dominated by 
Conochilus hippocrepis (Schrank) (2012), Asplanchna 

brightwelli Gosse (2013, 2014, 2017), Kellicottia 

longispina (2014, 2016), Keratella cochlearis (Gosse) 
(2015, 2016), K. quadrata (Müller) (2017), Filinia 

longiseta (Ehrenberg) (2017), nauplii of Cyclopoida 
(2015, 2017), Eudiaptomus graciloides Lilljeborg 
(2015), Acanthodiaptomus denticornis Wierzejski 
(2012, 2016), and Daphnia (2013, 2014, 2016).

The lower reaches were dominated by 
Kellicottia longispina (2014, 2016), Conochilus 

hippocrepis (2012, 2014), Asplanchna brightwelli 

(2013, 2014, 2017), A. priodonta Gosse (2017), 
Keratella cochlearis (2016), K. quadrata (2017), Filinia 

longiseta (2016), nauplii of Cyclopoida (2012–2015), 
copepodites of Calanoida (2015), Eudiaptomus 

graciloides (2015), Acanthodiaptomus denticornis 

(2012), and Cyclops strenuus Fischer (2012).
No significant differences in the values of the 

Shannon index calculated for abundance were found 
along the longitudinal profile of the reservoir or in the 
interannual aspect (Table 4).

Zooplankton of the dam area (Table 3) differed 
in maximum biomass, which was significantly 
higher than in the upper reaches (p = 0.005) and 
middle reaches (p = 0.008) owing to Copepoda 
(p = 0.004 and 0.007, respectively). In the lower 
reaches, the biomass of Cladocera statistically 
significantly exceeded only the values in the upper 
reaches (p = 0.043). The largest biomass of rotifers 
in the reservoir was recorded in 2017 and 2014, 
Copepoda in 2015, Cladocera and total biomass in 

2014, although there were no significant interannual 
differences. Minimal variation of the total biomass 
and biomass of crustaceans was observed near the 
dam, and the maximum was recorded in the upper 
and middle parts of the reservoir.

Cladocerans formed the basis of zooplankton 
biomass, from 52.7% in the upper reaches to 70.7% 
in the middle reaches. The proportion of copepods 
varied from 10.4% in the upper reaches to 16.4% 
near the dam, rotifers ranged from 17.3% and 17.5% 
in the upper and lower reaches to 33.1% in the middle 
reaches, although all differences were not confirmed. 
There were also no significant differences in the 
proportion of taxonomic groups in different years, 
although the largest relative biomass of Rotifera was 
noted in 2012 and 2017 (33.7 and 39.4%), the smallest 
in 2016 (5.0%), Copepoda in 2015, 2016, respectively 
(18.4, 18.5%) and 2014 (6.4%), Cladocera in 2013, 
2014 (72.5, 75.1%) and 2017 (43.8%).

The following taxa dominated by biomass in 
the upper reaches: Euchlanis dilatata (2012, 2013, 
2015), E. meneta (2012), Brachionus quadridentatus 

(2015), Asplanchna brightwelli (2017), Alona affinis 

(Leydig) (2013, 2015, 2017), A. rectangula (2017), 
and Daphnia (2014, 2016).

The following taxa dominated by biomass in 
the middle reaches: Asplanchna brightwelli (2013, 
2014, 2017), Eudiaptomus graciloides (2015), 
Acanthodiaptomus denticornis (2012), and Daphnia 

(2012–2017).
The following taxa dominated by biomass in 

the middle reaches: Asplanchna brightwelli (2014, 
2017), Acanthodiaptomus denticornis (2012, 2016, 
2017), Eudiaptomus graciloides (2015), and Daphnia 

(2012–2016).
On average, over the study period, the smallest 

value of the Shannon index calculated for biomass 
was recorded in the lower reaches of the reservoir, but 
no significant differences were found with the upper 
and middle reaches (Table 4). The minimum mean 
ratio of the number of cladocerans and copepods and 
the maximum ratio of the biomass of crustaceans and 
rotifers were found near the dam, but the differences 
between the sites were not statistically significant 
(Table 4).

The greatest average value of the trophic 
coefficient (Mäemets, 1980) was recorded in the 
upper reaches of the reservoir, and downstream 
along the longitudinal profile its values decreased, 
in the middle reaches and near the dam they were 
significantly lower (p = 0.023 and 0.001, respectively) 
(Table 4).

During the study period, the upper and 
middle reaches of the reservoir were characterized 
by the trophic coefficient as eutrophic, the lower 
mesotrophic. The maximum trophic index for the 
entire reservoir was noted in 2014, the minimum 
in 2012, but in general, the interannual differences 
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upper reaches. As a result, in 2017, the number of 
invertebrate species in zooplankton of the reservoir 
was significantly higher than in 2012 (p = 0.009), 2013 
(p = 0.004), 2014 (p = 0.016) and 2015 (p = 0.022). 
In the same year, the maximum number of species 
of cladoceran species was recorded, significantly 
exceeding the values in 2015 (p = 0.030). The lowest 
number of Copepoda species was found in 2015 and 
it is significantly lower than in 2012 (p = 0.035) and 
2013 (p = 0.020). The abundance of zooplankton in 
the upper reaches was on average 3.7 times higher, 
as well as the abundance of rotifers (in 4.1 times), 
copepods (in 3.3 times), and cladocerans (in 
4.3 times) (Table 7). However, in the period from 2012 
to 2015, the difference in the number of zooplankton 
in the upper and lower reaches was reduced (from 5 
times to dominance in the lower section), but in 2017 
it was again observed to increase up to 11.2 times. 
No significant interannual differences in the numbers 
of zooplankton and its individual taxonomic groups 
were found. The largest density variation coefficients 
are recorded in the upper reaches of the reservoir. 
Copepoda accounted for 47.9% in the upper section 
and 54% in the lower section; Rotifera comprised 
34.5% and 30.2%, Cladocera 17.6% and 15.8%, 
respectively. In general, for the reservoir, the 
maximum proportion of Rotifera was found in 2015 
(55.9%) and 2017 (44.6%), and it was significantly 
more than in 2013 (p = 0.010 and 0.027, respectively). 
In addition, in 2015 and 2017 the minimum proportion 
of Copepoda (29.5 and 32.9%, respectively) was 
recorded, and it was significantly less than in 2012 

were not significant. Downward along the longitudinal 
profile of the reservoir, the average individual mass of 
zooplankters increased, and the differences between 
the upper and lower sections were statistically 
significant (p = 0.009).

Durgun reservoir
Information on the amount of precipitation, air 

temperature and water level were presented earlier 
(Krylov et al., 2018). The water temperature increased 
from sites in the upper to the lower reaches, but there 
were no significant differences between them (Table 5). 
On the whole, the minimum water temperature in the 
reservoir was found in 2017, it was significantly lower 
than in 2012 (p = 0.004), 2014 (p = 0.007) and 2015 
(p = 0.033). The maximum temperature recorded in 
2012 and 2014 was statistically significantly higher 
than in 2013 (p = 0.016 and 0.033, respectively). 
Sites in the upper and lower reaches did not differ in 
the electric conductivity of water, although, significant 
inter­annual changes were recorded (Table 5).

For instance, from 2012 to 2014 an increase in 
water conductivity was observed (p2012–2013 = 0.00007, 
p2012–2014 = 0.00003), however, it subsequently 
significantly declined (p2012–2015 = 0.0012, p2012–2017= 
0.036, p2013–2015 = 0.000008, p2013–2017 = 0.0002, p2014–2015 = 
0.000005, p2014–2017 = 0.00009, p2015–2017 = 0.0002). By 
the number of species of zooplankters in the sample 
in different parts of the reservoir, no significant 
changes were observed; only in 2017 in the lower 
reaches there were more Rotifera species (Table 6), 
but their number also increased in sites of the 

Zone Year Temperature, ºС Electrical conductivity, µS/cm

I

2012 22.3 186.6
2013 18.2 225.0

2014 21.2 230.0

2015 19.6 171.0
2017 17.2 199.0
M ± SD 19.7 ± 2.1 202.3 ± 25.1
Cv 10.6 12.4

II

2012 23.5 194.7
2013 19.8 227.0
2014 23.2 234.0
2015 21.6 172.0
2017 17.6 199.0
M ± SD 21.1 ± 2.5 205.3 ± 25.3
Cv 11.7 12.3

III

2012 22.9 ± 0.8 190.7 ± 5.7
2013 19.0 ± 1.1 226.0 ± 1.4
2014 22.2 ± 1.4 232.0 ± 2.8
2015 20.6 ± 1.4 171.5 ± 0.7
2017 17.4 ± 0.3 199.0 ± 0.0

Table 5. Temperature and electrical conductivity of water in the studied channel areas of the Durgun Reservoir. I – the upper reaches of 
the reservoir, II – the lower reaches of the reservoir, III – total for the reservoir.
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(62.2%, p = 0.047) and 2013 (71.1%, p = 0.021), and 
in 2017 (32.9%) less than in 2013 (p = 0.028). No 
significant difference in the proportion of Cladocera 
was found, but their maximum proportion was 
registered in 2013 and 2017 (23.3 and 22.4%), while 
in the rest of the time it was 11.4–14.5%.

The upper reaches were dominated by Filinia 

longiseta (2014), Polyarthra vulgaris Carlin (2015), 
Keratella cochlearis (2015), Trichocerca longiseta 

(Schrank) (2015), T. pusilla (Gosse) (2017), juvenile 
Cyclopoida (2013–2015, 2017), Ceriodaphnia 

reticulata (Jurine) (2013, 2017), and Chydorus 

sphaericus (O.F. Müller) (2017).
The upper reaches were dominated by 

Brachionus angularis Gosse (2012, 2014), Trichocerca 

pusilla (Gosse) (2017), juvenile Cyclopoida (2012–
2015, 2017), Ceriodaphnia reticulata (2013), Filinia 

longiseta (2015), and Trichocerca longiseta (Schrank) 
(2015).

No significant differences in the values of the 
Shannon index calculated for the abundance were 
found in different areas; the maximum value was 
recorded in 2015 and it was significantly higher than 
in 2017 (p = 0.031) (Table 8).

The zooplankton biomass in the upper reaches 
of the reservoir was on average 2.7 times higher 
than in the lower reaches; the biomass of rotifers 
was 3.7 times higher, the copepods 2.6 times higher, 
and cladocerans 2.7 times higher (Table 7). In 
addition, in the period from 2012 to 2015, there was 
a decrease in the difference, moreover, in 2013 and 
2015. The biomass of zooplankton in the dam area 
was dominated by copepods. The largest variation of 
the total biomass and biomass of taxonomic groups 

was recorded in the upper reaches of the reservoir. 
The biomass was dominated by cladocerans, their 
maximum proportion was found in 2014 (72.7%), 
the minimum in 2012 (49.6%). The proportion of 
copepods in the total biomass in 2012 and 2013, was 
the highest, 48.7 and 42.1%; subsequently it was 
23.5–26.5%.

The maximum proportion of rotifers was 
recorded in 2015 (10.4%), and it was more than 
in 2012 (p = 0.011), 2013 (p = 0.006) and 2014 
(p = 0.030), and the proportion of rotifers in 2017 
(7.8%) also significantly exceeded the values in 2012 
(p = 0.038) and 2013 (p = 0.020).

The upper reaches were dominated by juvenile 
Cyclopoida (2013, 2017), Ceriodaphnia reticulata 

(2013, 2015, 2017), Daphnia (2014), Bosmina (B.) 

longirostris (2015, 2017), and Chydorus sphaericus 

(2017).
The lower reaches were dominated by juvenile 

Cyclopoida (2012–2015, 2017), Eudiaptomus 

graciloides (2012, 2014, 2015), Diaphanosoma 

brachyurum Liévin (2012, 2014), Ceriodaphnia 

reticulata (2012, 2013, 2015, 2017), Bosmina (B.) 
longirostris (2012, 2013), Daphnia (2013, 2014), 
Campocercus uncinatus Smirnov (2015).

In the value of the Shannon index calculated 
for the biomass, zooplankton of the lower reaches 
prevailed, although the differences between the plots 
were not confirmed (Table 8). In general, the smallest 
value in the reservoir was recorded in 2017, and it 
was significantly less than in 2012 (p = 0.006), 2013 
(p = 0.005), 2014 (p = 0.038) and 2015 (p = 0.017).

The ratio of the number of cladocerans and 
copepods near the dam was lower than in the upper 

Zone Year Rotifera Copepoda Cladocera Total

I

2012 5 2 6 13
2013 6 4 8 18

2014 8 2 5 15

2015 7 0 4 11

2017 12 3 8 23

M ± SD 7.6 ± 2.7 2.2 ± 1.5 6.2 ± 1.8 16.0 ± 4.7
Cv 35.6 67.4 28.9 29.3

II

2012 8 5 8 21

2013 4 4 7 15

2014 7 2 6 15

2015 9 1 6 16
2017 16 2 8 26
M ± SD 8.8 ± 4.4 2.8 ± 1.6 7.0 ± 1.0 18.6 ± 4.8
Cv 50.4 58.7 14.3 26.0

III

2012 6.5 ± 2.1 3.5 ± 2.1 7.0 ± 1.4 17.0 ± 5.7
2013 5.0 ± 1.4 4.0 ± 0.0 7.5 ± 0.7 16.5 ± 2.1
2014 7.5 ± 0.7 2.0 ± 0.0 5.5 ± 0.7 15.0 ± 0.0
2015 8.0 ± 1.4 0.5 ± 0.7 5.0 ± 1.4 13.5 ± 3.5
2017 14.0 ± 2.8 2.5 ± 0.7 8.0 ± 0.0 24.5 ± 2.1

Table 6. The number of zooplankton species in the channel areas of the Durgun Reservoir during the study period. I – the upper reaches 
of the reservoir, II – the lower reaches of the reservoir, III – total for the reservoir.
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reaches, the highest values were recorded in 2015 
and 2017, the lowest in 2012 and 2014 (Table 8).

The ratio of the biomass of crustaceans and 
rotifers in the upper and lower reaches did not 
change significantly; however, in general, year­to­
year fluctuations were recorded in the reservoir 
(Table 8). The largest value was recorded in 2013 and 
it was significantly higher than in 2012 (p = 0.0005), 
2014 (p = 0.0001), 2015 (p = 0.00009) and 2017 
(p = 0.0001) years, in 2015 and 2017 BCrust/BRot was 
lower than in 2012 (p = 0.017 and 0.024, respectively).

The trophic coefficient has characterized the 
eutrophogenic conditions in the reservoir in all years 
(Table 8). Its higher value was recorded in 2015 and 
2017.

Average individual mass of zooplankters in 
2012, 2013 and 2015, was higher in the dam area of 
the reservoir, in 2014 and 2017, in the upper reaches 
(Table 8). A total trend to its decline was recorded for 
the reservoir over the entire research time.

Discussion
As mentioned above, in the Taishir Reservoir, 

the water level in August (p = 0.60), the difference in 
May and August of the current year (r = 0.71), the aver-
age difference between the months between May and 
August (r = 0.71) and the difference in the current and 
previous years (r = 0.94) were associated with precipi-
tation (Krylov et al., 2018).

However, unlike the seashore, channel areas 
of the reservoir, between indicators of changes in the 
water level, showed no correlation with its electrical 
conductivity either for the entire reservoir or for its mid-

dle and lower reaches separately. Only in the upper 
reaches of the reservoir did the study reveal the co-

efficient of average correlation for May – August and 
the August water levels and its electrical conductivity 
(r = 0.83 and 0.89, respectively). Apparently, sites in 
the upper reaches, which are the first to receive the 
river waters carrying substances from the catchment 
area, characterized by smaller depths and width, as 
well as a larger land area flooded with increasing water 
levels, accumulate salt ions, which contribute to an in-

crease in electric conductivity. In the middle and lower 
reaches, which are distinguished by large volumes of 
water, depth and width, and to which the intact water of 
the river does not reach, an increase in the water level 
did not change its electrical conductivity.

A negative correlation was found in the Durgun 
Reservoir between the water level and the amount 
of precipitation in January – August, April – July and 
April – August (for the level in April – August r = −0.79, 
–0.92, –0.95, for the level in August – respective-

ly r = −0.97, −0.99, −0.99), which, as we pointed out 
earlier (Krylov et al., 2018), is associated with an in-

crease in discharge of the hydroelectric power station. 
At the same time, the electrical conductivity of water 
(r = −0.66, 0.88, respectively) was associated with a 
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change in the average difference in the water level 
during May – August and the average difference in wa-

ter level (r = −0.66, 0.88, respectively), which explains 
its decrease in 2015 and 2017. A similar relationship 
between the difference in levels in May and August 
and the electric conductivity of water was found at the 
top (r = 0.91) and the lower reaches (r = 0.97) of the 
reservoir.

A series of correlation coefficients has been ob-

tained between the quantitative characteristics of zoo-

plankton in the Taishir Reservoir channel sections and 
the studied environmental factors that indicate the im-

portant role of the amount of atmospheric precipitation 
and the associated water level, which could indirectly 
determine the state of the plankton invertebrates.

Thus, the number and biomass of rotifers 
(r = 0.53 and 0.60), the number of zooplankton 
(r = 0.54), the number of Rotifera species (r = 0.48) 
and the total number of species (r = 0.59) correlated 
with the amount of atmospheric precipitation.

The results of the analysis of long­term obser-
vations at the Mozhaisk Reservoir (Datsenko et al., 
2017), which showed a positive relationship between 
precipitation and phytoplankton biomass, suggest that 
the main cause of an increase in the number of sus-

pension­feeders in zooplankton can be the enrichment 
of their feeding base due to an increase in algae, re-

sulting from an increased supply of biogenic and or-
ganic substances from the catchment area.

In addition, the specific number of zooplank-

ton species, as well as rotifers and cladocerans was 
associated with the water level in August (r = 0.49, 
0.48, 0.58, respectively). Apparently, with an increase 
in water supply and the water level, species brought 
by the river from floodplains enter the channel zone of 
the reservoir, the influence of the communities of the 
littoral zone increases, while the improvement of the 
feeding base creates the conditions for an increase in 
abundance of rare species. Similar results were ob-

tained at the Rybinsk Reservoir (Lazareva, 2010).
As the surface runoff increases, inorganic elec-

trolytes (Na+, K+, Ca2+, Mg2+ cations and Cl-, SO4
2-, and 

HCO
3
- anions) also enter the water, changing the elec-

tric conductivity of the water and playing an important 
role in the life of hydrobionts. Apparently, this explains 
the positive correlation between the abundance and 
biomass of Copepoda (r = 0.51 and 0.53), biomass of 
zooplankton and Cladocera (r = 0.49 and 0.54) with the 
electric conductivity of water. In the Durgun Reservoir, 
the interannual changes in the range of zooplankton 
indices were also determined by the amount of precip-

itation, the level of the regime and the air temperature.
Thus, the number of rotifer species increased 

when the average air temperature rose in April – Au-

gust (r = 0.83) and decreased while the difference in 
water level increased from May to August (r = −0.66). 
The number of species Copepoda and Cladocera was 
reduced with a decrease in precipitation in January – 
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August (respectively r = −0.69 and −0.72) and April – 
August (r = −0.70 and −0.72) and with the associated 
water level for April – August (r = 0.69 and 0.80). The 
specific number of types of zooplankters depended on 
the mean April – August air temperature (r = 0.66) and 
the difference in water level in May – August (r = 0.78).

The abundance and biomass of the entire zoo-

plankton and individual taxonomic groups did not cor-
relate with the studied environmental factors. Appar-
ently, the interannual differences largely depended on 
the state of the food supply and influx of nutrients from 
the upper reaches.

However, fluctuations in the mean April – August 
water levels and precipitation changed the proportion 
of Rotifera in the total zooplankton abundance (re-

spectively r = −0.73 and 0.66) and biomass (r = −0.83 
and 0.68). In contrast, the proportion of Copepoda in 
the total abundance, with an increase in the water lev-

el, rose (r = 0.75), but decreased when the mean air 
temperature in April – August increased (r = −0.69). In 
addition, when the water level increased in the period 
from May to August, and the amount of precipitation 
decreased, the value of the Shannon index calculated 
for the abundance (r = −0.75 and 0.68, respectively) 
decreased, while the index calculated by biomass in-

creased as the mean April – August air temperature 
(r = −0.72) decreased.

It should also be noted that when the average 
water level for April – August decreased as compared 
with the previous year and the difference between them 
increased, the number of Rotifera species (r = −0.71), 
their share in the total number and biomass (r = −0.75 
and −0.80 ) decreased, but the proportion of Copepo-

da increased (r = 0.80).
Reservoirs are intricately organized mosaic sys-

tems, in which several hydrological zones are distin-

guished, differing in depth, wind­wave exposure and 
water speed: shallow (river), intermediate, or lacus-

trine­river, and deep­water, or lacustrine (Berkovich, 
2012). In this regard, a special interest is the analysis 
of the reaction of communities of different sections of 
reservoirs to the influence of the same factors. In the 
Taishir Reservoir area, the number of Cladocera spe-

cies (r = 0.85), the proportion of Rotifera in the total 
abundance (r = −0.86), Copepoda in the total num-

ber and biomass (r = 0.88 and 0.89), the value of the 
Shannon index calculated for the abundance (r = 0.97) 
were associated with rainfall during April – August.

In the middle part of the reservoir, the level of 
play played a large role. The increase in August level, 
the difference between the level in May and August, as 
well as the mean monthly difference in the level from 
May to August, was due to an increase in the number 
of Cladocera (r = 0.88, 0.87 and 0.87, respectively) 
and the Copepoda biomass (r = 0.90, 0.88 and 0.88).

The total biomass of zooplankton (r = 0.87) and 
the biomass of Cladocera (r = 0.86), whose propor-
tion in the total population increased depending on the 

difference in water level in May and August (r = 0.86), 
correlated with the monthly (May – August) water level.

Previously, we pointed out that in the harshly 
continental climate of Mongolia, characterized by sig-

nificant interseasonal and daily temperature fluctua-

tions, the data on air temperature during the growing 
season, rather than the water temperature at sampling 
times, are useful.

In the middle area of the reservoir, with an in-

crease in the mean monthly (from April to August) air 
temperature, the number and biomass of rotifers in-

creased (r = 0.98 and 0.97), as well as the number of 
zooplankton (r = 0.88).

In the lower reaches of the reservoir, the charac-

teristics of zooplankton were also related to the water 
level, but their number was limited. In particular, as the 
water level increased in May – August, the numbers 
and biomass of Copepoda (r = −0.79 and −0.70) and 
Cladocera (r = −0.69 and −0.70) decreased.

Consequently, a change in the amount of atmo-

spheric precipitation and the level of water, the max-

imum of which was observed in 2016, caused mixed 
changes in the quantitative characteristics of zooplank-

ton in the channel zone along the longitudinal profile of 
the Taishir Reservoir.

The correlations were most pronounced in the 
middle section of the reservoir, where the additional 
intake of organic and biogenic substances from the 
catchment area had a stimulating effect on plankton 
species.

Apparently, this is connected with the improve-

ment of the zooplankton feeding basis due to the ac-

cumulation of minerals from the catchment area and 
the diffusion of biogenic substances from bottom sed-

iments, which contributed to the development of phy-

toplankton.
The effect of phytoplankton stimulation of the 

reservoir with an increase in precipitation is described 
for the Mozhaisk Reservoir (Datsenko et al., 2017; 
Edelstein et al., 2017). However, as the researchers 
of the Mozhaisk Reservoir pointed out, the effect of 
the surface inflow on planktonic waters is most pro-

nounced in the upper reaches of the reservoir.
In our case, in the sites in the upper reaches, 

only the number of species changed, as well as the 
ratio of taxonomic groups, which we associate with its 
high flow rate due to an increase in the discharge of 
the river that provided the water flow over the top of 
the dam.

As a result, the stimulation zone shifted to the 
middle section, where the substances accumulated by 
the peak were accumulated to the greatest extent.

In the lower reaches, which have a greater 
depth and volume of water mass, as well as a narrow 
strip of littoral zone, the quantitative characteristics of 
zooplankton with increasing rainfall and water level 
decreased. The reason for this was the smaller accu-

mulation of organic and biogenic substances from the 
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catchment area and the impossibility of their intensive 
diffusion from bottom sediments, which did not contrib-

ute to the enrichment of the invertebrate feeding base. 
The effect of “diluting” zooplankton with large volumes 
of water was previously observed in the reservoirs of 
the Volga (Dzyuban, 1959; Monakov, 1958). On the 
surface of the Durgun Reservoir, the characteristics of 
zooplankton were related to the level of the regime, the 
amount of precipitation and the electrical conductivity 
of the water. Thus, the number of species of copepods 
decreased with an increase in precipitation (r = −0.91), 
and cladocerans and the total specific number of spe-

cies increased with a decrease in the monthly water 
level between April and August (r = −0.94 and −0.96).

The proportion of rotifers, in total numbers and 
biomass, increased with an increase in precipitation 
(r = 0.93), the proportion of copepods in total numbers 
increased with an increase in water level (r = 0.96), 
and cladocerans with a decrease in electrical conduc-

tivity (r = −0.99).
In addition, an increase in precipitation led to an 

increase in the Shannon index calculated by abundance 
(r = 0.88). In the lower reaches of the reservoir, the 
temperature regime was of great importance: when 
the average air temperature increased from April to 
August, the number of rotifers increased (r = 0.93), 
the abundance of zooplankton (r = −0.94) and the 
copepods (r = −0.95) decreased, as well as the 
proportion of Copepoda in total abundance (r = −0.94).

In addition, as the level of water decreased over 
April – August compared to the previous year and 
the difference between them increased, the number 
of copepod species (r = 0.90) and their proportions 
in the total population (r = 0.91), and biomass 
(r = −0.91) increased, the proportion of Rotifera in the 
total abundance (r = −0.90) and biomass (r = −0.91) 
decreased.

Consequently, for the zooplankton of the 
main plots of the Durgun Reservoir, the amount of 
atmospheric precipitation, which determines the 
connection with Lake Khar­Us, the eutrophic feeding 
lake, level regime, depending on the intensity of power 
station operation, and the temperature regime, were 
the most important factors.

Evidently, these factors determined the 
quantitative development and structures of the 
zooplankton in 2015 and 2017, which were 
characterized by the maximum air temperature, the 
difference between the levels in May and August, 
as well as the decrease in the mean water level for 
April – August, compared to the previous year and an 
increase in the difference between them (Krylov et al., 
2018).

In addition, in 2015, the maximum amount of 
precipitation was recorded, and 2017 followed the 2016 
season, when studies on the reservoir were not carried 
out, but which was characterized by anomalously 
large amount of precipitation (117.5 mm for the period 

from April to August, whereas in other years it ranged 
from 20 to 48.6 mm). Because of this, in these years, 
zooplankton was distinguished by a significant number 
of invertebrate species, the maximum proportion of 
Rotifera and the minimum proportion of Copepoda in 
total numbers and biomass.

No significant changes in the quality of the 
environment were observed in the Taishir Reservoir. 
These are determined by the structural indicators of 
zooplankton (in this case levelness, the ratio of the 
number of cladocerans and copepods, the biomass 
of crustaceans and rotifers, the trophic coefficient 
and the average individual mass of organisms) and 
composition of the dominant species, with increasing 
precipitation and water levels. Evidently, the 
zooplankton of the channel zone of the reservoir had 
not yet been fully formed, since the reservoir was filled 
by the impoverished waters of a mountain river, which 
flooded land areas with thin soils and vegetation. 
At present, there is still a gradual accumulation of 
organic and biogenic substances, an increase in 
the concentration of which in years with a high level 
and amount of precipitation indirectly stimulates an 
increase in the density and biomass of crustaceans, 
which are indicators of high trophic level or pollution.

In the Durgun Reservoir, changes in the indicative 
indicators of zooplankton were largely determined 
by the connection with the eutrophic Khar­Us Lake, 
which increased with an increase in the amount of 
atmospheric precipitation, which, also determined the 
intensity of the work of the hydroelectric power station 
and, as a consequence, a decrease in the water level.

Therefore observations in 2015 and 2017 
showed the greatest decline in the quality of the 
environment, as evidenced by the increase in the 
abundance of Cladocera and Copepoda, the trophic 
level, and a decrease in the ratio of the biomass of 
crustaceans and rotifers.

Conclusions
The results showed that the zooplankton of the 

channel areas of the large Taishir valley reservoir is 
characterized by a non­uniform distribution over the 
longitudinal profile of the reservoir, an increase in the 
number of individuals in and biomass of communities 
from the upper reaches to lower reaches.

The Durgun Reservoir, which has features of 
a canyon­type reservoir, is characterized by a small 
length and width, as well as by lake nutrition, the largest 
number of individuals and biomass is recorded at the 
upper reaches of the reservoir, the largest number of 
species, in the lower reaches. The role of atmospheric 
precipitation, and the level of water and air temperature 
in the interannual changes in the zooplankton of the 
channel areas of different reservoirs in the arid zone 
was studied.

In the Taishir Reservoir, a significant increase 
in precipitation and water levels stimulated the 
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crustaceans in the middle part of the reservoir, where 
nutrients from the catchment area were accumulated to 
a greater extent, which contributed to the enrichment of 
the feeding basis of zooplankters. In the upper part of 
the water body, with increased precipitation, high flow 
rates opposed the development of zooplankton, and 
in the lower reaches, the quantitative characteristics 
of the community were reduced due to minimal 
accumulation of organic and biogenic substances 
and the impossibility of their intensive diffusion from 
bottom sediments due to maximum depth and width. 
The effect of “diluting” zooplankton with large volumes 
of water has been previously described for the Volga 
reservoirs (Dzyuban, 1959; Monakov, 1958).

The interannual changes in the zooplankton of 
the channel area of the upper reaches of the Durgun 
Reservoir are largely dependent on fluctuations in 
the amount of precipitation, leading to an increase 
in the connection with Khar­Us Lake, the eutrophic 
feeding lake, as well as a decrease in the level of 
water as a result of the intensification of the work of 
hydroelectric power stations. In the lower reaches of 
the reservoir, which is distinguished by great depths, 
temperature regime had a determining value, as well 
as fluctuations in water level, depending on the work of 
the hydroelectric power station.
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