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Zooplankton plays an important role in aquatic food webs and changes in its abundance and diversity under changing climatic conditions can significantly affect the abundance and diversity of other aquatic organisms. The aim of the study was to assess quantitative and
qualitative parameters of zooplankton development, dynamics of development of its dominant groups and the effect of water temperature.
Species composition and abundance of zooplankton of the Kremenchuk Reservoir were studied in 2006, 2010–2012 and 2020 in relation
to water temperature and pollution. Zooplankton species diversity fluctuated significantly over the years of the study. A total of 46 taxa
were recorded in the reservoir during the study period. The number of recorded zooplankton taxa ranged 26 to 32 depending on the year.
The most abundant zooplankters were Chydorus sphaericus, Copepoda nauplii, Brachionus diversicornis. The abundance of zooplankters
in the reservoir during the study period ranged 23·103 to 256·103 ind./m3, and biomass 0.14 to 0.89 g/m3. A significant positive relationship
was observed between the abundance of cladocerans, including some individual species (Ch. sphaericus and Ceriodaphnia sp.), and
water temperature. Indicator species of water pollution in different years and in different parts of the Kremenchuk Reservoir differed
significantly, which probably depended on the presence or absence (in a certain period of time) of polluting discharges. The total saprobity
index in different years in different parts of the reservoir was in the range of 1.5–1.9. Structural indicators of zooplankton and its dominant
complexes characterize the water in the Kremenchuk Reservoir as β-mesosaprobic. It is probably too early to assess the impact of climate
change zooplankton as these changes are still unstable and short in time, but it is necessary to constantly monitor the biota of aquatic ecosystems to further study and summarize the data, which could later allow an identification of such changes.
Keywords: water temperature; Dnieper River; abundance; biomass; saprobity; copepods; cladocerans.

Introduction
The Dnipro reservoirs are a unique man-made objects, the ecological
state of which develops under the impact of a complex of factors of external and internal origin. Due to the significant ecological and economic
importance of reservoirs, the response of their ecosystems to this impact
should be the subject of monitoring studies, which would include both
assessment of integrated biocoenotic parameters and determination of
individual groups of aquatic organisms, which, in particular, can define the
direction and intensity of the succession status of a water body. In this
aspect, zooplankton is of great interest. This group of organisms, which in
reservoirs occupy mainly niches of first- or second-order consumers, is a
critical component of food supply for fish juveniles and one of the main
links in water self-purification (Yermolaeva, 2008). Accordingly, without
having a holistic picture of the state of zooplankton and the factors that
affect it, it impossible to understand the mechanisms of the impact of
external factors on the biodiversity, ecological sustainability and bioresource potential of aquatic ecosystems.
Studies of climate change have become especially important in recent
years as a powerful factor affecting the conditions of both individual species and biocenoses as a whole. This fully applies to aquatic organisms,
habitats of which are more stable (compared to terrestrial ecosystems), but
the variability of global climate indices has effects on the production and
degradation processes in aquatic ecosystems. In particular, an increase in
air temperature causes increased atmospheric circulation and intensification of the rise of nutrients in the upper layers of water. In turn, this results
in enhanced photosynthesis as a basis for the formation of a higher trophic
status of the aquatic ecosystem and increase in fish productivity (Sokolov,

2010). The main responses of freshwater zooplankton to climatic influences are considered to be changes in the abundance, distribution and
structure of zooplankton communities (Vadadi-Fulop et al., 2012).
Changes in zooplankton abundances in response to rising average temperatures were shown for some reservoirs and lakes (Jeziorski et al., 2016;
Korneva et al., 2019); however, in other lentic systems, the dynamics of
zooplankton abundances in the context of climate change did not show
clear trends (Carter & Schindler, 2012; Fomina & Syarki, 2018). In this
regard, there is a question about the impact of these changes on the structural and functional parameters of main groups of aquatic organisms as a
component of the study of patterns of transformation of aquatic ecosystems in conditions of regulated river flow and multi-vector impact of
external factors (Romanenko et al., 2019).
In addition, human impact remains a significant factor that affects aquatic bioresources. For example, intensive anthropogenic pressure reduces
the intensity of development of zooplankton groups and results in a change of oligo- and polydominant groups to monodominant ones and instability of average annual values with a general tendency to a decrease
(Zimbalevskaya, 1989; Pashkova, 2003; Kruzhylina & Didenko, 2007;
Pashkova, 2010).
In general, ecosystems of reservoirs are under the continued effect of
a complex of external factors, some components of which are characterized by instability and multi-vector nature (Zimbalevskaya et al., 1987;
Shcherbak et al., 1991; Shcherbak & Yemel’yanov, 2002). Accordingly,
data showing the state of aquatic organisms are sufficient to develop an
optimal scheme of rational water use with the level of objectivity, which
can be obtained only in the framework of the implementation of a continued monitoring system. Thus, in conditions of continued changes in both
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the hydrological regime of the reservoirs and human impact on its ecosystem, there is a need for assessing the dynamics of macroindicators of
communities, which form a significant segment of flows of matter and
energy in aquatic ecosystems.
Material and method
Material for the study was collected on a boat throughout the entire
area of the Kremenchuk Reservoir in August of 2006, 2010–2013 and
2020 using a permanent network of sampling stations (30 points). Zooplankton was collected by a conical Judy net (opening diameter 25 cm,
mesh size 125 µm) by vertically hauling it from the bottom to the water
surface. Collected zooplankton samples were placed in 100 ml glass bottles and preserved in a 4% formaldehyde solution for further laboratory
processing. Water temperature at the sampling sites was measured using
an electronic thermometer.
In the laboratory, invertebrates from zooplankton samples were identified to the lowest possible level and counted under a microscope (x40–
100) in a counting chamber. Zooplankton abundance data were expressed
in density (ind./m3). Individual weights of organisms were estimated using
published length-weight regression relationships (Mordukhai-Boltovskoi,
1954; McCauley, 1984; Watkins et al., 2011). Zooplankton biomasses
were expressed as g/m3.
Saprobity values for individual species were taken from tables of saprobity indices (Gubacek, 1977). Saprobity indices were calculated using
the Pantle and Buck method according to Sládeček (1985).
Zooplankton abundances, biomasses and saprobity were analyzed for
the total area and separately for three parts of the Kremenchuk Reservoir:
upper, middle, and lower, where the upper part is a lotic shallow reach,
which extends from Kaniv to railway bridge near Cherkasy; the middle
part is a limnetic reach with an average depth of about 2 m, which extends
from the railway bridge to the line Adamivka-Zhovnyno; the lower part is
a limnetic reach with an average depth of about 10 m, which extends from
the line Adamivka-Zhovnyno to the dam of the Kremenchuk Hydroelectric Power Plant.
Classification by Rogozin et al. (2015) was used to separate zooplankters in relation to the temperature: cryophiles (indicator weight

0.75 < t ≤ 1.50), thermophiles (1.50 < t ≤ 2.25) and thermobionts (t >
2.25). Linear regressions were used to determine the relationship between
abundances of most abundant groups of zooplankters and water temperature. One-way ANOVA with post-hoc Tukey-Kramer test was used to
compare mean abundances of copepods, cladocerans, and rotifers in different years. The normality of data distribution was assessed using the
Kolmogorov-Smirnov test. Abundances of zooplanktonic organisms were
log-transformed to meet the assumptions of normality. Continuous variables were presented as means and standard errors (x ± SE). Calculations
and statistical processing of data was conducted in JMP IN 10 (SAS Institute).
Results
During the studied period, significant year-to-year fluctuations of zooplankton abundances and biomasses in the Kremenchuk Reservoir were
observed, the total abundances varying 23∙103 to 256∙103 ind./m3 and
biomasses 0.14 to 2.11 g/m3 (Figs. 1 and 2). In the analyzed samples, most
important zooplankters by abundance and biomass throughout almost all
years were cladocerans, except in 2020, when a change of dominant
groups was observed and rotifers became most abundant. The least pronounced year-to-year fluctuations were recorded for copepods (CV was
38.9% for the abundance and 64.4% for biomass). No significant trends
were detected between the abundances and biomasses of copepods and
rotifers and water temperature during the study period (Fig. 1 and 2).
No significant differences were found among mean abundances of
copepods (ANOVA: F5, 55 = 1.85, P = 0.118), cladocerans (ANOVA: F5, 55 =
1.62, P = 0.170) in different year. However, mean abundances of rotifers
significantly varied in different years (ANOVA: F5, 55 = 5.09, P < 0.001),
where significant differences were observed between 2010 and other
years except 2006 (Tukey-Kramer test, P < 0.05). Overall, 2010 was
characterized by lowest abundance of rotifers in the Kremenchuk Reservoir during the study period.
A significant relationship was observed between the abundance of
cladocerans (log-transformed data) and water temperature (linear model:
P = 0.035, Fig. 3). No significant relationship was found for zooplankton
biomass.

Fig. 1. Year-to-year dynamics of the abundance of zooplankton organisms (x ± SE) and water temperature in the Kremenchuk Reservoir by years
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Fig. 2. Year-to-year dynamics of the biomass of zooplankton organisms (x ± SE) and water temperature in the Kremenchuk Reservoir

Fig. 3. Relationship between the abundance of cladocerans and water
temperature in the Kremenchuk Reservoir in 2006, 2010–2013, 2020
Zooplankton species diversity varied in different years of the study.
A total of 46 taxa were recorded in the reservoir during the study period,
of which 33 were identified to the species level and 6 to the genus level.
The number of taxa by years ranged 26 to 32, and species from 17 to 27
(Table 1).
The most stable dominant group of zooplankton throughout all analyzed years were copepod nauplii (1.1–43.4%) with abundances from
0.27∙103 to 8.30∙103 ind./m3 and juvenile stages of Cyclopoida (0.9–
25.2%) with abundances from 0.43∙103 to 24.72∙103 ind./m3. The other
dominant species throughout the study period (except 2020) was Chydorus
sphaericus (6.2–64.0%) with abundances from 0.64∙103 to 81.29∙103
ind./m3. The following species were most frequently dominant, although
periodically absent in the reservoir: Bosmina coregoni (1.2–23.8%) with
abundances of 0.30∙103 to 18.18∙103 ind./m3, Brachionus diversicornis (2–
22%) with abundances from 0.70∙103 to 11.70∙103 ind./m3, and Euchlanis

dilatata (1.0–13.8%) with abundances from 0.31∙103 to 13.58∙103 ind./m3.
Other zooplankton taxa were found in the reservoir periodically (Fig. 4).
No significant relationship was detected between water temperature and
abundances of most abundant zooplankton taxa except for Ch. sphaericus
(P = 0.034) and Ceriodaphnia sp. (P = 0.050, Fig. 5).
Three groups of zooplankters were detected based on their indicator
weights in relation to water temperature: cryophiles included 5 species,
thermophiles included only 2 species, and thermobionts included
10 species. The share of cryophiles in the total number (ind./m3) of zooplankters fluctuated within different ranges in some parts of the reservoir.
For instance, it varied 0.0 (2006, 2011) to 36.9% (2012) in the upper part
of the reservoir, 0.0% (2006) to 12.4% (2012) in the middle part, and
0.0% (2006) to 9.0% (2010) in the lower part. Thermophilic species also
did not play a significant role in zooplankton abundance. Their share varied 0.0% (2006, 2012) to 11.8% (2010) in the upper part, 0.0% (2012,
2013) to 1.8% (2010) in the middle part, and 0.0% (2013) to 0.3% (2006)
in the lower part. The largest share comprised thermobiont species, which
accounted for 0.0% (2006) to 10.1% (2011) in the upper part, 9.6% (2013)
to 25.7% (2020) in the middle part, 2.8% (2012) to 25.0% (2006) in the
lower part. No statistically significant relationship was found between
these parameters. To a large extent, this may be due to a strong effect of
the hydrological regime of the Kremenchuk Reservoir, which, especially
in the upper part, is characterized by significant inter-seasonal and interannual instability. At the same time, a certain tendency to a gradual increase in the abundance of thermobionts by years in the middle part of the
reservoir was observed.
In general, significant fluctuations in the number of indicator species
of pollution (3–16 species) were observed in different years and different
parts of the reservoir as well as their abundances (0.9∙103–130.4∙103
ind./m3) and saprobity (1.5–1.9), but there is a year-to-year tendency for an
increase in the studied indicators in both inter-annual and spatial (from the
upper to the lower parts of the reservoir) aspects (Fig. 6).
The largest number of indicator species was recorded for β-mesosaprobes (1–6) and oligo-β-saprobes (1–5), which allows us to identify water
of the Kremenchuk Reservoir to the oligo-β-mesosaprobic zone. The least
polluted water was in 2006–2012 in the upper part of the reservoir and its
quality gradually significantly deteriorated from the upper to the lower
part. Water of the middle part of the reservoir was most polluted in 2010,
2011 and 2020, when a very low number (2 species) of α-mesosaprobes
was recorded (Fig. 7).
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Table 1
Diversity and abundance (103 ind./m3) of zooplankton taxa in the Kremenchuk Reservoir by years of the study
Zooplankton taxa
Rotifera
Keratella quadrata Müller, 1786
K. cochlearis (Gosse, 1851)
Brachionus forficula Wierzejski, 1891
B. calyciflorus Pallas, 1766
B. diversicornis (Daday, 1883)
B. plicatilis Müller, 1786
B. falcatus Zacharias, 1898
B. quadridentatus Hermann, 1783
B. bennini Leissling, 1924
Synchaeta pectinata Ehrenberg, 1832
Gastropus hyptopus (Ehrenberg, 1838)
Lecane luna (Müller, 1776)
Polyarthra sp.
Notholca sp.
Ploesoma sp.
Trichocerca stylata (Gosse, 1851)
T. longiseta (Schrank, 1802)
Euchlanis dilatata Ehrenberg, 1832
Mytilina mucronata (Müller, 1773)
Filinia longiseta (Ehrenberg, 1834)
F. terminalis (Plate, 1886)
Pompholyx complanata Gosse, 1851
Bdelloidea Hudson, 1884
Asplanchna priodonta Gosse, 1850
Cladocera
Bosmina longirostris (Müller, 1785)
B. coregoni Baird, 1857
Chydorus sphaericus (Müller, 1776)
Daphnia longispina Müller, 1776
D. pulex Leydig, 1860
D. cucullata Sars, 1862
Ceriodaphnia sp.
Moina sp.
Alona spp.
Pleuroxus uncinatus (Baird, 1850)
Picripleuroxus striatus (Schödler, 1863)
Cladocera sp., juv.
Diaphanosoma brachyurum (Liévin, 1848)
Cornigerius maeoticus (Pengo, 1879)
Leptodora kindtii (Focke, 1844)
Podonevadne trigona (Sars, 1897)
Copepoda
Copepoda nauplii
Copepodini
Diaptomus sp.
Cyclops sp.
Cyclopoida juveniles
Bivalvia
Dreissena sp. veligers
Total:

2006

2010

2011

2012

2013

2020

–
–
–
0.69 ± 038
5.85 ± 1.86
2.14 ± 1.10
–
1.26 ± 1.26
–
–
–
–
0.15 ± 0.10
0.04 ± 0.04
–
–
–
0.65 ± 0.39
0.52 ± 0.31
0.35 ± 0.28
–
–
–
1.32 ± 0.51

–
1.06 ± 0.85
1.05 ± 0.92
0.05 ± 0.03
1.32 ± 0.84
–
–
0.93 ± 0.85
–
–
0.02 ± 0.02
–
0.05 ± 0.04
–
–
–
–
0.05 ± 0.03
2.04 ± 1.70
0.09 ± 0.07
–
–
–
0.02 ± 0.02

–
0.11 ± 0.07
–
0.35 ± 0.18
3.34 ± 1.73
0.02 ± 0.02
–
0.06 ± 0.04
–
–
0.17 ± 0.13
0.03 ± 0.03
0.67 ± 0.27
0.04 ± 0.04
–
–
–
0.73 ± 0.19
0.07 ± 0.07
1.81 ± 0.78
–
–
–
0.39 ± 0.19

–
0.12 ± 0.12
–
0.05 ± 0.05
3,10 ± 1,04
0.15 ± 0.10
–
0.11 ± 0.07
1.09 ± 0.51
0.11 ± 0.08
0.39 ± 0.24
–
0.64 ± 0.22
–
0.05 ± 0.05
–
–
3.21 ± 1.60
4.54 ± 2.35
–
–
–
1.26 ± 0.52

–
0.27 ± 0.14
–
0.22 ± 0.11
0.59 ± 0.20
–
0.03 ± 0.03
0.09 ± 0.05
3.80 ± 2.46
–
0.30 ± 0.14
0.48 ± 0.35
0.86 ± 0.36
–
0.03 ± 0.03
–
–
0.33 ± 0.22
0.06 ± 0.05
1.60 ± 0.61
–
–
–
0.05 ± 0.04

0.10 ± 0.09
1.79 ± 0.84
–
20.14 ± 8.08
18.24 ± 4.79
24.08 ± 8.78
–
0.73 ± 0.64
–
0.40 ± 0.35
–
–
37.62 ± 19.54
–
–
3.09 ± 0.84
3.50 ± 1.56
13.58 ± 5.89
–
7.56 ± 3.09
0.70 ± 0.31
16.89 ± 6.21
0.89 ± 0.39
56.32 ± 35.70

8.85 ± 5.11
3.21 ± 1,33
7.25 ± 2.33
–
–
0.024 ± 0.024
0.38 ± 0.27
–
0.18 ± 0.13
–
–
0.32 ± 0.25
0.35 ± 0.27
0.18 ± 0.13
0.17 ± 0.07
–

0.16 ± 0.16
6.23 ± 2.14
11.36 ± 2.95
5.49 ± 2.79
–
2.41 ± 1.30
0.76 ± 0.17
0.12 ± 0.05
–

0.89 ± 0.32
1.03 ± 036
5.91 ± 1.10
–
0.15 ± 0.09
0.04 ± 0.04
0.21 ± 0.11
–
–
0.02 ± 0.02
0.04 ± 0.03
0.06 ± 0.04
0.17 ± 0.13
0.33 ± 0.09
–

3.09 ± 2.43
0.45 ± 0.20
35.72 ± 14.59
0.05 ± 0.05
–
–
0.68 ± 0.19
–
–
–
–
0.05 ± 0.05
0.33 ± 0.09
0.37 ± 0.26
–
–

0.41 ± 0.19
1.77 ± 0.44
2.78 ± 0.48
0.20 ± 0.14
–
0.06 ± 0.04
0.13 ± 0.06
–
–
0.02 ± 0.02
0.03 ± 0.03
0.14 ± 0.07
–
–
–
–

7.04 ± 4.23
0.40 ± 0.35
0.30 ± 0.26
0.90 ± 0.66
0.25 ± 0.11
–
0.10 ± 0.09
–
–
–
–
2.80 ± 2.43
–
0.60 ± 0.30
0.20 ± 0.17
2.00 ± 1.25

4.49 ± 1.75
9.23 ± 3.36
–
1.57 ± 0.54
0.78 ± 0.70

2.87 ± 1.34
2.61 ± 0.53
0.02 ± 0.02
2.33 ± 0.34

6.56 ± 0.98
2.66 ± 0.48
1.74 ± 0.50
0.61 ± 0.21
1.24 ± 0.99

7.43 ± 0.80
5.23 ± 1.69
1.15 ± 0.43
1.23 ± 0.43
1.20 ± 0.74

3.45 ± 0.78
4.44 ± 1.34
0.43 ± 0.26
0.45 ± 0.28
0.34 ± 0.15

13.24 ± 1.92
3.51 ± 0.72
3.35 ± 2.59
0.80 ± 0.46
1.55 ± 0.42

–
49.95 ± 15.41

–
41.69 ± 9.37

–
29.45 ± 4.25

0.26 ± 0.20
72.06 ± 17.60

–
23.40 ± 3.79

13.01 ± 3.16
255.68 ± 79.60

0.16 ± 0.09
0.20 ± 0.20
0.24 ± 0.13
–
0.05 ± 0.05
–

Fig. 4. Abundances of dominating zooplankton taxa in different parts of the Kremenchuk Reservoir
by years (%): upper, middle, lower are parts of the reservoirs (see Materials and methods)
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Fig. 5. Relationship between water temperature and abundances of Chydorus sphaericus (a) and Ceriodaphnia sp. (b)
in the Kremenchuk Reservoir in 2006, 2010–2013, 2020

Fig. 6. Year-to-year dynamics of water pollution parameters in different parts of the Kremenchuk Reservoir

Fig. 7. Water pollution by saprobity degree and dynamics of changes of the number of indicator species
in different parts of the Kremenchuk Reservoir by years
Biosyst. Divers., 2021, 29(3)
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Fig. 8. Abundances of indicator species of pollution in different parts of the Kremenchuk Reservoir by years
The abundance of each of indicator species fluctuated very significantly over the years in different parts of the reservoir. The most abundant
were zooplankters belonging to o-, o-β-, and β-saprobes. Abundances in
2020 in the middle part of the reservoir and those of 2012 in the lower part
of the reservoir differed most significantly from the others. In 2020, water
was quite clean and most abundant in zooplankton samples were o- and
β-saprobic organisms, accounting for 42% and 46%, respectively.
In 2012, in the lower reaches of the reservoir, 96% of indicator species
belonged to o-β-saprobes. On average, water of the Kremenchuk Reservoir can be classified as β-saprobic, which to some extent forms the species composition of zooplankton of the reservoir and its dominant complexes (Fig. 8).
Discussion
Significant inter-annual fluctuations in the abundances of zooplankton
of the Kremenchuk Reservoir were observed, but without clear trends.
A similar phenomenon was recorded in previous years, in particular during the period of 2001–2004, when zooplankton biomass in this reservoir
ranged 0.06 to 1.68 g/m3 (Kruzhylina, 2005).
Among the investigated individual groups of zooplankters, some significant trends were observed only for cladocerans. The absence of trends
in the abundances of copepods and rotifers might be due to the fact that
copepods are considered to prefer cold water (Rogozin et al., 2015; Verbitsky et al., 2017) and the water temperature during the study was unfavourable for their development, while rotifers are considered to be eurythermal (Rogozin et al., 2015) and can easily tolerate significant temperature differences. In addition, copepods usually have a lower abundance in
the environment in summer compared to spring or autumn due to a combination of predation and diapauses that they enter to avoid mid-summer
predation (George, 1973). No significant relationships between warming
and rotifer biomass was observed in other studies, e.g. in Lake Võrtsjärv in
Estonia (Agasild et al., 2007; Cremona et al., 2020). Inter-annual variations in rotifer biomasses are considered to be affected by rather interspecific and trophic relationships than by temperature (Agasild et al., 2007).
The reasons for changes in the dominant groups of zooplankton in different years may be due to a number of factors of both anthropogenic and
natural origin. The most important of these may be factors such as the temperature of the aquatic environment and pollution by discharges from industry and agricultural lands (Frolova et al., 2013; Fetter & Yermolaeva, 2018).
The taxonomic composition of zooplankton was typical for the Kremenchuk Reservoir, having been established there after the end of the
period of transformation of lotic environments to lentic habitats. The dominant zooplankton complex was composed of such species as
Ch. sphaericus, Bosmina coregoni, B. diversicornis, E. dilatata, which was
consistent with the results of previous studies in both Kremenchuk and
222

other Dnipro reservoirs for the beginning of 2000s (Kruzhylina, 2005).
Dreissena sp. veligers in zooplankton samples were recorded only in 2020.
Given the rather high biomasses of Dreissena sp. in the Kremenchuk
Reservoir, which accounted for more than 50% of the total biomass of
mollusks (Kruzhylina, 2015), this may be due to the seasonal nature of the
dynamics of the abundance of this species, which can be specific for different water bodies. We should note a significant (9.4–30.8 times) increase
in the number of rotifers in the samples in 2020, which is consistent with
the data of other authors, which showed a significant role of Dreissena sp.
veligers in the diet of such rotifers as Asplanchna sp. (Lazareva et al.,
2015). Accordingly, the change in the dominant groups from cladocerans
to rotifers in 2020 against the background of the abovementioned increase
in their abundance and, especially, biomass (19.0–93.3 times) may be
associated with a particular year and have no stable trend.
In general, the dynamics of zooplankton taxa composition in the context of processes of ecological succession indicate a transition to a long
phase of functioning, in which the structure of zooplankton communities
remains relatively stable, although with some changes in absolute and
relative quantitative indicators of the development of individual taxa.
Production indicators such as abundance and biomass of zooplankton
remain at a high enough level for reservoirs of this type (Pashkova, 2014;
Trokhymets, 2014).
Thus, the analysis of the state and dynamics of zooplankton communities of the Kremenchuk Reservoir during the studies period does not
allow us to consider the water temperature as a factor significantly affectting species composition or their abundances except some individual
species (e.g., Ch. sphaericus). Ch. sphaericus is a typical small-sized
cladoceran, which is common in eutrophic water bodies with abundant
detritus and high cyanobacterial concentrations and some studies showed
an increase in its abundance with increasing chlorophyll concentration in
some years; however, these relationships were not seen in other years
(Vijverberg & Boersma, 1997). The authors suggested that the observed
trends were caused by a food effect, and partially by predation pressure.
Zooplankton is known to respond to changes in the trophic state of a water
body, while the climate warming causes general eutrophication, which in
turn can affect zooplankters (Jeppesen et al., 2002; Carvalho et al., 2012).
Therefore, the relationship between the abundance of cladocerans and Ch.
sphaericus, in particular, and water temperature, which was observed
during the study period, was probably due to temperature-related changes
in the trophic state of the Kremenchuk Reservoir in different years.
Taking into account that the Kremenchuk Reservoir receives polluted
and conditionally pure water of industrial and domestic effluents, a significant part of which containing organic matter (Vyshnevsky, 2011), this
segment of external influence needs a separate assessment in terms of
changes in zooplankton communities. For this purpose, the level of pollution of the reservoir was assessed using zooplankton indicators of water

Biosyst. Divers., 2021, 29(3)

saprobity. According to ecological criteria, the entire studied water area of
the reservoir was characterized by generally unbalanced (or weakened)
potential of zooplankton communities for water self-purification. The largest number of indicator species was recorded among zooplankters belonging to β (1–6) and o-β saprobes (1–5). Parameters of water pollution
in different years and in different parts of the reservoir differed significantly, which might depend on the presence or absence (in a certain period of
time) of polluting discharges. The total saprobity index in different years
ranged 1.5 to 1.9 and its changes have a multi-vector nature depending on
the hydrological and temperature regimes that may be associated with the
intensity of anthropogenic load in some parts of the reservoir (Bukovsky
& Kolomeytseva, 2013).
Significant fluctuations in water pollution in different years and in different parts of the reservoir can to some extent be explained by the presence or absence (in a certain period of time) of polluting effluents. Water
pollution to some extent affects the species composition of zooplankton in
the reservoir. As water pollution increases, such o-saprobic species as
B. coregoni, Synchaeta pectinata, E. dilatata, Gastropus hyptopus, Polyarthra sp., Trichocerca stylata can disappear and be replaced by β- and
o-β-saprobic species. The largest number of indicator species recorded in
the reservoir during the study period belonged to β- and o-β-saprobes.
The β-saprobes included Daphnia longispina, Asplanchna priodonta,
while the o-β-saprobes included B. longirostris, Ch. sphaericus, Daphnia
cucullata, Pleuroxus uncinatus, P. striatus. The α-saprobic species that
were found in small numbers in the reservoir included such species as
Daphnia pulex and Moina sp.
Despite the fact that there are certain tendencies for an increase or decrease of certain species of zooplankton depending on change in environmental parameters in the reservoir, no other mathematically significant
relationships were detected. This is quite clear, because in addition to
temperature, the abundance of zooplankters in the reservoir may be significantly affected by a number of other factors such as hydrological regime,
weather conditions (wind, sunlight), chemical composition of water, various pollutants (industrial wastewater, agricultural lands, pH (de Eyto &
Irvine, 2001; Frolova et al., 2013; Yermolaeva et al., 2016; Fetter & Yermolaeva, 2018). In general, global warming is unlikely to supplant the
effects of changing nutrient loading and fish predation, which are considered
to be the major drivers of zooplankter dynamics (McKee et al., 2002).
Moreover, significant factors affecting the level of zooplankton development are presence of zooplankton-eating fish in water bodies (Kruzhylina, 2009; Golubkov, 2013; Golubkov et al., 2018), as well as the qualitative and quantitative composition of phytoplankton. For instance, the
biomass of non-predatory cladocerans significantly depends on the combination of biomass of cyanobacteria with cell volumes of 50–100 µm3
and chlorococcal algae with cell volumes of 100–150 µm3. The insignificant level of vegetation mainly of small cyanobacteria and chlorococcal
algae causes low quantitative and qualitative development of zooplankton
in the Kremenchuk Reservoir (Kruzhylina & Didenko, 2007). Therefore,
it can be difficult to trace a clear reliable relationship between zooplankton
and one environmental factor such as temperature in natural conditions.
Therefore, quantitative assessment of the impact of climate change on
zooplankton of the Kremenchuk as well as other Dnipro reservoirs is
currently impossible, making it necessary to conduct further studies to
differentiate the impact of certain external factors on the structural and
functional characteristics of zooplankton and assess consequences of these
changes on other aquatic organisms including fish.
Conclusion
According to results of the studies of 2006–2020, 26 to 32 taxa were
observed in the zooplankton of the Kremenchuk Reservoir, where the
dominant groups were cladocerans and rotifers. Zooplankton abundance
in the reservoir during the study period ranged 23∙103 to 256∙103 ind./m3,
and biomass 0.14 to 0.89 g/m3. A significant positive relationship was
observed between the abundance of cladocerans, including some individual species such as Ch. sphaericus and water temperature.
It was not possible to trace clear reliable patterns in relationships between water temperature and zooplankton abundance. This can be explained by the fact that its abundance is also significantly affected by a num-

ber of other factors such as hydrological regime, weather conditions
(wind, solar radiation), pH of the aquatic environment, which are constantly changing. In addition, significant factors affecting the level of zooplankton development are the presence of zooplankton-eating fish in the water
body and the qualitative and quantitative composition of phytoplankton.
It is probably too early to assess the impact of the climate change on zooplankton as these changes are still unstable and short in time, but it is necessary to constantly monitor the biota of aquatic ecosystems to further
study and summarize the data, which could later allow identifying such
changes.
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