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Abstract. Our study revealed that water temperature and total atmospheric precipitation played the
leading role in the interannual dynamics of phytoplankton in the unregulated section of the Ural River in
spring of 2016—2019. With rise in water temperature, the concentration of nutrients and organic matter
increased. In the Iriklinsky reservoir, the phytoplankton development depended on arrival of substances
from the catchment, however, the cumulative effect of the ratio of major hydrological parameters and
the total atmospheric precipitation was crucial. Due to this, the periods of the maximum quantitative
development of the communities in each stretch differed in time. Phytoplankton transformation was
diverse and hinged on the influence of the main river, including morphometric parameters of sites. For
instance, most statistically significant changes in the studied parameters were recorded in the river and
the upper reaches, while the least — in the low reaches of the reservaoir.
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AHHoTauus. NokasaHo, 4YTO BeayLlas porib B MEXrO4OBbIX U3MEHEHUAX (PUTONNaHKTOHa He3apery-
nnpoBaHHOro yyacTtka p. Ypan secHon 2016-2019 rr. npuHagnexana temnepaTtype BOoAbl U CyMMe
aTMocepHbIX 0CaOKOB, MPU YBENUYEHUM KOTOPOW B BOAE MOBbIWANachk KOHUEHTpauus GUOreHHbIX
3NeMEeHTOB U opraHu4eckoro BellecTtBa. B VpuknuHckom BogoxpaHunuile passutne utonnaHKkToHa
3aBWCENO OT MOCTYMNIeHUsl BELECTB C Bogocbopa, OfHaKo CTeNeHb €ro BO3nencTBMS B pasHbIX Mrie-
cax onpegensinacb COBMECTHbIM BIIUSIHUEM CYMMbl aTMOCKEPHbIX OCAAKOB U COOTHOLLEHUS OCHOBHbIX
rmgponornyeckmx napaMmeTpoB. bnarogapsa aToMy B KaXa0M nnece nepmoabl MakCUMarbsHOro Konuye-
CTBEHHOIO pa3BUTUS COOBLLLECTB MMENU BPEMEHHbIE pa3nmyms. PUTOMNAHKTOH UCCINEAOBAHHbIX y4acT-
KOB OTnmM4ancsi pasHon rnybuHorn TpaHcdopmaumm: HanborbLuee KONMMYECTBO CTAaTUCTUYECKN 3HAYW-
MbIX U3MEHEHWN U3YYEeHHbIX NoKasaTenen xapakTepHO AMs PEKM U BEPXHEro nreca BOAOXpaHMnuLLa,
HanMeHbLLee — AN HUKHUX NNEeCcoB, YTO ONPeaensnoch CTENEHbIO BANSHUSA FMaBHOW pekn u Mmopdo-
MEeTpUYECKUMM NapamMeTpamm y4acTKOB.
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Introduction

Clearly, all types of water bodies are unique, but of special note are built from the ancient times such
quasi-natural ecosystems as reservoirs. The first-ever reservoir was created in 2950-2750 BC in Egypt.
In Russia, man-made water bodies appeared not long ago, i.e. in 1701-1709 during the Vyshnevolotsk
water system construction. In the 20th century, the reservoirs were built all over the world (Datsenko,
2007). Their significance in shaping biological diversity, resources and water quality of large river
ecosystems, as well as in solving important economic and social problems is beyond question. Hence,
studying biological regimes of reservoirs is among topical issues of fundamental and applied science.

Along with a technogenic component, the influence of natural regime of the main river and its
tributaries also play a large role in the formation of hydrological regimes of reservoirs (Datsenko, 2007;
Datsenko et al., 2017; Edelshtein et al., 2017). Climate change brings to transformation of water regime
of Russia and world rivers (Frolova et al., 2022; Pozdniakov et al., 2022; Rets et al., 2022; Wang et
al., 2021) including hydrological, hydrochemical and biological regimes of the regulated river sections
in different natural zones. The most vulnerable are the water bodies in the forest-steppe and steppe
areas, where in the short run aridization is expected (Edelgerieva, 2019; Magritsky and Kenzhebaeva,
2017). They cover a significant territory of the Ural River basin, including the moderately and slightly
desertificated sites in the Orenburg region (Zonn et al., 2004).

The Ural River is among top-three longest watercourses of Europe (2428 km); its ecological state
is dependent on such anthropogenic factors as tillage, industrial and municipal wastewater, deposits
development, and a regulated flow as well (Chibilev et al., 2006; Solovykh et al., 2003). In the Russian
part of the river basin, there are 11 reservoirs. The largest Iriklinsky (Chibilev et al., 2006) is located
in the low part of the upper reaches of the Ural River. Here, geology, topography, soils, vegetation
and climate have formed a peculiar hydrological river regime, which is characterized by low water,
low runoff rate, insignificant groundwater supply, and large-scale variations of interannual runoff. The
water content in high- and low-water years differs by 8—10 times (Magritsky and Kenzhebaeva, 2017;
Magritsky et al., 2018; Sivokhip, 2014; Solovykh et al., 2003). From these river features, it is feasible to
identify the tendencies in dynamics of the aquatic community structure of its regulated sections under
different water conditions.

It is worth noting that the reservoir water area includes extremely heterogeneous sites with
different hydrological and morphometric characteristics, decisive for water balance peculiarities. With
predominance of the horizontal component of external water exchange, the catchment role is most
important, while at vertical — inner water body processes are in the lead (Datsenko, 2007). From this
we assume that changes in aquatic communities in different-type reaches of the Iriklinsky reservoir
influenced by considerable interannual variations of abiotic factors have specific features, which can be
most pronounced in spring when runoff of the Ural river accounts for 65-80% (up to 90%) per annum
(Chibilev et al., 2006).

Phytoplankton is the primary link in the food chain and a key element in the processes of the biotic
cycle and water self-purification. Phytoplankton characteristics serve as indicators of the ecological state
of various aquatic ecosystems, including reservoirs (Datsenko, 2007; Datsenko et al., 2017; Edelshtein
et al., 2017; Korneva, 2015; Okhapkin, 1997).

The literature presents the data on phytoplankton from the middle and low reaches of the Ural River
mainly devoted to the analysis of the species composition of communities and saprobic characteristics of
waters (Blumina, 1962; Drabkin and Blumina, 1963; Fokina, 1968; Gidrobiologiia reki Url, 1971; Kiselev,
1954; Poryadina, 1971, 1973a, b; Poryadina and Ergashev, 1975). Information on phytoplankton of
the upper river reaches, where the Iriklinsky reservoir is located, is limited. For instance, V.N. Baturina
(1970b) reports only about low abundance of phytoplankton above the reservoir. The studies (1960s)
of the Iriklinsky reservoir phytoplankton are evidence of the highest species composition, number and
biomass in its upper reaches. In May, the phytoplankton biomass varied here from 0.1 to 14 mg/l. In the
low reaches, phytoplankton was almost completely absent (Baturina, 1970a, b; Poryadina and Zhovnir,
1983); any data on the long-term averages do not exist (Eremkina, 2020). To perform a comparative
analysis of phytoplankton in different-type sections of the reservoir with different water content is hardly
possible because of scarce and fragment data on the quantitative characteristics of phytoplankton
(Solovykh et al., 2003).

The purpose of this work is to study the interannual dynamics of the quantitative characteristics and
phytoplankton structure in different-type reaches of the Iriklinsky reservoir under interannual variations
of weather, hydrological and related hydrochemical factors in spring of 2016—2019.
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Material and methods

Brief description of the reservoir

The filling of the regulated channel-type reservoir began in 1955. Its normal headwater level (NHL)
was reached in 1966 (Chibilev et al., 2006). At NHL of 245 m, its volume is 3.25 km?, the area — 260 km?,
and the length — 73 km. Release of the reservoir is under 6 m, water exchange takes place once every
two years, and the catchment area of the reservoir makes up 36900 km?. The reservoir has several
channel reaches and a number of large lateral bays (Fig. 1). The upper among the studied reaches —
Chapaevsky, covers an area of 26 km?, its maximum width and depth — 2 km and 15 m; the reaches
Sofinsky, Tanalyk-Suunduksky and Priplotinny — 23 km?, 3 km, 15 m; 61 km?, 7 km, 28 m; 3 km?, 0.8 km,
36 m, respectively (Solovykh et al., 2003).

Weather and hydrological conditions

According to the data from the open sources available at (http://rp5.ru; https://www.meteoblue.com/
ru/climate-change), the highest air temperature was recorded in May of 2016 and 2018, the largest
total precipitation — in 2017 and the least — in 2019 (Table 1). Similar to input volumes in 2016, water
level and escapages of the reservoir in 2017 were maximum, whereas the minimum indicators of these
parameters were noted in 2018 and 2019, respectively (Table 2).

Sampling and processing methods

Phytoplankton was collected in May of 2016—2019 from transverse sections (left and right banks,
midstream) of the Ural River and the reaches of the reservoir (more than 70 in total) (Fig. 1). Sampling
was carried out by standard methods. Algae, fixed with the Utermel solution and formalin, were further
concentrated by the sedimentation method (Metodicheskie rekomendatsii..., 1984).

We defined water transparency using a Secchi disk, measured the surface water temperature
and analyzed the content of dissolved oxygen, organic matter and nutrients in the samples taken for
hydrochemical studies. To do that, the generally accepted methods of titrimetric and photometric analysis
described in detail in E.A. Shashulovskaya et al. (2020a) were used.

Algae were studied with the use of a Micromed-3 light microscope in the Uchinskaya-2 chamber
of 0.01 ml, and biomass was calculated via the counting-volume method. Species with a biomass of
= 10% were identified as dominant. The phytoplankton state was assessed due to specific number of
species per sample, biomass, average single-cell mass, and biomass of mixotrophic phytoflagellates
(cryptophytes, dinophytes, chrysophytes, euglenoids). The trophic status of the water body was identified
by phytoplankton biomass (Kitaev, 2007), whereas the water quality — using the Pantle-Bukk saprobity
index modified by Sladecek (Sladecek, 1973) in accordance with the indicator significance of species
from the Wegl lists (Wegl, 1983). We employed the STATISTICA 13 software package for statistical data
processing, verification of distribution normality, determination of the Pearson correlation coefficient
(p < 0.05), and evaluation of statistical significance of means’ difference via one-way ANOVA (p < 0.05)
and Tukey’s HSD test.

Results

Physical and chemical characteristics of water

The content of dissolved oxygen during the study period varied as 95-125%. In 2016, it was lower
(75-94%). Oxygen concentrations were high in all reaches of the reservoir; supersaturation in most
samples was, probably, induced by developing bioproduction processes.

Water temperature ranged within 8.4-16.3 °C. In 2016, the water area of the reservoir was least
heated (average: 11.5 °C). During the warmest year of 2019, water temperature exceeded the average
by 1.3 °C. In all years of observation, a drop in water temperature was noted in the direction from the
upper to low reaches of the reservoir due to faster warming of the shallow Chapaevsky reach in spring.

Water transparency and water color index changed as 1.1-2.7 m and 12.3-43.4°, respectively.
Maximal transparency was in the deep-water Priplotinny reach. The highest values of the water color
index, on the contrary, were observed in the upper reaches of the reservoir most influenced by the Ural
waters (Shashulovskaya et al., 2017). Depending on the content of humic substances of terrigenous
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Fig. 1. Schematic map of the Iriklinsky reservoir; 1-5—sampling sites.
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Table 1. Air temperature and total atmospheric precipitation near the Iriklinsky reservoir.

Month Air temperature, °C Total precipitation, mm
2016 2017 2018 2019 2016 2017 2018 2019
v 8.5 6 5.6 5.1 32.7 211 24.5 26.0
\Y 15.1 13.7 15.1 14.7 294 58.2 22.6 15.0

Table 2. Fluctuations in water level, inflow and escapage volumes of the reservoir.".

Water level, m Input volume, m¥/s Discharge volume, m¥/s
2016 2017 2018 2019 2016 2017 2018 2019 2016 2017 2018 2019
v 2427 2435 2431 2424 2785 2762 2027 612 257 488 192 150
\Y 2446 2449 2440 2426 1758 1044 832 541 375 678 150 242

Month

origin (Zobkova et al., 2015), this indicator had its peak in 2017 despite the reduced (compared to 2016)
spring inputs. Obviously, water color intensity during this period was induced by the maximum total
precipitation in the reservoir catchment (Table 1). Permanganate oxidizability (PO) characterized
the content of allochthonous organic matter (Lozovik et al., 2017); distribution of its values and color
variations well correlated. We noted higher PO values in the Chapaevsky and Sofinsky reaches with its
further drop along the longitudinal axis of the reservoir. In 2017, PO concentrations and color intensity
were the greatest in the waters of the Chapaevsky and Sofinsky reaches. In 2019, allochthonous organic
matter was minimal because of low input volumes and total precipitation.

The content of total (COD) and easily oxidized (BOD,) organic matter varied within 25-38 mgO/L
and 0.9-5.2 mgO,/L, respectively (Table 3). These indicators slightly differed both for the sites along the
longitudinal axis of the reservoir and interannual data.

The distribution of compounds of mineral nitrogen (greatly contributing to eutrophication) along the
longitudinal axis of the Iriklinsky reservoir was similar to water color dynamics. The upper reaches
(Chapaevsky and, in some years, Sofinsky) were distinguished by much higher concentrations of
ammonium nitrogen, nitrites, and nitrates. Peak concentrations of ammonium nitrogen were recorded in
2016, and nitrates — in 2017 (Table 3). It should be noted that in 2017, color values were also maximal
in the reservoir, suggesting the predominance of a terrigenous source in the genesis of nitrates. The
concentration of nitrites was negligible (< 6 ug/l) that is typical for unpolluted water bodies with a sufficient
oxygen content. The average concentrations of ammonium were 2.8 times lower in 2019 than in 2016,
and those of nitrate — 6.8 times less than in 2017.

Unlike allochthonous matter and mineral nitrogen compounds, the distribution of mineral phosphorus
(the second most important nutrient) along the longitudinal axis of the reservoir was more uniform. A
significant gradient of its concentrations was noted only in 2017-2018, being almost two times greater
than in the Tanalyk-Suunduk and Priplotinny reaches. As stated earlier in (Shashulovskaya et al.,
2020b), the inner aquatic processes (diffusion from bottom sediments, sedimentation, turnover rate)
are essential for dynamics of phosphates, therefore, the role of climatic and hydrological factors in their
balance is less as compared to nitrogen compounds.

In all years of observations, the reduced concentrations of silicon and iron in the waters were marked
in the direction from the Chapaevsky to the Priplotinny reach. In the dry year of 2019, the concentrations
of these elements and other compounds were the lowest.

An analysis of the correlation coefficients suggests that input volume (r= 0.76), water level (r = 0.89)
and discharge volume (r = 0.97) positively relate with the total atmospheric precipitation. The latter

" Operations Department of the Iriklinskoye Reservoir, 2009-2023. Web page. URL: http://ueiv.ru (accessed: 16.04.2020).
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contributed to the surface runoff of biogenic and organic matter from the basin. As a result, most
chemical parameters of water well correlated with the total precipitation, water level, input and discharge
volumes (Table 4). The best and most numerous correlations were revealed for the upper part of the
reservoir, i.e. the Chapaevsky and Sofinsky reaches (most affected by the main river) and the Tanalyk-
Suunduksky reach (connected with its two largest tributaries — the rivers Tanalyk and Suunduk).

The Ural River phytoplankton

In 2017, the specific number of phytoplankton species was the highest; it significantly exceeded
that for 2016 (p = 0.005), 2018 (p = 0.011) and 2019 (p = 0.001) (Fig 2A) due to diatoms, greens and
dinophyte algae (Table 5). This indicator was the lowest for greens and cryptophytes species in 2016
and for diatoms — in 2019. In 2018-2019, cyanobacteria was not detected in phytoplankton at all.

The highest phytoplankton biomass was recorded in 2018, being statistically much higher than
in 2016, 2017, and 2019 (p = 0.000, 0.048, and 0.000, respectively). At the same time, in 2016 and
2019, biomass was lower than in 2017 (p = 0.000 and p = 0.005) (Fig. 3A). In 2017-2018, diatoms
prevailed in phytoplankton biomass and cryptophytes, dinophytes and euglenoids in 2017 (Table 5).
Diatoms formed the basis for biomass, with the maximum share in 2018 and the minimum one — in
2017 (Table 5). As compared to other years of observations, the share of green algae reached its
maximum in 2019; euglenoids — in 2017; cryptophytes — in 2019 and 2017; Ulnaria ulna (Nitzsch)
Compére (21.3%) dominated in 2016; Euglena viridis (O.F. Miller) Ehrenberg (16.9%), Ulnaria ulna
(10.8%), Surirella brebissonii var. kuetzingii Krammer & Lange-Bertalot (10.0%); Ulnaria ulna (60.8%)

Table 4. Correlation coefficients between weather conditions (April-May), hydrological parameters (April-May), and hydrochemical
characteristics of the Iriklinsky reservoir reaches in 2016-2019. Designations are given as in Table 3. Statistically significant
(p < 0.05) coefficients are in bold.

Indicator Site O PO COD BOD N-N4 N-NO, P-PA4 Si Fe

2 5 H 3 0

Il 0.20 0.77 0.39 0.50 0.47 0.86 0.39 0.76 0.68

Total 11 0.17 0.99 0.47 0.45 0.65 0.84 0.33 083 0.19
precipi-
tation v 0.32 0.50 0.30 0.09 0.02 0.53 0.37 -0.39 0.52

\Y% 022 004 0.09 0.51 0.22 0.78 0.19 -0.51 0.69

Il 0.28  0.96 0.44 0.71 0.66 0.92 0.71 0.94 0.83
1 0.22  0.90 0.39 0.25 0.69 0.95 0.69 0.96 0.44

Water

level IV 023 029 005 -010 016 045 073 -0.07 028
V. 025 020 046 054 024 058 053 -029 0.39
I -023 080 084 072 077 082 039 086 0.86

Input I -026 082 071 060 095 073 045 097 0.53

volume IV -026 035 039 013  0.38 0.37 0.64 -0.33 0.60
v -030 049 020 0.14  0.70 0.31 0.19 -0.66 024

I 031 062 016 033  0.28 074 028 060 0.50
Discharge 029 093 034 038 046 075 019 066 0.02
volume \Y; 049 051 026 009 -0.13 0.2 0.18 -0.40 045

\ 0.36 -0.15 -0.01 0.56 0.02 0.87 0.11 -0.41 0.79
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Fig. 2. Specific number of phytoplankton species of the Ural river (A), Chapaevsky (B), Sofinsky (C), Tanalyk-Sunduksky (D) and
Priplotinny (E) reaches of the Iriklinsky reservoir (May 2016-2019).
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and Stephanodiscus hantzschii Grunow (15.1%) — in 2018; Stephanodiscus hantzschii (24.1%) and
Chlamydomonas reinhardtii P.A. Dangeard (10.9%) — in 2019.

In 2018, the lowest Shannon index and the highest average single-cell mass were noted. Peak in
biomass of mixotrophic phytoflagellates was recorded in 2017 (Table 5). By the saprobity index, the
river waters during the study period were characterized as -mesosaprobic, with its maximum in 2017
(Table 5). In 2016, the Ural waters had the status of a-mesotrophic, in 2017 and 2018 — 3-eutrophic, and
in 2019 — B-mesotrophic waters according to the Kitaev scale (2007).

Atmospheric precipitation amount was responsible for major changes in phytoplankton. With
growing precipitation, specific number of phytoplankton species (r = 0.87), as well as Bacillariophyta
(r = 0.80), Dinophyta (r = 0.79) and Cyanobacteria (r = 0.63), biomass of Cryptophyta (r = 0.61),
Dinophyta (r=0.82), Euglenophyta (r = 0.84), and mixotrophic phytoflagellates (r = 0.84) also increased.
In addition, an increase in N-NO, and P-PO, concentrations, the total biomass of phytoplankton (r=10.72
and 0.82) and biomass of Bacillariophyta (r = 0.62 and 0.92) increased as well. With growing P-PQO,,
the average single-cell mass increased (r = 0.84), however, the Shannon index decreased (r = —0.87).

Phytoplankton of the Chapaevsky reach

The highest specific richness of phytoplankton was recorded in 2018, though statistically confirmed
interannual differences were not found (Fig. 2B). At the same time, a statistically significant increase in
the number of euglena algae species was noted (Table 6). In 2018 and 2019, the growth of the specific
species richness of cyanobacteria and the reduction in the number of diatoms species per sample in
2019 were noted.

The highest phytoplankton biomass was detected in 2018; it was statistically much higher than in
2016 (p = 0.001), 2017 (p = 0.000) and 2019 (p = 0.000) due to diatoms (Fig. 3B, Table 6). The lowest
biomass was observed in 2019. In all years, diatoms dominated, but in 2019 their share decreased.
That year the share of cyanobacteria, greens, cryptophytes, dinophytes, and euglena algae increased
(Table 6). In 2016, among the dominants were Cyclotella meneghiniana Kutzing (34.1%) and Ulnaria
ulna (21.8%), in 2017-2018 — Stephanodiscus hantzschii (46 and 62%, respectively), and in 2019 —
Trachelomona sp. (31%).

The Shannon index was the highest in 2019; it was statistically much greater than in 2016 and 2018
(Table 6). The average single-cell mass in 2019 was statistically much less than in other years of ob-
servations (Table 6). We did not reveal any statistically confirmed differences in biomass of mixotrophic
phytoflagellates during the study period; its highest value was registered in 2018, the lowest — in 2016
(Table 6). By the water saprobity index, the reach was characterized by 3-mesosaprobic waters in 2016,
2017 and 2019. In 2018, this index reflected the transitional status of the reservoir waters from (3-me-
so- to a-mesosaprobic conditions (Table 6). According to the Kitaev scale (2007), the trophic status of
this stretch in 2016 corresponded to a-eutrophic, in 2017 — B-mesotrophic, in 2018 — B-eutrophic, and
in 2019 to a-mesotrophic waters.

Fluctuations in water level played the significant role in the interannual dynamics of phytoplankton.
With its increase, the number of Bacillariophyta species (r = 0.77) and the average single-cell mass
(r=0.80) also increased; however, the number of Cyanobacteria species (r = —0.71), their share in the
total biomass (r = —0.60), as well as the share of Cryptophyta (r = —0.86) and Euglenophyta (r = -0.60)
reduced. With growing concentrations of P-PO4, which positively correlated with atmospheric precip-
itation, input volume, water level, total biomass of phytoplankton (r = 0.75), number of Bacillariophyta
species per sample (r=0.65), including their biomass (r=0.77) and the share in total biomass (r=0.72),
average single-cell mass (r= 0.61) and saprobity index (r= 0.76) also increased, but the Shannon index
decreased (r = -0.64).

Phytoplankton of the Sofinsky reach

In 2016, the number of phytoplankton species per sample was statistically much higher than in 2018
(p = 0.033) and 2019 (p = 0.011) (Fig. 2C). In addition, the maximum number of diatoms species was
noted in 2016, while of Cyanobacteria - in 2019. (Table 7).

The highest phytoplankton biomass falls on 2016, the lowest — on 2019 (Fig. 3C). Biomass of eu-
glenophytes and dinophytes was abundant in 2016 and 2019, respectively. In contrast to 2016-2017,
biomass of cryptomonads dropped in 2018-2019 (Table 7). Diatoms in 2016-2018, while cryptophytes
and dinophytes in 2019 dominated in biomass (Table 7). The share of greens (2018-2019) and euglena
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algae (2016) considerably increased. Ulnaria ulna (30.1%) in 2016 and Cryptomonas curvata Ehren-
berg (29.4 and 17.5%, respectively) in 2017-2018 were among the dominant species. In 2019, Stepha-
nodiscus hantzschii (10 and 26%), Surirella brebissonii var. kuetzingii (13.2 and 15.7%), Gymnodinium
helveticum Penard (31.4%), Cryptomonas ovata Ehrenberg (16.3%) and Komma caudata (L. Geitler)
D.R.A. Hill (15.4%) prevailed.

The years 2016—2017 were distinguished by the highest values of the Shannon index, while 2019,
on the contrary, by the lowest (Table 7). Similarly, the average single-cell mass also changed (Table 7).
The maximum biomass of mixotrophic phytoflagellates was found in 2016 (Table 7). According to the
saprobity index, the waters during the study period were characterized by (3-mesosaprobic conditions
(Table 7). By the Kitaev scale (2007), in 2016 they corresponded to a-eutrophic, in 2017 — to B-mesotro-
phic, and in 2018-2019 to oligotrophic conditions.

Correlation analysis revealed positive correlations of input volume and water level with specific num-
ber of phytoplankton species (r = 0.76), the number of Bacillariophyta species (r = 0.84), Cryptophyta
biomass (r=0.78), and the Shannon index (r = 0.70). For the specific number of Cyanobacteria species
(r=-0.88), Dinophyta biomass (r = —0.76), and biomass of mixotrophic phytoflagellates (r = —0.76) they
were negative. The total phytoplankton biomass positively correlated with BOD, (r = 0.87) at increasing
input volumes.

Phytoplankton of the Tanalyk-Suunduk reach

Statistically confirmed interannual differences in the specific number of phytoplankton species were
not found, however, the highest values were noted for 2016-2017, and the lowest — for 2019 and 2018.
(Fig. 2D). In 2019, the number of cyanobacteria species was statistically much higher (Table 8).

In 2018-2019, phytoplankton biomass was lower than in 2017 (p = 0.038 and 0.040, respectively)
(Fig. 3D). In 2019, biomass of almost all taxonomic groups dropped significantly (Table 8). The share of
diatoms in the total phytoplankton biomass was the greatest in 2016-2017; for greens and dinophytes
this indicator was maximal in 2018-2019 (Table 8). Rhodomonas lens Pascher & Ruttner (18.6%), Tet-
raselmis cordiformis (H.J. Carter) F. Stein (14%) prevailed in 2016, Gymnodinium helveticum (15.9%),
Rhodomonas lens (12.5%), Cryptomonas curvata (10.3%) — in 2017, not identified to the species rep-
resentatives of the family Volvocaceae (28.6%), Cryptomonas curvata (25.5%), Asterionella formosa
Hassall (10.6%) - in 2018, Gymnodinium helveticum (21.8%), Ceratium hirundinella (O.F. Mdller) Du-
jardin (18.3%), Komma caudata (11%) and Monoraphidium contortum (Thuret) Komarkova-Legnerova
(10.3%) - in 2019.

There were no statistically significant differences in the Shannon index, however, its highest value
was registered in 2017, and the lowest in 2019 (Table 8). In 2018-2017, phytoplankton had the greatest
average single-cell mass, in 2019 - the lowest (Table 8). The biomass of mixotrophic phytoflagellates
did not differ greatly; its highest and lowest indicators were noted in 2017 and 2018, respectively (Ta-
ble 8). By the saprobity index, the waters were 3-mesosaprobic with its maximum in 2016 and minimum
in 2017 (Table 8). According to the Kitaev scale (2007), the trophic status of waters in the stretch in
2016 corresponded to oligotrophic, in 2018 and 2019 - to ultraoligotrophic, in 2017 - to a-mesotrophic
conditions.

The specific number of Bacillariophyta species (r = 0.59), the total biomass (r = 0.68), and Crypto-
phyta biomass (r = 0.64) increased with rise in the total atmospheric precipitation. At the same time, the
number of Cyanobacteria species reduced (r = -0.71). Mixotrophic phytoflagellates biomass correlated
positively with water color index (r=0.55) and PO (r = 0.72), whereas the saprobity index demonstrated
negative correlation with O, content (r = —0.58).

Phytoplankton of the Priplotinny Reach

The specific number of phytoplankton species in 2018 was statistically much higher than in 2016
(p = 0.008) and 2017 (p = 0.012) (Fig. 2E) due to growing number of diatoms species (Table 9). As
compared to other observation periods, phytoplankton in 2019 was distinguished by the highest specific
number of green algae species. However, this indicator did not differ statistically from that for the years
2017 and 2018.

The phytoplankton biomass in 2018 was higher than in 2016, 2017 and 2019 (p = 0.000) (Fig. 3E)
due to Bacillariophyta and Chlorophyta (Table 9). In 2016, biomass was represented by Cryptophyta
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and Bacillariophyta, in 2017 — by Cryptophyta and Dinophyta, in 2018 - by Chlorophyta, in 2019 — by
Dinophyta and Bacillariophyta (Table 9). In 2016, among the dominant were the species of the genus
Cryptomonas (41.5%), in 2017 — Komma caudata (15.2%), Cryptomonas curvata (12.4%), Rhodomo-
nas lens (12%), Ceratium hirundinella (19.5%), in 2018 - representatives of the Volvocaceae family
(61.9%), in 2019 — Gymnodinium helveticum (36.5%) and Monoraphidium contortum (10.8%).

In 2017, phytoplankton was characterized by the maximum Shannon index, and in 2018 — by the
minimum one (p = 0.042) (Table 9). In 2018, the average single-cell mass was statistically much higher
than in 2016, 2017 and 2019 (Table 9). In 2018, phytoplankton was represented by maximum biomass
of mixotrophic phytoflagellates that was not confirmed statistically (Table 9). Interannual changes in the
saprobity index were not revealed. During the study period, the waters were characterized by p-me-
sosaprobic conditions (Table 9). In terms of phytoplankton biomass, the trophic status corresponded
to B-mesotrophic only in the year of 2018, while in 2016, 2017 and 2019 - to ultraoligotrophic waters
(Kitaev, 2007).

Involvement of discharge volumes in the change of phytoplankton parameters was very high; their
rise contributed to reduction of the specific number of phytoplankton species (r = —0.62), the number of
Bacillariophyta species (r = —0.69), the total biomass (r = -0.58), biomass of Bacillariophyta (r = —0.66)
and Chlorophyta (r = —0.60). The total biomass of phytoplankton (r = 0.76), biomass of Bacillariophyta
(r = 0.67), Chlorophyta (r = 0.74), and Cryptophyta (r = 0.69) increased with growing concentrations of
P-PO,. The biomass of mixotrophic phytoflagellates positively correlated with total precipitation (r=0.93).

Discussion

Interannual fluctuations in weather and hydrological conditions in spring made impact on phyto-
plankton dynamics. However, major factors for the study sites differed that resulted in the formation of
maximum quantitative characteristics of microalgae in various years.

In the unregulated section of the Ural River, phytoplankton was abundant in biomass due to Bacil-
lariophyta and Chlorophyta that is often observed in highly trophic watercourses (Okhapkin, 1997). It
should be noted that the studies conducted in the 1960s characterized the quantitative development
of the river phytoplankton as poor (Baturina, 1970b); in the middle reaches, its biomass varied within
0.11-0.92 mg/l showing its maximum near large cities (Poryadina, 1973a, b). Our data allow to assume
that the increased load on the river catchment was responsible for extra input of nutrients and organic
matter. This was most clearly manifested under maximum surface runoff of 2017. As a result, concentra-
tions of nutrients in the water, biomass of phytoplankton, cyanobacteria and mixotrophic phytoflagellates
increased. Besides, among the dominants appeared Euglena viridis — an indicator species of polysap-
robic waters. The saprobity index increased, the average single-cell mass and the Shannon index, on
the contrary, decreased.

The leading role in the interannual dynamics of the river phytoplankton was also played by water
temperature. Its maximum rise in 2018 brought to an increase in the community biomass and trophic
status of waters, as well as to the appearance of the dominant species Stephanodiscus hantzschii, an
indicator of a-mesosaprobic conditions. At minimum water temperatures in 2016, the phytoplankton
biomass was the lowest even at higher total precipitation and input than in 2018.

In the upper stretch Chapaevsky, the most trophic conditions were formed in 2018 that is evidenced
by the maximum phytoplankton biomass and the saprobity index, the lowest Shannon index, the reduced
number of dominant species and appeared Stephanodiscus hantzschii (the indicator of a-mesosaprobic
conditions), the share of which in the total phytoplankton biomass was the largest. Apparently, in 2018,
changes in the ratio of input and discharge volumes, including water level, ensured the greatest accu-
mulation of nutrients from the Ural waters. A drastic drop in discharge and input volumes at the optimum
water level, contributing to location of the boundary of the variable backwater zone in the Chapaevsky
reach, determined the maximum input and accumulation of substances transported by the river here.
The highest indicators of some chemical water characteristics provide support for this view.

The Mozhaisk reservoir studies revealed that the large flood runoff supplied nutrients from the basin
and was responsible for the pronounced increase in phytoplankton abundance (Datsenko et al., 2017).
However, in the spring of 2017, the Chapaevsky reach with its maximum water level, total precipitation,
input and discharge volumes, including maximum water temperatures and high concentrations of nu-
trients did not see a tangible increase in phytoplankton biomass. We believe that the tendency in the
community dynamics depends on the ratio of a number of factors, i.e. external inputs from the catchment,
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waters of the main river and its tributaries, as well as diffuse exchange of bottom layers with surface ones.
Studies of water bodies in Kazakhstan have revealed both direct and reverse relationships between wa-
ter level and quantitative indicators of plankton (Krupa, 2012; Krupa et al., 2013). A direct relationship was
observed when the amount of substances accumulated in the reservoir was less than that supplied from
the basin; the reverse relation was observed under opposite conditions. Thus, in the Chapaevsky reach,
the amount of substances accumulated in the bottom sediments was higher than that transported from
the catchment, and rise in water level (2017) induced the effect of “dilution”. The assumption that avail-
ability of biogenic and organic substances would increase at the least depth was disproved: in 2019, the
total phytoplankton biomass was minimum at the lowest water level, total atmospheric precipitation, and
input volume. On the contrary, biomass and the share of cyanobacteria, cryptophytes and euglenoids in
the total biomass showed their maximum. These indicators for diatoms, as well as the average single-cell
mass reached the minimum. Consequently, a drop in water level and nutrients removal from the bottom
to the surface of the reservoir in the Chapaevsky reach had only a limited effect on the phytoplankton
structure, in contrast to the Moskvoretsk reservoirs with the pronounced biomass growth (Datsenko et al.,
2017; Goncharov and Abdullaeva, 2014; Goncharov and Datsenko, 2002).

All this brings us to assumption that the phytoplankton biomass did not increase in 2017 at the high-
est water level, maximum precipitation, high volumes of input and discharge because the area of the
greatest accumulation of allogeneic matter was shifted within the boundaries of the variable backwater
zone, consisting of its upper (episodic backwater), middle (regular periodic backwater), and low (deep
long-term backwater) subzones (Berkovich, 2012; Lin et al., 2007; Makkaveev et al., 1958). The Cha-
paevsky reach is situated mainly within the middle and low subzones, where most substances (trans-
ported by the main river and its tributaries) is accumulated due to reduced flow. As compared to other
stretches, its waters are characterized by maximum temperatures. It is obvious that high concentrations
of nutrients and water temperature ensure the formation of phytoplankton distinguished by the greatest
quantitative characteristics. At the maximum water level in 2017, the zone of the highest accumulation of
allogenic substances could be located above the Chapaevsky, i.e. in the uppermost Urtazymsky reach
that is the upper (episodic) subzone. Unfortunately, in this place no sampling was made.

Alarge role in the formation of quantitative characteristics of phytoplankton belongs not only to water
level fluctuations, but also to input volumes. It is associated with the flow rate of the main river and its
tributaries; with its increase, waters may reach the middle reach. As a result, in the Sofinsky reach in
2016, we observed maximum total biomass and mixotrophic phytoflagellates biomass with its largest
input volume and water level less than in 2017, including reduction in the number of dominant species
at significant biomass of Ulnaria ulna.

In the Tanalyk-Suunduk stretch, the formation of phytoplankton hinged on the total atmospheric
precipitation and discharge volumes providing the increased horizontal water movement along the lon-
gitudinal profile of the reservoir. As a result, the highest biomass of phytoplankton and mixotrophic
phytoflagellates was found under maximum total precipitation and discharge volumes in 2017 and at
maximum input volume and high atmospheric precipitation in 2016. In these years, flood waters of the
Ural, Tanalyk, and Suunduk rivers delivered most nutrients, thus contributing to the formation of favor-
able conditions for phytoplankton development.

Table 10. Correlation coefficients of phytoplankton indicators with its total biomass in May 2016—2019 Designations are given as
in Table. 5. Statistically significant (p < 0.05) coefficients are in bold.

Phytoplankton biomass

Indicator
I Il 11 v Y
Sp 0.50 0.77 0.93 0.88 0.87
H -0.17 -0.84 0.69 0.79 -0.36
B, 0.83 0.64 0.88 0.80 0.82
S 0.39 0.75 0.05 -0.45 -0.65

AICM 0.25 0.53 0.84 0.50 0.72
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The maximum specific number of species and biomass of phytoplankton, the share of Chlorophyta
in the total biomass, the average single-cell mass, the reduction in the number of dominant species,
and the minimum Shannon index were recorded in the Priplotinny reach in 2018. This phenomenon
was due to the lowest runoff volume during the whole period of our study when nutrients arrived from
the catchment during flooding and retained; the water was characterized by maximum values of COD,
P-PO, and Si concentrations.

An increase in the phytoplankton biomass in different-type sections indicated an increase in the tro-
phic status of waters, which in the river (B-eutrophic), reaches Chapaevsky (B-eutrophic) and Sofinsky
(a-eutrophic) was higher than in the Tanalyk-Suunduksky (a-mesotrophic) and Priplotinny (B-mesotro-
phic) ones.

With increase in the phytoplankton biomass, its other characteristics acting as indicators of organic
and biogenic load also changed. In most areas, with the formation of the best trophic conditions, the
specific number of phytoplankton species was maximum. Thus, we may conclude that the previously
identified regularity on species richness reduction in very clean and very dirty waters (Barinova, 2000;
Barinova et al., 2006) is also true for the specific number of phytoplankton species. Therefore, the eu-
photic layer of the studied areas of the Iriklinsky reservoir was characterized by a relatively high quality
of the habitat. Positive correlation coefficients between the specific number of species and the total
phytoplankton biomass were revealed for all studied areas (Table 10).

With maximum increase in the phytoplankton biomass in the Ural River, the Chapaevsky and Pri-
plotinny reaches, the Shannon index decreased, but in the reaches Sofinsky and Tanalyk-Suunduksky
it increased. This index was the lowest for both clean and dirty waters (Barinova, 2000; Barinova et
al., 2006). At the same time, no regularities of its change related with eutrophication was found since
it reflects to a greater extent stability disturbance under extreme conditions than the trophic state of
water bodies (Trifonova, 1990). We believe that with growing volumes of external inputs of substanc-
es from the catchment this index dynamics depends on their concentrations and initial trophic status
of a water body or its site. For example, in the Ural River, the increased nutrient and organic load in
2018 brought to the decreased Shannon index due to a growing share of Ulnaria ulna (60.8% of the
total). The upper among the investigated reaches, Chapaevsky, the first received the river waters rich
in nutrients and organic substances. However, just the specific ratio of water level, input volume and
total precipitation formed the best trophic conditions in 2018. The Shannon index was the lowest and
Stephanodiscus hantzschii (62.2% of the total biomass) prevailed. The obtained correlation coefficients
reflect the tendency in dynamics of the Shannon index with increase in the total phytoplankton biomass
in different-type sites. (Table 10).

The data on dynamics of mixotrophic phytoflagellates are used to determine the transformation of the
phytoplankton communities at the input of organic and biogenic substances. It is known that with trophic
status increase, the quantitative characteristics of mixotrophs grow as well (Goryunova, 2006; Korneva,
1999, 2009; Rosowski, 2003; Safonova, 1987; Slddecekova and Sladecek, 1993). This is most clearly
manifested in ecosystems where the main flux of suspended and organic matter is provided by external
inputs (Alimov, 1982; Hodkinson, 1975; Margalef, 1992; Mordukhai-Boltovskoy and Rivier, 1977). In
these conditions, the color of water, the amount of suspended matter, and the number of bacteria in
the water column increase (Kopylov et al., 2000; Tsvetkov et al., 2015) that favors the development of
flagellar phagotrophs. In the studied areas of the Iriklinsky reservoir, biomass of phytoflagellates and the
total biomass of phytoplankton showed positive correlation (Table 10).

In contrast to the Priplotinny reach, in the Chapaevsky, the saprobity index positively correlated
with phytoplankton biomass (Table 10). However, in most cases, interannual dynamics of this index
was within B-mesosaprobic water conditions, and only in the spring of 2018 in the Chapaevsky reach it
corresponded to a-mesosaprobic waters. Consequently, the most noticeable changes in the saprobity
index occurred with an increase in organic and nutrient load in the section of the highest annual nutrient
intake.

Predominance of large or small forms of algae cells indicates the changes in the trophic status of
the reservoir, though this issue remains open for discussion. It is known that the smaller the algae cell
size, the better their metabolism and efficiency of solar energy assimilation are (Gutelmacher, 1986).
A high ratio of the cell surface area to its volume and a thinner diffuse boundary layer ensure the
ability of small cells to absorb nutrients more efficiently in conditions of their deficiency. In contrast to
small cells, large ones are able to store nutrients better. This provides a competitive advantage for
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small forms at low and for large forms at high trophicity and sharp fluctuations on the nutrient content
in the water as well (Cloern, 2018; Edwards et al., 2011). However, the study of phytoplankton in the
eutrophic reservoirs of the Volga and Belorussia lakes showed increased abundance of small-celled
species (Korneva, 2015; Mikheeva, 1992). At the same time, it was noted that at a highly eutrophic and
hypertrophic state, the share of nanoplankton in the phytoplankton composition reduced, and large-
scale colonial forms of cyanobacteria and large dinophyte algae dominated (Datsenko, 2007; Mikheeva
and Lukyanova, 2006). Dynamics of the ratio of major biogenic substances, providing a shift in the
dominance of small and large forms (Fogg, 1965; Sommer, 1985, cited in: Trifonova, 1990), also was
of great importance. Interestingly, the observations of the lake phytoplankton during eutrophication did
not reveal any pronounced patterns of cell size changes. Therefore, it casts doubt on the use of this
characteristic as an indicator of the trophic status dynamics of water bodies (Trifonova, 1990). In spring,
the highest average single-cell mass in all sections of the Iriklinsky reservoir was observed in the years
with maximum phytoplankton biomass that was evidenced by positive correlation coefficients between
the considered indicators (Table 10).

Conclusion

Our study suggests that meteorological and hydrological conditions played a significant role in the
interannual fluctuations of quantitative characteristics of phytoplankton from the unregulated section
of the Ural River and different-type stretches of the Iriklinsky reservoir. Dynamics of the phytoplankton
biomass in the Ural River greatly depended on precipitation providing nutrients supply from the catch-
ment. Water temperature was also important. In the reservoir, the phytoplankton development hingered
on arrival of substances from the catchment, which in different reaches was determined using as the
total precipitation as the ratio of major hydrological parameters, i.e. input and discharge volumes, in-
cluding water level. As a result, the periods of maximum quantitative development of phytoplankton in
different sites did not coincide. In the reaches Chapaevsky and Priplotinny, the highest phytoplankton
biomass was found in 2018 when average water level, discharge and input volumes were the lowest.
In the Sofinsky reach, a high biomass of algae was recorded in 2016 due to maximum input of most
nutrient-enriched waters from the Ural River and its tributaries. In the Tanalyk-Suuduk Reach, connect-
ed with two large tributaries (Tanalyk and Suunduk), the highest phytoplankton biomass was recorded
in 2017 and 2016 at the increased total precipitation and input volume. In each stretch, interannual
dynamics of phytoplankton was specific. The largest number of statistically significant changes in the
analyzed phytoplankton parameters was noted in the river (72.7%). The share of such changes for the
reservoir was the following: 50.0% for Chapaevsky, 45.5% for Sofinsky, 13.6% for Tanalyk-Suunduksky,
and 31.8% for Priplotinny reaches. Thus, two low reaches subject to the least impact of the main river,
having the greatest depths, large area (Tanalyk-Suunduksky reach) and canyon-like profile (Priplotinny
reach) demonstrated the most stable state of phytoplankton and environmental conditions. The highest
trophic status of the waters was observed in the unregulated section of the Ural River, the Chapaevsky
and Sofinsky reaches of the reservoir.
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