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Introduction

The recent studies of planktonic communities of the lower Dniester were carried out mostly
in spring and summer period, as the periods of the highest development of planktonic organisms.
However, autumn and winter periods may reflect the influence of climatic changes on plankton
even more clearly than spring and summer, for example, alterations in quantitative and qualitative
structure of communities as the result of changes in vegetation terms of plankton species, and winter
blooms of phytoplankton in the mild winters.

The hydroecological history of Dniester River and Dniester estuary may be divided into three
periods: 1. “natural” period, when the water regime depends on snow melting and frequent storm
floods, with great runoff fluctuations and maximum of nutrient runoff in spring (about 60% of
year runoff); 2. partially regulated period (starts in 1954 after Dubossary Reservoir and Dubossary
Hydroelectric Power Plant were put in operation); 3. fully regulated period (from 1987 when
Dniester Reservoir and Dniester Hydroelectric Power Plant were put in operation)[19]. Regulation
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smoothed seasonal fluctuations of the water runoff, and added the summer periods of high water,
along which the runoff volume could be close to the spring values.

During the eutrophication period (70*-80%"), the concentration of nitrogen and phosphorus
compounds increased in several times. Then in 90™, nutrient concentration began to decrease,
and in the modern period, the concentrations of most nutrients exceed their level in 50%. Only
the concentration of nitrates is several times higher, and the concentration of silicon is in contrary
lower [19]. Phytoplankton communities response to the above changes of hydrological and
hydrochemical regimes as well as to the global climatic changes. Thus, we face the problem of
updating the data and search for new patterns in the changes of the biocenoses.

Materials and methods

Phytoplankton samples were collected in 2018 and 2019 as the part of the project BSB165
HydroEcoNex, together with zooplankton and hydrochemical samples. The sampling took place
every month, in the Dniester riverbed near the village Mayaki. Sampling and subsequent processing
was carried out by standard methods.

Results and Discussion

Algological studies in the lower part of Dniester River were carried out for a long time. Some data
on the algae of the lower Dniester is available in the work of N.K. Sredinsky [17]. The first lists of
species belonged to B.N. Aksentiev [1] and D.O. Svirenko [16]. The detailed quantitative and qualitative
studies of the phytoplankton in the lower part of the Dniester and the Dniester estuary were carried
out by A.l. Ivanov and co-authors [10-15]. The recent period of phytoplankton development in the lower
part of Dniester and Dniester estuary was described in the works of N. V. Derezyuk and co-authors
[2-9], but their studies took part mainly in the Dniester estuary and in summer period. In general,
these studies showed that in the lower part of the Dniester, phytoplankton spread very unevenly over
the seasons and along the riverbed, as well as in the water column. Such a sharp uneven distribution
of the composition and abundance of phytoplankton is explained by the extremely high dynamism
of the hydrological regime of the Dniester and frequent floods, which not only dilute the waters
of the river, but also significantly increase their turbidity. The change in phytoplankton biomass at
the mouth of the river is not directly related to the change in the concentration of nutrients, but
positively correlates with the transparency of the water. When high water transparency coincides
with elevated concentration of nutrients, it leads to the massive development of microalgae. Inflows
and floodplain water bodies also have a great influence on phytoplankton in the river.

During the period of the present study, we found 186 species and intraspecific taxa (Bacillariophyta -
77 species, Chlorophyta - 62, Euglenozoa - 13, Cyanobacteria - 23, Dinophyta - 9, Chrysophyta - 2). The
biomass of microalgae was rather low, but higher than in pre-eutrophication period (fig.1). Comparing
with the period of 1970-1972, the average biomass in winter was higher. More active development
of phytoplankton in winter may be due to higher winter temperatures and absence of stable ice
cover during the cold period, as the result of global climatic changes. For other periods, the average
biomass was lower. The greatest difference was observed in the autumn period, when the average
biomass decreased by about four times. According to lvanov [13], high development of phytoplankton
in autumn was due to simultaneous decreasing of turbidity and increasing concentration of nutrients,
especially phosphorus. Therefore, drop of biomass in autumn comparing with 70t may be the result
of decreasing of DIP concentration to pre-eutrophication values [19]; but also due to the hydrological
peculiarities of the certain years.

Studies carried out at the mouth of the Dniester in 1952 showed that the curve of changes in
phytoplankton biomass was not directly dependent on the concentration of nutrients, but, as it were,
repeated the course of the water transparency curve [13]. Our 2019 research (fig. 2) showed a weak
positive correlation (r= 0,322) with the concentration of dissolved inorganic nitrogen (DIN), and a
weak negative correlation (r=-0,378) with the concentration of phosphates (DIP). This fits well with
the theory of a lack of phosphorus, which comes simultaneously with nitrogen, but is more actively
absorbed by microalgae. The weak negative correlation (r=-0,374) with silicates reflects its use by
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diatoms, which form the basis of phytoplankton biomass. We did not find a clear-cut correlation
with the concentration of total suspended solids, and, accordingly, with transparency (r=0,099).
Thus, at present time it is impossible to identify the main factor determining the development of
phytoplankton. To predict the development of microalgae, it is necessary to carry out a comprehensive
assessment of the combined action of hydrological and hydrochemical factors.
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Fig. 1. Long-term changes in the average biomass of phytoplankton (1952
and 1970-1972 - according to Ivanov [13], 2018-2019 - our data)

The contribution of different phyla of microalgae in the total phytoplankton biomass is shown on
Fig.3. For autumn period, it is quite the same as for the period of 1970-1973, with increased part of
Chlorophyta and a little decrease of Cyanobacteria. The contribution of different microalgae in total
biomass for winter period had changed greater. In 1972, Chlorophyta predominated, and the part of
Cyanobacteria was quite high. In 2019, the main contribution belonged to Bacillariophyta, the part
of Chlorophyta was also high, and the contribution of Cyanobacteria was less than 1%. A decrease in
the proportion of cyanobacteria may indicate a decrease in water trophicity. For spring period, the
share of Chlorophyta decreased greatly, and the share of Bacillariophyta raised up to 90%. In summer
period, the situation is vice versa, with rather high development of cyanobacteria and dinoflagellates.

Therefore, our studies showed that the role of Cyanobacteria in phytoplankton of lower Dniester
in the autumn and winter period had decreased (comparing with 1970-1973), and in summer
period increased. During autumn-winter period in the studied area there was observed the diatom-
green complex of species that reminded those of pre-eutrophication period, in spring diatoms
totally dominated. However, it is necessary to note that this decrease may be due to hydrological
peculiarities of the certain years.

The direct reaction of phytoplankton community on the water release from Dubossary Reservoir
and the Dubossary Hydroelectric Power Plant was studied in April-May 2019. On fig. 4, we may
see the correlation between relative water level (if we take the water level before the release
as zero), phytoplankton biomass and concentration of total suspended solids. Before the release
(26.04.2019), the concentration of phytoplankton was rather low. When the water became rising,
the biomass of microalgae also sharply increased. The maximum of biomass was observed on
29.04.2019, and then (on 30.04.2019) began to decrease, maybe due to the deterioration of the
conditions for the phytoplankton development by increasing the flow rate. The level of water
began to go down on 02.05.2019, but the concentration of suspended solids, brought by the
waters from water reserve, sharply rose up, the transparency of water decreased greatly, and the
development of microalgae also greatly decreased, so the values of biomass became even lower
than before the release.

Ungureanu [18] notes that the creation of reservoirs leads to their excessive eutrophication,
mass development, as a rule, of cyanobacteria and deterioration of water quality. When water is
released, cyanobacteria from the Dubossary reservoir can enter the lower reaches of the Dniester,
which cause an increase in the proportion of cyanobacteria in river phytocenoses. However, during
our study, the qualitative composition of phytoplankton did not change greatly (fig. 5). Before the
release, during the period of high water and a month later after the release, in phytoplankton
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community, diatoms dominated. The contribution of green algae in total biomass during the period
of high water increased (from 3 to 9%), but in may be the seasonal peculiarities of phytoplankton
development.
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Fig. 2. Changes in phytoplankton biomass and DIP (a), DIN (b),
silicon (c) and TSS (d) in Lower Dniester in 2019
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Fig. 3. The contribution of different phyla of microalgae in the total biomass for
different seasons (2018-2019 - our data, 1970-1972 - according to Ivanov [13].

600 50 g
45 <
500 a0 T D
33 2 E
e 400 _ T
£ 30 % o
%o 300 25 0z E
E 0 23
o5 200 15 B
[+¥]
100 10 =
5
0 0
&) ) 9 o &) &) 9
,Pw 19» ,}@' 'P\’ '_19\’ g}@ g}x
R AR LR AR AR R
o> 3 WV o> % I\ J

—B METM-3  =—reclative water level, cm —TSS, mgFdm-3

Fig. 4. The changes of relative water level (if take the level before release as
zero), concentration of total suspended solids and biomass of microalgae during
the release from Dubossary power plant reservoir (April-May 2019)
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Fig. 5. The changes in biomass of different phytoplankton phyla before, during
and after the release from Dubossary power plant (Mayaki, 2019)
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| Itisimportant to say that during the period of the release, the condy centration of nutrients
did not change evidently (the fluctuation was about 6% for DIN, 2% for DIP and 5% for Si). Comparing
with the pre-release sample, DIN concentration slightly drop down, DIP and silicon concentration
slightly rose up, so we may suggest that the main reason for the fall in phytoplankton development
after the release was the decrease of transparency due to the high amount of suspended solids
brought from the water reservoir of Dubossary power plant.

Conclusions

1. Comparing with the eutrophication period (1970-1972), we noticed the evident decrease of
average biomass of phytoplankton. Only in winter the average biomass was higher, may be
due to higher winter temperatures and absence of stable ice cover during the cold period, as
the result of global climatic changes. For autumn, the average biomass decreased by about
four times comparing with 1972, and became even lower, than in pre-eutrophication period
(1952). It may be the result of decreasing of phosphorus concentration to pre-eutrophication
values. The study of species composition show that the role of Cyanobacteria in phytoplankton
of lower Dniester in the autumn and winter period had decreased (comparing with 1970-
1973), and in summer period increased. During autumn-winter period there was observed
the diatom-green complex of species that reminded those of pre-eutrophication period, in
spring diatoms totally dominated.

2. Correlation analysis shows that at present time it is impossible to identify the main factor
determining the development of phytoplankton. We found weak positive correlation with
the concentration of mineral nitrogen, a weak negative correlation with the concentration
of phosphorus and silicon, and no clear-cut correlation with the concentration of total
suspended solids, Thus, to predict the development of microalgae, it is necessary to carry
out a comprehensive assessment of the combined action of hydrological and hydrochemical
factors.

3. The study of direct reaction of phytoplankton community on the water release from Dubossary
Reservoir and Dubossary Hydroelectric Power Plant shows the increase of phytoplankton
biomass during the release and sharp drop after the release, presumably due to high increase
of the turbidity.
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