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Abstract. The hydrodynamic properties of a reservoir can affect the potential for cyanobacterial
blooming. Slow-flowing or stagnant waters are more conducive to blooming stability. Therefore, water
with a faster flow, more intensive mixing, or higher rotation speed is less likely to develop cyanobacterial
blooming. The Kremenchutske and Kamianske reservoirs have an essential impact on the blooming of the
Dnieper River in the Dnieper-Donbas Canal area. Their temperature regime in the warm season favors
the development of zooplankton and phytoplankton. Aquatic vegetation is most common in shallow water.
Water blooming is observed in summer, and this process covers up to 70 % of the area of reservoirs,
especially in the southern part and bays, deteriorating water quality. Higher frequency and intensity of
precipitation, accompanied by longer periods of drought, can create contribute greater nutrient mobility.
Longer periods of high temperatures also contribute to this process, at that there is no mixing of water
layers. Cyanobacteria can quickly utilize nutrients that enter water bodies due to rainfall. Strong winds
can also affect the cyanobacteria population, pushing cyanobacterial cells and colonies towards the banks,
where they accumulate. These reservoirs are located in the temperate continental climate zone and belong
to water bodies that warm up well. That is due to their width, which makes wind mixing possible in the
middle and lower parts of the reservoirs, as a result of which the temperature is distributed evenly and
horizontally. To confirm and supplement the results of field studies, statistical processing of water quality
indicators of the Dnipro River in the area of the Dnipro-Donbas Canal was carried out. Trends were
determined by regression analysis of time series of water quality indicators. The distribution was checked
for normality using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Correlation analysis was performed
using the Pearson parametric method and the Spearman nonparametric method. The fluctation period was
determined using the spectral Fourier transform method. The comprehensive analysis made it possible to
establish the factors that are the main cause of water blooming in the studied area, which makes it possible
to control the necessary water treatment processes.
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Relevance of the research. Rising A general concern is that rising global

temperatures and climate change, which affect
the intensity and duration of droughts, can
strongly influence cyanobacterial growth rates
and algae blooming. Rising air temperatures can
lead to higher water temperatures, longer ice-free
seasons, and increased thermal stratification.
Conversely, low winter temperatures combined
with cold springs can lead to more intensive
mixing of water in a reservoir and the
resuspension of sediment nutrients [1]. Climatic
factors can also counteract the development
of cyanobacterial populations, for example,
through winds and precipitation, which promote
water mixing, washout, destabilization, and
blooming propagation. The timing and duration
of cyanobacterial blooming are also influenced
by climatic conditions and other factors such as
the size and location of the inoculum.
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temperatures caused by climate change could
further expand the geographic distribution
of toxin-producing cyanobacterial blooming
in temperate regions, as well as an overall
global increase in the frequency and intensity
of blooming. It is supposed that rising global
temperatures is at least partly responsible for
the spread of certain cyanobacterial species
outside of tropical and subtropical climates. The
adaptation of cyanobacteria to cold has been
proven by researchers as they were detected at
temperatures below 20 °C. There are conflicting
opinions among researchers about the effects of
higher temperatures on cyanobacteria compared
to other phytoplankton, so further research is
needed on this issue [2].

Analysis of recent studies and publications.
Some cyanobacteria grow at optimal temperatures
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above 25 °C, which are higher than other
phytoplankton  species.  Cylindrospermopsis
can thrive at temperatures from 20° to 35 °C,
with maximum growth at 30 °C [3]. It has been
suggested that tolerance to this temperature range
helps to explain the occurrence of C. raciborskii
in temperate regions during the summer months
and the year-round blooming in some tropical
and subtropical regions [4—6]. On the other hand,
Microcystis and many other taxons are also able
to survive in sediments and can survive more than
a single overwintering period. This has important
implications, as overwintering populations of
toxin-producing cells can then re-inoculate the
reservoir during the spring thaw or during the
growing season during resuspension [7-9].

There is little information on the relative
survival of toxic strains versus non-toxic strains
under these conditions. The toxic potential of
Microcystis cells was well preserved during
overwintering, but it is unlikely that these
toxic cells had a competitive advantage.
Cylindrospermopsis raciborskii can form resting
stages called akinetes that may protect the
organism at adverse temperatures. Some authors
state that increasing temperatures confer a direct
advantage on cyanobacteria because they prefer
higher growth temperatures [10-13]. Others
suggest that cyanobacteria benefit indirectly
from the rise of temperatures by increasing
stratification, water column stability, and
lengthening the growing season [14; 15]. In many
cases, all of these factors may likely contribute to
cyanobacterial blooming.

Many cyanobacteria have photoadaptive
characteristics that allow them to lead other
phytoplankton in the competition for light
sources. They have numerous photosynthetic
pigments that allow utilizing wavelengths of
light that are not favorable to many competing
phototrophic species [16]. They also function at
extreme light levels and thus can outcompete other
phytoplankton found in high-light conditions
(e.g., at the surface), in deeper or turbid waters,
or bottom sediments. Some cyanobacteria
regulate their buoyancy and can optimize their
position in the water column according to the
amount of available light or move (slide) to more
illuminated areas of the bottom substrate [17].

Light requirements vary among cyanobacterial
species. For example, Microcystis species
prefer environments with higher light levels,
while others, such as Planktothrix agardhii and
Cylindrospermopsis raciborskii, prefer low light
levels [18]. Cylindrospermopsis is known to be
less buoyant than other cyanobacteria, and deeply
mixed water bodies may favor its dominance

[19]. This and other cyanobacteria, such as
Gloeotrichia, can acclimatize and utilize nutrient-
rich deeper layers or low-light bottom areas [20].
Then as a result of water layers mixing, these
taxons can increase their primary production
when they move to the upper, more light-rich
layers. For benthic populations, sufficient light
capable of penetrating to the bottom of the water
layer is an important criterion for determining the
depth of cyanobacterial growth occurring [21].

Purpose of the study is to make a
comprehensive analysis of the impact of global
climate change on local trends of the Dnieper
River blooming in the Dnieper-Donbas Canal
area. That will allow us to determine the need
for changes in operating the necessary water
treatment processes in the study area.

Materials and methods of the study. During
the study, the following water quality indicators
at the observation post of the Dnipro-Donbas
Canal (0,5 km, Shulhivka village, after the
main catchwater canal of the Dnipro-Donbas
Canal) of the Dnipro River were analyzed for
the period from 2016 to 2018: biomass, mg/dm?;
biochemical oxygen consumption for 5 days,
mg0,/dm?; odor, points; dissolved oxygen,
mgO,/dm?; transparency, cm; temperature,
degrees C; phytoplankton, thousand cells/dm?.
For statistical processing of experimental data,
the STATISTICA 10 comprehensive statistical
analysis package, developed by StatSoft, was
used. The STATISTICA 10 package implements
procedures for data analysis, data management,
data extraction, and data visualization. Trends
were determined by the regression analysis
method of time series of water quality indicators.
The distribution was checked for normality using
the Kolmogorov-Smirnov and Shapiro-Wilk
tests.

Correlation analysis was made using
the parametric Pearson method and the
nonparametric Spearman method. The fluctation
period was determined using the spectral Fourier
transformation method.

Results of the study and their discussion.
The thermal regime of the Kremenchuk and
Kamianskereservoirs, which have the biggest
impact on the blooming of the Dnieper River
in the area of the Dnieper-Donbas Canal, is
characterized by uneven distribution of water
temperature along the length, width, and depth,
and has an unstable nature. Intensive warming
of the reservoirs occurs first near the tributaries’
mouths. The temperature in spring rises much
faster than it decreases in autumn. The maximum
heat is observed in the July — August period and
the least — in the December — March period.
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The catchment area belongs to typical humus-
rich black and gray forest soils. Suspended
matter in these reservoirs is formed under a sharp
decrease in flow transportation capacity, which
leads to a noticeable water clearing compared to
river conditions. One of the reasons of the turbidity
of reservoir water is the impact of wind waves on
the bank zone. In addition, when waves approach
the banks obliquely, along-bank sediment flows
are formed. Silt enters the reservoirs from the
outside, and it is also formed in the reservoirs, as
a result of bank and bottom abrasion influenced
by wind waves and the development and death
of phytoplankton. The hydrochemical regime of
these reservoirs is formed under the influence of
external and internal factors.

External factors include river runoff, soil,
and vegetation type in the river catchment,
precipitation, and the ingress of various pollutants

(2]

into the water in the process of human activity.
Internal factors include decreasing flow velocity,
increasing productivity and hyperproduction of
some types of algae, changes in the quantitative
and qualitative composition of organic matter,
etc.

To confirm and supplement the results of field
studies, water quality indicators were statistically
processed in the studied area of the Dnipro River.
Trends were determined by a regression analysis
method of time series of water quality indicators.

The obtained model equations and their
characteristics are shown on the graphs of
qualitative indicators observations (Fig. 1).
The applied regression analysis method of
time series made it possible to determine that
the trends of such qualitative indicators as
biomass, phytoplankton, odor, and temperature
are directed towards increasing concentrations.
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Fig. 1 Graphs of water quality indicators observations during 20162018
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Verifying the distribution compliance with the
normal was performed using the Kolmogorov-
Smirnov and Shapiro-Wilk tests. The built graphs
and histograms of the studied indicators enabled
us to specify that no indicator corresponds to the
common distribution law. Therefore, the values of
most indicators related to the organic component
are determined mainly by the temperature cycle.
Given that most of the data do not follow
a normal distribution, both the parametric
Pearson method (Table 1) and the nonparametric
Spearman method (Table 2) were used to
determine correlations. The correlation results
are presented in the form of correlation tables.
The fluctation period was determined using the
spectral method of Fourier transforms (Fig. 2).
One mark on the Period axis corresponds to half

a month, i.e. the scale corresponds to a semi-
monthly discreteness.

Correlation analysis, which used parametric
and nonparametric methods, revealed a significant
relationship between biochemical oxygen
consumption for 5 days, odor, phytoplankton,
water clarity, and biomass with temperature
and dissolved oxygen. Determining the
fluctuation period, performed using the spectral
transformation method of Fourier, enabled us
to establish that such indicators as biochemical
oxygen consumption for 5 days, odor, dissolved
oxygen, water clarity, and temperature have
a seasonal nature of fluctuation due to the
temperature cycle. The periodicity of the key
fluctuations peak is in the range of 11,1-11,5
months.

1. Indicators correlation by the Pearson method to normal correlation

Biochemical Phyto-
Biomass, oxygen. Odor, Dissolved Wa?er Temperature,| plankton,
3 | consumption . oxygen, clarity,
mg/dm points 3 C degrees thousand
for 5 days, mgO,/dm cm 3
3 cells/dm
mgQO,/dm
Biomass, mg/dm® 1,000 0,396 0,667 -0,524 —0,617 0,631 0,833
Biochemical oxygen
consumption for 0,396 1,000 0,037 | -0,128 0,497 0,186 0,264
5 days, mgO,/dm?
Odor, points 0,667 0,037 1,000 | -0,836 0,604 0,782 0,809
Dissolved oxygen, |, 5,4 0,128  [-0,836| 1,000 0,444 -0,903 0,786
mgQO,/dm
Water clarity, cm 0,617 0,497 —0,604| 0,444 1,000 —0,472 0,520
dTemperamre’ C 0,631 0,186 0,782 | -0,903 | -0,472 1,000 0,812
egrees
Phytoplankton, 1 ¢33 0,264 0,809 | -0,786 | -0,520 0,812 1,000
thousand cells/dm
Note: The red values in the table correspond to normal correlation.
2. Indicators correlation by the Spearman method
Biochemical
. Phyto-
Biomass, oxygen. Odor, Dissolved Wafer Temperature, | plankton,
3 | consumption . oxygen, | clarity,
mg/dm points 3 C degrees | thousand
for 5 days, mgQO,/dm cm 3
3 cells/dm
mgQO,/dm
Biomass, mg/dm? 1,000 0,755 0,721 —0,354 —0,368 0,666 0,772
Biochemical oxygen
consumption for 0,755 1,000 0,194 0,045 0,299 0,306 0,578
5 days, mgO,/dm?
Odor, points 0,721 0,194 1,000 | -0,526 | 0,485 0,609 0,750
Dissolved oxygen, 0,354 0,045 0,526 1,000 | 0513 0,713 0,729
mg0O,/dm
Water clarity, cm —0,368 —0,299 —0,485 0,513 1,000 —0,613 —0,380
Temperature, 0,666 0,306 0,609 | —0,713 | -0,613 1,000 0,816
C degrees
Phytoplankton, 0,772 0,578 0,750 | 0,729 | -0,380 0,816 1,000
thousand cells/dm

Note: The red values in the table correspond
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Fig. 2 Determining the fluctation period using the spectral transformation method of Fourier

Conclusions. A comprehensive analysis of
the impact of global climate change on local
trends in the Dnipro River blooming in the
Dnipro-Donbas Canal arearevealed the presence
of a corresponding correlation. The features of
the life cycle of cyanobacteria, which are the
main cause of water blooming, are influenced
by such factors as: temperature regime, climatic
zone, catchment area, conditions of suspended
matter formation, hydrochemical regime of the
reservoir, etc. Statistical processing of water
quality indicators in the studied area showed
that most indicators related to the organic
component have a trend toward increasing
concentrations.
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Correlation regression analysis revealed
a significant relationship between biomass,
phytoplankton, water clarity, odor, biochemical
oxygen consumption for 5 days, and temperature
and dissolved oxygen, which correlates with
global trends in climate change. Most of the
studied indicators are of a seasonal nature of
fluctuations due to the temperature cycle. These
dependencies, combined with the impact of global
climate change on local trends in the Dnipro
River blooming in the area of the Dnipro-Donbas
Canal make it possible to predict changes in the
specified indicators during the calendar year to
manage the necessary water treatment processes
in the studied area.
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Anomauia. I'iopoouHamiuni 61acmugocmi 000UMU MOXCYMb NIUSAMIU HA NOTNEHYIA PO36UMK) YGIMIHHSL
yianobaxmepiil. Ilosinbno mekyui abo cmosui 600u Oinvuie cnpusioms cmadinbrocmi ysiminus. Tomy
600a 31 WBUOWLUM NOMOKOM, CUTbHIUUM 3MIULYBAHHAM AOO BUYOIO WBUOKICIIO 00EepMAHHI MAE MEHULY
UMOBIpHICMb PO36UMKY Yeiminns 6 nitl yianobaxmepiu. Haiibinvwui ennue na yeiminus p. [ninpo 6
pationi kaunany [ninpo—/{onbac maroms Kpemenuyyvke ma Kaw aucvke 6ooocxosuwa. Ix memnepamypHuii
pedicum y menaull nepioo poky cnpuse po3sumxy 300- ma @imoniankmony. Boosma pociunnicme naiino-
wupeniua Ha Miikoso0oi. Baimky cnocmepieaemuvcs ygiminma 6oou. Lleu npoyec oxonnioe 0o 70 % nnowyi
8000CX08ULY, 0COONUBO Y NIBOCHNII YACMUHNT A 3aMOKAX, No2iputyiouu saKicms 600u. Buwa yacmoma ma
IHMeHCUBHICMb 0naodis, wjo CynpoBoOACYIOMvbCs OiNb MPUBATUMY NEPIOOAMU NOCYXU, MOANCYMb CMEO-
pumu OinbULy pYXaUSIiCmb NOJNCUBHUX PEUOSUH | MPUBAIiui nepioou GUCOKUX memnepamyp 6e3 3miuty-
sanns. Llianobaxmepii 30ammui wWEUOKO BUKOPUCTIOBY8AMU NONHCUBHT PEUOBUHU, WO HAOX00SMb 00 8000UM
sHaciook dowyie. CUbHi 8impu MAKOHC MOHCYMb BNAUSAINU HA NONYIAYII0, NPULUMOBXYIOUU KATMUHU Md
KONOHII yianobaxmepiii 00 bepezis, Oe 6oHU Hakonuuyiomocs. Lli 6o0ocxosuwa pozmawiosani y nomipHo
KOHMUHEHMATbHIU KAIMAMUYHIL 3011 U Hanexcams 00 8000UM, Ki 00bpe npoepisaiombcs. L{bomy cnpuse
X wupuna, 3a605aKu AKIll CNOCMepieaemvpCsi IHMEHCUBHE GIMpo6e NePemiuly8aHHs 8 CepeOHill i HUJICHIN
YACMUNAX 8000CXOBULY, VHACTIOOK 4020 MeMnepamypa po3nooiiacmvcs PiGHOMIDHO i 20pU3OHMATLHO.
3 memoro niomeeposicents ma OONOBHEHHS Pe3VIbINAMIE HAMYPHUX 00CAI0NHCEHb OVIL0 NPOBEOEHO CINAMIUC-
MUYHy 06POOKY AKICHUX NOKA3HUKIG 600U p. /[Hinpo 6 pationi kanany Jninpo—/onbac. Busnauenus mpenois
nposedeni MemoooM pezpecitino2o andaizy 4acosux psdie AKicHux nokazHuxie eoou. Ilepesipky 6ionogio-
HOCMI pO3NOOINY 00 HOPMATLHO20 8uKoHY8anu 3a mecmamu Koimozoposa—Cmipnosa ma [llanipo—Yinka.
Kopenayiiinuii ananiz 6yno nposedeno 3a 0onomo2or napamempuurnozo memooy Ilipcona ma nenapame-
mpuynozo memoody Cnipmana. Busnayenns nepiody Koaueamsb UKOHAHO 3d OONOMO20I0 CNEKMPAlbHO20
memody nepemsopenv Pyp’e. IIposedenuti KOMNAEKCHUL AHANI3 0A8 MONCIUBICIG GCMAHOBUMU YUHHUKU,
WO € 20106HOI0 NPUUUHOIO YBIMIHHA 800U 8 QOCTIOHNCYBAHOMY PALOHI, WO 0A€ 3MO2Y Kepysamu HeoOXio-
HUMU npoyecamu 6000Ni020MOBKU.

Knrouosi cnosa: 600nui pecypcu, sminu knimamy, yianobaxkmepii, ygiminus 600u, Kicmb 600U
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