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The paper presents the concept of contour algal communities functioning in aquatic ecosystems
of the Dnieper basin under different alternative stable regimes. The major factors are distinguished,
which can trigger the shift of the water bodies under study from clear water regime to high turbidity
regime: climate change, changes in nutrient conditions and water-level drawdown. In particular, higher
water temperature, increase in phosphorus content, a decline in N:P-ratio cause planktonic Cyanobacteria
blooms, which intercept solar radiation and suppress photosynthesis of contour algal communities.
The water-level drawdown brings about the reduction of the water volume, increase in the nutrient
concentration, acceleration of the water column’s warming in spring and intensive phytoplankton growth,
decreasing the Secchi-disk transparency. In response to the complex effect of these changes countour
algal communities activate the mechanisms aimed at maintaining the community’s dynamic equilibrium
under the unfavorable conditions of high turbidity. These mechanisms include changes in the ratio
of phyla with a decrease in the diatoms’ share and increase in the shares of green and blue-green
algae; gaining the competitive advantage by diatoms from Rhopalodiaceae family with nitrogen-fixing
endosymbionts; enlargement in the share of shade-tolerant species and species with high saprobity
index. These transformations in the structure of contour algal communities may be of practical value
and can be used as reliable biological indicators of regional and global environmental changes.
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3AKOHOMIPHOCTI ®YHKIIIOHYBAHHSI KOHTYPHHX BOAOPOCTEBHX
YI'PYIIOBAHBD 3A PISHHX AABTEPHATHBHHX CTABIABHHUX PEXXHMIB
BOJHUX EKOCUCTEM BACEHUHY OHIIPA (YKPATHA)

H. €. CemeHIOK, B. I. Illep6axk, IO. C. Illearok

Y pobomi npedcmasneHo KOHUeNyilo pYHKUIOHYSAHHS KOHMYPHUX 8000POCTESUX Y2PYN08AH® Y BOOHUX
erxocucmemax bacetiny [Hinpa 3a pi3HUX ANbMEPHAMUSHUX CMABLIbHUX pesumis. BusHaueHo 0CHO8HI
YUHHUKU, SIKI MOKYMb CNPUUUHUMU nepexio 00CAI0/KYBAHUX BOOHUX eKOCUCMeM 3 (PeXKUMY NPo30poi
800U» 00 (pesKUMY BUCOKOT KANAMYMHOCID: KALMAMUUHL 3MIHU, 3MIHU 6I02eHH020 PeXKUMY, SHUIKEHHS

pigHs 800U. 30Kpema, ni08ULEHHSE memnepamypu 800U, 3POCMAHHSL Micmy ¢pocghopy, IMEHULEHHSL
N:P-cniggioHouwleHHs npu3so0ums 00 «8IMmiHHs» 800U naHkmoHHumu Cyanobacteria, sKi eKpaHyOmMs
moeswyy 00U ma NPUHiLyomMsb pomocuHme3 KOHMYPHUX 8000pOCMEBUX Y2pYnosaHsb. SHUIKEHHS PIBHS
800U NPUCKOPIOE NPOZPIBAHHS. MOBULL 800U HABECHI, 3YMOBIOE 3POCMAHHS KOHUeHMpauii 6iozeHHUX ese-

MeHmMi8 ma IHMeHCUPIKAYi0 po38UMKY PIMONJIAHKMOHY 3 8I0N0BIOHUM 3HUIKEHHSIM NPO30POCmi 800U.

Y 8i0noeids Ha KomMnaeKkcHY 0110 YUX 3MIH KOHMYPHI 8000pocmesi Y2pynosaHHs AKmusyoms MexXaHi3MU,
CNPSIMOBAHL HA NIOMPUMAHHSL OUHAMIUHOL PIBHOBARU 8 YMOB8AX BUCOKOL KanramymHocmi. L{i mexaHizmu
B8KJLIOUAIOMb. 3MIHY CNIBBIOHOULEHHSL 810018 31 3MEHUEHHAM uacmKu dlamomosux eodopocmeti i 361b-
WeHHSM — 3e/leHUX | CUHbO3eNIeHUX; OMPUMAHHSL KOHKYPEeHMHOT nepesazu 0iamomosumu 6000poCmsmu
3 poouru Rhopalodiaceae 3 azomaikcyrouumu eHOOCUMOIOHMAMU; 3POCMAHHS UACKU MIHbOBUMPU-
sanux 8udig i 8udie 3 8UCOKUM iHOercom canpobHocmi. Taki mpaHcgopmayii 8 cmpykmypi KOHMYPHUX
8000poCMesUX Y2pynoeaHs MOXKYmMb OYymu 8UKOPUCMAHL K penpeseHmamusHi 610102iuHi iHouKamopu

PE2IOHANBHUX 1 27106ATbHUX 3MIH HABKONUULHBO20 CeEpedo8ULLA.

Knrouoei cnoea: KkoHmypHi 8000pocmesi YepynoeaHHsl, AlbmepHAMUEHI CMabiibHi CMAHU, KAIMAMUUYHL
3MIHU, ChiggiOHOWEeHHS azomy i hocghopy.

Introduction

Contour algal communities, i.e. algal com-
munities living at the interface of two phases,
are an important component of aquatic eco-
systems’ biodiversity and are marked by high
sensitivity to external impacts (Gosselain et
al., 2005; Karosiené & Kasperoviciené, 2012;
Zaytsev, 2015).

Among numerous fundamental issues
related to studying contour algal communities a
valuable place is held by the concept of alterna-
tive stable regimes (Scheffer et al., 1992, 1993;
Hansson, 1992; Havens et al., 2001; Scheffer
& Carpenter, 2003; Scheffer & Van Nes, 2007;
Vadeboncoeur et al., 2008; Protasov, 2014;
Hilt, 2015). According to this concept, an
aquatic ecosystem can stay in one of two alter-
native regimes: high turbidity regime (when the
total primary production is mainly formed by
phytoplankton) and clear water regime (when
it is mainly formed by contour communities —
higher aquatic plants, benthic, epiphytic algae).

High turbidity regime is considered to be
more stable than clear water regime, and an
aquatic ecosystem’s shift from one regime
to another depends on nutrient content and
phytoplankton abundance affecting the optic
characteristics of water.

Different alternative stable regimes may
coexist even within a single lake, if it is

marked by a large water area, spatial hetero-
geneity or varying nutrients inflow from the
catchment to different parts of the lake. Such
aquatic ecosystems often comprise a mosaic
of patches with different alternative regimes,
which remain unchanged for a long time until
an extreme event (e. g., human impact) triggers
a shift in the pattern (Scheffer et al., 2001b;
Scheffer & Carpenter, 2003; Janssen et al.,
2014). The process, when aquatic ecosystem
shifts from high turbidity phase to clear water
phase is called contourization, and the reverse
process — decontourization (Protasov, 2014).

The alternative stable state theory was orig-
inally developed for Dutch lakes (Scheffer et
al., 1992, 1993), and is usually applied to nat-
ural water bodies. However, as regards large
natural-artificial aquatic ecosystems, such as
lowland reservoirs, the issue of regime shift is
still understudied.

In the view of the above, the aim of this
research is to develop the concept of contour
algal communities’ functioning in aquatic eco-
systems of the Dnieper basin under different
alternative stable regimes.

Material and methods

The paper is based upon the field stud-
ies conducted in various aquatic ecosystems
within the Dnieper basin from 2008 to 2021:
the cascade of the Dnieper reservoirs and the
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Cooling Pond of the Chornobyl Nuclear Power
Plant. The research was carried out within
the framework of the state research project
“Support of development of high-priority areas
of research (KPKVK 6541230)”.

Contour (epiphytic) algal communities
were sampled from dominant species of
higher aquatic plants: Phragmites austra-
lis (Cav.) Trin. ex Steud., Typha angustifo-
lia L., Scirpus lacustris L., Nuphar lutea (L.)
Smith, Nymphaea alba L., Trapa natans L.,
Potamogeton perfoliatus L., Potamogeton
pectinatus L., Ceratophyllum demersum L.,
Sagittaria sagittifolia L., Myriophyllum spica-
tum L. Samples were taken and processed in
the laboratory in accordance with the conven-
tional hydrobiological methods (Semenyuk &
Shcherbak, 2016).

Algal samples were analyzed under the
light microscope MBB-1A with the ocular
lense 7x, and the objectives x40, x90 (immer-
sion) and under the light microscope Axio
Imager Al at the Research Equipment Center
of the Institute of Hydrobiology of the NAS of
Ukraine. Epiphytic algae biomass was calcu-
lated per unit of higher aquatic plants surface
(Semenyuk et al., 2020).

The data on inorganic nitrogen and phos-
phorus content in Kyiv Water Reservoir and
Kaniv Water Reservoir are a courtesy of Mariia
Linchuk, Junior Researcher.

35

The algal taxonomic nomenclature is given
in accordance with the international electronic
catalogue AlgaeBase (Guiry & Guiry, 2023).

Results and discussion

Relation between Secchi-disk transparency
and contour algal communities in the context
of the alternative stable regimes theory

The box plots summarizing the epiphytic
algae biomass values according to the ranges
of Secchi-disk transparency in the Dnieper
reservoirs show that both the average and
the maximal biomasses get higher with the
Secchi-disk transparency increasing (Fig. 1).
According to Hansson (1988) low transparency
suppresses primary production of contour
algal communities, even when other resources
(such as nutrients) are sufficient and available
for algae.

The upper right point on the plot (Fig. 1)
may be considered as corresponding to clear
water regime, and the lower left point — to high
turbidity regime.

According to our previous data, a strong
positive relation was detected between Secchi-
disk transparency and epiphytic algae gross
primary production (R?* = 0.73) and between
Secchi-disk transparency and A/R-ratio
(R? = 0.81) (Semenyuk & Shcherbak, 2016).
With the water transparency being minimal
(0.50-0.75 m), the gross primary production
made up 0.06-0.21 (0.13+0.07) mg O, 10 cm™
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Fig. 1. The box plots summarizing the contour algal communities’ biomass values on
Phragmites australis (Cav.) Trin. ex Steud. according to the Secchi-disk transparency ranges
in the cascade of the Dnieper reservoir: points — average values, boxes — standard errors,
whiskers — fluctuation ranges
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of plant surface day, and A/R-ratio -
0.03-0.11 (0.07£0.02) - day. With Secchi-disk
transparency increasing to 1.60-1.70 m, the
gross primary production reached 1.31-1.54
(1.424£0.11) mg O, 10 cm™ day, and
A/R-ratio — 0.94-1.67 (1.2810.08) - day.

Such positive relation between Secchi-disk
transparency and contour algal communi-
ties’ development agree with findings of other
researchers (Hansson, 1992; Greenwood &
Rosemond, 2005; Oliveria et al., 2010; Cano
et al., 2012).

Analysis of the main factors triggering
regime shifts

Aquatic ecosystems can shift abruptly
from one alternative stable regime to another.
Such shift is usually triggered by stochastic
events, for example, extreme climatic
conditions. However, gradual changes of
environmental conditions such as human-
induced eutrophication and global warming
may have little apparent effect on the regime
of ecosystems, but still they alter the “stability
domain” of the current regime. Consequently,
it becomes more probable that the ecosystem
will shift to another alternative regime in
response to mnatural or human-induced
fluctuations (Scheffer et al., 2001a).

The long-term field data analysis makes it
possible to distinguish the major factors which
can trigger aquatic ecosystems’ shift from

one alternative regime to another. These are
climate change, changes in nutrient conditions
and large-scale hydrotechnical operations.

Climate change. The evidence of the current
climate change both at a regional and global
scale becomes more and more numerous each
year (Hartman et al., 2013). An important
question unresolved so far is how the warmer
climate will affect the probability that shallow
lakes will fall into high turbidity regime
(Scheffer & Van Nes, 2007).

In the view of the above we have considered the
year-on-year dynamics of the water temperature in Kyiv
Water Reservoir’s shallow areas and biomass of epi-
phytic algae on emergent plants (Fig. 2).

According to our ©previous studies
(Semenyuk & Shcherbak, 2016), the
optimal temperature range for contour algal
communities’ vegetation in summer is 22-24
°C (shown in Fig. 2 by two dashed lines). It
is noteworthy that the peaks of contour algal
communities’ biomass were observed in years
when the water temperature was within the
optimal range (2013, 2015). Meanwhile, in
years when the water temperature exceeded
the optimal range (for example, in 2012, 2014,
2016), the total algal biomass decreased, with
the share of diatoms reducing and the share of
green algae increasing. This is because green
algae gain competitive edge at warmer water
temperatures than diatoms.
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Fig. 2. Year-on-year dynamics of contour algal communities’ biomass (B) on emergent plants
in and the average water temperature (t) in the lowland reservoir shallow areas in summer
(two dashed lines indicate the optimal temperature range for epiphytic algae in summer —
22-24 °C (Semenyuk & Shcherbak, 2016)
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In our opinion the reduction of epiphytic
algae biomass in years with increased water
temperature can be explained by two reasons:

1) Higher temperature negatively affects
diatoms — the main component of epiphytic
algal communities.

2) Higher temperature affects epiphytic
algae indirectly — via phytoplankton. For
example, when water temperature increases

to 25-26 °C, Cyanobacteria dominate
phytoplankton, and algal blooms may occur
(Shcherbak, 2019). Consequently, water

transparency decreases, and epiphytic algae
cannot get sufficient amount of solar radiation.

Thus in the years with the average water
temperature in summer 22-24 °C the
ecosystem of the reservoir was in clear water
regime, and when the water temperature
exceeded this range, the ecosystem shifted
to high turbidity regime. Cyanobacterial
blooms are the main mechanism causing such
changes.

It is noteworthy that different (sometimes
opposite) theories exist as regards the relation
between climate change and alternative
stable regimes. For example, Scheffer et al.
(2001a, b) show that the probability of clear
water phases in spring increased with higher
lake water temperature, and decreases in
water temperature could create a shift to
high turbidity state. This is because higher
water temperature causes more intensive
phytoplankton grazing by zooplankton.
The model also shows that when the water
temperature decreases, or the abundance of
zooplankton-feeding fishes increases, the clear
water phase in spring shifts to a later period.
However, Jeppesen et al. (2003) argue that
the aforementioned model does not take into
consideration a number of important factors.
For example, a rise in the water temperature
causes increased phytoplankton growth, and
favors Cyanobacteria, which are not grazed
by small crustacean and may negatively affect
the herbivorous zooplankton.

Scheffer & Van Nes (2007) point out that
a question of climate change impact upon
the aquatic ecosystems’ alternative stable
regimes is still underexplored, and the results
obtained by different authors are sometimes
contradictory, so further studies in this area
are essential.

Changes _in nutrient conditions. In the
context of alternative stable regimes theory an
important question has been what the critical
nutrient level would be for maintaining a clear
water regime. Scheffer & Van Nes (2007) come

to a conclusion that such threshold level will
be specific for each aquatic ecosystem because
it depends on different factors, such as lake
size, depth, climate etc.

The nitrogen-to-phosphorus ratio
(N:P-ratio) is an important factor, that may
cause the aquatic ecosystems within the
Dnieper basin to shift from one alternative
stable regime to another. It is well known that
their current hydrochemical conditions are
marked by a reduction in inorganic nitrogen
concentration, increase in phosphorus
content and, consequently, a decline in
N:P-ratio (Shcherbak et al., 2016; Yakushin et
al., 2017).

To assess the impact of the N:P-ratio change
upon the alternative stable regimes of the
aquatic ecosystems of the Dnieper basin we
have considered the relationship between the
content of nitrogen, phosphorus and contour
algal communities’ biomass.

Field studies in Kaniv Water Reservoirs
showed that the minimums and the maxi-
mums of algae biomass on Potamogeton perfo-
liatus L. coincided with minimal and maximal
nitrate content (Fig. 3). A direct correlation was
detected between the nitrate content and the
epiphytic algae biomass (r = 0.56; p =0.004).

For example, when the nitrate content
varied within 0.037-0.058 mg N dm=3,
the epiphytic algae biomass made up
0.060-1.50 mg - 10 cm™ of the plant surface,
and when the nitrate content was higher -
0.104-0.153 mg N - dm™, the epiphytic algae
biomass reached 1.52-2.34 mg - 10 cm™ of
the plant surface.

Meanwhile, the relationship between the
epiphytic algae biomass and the phosphate
content was marked by a more complicated
pattern (Fig. 4).

The figure shows, that there were peaks
of phosphate content, which coincided with
maximums of epiphytic algae biomass (for
example, 24.06.10, 09.06.11, 05.10.11),
and peaks of phosphate content, during
which the epiphytic algae biomass was low
(for example, 08.07.09, 25.08.10, 17.08.11).
It is noteworthy that “synchronous” peaks
of phosphate content and epiphytic algae
biomass were observed at the beginning of
summer or in the middle of autumn, while
“asynchronous” peaks were observed in the
midsummer or late summer. This pattern
may be explained by the fact that in the
midsummer and late summer high phos-
phorus content causes intensive blooms of
Cyanobacteria, which reduce water trans-
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Fig. 3. Dynamics of contour algal communities’ biomass on Potamogeton perfoliatus L. (1)
and nitrate content (2) in the lowland reservoir
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Fig. 4. Dynamics of contour algal communities’ biomass on Potamogeton perfoliatus L. (1)
and phosphate content (2) in the lowland reservoir

parency and suppress the photosynthesis
of contour algal communities. Thus, we can
come to a conclusion that in the midsummer
and late summer the reservoir ecosystem
shifts to high turbidity regime. Meanwhile,
at the beginning of summer and in autumn
the phytoplankton biomass is much lower
and does not interfere with epiphytic algae
photosynthesis — thus the ecosystem is in
clear water regime. The epiphytic algae can
use the available phosphate content, and
their biomass becomes higher. Therefore, on

the one hand, an increase in the phosphate
content has a positive effect upon epiphytic
algae growth, but on the other hand, phyto-
plankton biomass increases simultaneously.
Phytoplankton has a competitive advantage
over epiphytic algal communities with respect
to solar energy, because, being free-floating,
it has prior access to light before it reaches
epiphytic algae (Hansson, 1988). Due to light
extinction by phytoplankton, the aquatic eco-
system shifts to high turbidity regime, and
epiphytic algae development is suppressed.
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Our previous studies showed a strong
direct correlation between epiphytic algae’s
gross primary production and nitrate content
in water (r = 0.88; p = 0.008) (Semenyuk &
Shcherbak, 2017). The similar correlation has
been observed for primary production —organic
matter destruction ratio (A/R-ratio) (r = 0.90;
p = 0.005), and specific primary production —
daily P/B-coefficients (r = 0.80; p = 0.03). The
relationship between epiphytic algae’s pro-
duction parameters and phosphate content
is of more complex, curvilinear pattern. The
productivity of epiphytic algal communities
reaches its maximum, when the phosphate
content is within 0051-0.086 mg P-dm=, and
declines when the phosphate content deviates
from this range.

The findings of our studies agree with litera-
ture data. It is known (Hansson, 1988; Lalonde
& Downing, 1991; Vadeboncoeur & Steinman,
2002) that in eutrophic water bodies light
(rather than phosphorus concentration) can
be the limiting resource for periphyton pri-
mary production, because high phytoplankton
biomass shadows the light and suppresses the
photosynthesis of epiphytic algae.

It is necessary to consider another important
question related to algal communities’ response
to changes in nutrient conditions. It is known
that when phosphates are present in excess,
algal growth is limited by nitrogen compounds,
and when the nitrogen content decreases, a
competitive advantage is gained by taxa, capa-
ble of fixing atmospheric nitrogen (N,). In other
words, algae, which cannot fix molecular nitro-
gen, grow in proportion to the limits of the low
nitrogen resources, while nitrogen-fixing algae
may grow in proportion to the phosphorus
available in excess. Such nitrogen-fixing taxa
include heterocyst-containing Cyanobacteria,
for example species from genera Anabaena,
Aphanizomenon, Nostoc.

The findings of our previous studies
show that blooms of heterocyst-containing
Cyanobacteria occur in aquatic ecosystem of
the Dnieper basin quite frequently. For exam-
ple, the summer phytoplankton of the Dnieper
Water Reservoirs, the Lower Dnieper, the
Chornobyl Nuclear Power Plant Cooling Pond
was dominated by Dolichospermum flosaquae
(Brébisson ex Bornet & Flahault) P.Wacklin,
L.Hoffmann & J.Komarek, D. scheremetieviae
(Elenkin) Wacklin, L.Hoffmann & Komarek,
Aphanizomenon flosaquae Ralfs ex Bornet &
Flahault, Cuspidothrix issatschenkoi (Usachev)
P.Rajaniemi, Komarek, R.Willame, P.Hrouzek,
K.Kastovska, L.Hoffmann & K.Sivonen, caus-

ing intensive blooms (Shcherbak, 2019;
Semenyuk et al., 2020; Shcherbak et al., 2020).
Besides, we have detected the phenomenon of
winter under-ice blooms by Aphanizomenon
gracile Lemmermann in a pond at the place of
a former peat quarry in the flood-land of the
Trubizh River (Shcherbak et al., 2019).

It is important that similar mechanisms
are pertaining to contour algal communities.
When nitrogen is a limiting resource, the com-
petitive edge is gained by taxa, which can
fix atmospheric nitrogen and do not depend
upon the nitrogen content in the aquatic envi-
ronment. Such taxa include diatoms from
Rhopalodiaceae family (species from genera
Epithemia Kutzing and Rhopalodia O. Muller),
whose cells contain specific structures — the
so called “spheroid bodies”. These “spheroid
bodies” are nitrogen-fixing endosymbionts
tracing their origin to Cyanobacteria from
genus Cyanothece. The endosymbionts pro-
vide the diatoms with nitrogen compounds,
when nitrogen is a limiting resource (Floener &
Bothe, 1980; DeYoe et al., 1992; Mtller, 1999;
Marks & Power, 2001; Prechtl et al., 2004;
Nakayama et al., 2010; Trapp et al., 2012).

Our previous studies in Kyiv Water
Reservoir show that when the N:P ratio in
water decreases, the biomass of species from
Epithemia and Rhopalodia genera goes up
(Semenyuk & Shcherbak, 2017).

To prove this pattern, we conducted the
similar research for other Dnieper reser-
voirs located downstream (from Kaniv Water
Reservoir to Kakhovka Water Reservoir).

The N:P ratio at each sampling site was cal-
culated from the open data of surface water
monitoring, published by the Ukrainian State
Water Resources Agency at their official web-
site “Monitoring and Ecological Assessment of
Water Resources of Ukraine” (MoHiTOpHHT ...,
2024).

As a result, an inverse logarithmic relation
between these two parameters was obtained
(Fig. 5). When the N:P-ratio is above 15, the
biomass of Rhopalodiaceae diatoms is low and
makes up <1% of the total biomass. When
N:P-ratio is minimal (equal to 4 or less), their
share in the biomass reaches the maximum
(13% of the total algal community biomass).

It is also necessary to point out, that
mass vegetation of planktonic Cyanobacteria
from genera Dolichospermum (=Anabaena),
Aphanizomenon causes the aquatic ecosys-
tem’s transition to high turbidity regime and
aggravation of light conditions for epiphytic
algae growth.
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Fig. 5. Inverse logarithmic relation between the N:P-ratio and the share of Epithemia
and Rhopalodia in the biomass of epiphytic algae in the Dnieper Water Reservoirs

However, apart from ability to fix atmo-
spheric nitrogen, species from Epithemia and
Rhopalodia genera have another important
biological trait — they are adapted to low level
of solar radiation (Muller, 1999). Such shade
tolerance allows these species to vegetate
under poor light conditions, caused by cyano-
bacterial blooms.

Thus, the development of species from
Rhopalodiaceae family, which are able to fix
atmospheric nitrogen and are shade-tolerant,
is an important mechanism sustaining func-
tioning of epiphytic algal communities under
high turbidity regime caused by an increase
in the phosphate content and reduction in the
N:P-ratio.

Water-level drawdown. The impact of water-
level drawdown upon the alternative stable
regimes of aquatic ecosystems was studied in
the Chornobyl Nuclear Power Plant Cooling
Pond. The large-scale water-level drawdown
in the Chornobyl NPP Cooling Pond caused
a decline in the quantitative development of
periphytic algae. Before the drawdown (as of
summer 2013) the algal periphyton biomass
had made up 32.470£5.385 mg-10 cm™? of
the substratum surface. After the water level
drawdown almost by four meters the biomass
has shrunk to a third of its initial value. For
example, in summer 2016 the average biomass
equaled to 9.854+3.030 mg-10 cm™, in sum-
mer 2017 — 10.682+2.084 mg-10 cm™, and in
summer 2018 — 9.789+2.168 mg-10 cm™.

We believe that in this situation the water
drawdown acted as an extreme event, which

triggered a shift in the cooling pond’s alterna-
tive stable regime. With the water volume in
the cooling pond becoming less, the nutrient
concentration got higher, the spring warm-
ing of the water column accelerated, and the
overgrowth of higher aquatic plants reduced.
All this brought about intensive phytoplank-
ton growth, decrease in Secchi-disk transpar-
ency and decline in the biomass of contour
algal communities.

However, in response to the water-le-
ver drawdown in the Chornobyl NPP Cooling
Pond and planktonic Cyanobacteria blooms,
the periphytic algal communities activated
the mechanisms aimed at maintaining their
dynamic equilibrium. For example, there was
an increase in the relative share of species from
genera Oscillatoria, Epithemia, Rhopalodia,
which are considered shade-tolerant (Mur et
al., 1977; Scheffer et al., 1997; Muller, 1999),
species from genera Nitzschia, Navicula, which
can live in silted habitats, and 3-a-, a-sapro-
bic species. It can be said that periphytic algal
communities shifted to a new equilibrium state.

The similar processes of a water body’s
shift to high turbidity regime are known for
Sevan Lake in Armenia. Artificial lowering of
the water table, which begun as early as in
1930-1940s and lasted until 1980-1990s,
brought about eutrophication of the lake eco-
system, algal blooms, aggravation of oxygen
conditions and reduction of the Secchi-disk
transparency in 4-5 times as compared with
the period before the water-level drawdown
(Parparov, 1990).
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Mechanisms of epiphytic algal communities’
functioning in aquatic ecosystems of the
Dnieper basin under different alternative
stable regimes

Summarizing of our findings set forth above
makes it possible to formulate the concept of
this research, which is illustrated by Fig. 6.
The concept is based on the alternative sta-
ble regimes theory (Scheffer et al., 1992, 1993;
Scheffer & Carpenter, 2003; Scheffer & Van
Nes, 2007) and describes the contour algal
communities’ development under different
alternative stable regimes in the aquatic eco-
systems of the Dnieper basin and also may be
applied to similar natural-artificial water bod-
ies, in particular, water reservoirs in large low-
land rivers.

Conclusion

Analysis of the long-term field data obtained
in aquatic ecosystems of the Dnieper basin
has made it possible to distinguish the major
factors which can trigger aquatic ecosystems’

l global climate change

—

shift from clear water regime to high turbidity
regime: climate change, changes in nutrient
conditions and water-level drawdown.

In response to the complex effect of these
changes contour algal communities activate
the mechanisms aimed at mitigating the
negative consequences of such impact and
at maintaining the community’s dynamic
equilibrium in the unfavorable conditions of
high turbidity.

These mechanisms include changes in the
ratio of phyla with a decrease in the diatoms’
share and increase in the shares of green and
blue-green algae; increase in the abundance
of nitrogen-fixing species; enlargement in the
share of shade-tolerant species and species
with high saprobity index.

The above-mentioned transformations in
the structure of contour algal communities
may be of practical value and can be used as
reliable biological indicators of regional and
global environmental changes.

decrease in N content,
increase in P content

large-scale water-

close to long-run
annual average

water temperature

level drawdown

abnormally
high

Phytoplankton:
biomass is close to long-run
annual average

J 4 7~
/
{ Bacillariophyta |

/
~ prevalence of

v

Phytoplankton:
Cyanobacteria
blooms

acrophytes>
minimal PFC

significant

/ competitive \
| advantage of |
\Rhopalodiaceae/
\ (N, fixing) /
7
=<

/ Chlorophyta \
Cyanobacteria
dominate

\ 7 N
~_ 7 / competitive \
> ~
advantage of |
/ decrease in \ shade-tolerant |
&{ n N,Bof | >

P \ species  /
\Bacillariophyta// s in ¥ /increase in the\™ — = -

\\ -7 [ 4 4R PB share of

\ increase of R /\\ a-sapﬁobic J
\ /e Species

\ dominate / / Nloj S-saprobic
\ / ;high values ot\ \ species Y,
S——7 Loam pmon) N
N )T
AN /
S—— i Scechi-disk
high transparency
‘\\ CONTOURIZATION, J
\\ “CLEAR WATER” REGIME /" R

~. -

S DECONTOURIZATION, /
N “HIGH TURBIDITY” REGIME L

Fig. 6. Contour algal communities under different alternative stable regimes in aquatic
ecosystems of the Dnieper basin: PFC - projective foliage cover, A — primary production,
n — species richness, N — cell count, B — biomass, R —organic matter destruction,

P/ B - specific production, N — nitrogen, P — phosphorus

CnHCOK BHKOPHCTAHOI AiTepaTypH
Cano M.G., Casco M.A., Claps M.C. Effect of environmental variables on epiphyton in a Pampean
lake with stable turbid-and clear-water states. Aquatic Biology. 2012. Ne 15. P. 47-59. https://doi.

org/10.3354/ab00409.

239



Ukrainian Journal of Natural Sciences Ne 8
Yrpainceruil okypHan npupooHuuux Hayk Ne 8

DeYoe H.R., Lowe R.L., Marks J.C. Effects of nitrogen and phosphorus on the endosymbiont load
of Rhopalodia gibba and Epithemia turgida (Bacillariophyceae). Journal of Phycology. 1992. No 28.
P. 773-777. https:/ /doi.org/10.1111/j.0022-3646.1992.00773.x.

Floener L., Bothe H. Nitrogen fixation in Rhopalodia gibba, a diatom containing blue-greenish
inclusions symbiotically. In: Endocytobiology: Endosymbiosis and Cell Biology, a Synthesis of Recent
Research. Ed. by Schwemmler W., Schenk H. Berlin: Walter de Gruyter and Co., 1980. P. 541-552.
https://doi.org/10.1515/9783111385068-053.

Gosselain V., Hudon Ch., Cattaneo A., Gagnon P., Planas D., Rochefort D. Physical variables
driving epiphytic algal biomass in a dense macrophyte bed of the St. Lawrence River (Quebec,
Canada). Hydrobiologia. 2005. Ne 534. P. 11-22. https://doi.org/10.1007/s10750-004-1318-z .

Greenwood J.L., Rosemond A.D. Periphyton response to long-term nutrient enrichment in
a shaded headwater stream. Canadian Journal of Fisheries and Aquatic Sciences. 2005. No 62.
P. 2033-2045. https://doi.org/10.1139/f05-117.

Guiry M.D., Guiry G.M. AlgaeBase. World-wide electronic publication, National University of
Ireland, Galway. [Electronic resource] URL: http://www.algaebase.org (access date 02.02.2023).

Hansson L.-A. Effects of competitive interactions on the biomass development of planktonic and
periphytic algae in lakes. Limnology and Oceanography. 1988. Ne 33 (1). P. 121-128. https://doi.
org/10.4319/10.1988.33.1.0121.

Hansson L.-A. Factors regulating periphytic algal biomass. Limnology and Oceanography. 1992.
Ne 37 (2). P. 322-328. ttps://doi.org/10.4319/10.1992.37.2.0322.

Hartmann D.L., Klein Tank AMG, Rusticucci M., Alexander L.V., Bronnimann S., Charabi Y.,
Dentener F.J., Dlugokencky E.J., Easterling D.R., Kaplan A., Soden B.J., Thorne P.W., Wild M.,
Zhai P.M. Observations: atmosphere and surface. In: Climate Change: The Physical Science Basis.
Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press: Cambridge, UK and New York. NY, 2013.

Havens K.E., Hauxwell J., Tyler A.C., Thomas S., McGlathery K.J., Cebrian J., Valiela I., Steinman
A.D., Hwang S.-J. Complex interaction between autotrophs in shallow marine and freshwater eco-
systems: implications for community responses to nutrient stress. Environmental Pollution. 2001.
Ne 113. P. 95-107. https://doi.org/10.1016/S0269-7491(00)00154-8.

Hilt S. Regime shifts between macrophytes and phytoplankton — concepts beyond shallow
lakes, unravelling stabilizing mechanisms and practical consequences. Limnetica. 2015. Ne 34 (2).
P. 467-480. https://doi.org/10.23818/1imn.34.35.

Janssen A.B.G., Teurlincs S., An, S., Janse J.H., Paerl H.W., Mooij W.M. Alternative stable states
in large shallow lakes? Journal of Great Lakes Research. 2014. Ne 40. P. 813-826. https://doi.
org/10.1016/j.jglr.2014.09.019.

Jeppesen E., Sendergaard M., Jensen J.P. Climatic warming and regime shifts in lake food
webs — some comments. Limnology and Oceanography. 2003. Ne 48 (3). P. 1346-1349. https://doi.
org/10.4319/10.2003.48.3.1346.

Karosiené J., Kasperovi¢iené J. Peculiarities of epiphyton algal communities formation on differ-
ent macrophyte species. Botanica Lithuanica. 2012. No 18 (2). P. 154-163. https://doi.org/10.2478/
v10279-012-0017-3.

Lalonde S., Downing J.A. Epiphyton biomass is related to lake trophic status, depth, and macro-
phyte architecture. Canadian Journal of Fisheries and Aquatic Sciences. 1991. Ne 48. P. 2285-2291.
https://doi.org/10.1139/f91-268.

Marks J.C., Power M.E. Nutrient induced changes in the species composition of epiphytes on
Cladophora glomerata Kitz. (Chlorophyta). Hydrobiologia. 2001. Ne 450. P. 187-196. https://doi.
org/10.1023/A:1017596927664.

Mtller U. The vertical zonation of adpressed diatoms and other epiphytic algae on Phragmites
australis. European Journal of Phycology. 1999. Ne 34 (5). P. 487-496. https://doi.org/10.1080/0
9541449910001718841.

Mur L.R., Gons H.J., Van Liere L. Some experiments on the competition between green algae
and blue-green bacteria in light-limited environments. FEMS Microbiology Letters. 1977. Ne 1 (6).
P. 335-338. https://doi.org/10.1111/j.1574-6968.1977.tb00646.x.

Nakayama Takuro Ikegami Y., Nakayama Takeshi Ishida K.-I., Inagaki Y., Inouye I. Spheroid
bodies in rhopalodiacean diatoms were derived from a single endosymbiotic cyanobacterium.
Journal of Plant Research. 2010. Ne 124. P. 93-97. https://doi.org/https://doi.org/10.1007/
§10265-010-0355-0.

240



Ukrainian Journal of Natural Sciences Ne 8
Yrpairnceruil okypHan npupooHuuux Hayk Ne 8

Oliveria D.E., Ferragut C., Bicudo D.C. Relationships between environmental factors, periphyton
biomass and nutrient content in Garcas Reservoir, a hypereutrophic tropical reservoir in southeast-
ern Brazil. Lakes and Reservoirs: Research and Management. 2010. Ne 15. P. 129-137. https://doi.
org/10.1111/j.1440-1770.2010.00428.x.

Parparov A.S. Some characteristics of the community of autotrophs of Lake Sevan in connec-
tion with its eutrophication. Hydrobiologia. 1990. Ne 191. P. 15-21. https://doi.org/10.1007/
BF00026034.

Prechtl J., Kneip C., Lockhart P., Wenderoth K., Maier U.-G. Intracellular spheroid bodies of
Rhopalodia gibba have nitrogen-fixing apparatus of cyanobacterial origin. Molecular Biology and
Evolution. 2004. Ne 21. P. 1477-1481. https://doi.org/10.1093 /molbev/msh086.

Protasov A.A. Conceptual models of the contourization processes in the aquatic ecosystems.
Hydrobiological Journal. 2014. Ne 50 (1). P. 3-19. https://doi.org/10.1615/HydrobJ.v50.i1.10.

Scheffer M., De Redelijkheid R. M. R., Noppert F. Distribution and dynamics of submerged vege-
tation in a chain of shallow eutrophic lakes. Aquatic Botany. 1992. Ne 42. P. 199-216. https://doi.
org/10.1016/0304-3770(92)90022-B.

Scheffer M., Hosper S.H., Meijer M.-L., Moss B., Jeppesen E. Alternative equilib-
ria in shallow lakes. Trends in Ecology and Evolution. 1993. Ne 8. P. 275-279. https://doi.
org/10.1016/0169-5347(93)90254-M.

Scheffer M., Rinaldi S., Gragnani A., Mur L.R., Van Nes E.H. On the dominance of filamen-
tous Cyanobacteria in shallow, turbid lakes. Ecology. 1997. Ne 78 (1). P. 272-282. https://doi.
org/10.2307/2265995.

Scheffer M., Carpenter S., Foley J.A., Folke C., Walker B. Catastrophic shifts in ecosystems.
Nature. 2001a. Ne 413. P. 591-596. https://doi.org/10.1038/35098000.

Scheffer M., Straile D., Van Nes E., Hosper H. Climatic warming causes regime shifts in lake
food webs. Limnology and Oceanography. 2001b. Ne 46. P. 1780-1783. https://doi.org/10.4319/
10.2001.46.7.1780.

Scheffer M., Carpenter S.R. Catastrophic regime shifts in ecosystems: linking theory to obser-
vation. Trends in Ecology and Evolution. 2003. Ne 18 (12). P. 648-656. https://doi.org/10.1016/].
tree.2003.09.002.

Scheffer M., Van Nes E.H. Shallow lakes theory revisited: various alternative regimes driven
by climate, nutrients, depth and lake size. Hydrobiologia. 2007. Ne 584. P. 455-466. https://doi.
org/10.1007/s10750-007-0616-7.

Semenyuk N. Ye., Shcherbak V.I. Structural and functional organization of phytoepiphyton of
the Dnieper reservoirs and factors influencing its development. Report 1. Role of some hydrophysi-
cal factors. Hydrobiological Journal. 2016. Ne 52 (5). P. 3-17. 10.1615/HydrobJ.v52.i5.10.

Semenyuk N. Ye., Shcherbak V.I. Structural and functional organization of phytoepiphyton of
the Dnieper reservoirs and factors influencing its development. Report 2. Role of hydrological and
hydrochemical factors. Hydrobiological Journal. 2017. Ne 53 (2). P. 3-15. https://doi.org/10.1615/
Hydrobd.v53.i2.10.

Semenyuk N.Ye., Shcherbak V.I., Sherman .M., Kutishchev P.S. Characteristics of the autotro-
phic link of the Kardashyn Liman of the Dnieper-Bug Estuary (Ukraine). Hydrobiological Journal.
2020. Ne 56 (3). P. 30-45. https://doi.org/10.1615/Hydrobd.v56.i3.30.

Shcherbak V.I. Response of phytoplankton of the Kiev Reservoir to the increase in summer tem-
peratures. Hydrobiological Journal. 2019. Ne 55 (1). P. 18-35. https://doi.org/10.1615/Hydrobd.
v55.11.20.

Shcherbak V.., Yakushin V.M., Zadorozhnaya A.M., Semenyuk N.Ye., Linchuk M.I. Seasonal
and interannual dynamics of phytoplankton, phytomicroepiphyton, and nutrients content in
the River Section of the Kanev Reservoir. Hydrobiological Journal. 2016. Ne 52 (1). P. 49-61.
https://doi.org/10.1615/HydrobJ.v52.i1.50.

Shcherbak V.I., Semenyuk N.Ye., Linchuk M.I. Winter under the ice water bloom formed
by Aphanizomenon gracile Lemmermann. Hydrobiological Journal. 2019. Ne 55 (5). P. 20-34.
https://doi.org/10.1615/HydrobJ.v55.i5.20.

Shcherbak V., Sherman I., Semeniuk N., Kutishchev P. Autotrophic communities’ diversity in
natural and artificial water-bodies of a river estuary — A case-study of the Dnieper-Bug Estuary,
Ukraine. Ecohydrology and Hydrobiology. 2020. Ne 20 (1). P. 112-122. https://doi.org/10.1016/].
ecohyd.2019.07.001.

241



Ukrainian Journal of Natural Sciences Ne 8
Yrpainceruil okypHan npupooHuuux Hayk Ne 8

Trapp E.M., Adler S., Zauner S., Maier U.-G. Rhopalodia gibba and its endosymbionts as a
model for early steps in a cyanobacterial primary endosymbiosis. Journal of Endocytobiosis and Cell
Research. 2012. Ne 23. P. 21-24.

Vadeboncoeur Y., Steinman A.D. Periphyton functions in lake ecosystems. The Scientific World.
2002. Ne 2. P. 1449-1468. https://doi.org/10.1100/tsw.2002.294.

Vadeboncoeur Y., Peterson G., Jake Vander Zanden M., Kalff J. Benthic algal production across
lake size gradients: interactions among morphometry, nutrients and light. Ecology. 2008. Ne 89 (9).
P. 2542-2552. https://doi.org/10.1890/07-1058.1.

Yakushin V.M., Shcherbak V.I., Semenyuk N.Ye., Linchuk M.I. Hydrochemical characteristics
of the Kiev Reservoir at the present time. Hydrobiological Journal. 2017. Ne 53 (6). P. 96-109.
https://doi.org/10.1615/Hydrobd.v53.i6.100.

Zaytsev Yu.P. On contour structure of biosphere. Hydrobiological Journal. 2015. Ne 51 (3).
P. 3-24. https://doi.org/10.1615/HydrobJ.v51.i3.10.

MouiTOpHHT Ta €KOAOTiYHa OIiHKa BOOHUX pecypciB YKpainu. [lep:KaBHE areHTCTBO BOIHHUX
pecypciB Ykpainu [EaexkTponHHuit pecypc]. URL: http://monitoring.davr.gov.ua/EcoWaterMon/
GDKMap/Index (nata 3BepHeHHa 10.04.2024).

References (translated & transliterated)

Cano, M.G., Casco, M.A., & Claps, M.C. (2012). Effect of environmental variables on epiphyton in
a Pampean lake with stable turbid-and clear-water states. Aquatic Biology, 15, 47-59. https://doi.
org/10.3354/ab00409 [in English].

DeYoe, H.R., Lowe, R.L., & Marks, J.C. (1992). Effects of nitrogen and phosphorus on the
endosymbiont load of Rhopalodia gibba and Epithemia turgida (Bacillariophyceae). Journal of
Phycology, 28, 773-777. https://doi.org/10.1111/j.0022-3646.1992.00773.x [in English].

Floener, L., & Bothe, H. (1980). Nitrogen fixation in Rhopalodia gibba, a diatom containing
blue-greenish inclusions symbiotically. In: Endocytobiology: Endosymbiosis and Cell Biology, a
Synthesis of Recent Research. Ed. by Schwemmler W., Schenk H. Berlin: Walter de Gruyter and Co.,
pp. 541-552. https://doi.org/10.1515/9783111385068-053 [in English].

Gosselain, V., Hudon, Ch., Cattaneo, A., Gagnon, P., Planas, D., & Rochefort, D. (2005). Physical
variables driving epiphytic algal biomass in a dense macrophyte bed of the St. Lawrence River (Quebec,
Canada). Hydrobiologia, 534, 11-22. https://doi.org/10.1007/s10750-004-1318-z [in English)].

Greenwood, J.L., & Rosemond, A.D. (2005). Periphyton response to long-term nutrient enrichment
in a shaded headwater stream. Canadian Journal of Fisheries and Aquatic Sciences, 62, 2033-2045.
https://doi.org/10.1139/f05-117 [in English].

Guiry, M.D., & Guiry, G.M. (2023). AlgaeBase. World-wide electronic publication, National
University of Ireland, Galway [Electronic resource|] URL: http://www.algaebase.org (access date
02.02.2023) [in English].

Hansson, L.-A. (1988). Effects of competitive interactions on the biomass development of plank-
tonic and periphytic algae in lakes. Limnology and Oceanography, 33 (1), 121-128. https://doi.
org/10.4319/10.1988.33.1.0121 [in English].

Hansson, L.-A. (1992). Factors regulating periphytic algal biomass. Limnology and Oceanography,
37 (2), 322-328. https://doi.org/10.4319/10.1992.37.2.0322 [in English].

Hartmann, D.L., Klein, Tank AMG, Rusticucci, M., Alexander, L.V., Brénnimann, S., Charabi, Y.,
Dentener, F.J., Dlugokencky, E.J., Easterling, D.R., Kaplan, A., Soden, B.J., Thorne, P.W., Wild, M.,
& Zhai, P.M. (2013). Observations: atmosphere and surface. In: Climate Change: The Physical Science
Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change. Cambridge University Press: Cambridge, UK and New York. NY [in English].

Havens, K.E., Hauxwell, J., Tyler, A.C., Thomas, S., McGlathery, K.J., Cebrian, J., Valiela, 1.,
Steinman, A.D., & Hwang, S.-J. (2001). Complex interaction between autotrophs in shallow marine
and freshwater ecosystems: implications for community responses to nutrient stress. Environmental
Pollution, 113, 95-107. https://doi.org/10.1016/S0269-7491(00)00154-8 [in English].

Hilt, S. (2015). Regime shifts between macrophytes and phytoplankton — concepts beyond shallow
lakes, unravelling stabilizing mechanisms and practical consequences. Limnetica, 34 (2), 467-480.
https://doi.org/10.23818/limn.34.35 [in English].

Janssen, A.B.G., Teurlincs, S., An, S., Janse, J.H., Paerl, HW., & Mooij, W.M. (2014). Alternative
stable states in large shallow lakes? Journal of Great Lakes Research, 40, 813-826. https://doi.
org/10.1016/j.jglr.2014.09.019 [in English].

242



Ukrainian Journal of Natural Sciences Ne 8
Yrpairnceruil okypHan npupooHuuux Hayk Ne 8

Jeppesen, E., Sendergaard, M., & Jensen, J.P. (2003). Climatic warming and regime shifts in
lake food webs — some comments. Limnology and Oceanography, 48 (3), 1346-1349. https://doi.
org/10.4319/10.2003.48.3.1346 [in English].

Karosiené, J., & Kasperoviciené, J. (2012). Peculiarities of epiphyton algal communities formation
on different macrophyte species. Botanica Lithuanica, 18 (2), 154-163. https://doi.org/10.2478/
v10279-012-0017-3 [in English].

Lalonde, S., & Downing, J.A. (1991). Epiphyton biomass is related to lake trophic status, depth,
and macrophyte architecture. Canadian Journal of Fisheries and Aquatic Sciences, 48, 2285-2291.
https://doi.org/10.1139/f91-268 [in English].

Marks, J.C., & Power, M.E. (2001). Nutrient induced changes in the species composition of
epiphytes on Cladophora glomerata Kiitz. (Chlorophyta). Hydrobiologia, 450, 187-196. https://doi.
org/10.1023/A:1017596927664 [in English].

Muller, U. (1999). The vertical zonation of adpressed diatoms and other epiphytic algae on
Phragmites australis. European Journal of Phycology, 34 (5), 487-496. https://doi.org/10.1080/09
541449910001718841 [in English].

Mur, L.R., Gons, H.J., & Van Liere, L. (1977). Some experiments on the competition between
green algae and blue-green bacteria in light-limited environments. FEMS Microbiology Letters, 1 (6),
335-338. https://doi.org/10.1111/j.1574-6968.1977.tb00646.x [in English].

Nakayama Takuro lkegami, Y., Nakayama Takeshi Ishida, K.-I., Inagaki, Y., & Inouye, I
(2010). Spheroid bodies in rhopalodiacean diatoms were derived from a single endosymbiotic
cyanobacterium. Journal of Plant Research, 124, 93-97. https://doi.org/https://doi.org/10.1007/
s$10265-010-0355-0 [in English)].

Oliveria, D.E., Ferragut, C., & Bicudo, D.C. (2010). Relationships between environmental factors,
periphyton biomass and nutrient content in Garcas Reservoir, a hypereutrophic tropical reservoir in
southeastern Brazil. Lakes and Reservoirs: Research and Management, 15, 129-137. https://doi.
org/10.1111/j.1440-1770.2010.00428.x [in English].

Parparov, A.S. (1990). Some characteristics of the community of autotrophs of Lake Sevan
in connection with its eutrophication. Hydrobiologia, 191, 15-21. https://doi.org/10.1007/
BF00026034 [in English].

Prechtl, J., Kneip, C., Lockhart, P., Wenderoth, K., & Maier, U.-G. (2004). Intracellular spheroid
bodies of Rhopalodia gibba have nitrogen-fixing apparatus of cyanobacterial origin. Molecular Biology
and Evolution, 21, 1477-1481. https://doi.org/10.1093 /molbev/msh086 [in English].

Protasov, A.A. (2014). Conceptual models of the contourization processes in the aquatic
ecosystems. Hydrobiological Journal, 50 (1), 3—19. https://doi.org/10.1615/HydrobJ.v50.i1.10 [in
English].

Scheffer, M., De Redelijkheid, R. M. R., & Noppert, F. (1992). Distribution and dynamics of
submerged vegetation in a chain of shallow eutrophic lakes. Aquatic Botany, 42, 199-216.
https://doi.org/10.1016/0304-3770(92)90022-B [in English].

Scheffer, M., Hosper, S.H., Meijer, M.-L., Moss, B., & Jeppesen, E. (1993). Alternative
equilibria in shallow lakes. Trends in Ecology and Evolution, 8, 275-279. https://doi.
org/10.1016/0169-5347(93)90254-M [in English].

Scheffer, M., Rinaldi, S., Gragnani, A., Mur, L.R., & Van Nes, E.H. (1997). On the dominance
of filamentous Cyanobacteria in shallow, turbid lakes. Ecology, 78 (1), 272-282. https://doi.
org/10.2307/2265995 [in English].

Scheffer, M., Carpenter, S., Foley, J.A., Folke, C., & Walker, B. (2001a). Catastrophic shifts in
ecosystems. Nature, 413, 591-596. https://doi.org/10.1038 /35098000 [in English].

Scheffer, M., Straile, D., Van Nes, E., & Hosper, H. (2001b). Climatic warming causes regime
shifts in lake food webs. Limnology and Oceanography, 46, 1780-1783. https://doi.org/10.4319/
10.2001.46.7.1780 [in English].

Scheffer, M., & Carpenter, S.R. (2003). Catastrophic regime shifts in ecosystems: linking theory
to observation. Trends in Ecology and Evolution, 18 (12), 648-656. https://doi.org/10.1016/j.
tree.2003.09.002 [in English)].

Scheffer, M., & Van Nes, E.H. (2007). Shallow lakes theory revisited: various alternative regimes
driven by climate, nutrients, depth and lake size. Hydrobiologia, 584, 455-466. https://doi.
org/10.1007/s10750-007-0616-7 [in English].

Semenyuk, N.Ye., & Shcherbak, V.I. (2016). Structural and functional organization of
phytoepiphyton of the Dnieper reservoirs and factors influencing its development. Report 1. Role of

243



Ukrainian Journal of Natural Sciences Ne 8
Yrpainceruil okypHan npupooHuuux Hayk Ne 8

some hydrophysical factors. Hydrobiological Journal, 52 (5), 3-17. 10.1615/HydrobJ.v52.i5.10 [in
English].

Semenyuk, N.Ye., & Shcherbak, V.I. (2017). Structural and functional organization of
phytoepiphyton of the Dnieper reservoirs and factors influencing its development. Report 2. Role
of hydrological and hydrochemical factors. Hydrobiological Journal, 53 (2), 3-15. https://doi.
org/10.1615/Hydrobd.v53.i2.10 [in English].

Semenyuk, N.Ye., Shcherbak, V.I., Sherman, [.M., & Kutishchev, P.S. (2020). Characteristics of
the autotrophic link of the Kardashyn Liman of the Dnieper-Bug Estuary (Ukraine). Hydrobiological
Journal, 56 (3), 30-45. https://doi.org/10.1615/Hydrobd.v56.i3.30 [in English].

Shcherbak, V.I. (2019). Response of phytoplankton of the Kiev Reservoir to the increase in
summer temperatures. Hydrobiological Journal, 55 (1), 18-35. https://doi.org/10.1615/Hydrobd.
v55.11.20 [in English].

Shcherbak, V.I., Yakushin, V.M., Zadorozhnaya, A.M., Semenyuk, N.Ye., & Linchuk, M.I. (2016).
Seasonal and interannual dynamics of phytoplankton, phytomicroepiphyton, and nutrients content
in the River Section of the Kanev Reservoir. Hydrobiological Journal, 52 (1), 49-61. https://doi.
org/10.1615/Hydrobd.v52.i1.50 [in English].

Shcherbak, V.I., Semenyuk, N.Ye., & Linchuk, M.I. (2019). Winter under the ice water
bloom formed by Aphanizomenon gracile Lemmermann. Hydrobiological Journal, 55 (5), 20-34.
https://doi.org/10.1615/HydrobJ.v55.i5.20 [in English].

Shcherbak, V., Sherman, 1., Semeniuk, N., & Kutishchev, P. (2020). Autotrophic communities’
diversity in natural and artificial water-bodies of a river estuary — A case-study of the Dnieper-Bug
Estuary, Ukraine. Ecohydrology and Hydrobiology, 20 (1), 112-122. https://doi.org/10.1016/].
ecohyd.2019.07.001 [in English].

Trapp, E.M., Adler, S., Zauner, S., & Maier, U.-G. (2012). Rhopalodia gibba and its endosymbionts
as a model for early steps in a cyanobacterial primary endosymbiosis. Journal of Endocytobiosis and
Cell Research, 23, 21-24 [in English].

Vadeboncoeur, Y., & Steinman, A.D. (2002). Periphyton functions in lake ecosystems. The
Scientific World, 2, 1449-1468. https://doi.org/10.1100/tsw.2002.294 [in English].

Vadeboncoeur, Y., Peterson, G., Jake Vander Zanden, M., & Kalff, J. (2008). Benthic algal
production across lake size gradients: interactions among morphometry, nutrients and light.
Ecology, 89 (9), 2542-2552. https://doi.org/10.1890/07-1058.1 [in English].

Yakushin, V.M., Shcherbak, V.I., Semenyuk, N.Ye., & Linchuk, M.I. (2017). Hydrochemical
characteristics of the Kiev Reservoir at the present time. Hydrobiological Journal, 53 (6), 96-109.
https://doi.org/10.1615/Hydrobd.v53.i6.100 [in English].

Zaytsev, Yu.P. (2015). On contour structure of biosphere. Hydrobiological Journal, 51 (3), 3-24.
https://doi.org/10.1615/HydrobJ.v51.i3.10 [in English].

Monitorynh ta ekolohichna otsinka vodnykh resursiv Ukrayiny. Derzhavne ahent'stvo vodnykh
resursiv Ukrayiny [Monitoring and environmental assessment of water resources of Ukraine. State
Agency of Water Resources of Ukraine]|. [Electronic resource] URL: http://monitoring.davr.gov.ua/
EcoWaterMon/GDKMap/Index (access date 10.04.2024) [in Ukrainian].

Orpumaso: 25.04.2024
[Nputtaaro: 06.05.2024

244



