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SUMMARY

The paper is devoted to the review of the concept of continuity-discreteness in hydroecology.
The discreteness of the aquatic ecosystem takes into account the specificity of the features of
the habitats of certain groups, is the main factor for the selection of ecological niches of
species and determines the presence of any ecological boundaries. Achieving a balance
between continuity and discreteness may be better for biodiversity and overall ecosystem
resilience to anthropogenic transformation.

The influence of the transformation of the hydrological regime of the Sasyk reservoir on the
manifestation of the discreteness of hydroecological characteristics is considered. On the
basis of hydroecological studies, it is proposed to allocate two main stages of existence of the
reservoir ("estuary-lake" and "reservoir') and areas (the northern (upper), central, southern
(lower) areas).

It is proposed to take into account the periodization and fragmentation of the aquatic
ecosystem as a manifestation of temporal and spatial discreteness in the post-project
monitoring of the state and to assess the achievement of a good ecological potential of
heavily modified water bodies.
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Introduction

Aquatic ecosystems, in comparison with terrestrial ones, are distinguished by more pronounced
boundaries. In particular, they are the shorelines of any water body. Therefore, by default, each water
body is a separate aquatic ecosystem with special hydromorphological, hydrological, hydrochemical
conditions and a certain hydrobiocenosis. But a significant change in natural conditions or a
significant anthropogenic impact on certain areas of the water body can lead to the fragmentation of
the aquatic ecosystem. As a result, the water body can be divided into several arrays of surface waters,
which is important for monitoring and managing the state of the aquatic ecosystem, as well as for
assessing the achievement of environmental goals according to the EU Water Framework Directive
(WFD).

One of the important provisions of the WRD is the principle of ecological continuum (Guidance
Document, 2020). In this document, it is considered, mainly, as ensuring the maximum ecological
potential of artificial and modified water bodies. It is emphasized that when reaching the ecological
continuum in a water body, specific habitats of hydrobionts are interconnected in time and space. This
continuity and interconnectedness is necessary for self-sustaining life cycles in hydrobiont
populations. At the same time, the idea of a continuum does not deny ecological discreteness, which
can take into account the specificity of abiotic factors of the environment, the different intensity of
anthropogenic influence, the natural ecological amplitude of organisms, etc.

For heavily modified water bodies (HMWB), the main factor affecting the hydroecosystem in the
space-time relationship is the transformation of the hydrological regime. In addition to the change
over time in the species composition of groups of hydrobionts, its manifestation can be a more
pronounced fragmentation of the aquatic ecosystem, which must be taken into account in the post-
project monitoring of the state and to assess the achievement of a good ecological potential of such
objects. This can be especially pronounced in large water bodies, in particular reservoirs.

In this study, the influence of the transformation of the main components of the hydrological regime
of the anthropogenically transformed Sasyk reservoir on the strengthening of the manifestation of the
specificity of the characteristics of its ecosystem and its discreteness is analyzed. Based on the results
of hydroecological studies, it is proposed to allocate certain periods of existence of the water body and
areas.

Method and Theory

The concept of the ecological continuum appeared at the beginning of the development of ecological
science as an understanding of the gradualness of changes in coenoses. It was proposed by scientists
L.G. Ramenskyi and H. Gleason, later developed in the works of R. Whittaker and others. In
hydrobiology and hydroecology, the concept of the river continuum was proposed (Vannote, 1980),
developed later in the publications of V.I. Zhadin, A.A. Protasov (Protasov, 2008, Protasov, 2022). In
modern ecology, the continuum also includes an understanding of group similarity. The
counterbalance of continuity is discreteness, which studies differences and takes into account the
specificity of the features of the habitats of certain groups and serves as the basis for the selection of
ecological niches of species. In addition, it is discreteness that determines the existence of any
ecological boundaries (Strayer, 2003).

The study is based on materials obtained during field hydroecological and hydrobiological studies on
the reservoir during 2013-2018, monitoring data and the results of flow modeling. Research was
carried out according to generally accepted methods of hydroecology and hydrobiology, modeling -
according to the method of full flows, adapted to small depths (Fezelbaum, 1960, Timchenko, 20006).
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Results and discussion

Today Sasyk is a heavily modified water body with an indefinite economic purpose. Located in the
south of Ukraine near the Danube delta (Fig. 1). Morphometric characteristics and the natural
hydrological regime of water body are determined by the influence of a complex of physical and
geographical conditions.

The object of research, both in its natural and transformed state, is a shallow water body with such
modern morphometric characteristics: length 31 km and width 12 km, volume 479 km®, occupies the
water area 206 km? with watershed area 5550 km? at medium height 0,16 m a.s.. A maximum depth
is 3.2 m, a medium is 2.1 m. Two rivers Kogylnik and Sarata included in this reservoir both before
transformations in the reservoir and now (Fig. 1)

According to morphometric characteristics, the water body is traditionally divided into northern
(upper) and southern (lower) areas, the border of which is a narrowing located closer to the northern
edge. Analyzing our own research based on some hydrological and hydrophysical indicators, we
consider it expedient to single out the central one in the southern area (Fig. 2)

The designated areas of the reservoir are characterized by the peculiarities of the hydrological regime
and hydrobiological indicators. This confirms the thesis of the discreteness of the reservoir ecosystem.
At the same time, there is a fairly significant similarity of coenoses. For example, the species
composition of phytoplankton, studied at 17 stations in the water area of the reservoir, using the Bray-
Curtis similarity coefficient, is similar to 68-84% (Fig. 3) (Bilous, 2018). At the same time,
phytoplankton is most similar at stations belonging to the same area of the reservoir.
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The southern are of the reservoir in its current state is characterized by the influence of the water
masses of the Danube River, which flow through the Danube-Sasyk canal, and before the
transformation of the reservoir, by the inflow of sea water during the period of connection with the
sea (fvanova, 2015). The mineralized waters of the Kogylnyk and Sarata rivers have an impact on the
ecosystem in the northern area of the reservoir. If in its natural state the inflow of river waters reduced
the high salinity of Sasyk's water bodies, today, on the contrary, it locally increases the desalinated
waters of the reservoir.

The influence of different water masses is also noticeable when studying, for example, the species
composition of phytoplankton in a modern reservoir. Thus, the change in species richness at st. 3 as a
result of an increase in the quantity of diatom algae, probably contributed from the Danube river
waters (st. 4, 5) and having the most favorable conditions for development here. In addition, the
increase in green algae may be observed, which are the result of the Kogilnik and Sarata rivers aters
flowing into the northern area of the reservoir, and as for southern area — from waters of the Danube-
Sasyk Canal. An increase of blue-green algae quantity in the shallow waters is explained by their
fairly good warming up, but the peak of their increase in the middle part of the reservoir once again
confirms the influence of hydrological factors, namely, the specific nature of waters circulation and
water masses mixing as a result of wind impact (Bilous, 2018).

In addition to the heterogeneity of the distribution of hydrobionts, other indicators, for example, the
optical properties of water masses, depend on the characteristics of the water of the tributaries and the
peculiarities of the hydrodynamic regime of the reservoir. In the absence of Danube water inflow, the
southern area is more transparent, and during the operation of the canal, the central area is more
transparent. A similar distribution of the indicator over the water area of the reservoir was noted even
during the formation of the reservoir (/vanova, 2016).

The discreteness of the ecological continuum of the reservoir not only in space, but also in time is
taken into account in the developed periodizations of the existence of the reservoir. The distribution
criteria were the presence of a connection with the sea for the natural stage, the intensity and nature of
the anthropogenic load for the reservoir. So, two main stages of Sasyk's existence are highlighted, the
limit of which is 1979 (the year of the main transformation of the reservoir). Till 1979 Sasyk was the
Black Sea estuary. Due to the periodicity of contact with the sea and the proximity of the Danube
lakes, it was often called "lake". Given the historical peculiarity of the existence of the reservoir in its
natural state, we will call the "estuary-lake".

For eco-hydrological studies, it is necessary to take into account the natural feature of the reservoir -
the periodic connection with the sea, which significantly influenced the hydrological regime and
functioning of the hydroecosystem as a whole. The division into periods of separation and connection
of the estuary-lake with the sea is very conditional. It is known that in the 1947-1950s, Sasyk
basically had no connection with the sea. After 1951Sasyk was mostly connected directly with the
Black Sea. The average period of water exchange in these years in the reservoir was 505 days. Sasyk
was shallow and brackish. The main factors influencing the mineralization and salinity of estuary-lake
Sasyk were the frequency of seawater inflow, locality and seasonality of river water, salt composition
of bottom sediments and groundwater, and largely hydrodynamics of water masses. The
mineralization of the waters of the estuary-lake was similar to the sea both quantitatively (on average
14-15 ppt) and the composition of ions.

After a transformation came the period of existence of the "reservoir", which became heterogeneous
due to natural processes of ecosystem stabilization and inconsistency of anthropogenic regulation of
the reservoir. The first decade of the reservoir's existence is considered to be the phase of “forming a
reservoir” (conditionally until 1999). During the analysis of the level regime of the reservoir during
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the formation of the reservoir, an active transformation phase (1978-1985), a phase of using the
reservoir for irrigation (1986-1994), and a stabilization phase (1995-2000) was identified.

The transformation of the reservoir focused on the creation of canals, the dumbing of shores and the
regulation of fresh water inflow in the reservoir. At this time, the period of water exchange was the
shortest and amounted to 163 days in the early 1980s. Water mineralization and its distribution in the
water area have changed, but have not reached the level of "freshwater". After the year 2000, the
inflow of the Danube fresh water supply was more regulated, the ecosystem of the reservoir became
more stable. A water exchange became less intensive (average period is 312 days) than immediately
after the creation of the reservoir, but more intensive than "estuary-lake".

The assessment of the state of the hydroecosystem with water at its various stages confirmed the
significant role of changes in hydrological factors. In its natural state, Sasyk did not have a constant
hydrological regime, which determined the peculiarities of the hydrobiocenosis. Compared to phase
of “forming a reservoir”, today the ecosystem of the reservoir is more stable, but its characteristic
feature is the indicators of fragmentation, which are confirmed by eco-hydrological and biological
studies.

Conclusions

The concept of continuity and discreteness of water ecosystems is one of the main ones in
hydroecology. The river and lake continuum differ in spatio-temporal organization and the
predominant influence of various abiotic factors. At the same time, the discreteness of the ecosystem
does not mean the absence of an ecological continuum. Conversely, a balance between continuity and
discreteness may be better for biodiversity and overall ecosystem resilience. It is appropriate to assess
the ecological state of transformed water bodies by periods of existence, for which there may be
different conditions. Also, during the further monitoring of the ecological potential of the converted
reservoir, it is advisable to take into account the discreteness of the ecosystem and establish
monitoring posts in areas characterized by maximum discreteness and continuity.

References

Bilous, O.P., Ivanova, N.O. (2018). Phytoplankton Characteristics of the Sasyk Reservoir
(Ukraine). International Journal on Algae, 20 (3), 277-288.

Fezelbaum, A. 1. (1960). Theoretical foundations and methods of calculation of steady sea
currents. 127 p. (in Russian)

Guidance Document N37. Steps for defining and assessing ecological potential for improving
comparability of Heavily Modified Water Bodies Document endorsed by EU Water Directors at their
meeting in Helsinki on 26 November 2019. CIS working group ECOSTAT (2020). 147 p.

Ivanova, N.O. (2016). Water clarity and color of the Sasyk reservoir both abiotic components
of its ecosystem. Hydrology, hydrochemistry and hydroecology, 40 (1), 90-104. (in Ukrainian)

Ivanova, N.O. (2015). Water exchange as a factor in the formation of modern conditions for the
functioning of the ecosystem of the Sasyk Reservoir. Scientific notes of Ternopil National
Pedagogical University named after V. Hnatiuk. Series: Biology, 3-4, 274-277. (in Ukrainian)

Protasov, A.A. (2008). River and Lake Continua: An Attempt at Analysis and Synthesis. Inland
Water Biology, 1 (2), 105-113.

Protasov, A.A., Uzunov, Y., Sylaieva, A.A. et al. (2022). Ecological continuum: fundamental
concepts and use in applied hydrobiology. Hydrobiological journal, 58 (3), 3-18. (in Ukrainian)

Strayer, D. L., Power, M. E., Fagan, W. F., Pickett, S. T. A., Belnap, J. (2003). A Classification
of Ecological Boundarie. BioScience, 53 (8), 723-729.

Timchenko, V. M. (2006). Ecological hydrology of reservoirs of Ukraine. 384 p. (in Russian)

Vannote, R.L., Minchall, G.W., Cummins, K.W. et al. (1980). The river continuum concept.
Canadian Journal of Fisheries and Aquatic Sciences, 37 (1), 130-137.

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




