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SUMMARY

The long-term economic exploitation of the lakes in Ukrainian Polissia has significantly
altered the hydrographic landscape of the region over the past 160 years, leading to the
disappearance of hundreds of water bodies. Among the methods used to study the geo-
ecological condition of lakes and their basins, cartographic monitoring and remote sensing
play a significant role.

The research was conducted based on surveys of the water bodies and wetlands of lakes in
Ukrainian Polissia. The geo-ecological condition of the lakes was assessed according to the
degree of transformation of their areas, taking into account the percentage of wetland
coverage. The classification categories were as follows: slightly changed (up to 19%);
moderately changed (20-39%); highly changed (40-59%); maximally changed (60—79%);
completely changed (over 80%). Based on the degree of transformation of the water areas,
the lakes were classified as follows: moderately changed — Lake Bile; highly changed —
Lakes Bolotne, Luke, Okunyn, Chakove; completely changed — Lakes Nechymne and Stav. A
landscape model of the lake-marsh complex of Lake Stav (located in the Rivne Nature
Reserve) was developed.
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Introduction

Ukrainian Polissia occupies the southern part of the Polissia Lowland, which is a separate physical
and geographical province (region) of the zone of mixed forests of the East European Plain. The
landscape and geographical conditions contributed to the formation of the densest hydrographic
network with a big number of wetlands and lakes in this physical and geographical region. The high
resource potential of lakes contributed to the development of recreational zones, fishery enterprises,
national parks and nature reserves, hydro-engineering complexes, and mineral extraction based on
individual reservoirs. The population uses lakes for cultural and tourist purposes, for agricultural and
domestic needs. The initial stages of population settlement and nature management were associated
with lakes. Cartographic monitoring of long-term processes of economic exploitation of the lakes of
Ukrainian Polissia and their catchment areas shows that they have significantly changed the
hydrographic appearance of the region over the past 160 years and led to the disappearance of
hundreds of water bodies. Today, the key geo-ecological problems of lakes and lake-basin systems
(LBS) of Ukrainian Polissia are primarily related to: global climate change and accelerated
sedimentation processes in lakes; natural and anthropogenic processes of silting, shallowing, and
reduction of lakes’ area; increase in the area of macrophyte belts in the peripheral zone of lakes;
draining melioration of lake catchment areas and disruption of the hydrological regime of water
bodies; canalization of rivers and the removal of channel-type lake reservoirs outside the main
watercourse; excessive plowing of land, deforestation within the catchment areas of lakes;
intensification of processes of uncontrolled (illegal) amber mining within the lake basins; destruction
of lake shores by abrasion processes; waterlogging of lakeside terraces due to freshet processes;
residential load on lakes located within lightly urbanized territories; tourist and recreational use of
lakes. The outlined above geo-ecological problems of the lakes of Ukrainian Polissia make the issue
of monitoring of LBS and developing directions for optimizing their environmental management
relevant.

The purpose of the research is to reveal the features of transformation processes in the LBS (using the
example of model lakes) of Ukrainian Polissia.

Method and Theory

We consider lake-basin systems to be holistic “lake-catchment area” natural formations, the
development, evolution, and current state of which occur in paragenetic unity (Martyniuk et al.,
2023). Therefore, we consider the study of the processes of their dynamics and development in a
systemic connection. LBS are quite labile in terms of changing the geo-component structure of the
landscape under the influence of natural and anthropogenic factors. Various types of monitoring of
lakes and their basins are conducted by scientists in Ukraine (Melnyk & Kulyk, 2015; Trofymchuk et
al., 2015; Vasylenko et al., 2018; Khilchevskyi et al., 2021; Martyniuk et al., 2022) and in foreign
countries (Choinski et al., 2016; Sagan et al., 2020; Ptak et al., 2023). Among the methods for
studying the geo-ecological condition of the LBS, remote sensing methods (Ghansah et al., 2016;
Batina & Krtali¢, 2024; Lv et al., 2024) in combination with field landscape and limnology searches
occupy a prominent place.

For monitoring studies, we selected seven key lakes of Ukrainian Polissia, which are at different
stages of evolutionary development and undergo significant transformations, primarily shallowing,
increase in the area of littoral zones and macrophyte belts, and decrease in their water areas. Using the
QGIS software package and Google Earth satellite images, the areas of the above-mentioned model
lakes and wetlands were digitized and the ratio of water areas to wetlands was assessed. According to
the degree of transformation of lake areas, taking into account the percentage of wetlands, we propose
to group water bodies into the following categories: slightly changed (up to 19%), moderately
changed (20-39%), highly changed (40-59%), maximally changed (60-79%), completely changed
(over 80%).
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Results

Lake Stav (51°29'11"N, 25°47'26"E, a point in the central part of the lake’s water area), which is part
of the Biloozerskyi reserve massif of the Rivne Nature Reserve and, at the same time, is a component
of the Ramsar wetland (since January 25, 2017) UA-2281 “Byle Lake and Koza Berezyna Mire”. The
total area of the reservoir, or rather the lake-marsh complex, is 0.083 km?. The catchment area is 1.64
km?. In the early 1970s, a main canal was laid 0.15 km east of the lake, directing its waters into the
Lotok River. For approximately 50 years, the water from the lake was “drained” into the canalized
Lotok River. In the mid-1990s, the maximum depth of the lake was 0.55 m, and the average depth
was 0.39 m. As of mid-July 2024, water remained only in the thalweg of the stream crossing the lake.
During flood (freshet) periods, water fills a small valley of the stream. The lake has decreased in area
by 94.0% and turned into a swamp. Based on the results of field research and the use of remote
sensing and GIS technologies, we developed a landscape map of the Lake Stav complex (Fig. 1).

Facies:

1. Accumulative in the former littoral zone of the lake,
peaty, thin (0.5-2.0 m), fragmentary birch-alder-willow and
Typha-Carex-Phragmites.

2. Transit-accumulative organic-silicate sapropelic of low-
and medium-thickness (2.0-4.5 m), Acorus-Juncus-Carex-
Phragmites.

3. Accumulative, mainly in the central part of the former
lake basin, organic-silicate with lenses of organic sapropel,
thick (4.5-9.5 m), Carex-Acorus-Phragmites.
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Figure 1 Landscape structure of the lake-marsh complex of Lake Stav.

Let us analyze changes in the water and wetland areas of other lakes that are objects of remote sensing
monitoring. The area of Lake Luke (51°55'16"N 25°04'44"E) is 0.616 km?, of which the water area is
0.309 km? (50.16%) and the wetland area is 0.307 km? (49.84%). In fact, the water area of Lake Luke
has decreased by 49.84% as of now. According to the land cadastre, the area of the reservoir includes
the water area itself and its wetlands. After the next update of cartographic sources, the lake can be
classified as a swamp. The analysis of the areas of other lakes showed that as a result of waterlogging,
the area of Lake Chakove (51°27'41"N 24°07'29"E) decreased by 46.53%, of Lake Bile (51°29'03"N
24°09'50"E) — by 39.48%, of Lake Bolotne (51°02'31"N 24°48'18"E) — by 42.84%, of Lake Okunyn
(51°11'57"N 24°18'12"E) — by 39.89%, of Lake Nechymne (51°18'35"N 24°51'42"E) — by 91.36%,
i.e. it turned into a swamp (Fig. 2).

The analysis of satellite images of aquatic landscape complexes of Ukrainian Polissia shows an
increase in the number of lakes with a high degree of waterlogging. Due to climate change, the
processes of shallowing of lakes and waterlogging have become even more active. The real
implementation of the global sustainable development goals, in particular Sustainable Development
Goal 6 “Clean Water and Sanitation” requires the development of a state program for lake nature
management, which would include issues of assessing the resource potential of lakes, their
monitoring, and rehabilitation of individual water bodies.
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Lake Luke Lake Chakove Lake Bile
Flakef 03091 Fwetland - 0307 (kmz); Flake* 019571 I:wetland - 01703 (ka); I:Iake - 05131 Fwetland - 0334 (ka);
Flake > 49.84% Flace > 46.53% Flake > 39.48%

Lake Bolotne Lake Okunyn Lake Nechymne
Fiake — 0.1109; Fiyetiang — 0.0831 (km?); Fiake — 0-113; Fiyetiang — 0.075 (km?); Fiake — 0.00464; Fyetiana— 0.9136 (km?);
Flake > 42.84% Flake > 39.89% Flake > 91.36

Figure 2 Ratio of water surface and wetland areas in model lakes of Ukrainian Polissia.
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Conclusions

Based on the degree of transformation of the studied lake areas, the following classification was
made: moderately changed — Lake Bile; highly changed — Lakes Bolotne, Luke, Okunyn, and
Chakove; completely changed — Lakes Nechymne and Stav. The next stage of monitoring, using
remote sensing methods, involves creating landscape models of the aforementioned lakes, assessing
their geo-ecological condition, and developing strategies for their revitalization.
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