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In modern conditions, where many environmental problems are becoming global, studying the
patterns of functioning of hierarchical systems is increasingly relevant. The concept of the
hierarchical structure of natural objects is one of the most important aspects of developing the theory
of lake ecosystems (limnosystems). In this regard, a clear example is the impact of the catchment area
on the lake as a subsystem and element of the landscape. Typically, lake studies are limited to
examining the largest lakes, while identifying general patterns requires obtaining as wide a range of
variability in different parameters as possible. An important part of the landscapes and natural
environment of the Volyn region of Ukraine are lakes. They have significant natural and economic
value. They play a leading role in regulating and shaping river runoff, water self-purification
processes, and the accumulation of biological and mineral substances. The water bodies and their
shores serve as habitats for a rich and diverse fauna and flora, including species that require special
protection. The lakes in the region hold large reserves of natural resources: water, biological, plant,
animal, mineral, and recreational resources. The shores of the lakes are intensively used for
recreation, settlement areas, and industrial and agricultural production, leading to anthropogenic
impact and technological transformations of the water bodies. An important indicator of
anthropogenic changes in lake catchments is the degree of economic development of the catchments
or the types of use of lake catchments. An analysis of lake catchments of different types of lakes in
the Volyn region, located in various physical-geographical regions, was conducted, examining their
structure (water surface, forests, meadows, swamps, arable land for agricultural purposes, and built-up
areas). The research reveals the presence of lakes with varying degrees of economic development of
their catchments. Lakes differ in the direction and nature of the use of their catchments. Assessing the
structure of lake catchments is a crucial characteristic necessary for determining the ecological status
of water bodies, planning resource-conserving strategies and tactics for natural resource management
and developing proposals for their rational use and a set of environmental protection measures.

Keywords: lake, water body, limnosystem, landscape, catchment, economic activity, anthropogenic
impact
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Introduction

Planning economic activities and the use of natural resources requires assessing potential quantitative
and qualitative changes in lake water bodies as part of surface waters and developing both short-term
and long-term forecasts. Forecasting becomes particularly significant for the following reasons: any
water management measures are usually long-term, and their implementation and return on
investment can span decades; changes in the state of surface waters impact the economy, and, most
importantly, the ecological state of the natural environment and human living conditions.

The forecast of changes in lake ecosystems includes the following tasks: identifying influencing
factors and trends in process changes, determining the range of possible alterations, assessing the
impact of changes on water use and consumption, and developing measures to address negative
consequences. Economic use of lakes is differentiated and depends on several determining factors:
location and accessibility, availability of necessary reserves and quality of natural resources of lakes
and shores (water, fish, mineral, recreational), and the development of shores and catchments
(presence of small and large settlements, industrial and agricultural enterprises on the shores).

Economic use of lakes leads to noticeable, sometimes irreversible changes. At the present stage,
anthropogenic impacts on lakes manifest as changes in the hydrological regime, morphometric
parameters, and morphology of the basin, pollution and depletion of water, and alterations in the
species composition and structure of flora and fauna.

The most common types of anthropogenic impact on water bodies include disturbances in
hydrological characteristics, changes in the chemical composition of water and sediments,
anthropogenic eutrophication, and pollution. The most prevalent causes of anthropogenic changes in
lakes today are: the impact of hydrotechnical construction, the effects of drainage and reclamation,
industrial and agricultural activities, settlements, and recreational use.

A lake cannot be considered without its catchment, as it depends on the surrounding landscapes and
simultaneously influences these landscapes. Only by examining all processes in lakes in their
inseparable connection and dynamics, and viewing the lake as a whole in interaction with its
catchment, can it be thoroughly studied, thus, obtaining comprehensive material for recommendations
on its rational use.

The relevance of this study is due to the significant spread of water bodies in the Volyn region — 42.7
thousand hectares (including rivers and streams — 3.2 thousand hectares; canals, collectors, and
ditches — 18.1 thousand hectares; lakes and adjacent closed water bodies — 14.7 thousand hectares;
reservoirs, ponds, and other artificial water bodies — 6.7 thousand hectares).

Methods of investigation

Research on natural water bodies requires an understanding of all processes occurring within the lake
and those happening in the adjacent area (catchment). The authors consider the lake (reservoir, pond)
and its catchment as a single natural system. This approach allows for determining the current state,
dynamics, functional features, and evolution of the lake, and for developing measures for its use,
restoration, protection, and resource conservation.

The study utilizes materials from the authors' own field expeditions of lakes in the Volyn region from
2008 to 2023, as well as archival and cartographic materials from various institutions and
organizations, and preliminary results from a comprehensive study of lakes in the region (llyina et al.,
2023a, 2023b). The research is grounded in the theoretical and methodological principles of general
and regional limnology (Wetzel, 2001; Cole et al., 2016; Kashiwaya, 1917; Oakenfold, 2017; Hill et
al., 2018; Liu et al., 2018; Argillier et al., 2022; Khilchevskyi et al., 2022). The study analyzes the
structure of 29 catchments of various types of lakes in the Volyn region of Ukraine (Kovel and
Kamin-Kashyrskyi administrative districts).

International Conference of Young Professionals “GeoTerrace-2024”
7-9 October 2024, Lviv, Ukraine



Terrace
Conference

Results

The lake and its catchment area form a single natural system, where the lake's ecosystem is shaped by the
surrounding environment and acquires its specific characteristics through development due to the
combined influence of zonal and azonal factors. From a geoecological perspective, lake basins are
considered geosystems, with their integrity defined by the connections between the elements of the natural
complexes of lakes and their catchments, as well as the features of economic use and management.

An important indicator of anthropogenic impact on lakes is the disruption of littoral landscapes and
intensive economic activity (development or specific usage) in the catchment areas. To address this issue, we
examined the features of land use in the lake basins, determining the land use structure of the catchments. The
results of the analysis reveal lakes with varying degrees of development in their catchments.

According to the research results, the largest catchment areas are associated with the following lakes:
Yahodynske (180.8 km?), Orikhovets (116.8 km?), Sirche (106.1 km?), Moshne (103.9 km?),
Nabolotske (102.8 km?), Liuban (86.1 km?), Olblia (82.3 km?), Volianske (79.15 km?), Liubovel
(75.67 km?), Bile (74.6 km?), and Skorin (65.0 km?). The smallest catchments are found within the
following lakes: Luko (7.2 km?), Okunyn (5.52 km?), Somyn (3.97 km?), Zasviattia (3.81 km?),
Zghoranske Male (3.06 km?), Trosne (2.92 km?), and Turychanske (1.2 km?) (Table 1).

Table 1 Structure of catchment areas for different types of lakes in the Volyn region, km?

Lake Natural landscapes Anthropogenic landscapes
Lakes catchment meadows arable land for
area lake forests and swamps agricultural building
pastures purposes

Orikhove 54.60 4,52 19.0 1.95 — 23.68 5.45
Luko 7.20 1.20 1.64 — — 0.93 3.43
Volianske 79.15 3.68 21.05 39.31 10.05 0.19 4.87
Liubovel 75.67 1.01 31.73 — — 36.88 6.05
Brono 13.70 0.25 0.14 — — 11.56 1.75
Zasviattia 3.81 0.56 241 - - 0.84 -
Mala Blyzna 21.37 0.23 20.19 0.95 - - —
Kysobul 14.05 0.41 — — — 13.38 0.26
Mshane 23.50 0.74 17.45 1.258 — 2.50 1.56
Orikhovets 116.80 7,10 44.30 — 32.0 28.90 4.50
Liuban 86.10 0.70 37.80 — 7.00 35.20 5.40
Sirche 106.10 1.00 26.40 — 12.40 54.00 12.30
Olblia 82.30 0.30 14.70 — 5.40 54.70 7.20
Okunyn 5.52 0.02 0.90 — 2.20 2.40 —
Koshliakove 25.90 0.90 12.0 — — 8.70 4.40
Skorin 65.00 1.70 15.50 30.30 2.00 12.00 3.50
Plotychne 51.30 — 25.00 21.50 — 2.50 2.30
Okhotyn
(Liubche) 5.47 0.17 0.08 - 2.67 2.48 0.07
Neretva 8.69 0.07 0.14 — — 8.26 0.22
Turychanske 1.20 0.13 0.56 0.36 0.08 0.06 0.004
Trosne 2.92 0.22 1.20 — 0.49 0.67 0.34
Zghoranske 3.06 031 | 144 - 0.25 1.06 -
Male
Moshne 103.93 0.04 92.3 — 6.00 5.60 —
Yahodynske 180,53 0.75 45.26 — — 120.32 14.20
Nabolotske 102.80 15.80 36.00 — 51.00 — —
Somyn 3.97 0.29 2.91 — 0.20 0.57 —
Liubytivske 23.01 0.41 3.63 — 2.51 15.29 1.17
Hlukhivske 17.12 0.52 — 3.1 — 11.60 1.90
Bile 74.60 1.20 36.30 — 4.00 29.90 3.20

International Conference of Young Professionals “GeoTerrace-2024”
7-9 October 2024, Lviv, Ukraine



Geoy EAGE

Conference

In the study of lake catchments, lakes were identified where 100% of the catchment area consists of
natural landscapes (practically untouched or minimally impacted catchments, such as Lake Mala
Blyzna, Nabolotske, Plotychne). Catchments with minimal development include those of lakes
Volianske, Zasviattia, Mshane, and others. The catchment of Lake Moshne is 88.8% covered by
forest, indicating minimal anthropogenic impact on the lake ecosystem.

Many water bodies are characterized by high development (transformation) of their catchments.
Anthropogenically altered landscapes are typical for the catchments of lakes Brono, Kysobul,
Neretva, Yahodynske, Liubytivske, and Hlukhivske. For the catchments of lakes Okhotyn (Liubche),
Orikhove, Liuban, and Koshliakove, there is an approximately equal ratio of anthropogenically altered
and natural landscapes. The remaining lake catchments exhibit a variety of ratios between natural
(forest plantations, meadows and pastures, swamps, etc.) and anthropogenically altered (arable land,
settlements, etc.) landscapes (Fig. 1).
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Figure 1 The ratio of natural and anthropogenic landscapes of the watersheds of various types of
lakes in the Volyn region, km?.

Thus, water bodies vary in the direction and extent of catchment use. Undoubtedly, one of the most
important factors determining the current conditions of lakes is the development of their catchments
due to human economic activity.

Conclusions

The Volyn region is considered a well-developed area with intensive agricultural production,
advanced industry, and significant population density. All these factors noticeably affect the condition
of the lakes. According to our research findings, the catchments of lakes are currently transformed by
economic activities. A significant portion of these areas is occupied by agricultural land and
settlements, which increases the anthropogenic pressure on the lakes.

The actual data obtained on the assessment of catchment structure is essential for lake typology and
the development of a natural-economic classification, which should be based on the natural
characteristics of the lakes, resource reserves and quality, directions of economic use, and the degree
of anthropogenic transformation. The most effective measure for managing lake ecosystems is the
protection of natural resources, the development of programs and actions to reduce anthropogenic
impact, prevent resource depletion, and prevent lake pollution.
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Future research prospects for lakes should include: a deeper understanding of the theory of evolution,
functioning, resilience, and restoration of water bodies under various natural conditions; identifying
the mechanisms of lake eutrophication and scientific forecasting considering natural and
anthropogenic factors; developing theories on the transformation of substances and energy within the
"catchment-lake" system; and developing methods for forecasting the ecological states of limno-
systems. This should consider that ecological forecasts, based on a system of monitoring water
regimes and quality, must become ongoing, meaning they need to be developed with continuously
updated information on the conditions of water bodies, surrounding landscapes, and economic
activities within lakes and their catchments.
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