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SUMMARY 

The need to control the processes of transformations of natural complexes of the Cheremskyi 

Nature Reserve (Ukraine), as well as the violation of the geo-ecological condition of the 

protected areas under the influence of global climate changes, make landscape and limnology 

monitoring necessary. The model object of the research is Lake Cheremske, which is located 

in the central part of the protected marsh massif, which belongs to Ramsar Convention sites. 

The bathymetric map of the lake was developed based on the instrumental field research 

using GIS and remote sensing methods and the main hydrological parameters of its 

catchment area were calculated; the hydro-chemical condition of water masses was analyzed 

according to the criteria of maximum permissible concentrations for fishery purposes and the 

quality (categories, classes) of surface waters; the composition and thickness of lake 

sediments were analyzed; a landscape map of the natural aquatic complex of the lake was 

developed at the level of aquatic sub-tracts and aquafacies. The cartographic models and a set 

of geo-data, which were developed and obtained within the research, are the basis for further 

monitoring of changes in the geo-ecological parameters of the basin system of the lake and in 

the entire territory of the reserve. 
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Introduction 
 

The Cheremskyi Nature Reserve (ChNR) was established by the Decree of the President of Ukraine 

No. 1234 in 2001. The total area of the ChNR is 2,975.7 hectares. The reserve is located in the 

Nyzhniostyrkyi physical-geographical district, Verkhnoprypiatske Polissia sub-region, Volyn Polissia 

region. According to the basin principle, the ChNR is located between the Stokhid and the Veselukha 

rivers and belongs to the sub-basin of the Veselukha river, the right tributary of the Prypiat. The 

reserve includes various landscape complexes: lakes (Redychi and Cheremske – 0.6%), clearings and 

quarter lines – 0.7%, swamps – 33.7%, forest – 64.5%, memorial – 0.1%, other territories – 0.4%. 

Aquatic complexes (reservoirs, watercourses, and wetlands) occupy an important place in the 

landscape structure of the ChNR. The Cheremske marsh belongs to the category of wetlands of 

international importance and is protected in accordance with the requirements of the Ramsar 

Convention. 

The modern territory of the reserve and adjacent landscapes in the past underwent transformations 

because of the drainage reclamation and economic activity. Global warming has a significant impact 

on the geo-ecological condition and functioning of hydromorphic landscape complexes. Conducting 

landscape research as an element of monitoring water bodies allows increasing the efficiency of 

further scientific research aimed at preserving rare wetland complexes and predicting changes in their 

geo-ecological condition. 
 

Method and Theory 
 

The model object of the research is the basin of Lake Cheremske, which occupies the central part of 

the Cheremske marsh massif. In the course of the research, we performed hydrometric work, applied 

landscape and limnology methods (Kovalchuk et al., 2020; Martyniuk et al., 2020) and methods of the 

ecological assessment of surface water quality (Yatsyk et al., 2006). In order to link the data of 

observations on the level regime of underwater objects of ChNR with the Baltic system of heights, a 

complex of engineering and geodetic surveys was carried out with the establishment of five reference 

points. The work was performed on August 29, 2020, using a Leica GNSS/RTK receiver. SRTM v.3 

radar survey data were processed in the ArcGIS Desktop software complex to set the boundaries and 

configuration of the catchment area. After preliminary processing of space images, digital models of 

the flow direction and its accumulation to Lake Cheremske were created. The bathymetric survey of 

Lake Cheremske was conducted using a Humminbird 597ci HD sounder, which was mounted on the 

transom of a rubber boat with an electric drive. Processing of echograms and construction of a depth 

map was performed using ReefMaster 2.0. Field observations also included the analysis of bottom 

sediments, features of the species diversity of surface and underwater plant communities, the state of 

the temperature regime, and hydro-chemical analysis of the water masses of the lake. The research 

partially used the materials of the Kyiv Geological Exploration Expedition (Kyiv GEE). 
 

Lake Cheremske is round in shape; its area is 0.086 km
2
. The length of the lake is 0.37 km, the 

maximum width is 0.315 km, and the average is 0.232 km. The shores of the lake are gentle, slightly 

indented, surrounded by a swamp with birch growth. The northeastern part of the catchment area near 

the lake is covered with a mixed forest. According to our estimates, the maximum depth of the lake is 

7.48 m, and the average is 3.8 m. The volume of the lake’s water masses is 329.0 thousand m
3
. The 

bathymetric map of Lake Cheremske with a depth interval of 0.25 m is shown in Figure 1. The 

catchment area of Lake Cheremske is 9.97 km
2
. Almost the whole catchment area is located in the 

southwestern part of the lake. The reservoir is flowing, a reclamation channel flows into the lake from 

the southwestern part, and flows out from the northeastern part. A canalized stream also flows into the 

lake from the western side. The main sources of the lake’s nutrition are precipitation and groundwater. 

The water level of the lake near the pier (according to the Baltic system) is 158.36 m above the sea 

level. In 2.5 km from the lake in the north-eastern direction, the water mark in the canal flowing out 

of the lake is 157.8 m above the sea level, and in 4.5 km near the same canal, the absolute mark is 

156.36 m above the sea level. 
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Figure 1 Bathymetric model of the Lake Cheremske 
 

The hydro-chemical assessment of the lake according to the parameters of the salt composition 

showed compliance with the maximum permissible concentration for fishery water bodies (MPCfwb), 

the water is assigned to the first category (class I). According to the tropho-saprobiological indicators, 

the research found an excess of the MPCfwb in the lake water by 5.3 times (category 7, class V) for 

BOC5, for ammonium nitrogen by 6.2 times (category 7, class V), for nitrite nitrogen by 1.2 times 

(category 6, class IV). The integral block index (І2) is 5.28. With regard to the block of specific 

indicators of toxic action, a discrepancy between the MPCfwb of the lake water in terms of its zinc 

content was found by 21 times (1st category, class I), and iron by 47 times (1st category, class I). The 

integral block index (І3) is 1.0, and the combined ecological assessment of the hydro-chemical 

indicators of the lake is Іе=2.42, which corresponds to the 2nd
 
category of class II of water quality 

(Table 1). 
 

Table 1 Chemical analysis of surface waters of the Lake Cheremske (as of 09/12/2020) 

Se 

ria

l 

No  

Index 
Unit of 

measurement 
*MACfb 

Measurement 

results 

**Quality categories 

and classes water 

Category Class 

І. Indicator of salt composition 

1. Mineralization (dry residue) mg/dm3 <300 78.0 1 І 

2. Chloride ions mg/dm3 300 3.8 1 І 

3. Sulphates mg/dm3 100 3.67 1 І 

Integral index by salt block І1=1,0 1 І 

ІІ. Tropho-saprobiological indicators 

4. рН pH units 6.5-8.5 6.45 4 ІІІ 

5. 
Biological oxygen 

consumption, BOC5 
mgО2/dm

3 ≤3.0 16.0 7 V 

6. Ammonium nitrogen mgN/dm3 0.5 3.12 7 V 

7. Nitrite nitrogen mgN/dm3 0.08 0.096 6 IV 

8. Nitrate nitrogen mgN/dm3 40 0.96 5 III 

9. Phosphorus phosphates mgN/dm3 2.14 0.25 6 IV 
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Se 

ria

l 

No  

Index 
Unit of 

measurement 
*MACfb 

Measurement 

results 

**Quality categories 

and classes water 

Category Class 

10. 
Chemical oxygen 

consumption Mn) 
mgО2/dm

3 ≥6 50.4 - - 

11. Suspended substance mg/dm3 15 5.0 2 II 

12. Calcium mg/dm3 180.0 20.0 - - 

13. Magnesium mg/dm3 40.0 2.4 - - 

14. Rigidity is general mmol/dm3 7 1.2 - - 

15. Alkalinity is general mmol/dm3 – 1.0 - - 

16 Color degrees 20 450 - - 

Integral index by tropho-saprobiological block І2=5,28 5 III 

ІІІ. Specific indicators of toxic impact 

16 Copper mg/dm
3
 

0.001-

0.01 
0.001 1 І 

17 Zinc mg/dm
3
 0.01 0.21 1 І 

18 Iron mg/dm
3
 0.1 4.7 1 І 

19 Mangan mg/dm
3
 0.01 <0.01 1 І 

Integral index by block of indicators of toxic action І3=1,0 1 І 

Combined ecological assessment of hydrochemical indicators Іе=2,42 2 ІІ 

*The list of fishery standards …1990; ** Yatsyk et al., (2006) 
 

The bottom sediments of the lake are represented by peat, swamp, sandy, and sandy-muddy varieties, 

clastic material and clayey sapropel. The area under sapropel (according to the data of Kyiv GEE) is 

7.78 ha. The maximum capacity is 6.5 m, and the average is 2.34 m. The sapropel reserves with an 

average natural humidity of 91.91% in category C2 amount to 183.0 thousand m
3
. Based on a 

conditional 60% humidity, the amount is 38.0 thousand tons. The depth of the pelogen is 0.2 m. The 

average content (in % of dry matter) of iron oxides is 4.23%, calcium – 2.46%, ash content – 31.0%. 

Aquatic vegetation is developed in a narrow strip in the coastal part of the reservoir and is represented 

by carex, phragmites, and locally juncus. Among the plants with floating leaves, nymphaea and 

nuphar lutea are found, and among the underwater plants, stratiotes predominates. The percentage of 

overgrowth of the bottom of the lake is about 20.0%. Based on the results of the field research, a 

landscape map of the lake was developed (Figure 2). 
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Figure 2 Landscape map of the natural aquatic complex of the Lake Cheremske 

І. The littoral-sublittoral aquatic sub-tract on peat-swamp, sandy-muddy sediments and 

sapropel with species diversity of surface and underwater macrophytes. 

Aquafacies: 1.1. Littoral accumulative sandy-muddy and peat-swamp with low thickness (up to 0.7 

m), carex-phragmites and locally juncus, with a homogeneous temperature regime. 1.2. Littoral 

abrasion-accumulative muddy-sandy (with fragments of flint) with low thickness (up to 0.7 m), 

stratiotes and locally nymphaea, with a homogeneous temperature regime. 1.3. Sublittoral transit-

accumulative sandy and organic-clay sapropel with lowthickness (0.7-2.0 m), elodea-potamogeton-

chara alga, with a homogeneous temperature regime. 1.4. Sublittoral accumulative-transit organic-

clay and clayey sapropel with low thickness (2.0-3.0 m), lemna and chara alga, with a heterogeneous 

temperature regime in the summer period. 

ІІ. The profundal aquatic sub-tract on organic-clay and clay sapropel formed on alluvial sands 

underlain by Upper Cretaceous rocks. 

Aquafacies: 2.1. Profundal transit-accumulative organic-clay and clay sapropel with medium 

thickness (3.0-5.0 m), free-floating algae, with a heterogeneous temperature regime in the summer. 

2.2. Profundal accumulative in the depths of the lake bed organic-clay and clay sapropel with medium 

thickness (5.0-6.5 m), singly floating algae, with a heterogeneous temperature regime in the summer. 

 

In the natural aquatic complex (NAC) of Lake Cheremske, the research identified a littoral-sublittoral 

aquatic sub-tract (5.83 ha) with four types of aquafacies and a profundal aquatic sub-tract (2.81 ha) 

with two types of aquafacies. In total, 12 landscape contours were identified in the NAC, and the 

average area is 0.72 ha. 
 

Conclusions 
 

1. The research established that the depth of the lake basin together with bottom sediments is 13.98 m, 

the basin is 35.7% filled with organic-mineral sediments.  

2. It is obvious that at the beginning of the Holocene, there was a paleo-lake at the place of the swamp 

massif, which during the evolutionary changes turned into a swamp with separate “lakes-windows”. 

At the initial stage, glacial factors played a dominant role in the formation of the valley of the lake-

marsh massif, and later karst and denudation processes were dominant.  
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3. Within the catchment area and the marsh massif, there is a significant height difference (up to 2.0 

m) between the water levels in Lake Cheremske and the outflows from the marsh, which testifies to 

the concave shape of the marsh and its high water-holding capacity.  

4. The ecological assessment of water quality based on hydro-chemical parameters showed that the 

condition of the lake water corresponds to class II of water quality and is evaluated as “good”. 
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