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The formation of waterfowl communities was considered regards the overgrowth area in the lakes with higher aquatic plants. 

We found that water bodies with overgrowth of macrophytes by 33 and 50% had high biodiversity. When water bodies are 

overgrown by 23%, the highest number of nesting birds was observed, whereas when overgrown is 5%, the number of birds is 

much less. The same happens when water bodies are overgrown up to 90%. We revealed that the optimal lake overgrowth for 

the existence and reproduction of waterfowl and waterbirds was 33% and 50%, confirmed by the Shannon diversity indices (2.4 

and 2.07, respectively). The relationship between the percentage of overgrowing and nesting birds number was also confirmed. 

We identified four bird species that breed successfully regardless of reservoir overgrowth, while nine bird species need special 

conditions. Our results can be implemented in the engineering, reclamation, and recreational activities in the municipal water 

bodies. Also, our data can be used to increase the biological diversity and productivity of water bodies. 
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Introduction 
Most species are adapted to live in freshwater ecosystems, but as a result of anthropogenic activities, natural relationships 

often break down (Kofonov et al., 2020; Honcharova et al., 2021). This leads to an imbalance in ecosystems (Bashchenko et al., 

2020; Borshch et al., 2020; 2021; Kalaitan et al., 2021; Butsiak et al., 2021; Saranchuk et al., 2021) and loss of habitat, which are 

necessary for the existence and reproduction of aquatic and semi-aquatic animals (Prysiazhniuk et al., 2019; Rudenko et al., 

2019; Kalyn et al., 2020). 

These processes are often accompanied by disruption or even destruction of trophic links, which can contribute to the spread 

of certain species - potential distributors of diseases and intermediate hosts of some parasites (Thomaz & da Cunha, 2020). The 

maintenance of the normal and stable functioning of freshwater systems is going on the groupings of macrophytes (Kawatsu 

et al., 2015). Which provide feeding and spawning ground for fish and invertebrates. Together they constitute the biological 

diversity of water bodies. The importance of macrophytes also lies in the proper maintenance of the sanitary and hydrochemical 

state of water bodies. The intensification of eutrophication, water pollution, and toxic compounds of higher aquatic plants is 

essential for water purification. Simultaneously, urban water bodies often undergo coastline transformations, particularly 

during the creation of recreational zones, accompanied by the destruction of reed groups that leads to an imbalance in 

ecosystems (Stefanidis et al., 2019). This problem is widespread in the cities of Ukraine; a similar situation can be traced in 

Greece and many other European countries (Svitok et al., 2016; Zhang et al., 2017). Thus, the arrangement of urban 

infrastructure requires accounting and knowledge about the minimum permissible percentage of natural resources, which can 

provide natural processes in the reservoir. This percentage can be determined by the presence or absence of breeding pairs of 

birds. Birds have a high species diversity, and in water bodies often occupy the top of the food chain; they quickly respond to 

changes in the environment. That is why they are used as reliable markers of the general state of the ecosystem under 

anthropogenic pressure (Klaassen & Nolet, 2007). 
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The work aimed to analyze the nesting groups of waterfowl in reservoirs with different percentages of overgrowth with higher 

aquatic plants. 

 

Materials and methods 
The research was carried out during 2020 on the reservoirs of separate fishery ponds in Kyiv and Bila Tserkva. The choice is 

due to its location near the city and natural connections between macrophytes and birds. The percentage of overgrowth in 

water bodies was assessed by mapping the study area with a quadcopter. The counts of waterfowl and waterbirds were carried 

out by mapping with the subsequent categorization of the encounters, taking into account the breeding pairs with the spatial 

reference of all registrations on the precinct (Inventory methods .., 1999). The survey of habitats suitable for nesting was carried 

out on foot (Bibbi et al., 2000). On separate intervals, the data on the spring abundance of ducks, grebes, coots, and moorhen 

correlated with counting the results (late June and early July). Broods were counted in the morning and/or evening, when the 

birds are most active (Banik & Dzkamirzoyev, 2004). 

To determine the composition and abundance of avifauna, dual control was used (two accounting during the season, 

particularly the 2nd half of May and the 1st half of June). The abundance was estimated based on the count of adult birds using 

individual approaches and taking into account the peculiarities of the nesting behavior of specific species. Non-nesting species 

were not taken into account. The presence and number of nests were checked periodically during the reproductive period. The 

reliability of nesting was determined following the criteria recommended by the Committee of the European Ornithological 

Atlas - EOAC (Breeding Bird Atlas of Europe, 1992). To take into account the Little Bittern (Ixobrychus minutus), shepherds, and 

warblers, we used mapping of nesting sites (based on the registration of votes) (Borowiec et al., 1981; Dombrowski, 1987). 

together with the study of suitable biotopes. Binoculars 12x and 10x and telescopes 20 * 40 were used for observations. The 

birds were identified according to “Birds of the fauna of Ukraine” (Fesenko & Bokotey, 2002). Calculate biodiversity indices 

according to (Aleksanov, 2017); statistical calculations were performed by methods (Svalov, 1977) using the program Statistica 

12.  

Characteristics of the study areas: 

Belotserkovsky ponds and Borovetski ponds are not full-system fish farms located within the forest-steppe and filled with water 

from the river Protoka (Fig. 1), where Cyprinidae species grow to marketable sizes (carp Cyprinus carpio (L), grass carp 

Ctenopharyngodon idella (Valenciennes), silver carp hybrids Hypophthalmichthys hybr. The average pond area is 7.6 hectares. 

Experimental farm “Nyvka” of the Institute of Fisheries of the National Academy of Agrarian Sciences of Ukraine located in Kyiv, 

within the Right Bank Polesie and Dnieper ecological corridor (Kazannyk et al., 2014). On the ponds, carp, Chinese crucian carp 

Carassius auratus (L), silver carp Hypophthalmichthys idella (Valenciennes), silver carp hybrids, pike Esox lucius (L), and perch Perca 

fluviatilis (L) are grown and multiplied. For the study, three ponds were selected, the average area of which was 9.7 hectares. 

We determined that the reservoirs were differed by plant composition and overgrowth degree. 

 

 

Fig 1. Map of experimental ponds of 

Bila Tserkva fish farm 

                   Fig. 2. Map of experimental ponds Nyvky  

 

Results and Discussion 
We found that the basis of higher aquatic plants in the ponds of the Belotserkovsky fish farm was made up of broadleaf cattail 

Typha latifolia (L), common reed Phragmites australis (Cav.) Trin. ex Steud.) and sedge Carex sp. prevailed among underwater and 

floating plants Potamogeton sp. and Persicaria amphibia (L.). 

Twenty-one nesting species of waterfowl belonging to the six rows were identified (Falconiformes, Charadriiformes, 

Anseriformes, Podicipediformes, Ciconiformes, Gruiformes). 

On a reservoir with a minimum overgrown area of 5%, six breeding species were identified, in particular: 2 pairs of Common 

tern Sterna hirundo (L), eight pairs of Whiskered Tern Chlidonias hybrida (L), 17-25 pairs of Black-headed Gull Larus ridibundus (L) 

and four pairs of Coots Fulica atra (L) (Table 1). The presence of bird nests was associated with a small number of reed islands 

used by these birds as breeding habitats. 

The pond with 23% overgrowth was characterized by the dominance of the common reed group. Under these conditions, 30 

breeding pairs of Black-headed Gull, ten pairs of Great Crested Grebe Podiceps cristatus (L), and seven pairs of Red-headed Duck 

Aythya ferina (L) were identified. 
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The reservoir with the overgrowth of coastal aquatic vegetation was 50% characterized by the dominance of common reeds. 

Also attending were the groupings of the Potamogeton and the Persicaria amphibia. The breeding species were:  Western Marsh 

Harrier Circus aeruginosus (1 pair),  Purple Heron Ardea purpurea (L) (1 pair), Eurasian bittern Botaurus stellaris (L) (4 pairs),  Little 

bittern Ixobrychus minutus (L), Water rail Rallus aquaticus (L) (2-3 pairs ) and Little Crake Porzana parva (Scopoli) (Table 1). Also, 

there are two species of colonial birds on this reservoir, including the Whiskered Tern, which built nests in thickets of amphibian 

mustard, and the  Black-headed Gull, which nested on the convolutions of reeds. 

On a reservoir with 90% coverage with aquatic plants, groups of common reed dominated mainly with a small number of 

broadleaf cattail. At the same time, a smaller number of different bird species were found and a smaller number of nests. 

 

Table 1. The number of nesting waterfowl and wetland birds depending on reservoir overgrowth (in pairs) 

 

№ Species name 

% overgrowth of the reservoir 

5% 

n=3 

23% 

n=4 

33% 

n=3 

50% 

n=2 

90% 

n=3 

1 Podiceps cristatus  12 6 4  

2 Podiceps ruficollis  2 1 1  

3 Podiceps nigricollis  10 1 5  

4 Ixobrychus minutus 1 5 6 6 2 

5 Botaurus stellaris   1 4 1 

6 Ardea cinerea   2   

7 Egretta alba    2  

8 Ardea purpurea    1  

9 Cygnus olor  1 1 1  

10 Anas platyrhynchos 3 10 12 10 2 

11 Anas querquedula    1  

12 Aythya ferina 1 7  2  

13 Gallinula chloropus 1 6 9 6 2 

14 Porzana parva   2 1 2  

15 Fulica atra 4 23 25 20 2 

16 Rallus aquaticus  2 2 3 1 

17 Chlidonias niger   6   

18 Sterna hirundo 2   2  

19 Chlidonias hybrida 8   42  

20 Larus ridibundus 17 30 65 42  

21 Larus cachinnans    2  

Total: 37 110 147 156 10 

 

We registered that the maximum and minimum percentage of overgrowth of water bodies negatively affects the reproduction 

of most waterbirds. On reservoirs with overgrowth in 5% and 90%, nesting of 8 and 6 species were found, respectively. The 

species diversity of these reservoirs is also insignificant. 

According to the above research results, it follows that in a reservoir with 23% overgrowth, the quantitative composition of the 

Great Crested Grebe (12 pairs) and the Pochard (7 pairs) was the highest. Such conditions can be considered favorable for the 

reproduction of these species, in particular, due to the presence of open areas with a sufficient overgrowth area, which is 
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necessary for nesting. Simultaneously, when the reservoir is overgrown with macrophytes by more than 50%, the number of 

pochard nesting pairs decreases, but under such conditions, the number of nesting pairs of Eurasian bittern and Great White 

Egret that is most likely due to the optimal percentage of water plants that represent additional bird stations. The ratio of the 

sizes and types of overgrowth: islets, the formation of bays on water bodies, determining factors in the distribution and nesting 

of species (Fig. 3). 

The basis of overgrowing of the reservoir was 33% common reed with significant formations of broadleaf cattail and narrow-

leaved cattail. It should be noted that there was a colony of 6 pairs of Black tern Chlidonias nigra (L) and 15 pairs of Black-Headed 

Gull. The nests of gulls were arranged on hummocks and terns on the folds of cattail. 

In a reservoir with an area of overgrowth of 23%, the dominant plant groups were common reed and broadleaf cattail. A colony 

of 50 pairs of Black-headed gull was present in the reservoir (Fig. 4). Two nests of Grey Heron Ardea cinerea (L) and four pairs of 

Great Crested Grebe were found. 

 

 
 

Fig. 3. Fragment of a nesting colony of Whiskered Tern 

on thickets of Persicaria amphibia 

                           Fig. 4. Colony of Black-headed   

                           Gull in the thickets of reed 

 

To determine the dominant bird species in the studied water bodies, the dependences of the qualitative composition of the 

avifauna with the composition of nesting pairs were analyzed, and the number depended on the degree of overgrowth of the 

water body. During the overgrowth of water bodies, we found that 50% of the dominant breeding species were Black-heated 

Gull, Cool, and Whiskered Tern. With overgrowth of 23%, the dominant species were the l, Whiskered Tern, and Black-necked 

Grebe Podiceps nigricollis (C.L.Brehm), while with overgrowth of 33%, the dominant species were: Black-heated Gul and Cool 

(Fig. 5, 6) 

Significant areas of overgrowth (by 90%) with air-water plants, especially reed, radically reduce the number and species 

composition of nesting birds. A large number of passerines nest on reservoirs of this type (Great Reed Warbler Acrocephalus 

arundinaceus (L), Reed Warbler Acrocephalus scirpaceus (Hermann), March Warbler Acrocephalus palustris (Bechstein), Bearded 

Tit Panurus biarmicus (L),  Common Reed Bunting Emberiza schoeniclus (L)). 

  

 

 
 

 

Fig. 5. The number of nesting bird species depending on the 

area overgrown with macrophytes 

 

Fig. 6. The total number of nesting pairs depending on the 

area overgrown with macrophytes 

 

 

The close relationship between the percentage of overgrowth of the reservoir and plants is confirmed by statistical calculations 

(Table 2). It should be noted that the highest percentage of water bodies overgrowth was not taken into account for calculations. 
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Table 2. Results of statistical calculations of the relationship between the percentage of overgrowth of the reservoir nesting 

birds (from 5 to 50%) 

 

Factors 

r rs t R2 p 

0.94 1 3.96 0.88 <0.05 

Note: r is the Pearson correlation coefficient; rs - Spearman's correlation coefficient; t - Student's test; R2 is the coefficient of 

determination; p - statistical significance. 

 

The results obtained are statistically significant and indicate a close correlation between the degree of overgrowth of water 

bodies with macrophytes and nesting pairs of birds. The average error of the results obtained, which characterizes the adequacy 

of the regression model, is 22.7%. Based on this, it can be argued that the nesting of some species of water-marsh birds depends 

on the degree of overgrowth of reservoirs with higher aquatic plants. Thus, the most optimal conditions for the existence and 

reproduction of waterfowl and water-marsh birds were formed when water bodies were overgrown by 33% and 50%. The high 

diversity of these reservoirs is confirmed by the Shannon index, which is 2.04 and 2.4, respectively (Fig. 7). The species diversity 

of birds probably depends on the diversity of the habitat, since with a large and small percentage of overgrowth of water bodies 

(by 5% and 90%, respectively), in both cases, it was 1.58. 

 

 

Fig. 7. Shannon Index of nesting bird species depending on the area overgrown with macrophytes 

 

Our studies were based on reservoirs with the most optimal environmental conditions, which are rarely preserved in cities due 

to anthropogenic pressure. At the same time, we will give an example of various interconnections in urban water bodies. When 

creating a city beach, considerable destruction of macrophyte groups, particularly common reeds, occurs, leading to a decrease 

in the number of fish spawning grounds and bird nesting grounds. If in 2015-2018 there were 12-16 nests of soaring coots on 

the reservoir and 10-15 nests of warblers sp., Then after the transformation of the environment with the arrangement of the 

recreational zone in 2019, this number decreased to 3 and 2 pairs, respectively (Kovalenko & Prychepa, 2021). This once again 

confirms the leading role of higher aquatic plants in the preservation of biodiversity. Сertain species of living things can adapt 

to toxicants and noise pollution, but only in the presence of habitat diversity. 

In the future, the results can be used when planning technical work on sites near park reservoirs within the city, which is 

necessary to preserve the normal functioning of freshwater ecosystems with sustainable conservation of biodiversity and a 

high level of ecological well-being in cities (Thomaz & da Cunha, 2020). It is necessary to periodically regulate the groupings of 

higher aquatic plants (Sebastián-González et al., 2010). The reservoirs with the highest diversity had the most extended trophic 

connections with high nutrition and productivity of macrophytes (Declerck et al., 2011). Thus, the results obtained make it 

possible to predict potential changes in the structure of bird communities, depending on the development of succession. 

According to the research results, four everytope bird species can be distinguished, which do not require special conditions and 

reproduce successfully regardless of the reservoir's overgrowth. At the same time, such species as Coot, Mallard Anas 

platyrhynchos (L), Common Moorhen, and Little Bittern. 

At the same time, such species as Pochard, Marsh Harrier, Garganey Anas querquedula (L), Little Grebs Podiceps ruficollis (Pallas), 

Black-necked Grebe, Little Grebe, Black-necked Grebe, Yellow-legged Gull Larus cachinnans (Pallas), Eurasian bittern, Whiskered 

Tern, Black Tern - require specific conditions, because an insufficient number of higher aquatic plants affects the fluctuations 

in nesting birds number. Therefore, they can be the indicators of this ecosystem. 

Conclusions 
The research results showed a close relationship between the percentage of the area overgrown with higher aquatic plants and 

the nesting of waterbirds. We found that the highest number of bird species (156 pairs) nest in reservoirs overgrown with higher 
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aquatic plants by 50%. When water bodies are overgrown with macrophytes by 33%, some species spread, and other species 

decrease. 

When water bodies are overgrown with macrophytes by 23%, there is a smaller number of species and nesting pairs of birds 

than water bodies overgrown by 33 and 50%. Fragmentation of biotopes with overgrowth of water bodies by 5% does not 

provide optimal conditions for the existence and reproduction of waterbirds. The overgrowth of the reservoir by 90% 

significantly changes the bird community structure because some bird species disappear under such conditions. 

The experience gained in the passage of natural processes in the most optimal conditions can be transferred to the water 

bodies of the city, which need to optimize the ecological balance due to irrational nature management. 
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