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The emergence of Cygnus olor in the north-eastern part of the Gulf of Finland led to the formation of a 
new population, exhibiting an increase in breeding pairs in recent decades. In this study, we assess the 
influence of environmental factors on Cygnus olor nesting site selection in a rocky skerry landscape. The 
data were analysed using generalised linear mixed models (GLMMs). The study involved a comprehen-
sive analysis of the spatial characteristics of nesting sites, encompassing both island parameters (area, 
perimeter, shape) and the surrounding aquatic environment. To examine the influence of spatial scale, 
buffer zones with radii of 0.5, 1, and 3 km were considered around each island. Within these zones, we 
assessed parameters such as shallow water area, average depth, reed coverage. In addition, distances to 
the mainland and to the nearest wooded island, as well as a temporal factor (year) accounting for poten-
tial inter-annual variations in conditions, were included. Our analysis revealed that nesting probability 
was positively correlated with a shallow water area within a 3 km radius of the island and negatively 
correlated with the average depth within the same radius. Furthermore, distance to the mainland was 
found to be a significant negative predictor, suggesting that swans preferred islands situated closer to 
the mainland shoreline. Conversely, island characteristics (area, perimeter, shape), surrounding aquatic 
environment within 0.5 km and 1 km radii, reed coverage, distance to the nearest wooded island, and the 
temporal factor were not statistically significant predictors. Thus, the prevalence of shallow areas located 
close to the mainland was a key factor determining a habitat suitability for this species in the region. The 
proximity to the mainland appeared to influence only indirectly the nest site selection, as it was closely 
associated with the presence of richer foraging grounds. These results highlight the importance of forag-
ing resource availability at the northern edge of the species' range. The statistically insignificant effect 
of distance to forested islands suggests that predation pressure may be relatively low. The successful es-
tablishment of Cygnus olor along the northern coasts is probably due to the climate warming, the species' 
increasing population size in Europe and the overcrowding of traditional nesting sites in the southern 
and western Gulf of Finland. To gain a more complete understanding of the species' adaptation processes 
when colonising new territories, further research is essential, including long-term population monitoring 
and an analysis of reproductive success.
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Introduction
Climate change and mitigation of wintering 

conditions in recent decades have contributed to 
population growth and range expansion of many 
waterbird species (Devictor et al., 2008; Gill-
ings et al., 2015; Hu et al., 2020; Szewczuk & 
Kasprzykowski, 2024). Analysing patterns of 
habitat selection plays an important role in un-
derstanding these global processes and also has 
practical implications for developing effective 
biodiversity conservation measures (Gayet et al., 
2011a,b). In this context, Cygnus olor Gmelin, 
1789 (hereinafter – Mute swan) is a good model 
species. Its population showed a rapid growth in 
the XX century, accompanied by a gradual shift 
of the range boundary in Europe to the north 

and northeast (Kouzov et al., 2024a). In North 
America the Mute swan is considered an invasive 
species (Perry, 2004), and in Europe its rapid in-
crease in numbers is of concern due to potential 
damage to macrophyte communities (O’Hare et 
al., 2007; Gayet et al., 2011c) and cereal crops 
(Kirby et al., 1994).

The Mute swan entered the Russian part of 
the Gulf of Finland due to a significant pool of 
birds formed during the second wave of expan-
sion of this species in the Baltic region. This 
process began shortly after the intensification of 
population growth in the Moonsund Archipelago 
(Mägi, 2007) and has apparently not yet com-
pleted. In the early 2000s, the number of breed-
ing Mute swans in the Russian part of the Gulf of 
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Finland reached 85–90 pairs (Kouzov, 2016), and 
currently there are breeding over 200 pairs here 
(Kravchuk et al., 2025). Such high rates of dis-
persal are attributed to the growth of the species 
population in Western and Central Europe, as 
well as in the Baltic States and Finland (Wieloch, 
1991; Kouzov, 2016).

The distribution of the Mute swan in the 
study region was possibly due to the high behav-
ioural plasticity, which allows it to successfully 
master the coastal island landscape. Mute swans 
in the Russian part of the Gulf of Finland nest 
predominantly on islands, in open low grass hab-
itats, often forming dense settlements, located 
in the neighbourhood of seabird colonies (Krav-
chuk et al., 2025). Despite their high adaptability, 
swans are thought to show some habitat selection 
preferences even within homogeneous environ-
ments (Gayet et al., 2011a,b). Most studies on 
the Mute swan habitat selection have focused on 
fishponds and other inland water bodies (Tuite et 
al., 1984; Bell et al., 1997; Gayet et al., 2011a,b, 
2013; Wood et al., 2013), while coastal marine 
and island habitats remain, in our opinion, insuf-
ficiently studied. In addition, the territorial cov-
erage of studies is uneven: most of them were 
conducted in Western Europe, and we found no 
studies analysing habitat selection by the Mute 
swan in the northeastern part of the range of Eu-
ropean populations. In this region, there are some 
publications describing nesting habitats of the 
species in the seascape, but unfortunately they do 
not contain modern statistical analysis (Tenovuo, 
1975; Hästbacka & Ulfvens, 1987; Mägi et al., 
1992; Ulfvens, 1993).

Several studies have shown that factors such 
as food availability, protective vegetation, preda-
tor presence and competition with conspecif-
ics influence habitat selection by Anseriformes 
(Rodway, 1998; Clark & Shutler, 1999; Gayet et 
al., 2011a,b). In this paper, we aimed to investi-
gate how these factors manifest themselves in the 
Mute swan habitat selection under the specific 
conditions of the northeastern Gulf of Finland. 
This region is characterised by a skerry landscape 
with numerous small islands, forming a complex 
and dynamic environment. Based on preliminary 
data (Kravchuk et al., 2025), we hypothesise that 
the selection of nesting habitats in this region is 
determined by a combination of island charac-
teristics and the adjacent water area. We expect 
swans to prefer larger islands (> 0.05 km2) that 
are resistant to flooding and complex shaped is-

lands that provide sheltered coves with macro-
phytes. The characteristics of the surrounding 
water area, such as average depth and shallow 
water area, which determine food availability, 
may also be important. Finally, we hypothesise 
that island isolation, which reduces the risk of 
terrestrial predators, will also positively influ-
ence nest site selection. Thus, in this study we 
test whether the presence of the Mute swan nests 
depends on (1) individual island characteristics 
(size, shape complexity, proximity to the main-
land and forested islands) and (2) properties 
of the surrounding aquatic environment (mean 
depth, area of shallow water and reed beds) at 
different spatial scales, namely 0.5, 1 and 3 km 
radii around the island.

Material and Methods
Study area
The study area covers the northern archipela-

gos of the Russian part of the Gulf of Finland 
(Fig. 1). This vast marine area of about 480 km2 
(60.4959°  N, 28.1020°  E) includes more than 
160 small islands with an average area of 0.067 
± 0.017 km2 (SE). It is important to note that 98 
islands (from Pavel Messer Island to Talskeri 
Archipelago) are protected as part of «Vostok 
Finskogo zaliva» State Nature Reserve and an-
other 18 islands are part of the Kiwipark Sanctu-
ary. The landscape is represented by rocky sker-
ries with a sharp drop in depths (Malakhovsky 
& Markov, 1969). Typical habitats for the Mute 
swan here are numerous small ludas and islets, 
which are smooth granite cliffs with very limited 
vegetation developing only in depressions and 
cracks. Littoral communities are mostly poorly 
developed. Thickets of Phragmites australis 
(Cav.) Trin. ex Steud. occur mainly in sheltered 
bays (e.g. Kirovskaya Bay) or between adjacent 
islands. Large islands are partially or completely 
covered with sparse green-moss and white-moss 
pine forests (Iovchenko et al., 2017).

Waterbird populations are extremely diverse: 
Mute swans often share nesting islands with Soma-
teria mollissima Linnaeus, 1758, Branta leucop-
sis Bechstein, 1803, Anser anser Linnaeus, 1758, 
Anas platyrhynchos Linnaeus, 1758, A. strepera 
Linnaeus, 1758, Aythya fuligula Linnaeus, 1758, 
Mergus merganser Linnaeus, 1758, and M. ser-
rator Linnaeus, 1758. Melanitta fusca Linnaeus, 
1758 is occasionally found nesting in the study 
area. Common breeding birds include colonies of 
Larus argentatus Pontoppidan, 1763, with infre-
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Fig. 1. Geographical location of the study area in the north of the Russian part of the Gulf of Finland. The figure illustrates the 
main archipelagos and the largest islands, namely the Dolgy Reef, Dolgy Kamen, Talskeri, Bolshoi Fiskar archipelagos, and 
the islands of Maly Fiskar and Igrivy.

quent nests of Larus marinus Linnaeus, 1758, and 
Larus fuscus Linnaeus, 1758, as well as colonies 
of Larus canus Linnaeus, 1758, Larus ridibundus 
Linnaeus, 1766, Sterna paradisaea Pontoppidan, 
1763, and Sterna hirundo Linnaeus, 1758. Ter-
ritorial pairs of Cygnus cygnus Linnaeus, 1758 
(hereinafter – Whooper swan), are occasionally 
recorded, and a nest of this species has also been 
found on a small island, where a pair has been 
consistently raising young for five consecutive 
years (since 2020; Kouzov et al., 2024b). Large 
colonies of Phalacrocorax carbo Linnaeus, 1758, 
ranging from 600 to 1200 pairs in different years, 
are located on the Bolshoy Fiskar archipelago, and 
Alca torda Linnaeus, 1758, and Cepphus grille 
Linnaeus, 1758 also nest there. Hydroprogne cas-
pia Pallas, 1770 is rarely encountered. Among 
waders, Haematopus ostralegus Linnaeus, 1758, 
and Tringa totanus Linnaeus, 1758 are the most 
frequent breeders in the study area, while Actitis 
hypoleucos Linnaeus, 1758, Tringa glareola Lin-
naeus, 1758, Charadrius dubius Scopoli, 1786, 
and Charadrius hiaticula Linnaeus, 1758 are less 
common breeders.

The first information about the Mute swan 
nesting in the study area was obtained in 1994–

1995 as a result of expeditions by the Biologi-
cal Research Institute of St. Petersburg Univer-
sity (Iovchenko et al., 2017). During this period, 
nests were found on Maly Berezovy Island, Bol-
shoy Fiskar archipelago, Dolgy Reef Island, and 
Orliny Island. According to Kouzov (2016), no 
more than 8–9 pairs were breeding in the north-
ern skerries by 2015. Since then, the Mute swan 
has gradually increased its numbers in the area, 
and nesting pairs can now be found almost every-
where. During a 2024 expedition, we discovered 
21 nests, which corresponds to approximately 
one nest per two islands surveyed, although the 
survey did not cover all islands potentially suit-
able for the species to breed. Based on these data, 
we estimate the current breeding population in 
the northern Russian part of the Gulf of Finland 
to be 25–30 pairs. It is important to note that, un-
like the southern and central parts of the Gulf of 
Finland, where the species exhibits a tendency 
towards colonial nesting (Kravchuk et al., 2025), 
a territorial breeding strategy predominates in 
the northern part. Rare exceptions include the 
findings of two nests approximately 50 m apart 
on Ryabinovy Reef Island in 2019 and 2020, as 
well as four nests on Dolgy Reef Island in 2017.
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The start of the breeding season in the northern 
Russian part of the Gulf of Finland is determined 
by the timing of ice melt, which occurs significantly 
later here than in the southern (Kurgalsky Peninsula) 
and central (Seskar archipelago) areas. According to 
the Swedish Meteorological and Hydrological In-
stitute (SMHI; https://www.smhi.se/), in 2024 the 
waters around the Kurgalsky Peninsula were par-
tially ice-free as early as the end of February, the 
central Seskar and Moshchny archipelagos thawed 
during March, while most of the northern skerries 
did not become ice-free until the end of April. The 
date of ice clearance is defined as the moment «open 
ice» appears (ice concentration 4–6/10 according to 
SMHI data), when the area of open water and ice 
is roughly comparable, providing birds with the op-
portunity for adequate foraging.

Bird surveys
The present study utilises data collected dur-

ing expeditions to islands in the eastern Gulf of 
Finland between 2019 and 2024. The sampling 
included 49 islands (mean area 0.018  ±  0.003 
km2, median: 0.010 km2) located in the areas of 
the Dolgy Reef, Dolgy Kamen, and Talskeri ar-
chipelagos, Portovaya and Chistopolskaya bays, 
and the southwestern part of Vyborg Bay (Fig. 
1). Surveys were conducted during the follow-
ing periods: 25–28.05.2019; 30.06–07.07.2020; 
06–09.06.2021; 13–28.06.2022; 13–14.06.2023; 
05–06.06.2024, 17.06.2024, 23–28.06.2024. Of 
the islands surveyed, 42 ones are located within 
the «Vostok Finskogo zaliva» State Nature Re-
serve, and two islands are in the Kivipark Sanctu-
ary. Expeditions were conducted using a sailing-
motor yacht, and landings on the islands were 
made using an inflatable boat with an outboard 
motor. Information on island visits in different 
years is presented in Electronic Supplement 1 
(Table S1). We aimed to survey all areas poten-
tially suitable for the Mute swan nesting (tree-
less islands, as well as coastal strips of forested 
islands), however, the route could be adjusted 
based on participant time constraints, weather 
conditions, and permits for visitation. The small 
size of the islands allowed for complete surveys, 
in which observers, moving along a dense zig-
zag route, recorded the GPS-co-ordinates of all 
Mute swan clutches discovered.

Environmental variables
To assess the influence of various factors 

on the Mute swan habitat selection in the north-

ern Gulf of Finland, we analysed three aspects 
of the habitat: island morphology, island iso-
lation, and the availability of food resources. 
We considered the following characteristics 
related to island morphology, which may influ-
ence nesting site selection and breeding suc-
cess: (1) island area (Area, km2), reflecting its 
potential resilience to adverse conditions; (2) 
perimeter (Perimeter, km), characterising the 
length of the coastline and the availability of 
various microhabitats; (3) shape complexity 
(Shape  =  Perimeter  /  Area, 1/km), reflecting 
the irregularity of the coastline and the pres-
ence of sheltered bays.

Island isolation, as it relates to terrestrial 
predator risk, was assessed using two variables: 
(1) distance to the nearest forested island (Dist_f, 
km), and (2) the length of the shortest overwater 
route to the mainland through a chain of islands 
(Dist_c, km). This route length was calculated 
by summing the shortest distances between all 
islands in the chain, and the distance from the 
last island to the mainland. Dist_c was calcu-
lated using Dijkstra’s algorithm (Mehlhorn & 
Sanders, 2008) in VBA Excel (Electronic Sup-
plement 2) based on an island distance matrix 
created in ArcGIS 10.8.

The availability of food resources was as-
sessed using the following variables: (1) the 
proportion of shallow water area (depth  <  2 
m) and (2) the average depth within radius of 
500 m (Shall_0.5, Depth_0.5), 1 km (Shall_1, 
Depth_1), and 3 km (Shall_3, Depth_3) from the 
island. The different radii reflect different scales 
of territory use: 500 m is the likely foraging ra-
dius for an incubating female, and 3 km is the 
range of possible movements for a pair with off-
spring. We also considered (3) the proportion of 
the water area covered by reeds within a 3 km 
radius of the island (Reed_3). Reed beds serve 
as shelter, provide nest building material, offer 
protection from waves, and create a foundation 
for the establishment of diverse food plants in 
the extremely dynamic environment of marine 
coastal waters. Unfortunately, in the study area, 
reeds are found, with rare exceptions, only in 
mainland bays. Consequently, the values for the 
proportion of reed cover within radii of 500 and 
1000 m around the islands were, in the vast ma-
jority of cases, equal to zero. As a result, only 
the Reed_3 variable was used for the analysis, 
as it was the only one for which we were able to 
obtain a sufficient amount of data.
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All variables were calculated using ArcGIS 
10.8 software and vector maps created from the 
World Imagery satellite images and digitised 
maps from the General Staff of the USSR (scales 
1:1000 and 1:50000, source: https://satmaps.
info). When digitising reed beds, satellite imag-
ery and field observation data were used. Shal-
low water areas for the Shall_0.5, Shall_1, and 
Shall_3 variables were determined using the 2 
m isobath on the General Staff maps. The aver-
age depth was calculated as a weighted average, 
where the areas bounded by adjacent isobaths 
were used as weights. The influence of anthropo-
genic disturbance was not analysed in this study 
due to the fact that the study area is part of a bor-
der zone and the «Vostok Finskogo zaliva» State 
Nature Reserve, therefore access to it is strictly 
controlled by permits.

Statistical analysis
Six years of observations yielded a sample of 

49 islands. For each island, the presence or ab-
sence of the Mute swan nests was recorded as a bi-
nary variable (Pr): 0 for no nests, and 1 for at least 
one nest found. Observations of pairs or broods 
without a discovered nest were not considered, as 
they did not allow us to definitively determine the 
nesting location. Due to the presence of Whooper 
swans breeding in the study area (Kouzov et al., 
2024b), the species identity of nests was deter-
mined based on the colour of eggs or shell frag-
ments after hatching or nest predation.

To analyse the influence of habitat vari-
ables on the probability of the Mute swan nest-
ing, binomial generalised linear mixed models 
(GLMMs; lme4 package; Bates et al., 2015) with 
a logit link were used. The variables reflecting 
isolation (Dist_c, Dist_f), island morphology 
(Area, Perimeter, Shape), food resource avail-
ability (Shall_0.5, Shall_1, Shall_3, Depth_0.5, 
Depth_1, Depth_3, Reed_3), and the survey year 
(Year) were considered as fixed predictors. Mod-
els were built separately for each of the habi-
tat factors listed above, with Year included as 
a covariate. An island identifier was included 
in all models as a random effect to account for 
potential dependence of data collected on the 
same islands in different years. To assess multi-
collinearity between predictors, VIF values were 
calculated, which did not exceed 2. A base-10 
logarithmic transformation was applied to the 
Dist_c and Dist_f variables to approximate a 
normal distribution. 

The best model was selected based on the 
Akaike Information Criterion corrected for small 
sample size (AICc) using the dredge function 
from the MuMIn package (Bartoń, 2016) in R 
(R Core Team, 2024). To address model con-
vergence issues when running the dredge func-
tion, explanatory variables were scaled using the 
«scale» function, and the BOBYQA optimisation 
algorithm was used (Powell, 2009). The param-
eters of the best models were calculated using 
a standard optimisation algorithm. Models with 
ΔAICc  <  2 were considered statistically indis-
tinguishable (Burnham & Anderson, 2002), and 
in this case, in accordance with the principle of 
parsimony, preference was given to a simpler 
model with fewer parameters (Lebreton et al., 
1992). The statistical significance level was set at 
P ≤ 0.05. To assess the adequacy of the best mod-
els, residual analysis was performed to check for 
normality, homogeneity of variance, and absence 
of patterns using the DHARMa package (Hartig, 
2022). To test for spatial autocorrelation in model 
residuals, the testSpatialAutocorrelation function 
from the DHARMa package was used. Since this 
function requires aggregated data, the annual 
survey data for each island were averaged by cal-
culating the median value of the Pr variable. The 
test results did not reveal significant spatial auto-
correlation. Principal component analysis (PCA) 
was additionally performed using the «vegan» 
package (Oksanen et al., 2022) to visualise the 
relationships between environmental variables 
and to identify differences between islands used 
and not used by Mute swans for nesting.

Results
A survey of 49 islands in the northern part 

of the Russian Gulf of Finland (Fig. 1) revealed 
that Mute swans nested on 32 islands (see Table 
S1). A total of 92 nests were found over the six 
years. Most of these (75) were located within 
the «Vostok Finskogo zaliva» State Nature Re-
serve, six in the Kivipark Sanctuary, and 11 out-
side  Protected Areas. Nesting was typically ter-
ritorial, with individual pairs occupying separate 
islands. Only rarely we observed multiple pairs 
nesting on a single island: two nests were found 
on Ryabinovy Reef Island in 2019–2020, and an-
other two on Dolgy Reef Island in 2019.

To identify the factors determining island se-
lection, principal component analysis (PCA) was 
performed, and the results are presented in Fig. 
2. The PCA results indicate that Mute swan nest-
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ing is associated with certain habitat characteris-
tics. The first principal component (PC1, 44.7% 
variance) distinguishes islands into two groups: 
islands whose adjacent waters are characterised 
by a high proportion of shallow areas (Shall_0.5, 
Shall_1, Shall_3) and reed beds (Reed_3), and 
islands with a prevalence of deep-water areas 
(Depth_0.5, Depth_1, Depth_3) and greater iso-
lation (Dist_c, Dist_f). Mute swan nests are typi-
cally found on islands belonging to the first group: 
the blue dots are predominantly concentrated on 
the right side of the graph. The second princi-
pal component (PC2, 19.1% variance explained) 
mainly reflects the morphological characteristics 
of the islands (Area, Perimeter, Shape), and to a 
lesser extent, their isolation (Dist_c). This com-
ponent implies that, beyond hydrological factors, 
island shape and size might play a role in where 
birds choose to nest. The temporal dynamic asso-
ciated with the Year variable has minimal effect.

A generalised linear mixed model (GLMM) 
analysis was performed to more robustly iden-
tify the factors affecting Mute swan nesting site 
selection. The results are presented in Table 1, 
Table S2, and Fig. 3. The best-fitting models, 
as determined by the AICc criterion, included 
the following variables: shallow water propor-
tion (Shall_3), average depth (Depth_3), and 
the proportion of reed cover (Reed_3) within a 
3 km radius of the island, along with distance to 
the mainland (Dist_c) and distance to the clos-
est forested island (Dist_f) (Table 1, Table S2). 
DHARMa residual analysis for these models 
revealed a good fit of the residuals to a normal 
distribution, as well as the absence of significant 
deviations in dispersion and outliers. Despite the 
detection of minor quantile deviations for mod-
els including Depth_3 and Dist_c, the residual 
analysis generally confirmed the adequacy of the 
selected models.

Fig. 2. Principal component space (PC1 and PC2) reflecting the structure of relationships between habitat variables and the 
distribution of Mute swan nests. Ellipses show 95% confidence intervals for the centroids of island groups with the presence 
and absence of nests. Designations: Area – island area; Perimeter – island perimeter; Shape – island shape (Shape = Perime-
ter / Area); Dist_f – distance to the nearest forested island; Dist_c – the length of the shortest overwater route to the main-
land through a chain of islands; Shall_0.5, Shall_1, Shall_3 – the proportion of shallow water area (depth < 2 m) within a 
radius of 500 m, 1 km and 3 km from the island's coastline, respectively; Depth_0.5, Depth_1, Depth_3 – the average depth 
within a radius of 500 m, 1 km and 3 km from the island’s coastline, respectively; Reed_3 – the proportion of the water area 
covered by reeds within a 3 km radius of the island; Year – the survey year.
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Table 1. Estimated coefficients for the best models (excluding null models) explaining the Mute swan nesting site selection
Fixed effects Estimate SE z-value p-value
Pr ~ sShall_3
Intercept -0.604 0.351 -1.720 0.085
sShall_3 0.733 0.350 2.098 0.036*
Pr ~ sDepth_3
Intercept -0.592 0.352 -1.680 0.093
sDepth_3 -0.774 0.358 -2.161 0.031*
Pr ~ sDist_f
Intercept -0.612 0.355 -1.722 0.085
sDist_f -0.514 0.346 -1.488 0.137
Pr ~ sDist_c
Intercept -0.576 0.352 -1.635 0.102
sDist_c -0.786 0.364 -2.160 0.031*
Pr ~ sReed_3
Intercept -0.631 0.355 -1.780 0.075
sReed_3 0.491 0.341 1.440 0.150
Note: Variables with the prefix «s» are centered and scaled. Dist_f and Dist_c are log-transformed (base 10). * – p < 0.05. Designations of variables: Pr – 
presence or absence of the Mute swan nests on the island; Area – island area; Perimeter – island perimeter; Shape – island shape (Shape = Perimeter / Area); 
Dist_f – distance to the nearest forested island; Dist_c – the length of the shortest overwater route to the mainland through a chain of islands; Shall_0.5, 
Shall_1, Shall_3 – the proportion of shallow water area (depth < 2 m) within a radius of 500 m, 1 km and 3 km from the island's coastline, respectively; 
Depth_0.5, Depth_1, Depth_3 – the average depth within a radius of 500 m, 1 km and 3 km from the island’s coastline, respectively; Reed_3 – the proportion 
of the water area covered by reeds within a 3 km radius of the island; Year – the survey year.

Fig. 3. Relationship between the probability of Mute swan nesting in different years and (a) the proportion of shallow water 
(depth less than 2 m) within 3 km of the island or (b) distance to the mainland. «*» – Distance to the mainland through a chain 
of islands by a shortest route (log10 transformed).

Parameters related to island configuration 
(Area, Perimeter, Shape), features of the nearby 
aquatic environment within 0.5 km and 1 km 
radii (Shall_0.5, Shall_1, Depth_0.5, Depth_1), 
distance to the nearest wooded island (Dist_f), 
the proportion of reed coverage (Reed_3), and 
the year (Year) did not have a statistically sig-
nificant effect. The modelling results showed 
that distance to the mainland (Dist_c) is a sig-
nificant negative predictor of Mute swan nesting 

(z = -2.160, p = 0.031), indicating that swans pre-
fer islands located closer to the mainland. For the 
largest radius (3 km), a significant positive rela-
tionship was found between shallow water area 
(sShall_3) and nesting probability (z = 2.098, p = 
0.036), as well as a negative relationship between 
average depth (Depth_3) and nesting probabil-
ity (z = -2.161, p = 0.031), confirming the birds’ 
preference for shallower areas. However, unlike 
at the 3 km scale, average depths and shallow 
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water areas at the 0.5  km and 1  km scales did 
not have a significant effect on nest site selection. 
Perhaps, on these scales, the variation in data is 
insufficient to detect pronounced patterns. 

A non-parametric Mann-Whitney U test 
was used as an alternative approach to compare 
habitat characteristics on islands where Mute 
swans nested versus islands where they did not. 

The results (Fig. 4) were generally concordant 
with the conclusions derived from the GLMM 
analysis, with the exception of variables Dist_f 
and Reed_3, for which statistically significant 
differences were observed. However, due to its 
greater flexibility and accounting for random 
effects, the results of the GLMM are considered 
more reliable.

Fig. 4. Ranges of environmental factors for islands with and without Mute swan nesting. The horizontal black line represents 
the median, the whiskers represent the range of values, and the values from the first to the third quartile are within the box. 
The Mann-Whitney U test statistic (W) and its significance level p are also provided. «*» – log10 transformed distance to 
the nearest forested island. «**» – log10 transformed distance to the mainland through a chain of islands by a shortest route.
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Discussion
Driven by its range expansion northward in Eu-

rope in recent decades (Gayet et al., 2011a; Kou-
zov et al., 2024a), the Mute swan has colonised the 
northernmost region of the Russian part of the Gulf 
of Finland. This rapid change occurred before our 
eyes: from only a few nesting pairs recorded in the 
1990s (Iovchenko et al., 2017), the Mute swan be-
came a common nesting species by 2024, occupying 
nearly every other suitable island. Despite the chal-
lenging phenological and landscape conditions – 
late spring ice melt and a steep bathymetric gradient 
that limits foraging – the population is slowly but 
steadily increasing. It appears that habitat saturation 
in the much more favourable central and southern 
regions of the Gulf of Finland (Kravchuk et al., 
2025) is forcing an increasing number of pairs into 
less suitable northern areas.

The Mute swan breeding population in the study 
area is mainly concentrated in the northern cluster of 
the «Vostok Finskogo zaliva» State Nature Reserve, 
which has the greatest density of islands. In this area, 
Mute swans primarily exhibit territorial nesting, a 
stark contrast to the dense colonial nesting found in 
the shallow central and southern regions of the gulf 
(Seskar Archipelago, Moshchny Island, and the is-
lands of the Kurgalsky Peninsula; see Kravchuk et 
al., 2025). In the deep-water skerries landscape of 
the northern archipelagos, strict territoriality may be 
driven by a shortage of foraging areas, as territory 
size defended by males can depend on the quality 
of available resources (Calsbeek & Sinervo, 2002).

Water depth is a key factor determining habi-
tat suitability for waterbirds (Polak et al., 2008; 
Athamnia et al., 2015; Zaremba et al., 2020; Sze-
wczuk & Kasprzykowski, 2024). On the one hand, 
a greater depth can provide protection from preda-
tors (Purger & Mészáros, 2006; Zaremba et al., 
2020), which is especially important for island 
nesting sites. However, sun-warmed shallows cre-
ate a productive environment for macrophytes, a 
vital component in the Mute swan diet (Johnsgard, 
1978; del Hoyo et al., 1992). Consequently, the ef-
fect of water depth on habitat choice by herbivo-
rous birds can be complex, with optimal conditions 
probably reflecting a trade-off between predator 
avoidance and foraging opportunities.

The modelling indicated that Mute swans fa-
vour island areas characterised by shallower depths 
and proximity to the mainland. Remote, deep-water 
areas (e.g. the Bolshoy Fiscar Archipelago) were 
less inhabited. However, habitat selection was in-
dependent of island area, perimeter, or shape com-

plexity. The lack of correlation with reedbed cover 
within 3 km is likely due to the substantial distance 
between nesting islands and reedbeds, a defining 
characteristic of this area where reeds are virtually 
absent within 0.5–1 km of islands. 

The Mute swan's preference for shallower areas 
is consistent with established views on the impor-
tance of accessible food resources for this species 
(Bacon & Coleman, 1986; Wood et al., 2013). How-
ever, the apparent preference for islands located 
close to the mainland requires a more cautious in-
terpretation. This effect is likely due to the strong 
negative correlation (r = -0.77, p < 0.001) between 
the distance to the mainland and the area of shallow 
water within a 3 km radius of the island. In other 
words, proximity to the mainland itself is likely not 
the determining factor, but is rather associated with 
the presence of suitable feeding grounds. 

In contrast to studies in France (Gayet et al., 
2011a), which found no habitat selectivity in Mute 
swans, our data indicate clear habitat preferences 
in this species. This discrepancy may be due to the 
location of our study area at the northern edge of 
the species’ range, where food scarcity and climate 
may increase competition, a skerries-dominated 
rocky landscape limits the selection of suitable is-
lands, and a late ice break-up may negatively affect 
breeding success (Kouzov et al., 2024c). There-
fore, the characteristics of the northern range limit 
likely amplify the influence of habitat factors on 
nesting site selection.

Historically, the Mute swan, unlike the Whooper 
swan, nested in the water bodies of steppes, deserts, 
and semi-deserts (Krivenko, 1991), which largely 
explains its preference for open, treeless landscapes. 
This pattern is confirmed by our observations in the 
southern and central parts of the Gulf of Finland, 
where wooded islands are almost never used by 
this species for breeding. However, the situation is 
somewhat different in the north, where a consider-
able number of exceptions to this rule are known. 
Specifically, we found nests on forested islands such 
as Tuman, Degtyarny, and Napevny (Fig. 5a), on the 
cape of Talskeri Island, and on a nameless forested 
island west of Haspari Island. Furthermore, we re-
peatedly found nests in small, sparse groups of pine 
trees on islands lacking extensive forest cover (Fig. 
5b). It is also worth noting the highly unusual nest in 
a �������������������������������������������������crevice in an������������������������������������ �����������������������������������ice-smoothed rock������������������ on a nameless is-
land in the Dolgy Kamen archipelago in 2024 (Fig. 
5c). These exceptions to the rule may indicate the 
species’ adaptability to new conditions or a lack of 
alternative habitats. 
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The modelling results showed that the 
proximity of forested islands did not have a 
significant effect on nesting site selection. 
Based on this, we can assume that the poten-
tial danger from terrestrial predators, which 
are largely associated with forested areas, is 
not a significant factor for Mute swans, and 
they do not perceive the forest as an indicator 
of increased threat. Apparently, the large body 
size allows the Mute swan to successfully de-
fend its clutch from Vulpes vulpes (Linnaeus, 
1758) or Nyctereutes procyonoides (Gray, 
1834), so other factors (such as food availabil-
ity) become a priority at the northern edge of 
its range.

The Mute swan population in the northern 
part of the Gulf of Finland is probably still de-

veloping and has not yet reached its equilib-
rium. This may mean that not all suitable breed-
ing islands are occupied, and therefore, our 
estimates of habitat selectivity may be under-
estimated (Guisan & Thuiller, 2005). To over-
come this limitation, further research is needed 
focusing on the breeding success of the swans. 
Analysing the characteristics of successful and 
unsuccessful nesting sites will allow for a more 
accurate assessment of the factors determining 
habitat selection in this region.

Conclusions
According to the results of our study, the 

Mute swan in northern latitudes prefers to nest 
in shallower island areas located close to the 
mainland. This is probably linked to the con-
straints on feed resources imposed by the land-
scape and climate. That being said, proximity 
to the mainland does not seem to be a deciding 
factor in itself, but rather indicates the avail-
ability of suitable feeding areas. The lack of 
adequate foraging habitat in the deep, rocky 
environment forces a strictly territorial nesting 
strategy, unlike the colonial nesting common in 
the southern Russian Gulf of Finland. Although 
the species generally prefers open landscapes, 
we observed its nesting at forest edges and in 
scattered groups of trees, suggesting either 
adaptability or a limited choice of habitats. 
Proximity to forested islands had no significant 
effect on nesting site selection, implying a lim-
ited impact from predation.

Overall, the study confirms the successful 
colonisation of the northern coasts of the Gulf 
of Finland by the Mute swan, despite challeng-
ing phenological and landscape conditions. The 
formation of a breeding population here is likely 
driven by climate warming, expanding European 
populations, and overcrowding in more southern 
regions. Continued population monitoring, along 
with studies of adaptive strategies and breeding 
success, will provide more insights into the spe-
cies’ colonisation of new areas and its acclimati-
sation at the northern edge of its range.
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Fig. 5. Atypical nesting habitats for the Mute swans in the 
northern part of the Gulf of Finland. Designations: A – De-
gtyarny Island, 04.07.2020; B – nameless islet southwest of 
Haspari Island, 08.06.2021; C – nameless island west of Ma-
laya Otmel Island, 06.06.2024.
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ВЫБОР МЕСТООБИТАНИЙ CYGNUS OLOR
В МОРСКОМ ЛАНДШАФТЕ: ВЛИЯНИЕ ИЗОЛЯЦИИ ОСТРОВОВ

И ДОСТУПНОСТИ КОРМОВЫХ РЕСУРСОВ

А. В. Кравчук* , С. А. Коузов , Е. В. Абакумов

Санкт-Петербургский государственный университет, Россия
*e-mail: a.kravchuk@spbu.ru

Вселение Cygnus olor в северо-восточную часть Финского залива привело к формированию но-
вой популяции, демонстрирующей рост численности гнездящихся пар в последние десятилетия. 
В этой работе мы оцениваем влияние экологических факторов на выбор мест гнездования этим 
видом птиц в скальном шхерном ландшафте. Статистический анализ данных проводился с исполь-
зованием обобщенных линейных смешанных моделей (������������������������������������GLMM��������������������������������). В рамках исследования мы про-
анализировали пространственные характеристики мест гнездования, включающие как параметры 
самих островов (площадь, периметр, форма), так и прилегающей водной среды. Для оценки влия-
ния пространственного масштаба на выбор гнездовий были рассмотрены буферные зоны радиуса-
ми 0.5 км, 1 км и 3 км вокруг каждого острова, в пределах которых оценивались такие параметры, 
как площадь мелководий, средняя глубина и доля тростникового покрытия. Кроме того, в модель 
были включены расстояния до материка и до ближайшего лесного острова, а также фактор време-
ни (год), учитывающий возможные межгодовые изменения условий. Анализ показал, что вероят-
ность гнездования положительно коррелирует с площадью мелководий в радиусе 3 км от острова 
и отрицательно – со средней глубиной в этом же радиусе. Расстояние до материка также являлось 
значимым отрицательным предиктором, свидетельствуя о предпочтении Cygnus olor островов, 
расположенных ближе к материковому побережью. В то же время, характеристики островов (пло-
щадь, периметр, форма), параметры прилегающей водной среды в радиусах 0.5 км и 1 км, доля 
тростникового покрытия, а также расстояние до ближайшего лесного острова и фактор времени 
оказались статистически незначимыми предикторами. Таким образом, преобладание мелководных 
островных зон, расположенных вблизи материка, являлось ключевым фактором, определяющим 
пригодность местообитаний для этого вида в данном регионе. Близость к материку, по-видимому, 
лишь опосредованно влияла на выбор, поскольку была тесно связана с присутствием более бо-
гатых кормовых угодий. Полученные результаты подчеркивают важность доступности кормовых 
ресурсов в условиях северной границы ареала Cygnus olor. Отсутствие значимого влияния рас-
стояния до лесных островов предполагает незначительную роль фактора хищничества. Успешное 
освоение северных побережий Cygnus olor, вероятно, связано с потеплением климата, ростом чис-
ленности популяции вида в Европе и перенаселением традиционных мест гнездования в южных 
и западных районах Финского залива. Для более полного понимания процессов адаптации вида и 
освоения новых территорий необходимы дальнейшие исследования, включающие в себя долго-
срочный мониторинг популяции и анализ успешности размножения.

Key words: выбор местообитаний, глубина воды, доступность корма, изоляция, лебедь-шипун, 
острова, мелководья, распределение гнезд, Финский залив
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