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Abstract In recent decades, the Eurasian Jay (Garrulus glandarius) has been actively colonising urban areas;
however, its adaptation to living near humans has been understudied. This study examines the nesting density,
habitat preferences and the impact of urban landscape elements on nest site selection of Eurasian Jays in Poltava,
Ukraine. The study covered over a 16.46 km? area in Poltava, comparing the coverage around Eurasian Jay
nests to that of randomly selected points. Statistical analyses, including the Kruskal-Wallis-test and Bayesian
logistic regression, suggested that tree cover slightly influences nest site selection, though no strong correlations
with other urban variables were detected. Additionally, the distance of nests to roads and buildings did not
significantly differ from random points, suggesting a tolerance of urban infrastructure. However, the overall low
density of Eurasian Jays compared to other corvids in the city highlights their relatively limited adaptation to
urban environments.
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Osszefoglalis Az elmult évtizedekben a szajkd (Garrulus glandarius) benépesitette a varosi teriileteket; az embe-
ri kdrnyezethez valo alkalmazkodéasat azonban kevéssé vizsgaltak. Ez a tanulmany a szajko fészkelési denzitasat,
Poltavaban egy 16,46 km*-es teriileten. A kutatas soran osszehasonlitottak a fészkek koriili lefedettséget a vélet-
lenszeriien kivalasztott pontokéval. A statisztikai elemzések, beleértve a Kruskal-Wallis-tesztet és a Bayes-féle
logisztikus regressziot, azt mutatték, hogy a fak boritdsa enyhén befolyasolja a fészkek helyének kivalasztasat,
mig mas valtozokkal nem mutattak erds korrelaciot. Emellett a fészkek utaktol és épiiletektdl valo tavolsaga nem
kiilonbozott szignifikansan a véletlenszertien kivalasztott pontoktol, ami arra utal, hogy a madarak toleraljak a va-
rosi infrastrukturat. Mindazonaltal a szajkok mas varjufélékhez képest alacsony denzitasa ravilagit arra, hogy a
varosi kornyezethez valo alkalmazkodasuk viszonylag korlatozott.

Kulcsszavak: madarak, szajko, varosi kornyezet, élohelyvalasztas
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Introduction

The Eurasian Jay (Garrulus glandarius) is a common sedentary and nomadic species with
an extremely large range in Europe. It usually nests in various types of forest biotopes.
The European population is estimated at 7,480,000—-14,600,000 pairs, which equates to
15,000,000-29,300,000 mature individuals. In Ukraine, there are 225,000-320,000 estimated
pairs, which accounts for about 2.2% of the European population (BirdLife International
2015). In Europe, the Eurasian Jay also usually chooses forests during the breeding season
but can settle in windbreaks and urban areas (Gianpasquale & Meriggi 2019).

Approximately since the end of the 1960s, the species began to adapt to dwelling in
anthropogenic landscapes, inhabiting green areas of settlements of various sizes and
residential quarters (Knysh et al. 2010). This was reflected in the increase in population
size and expansion of nesting sites in populated areas (Zimaroeva 2012). For example,
in the city of Melitopol, the nesting of the species was first recorded in 2008, and by
2017-2019, the total number of breeding pairs reached 60-70 (Koshelev et al. 2020).
In Lviv, during the late 1990s and early 2000s, an increase in the number of Eurasian
Jays was also observed (Bokotey 2008). The exploitation of non-typical nesting places by
Eurasian Jays was also documented. For example, in 2014 in the city of Melitopol, one
pair built a nest behind the balcony cladding, on the third floor of a five-story residential
building in the city centre (Koshelev et al. 2020). Nesting of Eurasian Jays on buildings
was also recorded in other parts of their range (Krivickij 1989, Nadtochij & Ziomenko
1989, Rezanov & Rezanov 2007). However, compared to other corvid species such as
the Hooded Crow (Corvus cornix), Rook (Corvus frugilegus), Western Jackdaw (Coloeus
monedula) and Eurasian Magpie (Pica pica), the Eurasian Jay is less synanthropic and
remains primarily a forest species, preferring woodlands (Zimaroeva 2012, Gianpasquale
& Meriggi 2019, Koshelev et al. 2020).

The biology and population aspects of common corvid species in cities that have rapidly
colonised and inhabited anthropogenic landscapes have been studied over a large area of
their range (Jerzak 2001, Vogrin 2003, Wang et al. 2008, Kovér et al. 2015, Jokimiki et
al. 2017, Benmazouz et al. 2021). However, little is known about the gradual expansion
of Eurasian Jays into cities and the processes of their urbanisation have received little
attention.

For Poltava, the Eurasian Jay was a common bird during the winter in the first half of the
20™ century. The first documented nesting of the species in the city dates back to 1954, when
a pair built a nest in a spruce tree at the Fruit and Berry Technical College. Up to 1958, only
one nesting pair was regularly observed there (Gavrilenko 1970). Currently, the Eurasian
Jay is one of the most numerous forest-nesting species in the arboretum, which is located on
the outskirts of the city (Slusar 2017). However, since the mid-20® century, no research has
been conducted on the territory of residential areas of the city, and we lack data on the level
of urban adaptation of this species.

The available literature on the distribution and abundance of the Eurasian Jay, especially
in urban areas, is rather limited. Additionally, the extent to which Eurasian Jays have settled
in cities and the preferences of their habitat choice in cities remain unclear.
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In this preliminary study, we aim to analyse how the species exploits urban landscapes,
identify their habitat preferences, and assess the influence of urban landscape elements on
nest-site selection.

Material and Methods

The research was carried out in the territory of Poltava city. A complete survey of the area
of 16.46 km?, which is 15.8% of the entire city territory, was conducted. The surveyed
territory of the city included its centre and central streets, the main green areas of the city
and a significant part of the private buildings sector. The research was conducted from
late March to mid-April in 2021 and 2022 by mapping Eurasian Jay nests, sometimes
nesting pairs. The study area was surveyed at least once during the breeding season
each year. The survey effort was evenly distributed across the area to ensure comparable
detectability; every yard and every green space was inspected. Due to the conspicuous
behaviour of Eurasian Jays during the breeding period, we estimated that the probability
of detecting an active nest or nesting pair was high, although some nests may have been
missed in densely vegetated or inaccessible areas, such as those concealed in mistletoe
clusters. Nest coordinates were recorded in the field using the open navigation system of
Google Maps.

To find out the characteristics of the distribution of the species’ nesting sites, the survey
area was divided into three categories according to different urban landscapes, types of
vegetation, and anthropogenic pressure:

(I) Areas with high-rise buildings (more than two floors) and commercial buildings
(7.71 km?, 46.84% of the study area). These areas are often close to the main streets of the
city (with continuous and regulated traffic) and have high traffic intensity. Dense low-rise
buildings, such as city markets and garage cooperatives are also included in this category.

(IT) Private sectors with one- and two-storey buildings (6.68 km?, 40.56%). This category
of sites includes suburbs, away from main roads with heavy and regulated traffic.

(IIT) Parks and green spaces (2.07 km? 12.6%), also including cemeteries and the
university botanical garden.

To estimate the area of land cover type around nests we used land cover map created
in our previous study (Dupak & Telizhenko 2023). Six habitat variables were chosen
for the analysis: (i) proportion of tree cover, (ii) proportion of grass and ground, (iii)
proportion of artificial ground covers, i.e. asphalt and tiles, (iv) proportion of high-rise
buildings, which was defined as having more than two floors, (v) proportion of low
buildings (up to 2 floors) and (vi) proportion of water surface. In this case, we relied on the
classifications proposed in the studies of Jokiméki ef al. (2017) and Sakhvon and Kovér
(2020). In addition, we categorized buildings into high-rise (multistorey, higher than two
floors) and low-rise, considering that, depending on height, they might create distinct 3D
environments for birds.

To investigate bird nesting habitat selection, we used 75-m radius plots around the nests
and control points. Such a radius was used by Jokimiki et al. (2017) for similar studies
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of nest-site selection by Eurasian Magpies. The relatively small area for the analysis of
habitat selection is explained by the fact that the foraging activity of solitary corvid birds is
concentrated, first of all, around the nest, and the staying of birds in this area is necessary for
its protection (Hogstedt 1980). Therefore, in our opinion, birds are guided by surrounding
landmarks in a relatively small range during the choice of a nest site.

Thirty random control points were generated within the tree cover layer (to account for the
fact that Eurasian Jays build nests only in trees) using the “Random Points Inside Polygons”
tool in QGIS 3.26.3. The percentage of each habitat variable was calculated and visualized
using ‘Field Calculator’ in QGIS and custom Python scripts.

We measured the distance from the Eurasian Jay nesting site to the nearest road and the
building to investigate the effects of buildings and roads on the location of nest sites. Such
measurements were also performed for randomly generated points (n = 30).

Statistical analyses

To compare breeding densities in different urban areas, the Kruskal-Wallis H-test (Kruskal
& Wallis 1952) with Dunn’s post hoc test and Bonferroni adjustment (Dunn 1961) were
used. The kernel density estimation of Eurasian Jay nesting in Poltava city was calculated
using the STATS package in R v4.4.0 (R Core Team 2023).

We then evaluated differences in habitat (land cover) variables between the nesting sites
of Eurasian Jay and random control points. To examine how close the sample data fitted a
normal distribution the Shapiro—Wilk-test (Shapiro & Wilk 1965) was performed. Since the
Shapiro—Wilk-test revealed that the data were not normally distributed, we used the Mann—
Whitney U-test for further analysis.

Additionally, we modelled the probability that a sampling point represents an Eurasian
Jay nest (versus a randomly selected control site) using Bayesian logistic regression
implemented in R via the ‘brms’ package (Biirkner 2017, Carpenter ez al. 2017). A Bayesian
approach was adopted because it often provides more reliable estimates than traditional
methods when dealing with relatively small sample sizes. We modelled whether a point is
an Eurasian Jay nest (1) or a control site (0) based on the land cover percentages (scaled
from 0 to 1). Weakly informative normal priors (mean = 0, SD = 1) were specified for both
the intercept and regression coefficients. Model estimation was performed using Markov
Chain Monte Carlo sampling with four chains, each run for 10,000 iterations, including
a 4,000-iteration burn-in. Convergence was assessed using R-hat values and effective
sample sizes (ESS), and model fit was evaluated through posterior predictive checks.

Finally, the distances from Eurasian Jay’s nests to the nearest road and building were
compared with those from randomly generated points in the tree cover to the nearest road
and building. Since the data did not follow a normal distribution, the Mann—Whitney U-test
was used to compare these distances. Additionally, rank-biserial correlation was calculated
to assess the strength of the differences between groups. The analysis and visualisations
were performed using the ‘ggstatsplot’ package (Patil 2021).
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Results

Number and density

A total of 16 Eurasian Jay pairs were registered in the study area. The largest number
of nests, 8 (50.0%) was found in parks and green spaces. In private sector plots, 7 pairs
(43.7%) were recorded, and 1 pair (6.3%) was in the first zone (plots with high-rise,
industrial, and commercial buildings).

The average nesting density of the species in the study area was 0.97 pairs/km?. The
highest density in parks and green spaces was 3.8 pairs/km?. In the private sector plots,
the density was 1.05 pairs/km? and the lowest one was for territories covered by high-rise
buildings and by industrial and commercial buildings, the estimated nesting density here
was 0.1 pair/km?.

More than half of the nests found (55.5%) were built inside the mistletoe.

Breeding density differed significantly among site categories (Kruskal-Wallis-test: H
= 24.153, p < 0.01). Post hoc pairwise comparisons using Dunn’s test with Bonferroni
adjustment showed that breeding densities in green areas were significantly higher than
in both high-density (Z = 4.91, p < 0.01) and low-density building areas (Z = 3.96, p =
0.01). No significant difference was found between high-density and low-density sites (Z
=-1.36,p =0.52).

Habitat selection

The analysis of land cover variables within a 75 m radius around nests (Figure 14) showed
that Eurasian Jays prefer habitats with a higher percentage of water (Mann—Whitney U-test:
U =515, p <0.05). Among all cover types, only water exhibited significantly higher values
around nests compared to random points. Additionally, the test suggested a tendency toward
a preference for tree cover, although this was not statistically significant.

The Bayesian analysis (Figure 1B) of Eurasian Jay nest presence suggests slightly
positive effects of tree cover on nesting probability, as indicated by posterior distribution
shifted above zero. However, credible intervals for these variables overlap zero, indicating
uncertainty in the effect sizes. Other habitat variables show high uncertainty, with their
distributions spanning both negative and positive values, suggesting that they do not strongly
influence nest selection in our dataset. The trace plots that support Bayesian analysis are in
the Supplementary Data.

Our analysis revealed no significant difference in the median distances between nests and
random points to the nearest road or building (Figure 2).
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Analysis of habitat variables. A — Differences in habitat variables between Eurasian Jay nest
sites and random points. B — Posterior distributions of regression coefficients for habitat
variables in the Bayesian model predicting Jay nest presence. The density curves represent
the posterior distributions of each coefficient, with shaded areas indicating 80% uncertainty
intervals. G - grass/ground, HB - high buildings, LB — low buildings, R — roads/pavements, T
- tree cover, W — water
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Figure 2. Comparative analysis of median distances from observed nests and randomly generated
points to the nearest road (A) and to the nearest building (B)
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Discussion

The total density of Eurasian Jays (0.97 pairs/km?) in the surveyed area was the lowest
compared to other corvid species found in this monitoring area. At the same time, the
highest number and density of nesting was recorded for Eurasian Magpies (368 nests;
the average nesting density of 22.4 pairs/km?), the next most numerous were Western
Jackdaws (147 pairs; 9.8 pairs/km?) and Hooded Crow (41 nests; 2.5 pairs/km?) (Dupak
& Telizhenko 2023, unpublished data). In the number gradation of corvids in the city of
Sumy (Ukraine) in the 2000s, the Eurasian Jay also took ranked place after the Western
Jackdaw, Rook and Eurasian Magpie (Knysh et al. 2010).

The Eurasian Jay demonstrated a strong tendency to camouflage its nests, as evidenced
by 55.5% of nests being built in mistletoe. Such a high percentage was not observed
for other corvid species in the study area; for the Hooded Crow, it was 14.6%, and for
the Eurasian Magpie, only 1.6% (unpublished data). While this nesting behaviour likely
provides effective camouflage from predators, it may also reduce nest detectability during
field surveys. Although the area was thoroughly surveyed and the observer carefully
inspected tree crowns, it is possible that some nests concealed within dense mistletoe
clusters were overlooked. This potential detection bias should be taken into account when
interpreting the results or conducting similar studies.

The Eurasian Jay is the only one of the “urban” species of Corvidae of Ukraine (Eurasian
Magpie, Western Jackdaw, Hooded Crow, Rook), whose numbers in natural biotopes
exceed its population in anthropogenic landscapes. For example, in the ravine forests of
the Sumy region in the 1960s, the recorded number of this species was 40 individuals/km?,
and in mixed and pine forests 20-26 individuals/km? (Matvienko 2009). At least as of the
2000s, this state of the number of Eurasian Jays for these territories has been preserved
(Knysh et al. 2010). The species’ density in Europe can also be quite high. For example,
a record number of Eurasian Jays was registered in July in a pine forest in the Maremma
Natural Park (Tuscany, Italy) ranged from 347 to 676 (on average 484) birds per km?
(Patterson et al. 1991). In a mixed forest in Sweden in the 1980s, for 5 years, the density
of the species fluctuated around 8—13 birds km? (average 11) (Grahn 1990).

Half of all nesting pairs of Eurasian Jays in the city of Poltava (50%) were in parks and
green squares where the density of birds was significantly higher compared to building
areas. The concentration of Eurasian Jays in parks and green areas was also observed in
other settlements. In the 1980s, during the growth of the number of Eurasian Jays in the
city of Kharkiv, most of the birds were concentrated in the central city park. Nesting of the
species was also recorded in building areas of the city, but these were rare cases, mainly
in the areas adjacent to the park (Nadtochij & Ziomenko 1989). In Zhytomyr, the Eurasian
Jay nests were most densely located in the green areas surrounding the city, with 3.5 pairs/
km?. In the city of Zhytomyr, most nests were in old blocks of high-storey buildings.
These blocks had numerous trees, and the average density of its nests here comprised 0.75
pair/km? (Zimaroeva 2012).

On the one hand, no significant difference was observed in the distances between nests and
random points when analysing their proximity to the nearest roads and buildings. According
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to our data, Eurasian Jays tolerate buildings and roads with their associated traffic. On the
other hand, nesting habitat selection analysis showed that the birds prefer habitats with a
higher percentage of water. However, due to the low number of water bodies in the city and
their rare occurrence near nests, this association cannot be considered reliable.

The Mann—Whitney U-test and Bayesian analysis of habitat variables indicate that
most habitat types do not significantly influence nest site selection in Eurasian Jays. Both
methods revealed an insignificant but clear tendency toward selecting tree-covered areas.
However, high uncertainty in the posterior distributions suggests that the effects of habitat
variables remain inconclusive, likely due to a limited sample size or overlapping habitat
preferences.

In our opinion, this suggests that the Eurasian Jay is tolerant of urban landscape
elements. However, the presence of a high number of trees remains a key factor in nest site
selection, which should be considered in the management and planning of urban forest
and park areas. Further research on synanthropization in different regions is crucial for
attracting this species to green spaces and urban outskirts. Additionally, Jays may play
an important role in the dispersal of oak trees in these areas (Kurek et al. 2018, Mitrus &
Szabo 2020). Therefore, we believe that future research should focus on the role of the
Eurasian Jay in urban ecosystems.
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