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Gottlieb and Mankin 2024). Consequently, many volant ver-
tebrates, such as birds and bats, that once undertook long-
distance seasonal migrations can now remain farther north, 
sometimes forming new sedentary populations and in other 
cases driving a northward expansion of their winter ranges. 

Introduction

One of the most conspicuous fingerprints of ongoing cli-
mate change is the progressive warming and shortening 
of winters in the Northern Hemisphere (Wang et al. 2021; 
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Abstract
Ongoing climate change is rapidly altering winter conditions across Europe. This results in northward range expansions 
and the establishment of new sedentary populations in migratory volant vertebrates. Here we report the first large winter 
aggregation of Pipistrellus pygmaeus in central Ukraine - and, to our knowledge, in the entire Eastern European Plain. 
Over the winters of 2021/22–2024/25, we recorded 11 wintering events involving more than 1200 individuals. The largest 
was a single hibernaculum in a municipal building in Cherkasy (49.43° N, 31.99° E; central Ukraine), where 231 bats 
were found alive and approximately 1000 were found dead. The bat colony was strongly female-biased and included both 
adult and this-year-born individuals; the body mass of bats in March was at its lowest seasonal point, notably lower than 
summer values. Our findings indicate not only a rapid northward shift in the species’ winter range, but also a reorganiza-
tion of spatial sexual segregation. This shift may be interpreted as a response to the shortening and warming of winters 
in the region. Our results highlight the critical importance of systematic winter monitoring of urban hibernating bats to 
understand the mechanisms and broader ecological consequences of climate-driven range dynamics in bats.
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Among birds, Eurasian blackcaps now regularly overwinter 
in Britain and Ireland rather than Africa (Van Doren et al. 
2021). European robins have shortened their median migra-
tion distance across the continent (Ambrosini et al. 2016). 
Bewick’s swans exhibit winter “short-stopping”, with their 
range shifting eastward from the United Kingdom to the 
Baltic (Nuijten et al. 2020). Among European long-distance 
migratory bats, one of the best-documented examples is 
Nyctalus noctula, which historically migrated to winter 
almost exclusively south of 45° N. However, by the late 
1990s - early 2000s, it had already become a regular hiber-
nator at latitudes up to 50° N (Strelkov 2002, Godlevska 
2015; Kravchenko et al. 2017). Current data indicate its 
winter limit is near 55° N (Shpak 2018), and modelling pre-
dicts a further northward advance (Kravchenko et al. 2025). 
Owing to its tendency to form large urban aggregations, 
N. noctula has become the numerically dominant species 
in urbanised areas of Ukraine in winter within just three 
decades (Prylutska et al. 2023; Vlaschenko et al. 2025). 
Another European long-distance migrant bat, Pipistrel-
lus nathusii, has also shifted its winter range northward by 
approximately 300  km across central and eastern Europe 
since the early 2000s (Sachanowicz et al. 2018; Vlaschenko 
et al. 2023a). Together, these cases illustrate that the win-
ter ranges of volant vertebrates can be displaced by several 
hundred kilometres within a few decades, underscoring how 
swiftly contemporary climate warming (Wang et al. 2021) is 
reshaping species distributions.

The focal species in this study is Pipistrellus pygmaeus 
(Leach, 2023), one of the smallest Europe-wide distributed 
bat species, reaching high local abundances patchily across 
the continent (Dietz et al. 2018; Vlaschenko et al. 2022; 
Jones and Froidevaux 2023; Ciechanowski et al. 2024). 
After the late-1990s, Pipistrellus pipistrellus complex was 
split into two species P. pipistrellus (Schreber, 1774) s.s. and 
P. pygmaeus (Barlow and Jones 1999). Later, expert-drawn 
range maps in field guides and atlases depicted the two taxa 
as broadly sympatric across Europe, extrapolating the West-
ern European pattern of sympatry eastward despite the near-
absence of verified records from east of the Carpathians (as 
discussed in detail by Godlevska and Gazaryan 2024). The 
recently published synthesis of a two-decade survey of P. 
pipistrellus complex distribution in Eastern Europe shows 
that in the east of the Carpathians, the complex is composed 
exclusively of P. pygmaeus, with P. pipistrellus s.s. present 
in Moldova, Crimea, and the Caucasus only (Godlevska and 
Gazaryan 2024). Unlike the largely sedentary P. pipistrellus 
s.s., P. pygmaeus is characterised as a long-distance migrant 
(Godlevska and Gazaryan 2024). Articles from the late 
1990s on P. pipistrellus s.l. (Strelkov 1999) showed a strik-
ing seasonal sex-age segregation: only adult females reached 
the northern part of the range for reproduction, arriving in 

May and departing with their volant youngs by late August, 
whereas adult males remained in the southern regions (e.g. 
Crimea and the Caucasus) (Strelkov 1999). Historical phe-
nological notes from Ukraine describe P. pipistrellus s.l. as 
one of the first bat species to leave post-breeding areas, with 
the last captures recorded in the final days of August (Mos-
kovskiy 1941, Abelentsev and Popov 1956).

During the first quarter of the twenty-first century, sum-
mer records of P. pygmaeus adult males became regular 
across eastern Europe (Godlevska and Gazaryan 2024), the 
last autumn detections shifted into mid-October (UBRC 
datasets, unpublished), and - most notably - solitary over-
wintering individuals were reported from 2021 onwards 
(Vlaschenko et al. 2023a). Hence, within roughly 30 years 
(after the last published reviews, Strelkov 1999), the spe-
cies appears to have not only shifted the northern limit of its 
winter distribution poleward but also begun a reorganisation 
of spatial sexual segregation.

Our earlier report of the first solitary winter records of P. 
pygmaeus in eastern Europe led us to hypothesise that the 
species would persist only as solitary individuals rather than 
in large hibernation groups (Vlaschenko et al. 2023a). In 
contrast to our predictions, a colony of more than a thousand 
P. pygmaeus was discovered in early March 2025 in central 
Ukraine. In this report, we (i) provide the first description 
of a numerous winter aggregation of P. pygmaeus in eastern 
Europe, (ii) summarise all additional winter records of the 
species documented in Ukraine over the last five years, and 
(iii) discuss whether the observed winter range expansion 
may be linked to the recent shortening and warming of the 
cold season in the region.

Methods

The Ukrainian Bat Rehabilitation Center (UBRC) has 
operated a network of volunteers that record urban bat 
findings throughout Ukraine, varying from 3000 to 6000 
bats per year (Vlaschenko and Prylutska 2018; Prylutska et 
al. 2023; Vlaschenko et al. 2025). Whenever feasible, alive 
or dead bats are transported either to UBRC headquarter in 
Kharkiv or to one of its volunteer branches located in big 
Ukrainian cities, where they undergo species confirmation, 
ringing, and veterinary assessment following Prylutska et 
al. (2021). All species identifications follow the illustrated 
keys of Dietz and von Helversen (2004) and Dietz and 
Kiefer (2014).

During a rescue call to UBRC helpline on 3 March 2025 
in Cherkasy city (49.43° N, 31.99° E) a large P. pygmaeus 
colony (here and after Cherkasy colony), part of which 
had crowded into a window-trap and required extrication 
(Fig. 1c). First, all alive bats were rescued and subsequently 
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transported to Kharkiv (Fig. 1d) for examination and first 
aid (later, bat carcasses (Fig.  1e) also were collected and 
transported to Kharkiv for detailed examination). 

For this report, we put together all records of P. pyg-
maeus in the winter season (1 November – 31 March) made 
in the frame of the ongoing work of UBRC since Janu-
ary 2021 (first documented winter record of P. pygmaeus 
(Vlaschenko et al. 2023a) (Supplementary, Table S1). This 
period (1 November – 31 March) corresponds to the hiberna-
tion season as defined by long-term year-round monitoring 
of urban bat phenology in Ukraine, during which winter city 
bat aggregation fully formed by early November and spring 
emergence begins in late March - early April (Kravchenko 
et al. 2017; Vlaschenko et al. 2023b). We call them here and 
after: (i) “solitary records” - solitary individuals that were 
found in different regions of Ukraine; and (ii) “Cherkasy 

colony” - the exact record of the numerous colony in March 
2025. Age identification followed the protocol described 
previously by Kravchenko et al. (2017); bats were divided 
into: (i) adult individuals (ad) - older than one year, (ii) 
“this-year-born bats” - younger than one year (sad), and (iii) 
individuals for which it was not possible to identify their 
age category (un).

Our analyses addressed three questions. First, we charac-
terised the sex and age composition of winter records using 
binomial tests and chi-square tests to determine whether the 
observed structure deviated from expected ratios. Second, 
we compared body mass of bats from the winter colony with 
values obtained during the summer reproductive season. 
Third, we assessed factors affecting mortality during reha-
bilitation using binomial logistic regression with likelihood-
ratio tests. All statistical analyses were performed in Python 

Fig. 1  Winter records of P. 
pygmaeus in Ukraine (2021/22–
2024/25) and the Cherkasy 
colony case; a - geographic dis-
tribution of the 12 winter records 
within Ukraine compiled in this 
study (purple circles - newly 
reported solitary records, yellow 
circles - previously reported soli-
tary records, green triangle - the 
mass hibernaculum in Cherkasy 
city; b - exterior of the building 
in Cherkasy where the hiber-
naculum was discovered; c - the 
window-trap on the second floor; 
d - alive bats from the site imme-
diately after rescue, in transport 
boxes;. e - bat carcasses collected 
at the site following the rescue 
(Pictures M. Radevych)
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characterisations of the sample rather than inferences about 
population-level parameters. For solitary records, where 
each bat was found independently at a different location and 
time, this assumption is more reasonably satisfied.

Morphometric measurements were taken for all live indi-
viduals and for a part of the carcasses. Forearm length (Ra) 
was measured with a digital calliper (0.1 mm accuracy), and 
body mass (W) was measured with a portable electronic 
scale with 0.1 g precision (Supplementary Table S2a).

To assess factors affecting mortality during rehabilitation, 
we analysed 229 individuals with complete data for sur-
vival status, body mass, sex, and age using binomial logis-
tic regression with a logit link: mortality ~ W + Sex + Age, 
where W is body mass (g), Sex (female, male), and Age 
(adult, subadult, unknown). The unique contribution of each 
predictor was evaluated using likelihood-ratio tests (Type II 
ANOVA), comparing the full model with reduced models.

3.x using the SciPy library for binomial and chi-square tests, 
and the statsmodels package for logistic regression.

Sex ratios were tested against the expected 1:1 ratio 
using two-tailed binomial tests, with 95% confidence inter-
vals calculated using the Wilson score method. Differences 
in sex ratio between alive and dead individuals in the Cher-
kasy colony were analyzed using a two-proportion Z-test. 
Age structure (adult, subadult, unknown) was compared 
separately for each sex using Chi-square tests of indepen-
dence, with effect sizes quantified using Cramér’s V. Where 
significant, post-hoc pairwise chi-square tests with Bonfer-
roni correction (adjusted α = 0.017) were used to identify 
which age categories differed. We note that the assumption 
of independent detection underlying binomial tests is not 
fully met for the Cherkasy colony, where all individuals 
were discovered in a single rescue event. The tests applied 
to colony data should therefore be interpreted as descriptive 

Fig. 1  (continued)
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than 1000 residents (Melnyky, Cherkasy region; 905 inhab-
itants) to more than one million in Kharkiv. The records 
span a broad geographic gradient across Ukraine (Fig. 1a). 

The winter colony in Cherkasy was discovered in a 
municipal two-storey, Soviet-era brick building set within 
a sparsely wooded parkland (Fig. 1b) on the city’s periph-
ery. The majority of overwintering bats were found crowded 
within a window trap on the second floor (Fig. 1c), where 
numerous torpid individuals were visible among accumu-
lated remains of conspecifics (Fig. 1c). Visual examination 
of carcasses from the Cherkasy colony suggested that mor-
tality had occurred over an extended period. Based on exter-
nal appearance, carcasses were roughly categorised into four 
decomposition stages: freshly dead (ca. 150 individuals), 
recently dead with early signs of decomposition (ca. 450), 
decomposed (ca. 250), and completely desiccated mummies 
(ca. 150) (Fig. 1e). Although precise timing of death cannot 
be determined without microclimatic data from the site, the 
range of decomposition stages is consistent with mortality 
events spanning weeks to possibly several months. Only 
231 individuals were found alive and viable for rescue and 
further examination. The window trap evidently functioned 
as a lethal ecological trap, due to the bats’ inability to escape 
once inside.

Sex- and age-class structure differed markedly between 
groups. Sex ratios deviated significantly from the expected 
1:1 ratio in the Cherkasy colony (alive: z = 10.86, p < 0.001; 
dead: z = 5.15, p < 0.001) and overall dataset (z = 7.84, 
p < 0.001), with females comprising 74.5%, 58.3%, and 
61.3% respectively. In contrast, solitary records showed 
no significant deviation from 1:1 (z = 0.30, p = 0.754) 
(Table  1). Sex and age composition differed significantly 
between alive and dead individuals. Females comprised a 
significantly higher proportion of alive (74.5%) versus dead 
(58.3%) bats (Z = 5.11, p < 0.001). Age structure differed 
between alive and dead groups for both females (χ² = 109.85, 
df = 2, p < 0.001, Cramér’s V = 0.389) and males (χ² = 15.21, 
df = 2, p < 0.001, Cramér’s V = 0.183). Post-hoc pairwise 
chi-square tests with Bonferroni correction revealed that, 
among females, all three age categories differed signifi-
cantly from each other in their proportions found alive (ad: 
46.0%, sad: 28.1%, un: 7.6%; all p < 0.001). Among males, 
adults and subadults showed similar proportions (20.8% 
vs. 18.7%; p = 0.844), but both differed significantly from 
the unknown-age category (6.6%; both p < 0.001). The high 

To place winter body mass values in a seasonal con-
text, we used data collected by the UBRC team between 
2017 and 2024. We note that the winter and summer data-
sets differ in both spatial coverage (winter: Cherkasy only; 
summer: Kirovohrad, Poltava, Kyiv, and Kharkiv oblasts) 
and temporal span (winter 2025 vs. summers 2017–2024), 
and therefore the comparison is treated as descriptive only. 
These consisted exclusively of adult (n = 93) and this-year-
born (n = 250) females (Supplementary Table S2b) mist-
netted in summer (June–July) across multiple regions of 
Ukraine: central (Kirovohrad and Poltava oblasts), northern 
(Kyiv oblast), and eastern (Kharkiv oblast). Only non-preg-
nant bats whose body mass was measured within 10 h after 
capture were included in the dataset.

A detailed description of the bat rehabilitation protocols 
(housing conditions, feeding regimes, and triage proce-
dures) is presented in the Supplementary.

We acknowledge that all winter records of P. pygmaeus 
reported here are based on opportunistic rescue calls to the 
UBRC helpline network and are therefore not standardised 
in sampling effort across space and time. Detection prob-
ability is inherently higher in areas with active UBRC vol-
unteers and in larger settlements, and reporting effort has 
increased over the study period as the volunteer network 
expanded.

Results

During the four most recent winters (2021/22–2024/25), we 
documented 11 winter records of P. pygmaeus in Ukraine 
(Fig.  1a). Ten findings were single-bat encounters spread 
across 10 settlements. In contrast, the colony in Cher-
kasy consisted of more than 1000 (231 alive) individuals. 
Together, these findings represent 242 P. pygmaeus trans-
ported alive to the UBRC facilities (the full list is given in 
Supplementary, Table S1, and their spatial distribution is 
mapped in Fig. 1).

The eleven winter records of P. pygmaeus documented in 
Ukraine originated from a wide range of settlement types, 
spanning large cities, mid-sized towns, and small rural vil-
lages (Supplementary, Table S1). Settlement area ranged 
from 2 km² (Korobivka, Cherkasy region; 1155 inhabitants) 
to 350 km² (Kharkiv, 1.42 million inhabitants). Human pop-
ulation size varied by three orders of magnitude, from fewer 

Table 1  Sex- and age-class structure of P. pygmaeus winter records in Ukraine (2021/22–2024/25) (F - females, M - males, ad - adult individuals, 
sad - this-year-born individuals, un - individuals with unidentified age or sex)
Group F ad F sad F un F total M ad M sad M un M total Un Total
Solitary records 3 1 1 5 4 0 2 6 0 11
Cherkasy colony (alive) 75 74 23 172 15 29 15 59 0 231
Cherkasy colony (dead) 88 189 279 556 57 126 214 397 67 1020
Overall 166 264 303 733 76 155 231 462 67 1262
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accepted hypothesis suggests that males are usually the first 
to colonize new regions (Kerth and Petit 2005; Kerth 2008; 
Kravchenko et al. 2020), early male colonists, in this case, 
may have been present but remained undetected due to their 
solitary behaviour.

The significantly higher survival of females, particu-
larly adults, in the Cherkasy colony may reflect several 
non-mutually exclusive factors. Females may have entered 
hibernation with greater fat reserves, as suggested by their 
higher body mass compared to males (4.32 ± 0.34  g vs. 
3.87 ± 0.42 g). Second, physiological differences in hiberna-
tion strategy could contribute to differential overwinter sur-
vival (Czenze et al. 2017). The substantially lower survival 
of subadults compared to adults (22.5% vs. 35.2% overall) 
is consistent with patterns documented in other bat species, 
where inexperienced this-year-born individuals face higher 
mortality during their first winter due to insufficient fat 
reserves (Kokurewicz and Speakman 2006).

The lower body mass of wintering females compared to 
summer values is expected, as measurements were taken 
in early March at the end of hibernation, when fat reserves 
are typically depleted to their seasonal minimum. Although 
mean body mass of wintering females (4.32 ± 0.34 g) was 
only moderately lower than summer values (4.76 ± 0.62 g), 
this difference was associated with substantial mortality. 
This resulted in substantial mortality: of approximately 
1230 totally collected bats, only 147 survived to release 
(see Supplementary: rehabilitation results). The origin of 
the Cherkasy colony remains unclear. One possibility is 
that bats summering in the area did not undertake autumn 
migration and instead settled in the building for hiberna-
tion; alternatively, individuals may have actively selected 
this site during autumn. Although P. pygmaeus is com-
mon in the Cherkasy region in summer (Godlevska et al. 
2022), no colony was found in this particular building in 
summer 2025, and neither hypothesis can be tested with 
the available data. At the same time, their persistence can 
plausibly be attributed to a response to climate warming, 
and in particular to the pronounced shortening of the cold 
season now observed across the region (Wang et al. 2021; 
Gottlieb and Mankin 2024; Ruosteenoja et al. 2016). Taken 
together, these results suggest possible changes in both the 
winter range and seasonal sex distribution of P. pygmaeus, 
although further data are needed to confirm whether these 
patterns represent a lasting reorganisation. Nevertheless, 
the species remains highly vulnerable to extreme weather 
events and habitat disruption, which can severely reduce 
survival during harsh winters, even though milder winters 
may temporarily enhance its persistence and local popula-
tion success.

Recent analyses demonstrate a sustained warming trend 
and a shortening of the winter season across Europe (Wang 

proportion of unknown-age individuals among dead bats 
reflects the difficulty of ageing decomposed carcasses rather 
than a distinct biological group. The proportion found alive 
was highest for adult females (46.0%) and lowest for sub-
adult males (18.7%), with females showing approximately 
twice the proportion of males overall.

Within the Cherkasy colony, forearm length in females 
ranged from 29.0 to 32.4 mm, while in males it varied from 
28.0 to 31.1  mm (Supplementary Table S2a). Body mass 
exhibited broader variation, particularly among females, 
with values spanning 3.5–5.2  g; the corresponding range 
for males was narrower at 3.1–4.6 g. Notably, the majority 
of females weighed over 4.0 g, whereas most males were 
below this threshold.

Body mass of adult and subadult females captured in 
summer (Supplementary Table S2b) was consistently 
higher, averaging 5.40 ± 0.49 g (4.3–6.4; n = 93) in adults and 
4.54 ± 0.50 g (3.0–6.0; n = 250) in subadults. When pooled, 
all females weighed on average 4.76 ± 0.62  g (3.0–6.4; 
n = 343). These comparisons indicate that the mean body 
mass of females from the Cherkasy colony (4.32 ± 0.34 g) 
was notably lower than that of conspecifics measured in 
summer, especially adult females. The overall proportion 
of survivors during rehabilitation (March 6–20) was 72.4% 
(163 of 225 individuals). Logistic regression revealed that 
body mass was the strongest predictor of mortality (LR 
χ²(1) = 12.68, p < 0.001), with heavier individuals having sig-
nificantly lower mortality risk. Sex also contributed signifi-
cantly (LR χ²(1) = 5.80, p = 0.016), while age class showed 
no significant effect (LR χ²(2) = 3.71, p = 0.156). Of 163 bats 
released on 21 March in Cherkasy, 115 flew successfully 
(70.6%); 48 required return to Kharkiv for additional care, 
of which 32 were subsequently released. Overall, 147 bats 
(63.6% of the original 231) were successfully released to 
the wild.

Discussion

In this report, we document the first numerous winter aggre-
gation of P. pygmaeus in central Ukraine and across the entire 
extent of eastern Europe. Taken together with all the records 
presented in this study, it demonstrates that within the past 
five years, P. pygmaeus has expanded its wintering range in 
Ukraine, altering our understanding of its seasonal distri-
bution and migratory behaviour. We hypothesise that this 
change is linked to the documented shortening of the winter 
season and extension of the warm period in the Northern 
Hemisphere (Wang et al. 2021; Gottlieb and Mankin 2024), 
although a formal climatic analysis is beyond the scope 
of this study. The sex and age structure of the Cherkasy 
colony was distinctly female-biased. While the commonly 
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observed at the Cherkasy site suggests that the energetic 
capacity of many individuals has not yet matched these new 
opportunities.

Thus, the broad spatial and demographic spectrum of 
winter records suggests that P. pygmaeus may be increas-
ingly attempting to overwinter across Ukraine, using both 
large cities and small settlements as novel winter sites.How-
ever, this expansion is accompanied by increased exposure 
to anthropogenic risks, highlighting the dual role of human-
modified environments as both facilitators and hazards in the 
ongoing climate-driven reorganisation of the species’ range.
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