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Abstract. 
Urban areas are the new types of landscapes that have rapidly developed in the Anthropocene and generally mimic 

mountains and rock habitats. Such areas attract different vertebrate species that naturally prefer rocky habitats, for 
example, bats, which are common animal inhabitants of the cities in the Northern Hemisphere. Here we review records 
of four bat species (Hypsugo savii, Plecotus austriacus, Pipistrellus nathusii and P. pygmaeus) inhabiting human set-
tlements in Ukraine, encompassing the period from 2011 to 2022. Over the last 20 to 30 years, the winter range of P. 
nathusii has shifted 200-300 km north, and now covers all Black Sea coast steppe regions of continental Ukraine. The 
Pl. austiacus range most likely covers the whole territory of Ukraine. We documented the first factual records of H. savii 
in continental Ukraine and the first winter records of P. pygmaeus for the country. Our observations clearly demonstrate 
colonization of newly formed urban landscapes by bats species from different ecological groups. Along with the increase 
in the number of bat records in urban areas. Therefore, bats, same as some other mammalian species, can be considered 
beneficiaries of urbanization and urban heat islands.  

Key words: bats, Hypsugo savii, Plecotus austriacus, Pipistrellus nathusii, Pipistrellus pygmaeus, urbanization, 
range expansion

Introduction
Urbanization as a shift towards a growing pro-

portion of the human population living in cities 
(United Nation 2014) forms a unique and new type 
of landscape called urban areas or city areas. Gen-
erally, urban landscapes are the total antagonists to 
natural (primeval) landscapes. Core urban areas are 
characterized by dense built-up areas, limited vege-
tation coverage, specific microclimate and different 
types of pollutions. On the one hand, urban land-
scapes are not vast terrains and they cover less than 
3% of the terrestrial surface of the Earth (Schneider 
et al. 2010). On the other hand, urban areas become 
the centres of significant energy consumption re-
sulting in a warm microclimate; additionally, they 

form a specific environment mimicking mountain 
and rocky areas. Urban landscapes contribute to a 
great loss of biodiversity (McKinney 2008; Grimm 
et al. 2008) due to fundamental modifications of the 
land surface and, consequently, loss of naturalness. 
However, modern urban landscapes also represent 
novel ecosystems that create opportunities for their 
repopulation (by native species) or invasion (mainly 
by cosmopolitan ones). Among the differences be-
tween urban and natural landscapes there are three 
key factors that provide novel opportunities for ani-
mal species. These include increased warmth (urban 
heat islands) (Grimm et al. 2008), plethora of poten-
tial shelters and dwelling sites (Sumasgutner et al. 
2014; Russo &Ancillotto 2015), and abundance of 
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la, which used to be a typical long-distance migrant 
bat species, has now formed numerous winter aggre-
gations in most cities and towns of Eastern Europe 
(e.g. Strelkov 2002; Rodenko et al. 2014; Godlevska 
2015; Kravchenko et al. 2017; Shpak 2018) and has 
become partly sedentary (Vlaschenko et al. 2020; 
Kravchenko et al. 2020). Another example is a rapid 
range expansion of Pipistrellus kuhlii s.l., (P. k. lep-
idus, Sachanowicz et al. 2017; Hukov et al. 2020) 
that has moved from Central Asia and Transcauca-
sia to Central and Eastern Europe over the last 50-40 
years (Strelkov et al. 1985; Sachanowicz et al. 2009; 
Sachanowicz et al. 2017; Hukov et al. 2020). Further, 
currently there is an ongoing Hypsugo savii’s range 
expansion from west to east and northeast (Uhrin at 
al. 2016; Bartonichka et al. 2017). Also, Pipistrellus 
nathusii is a typical long-distance migrant bat species 
(Steffens et al. 2004) with the longest recorded dis-
tance of seasonal movement in Europe of 2200 km 
(Alcalde et al. 2020).  This species is now record-
ed more frequently during the cold season in human 
settlements of Central (Sachanowicz et al. 2018) and 
Eastern Europe (Prylutska & Vlaschenko 2013; God-
levska 2012a; Godlevska 2015) and sometimes even 
in Northern Europe (Blomberg et al. 2020). Further, 
well documented is the range expansion of Plecotus 
austriacus, inhabiting both urban and rural land-
scapes, that shifts northeast in Ukraine (Godlevska 
2012a; Manyuk & Lahuta 2018; Zagorodniuk 2019).

This raises a number of questions like – Are 
these pioneer individuals recorded in new regions 
just randomly wintering or translocated bats or are 
they first inhabitants that systematically populate ur-
ban landscapes? For example, will these first records 
of wintering P. nathusii in a few decades end up with 
a mass winter aggregation of this species? What is 
the role of urban landscapes in changing the migra-
tory status of bats? 

Cases of wintering and range expansion for H. 
savii and P. nathusii in the last decades are already 
well described for Central Europe (Uhrin at al. 2016; 
Sachanowicz et al. 2018). However, the current sta-
tus of these species in Eastern Europe (especially in 
Ukraine) remains largely not well presented in the 
literature (e.g. Sachanowicz et al. 2018) because all 
recent records have been published in Cyrillic (e.g. 
Prylutska & Vlaschenko 2013; Godlevska 2012b). 
Therefore, this paper aims to fill the gap in the data 
on the current distribution and wintering status and 
recent records of H. savii, Pl. austriacus, Pipist-
rellus pygmaeus and P. nathusii in urban and rural 

food sources for generalists and granivores (Clergeau 
et al. 1998; Evans et al. 2011). These factors enable 
changes in the migratory status of animal species or 
lead to shifts in breeding seasons and numbers of 
breeding cycles. As a result, species can repopulate 
urban landscapes and adjust for the new harsh condi-
tions of the Anthropocene to become less sensitive in 
terms of the sixth mass species extinction.

Bats are one of the vertebrates’ groups that might 
tolerate or even benefit from living in urban con-
ditions (Ancillotto et al. 2015; Russo & Ancillotto 
2015; Maksinova et al. 2016). Usually they represent 
a more diverse group in cities in the Northern Hemi-
sphere compared to other vertebrates (e.g. Jung & 
Threlfall 2016; Russo & Ancillotto 2015). This is due 
to several reasons. First, urban landscapes provide 
multiple opportunities for roosting, which is an im-
portant factor in bat life-history. Further, urban heat 
islands and house heating provide better environ-
mental conditions for bats during hibernation period, 
namely: presence of unfrozen water-bodies (Zahn & 
Kriner, 2014; Mass et al. 2022) and stable above-zero 
temperatures in the hibernacula (Russo & Ancillotto, 
2015; Vlaschenko et al. 2019). However, many oth-
er environmental features of urban landscapes, such 
as light, air, and water pollution, as well as loss of 
natural vegetation provide an undoubtedly negative 
impact on bats (Russo & Ancillotto, 2015; Krauel & 
LeBuhn, 2016). Actually, bats considered to be one of 
the best bio-indicators, as they are sensitive to human 
environmental transformations and are more diverse 
and abundant in natural, primeval habitats (Jones 
et al. 2009; Russo & Ancillotto, 2015; Russo et al. 
2021). Therefore, it is unclear how European bats ac-
tually make use of newly created urban landscapes. 
Do they benefit from these or are urban habitats act 
as environmental/ecological traps (Russo & Ancillot-
to, 2015; Vlaschenko et al. 2019; Zuñiga-Palacios et 
al. 2021)? In addition, the existing data on urbaniza-
tion of European bats does not equally cover the con-
tinent: information from the Eastern Europe is lack-
ing or difficult to reach. And finally, more detailed 
information on the status, presence and first records 
of bats in cities’ areas is strongly needed for better 
understanding of their capacity for adjustment to ur-
ban areas, as well as for conservation priorities.

 Here, we review new records of four bat species 
inhabiting urban landscapes of Ukraine. This terrain 
has seen remarkable changes in bats’ migratory sta-
tus and range expansion over the last several decades 
or even a half century. For example, Nyctalus noctu-
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landscapes in Ukraine (2011-2022 years) based on 
records made by The Bat Rehabilitation Center of 
Feldman Ecopark as well as on the data previously 
published in non-English language sources. 

Materials and methods 
The data for this publication were collected by 

the Bat Rehabilitation Center of Feldman Ecopark 
(BRC-FE), which is the premier organization for 
rescue and rehabilitation of bats in Ukraine that is 
gathering data about bat distribution (e.g. Vlaschen-
ko and Prylutska 2018, Hukov et al. 2020). Citizens’ 
reports of found bats (alive or deceased) were re-
ceived by the contact-centre of BRC-FE, and the an-
imals which could not be released immediately were 
brought to the BRC-FE. For all findings (both factual 
observations and correspondence), location, date and 
details of the finding were recorded (e.g. Hukov et al. 
2020; Kravchenko et al. 2017).

For this paper we summarised three types of re-
cords made for four bat species in Ukraine over the 
period from 2011 to January 2022: (i) factual records, 
bats that were delivered to the BRC-FE and exam-
ined by specialists; (ii) correspondence records, bats 
that were identified by picture; and (iii) published re-
cords. We summarised all-year-round records for two 
resident species (H. savii and Pl. austriacus) and for 
two migratory species (P. nathusii and P. pygmaeus) 
for hibernation period only. For this paper we extend-
ed winter season to include the period from the be-
ginning of November till the end of March.

Factual records of bats
Bats delivered to the BRC-FE had their sex, age 

category, reproductive status, forearm length (accu-
racy 0.1 mm) and body mass (accuracy 0.1 g) record-
ed and were subsequently banded according to the 
protocol described in Vlaschenko et al. (2020). For 
details of the methods used for age category classi-
fication see Kravchenko et al. (2017). The BRC-FE 
cared for bats that were delivered during the winter, 
and in spring those animals were released to the wild. 
Individuals with signs of injuries were examined by a 
veterinarian and received proper treatment. Bats that 
were not capable of flying after treatment, were left 
at the BRC-FE for life-long care and rehabilitation.

Correspondence records of bats
When a bat was not delivered to the BRC-FE, its 

species and sex (if possible) were determined from a 
picture made by a recorder (Prylutska & Vlaschenko 

2013). Usually, recorders could be asked to provide 
any required details or additional pictures to enable 
an exact identification of the species. The exact spe-
cies identification was based on a variety of external 
parameters (e.g. fur colour, size and shape of ears and 
tragus, etc.) (Dietz & Kiefer 2014) and the relative 
body size of a bat (pictures made near ruler). The 
final database includes only those cases where the 
identified bat species did not raise any doubts.

Published records
All published records of focal bat species, to the 

best of our knowledge, have been reviewed (God-
levska 2012a; Godlevska 2012b; Godlevska 2015; 
Godlevska et al. 2018; Manyuk & Lahuta 2018; 
Panchenko & Godlevska 2018; Zagorodniuk 2019) 
and data on winter records of P. nathusii were add-
ed to the final database. An additional table with all 
known published winter records of P. nathusii is pre-
sented in Appendix. Published records of Pl. austia-
cus are not included here as these are well presented 
in a recent review on Pl. austiacus distribution in 
Ukraine (Zagorodniuk 2019). 

Genetic analysis
Wing membrane biopsies were obtained from P. 

pygmaeus from Kharkiv (#5 in Table 1). Two wing 
membrane biopsy samples were taken from captured 
animal using a sterile disposable 4-mm diameter bi-
opsy punch; one biopsy sample was taken from each 
plagiopatagium avoiding puncturing major blood 
vessels (Worthington Wilmer & Barratt 1996). All 
wing membrane biopsies were stored in 96% ethanol 
solution at -20℃ until genomic DNA extraction. To-
tal genomic DNA was extracted from one of the bi-
opsy samples according to the Mammalian Genom-
ic DNA Miniprep Kit (GenElute™) protocol. The 
eluted DNA was then stored at -20℃ until PCR am-
plification. Primer pair BatL5310 (CCTACTCRG-
CCATTTTACCTATG) and R6036R (ACTTCTGG-
GTGTCCAAAGAATCA) (Robins et al. 2007) were 
used to amplify a 702 bp fragment size of COI mito-
chondrial gene. PCR amplification was carried out in 
12.5 μL reaction volume containing up to 5 μL DNA 
extract, 5x HOT FIREPol Blend Master Mix Ready 
to Load (Solis BioDyne, Estonia), and 0.25 μM of 
each primer, and filled up to final volume with water. 
PCRs were performed at the following temperature 
profile: pre-denaturation 94 ℃ for 2 min; followed 
by 35 cycles of 94 ℃ for 30 s, 60 ℃ for 30 s, 68 ℃ 
for 1 min and final extension at 68℃ for 5 min. Se-
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Records of P. nathusii and P. pygmaeus in winter 
season

Wintering individuals of P. nathusii were record-
ed mostly (13 out of 15 records) in the settlements 
in southern Ukraine (Fig. 2; Tab. S2). One record 
originated from the north-western region of Ukraine 
(record 4, Lutsk, Fig. 2) (Godlevska 2015) and one 
more single record (record 5, Fig. 2) was from the re-
gion located 100 km north from southern Ukrainian 
cities where the most of the records were made (Fig. 
2). Both these records were made in mid or late 
March, which may possibly indicate the beginning 
of the spring migration. However, most records were 
made over the calendar winter, i.e. from December 
to February (11 records). All sexed individuals of 
P. nathusii were males (7 records). Two individuals 
in our records were found inside buildings and one 
more – outside, on the ground in a city.

quencing was performed by Macrogen Europe (Am-
sterdam, The Netherlands) using the forward prim-
er BatL5310. The sequence were then checked and 
trimmed using Chromas software (Chromas, Techne-
lysium Pty Ltd). Then sequence similarity search and 
evaluation of the degree of homology was performed 
using the online BLAST tool.

Results 
General findings 

In total, 66 records of four focal bat species (P. 
nathusii n=15, P. pygmaeus n=3, H. savii n=2, and 
Pl. austriacus n=46) (Fig. 1) from 40 settlements 
in Ukraine made over the last 10-year period 2011-
2022 were summarized. The complete list of records 
for each species indicating numbers of bats of each 
sex is provided in the Appendix. The geographical 
distribution of the records on the territory of Ukraine 
is shown in Figures 2 and 3.

Figure 1: Pictures of some individuals of re-
corded bat species in Ukraine: a – Pl. austria-
cus, Kharkiv city, February 9, 2019; b - P. pyg-
maeus, Kharkiv city, January 19, 2021; c - H. 
savii, Uzhhorod city, February 9, 2020. 

a b

c
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Type of record P. nathusii Hib
(F/M/Un)

Pl. austriacus
(F/M/Un)

H. savii
(F/M/Un)

P. pygmaeus Hib
(F/M/Un)

Factual -/1/- 7/9/- -/3/- 2/1/-

Correspondence -/1/2 4/2/5 -/-/- -/-/-

Published 2/5/4 21/12/25 -/-/- -/-/-

Total  
individuals
records

 
2/7/6
2/7/6

32/23/30 
19/18/17

-/3/-
-/3/-

2/1/-
2/1/-

Table 1: Numbers of records of four focal bat species (reviewed in this paper) collected by different methods in Ukraine 
in 2011-2022

* Hib – recorded in the hibernation period; F – females, M – males, Un – sex not determined. 

Figure 2: A map of Ukraine showing distribution of re-
cords of H. savii (HSAV, green dot), and winter records of 
P. nathusii (PNAT, red and orange dots) and P. pygmaeus 
(PPYG, cyan dots) in Ukraine (2011-2022). 

Figure 3: A map of Ukraine showing distribution of re-
cords of Pl. austiacus presented in this paper, and the al-
ready known margins of the species range in the country. 

Two wintering individuals of P. pygmaeus were 
found during the same winter period (2020-2021) 
but in completely different parts of Ukraine: in the 
south – in Kherson (a female), and the north-east – in 
Kharkiv (a male) (Fig. 2). The P. pygmaeus individ-
ual from Kherson was found on the ground in the 
city. The individual from Kharkiv was found inside 
a building near a park after it had flown inside. The 
third recorded P. pygmaeus was in a group of winter-
ing P. kuhlii (96 individuals) and N. noctula (1 indi-
vidual) in a building crevice under a window frame 
in Poltava region (in Velyka Bahachka). 

Year-round records of H. savii and Pl. austriacus
In winter season Hypsugo savii was found in the 

most western Ukrainian city – Uzhgorod – and 27 
km northeast from it – in Mukachevo (Fig. 2). One 
of the individuals was found outside on the ground in 
Uzhgorod. Year-round records of Pl. austriacus cov-
er the whole territory of Ukraine (Fig. 3) with equal 
sex ratio for sexed individuals (Table 1). Records in 
stairwells inside multi-story buildings were the most 
common (n = 13). One more record was from a pri-
vate house. One individual was trapped on flypaper 
in a stairwell of a multi-story building (it is the first 
record of a bat trapped in such a way for Ukraine).
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Confirmation of species status by genetic analysis
Since two criptic species P. pygmaeus and Pipis-

trellus pipistrellus (Schreber, 1774) are potentially 
sympathric in some parts of their range, we have 
analyzed DNA barcoding sequences of the speci-
men from Kharkiv. We have obtained P. pygmaeus 
sequence and uploaded it to the GenBank (acces-
sion number ON797423). BLAST has found our se-
quence to be most similar (99.70% of identity) to the 
sequence of P. pygmaeus voucher ZMMU S-167243 
(accession numbers JF443085) originated from Vol-
gograd, Russian Federation.

Discussion 
Our results present new evidence, confirmed 

by molecular identification, of further urbanization 
patterns of common European bats species. Here we 
show that Pl. austiacus range already covers all the 
territory of Ukraine (moving from west to east), and 
all new records were made in human settlements. As 
it has already been predicted for H. savii (Uhrin et 
al. 2016), this species now undergoes range expan-
sion to the east and we recorded the first individuals 
in one of the western Ukrainian cities. Records of 
long-distance migrant bat species in winter time in 
cities and towns suggest shifting of the winter range 
or possible start of formation of the local sedentary 
population. In the case of P. nathusii, winter-time re-
cords were made in the settlements all over the Black 
Sea coast steppe regions of continental Ukraine, and 
one isolated individual was recorded in a city in the 
north-western Ukraine (Godlevska 2015). The most 
extraordinary records presented in this paper are re-
cords of wintering individuals of P. pygmaeus (also 
in urban areas), not only in the southern but also in 
the north-eastern part of Ukraine. Pipistrellus pyg-
maeus has always been evaluated as an extremely 
long-distance migrant (in the Eastern part of the spe-
cies range), for years there have been no evidence 
that this species may stay for hibernation in the 
breeding part of the range. Finally, we demonstrate 
the process of utilization of urban landscape by bats 
with different life-histories both for breeding and 
hibernation in the east of Europe. Possibly, bats can 
follow the landscape changes, and may benefit from 
inhabiting urban areas. While urban areas may offer 
more opportunities for human observers to detect a 
bat species. However, the presence of bats in cities 
does not necessarily reflect their true distribution and 
abundance in natural habitats. Thus, urban areas may 

also function as inhabited islands in the wider range 
of bat species, support isolated bat populations.

Focal bat species status and life-history features 
Of the four focal bat species reviewed in this pa-

per, two (Pl. austiacus and H. savii) belong to resi-
dent species, as they do not make long-distance mi-
grations between breeding and winter areas. Plecotus 
austriacus is a quite common bat species in the terri-
tory of Ukraine, it is widespread in the western (Buc-
hko et al. 2010), south-western and southern regions 
(Godlevska et al. 2012) of the country (Zagorodniuk 
2019). Most of bat records are associated with hu-
man settlements (Zagorodniuk 2019), however in the 
southern region bats are rather often recorded in aban-
doned mines as well, where even breeding colonies 
were recorded (Godlevska et al. 2012). Since 2009, 
there have been records of this species in the central 
(Bilushenko 2009; Godlevska et al. 2016a; Manyuk 
& Lahuta, 2017; Godlevska & Rebrov, 2018), and 
even northern parts of Ukraine (Godlevskaya 2012; 
Godlevska et al. 2016b; Zagorodniuk 2019). Final-
ly, taking into account new records presented here, 
it can be concluded that Pl. austiacus has extended 
their species range all over the country. Up to now, 
the only regions of Ukraine where no records of this 
species have been made are the most northern and 
eastern parts of the country (Fig. 3). Pl. austiacus 
may possibly already inhabit the regions in the Rus-
sian Federation bordering eastern Ukraine.

The second resident species in our list is H. savii. 
Local population of this species inhabits a single lo-
cation in Crimea, that for decades has been known 
as the only one in Ukraine (Abelentsev et al. 1956; 
Godlevskaya et al. 2009). That population is isolated 
by hundreds of kilometres from the nearest known 
populations in Central Europe; and by Strait of Kerch 
from the Caucasus’s population (Juste & Paunović 
2016). This species was recorded using the acous-
tic method in several locations of western Ukraine 
in the period from 2009 to 2013 (Uhrin et al. 2016). 
Our present data finally confirms the presence of H. 
savii in that region of Ukraine. However, acoustic 
identification has recently revealed H. savii in some 
locations in the south-eastern part of the country in 
the coast of the Azov Sea (Volokh et al. 2021). These 
records are located nearly a thousand km away from 
the known records of H. savii in the western part of 
Ukraine, and two hundred km away from the above-
said colony in Crimea. These records may be ex-
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plained by the range expansion of other populations 
of H. savii from Caucasus or Crimea. However, more 
plausible reason could be a probable misidentifica-
tion of the species using the acoustic method (Volokh 
et al. 2021). This information should be verified by 
factual records or disproved.

Bat species that were recorded in winter time – 
P. nathusii and P. pygmaeus – are typical long-dis-
tance migratory species. Strong migratory behaviour 
is well known for P. nathusii (Hutterer et al. 2005; 
Steffens et al. 2004). Previously, maximum trans-
locations of 1900 km were recorded (Hutterer et 
al. 2005), and this was recently updated up to 2200 
km (Alcalde et al. 2020), both were from one of the 
Baltic states (Latvia) to the south of Europe. Due to 
this long-distance migratory pattern, P. nathusii is 
one of the migratory bat species with the northern-
most distribution in Europe (Bogdarina & Strelkov 
2003; Juste & Paunović 2016). The known wintering 
areas of P. nathusii were Mediterranean countries, 
Balkans and Central Europe on the West (Dietz & 
Kiefer 2014; Sachanowicz et al. 2018) and Caucasus 
on the East (Rakhmatulina 2005). There are previ-
ously reported records of wintering of P. nathusii in 
the Ukrainian Transcarpathian region (Abelentsev 
et al. 1956) which climatic conditions are similar to 
those of Central European countries (Hungary, Slo-
vakia, etc.). In Ukraine, during the breeding period, 
this species is common or even ubiquitous over the 
whole territory (e.g. Gashchak et al. 2013; Godlevs-
ka & Rebrov 2018; Kovalov et al. 2019) except south 
steppe regions, to which it only migrates twice a year. 
Summarizing the above, the winter range of P. nathu-
sii in Ukraine now covers urban areas in all Black 
Sea coast steppe regions; that is 400-500 km further 
north from the previously known wintering areas 
(e.g. Transcaucasia, Rakhmatulina 2005). Another 
region of winter range expansion is the north-western 
part of Ukraine (Godlevska 2015). That region bor-
ders Poland where the number of winter records of P. 
nathusii is tending to increase as well (Sachanowicz 
et al. 2018). Recently, an acoustic record P. nathusii 
was made during the winter season even in the north 
of Europe – in Finland (Blomberg et al. 2020). How-
ever, the similarity of calls of P. nathusii and P. kuhlii 
(Zsebok et al. 2012) leaves a chance that also P. kuh-
lii could have been recorded that far north (Blomberg 
et al. 2020). 

By contrast to P. nathusii, the migratory status of 
P. pygmaeus until now was not just as clear. Pipis-
trellus pygmaeus was separated from Pipistrellus 

pipistrellus s.s. in the end of 1990-ies (Barlow & 
Jones 1999), and the main banding efforts had been 
done before this taxonomic separation and in the re-
gions cohabitated by these two species (Steffens et 
al. 2004; Hutterer et al. 2005). However, in terms of 
the eastern part of Europe P. pipistrellus s.l. (before 
the separation into two species) was previously eval-
uated as a migratory species that had never wintered 
in the territories spreading from Baltic states on the 
north through European Russia and Belarus in the 
middle to Ukraine on the south, except Transcarpath-
ia (Strelkov 1969, 1999). Moreover, multiple surveys 
that were performed in those regions in the period 
from 2007 to 2020 did not support the presence of 
P. pipistrellus s.s. (e.g. Kruskop 2007; Gukasova et 
al. 2011; Vlaschenko et al. 2016; Dombrovsky et 
al. 2017; Godlevska & Shpak 2020; Vlaschenko et 
al. 2021) above 44-45th parallels north. Instead, the 
breeding range of P. pygmaeus s.s. is distributed 
farther north in Russia and Belarus (Strelkov 1999; 
Vlaschenko et al. 2016), and is also common in the 
northern (Gashchak et al. 2013), central (Godlevs-
ka & Rebrov 2018) and eastern parts of Ukraine 
(Kovalov et al. 2019; Zagorodniuk 2019). The pop-
ulation structure of P. pygmaeus s.s. in the breeding 
part of its range (territories of Belarus, European 
Russia and Ukraine) is presented almost exclusively 
by adult females (which is different to summer popu-
lation structure of P. nathusii). Female-biased migra-
tion includes the movement to the north for breeding 
and back, whereby bats spend no longer than 4 to 5 
months annually in the north of their range. Records 
of adult males in the breeding part of the range are 
extremely rare (Strelkov 1999; Vlaschenko & Gu-
kasova 2010), suggesting the overlap between the 
mating and the wintering areas. In fact, all individu-
als of P. pygmaeus (adult-females and this-year-born 
individuals) usually just leave the breeding part of 
the range until mid-September. Due to the extreme 
extraordinariness of the case of recording, we used 
genetic methods for species identification. One of 
our first hypotheses was that it could have been P. 
pipistrellus s.s. transported north with cargo, e.g. 
from Caucasus (see the case with Tadarida teneotis, 
Prylutska et al. 2020). However, strong evidence of 
genetic identification of P. pygmaeus s.s. together 
with two additional records of this species in cities in 
other regions of Ukraine, have convinced us that this 
is indeed the first time individuals of this species stay 
for wintering in the Eastern part of breeding range. 
Of note is one previously published record of (possi-
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bly) P. pipistrellus s.l., made in the winter season in 
the Azov sea coast area of Ukraine (Mariupol) (Zag-
orodniuk 2018). However, that record was based on 
identification of P. pygmaeus by a photo. A group of 
bats were found during renovation of windows and 
there was one a little darkish individual among P. 
kuhlii group that looked similar to P. pipistrellus s.l. 
and which was identified as such. But not even this 
one individual, but the whole group’s identification 
was performed by a photo (Zagorodniuk 2018). Tak-
ing into account a high variability in colour and size 
known for P. kuhlii (Hukov et al. 2020), a misidenti-
fication is highly likely.

Utilization of urban landscape by bats with dif-
ferent life-history strategies 

Out of the 28-29 bat species of Ukrainian fauna 
(Vlaschenko et al. 2021), only two (P. kuhlii and E. 
serotinus) are completely tolerant to urban environ-
ment and may have year-round activity within the 
borders of cities and towns (Kravchenko et al. 2017; 
Bilushenko 2013; Hukov et al. 2020). We hypothe-
size that three other species (Pl. austriacus, H. savii 
and P. pipistrellus) also tolerate urban areas, with 
two of them found in the western part of Ukraine and 
in Crimea. The western margin of the P. pipistrellus 
range in Ukraine is not studied yet. However, fur-
ther research into bat ecology in Ukrainian cities is 
needed to prove this hypothesis. There is a number 
of bat species that are tolerate urban environment and 
are common in urban forests and outskirts in sum-
mer time, e.g. Myotis daubentonii, M. dasycneme, 
P. nathusii, P. pygmaeus, Pl. auritus (Bashta 2010; 
Vlaschenko et al. 2012, 2021). Another two species 
avoid urbanized areas in Ukraine during the breeding 
season, but are common (V. murinus) or even ubiq-
uitous (N. noctula) there during autumn swarming 
and hibernation (Kravchenko et al. 2017; Vlaschen-
ko et al. 2020). According to the migratory status of 
Ukrainian bats, two forest-dwelling species (N. la-
siopterus and N. leisleri) belong to strong long-dis-
tance migratory bats, and no record in the country 
was available of any individual during the winter 
time (except in the territory of Crimea). Also P. pyg-
maeus was included in this group, prior to the novel 
data presented here. In summary, two urban-tolerant 
resident species and two wintering bat species have 
now been added to the list of bat fauna of Ukrainian 
cities. However, coming back to the question we 
raised in the beginning of this paper – do these re-
cords mean just marginal individuals or is it a sys-

tematic repopulation of urban landscapes? 
As to Kharkiv (the most well-studied and mon-

itored in regard to bats city in Eastern Europe), we 
noticed that every 30 to 20 years a new bat species 
appear in the city area as a novel resident species or 
the one previously migratory one that became sed-
entary. We can see how the bat fauna of the Kharkiv 
city area has become richer within 90 to 70 years of 
monitoring. For example, in 1930 there was the first 
record of E. serotinus, later – the first winter record 
of N. noctula (1986 year), further – a record of P. 
kuhlii (2000 year) (Vlaschenko 2011) and currently 
there are records of Pl. austriacus and P. pygmae-
us. There are two species (N. noctula and P. kuhlii) 
that demonstrated a clear pattern of populating ur-
ban areas (as seen on the example of Kharkiv) from 
a marginal individual at the begging to a common 
or even ubiquitous occurrence five or ten years lat-
er (e.g. Kravchenko et al. 2020; Sachanowicz et al. 
2009; Hukov et al. 2020). By contrast, V. murinus has 
been for years known in Eastern Europe as a spo-
radic hibernating species (Strelkov 2001; Vlaschen-
ko 2011; Godlevska 2013, and it has not become an 
ubiquitous hibernating species (Kravchenko et al., 
2017). In winter time, V. murinus is a common spe-
cies in cities of Ukraine, but nearly always it is the 
fourth abundant species after N. noctula, E. serotinus 
and P. kuhlii (e.g. Godlevska 2015; Kravchenko et al. 
2017). Finally, two main scenarios of utilization of 
modern urban landscapes in Eastern Europe by bats 
can be described. The first one is a rapid increase in 
the number of individuals of the species after arrival 
of pioneer individuals, with formation of ubiquitous 
sedentary populations (as in case of P. kuhlii) or hi-
bernating populations later shifting to sedentary (as 
in case of N. noctula) (Kravchenko et al. 2020; Hu-
kov et al. 2020; Vlaschenko et al. 2020). The second 
scenario includes the presence of a small number of 
hibernating individuals while the main part of the 
population is migratory (as in case of V. murinus). 
Based on the species’ natural history, Pl. austriacus 
and H. savii may possibly become common (not 
ubiquitous) resident species in human settlements in 
Ukraine. Plecotus austriacus will likely move to far-
ther human settlements, towards the regions of Euro-
pean Russia, with their subsequent colonization. In 
contrast, the rate of expansion and the future eastern 
border of H. savii range are difficult to predict. We 
can speculate that future scenarios of wintering of P. 
nathusii and P. pygmaeus in urban areas may become 
more similar to those of V. murinus rather than N. 
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noctula. Pipistrellus nathusii and P. pygmaeus will 
most likely winter in urban areas as single individu-
als rather than forming ubiquitous hibernation aggre-
gations and sedentary populations.

Conclusions 
Here we summed up the records of four Europe-

an bat species in the territory of Ukraine made over 
the last ten years. The cases of four focal species (H. 
savii, Pl. austriacus, P. nathusii, P. pygmaeus) sug-
gest that bat species with different life histories and 
ecological particularities may benefit from utiliza-
tion of urban landscapes. These new types of habitat 
provide opportunities both for bat hibernation and 
breeding. Finally, we interpret these cases as a part of 
an extensive adjustment process of bats to new land-
scapes (ecosystems) in the Anthropocene. We also 
hypothesize that urban areas are indeed the main are-
na of bat range shifts because of urbanization. How-
ever, little is known about bat range shifting in their 
natural habitats and how it is connected to the pattern 
seen in urbanized areas. 

The urbanization of bat fauna and range expan-
sion of urbanized species should be viewed as an 
outcome of two simultaneous and not mutually ex-
cluding processes. First is the colonization process, 
which should be viewed as the result of elevated 
survival rates in the marginal populations and fa-
vorable conditions in newly colonized areas within 
the individual activity range. Second is the outcome 
of emerging adjustment via selection favoring ur-
ban-adapted individuals. The second process is of 
great importance to forecast further changes in fau-
nas, including the abrupt spread of the species that 
switch their habitat preferences. Currently, we can 
not disentangle the mutual importance of these two 
processes in the observed expansion of bat species 
ranges, however, speeding up expansion speed and 
abrupt character of emergence of a new city species 
are in favor of the hypothesis of strong importance of 
evolutionary mechanisms in range expansion.
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Appendix 
List of new records of Hypsugo savii and Plecotus austriacus (all year-round), and winter records of Pipist-
rellus nathusii and P. pygmaeus in the territory of Ukraine during 2012-2022.
 

No. Date Locality, settle-
ment name

Coordinates Sex Age Details of 
how the 
animal(s) 
was found

Record details

Pipistrellus nathusii

1 28.12.2012 Skadovsk,  
Kherson region

46.113869,

32.910852

M un inside a 
building

Correspondence

2 09.01.2018 Kherson 46.619638,

32.583397

M ad other  

Factual

3 21.02.2014 Kerch 45.3573,

36.4683

un un inside a 
building

Correspondence

4 31.01.2019 Sevastopol 44.6166,

33.5254

un un on the 
ground

Correspondence

Pipistrellus pygmaeus

5 19.01.2021 Kharkiv 49.999472,

36.224943

M ad inside a 
building, 
before flying 
outside

Factual

6 20.01.2021 Oleshky,  
Kherson region

46.3800,

32.3500

F ad on the 
ground

Factual

7 06.01.2022 Velyka  
Bahachka,
Poltava region

49.5847491

34.5483748

F sad under win-
dow frame

Factual

Hypsugo savii

8 7.11.2019 Uzhhorod 48.612255,

22.283197

M sad unknown Factual

8a 09.02.2020 Uzhhorod 48.610801,

22.263625

M ad on the 
ground

Factual

9 25.02.2022 Mukachevo 48.447505,

22.750453

M un between 
window 
frame

Factual

Plecotus austriacus

10 31.01.2014 Kryvyi Rih 47.9105,

33.3918

F un stairwell of 
a multi-story 
building

Correspondence
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11 07.10.2015 Cherkasy 49.42190,

32.057468

M ad unknown Factual

 

12 16.01.2017 Smila, Cherkasy 
region

49.2277,

31.8522

un un stairwell of 
a multi-story 
building

Correspondence

13 14.03.2017 Zaporizhzhia 47.8388,

35.1396

un un stairwell of 
a multi-story 
building

Correspondence

14 11.11.2017 Zaporizhzhia 47.8388,

35.1396

un un inside a 
building

Correspondence

15 09.12.2018 Pokrovsk,  
Donetsk region

48.281787,

37.184946

F ad unknown Factual

16 09.02.2019 Kharkiv 49.951456,

36.265115

F sad stairwell of 
a multi-story 
building

Factual

17 06.09.2019 Mykolaiv 46.9750,

31.9946

un un unknown Correspondence

18 17.09.2019 Кyiv 50.363383,

30.463759

F ad inside a 
building

Factual

19 28.09.2019 Uzhhorod 48.6208,

22.2879

M un porch of pri-
vate house

Correspondence

20 03.10.2019 Dnipro 48.4647,

35.0462

F un inside a 
building

Correspondence

21 16.12.2019 Kropyvnytskyi 48.519242,

32.289077

F sad unknown Factual

22 21.12.2019 Kostopil,  
Kirovohrad 
region

50.8791,

26.4423

un un trapped on 
flypaper, at 
the stair-
well of a 
multi-story 
building

Correspondence

23 12.01.2020 Lutava,  
Chernihiv 
region

50.962171,

30.802682

M un unknown Correspondence

24 18.09.2020 Cherkasy 49.430368,

32.082796

M un inside a 
building

Factual

25 28.12.2020 Zaporyzhzha 47.865822,

35.058877

M ad stairwell of 
a multi-story 
building

Factual

26 08.01.2021 Zhytomyr 50.242769,

28.622711

M ad stairwell of 
a multi-story 
building

Factual
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27 30.01.2021 Dnipro 48.409875,

34.918746

F ad inside a 
building

Factual

28 30.01.2021 Zhovtneve, 
Kherson region

46.702771,

32.684668

M sad inside a 
building

Factual

29 27.02.2021 Melitopol, 
Zaporizhzhia 
region

46.872257,

35.379521

F ad stairwell of 
a multi-story 
building

Factual

30 18.03.2021 Kherson 46.669682,

32.618573

F ad unknown Factual

31 14.09.2021 Kropyvnytsky 48.5123560,

32.2727995

F un stairwell of 
a multi-story 
building

Correspondence

32 2.10.2021 Volnogorsk 
Dnipro region,

48.4759674,

34.0087209

M ad stairwell of 
a multi-story 
building

Factual

33 3.10.2021 Liubashivka, 
Odesa region

47.8353,

30.2582

M un stairwell of 
a multi-story 
building

Factual

34 22.12.2021 Lviv 49.8362034,

24.0285903

M ad stairwell of 
a multi-story 
building

Factual

35 27.12.2021 Busk,
Lviv region

49.9577849,

24.6150377

M ad stairwell of 
a multi-story 
building

Factual

36 13.01.2022 Dnipro 48.4923566,

35.0511378

F un stairwell of 
a multi-story 
building

Correspondence

 


