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Abstract

This study presents the results of research of winter flight activity of bats conduct-
ed during the winters of 2022 and 2024-2026. The aim of the study was to assess
the extent of bat activity outside roosts during winter and to evaluate variation in
activity in relation to meteorological conditions and local habitat characteristics.
The study covered 25 sites in urban landscapes across different regions of Ukraine,
with bat flight activity recorded at 15 of them. The surveyed sites included areas of
high-rise urban development, low-rise residential areas dominated by detached
houses, urban parks with water bodies, and artificial or anthropogenically modified
water bodies. The results are based on the analysis of acoustic data on bat activity
collected during stationary point surveys and combined route-and-point surveys.
Bat calls were recorded using ultrasonic detectors and recorders. Only bat call se-
quences recorded during flight outside roosts were included in the analysis. In total,
292.9 GB of audio files were obtained and analysed, yielding 3785 bat passes.
Winter flight activity was detected for five species and one species pair: Nyctalus
noctula, Eptesicus serotinus, Pipistrellus kuhlii, P. nathusii, P. pygmaeus, and
Plecotus auritus/austriacus. The maximum recorded activity was 109 bat passes
per hour and 262 bat passes per night. We evaluated variation in winter bat flight
activity in relation to meteorological conditions and local site characteristics. High-
er flight activity was observed near ice-free water bodies and major hibernation
sites, indicating the importance of such localities for maintaining winter activity in
urban environments. The results confirm that winter bat flights in Ukraine are not
an isolated phenomenon and may help clarify the seasonal status of particular spe-
cies. It is suggested that the increasing frequency of winter activity in some bat
groups may be associated with warmer winters, urbanisation, and the availability of
local microclimatic refugia. The study provides important data for population mon-
itoring and the development of conservation strategies, as it helps identify key
winter habitats and supports the planning of measures for their protection.
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3uMoBa MOJIITHA AKTUBHICTH Ka:KaHiB B ypOoaanamadTax YKpainu

Bosoaumup Tumenko, Irop laBugenko, Oxcana Tuienko

Pesrome. [IpencraBieno pe3yabTaTé DOCTIPKEHb MOJTITHOI aKTHBHOCTI PYKOKPHIINX Y 3UMOBI nepioxu 2022,
2024-2026 pokiB. MeToro po6oTH OYyJI0 OIIHUTH MAacIITaOW MO3aCXOBHIIHOT aKTUBHOCTI Ka)KaHIB y 3MMOBHIA
nepiox, 3B’130K aKTHBHOCTI 3 METEOPOJIOTIYHIMH YMOBaMH Ta JIOKAIbHUMH XapaKTEePHCTHKAMH CEePETOBHINA.
JocnimkeHHIMH OXOIUIeHO 25 yokauiil B ypOonaHamadTax pi3HUX perioHiB YKpaiHd, y 15 3 HUX BHUSBICHO
MOJITHY aKTUBHICTh Ka)kaHiB. JIUISHKH HOCTIKEHb BKIIIOUAIN TEPUTOPii OararornoBepxoBoi Micbkoi 3a0ynoBH,
MAaJIOTIOBEPXOBO1 caguOHO1 3a0yI0BH, MIChKI MAPKU 3 BOJOWMAaMH, a TAKOXK IITYYHI Ta aHTPOIIOTEHHO TPAaHC(O-
pMoBaHi BogoiimMu. Pesymnbratu nocmimpkeHb 0a3yloThes Ha OLIHII JaHUX aKyCTHYHO! aKTUBHOCTI KaXKaHiB, SIKi
Oy1o 310paHo miJ Yac TOYKOBHUX Ta MAPIIPYTHO-TOYKOBUX 0OMiKiB. PeecTpartisi curHamiB pyKOKpUINX 311HCHIO-
BaBCs 3 BUKOPHCTAHHSAM YIIBTPa3BYKOBUX JIETEKTOPIB Ta pekopaepis. Jlo aHami3y BKIFOYAIN JIMIIE HOMITHI cepii
CHTHAJIIB Ka)KaHiB, 3apeeCTPOBaHI 1032 CXOBHIIAMH. 3arajoM OTpUMaHO i mpoananizoBano 292,9 rb ayniodaii-
JiB, Y SIKMX BUAUICHO 3785 peecTparliii kakaHiB. BUSBICHO 3MMOBY TOITHY aKTHBHICTh I'SITH BUIIIB Ta OJHIET
BUI0BOI napu: Nyctalus noctula, Eptesicus serotinus, Pipistrellus kuhlii, P. nathusii, P. pygmaeus, Plecotus au-
ritus/austriacus. MakcuManbHi MOKa3HUKU MOJLOTHOI aKTUBHOCTI csaranu 109 peectpariii/rox Ta 262 peectpa-
uii/Hid. OuiHeHo 3aJeKHICTh MONITHOI aKTHBHOCTI Ka)KaHIB y 3MMOBHUI IepioA Bi METEOYMOB Ta JIOKAJbHUX
0co0IHMBOCTEH MiCIIEBOCTI. Buia MmoJiiTHA aKTUBHICTH CrOcTepirajgacs MoOJM3y He3aMep3arouuX BOJOHM Ta
MicIb MacoBoi ridepHartii. Lle cBITYUTE PO BayKJIMBICTh TAaKUX OCEPEAKIB A MATPUMAHHI 3UMOBOi aKTUBHO-
cTi B ypOaHizoBaHOMy cepenoBuili. OTpHMaHi pe3ysbTaTH MiATBEPIUKYIOTh, 10 3MMOBI MOJBOTH Ka)KaHIB B
VYkpaiHi He € HOOJMHOKUM SIBUIIEM i MOKYTh MaTH 3HAUCHHS JUIsl yTOYHEHHSI CE30HHOTO CTaTyCy OKPEMUX BH-
niB. [IpurmynieHo, o 3pOCTaHHs YaCTOTH 3UMOBOI aKTHBHOCTI JESKUX TPYI PyKOKPHIINX MOXe OyTH IOB’si3aHe
3 MOTEIUTIHHAM 3UM, ypOaHi3alli€lo Ta HASBHICTIO JOKATBHUX MIKPOKIIMAaTHUHUX pedyriymiB. Martepianu moc-
JHKSHHS € BXITMBUMU U1 MOHITOPUHTY CTaHy IOIYJISLiH, pO3pOOKH CTpareriid 30epexeHHs KakaHiB, OCKi-
JIBKH JIO3BOJISIIOTH BU3HAYHUTH KIIIOYOBI CEpPEIOBHINA Y 3MMOBHUH MEpio]] Ta IUIaHyBaTH 3aXO0HM 3 X OXOPOHH.

Knro4doBi cioBa: pyKOKpHIIi, 3MMOBA MOJNITHA aKTHBHICTh, aKyCTUYHHI MOHITOpPHHT, ypOonanmmadru, Y-
paiHa.

Introduction

Winter has traditionally been regarded as a period of minimal activity in hibernating bats, char-
acterised by torpor and prolonged occupancy of winter roosts. However, recent data from acoustic
monitoring indicate that winter flight activity is a more widespread and complex phenomenon than
previously assumed [Arndt et al. 2020; Blomberg et al. 2021; Laurence et al. 2024; Toshkova et al.
2025]. The first records of winter flight activity of bats outside roosts date back to the 1980s [Avery
1985], and subsequent studies have documented such activity in boreal, temperate, and Mediterrane-
an regions [Barros et al. 2017; Blomberg et al. 2021, Laurence et al. 2024; Nouioua ef al. 2025]. The
energy budget of hibernating bats depends on the alternation between torpor and normothermia, with
the balance between these states largely shaped by ambient temperature [Kravchenko et al. 2025].
Climate change may substantially alter the wintering range of migratory bats in Europe [Godlevska
2013, 2015a; Vlaschenko et al. 2023; Kravchenko et al. 2025].

Winter flight activity is often associated with air temperature and atmospheric pressure: activity
increases during brief warm spells, although individual flights may occur even at temperatures below
0 °C [Arndt et al. 2020; Andreozzi et al. 2024]. In addition to temperature, the availability of water
and food resources, landscape structure, roost microclimate, and the degree of urbanisation may also
be important factors [Mas et al. 2022].

Urban landscapes are of particular importance for winter bat activity because they provide win-
ter roosts in buildings and warm microhabitats [Simon et al. 1999; Bashta 2016; Mas et al. 2022].
Urban green spaces and water bodies may further support winter arousals, movements, and foraging
by bats [Barros et al. 2017; Jansen et al. 2022; Laurence et al. 2024].
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Winter flights are energetically costly for bats, but they may be associated with the need to
drink, relocate, or forage [Kliig-Baerwald et al. 2016].

In Ukraine, winter records of bats in cities are frequent and well documented by data from bat
contact centres and synthesis studies [Godlevska et al. 2022; Zagorodniuk et al. 2001, 2003; God-
levska 2012, 2015b; Zagorodniuk 2018]. Specialised and regional studies also document repeated
winter records in urban environments in Ukraine [Prylutska et al. 2023; Kravchenko et al. 2017,
Drebet 2018; Panchenko et al. 2018; Hukov et al. 2020]. Most records are of bats found in winter
roosts, although some individuals have been recorded outside roosts, thereby confirming winter
flight activity [Hukov et al. 2020].

Despite the growing number of studies, data on winter bat flight activity in urban environments
remain limited, highlighting the relevance of studying this phenomenon in the urban landscapes of
Ukraine. Overall, the published evidence demonstrates a shift from viewing winter as a period of
near-complete bat inactivity towards understanding winter activity as a regular, ecologically signifi-
cant and climate-sensitive phenomenon.

Materials and Methods

The study was based on data from active and passive acoustic monitoring of winter bat flight
activity. Surveys were conducted at 25 sites in urban landscapes across different regions of Ukraine
(Fig. 1).

The surveyed sites comprised areas of high-rise urban development, low-rise residential areas domi-
nated by detached houses, urban parks with water bodies, and artificial or anthropogenically modified
water bodies. Brief descriptions of the acoustic monitoring sites and routes, including approximate coor-
dinates and recorded bat taxa, are provided below. Structural habitat descriptors are given in square
brackets after site names (multiple codes where applicable):

HR—high-rise residential development, LR—Ilow-rise residential development; UG—non-park urban

green space; UP—urban park; WB—water body or shoreline; AC—artificial channel; RC—river corridor;

IND—industrial area. The abbreviations St., Ave., Blvd., and Obl. denote Street, Avenue, Boulevard, and

Oblast, respectively.

Fig. 1. Distribution of monitoring points and sites for
recording bat flight activity during the winter periods of
2022-2026 across Ukraine.

Puc. 1. Po3nozin myHKTIB 00MNiKy Ta MiCIlb peecTpariit
HOJIITHOT aKTHBHOCTI Ka)kaHIB y 3UMOBI nepioan 2022—
2026 pokiB Ha TepuTopii YKpainu.

100 km

3. Dobrokhotov St. [HR] (50.462232° N, 30.361296° E).
Route-based point survey. Records: ESER, NNOC, and
NYC/EPT/VES.

Kyiv:
1. Akademmistechko [HR, UG] (50.45028° N, 30.50854°
E). Stationary survey on Academician Palladin Ave. Rec-

ords: ESER, NNOC, PKUH, PNAT, NNOC/NLEI, 4. Irpinska St. [HR] (50.459033° N, 30.351670° E). Route-
PKUH/PNAT, and NYC/EPT/VES. based point survey. Records: ESER, NNOC, and
2. Bortnychi [AC] (50.384746° N, 30.670075° E). Station- ~ NYC/EPT/VES.

ary and route-based point surveys along the drainage chan-
nel of the Bortnychi Aeration Station, which discharges
warm treated wastewater into the Dnipro River. In winter,
water temperature near the outlet is approximately +17 °C.
Records: ESER, NNOC, PKUH, PNAT, PPYG,
PKUH/PNAT, PAUR/PAUS, and NYC/EPT/VES.

5. Nyvky Park [UP, WB] (50.45972° N, 30.40982° E).
Route-based point survey around ponds in the western part
of the park. Records: NNOC, NNOC/NLEI, PKUH/PNAT,
and NYC/EPT/VES.

6. Palladin Ave. [HR] (50.460351° N, 30.358068° E).
Route-based point survey. No bats were recorded.
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7. Palladin route [HR] (50.473631° N, 30.360284° E).
Route-based point survey along the northern section of
Palladin Ave., Oleh Mudrak St., and Vasyl Stepanchenko
St. No bats were recorded.

8. Peremoha Park [UP, WB] (50.463162° N,
30.604401° E). Route-based point survey along park paths
and around a pond. Record: NNOC.

9. Popovych St. [HR] (50.459139° N, 30.362907° E).
Route-based point survey. Record: NYC/EPT/VES.

10. Pushyna Square [UG] (50.456165° N, 30.352803° E).
Route-based point survey. Records: NNOC and
NNOC/NLEL

11. Rylskyi Park [UP, WB] (50.39657° N, 30.51027° E).
Route-based point survey around a pond in the northern part
of the park. Records: ESER, NNOC, PNAT, PKUH,
NNOC/NLEIL, PKUH/PNAT, and NYC/EPT/VES.

12. Stus Square [UG] (50.454525° N, 30.358182° E).
Route-based point survey. Records: ESER, NNOC,
NNOC/NLEI, and NYC/EPT/VES.

13. Stus St. [HR] (50.460306° N, 30.361786° E). Route-
based point survey. No bats were recorded.

14. Sviatoshyn Pond [WB] (50.45724° N, 30.33836° E).
Route-based point survey along the north-eastern shore of
Pond No. 15 within the Sviatoshyn pond cascade. Records:
NNOC, PNAT, PKUH/PNAT, and NYC/EPT/VES.

15. Vaskul St. [HR] (50.457383° N, 30.350024° E). Route-
based point survey along its western section. No bats were
recorded.

16. Vernadskyi Blvd. [HR] (50.464827° N, 30.366918° E).
Route-based point survey. No bats were recorded.

Other regions of Ukraine:

17. Bar, Vinnytsia Obl. [LR] (49.07003° N, 27.67764° E).
Stationary survey in an area of two- to three-storey residen-
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tial buildings on Shpakovych St. Record: PKUH/PNAT.

18. Berehove, Zakarpattia Obl. [RC, LR] (48.205074° N,
22.646034° E). Route-based point surveys conducted main-
ly along the channel of the Verke River and through adja-
cent residential areas, extending to the site where thermal
water from a swimming pool is discharged into the river.
Records: NNOC, PNAT, PKUH, PPYG, PKUH/PNAT,
PAUR/PAUS, and NYC/EPT/VES.

19. Dolynska, Kirovohrad Obl. [HR] (48.11604° N,
32.78032° E). Stationary and route-based point surveys near
unoccupied buildings on Nova St. that may serve as winter
roosts. Records: NNOC, NNOC/NLEI, and
NYC/EPT/VES.

20. Kropyvnytskiy, Kirovohrad Obl. [IND] (48.517388°
N, 32.200371° E). Stationary survey on Vystavkova St. No
bats were recorded.

21. Soniachne, Kropyvnytskyi, Kirovohrad Obl. [LR]
(48.46460° N, 32.29581° E). Route-based point survey
along the Kropyvnytskyi Ring Road. No bats were record-
ed.

22. Lviv, Lviv Obl. [UP, WB] (49.84692° N, 23.98536° E).
Route-based point surveys near Levandivske Lake. No bats
were recorded.

23. Novoarkhangelsk, Kirovohrad Obl. [LR] (48.661308°
N, 30.809763° E). Route-based point survey along Ivan
Franko St. and Kozatska St. No bats were recorded.

24. Stebliv, Cherkasy Obl. [LR] (49.406574° N,
31.084885° E). Stationary surveys in an area of one-storey
residential housing. No bats were recorded.

25. Zhashkiv, Cherkasy Obl. [LR] (49.24629° N,
30.10515° E). Route-based point survey in an area of one-
and two-storey residential housing along Shevchenko St.
No bats were recorded.

Ultrasonic signals were recorded during route-based point and stationary surveys using three types of

detectors: Song Meter SM4BAT FS Ultrasonic Recorder, Song Meter Mini Bat Ultrasonic-Acoustic Re-
corder, and Echo Meter Touch 2 PRO Bat Detector. Acoustic monitoring covered evening, full-night, and
multi-day recording periods during the winter months of 2022 and 2024-2026. All recordings were made
in WAV format. Only sequences of ultrasonic signals consistent with bat flight activity were included in
the analysis. In total, 292.9 GB of audio files were obtained.

Recordings were initially processed using the licensed software Kaleidoscope Pro (version
5.6.5). The results of automated identification were manually verified by visual inspection of spec-
trograms and echolocation call parameters. Acoustic recordings were identified to species level only
when ultrasonic-call parameters allowed reliable species assignment. Records with insufficiently
diagnostic or overlapping acoustic characteristics were assigned to species pairs or acoustic groups.
Plecotus auritus and P. austriacus could not be reliably distinguished from the available recordings
and were therefore treated as a species pair.

Route-based point surveys were conducted during the first 2—3 hours after sunset. These surveys
combined recording during movement along the route and stationary recording at survey points
spaced approximately 200-300 m apart. Recording duration at each point was 5—-10 min. During
full-night stationary surveys, ultrasonic signals were recorded autonomously and continuously from
sunset to sunrise.

Meteorological data were obtained from local weather stations and the Meteopost.com resource.
For each survey, mean air temperature and atmospheric pressure were calculated for the correspond-
ing recording period. The occurrence of precipitation was also recorded. Wind speed did not exceed
4 m s™! during any survey. Only mean air temperature was included in the correlation analyses re-
ported here.
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Bat activity was standardised by recording effort and expressed as the number of acoustic registra-
tions, interpreted as bat passes per recording hour. The relationship between bat activity and air tempera-
ture was assessed using Spearman’s rank correlation in LibreOffice Calc 24.2.7.2. Spearman’s p was used
to quantify the direction and strength of the association, and statistical significance was assessed using
p-values. For graphical presentation, bat activity was transformed as log10(x + 1), where x is the number
of registrations per recording hour.

Taxon and acoustic-group abbreviations used in the study are as follows: ESER—Epfesicus serotinus

(Schreber, 1774); NLEI—Nyctalus leisleri (Kuhl, 1817); NNOC—Nyctalus noctula (Schreber, 1774);

PAUR—Plecotus auritus (Linnaeus, 1758); PAUS—Plecotus austriacus (Fischer, 1829); PKUH—

Pipistrellus kuhlii (Kuhl, 1817) sensu lato; PNAT—Pipistrellus nathusii (Keyserling & Blasius, 1839);

PPYG—Pipistrellus pygmaeus (Leach, 1825); NYC/EPT/VES—a species belonging to the genera Nycta-

lus, Eptesicus and Vespertilio; VGSP—a species of the family Vespertilionidae.

Results and Discussion

The surveys covered 25 sites in urban landscapes across Kyiv and five oblasts—Zakarpattia,
Lviv, Vinnytsia, Cherkasy, and Kirovohrad (see: Fig. 1). Five species and one species pair were
identified, while additional recordings were assigned to acoustic groups (Table 1).

A total of 3785 bat passes were verified during the winter months (December—February) of
2022 and 2024-2026. Mean air temperature during the surveys ranged from —14.6 °C to +8.6 °C.
Most acoustic recordings were obtained in different districts of Kyiv. The largest numbers of identi-
fied bat passes were assigned to taxa in genera Nyctalus and Pipistrellus. The highest early-evening
flight activity rate was 109 bat passes h™' at Dolynska on 2 January 2026 (mean air temperature,
+1.8 °C; Table 2 in Appendices). The highest full-night total was 262 bat passes at Bortnychi on the
night of 07-08 February 2022, corresponding to 17.4 bat passes h™! (mean air temperature, +1.4 °C;
Table 3 in Appendices).

The highest number of winter bat passes was recorded for NNOC (n = 807), whereas the lowest
totals were recorded for PPYG (n = 62) and the PAUR/PAUS pair (n = 63) (Fig. 2). NNOC was rec-
orded at the greatest number of sites (n = 12), followed by ESER (n = 6), whereas PPYG (n = 3) and
the PAUR/PAUS pair (n = 2) were the least widespread (Fig. 3). Bat flight activity was also con-
firmed visually at several localities, including Berehove, Bortnychi, and Dolynska. No bats were
detected acoustically at 10 survey sites.

Early-evening bat activity during the first 2—3 hours after sunset was significantly associated
with mean air temperature. Spearman’s rank correlation indicated a moderately strong positive rela-
tionship, with bat activity increasing at higher mean air temperatures (Spearman’s p = 0.652,
p =0.00003, n = 34; Fig. 4). For graphical visualisation of this relationship, bat activity was trans-
formed as log10(x + 1), where x is the number of bat passes per recording hour.

A statistically significant positive relationship between mean air temperature and bat activity
was also detected in the full-night recordings, with greater bat activity at higher mean air tempera-
tures (Spearman’s p = 0.675, p < 0.000001, n = 62; Fig. 5).

Table 1. Relative acoustic activity of bat species and species groups at the main survey sites

Tabmuus 1. BigHocHa aKyCTHYHA aKTUBHICTh BUJIIB Ta TPYIT K&KaHIB HA OCHOBHUX JUISTHKAX TOCIIKECHHS

Locality ‘ESER‘ NNOC ‘ PNAT ‘ PAUR/PAUS ‘ PKUH ‘ PPYG ‘NNOC/NLEI PKUH/PNAT
Kyiv, Bortnychi*  +++ ok ++ + + ++ - +
Kyiv, other + +++ + - ++ + + -
Dolynska - -+ - - _ _ + _
Bar - - - - - - - +
Beregove - + ++ + ++ + - +

* The Bortnychi locality is considered separately because bat activity there is likely to be influenced by the elevated
water temperature in the drainage channel; ** relative acoustic activity based on the distribution of verified bat passes
across sites: +, low activity; ++, moderate activity; +++, high activity; — no records.
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Fig. 2. Total number of acoustic bat
passes by species and species
groups. Bars show the total number

of acoustic registrations rather than
the number of individuals, as the
same individual may have been
recorded multiple times.

Puc. 2. Po3moxin 3aranbHOi Kilb-
KOCTI aKyCTHYHHX peecTpamiil ka-
JKaHIB 32 BUIaMH 1 TPyIIaMH BHIIB.
CTOBIUMKH IOKa3ylOTh 3arajbHy
KUIBKICTh aKyCTHYHHX PEeCTpallii,
a He KUIbKICTh OCOOWH, OCKIUIBKH

NYC/EPT/VES |
NNOC | | 807
PKUH/PNAT | | 589
ESER | 201
PKUH 7:| 170
NNOC/NLEI [ 157
PNAT 7:| 132
VGSP [ 96
PAUR/PAUS [] 63
PPYG In 62 Totalnumber of bat passes
0 200 400 600 800 1000 1200 1400 1600
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! oHa ocobuHa Morjia OyTH 3apeec-
TpPOBaHa KijlbKa pa3iB..

Fig. 3. Number of survey sites with
bat records by species.

Puc. 3. KinbKicTh MyHKTIB peecTpa-
il Ka)kaHiB 3a BUJAMHU.

Fig. 4. Relationship between mean air tem-
perature and early-evening bat activity dur-
ing the first 2-3 hours after sunset (n = 34).

Puc. 4. 38’430k MiX CepenHBOIO TeMIlepa-
TYpOIO TIOBITPSl T2 PAaHHBOBEYiIPHBOIO AKTH-
BHICTIO Ka)KaHiB y mepiui 2—3 TOJUHM Micis
3axony coHus (n = 34).

Fig. 5. Relationship between air tempera-
ture and full-night bat activity based on
full-night recordings (n= 62).

Puc. 5. 3B’5130K MiX TeMIIepaTypoIO IOBIT-
ps Ta HIYHOKO aKTHUBHICTIO Ka)KaHiB 3a Ja-
HUMH TIOBHOHIYHUX 3amuciB (n = 62).
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Winter bat flight activity was also associated with local habitat characteristics. In particular,
high flight activity was observed at sites with ice-free water bodies, including Beregove, Bortnychi,
Sviatoshyn Pond, Rylskyi Park, and Nyvky Park.

The use of ice-free water bodies by bats during winter is consistent with previous studies sug-
gesting that the need to restore water balance during hibernation as one of the drivers of winter
emergence during arousals [Speakman et al. 1989; Ben-Hamo et al. 2013; Vanderwolf et al. 2017;
Mas et al. 2022]. Winter emergence does not necessarily occur only after severe dehydration, but
may form part of regular water-balance maintenance [Hays et al. 1992]. Access to free water and
drinking during periodic arousals may therefore be an important factor for the survival of hibernating
bats [Kliig-Baerwald ef al. 2021].

In addition, the positive relationship between bat activity and air temperature may partly reflect
the increased availability of flying insects on warmer winter evenings. Although insect activity in
temperate regions is generally reduced during the cold season, several groups, including winter-
active moths, chironomids and stoneflies, are capable of activity or flight at low temperatures [Hein-
rich et al. 1985; Soszynska-Maj et al. 2016; Vebrova et al. 2018]. Winter warm spells may therefore
create temporary foraging opportunities for bats.

Against the background of ongoing climate change, winter bat flight activity may increase. In
northern and eastern Ukraine, the most pronounced winter warming during 1990-2021 was observed
in December, reaching up to +1.2 °C per decade [Boychenko et al. 2025]. This trend is also reflected
in the declining frequency and intensity of winter cold waves in Ukraine, as well as in the reduced
number of both short-term and prolonged cold spells [Balabukh ez al. 2025]. Projections further in-
dicate that the number of frost days will continue to decline and that, by the end of the twenty-first
century, some parts of the country may no longer experience days with below-zero temperatures
[Wilson et al. 2021].

The acoustic dataset included some variation in detector type, recording duration, and survey
replication among sites. Expressing activity as the number of bat passes per recording hour allowed
differences in recording duration to be taken into account and facilitated comparisons among sur-
veys. The broad spatial coverage and substantial number of verified bat passes provide a valuable
baseline for documenting winter bat activity in urban landscapes across Ukraine.

Continued acoustic monitoring of winter bat flight activity is therefore important for monitoring
winter activity, assessing population status and developing bat conservation strategies, as it can help
identify key winter habitats and support the planning of measures for their protection.

Acknowledgements

We are grateful to Dr. Igor Zagorodniuk and Dr. Zoltan Barkaszi for valuable advice on the design of the article.

Declarations

Funding. This study was conducted on the authors’ own initiative and received no specific funding.
Conflict of interest. The authors declare no conflict of interest relevant to the content of this article.
Handling of materials: The study did not involve the use of live or collected material.

Use of artificial intelligence. No generative artificial intelligence tools were used in the preparation of the
manuscript; only basic language editing tools were applied. All scientific results, interpretations, and text are original
contributions of the authors.

References

Andreozzi, C. L., A. M. Merenlender. 2024. Microclimatic dri--
vers of winter bat activity in coast redwood forests. Journal
of Mammalogy, 105: 988-1000. DOI: 10.1093/jmammal/
gyae070

Armndt, R. J., S. L. Lima. 2020. Landscape-wide flight activity
by wintering bats predictably follows pulses of warmth in the
Midwestern United States. Journal of Mammalogy, 101 (6):

1489-1501. DOI: 10.1093/jmammal/gyaa088
Avery, M. 1. 1985. Winter activity of pipistrelle bats. Journal of
Animal Ecology, 54 (3): 721-738. DOIL: 10.2307/4374
Balabukh, V. O., L. V. Malytska, H. P. Dovgal, ef al. 2025. Dy-
namics of frequency and intensity of cold waves in Ukraine
under global warming. Agricultural Science and Practice, 12
(3): 3-14. DOLI: 10.15407/agrisp12.03.003


https://doi.org/10.1093/jmammal/​gyae070
https://doi.org/10.1093/jmammal/​gyae070
https://doi.org/10.1093/jmammal/gyaa088
https://doi.org/10.2307/4374

Winter bat flight activity in urban landscapes of Ukraine ...

Barros, P. A., C. Ribeiro, J. A. Cabral. 2017. Winter activity of
bats in Mediterranean peri-urban deciduous forests. Acta
Chiropterologica, 19 (2):  367-377. DOL 103161/
15081109ACC2017.19.2.013

Bashta, A.-T. 2016. Changes of migration patterns and spatial
expansion of bats (Chiroptera) as a reflection of adaptation to
the existence in urban landscape. Naukovi Osnovy Zbere-
zhennia Biotychnoi Riznomanitnosti, 7 (14, 1): 67-84.

Ben-Hamo, M., A. Muiioz-Garcia, J. B. Williams, et al. 2013.
Waking to drink: rates of evaporative water loss determine
arousal frequency in hibernating bats. Journal of Experi-
mental Biology, 216 (4): 573-577. DOI: 10.1242/jeb.078790

Blomberg, A. S., V. Vasko, M. B. Meierhofer, et al. 2021.
Winter activity of boreal bats. Mammalian Biology, 101:
609—618. DOI: 10.1007/s42991-021-00111-8

Boychenko, S. G., N. M. Maidanovych. 2025. Unraveling
seasonal surface air temperature trends in Ukraine (1990-
2021). Geofizicheskiy Journal, 47 (5): 26-44. DOL
10.24028/gj.v4715.333639

Drebet, M. 2018. Bat fauna monitoring in urban landscapes of
Podillia (Ukraine) based on results of the work of bat contact
centre. Theriologia Ukrainica, 16: 145-148. [Ukrainian]
DOIL: https://doi.org/10.15407/pts2018.16.145

Godlevska, L. V. 2012. Results of the work of the bat contact-
centre (Ukraine). Scientific Notes of Taurida National V. 1.
Vernadsky University. Series: Biology, Chemistry, 25 (4):
12-20. [Russian]

Godlevska, L. 2013. New Vespertilio murinus (Chiroptera)
winter records: An indication of expansion of the species’
winter range? Vestnik Zoologii, 47 (3): 239-244.

Godlevska, L. 2015a. Northward expansion of the winter range
of Nyctalus noctula (Chiroptera: Vespertilionidae) in Eastern
Europe. Mammalia, 79 (3): 315-324. DOIL 10.1515/
mammalia-2013-0178

Godlevska, L. 2015b. Results of the work of the Kyiv Bat con-
tact-centre in 2012-2015. Proceedings of the Theriological
School, 13: 11-19. DOI: 10.15407/ptt2015.13.011

Godlevska, L., S. Rebrov, P. Vorobei, et al. 2022. Bats of Cen-
tral Ukraine: A synopsis. Zoodiversity, 56 (3): 203-232.
DOI: 10.15407/2002022.03.203

Hays, G. C., J. R. Speakman, P. I. Webb. 1992. Why do brown
long-eared bats (Plecotus auritus) fly in winter? Physiologi-
cal zoology, 65 (3): 554-567. DOI: 10.1086/physzool
.65.3.30157969

Heinrich, B., T. P. Mommsen. 1985. Flight of winter moths
near 0°C. Science, 228: 177-179. DOI: 10.1126/science
.228.4696.177

Hukov, V., O. Timofieieva, A. Prylutska, ef al. 2020. Wintering
of an urban bat (Pipistrellus kuhlii lepidus) in recently occu-
pied areas. European Journal of Ecology, 6 (1): 102—120.
DOLI: 10.17161/eurojecol.v6il.13629

Jansen, E. A., E. Korsten, M. J. Schillemans, M. Boonman, H.
G. Limpens. 2022. A method for actively surveying mass hi-
bernation sites of the common pipistrelle (Pipistrellus pipi-
strellus) in the urban environment. Lutra, 65(1): 201-219.

Laurence, F., M. Jauneau, V. Sottejeau, et al. 2024. Winter
activity of bats in a peri-urban forest: how do climatic condi-
tions matter? Acta Chiropterologica, 26 (2): 249-260. DOI:
10.3161/15081109ACC2024.26.2.009

Mas M., C. Flaquer, X. Puig-Montserrat, X. Porres, H. Rebelo,
A. Lopez-Baucells. 2022. Winter bat activity: The role of
wetlands as food and drinking reservoirs under climate
change. Science of The Total Environment, 828: 154403.
DOL: 10.1016/j.scitotenv.2022.154403

Kravchenko, K., A. Vlaschenko, A. Prylutska, et al. 2017.
Year-round monitoring of bat records in an urban area:
Kharkiv (NE Ukraine), 2013, as a case study. Turkish Jour-
nal of Zoology, 41 (3): 530-548. DOI: 10.3906/z00-1602-51

Kravchenko, K., C. C. Voigt, J. Volkholz, et al. 2025. Shorter

173

and warmer winters expand the hibernation area of bats in
Europe. Ecology Letters, 28 (5):e70119. DOL: 10.1111/
ele.70119

Kliig-Baerwald, B. J., L. E. Gower, C. L. Lausen, et al. 2016.
Environmental correlates and energetics of winter flight by
bats in southern Alberta, Canada. Canadian Journal of Zool-
ogy, 94 (12): 829-836. DOI: 10.1139/cjz-2016-0055

Klig-Baerwald, B. J., C. L. Lausen, B. Wissel, et al. 2021.
Meet you at the local watering hole? No use of an artificial
water resource, and evidence of dehydration in hibernating
bats in the Prairies, Acta Chiropterologica, 23 (2): 405-411.
DOI: 10.3161/15081109ACC2021.23.2.010

Nouioua, R., T. Hanf-Dressler, S. Dullinger, ef al. 2025. Warm-
ing winters disrupt bat activity and hibernation in mediterra-
nean olive agroecosystems. Global Ecology and Conserva-
tion, 62: €03828. DOI: 10.1016/j.gecco.2025.¢03828

Panchenko, P., L. Godlevska. 2018. Data on the bat fauna of
the Northern Black Sea Region based on results of the work
of bat contact centres. Theriologia Ukrainica, 16: 120-126.
DOL: https://doi.org/10.15407/pts2018.16.120

Prylutska, A., M. Yerofeieva, V. Bohodist, et al. 2023. The
dataset of bat (Mammalia, Chiroptera) occurrences in
Ukraine collected by the Ukrainian Bat Rehabilitation Center
(2011-2022). Biodivers Data Journal, 11: €99243. DOI:
10.3897/BDJ.11.99243

Simon, V. M., K. Kugelschafter. 1999. Die Anspriiche der
Zwergfledermaus (Pipistrellus pipistrellus) an ihr Winter-
quartier. Nyctalus (N.F.), 7 (1): 102—-111.

Soszynska-Maj, A., L. Paasivirta, W. Gitka. 2016. Why on the
snow? Winter emergence strategies of snow-active Chiron-
omidae (Diptera) in Poland. Insect Science, 23 (5): 754-770.
DOLIL 10.1111/1744-7917.12223

Speakman, J. R., P. A. Racey. 1989. Hibernal ecology of the
pipistrelle bat: energy expenditure, water requirements and
mass loss, implications for survival and the function of win-
ter emergence flights. Journal of Animal Ecology, 58 (3):
797-813. DOI: 10.2307/5125

Toshkova, N., M. Kolev, S. Deleva, et al. 2025. Winter is (not)
coming: Acoustic monitoring and temperature variation
across important bat hibernacula. Biodiversity Data Journal,
13: ¢141801. DOI: 10.3897/BDJ.13.¢141801

Vanderwolf, K. J., D. F. McAlpine, L. P. McGuire. 2017. Hi-
bernacula water chemistry and implications for hibernating
bats, Journal of Mammalogy, 98 (6): 1578-1585. DOI:
10.1093/jmammal/gyx111

Vebrova, L., A. van Nieuwenhuijzen, V. Kolaf, D. S. Boukal.
2018. Seasonality and weather conditions jointly drive flight
activity patterns of aquatic and terrestrial chironomids. BMC
Ecology, 18 (19). DOL: 10.1186/s12898-018-0175-y

Vlaschenko, A., A. Prylutska, M. Yerofieieva, et al. 2023.
Further summer and winter range expansion of European bat
species in Ukraine. European Journal of Ecology, 9 (1): 74—
86. DOI: 10.17161/eurojecol.v9il.18664

Wilson, L., S. New, J. Daron, et al. 2021. Climate Change
Impacts for Ukraine (Report). Met Office. London, 1-34.
URL: https://cutt.ly/mFNWvBu

Zagorodniuk, 1., L. Godlevska. 2001. Bats in collections of
zoological museums of Ukraine: Phenological review of da-
ta. In: 1. Zagorodniuk (ed.). Migration Status of Bats in
Ukraine. Ukrainian Theriological Society, Kyiv, 122—156.
(Series: Novitates Theriologicae; Pars 6). [Ukrainian]

Zagorodniuk, 1., O. Godlevska. 2003. Bats of tribe Myotini
(Mammalia) in the Middle Dnipro Region: Species composi-
tion, distribution and abundance. Vestnik Zoologii, 37 (2):
31-39. [Ukrainian]

Zagorodniuk, 1. 2018. A game against natural selection? Hiber-
nation of migratory bat species in their summering range in
Eastern Ukraine. Theriologia Ukrainica, 16: 111-119.
DOL: 10.15407/pts2018.16.111


https://doi.org/10.3161/​15081109ACC2017.19.2.013
https://doi.org/10.3161/​15081109ACC2017.19.2.013
https://doi.org/10.1242/jeb.078790
https://doi.org/10.1007/s42991-021-00111-8
https://doi.org/10.24028/​​gj.v47i5.333639
https://doi.org/10.15407/pts2018.16.145
https://doi.org/10.1515/​mammalia-2013-0178
https://doi.org/10.1515/​mammalia-2013-0178
https://doi.org/10.15407/ptt2015.13.011%20
https://doi.org/10.15407/zoo2022.03.203
https://doi.org/10.1086/physzool.65.3.30157969
https://doi.org/10.1086/physzool.65.3.30157969
https://doi.org/10.1126/science​.228.4696.177
https://doi.org/10.1126/science​.228.4696.177
https://doi.org/10.17161/eurojecol.v6i1.13629
https://doi.org/10.3161/15081109ACC2024.26.2.009
https://doi.org/10.1016/j.scitotenv.2022.154403
https://doi.org/10.3906/zoo-1602-51
https://onlinelibrary.wiley.com/journal/14610248
https://doi.org/10.1111/​ele.70119
https://doi.org/10.1111/​ele.70119
https://doi.org/10.1139/cjz-2016-0055
https://doi.org/10.3161/15081109ACC2021.23.2.010
https://doi.org/10.1016/j.gecco.2025.e03828
https://doi.org/10.15407/pts2018.16.120
https://doi.org/10.3897/BDJ.11.e99243
https://doi.org/10.1111/1744-7917.12223
https://doi.org/10.2307/5125
https://doi.org/10.3897/BDJ.13.e141801
https://doi.org/10.1093/jmammal/gyx111
https://doi.org/10.1186/s12898-018-0175-y
https://doi.org/10.17161/eurojecol.v9i1.18664
https://cutt.ly/mFNWvBu
https://doi.org/10.15407/pts2018.16.111

Appendices
Table 2. Bat activity (bat passes h™!) and mean air temperature during route-based point surveys conducted within the first 2—3 hours
after sunset

Tabnuist 2. AKTUBHICTh KaXkaHiB (peecTpauiil 3a roguHy) i cepeHs TeMIepaTypa MOBITPS Ha MapIIPYTHO-TOYKOBHX OONIKax y
niepii 2—3 TOANHY MiCJIs 3aX0/4y COHIIS

Re- | Location Date Bat °C Region Location Date Bat °C
gion activity activity

Kyiv  Bortnychi 2025-01-26 353 +7.3 Kyiv Popovych St. 2025-02-12 14 59
— — 2025-02-06 0 -1.8 — Dobrokhotov St.  2025-02-13 70  -19
— — 2026-01-20 0 -7.8 — Vaskul St. 2026-01-19 0 99
— — 2026-01-22 0 -49 — Palladin Ave. 2025-02-07 0 -34
— — 2026-02-27 04 28 — Stus St. 2025-02-04 0 -05
— — 2026-02-28 345 -0.6 — Palladin route 2025-01-31 0 +50
Kyiv Rylskyi Park 2025-01-29 70 +7.8 — Vernadskyi Blvd.  2025-02-09 0 -7.0
— Irpinska St. 2025-02-07 35 4.1 Zakarpattia Obl.  Beregove 2025-01-04 33 -0.1
— — 2025-02-02 12 +15 — — 2025-01-07 71 +7.9
— — 2025-02-08 1.5 -53 — — 2024-01-04 32 +8.6
— — 2025-01-18 19.7 433 — — 2024-01-05 26 +7.0
— — 2026-01-18 12.8 -11.0 Lviv Obl. Lviv 2026-01-06 0 -35
— Peremoha Park ~ 2025-02-01 08 +2.6 — — 2026-01-07 0 49
— Stus Square 2025-01-30 483 +6.4 Kirovohrad Obl. Dolynska 2026-01-02 109 +1.8
— Sviatoshyn Pond 2025-01-27 61.5 -1.1 — Kropyvnytskyi 1 2026-01-04 0 -0.9
— Nyvky Park 2025-02-28 11.8 +6.5 — Novoarkhanhelsk ~ 2026-02-07 0 -96
— Pushyna Square ~ 2025-02-11 09 -6.7 Cherkasy Obl. Zhashkiv 2026-01-03 0 20

Table 3. Full-night acoustic activity of bats (bat passes h™') expressed as bat passes per recording hour and mean air temperature

Tabmurst 3. AKTHBHICTB KaXkaHiB (peecTpalliil 3a roAUHy) IPOTATOM HIYHOTO Iepiofy 1 cepefHs TeMIepaTypa IOBITps

Location Date Bat activity °C Date Bat activity °C

Akademmistechko ~ 2025-01-27/28 16.2 +5.7 2025-12-18/19 1.3 0.0
2025-01-28/29 2.5 +6.4 2025-12-19/20 0.6 0.0
2025-01-29/30 14.0 +4.8 2025-12-20/21 1.9 -0.8
2025-01-30/31 17.4 +4.4 2025-12-21/22 1.9 +1.6
2025-01-31/02-01 5.0 +5.1 2025-12-22/23 15.9 +1.6
2025-02-01/02 0.8 +0.9 2025-12-23/24 4.8 -3.8
2025-02-02/03 0.3 0.0 2025-12-24/25 0.1 -9.9
2025-02-03/04 0.3 -0.7 2025-12-25/26 1.8 -4.5
2025-02-04/05 0.3 -1.4 2025-12-26/27 1.1 +0.9
2025-02-05/06 0.6 -1.8 2026-01-01/02 0.2 -8.3
2025-02-07/08 0.3 -5.1 2026-01-02/03 0.9 -1.9
2025-02-08/09 0 -6.7 2026-01-03/04 1.8 2.4
2025-02-09/10 0 -7.6 2026-01-04/05 0.2 4.2
2025-02-10/11 0 -7.6 2026-01-05/06 0.4 -5.5
2025-02-28/03-01 15.2 +0.8 2026-01-06/07 0.3 -0.5
2025-12-17/18 2.6 +2.3 2026-01-09/10 0 -8.6

Bortnychi 2022-01-28/29 2.5 +0.7 2022-02-08/09 5.4 +0.9
2022-01-29/30 0 -2.0 2022-02-09/10 1.0 +3.2
2022-01-30/31 0.1 +0.7 2022-02-10/11 8.6 +3.8
2022-01-31/02-01 0 -0.9 2022-02-11/12 2.6 +1.9
2022-02-01/02 0 -3.2 2022-02-12/13 0.2 -1.2
2022-02-02/03 0.4 +0.2 2022-02-13/14 2.8 -1.1
2022-02-03/04 0 -4.1 2022-02-14/15 0.7 -14
2022-02-04/05 0.9 -5.6 2022-02-15/16 3.6 +0.3
2022-02-05/06 0.1 +0.6 2022-02-16/17 0.0 +1.6
2022-02-06/07 11.2 +1.7 2022-02-17/18 4.1 +4.6
2022-02-07/08 17.5 +1.4 2022-02-18/19 10.6 +2.6

Bar 2025-02-22/23 0 -9.8 2025-02-23/24 0.2 7.6

Novoarkhanhelsk 2025-02-16/17 0 9.5

Kropyvnytskyi 2025-02-17/18 0 -14.6

Dolynska 2025-02-18/19 32 -13.5 2025-02-19/20 1.2 -8.5

Stebliv 2025-02-24/25 0 -6.5 2025-02-25/26 0 -4:2




