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Pilot Study of Hibernation Patterns
in Noctule Bats (Nyctalus noctula): Influence of Group Size

Pedbepar: Y poborti gocnigxysanu nepebir 3MMOBOI CrNsYkM [Opocnvx camuiB pydoi BedipHuui Nyctalus noctula B ymoBax
HEeBONi 3anexHo BiA 4ucenbHOCTI rpyny. KaxkaHiB posginunmu Ha TpW eKCnepvMeHTarnbHi KaTeropii: 3MMIiBNS MOOOMHOKUX KaXaHiB
Ta 3UMIBMA rpynu KaxaHiB 3 6 Ta 16 ocobuH. Bcboro cdopmoBaHo 9 pocnigHMx rpym, B KOXHi Oyno no OfHin 0COobWHI
3 BCTAHOBMIEHNM TemnepaTtypHumM norepom iButton. Temnepatypy noBepxHi wkipu Ts BUMiptoBanu KoxHi 5 xB. MokasaHo, Lo pyKoKpuIi
y BENUKUX rpynax BXOAUNM y Ginblu rmmbokuni Ta cTabinbHuin Topnop. Y rpyni 3 16 0COOGMH >KOQHOTO BMNAAKy MOBHOMO MPOOYMKEHHS
(Ts > 20°C) He 3adikcoBaHo. lMpy LbOMY MOOAMHOKI KaXaHW AEeMOHCTpyBanu YacTilli NPOByMKEHHs. YCi TBApUHM Nepewnunn y mu-
Gokuii Topnop nicna nepwmx 9 A6 3UMiBNI B yMOBax eKCnepuMmeHTy. 3Hauvylumx BigMIHHOCTEW y BTpaTi Macu Tina Mk rpynamu
He BusaBneHo. [liaTBepmKeHa BaxNMBICTb BMMBY YMCEMBHOCTI FPYNM Ha 3MEHLUEHHS KiNbKOCTi nMpobyaxeHb Mig 4ac 3uMmieni Ta
poni couianbHoi Tepmoperynsuii y 36epexerHi eHeprii.

Knro4yoBi cnoBa: TopnigHuin cTaH, TepmMoperynsuis, AMHamika npobymkeHb, eHepro3bepexeHHs, edeKT rpynyBaHHs, TemnepaTtypHi
LMKIN.

Abstract: This study investigated the influence of group size on the hibernation patterns of adult males of Nyctalus noctula
during hibernation. Bats were divided into three categories (solitary, groups of six, and groups of sixteen) and nine experimental
groups comprising one individual with temperature logger per group (iButton). Skin temperature (7s) was monitored every five
minutes. The results showed that bats in larger groups (the group of sixteen) entered longer and more stable torpor, with no
instances of full arousal (Ts >20°C). In contrast, solitary bats exhibited more frequent arousals. All bats entered deep torpor after
the first nine days. No significant differences in body mass loss were found between the groups. The findings highlight the

importance of group size in reducing arousals during hibernation, and the role of social thermoregulation in conserving energy.
Key words: torpid state, thermoregulation, arousal dynamics, energy conservation, clustering effect, temperature cycles.

3uMoBa cruiyka (riOepHaris) € KIFOYOBOKO
QJIANTUBHOIO CTPATEri€lo, sKa JI03BOJsIE OaraTboM
CCaBISIM IMBHIYHUX IIHUPOT IEPEKUBATH CE30HHI
Mepioy HecTaul TKi Ta eKCTpeMaabHI YMOBH HABKO-
JMITHBOTO cepe/ioBuIla. BoHa ckilanaeTbes 3 uepry-
BaHHs (a3 TPUBAJIOTO TOPIOPY Ta KOPOTKOYACHHX
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Hibernation is a key adaptive strategy that enables
many mammals in northern latitudes to survive
seasonal periods of food scarcity and extreme
environmental conditions. It consists of alternating
phases of prolonged torpor and short-term arousals,
balancing energy conservation with essential
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POOY/KEHB, 1110 3a0e3Meuye OallaHC MiX 30epekKeH-
HSIM €Heprii Ta MiATPUMAaHHIM JKUTTEBO BAXKIMBHX
¢ynkuiii opranismy. Ilin uyac Topmopy y TBapuHH
YHOBUTHHIOIOTHCS META0OIYHI MPOIIECH, BHACHIIOK
YOro 3HAYHO 3HIKYIOTHCS BUTPATH €HEprii 3a pa-
XyHOK 3MEHIIIEHHSI TEMIIEpaTypH Tijla, YaCTOTH Cep-
IIEBUX CKOpOYeHb i amxaHHs [12-14]. Taki mukimn
TOPIOPY Ta MPOOYKEHb JA03BOJIAIOTH T10EpHYIOUNM
BUJIAM BUTPUMYBATH TpUBAI Tepiogn 0Oe3 Tki Ta
IIPU [IbOMY 30€piraT KUTTE3IaTHICTh OPraHi3My.

Pyxoxpui Ha#Oinbmn yucenbHi ccapi y [TiBHIU-
Hill MiBKyJi, SIKi 3aTHi BOaJaTd B 3UMOBY CIUISUKY.
Buninsiors OBI OCHOBHI cTparerii 3UMiBIi y pyKo-
KPWJIMX: 3UMIBIS Y MiJ3EMHHUX CXOBHIIAX (HedYepHi
BHJIM) Ta 3UMIBIIA Y HAa3eMHHUX CXOBHUIIAX (y OyILIax
nepeB abo mimHax ckenb) [4]. KoxHa rpymna Bumis
JMEMOHCTPY€E VHIKaNbHI ajanTaiiii BiJIOBITHO 0
YMOB CBOiX 3MMOBHUX cxoBuIl. [ledepHi ribepHanTH
3a3BHYail MAOTh OLTBHIT TIIMOOKI Ta TPUBAJIi MEePioaH
TOPIIOPY 3 MEHIIOK YaCTOTOIO MPOOYIKEHb, a BUIIH,
SKI 3UMYIOTh HA3eMHO, NPOOYKYIOTHCS YacTille
1 MalOTh KOPOTILI Tiepioan Topropy [5].

[TepeOir Topriopy Ta B LIJIOMY 3UMOBOI CIUISTYKH
y PYKOKpHIIUX, 110 3UMYIOTh B Ileuepax, AOCHiHKeHa
3HAYHO Kpalle, HiX y THX, 1110 3MMYIOTh HAa3€MHO, Ye-
Pe3 CKIaIHUH TOCTYTI 10 3MMOBUX CXOBHII] OCTaHHIX.
OpHUM i3 BHpINICHb Li€l TPOOIEMH € TPOBEICHHS
eKCIIepUMEHTAIILHUX JTOCII/HPKEHb B yMOBaX HEBOJI
[1, 10].

06’ extoM pobotu Oyia BedipHuUIs pyaa (Nyctalus
noctula (Schreber, 1774)) — mupoKo MOMHPEHUH
€BPA3ICHKUI BUJA PYKOKPWINX, IO 3UMYy€ Yy Ha-
3eMHHUX cxoBumax. Lled Bua BimoMuii CBO€IO MpH-
CTOCOBAHICTIO SIK JI0 TIPUPOIHOTO CEPEIOBHINA, TaK
i 10 ymoB ypOaHizoBaHux mnanmmadris [8, 9, 16].
OcTtaHH1 JECATUIITTS CIIOCTEPIraeThCsl 3SHAUHHI 3CYB
3UMOBOTO apeany N. noctula, ocodonuBo B LleHTpans-
Hill 1 Cxigniit €Bpormi [7] Ha miBHIY. [le 3ae0i1b1I0-
r0 CIPUYMHEHO YpOaHi3alli€ro Ta 3MIHOK KIIMaTy
1 IpU3BeIIO 10 30UTBIIIEHHS YHCEIFHOCTI 0COOUH, SIKi
3UMYIOTh Y MicTax CximHoi €Bporu [11].

Bsumky N. noctula popmye y MicTax BeJIHKi CKyTI-
YEHHS BiJl COTCHb IO THUCSY 0coOMH. Taki CKymmueH-
HS JOTIOMararoTh 30epiraTh €HepTril0 B3UMKY depe3
coliaabHy TepMoperyisimiro [2, 3, 5], omHak 4wu-
CENIPHICTh TaKMX T'PYIyBaHb MOXKE BILTMBATH Ha JTU-
HaMiKy MPOOY/DKCHHS, M0 € KPUTHYHO BaXKJIMBUM
JUISL BWOKMBAHHS 11 4ac 3uMiBii. Yacti npoOymkeH-
HSl PyKOKPWIIUX y TIEPioJ 3UMOBOI CIUISTYKH MOXYTb
NepeaYacHo BUCHAKUTH €HEPreTUYHI 3alacy Ta 3HHU-
3UTH YCHIIIHICTD 3UMiBJi. YHCENBbHICTh TPYIH MOXKE
abo crpuATH eHepro30epexeHHo uepe3 (hopMyBaH-
HS MIUTHPHOTO KIIACTEPY PYKOKPHIIUX, a00, HaBITaKH,
BHUKJIMKATH KacKaJHi MPOOYHKEHHS, [0 epeadacHo
BHCHAXYIOTh KUPOBi pezepsu [15].
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physiological maintenance. During torpor, animals
enter a state of metabolic depression, significantly
reducing their energy expenditure by lowering
body temperature, heart rate, and respiration [4, 12,
14]. These torpor-arousal cycles allow hibernating
species to endure extended periods without food
while maintaining vital functions.

Bats are the most numerous hibernators in the
Northern Hemisphere, and their significant species
diversity corresponds to a diversity of hibernation
strategies. Two main strategies are generally
described: i) underground hibernation (cave-dwel-
ling or cavernicolous bats) and ii) above-ground
hibernation (primarily tree-roosting species and
those inhabiting deep crevices in rock outcrops)
[4]. Each group exhibits unique adaptations suited
to their winter shelters. Underground hibernators
tend to experience deeper and more prolonged bouts
of torpor, with fewer arousals during the hiberna-
tion period. In contrast, above-ground hibernating
bats exhibit more frequent arousals and shorter
torpor bouts [5].

The torpor patterns and wintering behaviour
in general, of underground hibernating bats are
significantly better studied than those of above-
ground hibernators. This is largely due to the
challenging accessibility of their winter shelters.
Experimental studies in captivity offer one solution
to this limitation [1, 10].

Our focal species, the Common Noctule Bat
(Nyctalus noctula (Schreber, 1774)), is a widespread
Eurasian above-ground hibernator known for its
adaptability to both urban and natural environments
[8, 9, 16]. In recent decades, notable shifts (to
the North) in the winter range of N. noctula have
been observed, particularly in Central and Eastern
Europe [7]. These shifts, largely attributed to
urbanisation and climate change, have increased the
presence of overwintering individuals in Eastern
European cities [11].

During winter, N. noctula forms large aggre-
gations in cities, often numbering from hundreds
to thousands of individuals. These aggregations
may help conserve energy through social thermore-
gulation [2, 3, 5]. However, the size of these win-
tering aggregations may also influence arousal
dynamics, which are critical for survival during
hibernation. Frequent arousals from torpor, espe-
cially full arousals that involve substantial rise
in body temperature, can beforehand deplete
energy reserves and reduce the success of hiber-
nation. Group size can either help conserve energy
through clustering or, conversely, trigger cascades
of arousals that prematurely deplete fat reser-
ves [15].
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Merta TiNOTHOTO JOCHiKEHHSI — BHBYCHHS
BIUIMBY COLiaJbHOrO TrpymnyBaHHs Nyctalus noctula
Ha AMHAMIKy npoOyKeHb Ta BTpaTy MacH Tija (SK
MTOX1HOT Bi/I 9aCTOTH MPOOYKEHB) y JJOPOCIUX CaM-
IIiB B TIEPiOJT 3MMOBOI CIUITYKH.

Marepiaau Ta MeToaH

Excnepument npoBonamim 3 6 1o 25 ciunas 2020 p.
Ha 6a3i LlenTpy peabiniranii pykokpwimx denbaman
Exonapky (IIPP). nst nociimkeHHs] BUKOPHCTOBYBa-
au KaxkaHiB N. noctula macoro Tina 25,5-31,9 1, siki
Oynu BPSATOBaHI 3 PI3HUX MICBKUX MAcCTOK MPOTATOM
sumu 1 gocrasneni 1o PP [nuB.: 11]. [Ipubnu3zno 3
1000 xaxxaniB, sixi 3umyBanu B LIPP, 6yno BiziOpano
9 nopocnux camuiB. Temneparypui Jorepu iButton
«Thermochron i Button 8K-40» (Maxim Integrated
Products, CIIIA) Oynu mnpukpimieHi x0 BHroje-
HHUX OUITHOK Ha CIHHI PYKOKPHJIMX 33 JOTIOMOTOO
xipyprignoro ke «SAUER-Hautkleber» (Manfred
Sauer GMBH, Himeuunna) nyst 3a0e3meueHHs IiTh-
HOTO KOHTAaKTy 3 MIKipoto. Jlorepu Kpimmim Takum
YHHOM, 11100 TOBEpXHs 3Haxomuiacs B Oesmocepe-
HBOMY KOHTaKTi 3 TOJIOIO HIKIPOIO, a KJIeH HaAHOCHIIH
JIMILIE [0 IepuMeTpy Jorepa. Jlo excriepumenty 0yio
3anmyueHo 69 ocobun N. noctula macoro Tina 23,2—
31,9 r. CamuiB i3 TeMneparypHUMH Jorepamu iButton
PO3NOAUININ MiXK TPHOMA €KCIIEPUMEHTAIbHUMH Ka-
TeropisMu: (i) MOOAMHOKI Kaxkanu (S), (ii) rpymnu 3
6 xaxaniB (G6) Ta (iii) rpynu 3 16 kaxaniB (G16).
KoxxHa kareropis BKIO4ajga TpU Tpynu (BChOTO
9 rpym), fAKi 3UMYBUIA OKPEMO Y CICIiaTbHUX
MIIIKax: 3 MIMKA 3 TTOOAWHOKHMH KakaHamu (S),
3 mimku 3 6 kaxxanamu (G6) 1 3 mimku 3 16 kaxkaHa-
MU (G16). YV xoxkHi# rpymi Oyllo 0 0JJHOMY KaxKaHy
31 BCTAHOBJICHUM JIOTEPOM.

Jlorepu iButton peectpyBaim TemIiieparypy Mo-
BEPXHI IIKIPH PYKOKPUIIUX KOXKHI 5 XB 3 TOUHICTIO +
0,5°C i posninbroro 3aathicTio 0,1°C. Temmneparypy
HaBKOJIMIIHBOTO CepeloBHIIa /a B XOJOAWIBHUKY
BHUMIpIOBaJIM [JOAATKOBUM JiorepoMm. Excrmepument
MTPOBOJIMIIA B KOHTPOJIBOBAHUX YMOBax (y MOIU(DiKo-
BaHOMY TOOYTOBOMY XOJOAWJIBHUKY) TPH TeMIIe-
parypi 0-10°C i BomorocTti 40-52%. XomoauIbHUK
KOPOTKOYACHO BiAKPUBAIH ABIYi IMiJl Yac EKCIepH-
MeHTY (MEHIIIE HI)K Ha XBHIIMHY ).

Hentp peabinitanii kaxxaniB Penpaman Exonap-
Ky Jli€ Ha OCHOBI 3arajibHOTrO J1I03BOJIy [lenaprameH-
Ty €KOJOTrii Ta MPHUPOAHUX pecypciB XapKiBCbKOL
obnacti. Excrnepument OyB cxBaneHuit ETtuuHOIO
KOMicCi€t0 XapKiBCHKOTO HAI[IOHAIBHOTO YHIiBEp-
curery imeni B.H. Kapasina (pimenns Nel0/2019)
3 JOTpUMaHHAM HOpM 3akoHy Ykpainu «IIpo 3axuct
TBapHUH BiJ JKOPCTOKOTO TOBODKEHH» (Ne3447-1V
Bix 21.02.2006) i monokeHb «E€BpONEHCHKOT KOHBEH-
Iii Mpo 3aXHUCT XPeOSTHUX TBAPHH, SIKi BUKOPHUCTOBY-
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In this pilot study, we investigate the influence
of group size on the torpid patterns of adult male
N. noctula during hibernation. Specifically, we
examine the frequency and duration of arousals
in solitary bats and in groups of six and sixteen,
with the object of understanding how social grouping
affects the frequency of arousals and body mass
loss as a derivative of those of arousals.

Material and Methods

Data Collection. The experiment was con-
ducted from 6-25 January 2020 at the Bat Reha-
bilitation Center of Feldman Ecopark (BRC). The
bats used in this study were individuals that had
been transported to the BRC after being rescued
from various urban traps during the winter [see:
11]. Nine adult male N. noctula (body mass 25.5—
31.9 g) were selected from approximately 1000 hi-
bernating bats housed at the BRC. The iButton
temperature loggers ‘Thermochron iButton 8K’
(Maxim Integrated Products, Inc., USA) were
attached to shaved areas on the bats’ backs using
surgical glue SAUER-Hautkleber (Manfred Sauer
GMBH, Germany) to ensure close contact with the
skin. The loggers were applied so that the
surface was in direct contact with the bare skin,
with glue only around the periphery of each
logger. A total of 69 N. noctula (body mass:
23.2-31.9 g) were used in this experiment. Nine
adult males equipped with iButtons were assigned to
one of three experimental categories: (i) solitary
bats (S), (ii) groups of six bats (G6), and (iii) groups
of sixteen bats (G16). Each category included
three groups (nine groups in total), hibernated
separately in individual bags: three bags with
single bats (S), three bags with six bats each (G6),
and three bags with sixteen bats each (G16). Each
group contained one individual with a logger.

iButton loggers recorded the bats’ skin tempe-
rature every five minutes with an accuracy of
+ 0.5°C and a resolution of 0.1°C. An additional
logger measured the ambient temperature (7a) in
the refrigerator. The experiment was conducted in
a controlled environment (in a modified refrige-
rator), with temperatures between 0-10°C and
humidity between 40-52%. The refrigerator was
briefly opened twice during the experiment (for less
than one minute each time), though it was housed
in a room with regular human activity.

The BRC operates under the general permis-
sion of the Kharkiv Oblast Authority of Ecology
and Natural Resources, and this experiment was
approved by the Ethical Commission of V.N. Ka-
razin Kharkiv National University (decision
#10/2019) following the main norms of the Law



IOTBCSI ISl eKCIIEPUMEHTAIBHUX Ta IHIINX HAyKOBUX
uinei» (CrpacOypr, 1986).

VYei kakaHM, 3aidydeHi JO E€KCHEPUMEHTY, Micis
rioro 3aBepmeHHs 3anmumanucs B [[PP Ha peabinita-
mii 1o BecHu. Y kBitHI 2020 p. TBapWH BUITYCTHIN
y TpHUPOAHI yMOBM Ha TepHuTOpii PerioHambpHOTO
naammadTHOTO TapKy «Denbnman Exomapky.

Temmeparypa BcepenuHi XOJOAWIBHHUKA Oyna
MpUHHATA SIK TeMIIepaTypa HaBKOJMIIHBOTO cepe-
nopuiia Ta, s Hel Oyau po3paxoBaHi Jiana3oH,
MejliaHa, HIKHINM Ta BEpXHil KBapTWIIi. 3a MOKa3HHU-
KOM TEMIIepaTypH LIKipH KaxkaHiB 75 BU3HAYaIIM JBa
(i310JI0TTUHUX CTAHH TBAPHH: «CIUISTYKa» Ta «IIOBHE
npoOymxeHHs». «Cruisiuka» BH3HaYanacs SIK CTaH,
ko 75 Oynma Hmxuye Ha 99% BepXHBOro JOBIpYO-
ro iarepBany Ta (7°C) (Ha MOMEHT BHUMIpIOBaHHS).
«IToBHe TIpOOYmKEHH» (DiKCyBaIOCS y TIepiof, KON
Ts mepeBumtyBana 20°C, sxmo 3HaueHHS 15 Oyio
Hmwkae 19,9°C, To cTraH «IIOBHOTO TMPOOYMKEHHSDY
He xracudikysascs. st koxHOI N. noctula 'y 9 rpy-
nax OyJiu po3paxoBaHi Me/iaHHI Ta MiHIMaJbHI 3Ha-
yeHHst 75. «lloBHe TpOOYIIKEHHS» BUMIPIOBAIN 3
MOMEHTY, Konu 7% migHimanacs noHaja 7°C, gocsrana
20°C i TpuBana 10 MOMEHTY, KOJIM BOHA 3HOBY OyJa
Huxue 7°C.

KinpkicTh moBHHX TpoOyIKeHb MiIpaxoByBalu
JUIsL KOKHOI TBAapHHH, 3arajbHy KUIBKICTH MpPOOyI-
KeHb JUId KoxkHOI Karerpii (S, G6, G16) mopiBHFO-
Bann 3a kputepiem Kpyckama-Yommica. 3a xoedi-
mieHToM Koperrii [lipcona () oIiHIOBaNIH 3B’SI30K
MDK KUTBKICTIO TIPOOYIKEHD Ta TAaKUMH (PaKkTopamH,
SK CHIBBITHOIIEHHS CTarei (BIICOTOK CaMOK 0
caMmIliB) Ta maca Tija J0 MOYaTKy CIUISIYKA. Tpu-
BAJIICTh MPOOY/KEHHSI Ta MakcHUMaybHy 7§ TOpIiB-
HioBanu 3a U-kputepiem MaHHa-YiTHI 3 MONPaBKOO
Bondepponi anst 3nauenp P. Kpim toro dikcysanu
Yac J00M Ta KiMbKIiCTh Ai0 BiA MoYaTKy eKcrepruMeH-
TY, KOJIM BiOyBaHcs NpOOYKEHHS.

VY exkcrnepuMeHTI pOo3paxoByBaJId BTpaTy Macu
Tida Ui BCiX 0coOuH N. noctula. JInst omiHKY BTpatn
MAacH TiJIa TiJ] 9ac CIUISTYKH BUKOPHUCTOBYBAIIN JiHIH-
HY MOZEIb, B SIKIH YHCENbHICTh TPYIH, CTaTh 1 BIK
Oynu BKITIOUCHI SIK (pakTopu. BImnB 1iux He3aIe:KHIX
3MIHHUX aHaJi3yBaJd 3a JOTIOMOTOI0 MHOKHHHOTO
perpeciiHOro aHaji3y, Mmicis 4oro MPOBOAMIN JTUC-
nepciiinuii ananiz ANOVA.

CTaruCTUYHO 3HAYYIIUMH BBaXKalllCsS pPe3yib-
tarn npu P < 0,05. Ananiz Ta Bizyamizalis JaHuX
MPOBOAMIM 32 JOTIOMOIOI0 IMPOrpaMHOro 3adesre-
yenHs «R Ver. 3.5.1» (R CoreTeam 2018) Ta «Excel»
(Microsoft, CIIIA).

Pe3ysabTaTn T2 00roBOpeHHS
Ilim Wac excmepwMeHTy [iana3oH 3HaueHb Tu
cranoBuB Big —1,97 mo 9,71°C 3 memianoro 2,57°C
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of Ukraine ‘On the Protection of Animals Against
Cruelty (No. 3447-1V of February 21, 2006) and the
European Convention for the Protection of Verte-
brate Animals Used for Experimental and Other
Scientific Purposes’ (Strasburg, 1986). All bats used
in the experiment were kept on rehabilitation at the
BRC facilities till spring and were released in April
2020 to nature in the Feldman Ecopark area.

Data Analysis. The temperature inside the refri-
gerator was assumed as the ambient tempera-
ture (7a), and its range, median, and lower and upper
quartiles were calculated. The skin temperatures
(75) of the bats were classified into two categories:
‘torpor’ and ‘full arousal’. ‘Torpor’ was defined
as occurring when 75 was lower than the 99%
upper confidence interval of 7a (7°C). ‘Full arousal’
was defined as occurring when the maximal 7%
exceeded 20°C, while arousals with 75 below
19.9°C were not classified as full arousal. Median
and minimal 7% values for N. noctula in the three
different group sizes were calculated. The dura-
tion of ‘full arousal’ was measured as the time from
when 7§ rose above 7°C until it dropped below
this threshold again.

The number of ‘full arousals’ for each bat was
counted, and the total number of arousals for each
group (S, G6, G16) was compared using the Kruskal-
Wallis test. Pearson’s correlation coefficient (r) was
used to assess the relationship between the num-
ber of arousals and factors such as sex ratio (fe-
male-to-male ratio) and body mass before hiber-
nation. The duration of arousal and maximal 7
between the groups were compared using the
U-Mann-Whitney test (U-test), with Bonferroni
correction applied to P-values. Additionally, the
day time and the number of days after the experi-
ment onset when arousals occurred were recorded.

Body mass loss was calculated for all N. noctula
in the experiment. A linear model was used to
evaluate body mass loss during hibernation, with
group size, sex, and age included as factors. The
impact of these independent variables was ana-
lysed using multiple regression analysis, followed
by that of variance (ANOVA).

Statistical significance was set at P < 0.05. Data
were analyzed and visualized using R software
(version 3.5.1, R Core Team 2018) and Excel
(Microsoft, USA).

Results

General  findings. The refrigerator engine
activated when Ta reached approximately 6°C and
cooled the environment over a period of 30 mi-
nutes, turning off when Ta approached 0°C. Ta
remained stable for 1.5-2 hours, after which it began
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1 MDKKBapTHJIBHUM Jiama3oHoM Big 1 mo 4,5°C
(puc. 1), mo 3abe3nedyBanocs poOOTOK KOMIIpe-
copa XxoJjonwibHUKa. B MomeHT, konmu Ta pocsrana
npubausHo 6°C, BMHMKaBCS KOMIIPECOP XOJIOIWJIb-
HUKa, 1 mporsaroM 30 XB BimOyBasoOCh OXOJOKEH-
HSl CEepeloBMILA; KOMIIPECOp BHUMHKAaBCs, KolMu Ia
HaOmmxanacs no 0°C. 3HaueHHs 7o 3anuinanocs
cTabimpHUM mpoTsroM 1,52 tommH, micis Ta mo-
YWHAIA IOCTYIIOBO IiJIBUIYBATHCSl MPOTSATOM Ha-
CTynHOi TomuHM. [IUKITIYHICTE POOOTH KOMIIPECO-
pa XoNoAMJbHHKA HE Malia TMOMITHOTO BIUIMBY Ha
poOyIKEHHSI Ka)KaHiB.

Mepnianni 3HayenHs 7§ mig vac crisuku (75 <
7°C) Bigpi3HsuMCcs MK KareropisiMu: Bim 2,5 10
3,4°C — nns pyKOKpWINX, IO 3UMYBajId IOOJAH-
HOKO, Bix 3,5 mo 4,5°C — s G6 Tta Big 2,5 1o
3,6°C — g G16. MinimanbHi 3HayeHHS 15 KO-
Bammcs Bix 0,4 no 1,3°C muis TBapuwH, 0 3UMYBaIIN
nooguHoko, Big 1,4 mo 2,6°C — miug G6 1 Big 1,5
1o 2,1°C — mst G16 (puc. 1).

Pyxoxpuni kareropii G16 nepeOysanu y Haid-
OUTBII JIOBIOMY TOPIIOPi, NMPH IBOMY JKOJHA TBAapH-
Ha He JI0cAIIa «ITOBHOTO MpoOymkeHHs (15 > 20°C).
OjHaK CIIOCTepIirajucs BUMAJIKU YaCTKOBOTO ITiJIBU-
menHs 75 (puc. 1). JIns mopiBHSHHS ABa 3 TPHOX
KaXaHiB, L0 3UMYBaJd IOOIUHOKO, IPOOYIKY-
Bajucsl yacrtime (puc. 2), ToAl sSK TPETs TBapuHa
3aJMIIanacs y muOOKOMY TOPIOPI MPOTATOM YChOTO
CKCIIEPUMEHTY.
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Puc. 1. 3miHa Ta Ta Ts y N. noctula nig 4ac ekcnepmmeH-
Ty. Binoto niHieto no3HaveHi Temnepatypu Hux4e 7°C, Yop-
Hol — TemnepaTypwu BuLle 7°C. kKoHTpornb — Ta. KinbkicTb
KaxkaHiB y rpyni, aka aumye: S — noogmHoki, G6 — rpyna
3 6 TBapuH, G16 — rpyna 3 16 TBapuH; YMCMO B OyXKaxX —
CEPIiHNIN HOMEpP eKCNepPUMEHTanbHOI rpynu.

Fig. 1. Run of Ta and Ts for N. noctula during the expe-
riment. White line marks temperatures lower than 7°C
and black line those higher temperatures higher than 7°C.
“Control” — Ta. Numbers of bats in a hibernating group:
S — solitary, G6 — group of 6, G16 — group of 16; the number
in brackets is the serial number of the experimental group.
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S(1) S(2) S(3) GB(1) G6(2) GB(3) G16(1) G16(2) G16(3)

Mpynu kaxaHiB
Groups of bat

Puc. 2. KinbkicTb noBHux npobymxeHb (Buwe 20°C)
NPOTArOM YCbOTO €KCMEPUMEHTY [FS KOXHOI O0COOMHM
N. noctula 3 TemnepaTypHUM fOrepoMm; NO3HAYEHHs rpyn
OuB. Ha puc. 1.

Fig. 2. The number of full arousals (higher than 20°C)
during the entire experiment for each individual N. noctula
with a temperature logger; for group labels see Fig 1.

KinbkicTb NOBHMX NPOOYymXeHb

to warm up over the following hour. The range
of Ta during the experiment was —1.97°C to 9.71°C,
with a median of 2.57°C and interquartile range
between 1°C and 4.5°C (Fig. 1). The cycling of
the refrigerator motor had no observable effect on the
arousals of the bats.

The median 7§ during torpor bout (75 < 7°C)
varied across the groups: from 2.5°C to 3.4°C for
solitary bats, from 3.5°C to 4.5°C for G6, and from
2.5°C to 3.6°C for G16. Minimum 75 values ranged
from 0.4°C to 1.3°C for solitary bats, from 1.4°C
to 2.6°C for G6, and from 1.5°C to 2.1°C for G16
(Fig. 1).

Number, duration, and timing of full arousals.
Bats in the G16 group experienced the most pro-
longed torpor, with no individuals reaching full
arousal (75 > 20°C). However, partial increases in
Ts were observed (Fig. 1). In contrast, two of the
solitary bats aroused more frequently, while the
third remained in deep torpor throughout the
experiment. (Fig. 2)

There was no significant difference in the
number of full arousals between solitary and
grouped bats (Kruskall-Wallis test, y> = 3.3, df = 2,
P = 0.19). A moderate negative correlation was
found between the number of arousals and the
proportion of females in the group (r = —0.58),
while a weak negative correlation was observed
between arousals and body mass prior to hiber-
nation (r =-0.27).

The duration of full arousals ranged from
2.5 hours in solitary bats to 3.3-5 hours in G6
bats, with one individual experiencing a 6-hour
arousal (Fig. 3). G6 bats had significantly longer
arousal durations than solitary bats (U-test, W =
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CTaTuCTUYHO 3HAYYIIMX BIAMIHHOCTEH Y KiJib-
KOCTI TOBHUX MpOOYIKEHb MK KakKaHaMHM, IO
3UMYBQJIHM TOOJUHOKO, T4 TUMH, IO 3UMYBAJIH Y
rpymnax, He BusiBieHo (tect Kpackama-Yomrica, > =
3,3,df =2, P=0,19). BussneHo moMipHy HETaTHBHY
KOPEJAIII0 MiXK KUTBKICTIO MPOOYMKEHb 1 YaCcTKOIO
caMok y rpymi (r = —0,58), a Takox c1aOKy HETaTHB-
HY KOPEJSIII0 MK KITBKICTIO TPOOYIKEeHb 1 Macoio
Tija TBapuH 10 cruistaku (r = —0,27).

TpuBanicte «moBHUX mpoOymxkeHsy (75 Oinb-
me 20°C) cepen TBapHH, 1110 3UMYBAIU TTOOJUHOKO,
BapitoBana Bin 2,5 no 3,3-5 rogun y G6, 3 oxHUM
BCTaHOBJICHMM BHIIQJIKOM IOBHOTO NPOOYIKEHHS
1o 6 romus (puc. 3). TpuBamicTb npoOyIKeHb TBa-
pua G6 Oyna 3Ha4HO OUNBIIOIO, HIK y KaKaHiB,
mo 3uMmyBasnd noomuHoko (U-tect, W = 29, P =
0,04). Kpim Toro, mMakcmmainmbHi 3HadeHHS TS i
4ac «IMOBHOTO MpOOyKeHHs» y TBapuH G6 Oymn
3HagHO BUMUMH (32-33°C), HIX y THX, IO 3UMYyBa-
1 mooanHOKo (27-31°C) (U-tect, W =30, P =0,03)
(puc. 4).

VYei «mmoBHI MpOOYIKeHHsD» BiAOyBaiucs BHOYI
(mix 18:00 1 05:00 roguaamMu). Pykokpuiti mouuHamiu
miAifiMaTy TeMreparypy Ha Mo4aTKy HOYi, J0CsTraio-
Yd MaKCHMAaJIbHHUX 3HAY€Hb 1§ ONM3LKO OMIBHOYI, 1
MoBepTajucs B NIMOOKUI Topmop 10 paHky. Kaxa-
HU YCIX Ipyn Ta Kareropii mpoOymKyBajucs IMpo-
TATOM Tepmux 9 mi0 eKkcrnepuMeHTy, Iicis YOoro
BOHM 3aJMIIAINACS Y TOPTIOP1 0 KiHIIA TOCIiHKEHHS
(10 mi6) (mus. puc. 1).
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TpvBanicTe NOBHOIO NPOBYIKEHHS, XB

KakaHu
Bats

Puc. 3. TpusanicTe noBHUX NpobyaxeHb Bif po3irpiBaHHS
po oxonomxkeHHs (Ts Buwe 7°C) ons 4oTMpbox 0cobuH
N. noctula (n — KinbkiCTb NPOOYAKEHb ANA KOXHOI 0COOU-
Hu). Cipi 6okcnnotn (6oken — kBaptuni 1 Ta 3, niHig —
MefiaHa, Byca — MiHiMarnbHi Ta MakCUMarnbHi 3HaYeHHs,
NMOPOXHE KOJMO — 3HAYEHHSI 32 MEeXaMn OCHOBHOrO Aiana-
30HY); NO3HAYEHHS rpyn AuB. Ha puc. 1.

Fig. 3. Duration of full arousals (minutes) from warming
up to cooling down (Ts above 7°C) for four individuals of
N. noctula (n — number of arousals for each individual).
Grey boxplots (box — 1st and 3rd quartiles, line — median
value, whiskers — min and max values, open dot — outlier);
for group labels see Fig 1.
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KaxaHu
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Puc. 4. MakcumanbHi 3HayeHHst Ts nig 4ac MOBHOrO Mpo-
OymxeHHs1 Ansa 4oTupbox ocobuH N. noctula (n — KiNbKiCTb
npobymxeHb Ansa KoxHoi ocobunwn). Cipi 6okcnnotu (6ok-
cn — kBaptuni 1 Ta 3, niHia — mepdiaHa, Byca — MiHi-
MasnbHi Ta MakcumarbHi 3HAYEHHs); MO3HaYeHHs rpyn
OuB. Ha puc. 1.

Fig. 4. Maximal reached Ts during full arousal for four
individuals of N. noctula. Grey boxplots (box — 1t and
3 quartiles, line — median value, whiskers — min and
max values); for group labels see Fig 1 (n — number
of arousals for each individual)..

29, P = 0.04). Additionally, the maximum Ts during
full arousal was significantly higher in G6 bats (32—
33°C) compared to solitary bats (27-31°C) (U-test,
W =30, P=0.03) (Fig. 4).

All full arousals occurred between 18:00 and
05:00, with bats beginning to warm up early in
the night, reaching peak 7% around midnight, and
returning to deep torpor by morning. All the groups
experienced arousals within the first nine days of
the experiment, after which bats entered prolonged
torpor and remained so until the end of the study
(10 days) (See Fig. 1).

Body mass loss. There were no significant
differences in body mass loss between solitary and
grouped bats (ANOVA, F2,60 = 2.9, P = 0.06), nor
between sexes (ANOVA, F',60 = 0.03, P > 0.85),
ages (ANOVA, F2,60 = 0.5, P > 0.5), or between
individuals with and without loggers (ANOVA,
F1,60 = 0.86, P > 0.35). Bats in the G6 group lost
slightly more body mass (median 1.4 g) than
solitary bats (median 0.9 g) and G16 bats (median

0.8 g) (Fig. 5).

Discussion

This study explored how group size influences
torpor bouts and arousal dynamics in adult
male Nyctalus noctula during a short period of
hibernation in captivity. The findings demon-
strate that larger groups of bats exhibit longer
and more stable torpor, while solitary indivi-
duals experience more frequent and complete
arousals. One of the key limitations of this study
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CTaruCTUYHO 3HAYYIIMX BIIMIHHOCTEH MIONO
BTPaTH MacH Tilla MK PYKOKPHIMMH, SIKI 3UMYBa-
U TOOJMHOKO, Ta THMH, IIO 3UMYBaJH y Tpymax
(ANOVA, F?,60=2,9, P=0,06), a TaKkok Mi’k CTaTTIO
(ANOVA, F*, 60 = 0,03, P> 0,85), Bixom (ANOVA,
F2,60=0,5, P>0,5) abo Mi>k 0COOMHAMH 3 JIOTepaMHu
ta 6e3 Hux (ANOVA, F!, 60 = 0,86, P > 0,35) He BU-
sBrieHo. Kaxxanm 3 G6 BTpadaau TpOXw OUTBIIE MacH
Tina (Memiana 1,4 r), HK TBapWHH, IO 3UMYBaJIA
MOOAAMHOKO, (Meniana 0,9 r) ta kaxxanu 3 G16 (Mezia-
na 0,8 1) (puc. 5).

Y 1poMy JIOCHIDKEHHI HaMH IIOKa3aHo, SIK
PO3Mip TpyIH BIUIMBAE HAa TPUBAJIICTH MEPiONiB TOP-
Mopy Ta AMHAMIKy TpOOYIKEHb y JOPOCIHX CaMIIiB
N. noctula nia 4ac KOPOTKOTO MEPioAy 3UMIBII B He-
Bouti. [loka3aHo, 10 TBapWHM, SKi 3UMYyBaJIN OiITBII
YUCENFHUMH Tpynamu, nepeOyBaiu y OUTbII TpH-
BaJIOMy TOPIOPi Ta MPOKHUIAINCH PiJIIIe 33 THX, SKi
3UMYBaJM MOOAMHOKO. OZHUM 3 OCHOBHHX 00-
MEXEeHb LbOI0 JOCIIUKEHHS € BIJHOCHO KOPOTKa
TPHUBAIICTh EKCIEepUMeHTy — Jmme 19 mi6, mio
ckianae Mennre Hik 20% Bij 3araibHOi TPUBAJIOCTI
CE30HY 3MMIBJI (3 MMOYATKY JIMCTOMAAA J0 KiHIs Oe-
pe3ns) mis N. noctula Ha mmpori micta Xapkis [8].
Kpim Toro, mpoOymKeHHSI cIoCTepirajucs JHIIe
MPOTATOM MepmuX 9 1i0 eKCHepUMEHTY, MiCis YOro
PYKOKpHJII Tepelyin y CTaH CTaOUIbHOI 3MMOBOT
CIUISTYKH.

N. noctula € BUIIOM, 110 3UMY€ y HaJ3€MHHUX CXO-
BHI[AX, TOMY IIi TBAPHHU HE YacTO CTAIOTh 00’ €K-
TOM y mocaimkeHHsx Topropy [12]. [lo octaHHBEOTO
gacy numie B omHii ctarti R. Arlettaz Ta cmiBaBT.
[1] Oyna BUCBITIEHA TIpOOIEMa BUBUCHHS JHHAMIKH
MeTa0OMIYHOI AaKTUBHOCTI Ta TeMIeparypu Tijia
N. noctula nix 4vac rmbokoro Topropy. B HOBHX
JOCIIJPDKEHHSIX OJIep)KaHl BaXJIMBI JlaHi Mpo Tie-
pedir Ta 0COOIMBOCTI 3UMOBOI CIUISTYKH IIbOTO BUIY
TBapuH [6, 10]. Y nonepeaHboMy eKCIIEpUMEHTI MU
MaHiImy;IroBainy po3Mipamu rpyn N. noctula, mo 3u-
MyBaJIM, i BUBYAJHM BIUIMB CTaTi, BiKY, YHCEIHHOCTI
rpynu Ta Gpi3udHOTO cTaHy Ha marTepH 3uMisi [10].
MinimanbHe 3Ha4eHHA 15 y IIbOMY JIOCIIJKEHHI
st 3uMmytounx N. noctula xomuanocs Bim 0,4 mo
1,5°C, BoHo Oymo HmK4Ie ofeprkanoro R. Arlettaz ta
cmiBabT. [1]. [IpoTe y Hamomy momnepeaHboMy eKCIie-
puMeHTI 3adikcoBaHO MiHIManbHY 75, sKa CKiajana
—2°C [6]. 3rigno 3 nanumu R. Arlettaz Ta criBagrt.
[1], Halinmk4ya MeTaOoNliYHA aKTUBHICTH N. noctula
y CTaHi 3MMOBOI CIUISYKU CIIOCTepirajiacs B jia-
masoni 7Ta Bix 10 mo 2,5°C, moganblie il 3HHKEHHS
(amxae 2,5°C) migBUIIAIO MeTa0OIIYHY aKTUBHICTb.
Take miABUIIEHHS SHEProBUTPAT HA TIi 3HIKCHHS
TEMIIEPaTypU MOXKE BHUKJIMKAaTH IEPEBUTPATY >KU-
poBuXx 3amaciB. Xoua N. noctula Moxe TIepeKUBATH
KOPOTKI TIepionyd HaA3BUYAHHO HHU3BKUX TEMIIepa-
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Puc. 5. Brpata macu Tina kaxaHiB nig 4ac ekcrnepu-
MeHTy ansa Bcix N. noctula (cBitno-cipuii konip — ocobu-
HW 3 norepamu iButton, TemHo-Cipuii — ocobuHu 6e3 no-
repie, 6inuii — Bci 0ocobuHu pasom). bokcnnotu (6oken —
kBaptTuni 1 Ta 3, niHia — MegiaHa, Byca — MiHiManbHi
Ta MakcumarbHi 3HaYEHHS).

Fig. 5. Bat body mass loss during the experiment for all
N. noctula (mid grey — individuals with iButton loggers,
dark grey - individuals without loggers, white — all
individuals). Boxplots (box — 1%t and 3" quartiles, line —
median value, whiskers — min and max values).

is the relatively short duration of the experiment,
which lasted only 19 days. This is less than 20%
of the total hibernation season (from early Novem-
ber to late March) for N. noctula at the latitude of
Kharkiv city [8]. Moreover, we observed arousals
only during the first nine days of the expe-
riment, after which the bats transitioned to stable
torpor.

As an above-ground hibernator, N. noctula is
a rare species in torpor studies [4]. Until recently,
only one paper, by Arlettaz et al. [1], highlighted
the metabolic rate and body temperature dynamics
of N. noctula in deep torpor. Two more recent
studies, including our own [6,10], have expanded
this body of knowledge. In our previous experiment,
we manipulated the group size of hibernating
N. noctula and tested the effects of sex, age, grou-
ping, and body condition on hibernation patterns
[10]. The minimum 7% for hibernating N. noctula
in this study ranged from 0.4°C to 1.5°C, which is
lower than that reported by Arlettaz et al [1].
However, in our previous experiment, we recorded
minimum 7% of —2°C [10].

According to Arlettaz et al. [1], the lowest
metabolic rate of torpid N. noctula was observed
in the 7a range of 10°C to 2.5°C, with a further
decrease in 7a below 2.5°C resulting in an increase
in metabolic rate. This increase in energy expen-
diture at lower temperatures could lead to over-
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TYp, Y (piHanbHii YacTUHI TIepioay 3UMIBII 1Ie MOXKe
MIPU3BECTH JI0 BUCOKOI CMEPTHOCTI Ka)kaHiB (Ti3HA
3uma) [13, 17].

OpnepxaHi  pe3yabTaTd LbOTO  AOCHIHKEHHS
Y3TODKYIOTBCSL 3 JaHMMH HAlloi MONepeaHboi
poboTH, B SKIH BHBYANAacsS 3UMOBA  CIUITIKA
N. noctula [10]. B 000X AOCTIMKCHHIX KaKaHH Y
rpymnax 3ajJuiIajiucs B TIHOOKOMY TOPIIOPi JOBIIE,
aje mig yac nmpoOymKEHHS JOCSITaId BUIIUX 3HAYCHD
75, 10 MPU3BOAWIO O JOBIIMX MEPIONiB aKTHB-
HocTi [10]. Lle minkoM minTBEpKY€E TaKy TilMOTE3Y:
colliajibHa TEPMOpEryJislis (31aTHICTh OCOOUH Yy
rpymnax, sKi 3uMyIOTb, 3HIDKYBaTH BTpaTH TeIJa Ta
OUTBII €KOHOMHO BHKOPUCTOBYBATH 3aIlacd >KUPY)
3HWKYE TOTpedy B 4YacTHX NPOOYHKEHHSX, IO
30epirae eHeprito TBapuH [5, 10].

Kpim Toro, me oZHMM BaX¥JIMBUM CIOCTEpe-
KEHHSIM, sKE IIATBEPIDKYEThCS  pe3yibTaTaMu
HallUX CCKCIIEPUMEHTIB, € KOPEJIiss MK Ma-
COI0 Tila Ta JAWHAMIKOIO TPOOYIKEeHb. OCKITBKH
e JIOCHI/PKEHHS MPOBOAMIIOCH BUKJIFOYHO Ha caM-
LsX, cJlabKa HeraTMBHA KOPEJISIsl MK YacTOTOIO
poOY/DKEHb 1 MAco TiJIa, TO MOXE CBIJUUTH IIPO
Te, 110 Ka)kaHaM 3 OUIBIIOI MAacO0 Tijla MOXKE 3Ha-
noburtucst yacrinie npoOyKyBaTHCA OJsl 3a10BO-
JIeHHs1 MeTa0oIiuHUX MoTped, 0COOIMBO B MEHIIMX
rpymnax abo izonsuii [10].

Pesynbrati TakoXk HE MOKa3ajd CTaTUCTUYHO
3HAYYIIMX BIAMIHHOCTEH y BTpaTi MacH Tijia MiX py-
KOKPWJIMMH, SIKI 3MMYBJIM TIOOAMHOKO Ta Yy TpyIlax,
a TaKOK MK OCOOWHAMH 3 JlorepamMH Ta Oe3 HHUX.
Ile moxa3ye, MO YHCENBHICTH TPYMH CYTTEBO
BIUIMBA€ Ha TPUBAIICTH TOPIIOPY Ta YacTOTY IPO-
Oy/I>KeHb, ajle He BIUIMBAE HA 3arajibHi eHeproBUTpa-
TH, 10 BiZIOOpa)ka€ThCsi y BTpPaATi Macu Tila PyKoO-
kpwinx. Xoua Jemo Oiibliia BTpara MacH Tijia Oyia
3aikcoBana y kareropii G6 mopiBusiHO 3 G16 abo
y KaXaHiB, sIKi 3UMYBald IOOIUHOKO, II€ MOXKe
CBITUUTH TIpO OiIbIy BHUTpATy €HEprii B rpymi 3
CEPeIHBOI0 KINBKICTIO Yepe3 IMiJBUIIeHY YacTOTy
Ta TpUBAIICTH NpoOymkeHb. Lleit ¢dakr Bimmosimae
pe3yibTaraM TOoMEepeaHiX MTOCTIHIKEHb MOI0 3aIeK-
HOCTI EHEPrOBHUTpPAT PYKOKPHJIMX BII COIIadbHOT
TEepMOperyIsaiii Ta OamxaHcy MK 1HIWUBITyaJIbHOIO
1 TPyIOBOIO TepMOperyJsiieto [3].

BucnoBok

TakuM 4YWHOM, pe3yabTaTH OaHOTO JOCIHiHKEH-
HSl HaJaloTh LiHHY iHpOpMamilo mpo mnepedir 3u-
MOBOi CIUISIYKH (TPHUBAJICTh MEPIOAIB TIMOOKOTO
TOPHOPY 1 KUTBKICTh MPOOYIKEHB) y caMIliB N. noc-
tula 3aneXHO BiJl YUCETHHOCTI TPYIIN.

Hami pesynmsraté  y3ropKyloThes 3 IOTIEpen-
HiME gocrmimkeHHEsMu [5, 10], Axi mokazanm, IIIo
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expenditure of fat stores. Although N. noctula
may survive short periods of extremely low tem-
peratures, this could result in high mortality rates in
the final stages of the hibernation period (late winter)
[13,17].

The general results presented in this work align
with our previous research on hibernation patterns
in N. noctula [10]. In both studies, bats in groups
remained in longer torpor but experienced higher
Ts during arousal, leading to prolonged periods
of activity [10]. This generally supports the
hypothesis that social thermoregulation (the ability
of individuals in a group reducing heat loss and
use fat reserves more efficiently) reduces the
need for frequent arousals, thereby conserving energy
[5, 10].

Another important observation from both this
study and previous research is the correlation
between body mass and arousal dynamics. While
the current study focused solely on males, the
weaker negative correlation between arousal fre-
quency and body mass suggests that heavier bats
may require more frequent arousals to meet me-
tabolic needs, particularly in smaller groups or
when isolated [10].

The findings also revealed neither significant
differences in body mass loss between solitary
and grouped bats, nor between individuals with
or without loggers. This suggests that while group
size significantly affects torpor bouts duration
and arousal frequency, it does not have a major
impact on overall energy expenditure, as reflected
by body mass loss. However, the slightly greater
mass loss observed in G6 bats compared to those
in G16 or solitary bats may indicate that mid-
sized groups expend more energy due to the in-
creased frequency and duration of arousals. This
is consistent with previous studies on the energy
demands of social thermoregulation and the balance
between individual and group-level thermoregu-
lation [3].

Conclusion

In conclusion, this study provides valuable
insights into the role of group size in the hibernation
pattern duration of periods of deep torpor and number
of arousals of N. noctula males.

Our findings are consistent with previous re-
search, which shows that group size plays a cri-
tical role in reducing arousals during hibernation
through social thermoregulation [5, 10]. However,
the relatively short experimental period may have
limited our ability to capture the full range
of hibernation behaviour. Future research should
aim to extend the experimental period to better

npo6nemu Kpiobionorii i KpiomeanUMHM
problems of cryobiology and cryomedicine

Tom/volume 34, N%/issue 4, 2024



YUCENBHICTh TPYNH TBAapUH CYTTEBO 3MCHIIYE
4acToTy npoOy[KeHb TMiJ Yac 3UMIBIi 3aBs-
KM collianbHii TepMmoperymsmii. OmgHaK BiJHOC-
HO KOpPOTKa TPHBAIICTh EKCIHEPUMEHTY MOIJa
00OMEXHTH HaIlle pO3yMiHHS ITOBHOTO CITEKTpa MOBe-
MIHKWA T 4Yac 3UMIBIi, TOMY TOAAJbINi JOCITi-
JKEHHST OyIyTh CIPSIMOBaHI Ha TIOJOBKEHHS TEPMiHY
EKCIIEPUMEHTY JUISI KPalioro po3yMiHHS JIOBTOCTPO-
KOBHX BIUIMBIB PO3MIpy TPYNH Ha MOBEIIHKY N.
noctulay y crani 3umoBoro cHy [10].
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understand the long-term effects of group size
on hibernation patterns in N. noctula [10].
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