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Abstract.

Weather conditions can influence the hibernation behaviour of temperate cave-dwelling bats that are tolerant to low
temperatures, and their number can be correlated with weather variables. In this work a first assessment on the correla-
tion between the number of individuals of three species of hibernating bats (Barbastella barbastellus, Myotis emarginatus
and Rhinolophus hipposideros) and the environmental weather conditions before the survey was carried out is provided
for two hibernacula of the Italian Western Alps.

For the B. barbastellus, a significant inverse correlation was observed between the number of bats detected and
the average daily temperature for thirty days preceding the count (p = 0.036) and ten days before counting (p = 0.036).
A significant positive correlation was observed for M. emarginatus between the number of individuals and the average
daily temperatures for thirty days preceding the count (p = 0.018). For R. hipposideros, a significant inverse correlation
was observed with the average daily temperatures for the ten days before the count (p = 0.048) and the differences in the
maximum and minimum temperature of the ten days preceding the count (p = 0.002).

Results of this study show how the ambient temperatures before a count can influence the number of bats present
in hibernacula. This confirms how the abundance of bats at underground hibernating sites can be used as an indicator
of climate change, as temperature is an important factor controlling hibernation, although further studies are needed
in order to better evaluate how the climatic variables interact with each other in regulating the number of bats in the

hibernacula.
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INTRODUCTION

A characteristic feature of the annual cycle of
insectivorous temperate zone bats is hibernation
(Altringham, 2011). Selection of a suitable hiberna-
tion site 1s crucial for overwinter survival, and caves
and mines are the most common type of hibernacu-
la. Hibernation is usually interrupted by periodical
arousals. Such arousals may involve hibernation site
switching, drinking, feeding, or even mating (Ran-
some, 1971; Daan, 1973; Speakman & Racey, 1989).

For temperate cave-dwelling bats, one of the
monitoring methods normally used is counting hi-
bernating bats in their hibernacula (Battersby 2010).
Several surveys based on this kind of winter censuses
have been performed in Europe, in some cases for de-
cades (e.g. Daan et al. 1980; Horacek 2010; Uhrin et
al. 2010; Ingersoll et al. 2013; Piksa & Nowak 2013;
Kerbiriou et al. 2018, Toffoli & Calvini 2021). This
method is simple, facilitates comparisons among
datasets, and is the most common and widespread
source of bat data in Europe. It has been used for the
definition of a prototype indicator of trends in Euro-
pean bat populations (Van der Meij et al. 2015).

However, this method is not free from bias: for
many species the relationship between the number of
bats seen and the number of bats present is uncer-
tain (Battersby 2010, Zukal et al., 2017), and there is
some evidence for changes in abundance and winter
activity (Daan 1973; Berkova & Zukal 2010; Zukal
et al., 2017; Toffoli 2019). The weather conditions
can influence the hibernation behaviour of bat spe-
cies that are tolerant to low temperatures. In Germa-
ny, for example, a strong dependence between the
number of hibernating Barbastella barbastellus and
Mpyotis nattereri bats and the temperatures the days
before the counting survey has been observed. Low
numbers of these bats were seen in hibernacula when
temperatures were several (5-10) degrees above 0°
C; conversely, much higher numbers were detected
when temperatures just around or below zero were
seen (Battersby 2010). Some species of cryophilic
bats that hibernate at lower temperatures, such as B.
barbastellus, are particularly sensitive to tempera-
ture changes (Rydell & Bogdanowicz 1997; Rebelo
et al. 2010). During hibernation, this species occu-
pies structures with temperatures comprised between
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-3°C and +6.5°C (Rydell & Bogdanowicz 1997;
Weeb et al. 1995; Jurczyszyn et al. 2003), but usu-
ally only slightly exceeding 0°C, with either strong
airflow or frost (Sachanowicz & Zub 2002; Fuszara
et al. 2003). Research has shown a pronounced ef-
fect of ambient temperature on the total winter ener-
gy requirements of bats, including B. barbastellus.
A relatively narrow combination of hibernaculum
temperature and winter length permits a successful
hibernation (Stawski et al. 2014), whereas hibernat-
ing at warmer temperatures leads to increased ener-
gy expenditure (Geiser 2004; Boyles et al. 2007). To
mitigate the potential costs of warmer winters, some
bats that hibernate at low temperatures can modify
their behaviour (Sachanowicz & Zub 2002). In some
hibernacula in Poland, changes in mean outside tem-
perature accounted for 91% of changes to the air tem-
perature inside; the mean number of B. barbastellus
was related to mean air temperature, and the bats
appeared in the hibernacula when the mean monthly
temperature dropped below 0°C in late November or
during December (Sachanowicz & Zub 2002). This
species usually arrives in large hibernacula gradual-
ly, probably leaving other roost types only after the
temperature inside drops below a certain point (Got-
tfried et al. 2020). However, given different needs in
the temperature of the hibernacula by the different
species (Webb et al. 1995), the behaviour to changes
in environmental climatic variables may be different.
The increase in temperatures and the reduction
of cold periods shown in the western Alps in recent
decades (Acquaotta et al. 2015) can therefore gener-
ate variations in the number of bats of different spe-
cies present in hibernation in this area. This could
be related to the decrease in their density recently
observed in some hibernacula (Toffoli 2019). The
aim of this work is to provide a first assessment on
the correlation between the number of individuals of
three species of hibernating bats and the environmen-
tal weather conditions before the survey was carried
out in two hibernacula of the Italian Western Alps.

MATERIALS AND METHODS

For this analysis, we used the counts of hiber-
nating bats in two hibernacula of the Italian West-
ern Alps, distant from each other about 80 km: Rio
Martino cave at 1530 meters above sea level with an
internal temperature of about 4°C (Badino 2008) and
Le Vene cave at 1558 meters above sea level with an
internal temperature of about 6°C (D. Barberis, un-
published data). In Rio Martino cave, 12 bat species

were present in winter, and the most abundant spe-
cies was B. barbastellus, which represented 91.2% of
the total hibernating bats present, followed by Myo-
tis emarginatus (Toffoli 2019). In the Le Vene cave,
9 bat species were present in winter, and the most
abundant species was Rhinolophus hipposideros,
which represented 96.7% of the total hibernating bats
counted (R. Toffoli, unpublished data).

The two hibernacula have been monitored reg-
ularly for 30 years (Table 1) by counting the hiber-
nating bats one time for season between the last five
days of December and the first ten days of February,
as recommended by Battersby (2010). Only for the
Rio Martino cave in the last four winters two counts
were made: one in the first ten days of January and
the other in the first ten days of February. In this case,
both the two counts were used for analysis. For the
analysis, only the data of the most abundant species
were used: B. barbastellus and M. emarginatus for
the Rio Martino cave and R. hipposideros for the Le
Vene cave. B. barbastellus showed a positive trend
in the long term with an average annual increase of
14.8% with a trend reversal in the last ten years (av-
erage annual decrease of -10.9%), while M. emargin-
atus showed a trend positive in the long term (aver-
age annual increase of 8.7%) even more evident in
the last ten years (average annual increase of 30.3%).
R. hipposideros has shown a positive trend in the
long term with an average annual increase of 3.7%
with a trend reversal in the last ten years (average
annual decrease of -2.3%) (Toffoli 2019; R. Toffoli,
unpublished data).

The bat counting data were correlated with cli-
matic variables obtained from two weather stations,
respectively, located in Crissolo (0.7 km from Rio
Martino cave, period from 2004 to 2021) and Upega
(3.3 km from le Vene cave, period from 1997-2021)
and were available online on the website of the Re-
gional Agency for Environmental Protection - Pied-
mont Region (https://www.arpa.piemonte.it/risch-
inaturali/accesso-ai-dati/annali_meteoidrologici/
annali-meteo-idro/banca-dati-meteorologica.html).
The climatic variables available are listed in Table 2.

When analyzing the relationships between the
number of hibernating bats and climatic variables,
temporal trends were detrended prior to analysis
(Lindstrom & Forchhammer 2010) using the func-
tion “remove trend” of the Past software 3.22 (Ham-
mer et al. 2001). The correlation between bat number
and climatic variables was carried out by univariate
methods using Pearson’s correlation. In addition to
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Table 1: Maximum number of hibernating bats counted in the two caves.

Rio Martino cave le Vene cave
E;Ez?ating Barbastella barbastellus Mpyotis emarginatus Rhinolophus hipposideros
1991/1992 7 2 66
1992/1993 10 2 118
1993/1994 11 1 100
1994/1995 10 1 122
1995/1996 10 1 186
1996/1997 17 1 180
1997/1998 18 2 230
1998/1999 16 2 251
1999/2000 21 2 273
2000/2001 41 4 337
2001/2002 44 5 282
2002/2003 76 2 388
2003/2004 82 1 308
2004/2005 129 2 321
2005/2006 178 9 444
2006/2007 183 6 482
2007/2008 272 3 446
2008/2009 295 3 389
2009/2010 375 1 466
2010/2011 380 4 297
2011/2012 367 2 317
2012/2013 399 6 473
2013/2014 410 5 372
2014/2015 380 5 298
2015/2016 170 3 315
2016/2017 278 7 310
2017/2018 193 19 349
2018/2019 195 18 368
2019/2020 117 30 287
2020/2021 201 21 299
Table 2: Abbreviations of climatic variables used in the text.
Variable Description
T aveg 30 Mean daily ambient temperature for the 30 days preceding the count (in °C)
T aveg 10 Mean daily ambient temperature for the 10 days preceding the count (in °C)

Mean of values of the difference between T max (maximum daily temperature) and T min

Tmax-Tmin_10 (minimum daily temperature) of the 10 days preceding the count (in °C)

T min_1 Minimal temperature of the day preceding the count (in °C)
Rainfall 10 Rainfall in mm for the 10 days preceding the count
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climatic variables, the counting date has also been
considered in the analysis, measured as the number
of days after December 26, in order to evaluate a pos-
sible effect on the number of bats.

REsuLTS

For each of the three species included in the anal-
ysis, the number of bats observed was correlated with
the average daily temperature, while no correlation
was observed with the counting date. In particular for
B. barbastellus, a significant inverse correlation was
observed between the number of bats detected and
the average daily temperature from the thirty days
preceding the count (T aveg 30: Pearson correla-
tion = -0.460; p = 0.036) and ten days before count-
ing (T _aveg_10: Pearson correlation = -0.459; p =
0.036) (Table 3, Fig.1). A significant inverse correla-
tion with the average daily temperatures of the ten
days before the count was also observed for R. hip-
posideros (T _aveg_10: Pearson correlation = -0.399;
p =0.048) (Table 3; Fig.1), while no correlation was
observed with the averages of the daily temperatures
from the thirty days before the count (Tab.3). For M.
emarginatus, a significant positive correlation was
observed only between the number of individuals
and the average daily temperatures of the thirty days
preceding the count (T aveg_ 30: Pearson correlation
= 0.512; p=0.018) (Table 3; Fig.1).

The other variables considered were not correlat-
ed with the number of bats observed for any of the
three species, with the exception of the average of
the differences between the maximum and minimum
temperature from the ten days preceding the count,
which is inversely correlated with the number of R.
hipposideros observed (Tmax-Tmin 10: Pearson
correlation = -0.579; p = 0.002) (Table 3; Fig.1).

DiscussioN AND CONCLUSION

Results of this study show how the ambient tem-
peratures before the count can influence the number
of bats present in the monitored hibernacula. These
results are in line with what was observed in other
studies examining the influence of environmental
climatic variables on the activity of bats in winter
(Berkova & Zukal 2010). The ambient temperature
is a key climatic factor influencing not only seasonal
changes in activity but also the night-to-night flight
activity patterns of temperate zone bats. In particular,
this correlation also influences the timing of hiberna-
tion (Erkert 1982). During hibernation, the main rela-
tionship between activity and ambient climatic vari-
ables is the daily average temperature (Daan 1973;
Berkova & Zukal 2010), which is thought to be a cru-
cial exogenous factor controlling seasonal timing and
the course of hibernation (e.g. torpor bout duration)
(Erkert 1982; Park et al. 2000). A similar correlation
is known for the difference between maximum and
minimum temperature (Berkovad & Zukal 2010). A
positive relationship between activity and the differ-
ence between maximum and minimum temperature
suggests that a higher temperature fluctuation during
the day combined with a daily average temperature
>0° induces arousal, and more bats become active
(Berkova & Zukal 2010). This correlation could ex-
plain our results that show an increase in the number
of bats present in the hibernacula when the average
environmental temperatures and the difference be-
tween maximum and minimum temperature lowers,
at least for B. barbastellus and R. hipposideros. With
higher ambient temperatures, an increased flight ac-
tivity and more frequent roost switching behaviour is
expected. Roost switching is known for some species
(e.g. Rhinolophus ferrumequinum, Myotis dauben-
tonii, M. nattereri) also during the winter months

Table 3: Correlation with the external climatic variable in the number of hibernating bats.

Barbastella Myotis Rhinolophus
barbastellus emarginatus hipposideros
T aveg 30 Pearson's r -0.460* 0.512%* -0.149
- — p-value 0.036 0.018 0.477
T aveg 10 Pearson's r -0.459% 0.410 -0.399%*
- — p-value 0.036 0.065 0.048
. Pearson's r 0.135 0.199 -0.579%*
Tmax-Tmin_10 p-value 0.559 0.132 0.002
T min 1 Pearson's r -0.191 0.568 -0.328
- - p-value 0.406 0.521 0.129
Rainfall 10 Pearson's r 0.090 -0.106 -0.0090
- p-value 0.697 0.647 0.964

*p <.05, ¥ p<.01, *** p<.001
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Figure 1: Relationships between the number of hibernating bats and the significant climatic variables tested in Table
3 (A = correlation of the number of B. barbastellus with T_aveg 10; B = correlation of the number of B. barbastellus
with T aveg 30; C = correlation of the number of M. emarginatus with T _aveg 30; D = correlation of the number of R.
hipposideros with T _aveg_10; E = correlation of the number of R. hipposideros with Average Tmax-Tmin_10).

(Daan 1973, Ransome 1990), probably as a response
to unsuitable conditions in some roosts (Sendor &
Simon 2003). Moreover, it is probable that B. bar-
bastellus begins hibernation in smaller, shallower
sites, which cool more rapidly, delaying their arrival
in larger underground roosts (Gottfried et al. 2020).
This species usually arrives in large hibernacula grad-
ually, probably leaving other roost types only after

the temperature inside drops below a certain point.
During a study in central Poland, the number of B.
barbastellus (counted every two weeks) increased
until the end of January, and in January some individ-
uals were hibernating in tree crevices or in an outside
firewood stack. Temperatures in January may exert
a remarkable effect on the number of B. barbastel-
lus in large hibernacula (Gottfried et al. 2020). Frost
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spells, depending on their duration and/or minimum
temperatures, may flush different numbers of indi-
viduals out of shallow roosts, thus affecting the re-
sults of censuses (Gottfried et al. 2020). On the other
hand, the positive correlation we found between av-
erage ambient temperatures and the number of hiber-
nating M. emarginatus could be explained with the
choice of temperature in hibernation sites and with
energy saving requirements during hibernation. This
species prefers hibernacula with a temperature range
between 5°C and 10° C degrees (Webb et al 1995),
preferably between 7° C and 10.4°C (Kowalski 1953;
Daan & Wichers 1968). Previous studies showed that
bats declined in body mass more rapidly early in the
season when ambient temperature in hibernaculum
was higher. The rate of estimated fat consumption
decreased as hibernation progressed and as the am-
bient temperature declined within the hibernaculum
(Lesinski 1986; Jonasson & Willis 2012). Even if a
correlation between the internal temperature of a hi-
bernaculum and the external ambient temperature is
reported (Speakman & Racey 1986) for alpine caves,
in general if the cave temperature is above zero and
the region of infiltration is covered by snow, a warm
climatic episode during winter could provoke a cave
cooling (Badino 2010), making the site more suitable
for hibernation with less energy expenditure; it could
be convenient for M. emarginatus to switch to the
site to conclude hibernation in order to save as much
energy as possible.

In recent decades, an increase in winter temper-
atures and a reduction of cold periods in the Italian
western Alps was observed (Acquaotta et al. 2015),
and this could favour the species less sensitive to the
low temperatures in the large hibernacula to hiber-
nate in smaller and shallower sites (e.g B. barbas-
tellus). At the same time, the large hibernacula with
colder and constant temperatures could be more fre-
quented by species with higher thermal needs (e.g.
M. emarginatus). This hypothesis could therefore,
in part, explain the recent changes in the number of
hibernating bats in the two caves when taking into
consideration a decrease in B. barbastellus and an in-
crease in M. emarginatus.

Despite preliminary results from only few spe-
cies and two hibernation sites, the correlation be-
tween winter environmental climatic variables and
the number of hibernating bats appears evident. This
confirms how the abundance of bats at underground
hibernating sites in Europe can be used as an indica-
tor of climate change, as temperature is an important

factor controlling hibernation (Newson et al. 2009).
However, further studies are needed in order to bet-
ter evaluate how the climatic variables interact with
each other in regulating the number of bats in the hi-
bernacula and how they can influence the possible
changes in the aggregation behaviours (e.g. hiberna-
tion in clusters or isolates) and choice of shelters.
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