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Abstract. During the transitional period, i.e., during the autumn and spring migrations, the lesser horseshoe bats Rhinolophus 
hipposiders (Borkhausen, 1797) use transition roosts. In this paper, we try to characterize this type of roost using the example of the 
basement of an old distillery. The results of many years of monitoring the number of bats (2007−2020), microclimate analysis 
prevailing in the bat roost, and the dynamics of bat numbers conducted at the turn of 2015/2017 were also presented. During this 
period, 1 to 13 lesser horseshoe bats were recorded in the roost. Most bats were found in September, October, and April. Bats stayed 
in the roost at some distance from the inlet, preferring places with a temperature of 10−14ºC. Bats were significantly more often found 
in the central chambers of the basement, chambers number 2 (F = 3.07; p=0.041). However, there was no statistically significant higher 
intensity (more bats) in the use of the roost (basement) between spring and autumn (F = 1.237, p=0.272). No statistically significant 
correlation was found between the number of lesser horseshoe bats in the roost and the temperature outside. In this roost, the Brown 
long-eared bat Plecotus auritus (Linnaeus, 1758) was also noted. Results of ringing bats` recapture show that lesser horseshoes bats can 
be attached to their transition roost and can spend longer periods there. The bat ringed in the transition roost wintered in a cave, 19.5 
km away, while they spent the summer in the colony 3 km away. 
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Introduction 
 
Females of the lesser horseshoe bats (Rhinolophus hipposideros 
- Borkhausen, 1797) spend most of the summer in the 
breeding colonies consisting of several dozen to several 
hundreds of individuals. Maternity roosts are in buildings, 
mainly surrounded by woodland and shrubland, which the 
lesser horseshoe bat preferentially uses as foraging areas 
(Afonso et al. 2016). In the winter, however, both males and 
females are found in caves or objects of anthropogenic origin 
(Harmata 2000, Szkudlarek & Paszkiewicz 2003, Zukal et al. 
2005, Schofield 2008). On the other hand, in the so-called 
transitional period, i.e., early spring and late autumn, they are 
found in temporary hideouts (Harmata 1960, Harmata 1962, 
Schofield 2008). As shown by the observations in Great 
Britain, bats are most frequently recorded in these roosts in 
April and October (Schofield 2008), and in Poland in April 
and May, September and October (Harmata 1962). 

These are usually underground objects located quite a 
shallow underground, poorly insulated thermally, and cooler 
than the breeding colonies (Schofield 2008). These objects 
often tend to freeze (Harmata 1962) and are located near the 
summer roost. As emphasized by some researchers, the 
number of bats in these roots can reach even 20 individuals, 
and it is characterized by significant dynamics of numbers 
(Schofield 2008). However, some caves may be a temporary 
roost for the lesser horseshoe bat (Piksa et al. 2011). In this 
type of roost, bats are quite common in torpor. The exact 
function of the transition roost is not well understood. 
Although some authors also point to the potential importance 
of such hiding places in the reproduction of the greater 
horseshoe bat (Fladers & Jones 2009). 

Lesser horseshoe bat (Rhinolophus hipposideros) is a species 

protected under European law, listed in Annex II and IV of 
the Habitats Directive, Annex II of the Convention on the 
protection of European wild flora and fauna and their 
habitats, in Annex II of the Bonn Convention and Annex I of 
EUROBATS. An increasing trend has recently been observed 
in the Polish population of lesser horseshoes bat (Nowak & 
Kozakiewicz 2000, Nowak et al. 2002, Nowak & Grzywiński 
2007, Węgiel et al. 2021). Similar population trends are also 
observed in nearby countries (Zima et al. 1994, Bontadina et 
al. 2000, Zagorodniuk et al. 2000, Lemberk 2004, Kervyn et al. 
2009, Danko & Pjencak 2010, Spitzenberger & Engelberger 
2013, Meij et al. 2014, Toffoli & Calvini 2021). Currently, this 
species has become dominant in the Krakow−Częstochowa 
Upland (Nowak et al. 2002) and in the Pieniny (Gubała & 
Piksa 2012). Despite the changes observed, this species still 
requires active protection.  

This study aimed to describe the dynamics of the number 
of lesser horseshoes bat in the transition roost and the 
microclimatic characteristics of such roosts. 
 
 
Materials and Methods 
 
In the old distillery in Górki Wielkie (18° 49́ 39.7˝; 49° 46́ 55.3˝), year-
round monitoring of the number of bats was carried out from 2015−to 
2017. Inspections at the facility took place at least once a month and 
every two weeks in late summer and autumn. During the inspection, 
the exact location of the bats was marked on the scheme of the facility. 
In 2008−2014 and 2018−2020, random checks were carried out at the 
facility. During the entire research period, over 100 controls were 
performed. During the research, the individuals caught in the facility 
were marked with colored rings (seize 2.9, aluminum, Aranea 
company). 

In the autumn-winter-spring period in 2016−2017, the 
microclimate in the basement of the old distillery was also tested. 
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Three electronic hytherographs (CEM RDT-171, accuracy ± 1%) were 
used in each chamber, measuring every hour at about 2 meters above 
the ground. The same method was used to measure the temperature 
in selected places of the summer hideout and the Miecharska cave 
(September 2010, 2011). The study also used meteorological data on 
the average daily temperature obtained from the measuring station of 
the Institute of Meteorology and Water Management located in the 
village of Brenna 7 km away (18°52́ 18˝; 49°45́ 15˝). 

In 2010−2011, the temperature in the Miecharska Cave was also 
monitored. Measurements were made using two hytherographs 
(CEM RDT-171, accuracy ± 1%) measuring every hour, placed in the 
Grzelak Room and the Walhalla Room. The lesser horseshoe bat most 
often uses these places in the entire controlled facility.  

The study also used meteorological data on the average daily 
temperatures obtained from the measuring station of the Institute of 
Meteorology and Water Management located in the town of Wisła, 12 
km away (18°52́ 00˝; 49°39́ 00˝).  

On 30.09.2017, the basement was inspected approximately 2/3 
hours after sunset to find the presence of bats inside the roost. Also, at 
the entrance, a detector watch was placed (LunaBat DFR-1) for an 
hour after sunset. Between 8-14.10.2017, a camera trap (KAM 3 
GuardKam System) was installed at the utility entrance to observe 
how bats use the roost. 

Statistical calculations (one-way ANOVA, Pearson's correlation) 
were performed using the Statistica 13.3 program. The results were 
considered statistically significant if the error probability was p<0.05. 
Simple analyses (mean, standard deviation) were performed in 
Microsoft Office Excel. 
 
Study area 
The research was conducted in the Western Outer Carpathians 
(Poland) in the village of Górki Wielkie, in the northern part of the 
Brenna commune (Cieszyn poviat), the southern part of the Śląskie 
Voivodeship (Fig. 1). This area belongs to the mesoregion of Pogórze 
Śląskie, which is the western part of the macroregion of Pogórze 
Zachodniobeskidzkie (Kondracki 2011). There are several large 
summer roosts of the lesser horseshoe bat near the transition roost. 
The roost in the church in Górki Wielkie (Zygmunt 1995) and in an 
abandoned house (Warchałowski et al. 2018) has about 100 
individuals. On the other hand, the one in the abandoned hostel 
(Stanica Harcerska) is estimated at 30 individuals (own data). In the 
nearby Grodziec, a colony of lesser horseshoe bats is estimated at over 
300 individuals (Warchałowski et al. 2014), and in Jaworze 
(Warchałowski et al. 2011) and Brenna at approximately 150 
individuals.  
 

 
 

Figure 1. Distribution of bat roost of lesser horseshoe bat in the study 
area (Poland). 

 
 

The Outer Western Carpathians are characterized by a geological 
structure known as flysch, consisting of sandstones, conglomerates, 

and shales. The dominant plant complex in the Silesian Foothills is 
represented by the Tilio-Carpinetum, while the northern slopes of the 
hills are covered with Fagetum carpaticum. The temperature in the 
study area decreases with the altitude increase by about 0.6℃/100 m. 
The maximum annual rainfall is 1000 to 1400 mm (Mikołajski & 
Sołtysik 1997).  

In April and September (in the period when bats in the roost were 
most often recorded), average daily temperatures outside the roost in 
spring were 7ºC−13.8ºC (Average: 9.5ºC; SD: 0.75ºC, Fig. 6), and in 
autumn 13ºC−15.5ºC (Average: 14.38ºC; SD: 0.98ºC). No statistically 
significant correlation was found between the number of lesser 
horseshoe bats in the roost and the temperature outside (r=0.86; 
p=0.69, Appendix 2). 

The old distillery in Górki Wielkie (Fig. 2) is an abandoned brick 
building with two above-ground storeys, partially with a basement. 
For many years, it has been a well-known roost for the lesser 
horseshoe bat (Mysłajek et al. 2015, Jonderko & Kisza 2016). The 
distillery’s cellar is built of local stone, and its ceiling is at ground 
level. The entrance to the basement is currently closed with a special 
door with an inlet (Fig. 3). The basement consists of three separate 
chambers (Fig. 4), connected by a corridor. The height of the chamber 
does not exceed 2 meters, and their size is respectively (8.97 m2, 21.45 
m2, and 18.75 m2), while the corridor is the largest chamber (23.04 m2). 
 

 
 

Figure 2. Old distillery in Górki Wielkie. 
 
 

 
 

Figure 3. The entrance to the basement is closed by 
a special door with an inlet. 
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Figure 4. Scheme of the described cellar. The pentagon indicates 
where the thermometer was placed (the blue value; in cm). 

 
 
Results 
 
Monitoring the number and activity of bats in the roost 
The lesser horseshoe bats, Rhinolophus hipposideros, were 
observed from April to November in the roosts. They were 
most frequently encountered in autumn, September (N = 13), 
and spring in April (N = 7) (Fig. 5). However, there was no 
statistically significant higher intensity (more bats) in the use 
of the roost (basement) between spring and autumn in 
2008/2019 (F = 1.237, p=0.272). In summer (from June to 
September), the lesser horseshoe bats were found outside the 
basement and the rest of the building. Among the bats 
observed in the attic during this period, single females with 
cubs were also recorded (27.07.2011; 30.07.2011; 02.08.2013, 
30.08.2016). In the winter period (December-March), no bats 
were observed in the entire roost, as its temperature was too 
low (Appendix 1). In the old distillery, the presence of the 
brown long-eared bat (Plecotus auritus - Linnaeus, 1758) was 
also noted, both in the basement (07.11.2015, 31.08.2015) and 
the attic (09.08.2016 − 2 specimens). 
 

 
 

Figure 5. The maximum number of lesser horseshoe bats recorded in 
the old distillery (2007-2019). 

 
 

 
 

Figure 6. Average monthly temperatures outside the bat roost in April 
and September (2015-2019, meteorological stations in Brenna). 

In the basement, the lesser horseshoe bats were found 
only in places where the temperature was 10−14ºC (average: 
12.5ºC, measured from the chamber where the bats were). 
Bats were significantly more often found in the central 
chamber of the basement (Fig. 4), chamber number 2 (F = 3.07; 
p=0.041, Figs. 7, 8). During the research, bats with rings were 
recorded 18 times in the roost (Appendix 2). Nine (2 males, 7 
females) out of 11 ringed individuals (8 females, 3 males) were 
recaptured (81% recapturing). During the inspection of the 
old distillery, already caught and marked individuals were 
also found in the described roost. It was not always possible 
to accurately determine the number of the rings, but it should 
be noted that the specimens caught in this facility had their 
characteristic color. Totally, 22 such bats were recorded 
during all inspections, from one to four during one 
inspection. These observations may indicate the attachment 
of lesser horseshoe bats to transitional roosts. Some 
individuals were recaptured in the roost and were recorded 
in it for several seasons (ring 103; marked on 26.08.2015 and 
caught again on September 18.09.2015 and in spring 2017, 
(2.05), and then in late summer and fall on 4.08.2017, 
22.08.2017, 4.09.2017, 22.09.2017, 30.09.2017, 1.05.2018, 
15.04.2019,  29.04.2019, 24.05.2019. However,  bats  usually  
 
 

 
 

Figure 7. The number of lesser horseshoe bats recorded in different 
areas of the basement. 

 
 

 
 

Figure 8. One-way ANOVA test showing statistically significant 
differences in the occurrence of lesser horseshoe bats in individual 
roost chambers. 
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stayed in the roost for several days, then left them, but, as the 
abovementioned individual indicates, some remained in the 
basement for a long time. 

Among the bats caught in the facility, females dominated 
(7:1); juveniles (with ashen fur) constituted 9.37% (Appendix 
2). It should be noted that when adults were recorded in the 
transitional roost, they were already in the minority in the 
nearby summer roost. Moreover, adults in the roost showed 
sexual activity. Among the specimens caught during the 
autumn, clearly enlarged epididymides were noticed in the 
caught male lesser horseshoe bats (October 25, 2016). During 
the analysis of the recordings carried out with the camera 

trap, increased activity of at least three lesser horseshoe bats 
was observed near the inlet of the facility (11.10.2017, 131). The 
recording clearly shows how three lesser horseshoes fly 
behind each other along the narrow corridors of the roost and 
then fly out from the old distillery. 
 
Thermal characteristics of the studied roost 
There were slight differences in the average daily temperature 
between individual chambers; chamber number 2 was the 
most thermally stable (Fig. 9). The temperature in the roost 
was stable despite the significant daily fluctuations outside 
the roost (Fig. 10).  

 
 

  
Figure 9. Temperature in Celsius degree range in the three chambers studied, the basement of the old distillery in Górki Wielkie; A – December 

2016, B – December 2017, C − April 2017, D – April 2018, E – September 2017, F – October 2017 (minimum and maximum range [25-75%] 
with a median, circle - outlier). 



M. Warchałowski et al. 
 

194 

 
 

Figure 10. Dependence on the average daily temperature (April 2017 and 2018, September and October 2017) in the three 
chambers of the basement of the old distillery in Górki Wielkie and the temperature outside the roost. 

 
 
In the 2016/2017 season, these temperature differences 
between chambers were limited from 0.2ºC to 1ºC (Appendix 
1). These differences were statistically significant for April 
2017 (F(2.87)=11.171, p=0.00005) and 2018 (F(2.87)=8.1434, 
p=0.00057). Similar results were obtained for September 
(F(2.87)=7.2499, p=0.00122) and October 2017 (F(2.90)=17.746, 

p=0.00000). In autumn, the warmest chamber was the most 
willingly used middle chamber (chamber 2). On the other 
hand, in spring (April), the warmest chamber was the first 
chamber, located closest to the entrance (Fig. 9). This place 
turned out to be very unstable thermally. 

For comparison, the results of temperature measurements 
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obtained in the summer roost from which the specimens 
using the old distillery came were presented. This summer 
roost was thermally very unstable at that time (September). 
Also, it has been proved that the statistically significant 
temperature in this roost (Grodziec Castle) is correlated with 
the temperature outside (r = 0.93 p<0.01, Fig. 11). The small 
horseshoe bats marked in the transition roost (old distillery), 
spend the summer in this summer roost. Any cooling down 
outside translates immediately into the temperature inside. 
Completely different microclimatic conditions prevailed at 

that time in the nearby Miecharska Cave (Fig. 12), where the 
lesser horseshoe bats have been recorded in winter for many 
years. A similar temperature in the cave is registered in spring 
(April, Fig. 13). The temperature in this roost is very stable, 
and in September, depending on the measurement site, it is 
6−8ºC. In the caves, the optimum temperature for the 
horseshoe bat in the transitional period is only in the sections 
near the hole. In some cases there are niches in the track 
sections filled with guano, which are probably used as 
transitional roost (own data unpublished). 

 

 
 

Figure 11. The temperature in the summer roost of Rhinolophus hipposideros (Grodziec 
– castle, September 2015). 

 
 

 
 

Figure 12. The temperature in winter roost of Rhinolophus hipposideros (Miecharska Cave) and outside 
(Wisła) in September (2010, 2011). 

 
 

 
 

Figure 13. The temperature in winter roost of Rhinolophus hipposideros (Miecharska Cave) and outside 
(Wisła) in April (2010, 2011). 

 
 
Migrations and local movements of bats marked in the roost 
The farthest recorded flight comes from the female lesser 
horseshoe bat, found during the winter counts carried out in 
the Wiślańska Cave (02.14.2016, Tab. 1). Wiślańska Cave, 
according to the current knowledge, seems to be one of the 
most valuable wintering grounds of the lesser horseshoe bats 

in the region, and it is located 19 kilometers from the old 
distillery. More bats were found in the summer roost (colony) 
in the castle in Grodziec. This roost is situated 3.5 km from the 
old distillery. A marked bat in the basement was also found 
in the attic of a warehouse (garage) in the nearby Cieszyn 
water supply pumping station, 1 km away. 
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Table 1. Summary of information about the flights marked 
in the cellar of bats. F- female, M – male. 

 

Individuals Sex Place of recapture Distance [km] Direction 

1 F Wiślańska cave 19.5 S 

2 F Castel in Grodziec 3.5 WS 

3 M Castel in Grodziec 3.5 WS 

4  -  Warehouse 1 W 

Average 6.9 - 

 
 
Discussion 
 
The lesser horseshoe bats use various roosts at a strictly 
defined time. Both males and females spend the winter in 
winter quarters, i.e., caves, tunnels, cellars, or bunkers 
(Harmata 1960, Harmata 1962, Harmata 2000, Szkudlarek & 
Paszkiewicz 2003, Zukal et al. 2005, Schofield 2008). In 
summer, the lesser horseshoe bats are found mainly in 
breeding colonies (summer roost), where females dominate. 
The breeding colonies are often located in the attics of historic 
churches, schools, historic villas, castles (Schofield 1996, 
Schofield 2008), and even under bridges (Kaňuch et al. 2016). 
During summer, males most often use random roosts; some 
are used only for one day. Sometimes the lesser horseshoe 
bats use even several different roosts for one night. Hiding 
places of this type can be attics of residential houses, barns, 
garages, stables, porches, abandoned, ruined houses, old 
railway tunnels, old limestones, old trees with empty trunks, 
or caves (Bontadina et al. 2002, Holzhaider et al. 2002, Knight 
& Gareth 2009).  

However, during the transitional period, when 
unfavorable weather no longer allows bats to spend the night 
in the cold summer roost (unstable), but their food base is still 
periodically available, the lesser horseshoe bats use the 
transition roost. It is commonly believed that roosts of the 
lesser horseshoe bats are buildings with lower thermal 
insulation (Schofield 1996, Harmata 1962) located close to 
their hibernation sites (Harmata 1962) or feeding grounds 
(Knight & Gareth 2009). Usually, these are quite cool places 
because in spring, they have temperatures of 6−12°C, and in 
autumn, 10−13°C (Harmata 1969). Similar temperatures were 
recorded in the old distillery (Fig. 9, 10) in Górki Wielkie (Fig. 
14). 

These temperatures are a few degrees higher than those 
prevailing inside large caves in September (6−8ºC) but 
definitely more stable than in attics (Fig.11,12), i.e., in summer 
roost. Interestingly, the thermal conditions in the spring seem 
to be identical to those found inside the caves. The conditions 
in the transition roost allow them to go into a state of 
numbness during the day and use the nearby rich feeding 
grounds at night. This factor seems to be of key importance 
because, in these periods, bats forage intensively to 
accumulate fat reserves (McAney & Fairley 1988). On the 
other hand, torpor allows for large energy savings during 
early spring and late autumn, during short-term breakdowns 
in the weather, and periods of long-term cold or intense 
rainfall and storms. Other bat species also use transition roost, 
including Myotis lucifugus (Neubaum 2018) and Eptesicus 
nilssonii (Jére et al. 2018). 

 
 

Figure 14. The interior of the second chamber cellar in the old distillery 
(Górki Wielkie). 

 
 

Two males with clearly enlarged gonads were observed 
during the study. The spermatogenesis of male lesser 
horseshoe bats runs from June to October, but the most 
abundant sperm accumulates in the epididymides only in the 
autumn; October-November, although it is also found in 
April (Gaisler 1966). During this period, females also have the 
highest number of mature oocytes (Matthews-Harrison 1937). 
This period coincides with the time when the lesser horseshoe 
bats were most eagerly staying in the transition roost, and 
their activity increased near the caves (own data: Jaskinia 
Wiślańska, Piksa et al. 2011). As there are also females in this 
roost, it is difficult to exclude the existence of mating behavior 
in the vicinity of the cellar during the study. Therefore, 
monitoring bats’ activity inside the roost was undertaken 
during the research to verify this hypothesis. Thanks to direct 
checks, and detector listening, the activity was monitored in 
the vicinity of the roost inlet. During the study, the increased 
activity of bats, which usually accompanies the swarming of 
the lesser horseshoe bats, was not noted (Davison & Thomas 
2017). As the research conducted so far shows, the 
observations in this area still seem insufficient. Only single 
specimens circling around the entrance to the roost were 
observed. According to the authors, these observations are 
not unequivocal and require further research. 

During the winter inspection of the Wiślańska Cave, an 
individual marked in the cellar was also noted. This flight 
(19.5 km) is very similar to the results obtained by other 
authors because, as the observations so far indicate, the lesser 
horseshoe bats most often migrate to wintering grounds 
about 20 km away (Kowalski et al. 1957, Harmata 1992, Felten 
& Klemmer 1960). Similar studies were carried out in the 
Czech Republic, indicating an average migration distance of 
25 km (Gaisler & Hanak 1969, Gaisler & Chytil 2002), and in 
Austria, about 30 km (Kepka 1960). However, it should be 
remembered that the lesser horseshoe bat is also incidentally 
capable of longer flights. There is a mention of a record flight 
of the lesser horseshoe bat over 146 km (Harmata 1992). 

In conclusion, during the transition period, bats most 
often chose places with a temperature of 10−14ºC. The 
thermal conditions that prevail in transitional roosts are 
transient in relation to wintering areas and summer roosts. 
The object proved to be thermally stable. Ringing research 
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shows that lesser horseshoes bats can be attached to their 
transition hiding places and spend longer periods there 
(individual 103). The bat marked in the transition roost in 
Górki Wielkie wintered in the Wiślańska Cave, 19.5 km away, 
while they spent the summer in the colony at 3 km away in 
Grodziec. According to the authors, old abandoned and quite 
cool objects can also be quite willingly used by bats. 
Therefore, sites of this type should also be inspected for lesser 
horseshoe bats and, if noticed, adequately protected. 
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Appendix 1. Summary of average monthly temperatures in season 2016/2017 in the individual chamber. 
The highest temperatures are bold, and the lowest in the month is underlined. 

Month 
Maximum temperature  
difference between  
chambers [ºC] 

Average monthly temperature [ºC] Average monthly  
temperature for a  
meteorological station [ºC]  Chamber 1  Chamber 2 Chamber 3 

11.2016 0.2 8.8 8.6 8.6 3 

12.2016 0.8 5.5 6.3 5.9 -1.8 

01.2017 1 1.5 2.5 2.4 -5 

02.2017 0.7 1.5 1.7 2.2 0.9 

03.2017 0.9 5.2 4.8 5.7 6 

04.2017 1 7.2 6.7 7.4 7 

Min 0.2 1.5 1.7 2.2 -5 

Max 1 8.8 8.6 8.6 7 

Average 0.76 4,95 5,1 5,36 1.68 
 
 

Appendix 2. The lesser horseshoe bat captured in the cellar (2015/2020). F – female, M – male. 

Lp.  Date Sex Age Number of ring 

1 26.08.2015 F Adult 101 

2 26.08.2015 F Adult 102 

3 26.08.2015 F Adult 103 

4 24.08.2016 F Adult 105 

5 3.10.2016 F Adult 106 

6 3.10.2016 F Adult 107 

7 25.10.2016 M Adult 108 

8 25.10.2016 M Adult 109 

9 22.11.2016 F Adult 107 

10 3.04.2017 M Juvenile - 

11 3.04.2017 F Adult - 

12 25.04.2017 F Juvenile - 

13 25.04.2017 F Adult - 

14 25.04.2017 M Adult 108 

15 4.09.2017 F Adult - 

16 4.09.2017 F Adult - 

17 4.09.2017 F Adult 103 

18 4.09.2017 F Adult 120 

19 22.09.2017 F Adult 106 

20 22.09.2017 F Adult 103 

21 22.09.2017 F Adult - 

22 22.09.2017 F Adult - 

23 22.09.2017 F Adult - 

24 22.09.2017 F Adult - 

25 22.09.2017 F Juvenile - 

26 30.09.2017 F Adult - 

27 30.09.2017 F Adult - 

28 30.09.2017 F Adult 103 

29 04.05.2018 F Adult - 

30 15.04.2019 F Adult 103 

31 27.04.2019 F Adult 103 

32 24.05.2019 F Adult 103 
 


