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Abstract: The placing of bat boxes has become a very popular method of monitoring bats and also an educa-
tional tool used by conservation groups and government departments alike to explain the value of bats to human 
societies. As a result, thousands of bat boxes have been sold or made by bat enthusiasts throughout Europe in 
past decades. However, very few papers have ever analyzed the importance of temperatures inside bat boxes 
in light of the expected effects of climate change. This paper is a first attempt to explore the possible effects of 
extreme heat on bats roosting in boxes. 

Based on our experience in monitoring bat boxes since 1999, our research team decided to place 10 data loggers 
in new bat boxes randomly distributed amongst our established box stations to monitor the maximum recorded 
temperatures in boxes. We established that there was a risk of overheating when temperatures rose above 40ºC. 
Throughout the whole summer we recorded box temperatures every hour (17,560 readings). Overheating epi-
sodes occurred in six of ten boxes and in 2% of all samples (429 hours). Furthermore, in July 2013 we observed 
an overheating event in situ when 22 bats fell from a bat box while they were trying to emerge in the evening.  
Most European bat boxes models are small, have no ventilation and are usually located in places that are exposed 
to the sun for several hours a day. However, it has been assumed that bats avoid overheating in bat boxes by 
roost-switching. Nevertheless, in July 2013 we observed bats suffering from overheating in a wetlands where 
there were many alternative roosting sites (trees and other boxes).

In the Mediterranean area, average summer temperatures are rising annually and we believe it is important to 
alert bat conservationists to the possibility of overheating events in bat boxes. This preliminary study has indi-
cated that very high temperatures can be reached inside boxes and it is not clear to what extent bats will be able 
to adapt to these events. Future research should address this issue in the coming years.
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State of the art
Bat boxes are a popular management tools that can 

mitigate the loss of roost sites. They are an effective way 
of increasing roost availability and represent an especially 
interesting occasion for studying bat distribution and ecology 
(Racey and Kunz 1998). Bat boxes may play an important 
role during key phases of bat life cycles and provide a good 
alternative to natural or artificial roost sites for maternity 
colonies excluded from buildings (Lourenco and Palmeirim 
2004; Flaquer, Torre et al. 2006)

Over the last decade, bat boxes have also been used 
as an awareness-raising tool by conservationists and 
thousands have been sold by specialized companies or 
freely distributed by NGOs and governments. As a result 
of these educational and/or conservation strategies, many 
bat boxes have been distributed in the Mediterranean region 
(Agnelli, Maltagliati et al. 2011). In Europe, bat boxes are 

mainly small and have few or no compartments (p. ex. Bat 
Conservation Trust or Schwegler bat box models). In order 
to improve breeding conditions for maternity colonies, bat 
boxes need to be placed on southern or eastern exposures 
(Kerth, Weissmann et al. 2001; Flaquer, Torre et al. 2006; 
Baranauskas 2013) to increase the sun radiation incidence, 
whereas western exposures can reach overheating during the 
mid-day hours in hottest climates (Brittingham and Williams 
2000; Flaquer, Torre et al. 2007). Furthermore, some authors 
suggested using dark-coloured boxes (painted in black) to 
increase heat absorption (Lourenco and Palmeirim 2004). 
The correct assessment of both materials and exposures 
used for bat boxes are also considered to be key factors 
by according to Bat International Criteria for successful 
Bat Houses. Differnt colours are recommended regarding 
climate areas to achive favoralble conditions for maternity 
colonies in summer, between 27 and 38ºC internal bat box, 
(www.batcon.org/pdfs/bathouses/bathousecriteria.pdf). Bats’ 
juvenile growth is dependent on roost temperature during 

Fig. 1 – Distribution of bat boxes with data loggers in Catalonia in summer 2013.
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both gestation and lactation periods however, few papers 
to date have ever analyzed how temperatures in bat boxes 
influence bat breeding strategies (Lourenço and Palmeirim 
2004; Bartonicka and Rehak 2007). Those studies that have 
been conducted consider around 40ºC to be the maximum 
temperature tolerated by bats in bat boxes and suggest that 
bats will switch their roost sites when temperatures are too 
high (Feyerabend and Simon 2000; Bartonicka and Rehak 
2007).

In line with these ideas, in Australia overheating (extreme 
events over 43ºC) have been found to be the cause of the 
decimation of flying-fox populations, the most affected 
individuals being basically lactating females and young bats 
(Welbergen, Klose et al. 2008). Temperature extremes are 
inherent expressions of climate change due to their direct 
link with the increased heat content of the atmosphere (IPCC 
2007) 

The effect of extreme heat events on microchiroptera 
in temperate zones is still unknown and their capacity as 
bioindicators still needs to be properly studied (Flaquer and 
Puig-Montserrat 2012). During the past two years some 
exceptional events have alerted us to possible overheating 
die-offs in the soprano pipistrelle bat Pipistrellus pygmaeus 
(Leach 1825) breeding in bat boxes. This paper discusses this 
important subject that could become problematic due to the 
current trend for rising temperatures.

Collecting evidence
Field observation

Our research team has been surveying bat boxes in 
Catalonia in both natural areas and urban environments since 
1999. The climate throughout the region is Mediterranean 
(mean annual temperatures of ca. 16ºC; average precipitation 
of 500–700 mm/year). During the 10 years of this monitoring 
program, we have observed on occasions that some bat 
breeding colonies remain outside bat boxes and that some 

individuals sweat considerably; however, we neither found 
nor expected any mortality to be linked to this behaviour. No 
specific effort has ever been carried out to evaluate the effect 
of high temperatures on bats in artificial roost sites (either on 
a daily or annual basis). 

In summer 2008 almost the whole of a breeding colony 
of Pipistrellus pygmaeus (42 individuals) were found dead 
inside bat boxes located in a wetland without any obvious 
explanation. In the same location but in a different bat 
box in July 2013 we observed in situ several bats fall out 
of a bat box while they were trying to emerge. This event 
happened in the afternoon at 17:00h in a wooden bat box 
located on a building (UTM: 42.218726, 3.100475), facing 
west and surrounded by trees (which reduced sun exposure at 
midday). Of the bats, 22 were collected and sent to a rescue 
centre where they were rehydrated and released at night (two 
of them subsequently died). 

Small-scale experiment
In 2013 we decided to place 10 data loggers (iButton 

DS1922L) inside new small wooden bat boxes (n=9) without 
compartments (100 x 190 x 200 mm) (Flaquer, Torre et al. 
2006) and inside a single Schwegler Bat Box model 1FF. 
All bat boxes were randomly deployed in eight locations 
in Catalonia close to bat-box monitoring areas (Fig. 1). Bat 
boxes were situated from sea level (5 m.a.s.l.) to 990m, 
and facing to favorable exposures: South, East, and West 
(Berthinussen, Richardson et al. 2008). Data loggers were 
programmed to record temperatures hourly every day from 
July to mid-September 2013, which gave a total of 17,560 
temperature readings. Data loggers recorded temperatures on 
average along 54.1 days ± 19.9 (SD), ranging between 24 
and 77 days.

Temperatures recorded in the Schwegler bat box 
were compared with the wooden bat box under similar 
circumstances; in addition, data from two wooden bat boxes 
– one placed on a pole and the other on a wall – at same site 

Fig. 2 – Distribution of overheating episodes (sample per hour) recorded at all data loggers 
(n=10) and the time at which these episodes occurred.
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were compared. Since temperature 
data were non normally distributed, 
we used the Wilcoxon matched pairs 
test.

Some clues and 
preliminary 
results

60% of all bat boxes recorded 
temperatures above 40ºC at least 
once during the experiment (Table 
1). Even at high altitudes (990 
m a.s.l.) temperatures inside bat 
boxes rose to 47ºC and overheating 
episodes occurred from 10.00 
to 20.00 h (Fig. 2). Overheating 
episodes were only observed in bat 
boxes placed on walls, whereas none 
of the two bat boxes placed on poles 
experienced overheating. When the 
box was placed on a wall, maximum 
temperatures were 4ºC higher than 
on a pole (Fig. 3). The Wilcoxon 
matched pairs test confirmed that 
Schwegler bat box recorded higher 
temperatures than Wooden bat 
box under the same sun exposure 
situation (Z = 17.27, p < 0.0001, n 
= 1728). Mean temperatures were 
1.5ºC higher in the former box (X = 
28.25ºC ± 7.73, range 16.5-54.5ºC, 
Coefficient of variation CV = 27.3%, 
and X = 26.83ºC ± 5.05, range 16.5-
42.0ºC, CV = 18.8%, respectively). 
In the Schwegler Bat Box maximum 
temperatures were 12ºC higher 
than the wooden boxes under 
similar situation. Schwegler bat 
box recorded overheating episodes 
during 48 days (199 temperature 
records), representing the 62.3% of 
the study period, but the wooden 
bat box only recorded overheating 
episodes on six days (7.6% of the 
study period). Air temperature 
recorded was similar for both bat 
boxes between 0:00 and 14:00 hours, 
and differed between 16:00-22:00 
hours in the hottest summer months 
(July and August, Fig. 4). During 
the first two weeks of September, no 
significant temperature differences 
were recorded between both bat 
boxes.

Could overheating turn bat boxes into death traps?
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Fig. 4 – Comparison between temperatures recorded in a Schwegler Bat Box model 1FF 
and a wooden bat box at the same location and on the same support (wall).
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Fig. 3 – Comparison between temperatures recorded in a bat box located on a wall and one 
hung on a pole at the same location with similar orientation (SW/S).
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Discussion and awareness
As bat conservationists and researchers we have always 

considered bat boxes to be an excellent tool for both 
management and education. According to the bibliography, 
boxes should be placed from south-east to south-west 
situations that are well exposed to the sun (http://www.bats.
org.uk/pages/bat_boxes.html; (Berthinussen, Richardson et 
al. 2008), and some authors encourage using dark colours 
to increase heat absortion (Lourenco and Palmeirim 2004). 
The models we have been using are inspired and personally 
designed according to the available information from Europe, 
and are mostly small and without ventilation. The bat boxes 
on sale in the Mediterranean are likewise essentially small 
without any ventilation and, in some cases, are painted black, 
like the Schwegler bat box.

In the Mediterranean area, average summer temperatures 
are rising year by year (Fig. 5) and, although there is no 
doubt that extreme heat events have increased in frequency 
in the past decade, their potential negative consequences are 
still unknown. (Welbergen, Klose et al. 2008). 

According to (Bartonicka and Rehak 2007), “we 
cannot assume that box overheating is a possible risk. Box 
overheating may not be so dangerous if sufficient supplies 
of alternative roosts, mainly tree cavities, are available in 
the vicinity”. Yet, we have directly observed an overheating 
event in a bat box that caused fatalites. It should be taken into 
account that this episode occurred in a wetland (guaranteed 
high humidity) and that there were several other bat boxes in 
the area, as well as trees and buildings. In other Mediterranean 
wetland (Ebro delta), P.pygmaeus mainly selected bat boxes 
exposed to the East than to the West (Flaquer et al. 2006). 

Fig. 5 – Anomaly temperatures (ºC) recorded in Barcelona from 1780 to 2011 compared with average temperatures. Over 
the last 30 years almost all these anomalies correspond to hotter events.

Fig. 6 – Bat-box overheating event witnessed in the 
Aiguamolls de l’Empordà Natural Park in July 2013. All the 
bats where collected from the ground and then rehydrated..

Could overheating turn bat boxes into death traps?
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Some preliminary records with data loggers in this area 
showed that bat boxes exposed to the west recorded higher 
temperatures during mid-day hours, with several episodes of 
overheating (Flaquer, Torre et al. 2007). 

Furthermore, the use of different materials to build up 
the bat boxes need to be properly examined. Our results 
point out that bat boxes painted on dark colours and made of 
woodcrete are extremely hot and the range of temperatures 
recorded are more variable than those recorded in bat boxes 
made on wood. The value of the former bat boxes in the 
conservation of bat populations in Mediterranean habitats 
can be questioned, despite these are amongst the most selled 
models in Catalonia. 

There are thus a number of unanswered questions that 
must be addressed and properly studied:

1. How dangerous might box overheating be in light of 
the trend towards increased temperatures occurring as 
a result of climate change? 

2. Can we be sure that bats use the strategy of roost-
switching when temperatures are rising rapidly? 

3. Can the models of bat boxes available in Europe 
properly thermoregulate and so avoid overheating 
episodes above 40ºC?

4. Should we change recommendations like “... exposed to 
sunlight for as much of the day as possible to increase 
bat box internal temperature” (Bat Conservation Trust 
recommendation to the best place to position the box 
to general public)?

For the time being not enough data are available to provide 
answers to these questions, although, when we observed bats 
falling out of a bat box due to overheating, we realized that 
our suspicions were well founded (Fig. 6). The results of our 
tests with data loggers are even more worrying as they show 
that bat boxes located in Mediterranean mountain areas can 
reach high temperatures if they are located on south-facing 
buildings (Table. 1). 

We hope that this paper will encourage bat workers and 
researchers to collect as much information on the subject as 
possible over the coming years. If necessary, changes in bat-
box management protocols may have to be implemented.
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