Effects on hibernating bats of ambient temperatures
and the characteristics of winter roosts in
a dune area

Annemieke van Zuijlen & Dick Groenendijk

PWN, Zeeweg 12, NL-2051 EC Overveen, the Netherlands, e-mail: annemieke.van.zuijlen@pwn.nl

Abstract: The Dutch dune areas between Zandvoort and Bergen aan Zee contain various sites, such as bunkers
and ice cellars, in which bats hibernate. The bats in these sites are counted annually each winter. This study inves-
tigates whether the ambient temperatures and other characteristics of these winter roosts influence the number of
bats hibernating in them. The relationship between the number of bats counted (average number per location) and
the ambient temperatures appears to depend on the species. This relation was absent in Daubenton’s bats (Myo-
tis daubentonii). The more cold-tolerant brown long-eared bat (Plecotus auritus) and Natterer’s bat (M. nattereri)
showed a negative relationship with the ambient temperatures: the warmer it was, the fewer bats of these species
were observed in the studied locations. This also applies to the pond bat (M. dasycneme), which is known to be less
cold-tolerant. The number of bats counted in the winter roosts seems to be mainly related to the size of the sites:
the larger the volume of the hibernaculum, the more bats were found there. The humidity, susceptibility to distur-
bance, the number of rooms and the hiding opportunities in the winter roosts also had an effect on the number of
bats. However, the effects of these characteristics were less pronounced than the influence of the size of the sites
and differences were not always significant. This knowledge is important in determining guidelines for manage-
ment and to be able to evaluate the censuses. This approach, can help ensure that there are enough sites available
to provide suitable hibernacula.

Keywords: winter roosts, outdoor temperatures, dimensions, humidity, susceptibility to disturbance, hiding pos-
sibilities, pond bat, Daubenton’s bat, brown long-eared bat, Natterer’s bat.

Introduction the framework of the national programme,
‘the Ecological Monitoring Network” (NEM).
These annual censuses are carried out within

a fixed period between mid-December and

In Zuid-Kennemerland National Park (Natio-
naal Park Zuid-Kennemerland; NPZK) and

the Noordhollands Duinreservaat (NHD)
there are many bunkers and other structures,
such as ice cellars, in which bats hibernate.
To maintain a sustainable population of
bats, it is important that all the habitats they
require are in a suitable condition. Winter
roosts are an important part in this network.
Hibernating bats are counted annually within
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mid-February on the assumption that this
is when the maximum number of bats are
present in the hibernacula. It is important
to know whether or not this is actually
true. Therefore, in this study, we look at
the relationship between the number of
bats in the winter roosts and the ambient
temperatures. In addition, there is a need for
clear guidelines for managing hibernation
roosts. We know which sites are attractive,
but less is known about the properties that
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determine the success of these winter roosts.
Such information can allow us to make direct
investments in adapting the sites that have the
highest potential as winter roosts.

Research shows that the number of animals
in a roost can vary greatly during the course
of a winter. This is partly because some indi-
viduals, especially of cold-tolerant species such
as Natterer’s bat (Myotis nattereri) and brown
long-eared bat (Plecotus auritus), do not arrive
until it gets too cold for them outside, when
other winter roosts, such as tree holes and
poorly insulated spaces in buildings, become
unsuitable. Pond bats (M. dasycneme) and
Daubenton’s bats (M. daubentonii) are known
to occupy winter roosts relatively early in the
year, although it is not known whether this is
related to ambient temperatures, insect sup-
ply or an early mating season in these species
(Haarsma 2013).

Weather conditions during the winter cen-
sus therefore can influence the bats” choice of
specific winter roosts and the numbers pre-
sent in each. This can cause the numbers to be
underestimated in warm weather conditions
because not all the animals are in the winter
roosts. When determining trends, it is assumed
that the maximum numbers of bats are present
in the hibernating roosts on the date of the
census. To assess the accuracy of counts, it is
important to know the influence of the outside
temperatures on the number of counted bats.

The most important factors that determine
the suitability of winter roosts for bats are:
temperature, humidity, human disturbance
and darkness (Limpens et al. 1999, Haarsma
2018). Temperatures in the hibernacula
should not drop below freezing point and
should not fluctuate much, and there should
not be too much light. The size of the hiber-
naculum, the number of rooms, entrances
and other openings can influence these char-
acteristics. Humidity must be high and the
walls sufficiently rough for bats to be able
to hold on. The importance of these proper-
ties in winter roosts differs between species
(Siivonen & Wermundsen 2008). Some spe-
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cies prefer to hide in crevices, cracks and other
holes in the walls, while other species hang
free and exposed on the walls. This means that
there should be sufficient suitable opportuni-
ties for bats to hide and hang and the dimen-
sions, number of rooms and the internal design
of the roosts are important for these aspects.
Disturbance is unfavourable as it causes the
air to move and the temperature in the roost
could rise. This may wake up the bats from
torpor, causing them to lose extra energy, and
lowering their chances of surviving the winter
period and reproducing in spring (Haarsma &
de Hullu 2012). Disturbance is diminished by
a remote and sheltered location or the physical
closure of the site. Finally, the bats must also
be able to easily find and approach the winter
roosts. The location in the terrain, the orienta-
tion and shelter of the entrance and the loca-
tion in relation to other sites (i.e. in a cluster or
alone) can influence this.

Although it is known which sites are more
attractive as winter roosts, little research has
been done into why one roost does better than
another. It seems that large, damp sites (with
very high humidity and/or water on the bot-
tom and/or the walls and ceilings) are the most
successful, but relatively large numbers of bats
are also regularly found in smaller and/or drier
roosts. Currently, winter roosts are often man-
aged without any substantiated information.
Research of the influence of these traits on the
number of hibernating bats is therefore valu-
able for the management of winter roosts.

Material and methods

This study covered 116 hibernacula located
within the NPZK and the NHD. Of these,
71 are in the NPZK and 45 in the NHD (fig-
ure 1). Among many others, these are the sites
where bat numbers are counted annually. The
majority are bunkers, but there are also some
ice cellars, a water cellar and a gatehouse.
Data from the NEM from 1990 onwards,
where available, were used for each hibernac-
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500x500 metre squares in which the winter enclosures were located in both areas.

2 4
Figure 1. Location of the Zuid-Kennemerland National Park and the Noordhollands Duinreservaat. Below:
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Table 1. Overview of the properties examined, the corresponding categories and their classifications.

Characteristic Category Division

Dimensions Small 0-35m’
Medium 36-150 m’
Large 151-400 m’

Landscape zone Zeeduin Location as defined in Natura 2000 Management
Middenduin Plans (Provincie Noord-Holland 2017a, 2017b)
Binnenduin

Sensitivity to disturbance

Very sensitive to disturbance Not locked and easy to find

Fairly / Moderately sensitive Closed but easy to find or not closed and relatively

to disturbance

difficult to find

Not sensitive to disturbance Closed and not easy to find or not closed and very

Shelter entrance Sheltered

Exposed

Wet

Humid

Dry

Stable
Moderately stable
Not stable

None

Humidity

Climate stability

Hiding possibilities

Cracks, crevices and clefts

Holes

Ventilation pipes

difficult to find.

Entrance partly or completely shielded from sur-
roundings by vegetation

No vegetation in front of entrance

Water on the bottom, walls and ceilings

Water on the walls and ceilings, bottom dry

Dry bottom, walls and ceilings

Little draft, only one opening

Moderate draft, several openings

Many drafts, many openings

As documented in the Portal of the Mammal Society

Behind boards/bricks/stones

Combinations of the above

Number of rooms 1 room
2 rooms
3 or more rooms
Orientation of entrance N

NE

E

SE

S

SW

W

Nw

Location in a cluster Not applicable

Orientation of entrance

Mean distance to the four nearest sites.

ulum. To determine the relationship between
the number of bats and the outside tempera-
tures, the average daily temperature over the
five days prior to the census was calculated,
based on the recorded weather data (KNMI,
undated) from the nearest KNMI weather sta-
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tions at IJmuiden and Wijk aan Zee, if avail-
able. If data were not available from either sta-
tion, data from the Schiphol weather station
were used. The relationship between these
temperatures and the average number of bats
per location and per counting date was stud-
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ied and the relationships were established for
the following species: Daubenton’s bat, pond
bat, Natterer’s bat and brown long-eared bat.
Dates on which bats were recorded in less
than four sites were omitted.

The internal characteristics of as many sites
as possible (divided into a number of cate-
gories) were detailed (table 1). Some of these
categories were based on the Mammal Soci-
ety’s portal (climate stability, hiding possibili-
ties) and others were determined by available
local knowledge. Due to the Covid-19 pan-
demic, the 2021 winter census did not take
place and not all the characteristics of the sites
were recorded in situ. The data gap was filled
with information available from the portal of
the Mammal Society, supplemented with the
knowledge of counters and managers. Where
information was lacking for particular varia-
bles these were omitted from the analysis. The
number of bats per site was taken from the
average recorded number of hibernating bats
in the 2016-2020 annual censuses.

Statistical analysis

The relationship between the number of bats
and the ambient temperatures was deter-
mined using simple linear regression. The
influence of the different properties of the
inhabited sites on the number of bats found
was determined using a Kruskal-Wallis test.
Subsequently, a post hoc test, the Dwass-
Steel-Critchlow-Fligner pairwise compari-
son (The Jamovi Project 2020), was conducted
to determine significant differences between
categories. Jamovi, SPSS and Excel were used
for the statistical analyses.

The relative influence of the properties stud-
ied was determined using multiple linear
regression. The scored variables were com-
bined to determine their relative influence on
the number of bats counted. Only the statisti-
cally significant variables were included in the
model. In advance, the multicollinearity was
investigated to determine whether any proper-
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ties in the regression analysis were too strongly
correlated with each other to be included in
the analysis. Further explorations were carried
out, in which the models were built in several
different ways (de Vocht 2012) but this did not
show any deviating abnormal results.

Results

Influence of external temperatures on
the number of bats counted

In both the NPZK and the NHD, no relation-
ships were found between the number of
Daubenton’s bats and the outside tempera-
ture (Linear regression NPZK: F(1,27)=1.15,
P=0.29; NHD: F(1,34)=1.4, P=0.25). How-
ever, there was a clear negative relation-
ship between the number of brown long-
eared bats and the outside temperature. The
higher the average daily temperature meas-
ured over the five days prior to the count, the
fewer hibernating brown long-eared bats were
found (NPZK: F(1,27)=4.6, P<0.05; NHD:
F(1,34)=6.7, P<0.05). The same relationship
was found for Natterer’s bat (F(1,27)=7.5,
P<0.05) and pond bat (F(1,27)=9.3, P<0.01) in
the NPZK (figure 2 and figure 3). There were
insufficient observations of these two species
in the NHD to analyse.

The influence of the sites’ properties

The analysis of variance on the different
properties of the sites showed that a large
size (x2(3)=12.5, P<0.01) and a large num-
ber of different spaces (x2(2)=7.1, P<0.05) had
a positive effect on the number of hibernat-
ing bats. High humidity (x2(2)=6.9, P<0.05)
also seemed to contribute, given the almost
significant relationship (post hoc, wet-dry:
P=0.06). A high susceptibility to disturbance
(x2(2)=20.9, P<0.001) and the absence of hid-
ing possibilities (x2(7)=15.3, P<0.05) had a
negative effect on the number of hibernat-
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Figure 2. The relationship between the outside temperature and the average number of bats per site in the Zuid-

Kennemerland National Park.
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Figure 3. The relationship between the outside temperatures and the average number of bats per site in the Noord-

hollands Duinreservaat.

ing bats (figure 4). The multiple linear regres-
sion resulted in a statistically significant model
(F(3,30)=19.4, R*=0.66, P<0.001). The model
shows that 66% of the variance in the number
of bats counted can be traced back to the cat-
egories ‘large’, ‘dry” and ‘cracks/crevices’, with
size having the greatest effect (‘large™ $=26.6,
P<0.001; ‘dry’: f=-5.6, P<0.05; ‘cracks/crevices™
p=8.5, P<0.05). The location in the terrain,
shelter, location in a cluster and orientation of
the entrance had no demonstrable influence on
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the number of bats, or there were insufficient
data to demonstrate a relationship.

Discussion
Temperatures
Several studies have demonstrated or

suggested a link between ambient tempera-
tures and numbers of hibernating bats
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standard errors.
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(Haarsma 2013; see also the contributions of
Bekker and Verhees et al. 2022, in this issue).
Bats may benefit from the persistent low
winter temperatures in climatic zones with
severe winters as they are in a deeper state
of torpor, wake up less easily and therefore
lose less energy (Haarsma & Kaal 2016). This
study found a relationship between the outside
temperatures and the numbers of counted
specimens for some species of bats, although
not Daubenton’s bats. However, there was
a negative relationship between the outside
temperature and the number of hibernating
brown long-eared bats and Natterer’s bats,
which are both more tolerant of the cold.
The higher the temperature, the fewer bats of
these species were found hibernating in these
sites. It may be that during relatively warm
winters these cold-tolerant species choose
other, less temperature-buffered, hibernacula
like hollow trees and buildings. Pond bats
show the same relation: while they are not
known to be pronouncedly cold-tolerant they
are, nonetheless, often found in relatively cold
places within bunker complexes (Batweter
2021). An increase in winter temperature, due
to climate change, could in the future lead to a
decrease in numbers of hibernating pond bats,
brown long-eared bats and Natterer’s bats in
winter roosts where bats are counted.

The size, complexity and humidity of
hibernacula

This analysis showed that larger hibernating
roosts, with more complex sites, contained
more hibernatingbats. This suggests thatalack
of hiding opportunities negatively affects the
numbers of hibernating bats. High humidity
also contributed greatly to the number of
hibernating bats. Other studies have found
the size of a winter roost, combined with the
number and diversity of hiding opportunities,
to be important in bats’ choice of winter
accommodation (Haarsma 2011, de Boer et
al. 2013). A positive relationship between the
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size of the cave and the population size and
species richness has also been demonstrated
in caves. Both number of bats and species
also appeared to be related to the diversity
in hiding opportunities (Furey & Racey
2016). Although humidity in winter roosts
has not been considered a crucial factor in
previous studies (Haarsma 2011, de Boer et al.
2013), moisture is important for hibernating
bats. Bats sometimes have to interrupt their
hibernation to replenish moisture loss (Ben-
Hamo et al. 2013). These arousals cost a lot of
energy, so it is important to limit these.

Sensitivity to disturbance

This research has shown that fewer bats hiber-
nate in winter roosts with a high risk of dis-
turbance. Perhaps bats anticipate disturbance
by not choosing these sites as winter roosts,
or perhaps they move to quieter places if dis-
turbed. It is not known whether any distur-
bances actually took place in these distur-
bance-sensitive sites.

Multiple studies show that disturbance of
bats during hibernation has a negative effect on
their chances of surviving the winter (Speak-
man et al. 1991, Thomas 1995, Haarsma 2011,
Furey & Racey 2016). Hibernating bats respond
to non-tactile stimuli such as light, sound,
temperature differences, air flow as well as to
tactile stimulation. Bats often awaken after a
(non-tactile) disturbance caused by a human
visit and may subsequently wake up other
bats. As a result, the disturbance can last much
longer than the actual visit. Upon awaking,
bats burn extra fat reserves, which can damage
the chance of female bats bearing young in the
spring. Young animals with a relatively small
fat supply are most at risk of death.

Conclusions

This study shows the aspects that are important
for bats when choosing suitable winter roosts.
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In particular, the size and the presence of
sufficient hiding opportunities are important.
High humidity also seems to have a positive
effect. For a site manager, it may be important
to secure sites so as to minimize disturbance,
if necessary, by closing them off to unwanted
visitors. These findings may help improve the
suitability of sites as winter roosts for bats, that
are able to harbour healthy bat populations.
In addition, the correlation found between
bats and ambient temperatures can be used to
critically assess trends among certain species
and to determine the optimal census period.
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