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Abstract: The importance of underground hibernacula for the conservation of bats and monitoring their populations is well-recognized.
However, the lowland territory of Belarus, with absent natural caves and suitable for bats mines, was one of the least surveyed European
regions in terms of underground bat sites, and especially hibernacula. To address this knowledge gap, in 2020, we conducted a broad-
scale one winter bat survey, exploring 90 underground sites (basements, cellars, church crypts, fortifications, and facilities of abandoned
Soviet missile bases) in various parts of Belarus. To our knowledge, none of these sites had been examined for bats before. In 56 of the
90 underground sites, we discovered hibernating bats (a total of 1054 ind.) of six species: Barbastella barbastellus (78.5% of all bats),
Myotis daubentonii (7.4%), Plecotus auritus (5.1%), Eptesicus nilssonii (4.9%), Myotis brandtii and Eptesicus serotinus (in sum, 2%). The
distribution of bats among the hibernacula was highly uneven (with N = 3; N_ =19 ind.). In 76% of the hibernacula, the number of
bats was between 1 and 10 individuals per site, which accounted for approximately 10% of all bats recorded during the survey. Only
in five sites we found over 50 bats. One to four species were present in each site, with one species found in 58% of the hibernacula. We
suppose that the small number of species and relatively small number of bats per hibernaculum is characteristic of the study region.
This supports the idea that selecting key underground bat sites for their conservation and monitoring should be done regionally and
only after obtaining primary data about bat species and their numbers in a sufficient number of sites. Our data significantly expands
knowledge about underground bat hibernacula in the large lowland territory of eastern Europe and may serve as a starting point for
further monitoring.
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1. Introduction
Underground roosts are very important for many bat
species worldwide, in particular for those which are year-
round or seasonal troglophilous. In temperate regions, with
the severe winters, such roosts are essential for hibernation
of bats as they provide protected microclimate environment
making bat wintering possible or not so risky relative to
natural overground cavities such as hollow trees (Hutson et
al,, 2001; Mitchell-Jones et al., 2007; Furey and Racey, 2016).
Underground bat roosts also provide an opportunity
for surveyors to make a census of animals which are not
very visible and/or dispersed in the space due to their
lifestyle and high mobility (Hayes et al., 2009; Battersby,
2010). Surveying underground bat roosts enables
the characterization of the distribution and status of
troglophilous species (Nagy and Postawa, 2011), and
long-term regular counts of bats in these roosts allow for
estimating population trends and assessing the results of

bat conservation efforts, both regionally and globally (Van
der Meij et al., 2015).

The importance of underground roosts for
conservation and monitoring of bats was recognised and
internationally adopted, in particular by the Resolutions
2.4 and 4.3 of the EUROBATS Agreement (EUROBATS,
1998; 2003). That was further followed by the compiling
the database of internationally important bat underground
sites of Europe.!

However, neither conservation nor monitoring of
underground bat shelters are possible without the basic
inventory (including the initial search and examination)
of them. In many European regions, this was done decades
ago. There, regular counts of bats in their underground
roosts have been conducted for many years (Battersby,
2010). In others, the initial inventory of underground bat
sites and identification of the most significant of them has
started only quite recently.

1EUROBATS (2016). Conservation of Key Underground sites: the database (2016). Website https://www.eurobats.org/activities/intersessional _

working_groups/underground_sites [accessed 08 March 2023].

* Correspondence: LGodlevska@gmail.com

253

This work is licensed under a Creative Commons Attribution 4.0 International License.


https://orcid.org/0000-0001-6792-6543
https://orcid.org/0000-0002-0563-9271
https://orcid.org/0000-0001-5929-5024
https://orcid.org/0000-0002-8230-6374

GODLEVSKA et al. / Turk ] Zool

The lowland territory of Belarus, which does not
have natural caves, is one of the least surveyed regions
in Europe with regards to knowledge about underground
bat sites. The bat species list of this region includes 19
species (Shpak et al., 2022), 9 of which are known to be
cave-dwelling, at least during part of the year. However,
little is known about their underground roosts and, in
particular, their hibernacula.

The book by Kurskov (1981), summarizing decades of
his work with bats of Belarus, mentions that he searched for
bats in all possible potential roosts, including “basements,
cellars, vegetable stores, and bunkers” According to
Kurskov, the maximum number of hibernating bats
observed per one underground site was 10 and 14
individuals. Later, Kurskov (1993) reported the discovery
of newly-found underground hibernacula of Barbastella
barbastellus in a large vegetable store in the middle of
Bielaviezskaja Pus¢a Forest, where he observed 300-320
individuals of this species each winter from 1983 to 1986.

Demyanchik and Demyanchik (1999) reported about
mass bat hibernation in buildings of the Brest Fortress
where they recorded eight bat species of over 5000
individuals in total (with ca. 88% of B. barbastellus).
These authors also confirmed the existence of the large
hibernacula revealed by Kurskov, and reported about one
more underground bat hibernacula of few tens of bats in
Bielaviezskaja Pusc¢a National Park.

The abovementioned sites, all located in southwestern
Belarus, were the only underground bat hibernacula that
have been described in publications for the territory of the
country.

In 2019-2020, we conducted a comprehensive survey
to search and inventory underground bat sites across
various regions of Belarus. This paper aims to present the
data collected during the survey, which enables to describe
for the first time the underground bat hibernacula and
bat communities wintering in them across a significant
area of Eastern Europe.

2. Study area, methods

The territory of Belarus is lowland region with the
average height is 160 m a. s. 1; the highest point, 345 m
a. s. . (Nature of Belarus, 2009). There are no natural
caves or suitable for bats mines. The climate is temperate
continental with the average year temperatures from
+7 °C at the SW to +4.5 °C at the NE; the average January
temperature, from -4.5 °C in the SW to -8 °C in the NE
(Nature of Belarus, 2010).

In this study, we use the term “underground site” or
simply “site” to refer to any underground unit that was
examined during the study.

Before the fieldwork, we conducted an extensive
search for information on underground sites that could
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potentially serve as bat shelters. In June and July 2019, we

examined 70 underground sites in situ and found only a

few solitary bats (Plecotus auritus) in them (Shpak et al.,

2022). During the summer exploration, we also evaluated

the sites’ potential to serve as bat hibernacula, by their size

and insulation from external temperatures. In February

2020, we explored 90 underground sites, including 27

from the summer list and an additional 63. The examined

underground sites are located in all six administrative
provinces of Belarus (Figure 1). We surveyed all sites for
bats, to our knowledge, for the first time.

All examined sites were man-made and can be
classified into the following categories.

1. Basements (of former manor houses, a castle, and
a monastery): cavities below buildings; of different
size, brick/stoned, sometimes plastered (n = 14).
Cellars: small, underground, standing alone facilities,
brick, and concrete (n = 2).

2. Crypts of abandoned churches: cavities below the
overground part of these buildings, covering their
entire area; brick, partly plastered (n = 4).

3. Fortifications. Include: brick reduits and a bastion of
the Babrujsk fortress (of the 19th cent.) abandoned
and accessible for public (n = 7); fire groups of the
Mazyr fortified area (built in 1930s): groups of
pillboxes connected by the underground concrete
galleries with chambers (n = 2).

4.  Facilities of the abandoned Soviet missile bases. Each
base included facilities for storing missiles, their
maintenance, assembly, transportation, launching,
defence, as well as housing and sheltering personnel;
etc. We examined the facilities of 12 ground-
launched missile bases and one large base for storing
nuclear missile ammunition; all located at a distance
from settlements. The facilities varied in terms of
volume, size, and condition, with most being made
of concrete, somewhere plastered inside. They were
either underground, banked half-overground, or
banked overground (n = 61).

The examined sites, in majority, were quite short by
length. The longest two had the length about ca. 300 m.
All sites were abandoned or not in active use. The level
of public access to the sites varied and was, obviously,
determined mostly by access restrictions and remoteness
of settlements. In one missile base, we found signs of
their usage as a strike ball polygon. None of the examined
sites have a nature conservation status.

The sites were inspected, and bat counts were
conducted by visually examining. In sites with high
ceilings, binoculars and zooming photo-cameras were
also used. Myotis brandtii was identified based on a set
of external characters following Dietz and von Helversen
(2004). The final count only included visible bats.
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Figure 1. Location of the examined underground sites. Numbers correspond to those in the list of Annex 1.

3. Results
During the winter survey, we revealed bats in 56 (62%) of 90
examined sites (Annex 1). The total number of accounted
hibernating bats was 1054 individuals. Six species were
found in the examined sites: Barbastella barbastellus
(Schreber, 1774), Eptesicus nilssonii (von Keyserling &
Blasius, 1839), Eptesicus serotinus (Schreber, 1774), Myotis
brandtii (Eversmann, 1845), Myotis daubentonii (Kuhl,
1817), and Plecotus auritus (Linnaeus, 1758) (Annex 2).
Among the accounted bats, B. barbastellus prevailed
significantly by the number of individuals. This species also
prevailed by the number of sites it was found hibernating
in. The less distributed species was M. brandtii. The species
with the smallest total number was E. serotinus (Figure 2).
The most inhabited by bats sites among explored were
fortifications and basements/cellars: wintering bats were
found in 78% and 75% of them, correspondingly. The
checked facilities of missile bases were inhabited less: bats

were recorded in 57% of them. However, in sites of this
category, we recorded the biggest portion of all accounted
bats (76%) in total; as well as the largest aggregations were
found in the facilities of missile bases (Annex 1). The
number of church crypts inspected was only four with bats
revealed in two of them (Figure 3).

The distribution of bats among the examined
hibernacula was highly uneven (with N, =3 and N_ =19
individuals). In 76% of the hibernacula, the number of
bats found was between 1 and 10 individuals per site,
accounting for approximately 10% of all bats recorded
during the survey. Only five sites had aggregations of over
50 bat individuals, accounting for over 60% of all bats
recorded during the survey (Figure 4). Two sites with the
largest aggregations (Mh10 and Mh12; see Annex 1), with
a total number of 42% of all accounted bats, are located
nearby and represent, in fact, a single bat hibernacula
complex.
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Figure 2. Bat species by the total number of individuals (right) and the number of sites in which they were recorded (left).
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Figure 3. Presence and total numbers of bats in different types of the examined underground sites.

Note. We presume that the actual number of hibernating
bats in some examined sites may be higher than recorded.
For example, in the site with the highest number of bats
(Mh10), there were extensive construction (ventilation)
channels that were inaccessible for examination.

The number of bat species found hibernating in the
examined sites ranged from one to four per site. In the
majority of the examined hibernacula (58%), only one
species was observed (Figure 5). However, the total number
of bats in such monospecific hibernacula accounted for
approximately 50% of all bats recorded during the survey.
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4. Discussion

The results of the census provided the addition to the
knowledge about bat species occurrence in Belarus. The
most significant contribution was the discovery of B.
barbastellus in almost half of the examined hibernacula (in
five provinces of Belarus) with the highest total number
among all the hibernating species. Till 2015, in Belarus,
this species was known only in the southwest of the
country (Kurskov, 1981; Demjanchik and Demjanchik,
2000). Later, Dombrovski et al. (2017) recorded it ca. 250
km to the east, in S Belarus. In 2019, the species was first
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Figure 4. The quantitative distribution of bats among the bat inhabited sites.
532 _
N sites
=#-N total bats
196 205
121
33 13 ’ 3
I ———
1 species 2 species 3 species 4 species

Figure 5. The number of species and the total number of bats in the inhabited sites.

recorded in central Belarus, in Minsk (Shpak et al., 2022).
Our data shows the presence of the big population of this
species inside the study region and enable to outline its
distribution more accurate, both regionally and globally.
Notably, this species was the least recorded during the
summer bat survey in Belarus (Shpak et al., 2022). That
evidences the importance of applying multiple methods
during the bat fauna inventory, and that the results
of underground bat shelters’ survey may significantly
supplement other data.

Of 19 bat species of the Belarusian fauna, all species in
the genera Myotis (n = 6), Plecotus (n = 2), and Barbastella
(n = 1) can be classified as troglophilous, totalling 9
species. These species are sedentary or do not migrate long
distances (Hutterer et al., 2005), and are primarily known
to hibernate in underground cavities (Dietz et al., 2009),
which is particularly relevant for regions with cold winters,
like Belarus. Two Eptesicus species are also regularly found
in underground hibernacula throughout their range
(Dietz et al., 2009), but in small numbers, suggesting that

257



GODLEVSKA et al. / Turk ] Zool

underground shelters may not be their primary type of
wintering and could be considered “semitroglophilous”

During our survey, we recorded only six species,
including four troglophilous species (2, Myotis; 1,
Plecotus; 1, Barbastella) and two semitroglophilous
species (Eptesicus). In comparison, eight species were
found in underground hibernacula in the southwest of
Belarus (Demjanchik and Demjanchik, 1999; Haarsma et
al,, 2010). In adjacent regions of northern Ukraine, eight
species were recorded hibernating in underground shelters
(Godlevska et al., 2016); in adjacent territories of Poland,
eight species were recorded (nine with M. mystacinus)
(Fuszara et al., 1996; Lesinski et al., 2004); in Lithuania,
in Kaunas fortress (located approximately 100 km to the
north of the northwest border of Belarus), eight species
were recorded (Pauza and Pauziene, 1998; Masing et al,,
2009); and in Latvia, seven species were recorded (eight
with M. mystacinus) (Vintulis and Pétersons, 2014).

The “missing” species, according to the list of
troglophilous bats in Belarus and species recorded to
hibernate underground in adjacent territories, are: Myotis
dasycneme (Boie, 1825), Myotis myotis (Borkhausen,
1797), M. nattereri (Kuhl, 1817), Myotis mystacinus (Kuhl,
1817), and Plecotus austriacus (Fischer, 1829).

M. dasycneme has been recorded in five of the six
administrative provinces of Belarus, including two
maternity colonies, and its distribution range overlaps with
our study area. However, it appears to be a generally rare
species in Belarus based on previous records (Kurskov, 1981;
Demjanchik and Demjanchik, 2000; Shpak et al., 2022).

M. myotis appears to be a relatively elusive species
in the Belarusian fauna (Shpak et al, 2022). Its main
distribution range lies to the east and south of our study
area (Sachanowicz et al., 2006; Red book of Ukraine,
2009), where it has also been observed in underground
hibernacula in Poland (Fuszara et al., 1996; Lesinski et al.,
2004) and Ukraine (Godlevska et al., 2016). We suppose
that four documented records of this species in Belarus
(Kurskov, 1981) can be considered accidental.

Occurrence of M. nattereri in Belarus has only been
confirmed in the SW part of the country (Demjanchik and
Demjanchik, 2000; Haarsma et al., 2010; Dombrovski et
al., 2017; Shpak et al., 2022). Therefore, the absence of this
species in the bat hibernacula examined by us may be due
to its general distribution pattern.

M. mystacinus sensu sticto was included in the list
of bat species found in Belarus based on an inventory
of collected museum specimens conducted by Strelkov
(1983): both this species and M. brandtii were identified in
the Bielaviezskaja Pusc¢a Forest. However, the distribution
of M. mystacinus s. s. in Belarus, as in many other regions,
requires further survey. All recent records of whiskered
bats in Belarus have been attributed to M. brandtii in
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surveys conducted by Shpak (2010), Dombrovski (2017;
2018), and Larchanka et al. (2020). During our winter
counts, we identified “whiskered bats” based on external
morphological characteristics that corresponded to those of
M. brandtii.

P austriacus was first recorded in Belarus in the early
1990s, in the SW (Demjanchik and Demjanchik, 2000).
Its discovery there, according to the data, is related to the
ongoing expansion of the species range and is consistent
with recent discoveries in adjacent regions of Poland
(Sachanowicz et al., 2006). However, to date, this species has
not been found outside the SW region of Belarus (Shpak et
al., 2022).

It is possible that more troglophilous bat species
hibernating in underground sites will be discovered in the
study area in the future, in particular those that are known
to occur here in the summer (such as M. dasycneme).
However, we presume that we recorded the basic species
suite which is compiled by the revealed, six, species.

The number of species per examined site was quite
small, with only four species being revealed in three sites,
and one to three species in the rest. In only five sites did the
total number of bats exceed 50 individuals; in the majority
of sites, we found 1-10 bats. These results are consistent
with the data of Kurskov (1981), who also did not find
aggregations of bats wintering underground.

Considering the wide geographical range, the large
number of examined sites, and their diversity, we suggest
that the small number of species and the relatively small
number of bats per hibernaculum may be a characteristic of
the study region. This supports the idea that the selection of
key underground bat sites should be developed regionally
and only after obtaining primary data about bat species and
their numbers in such shelters in a specific region (Mitchell-
Jones et al., 2000).

We discovered the largest aggregations of hibernating
bats in the facilities of abandoned Soviet missile bases,
where we recorded 76% of all bats and found the five
largest hibernacula (with N > 50 ind.). This highlights
the importance of such sites for bat conservation in
Belarus. Notably, no large bat hibernacula are known in
similar missile bases in Latvia and Ukraine (Vintulis, 2013;
Godlevska and Vorobei, own data).

The collected data significantly expand the knowledge
about underground bat hibernacula at the large territory of the
lowland eastern Europe and may serve as the starting point for
further monitoring of bat populations in the region.
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Annex 2. Records of bat species hibernating in the examined underground sites.
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Barbastella barbastellus Eptesicus nilssonii

Eptesicus serotinus Mpyotis brandltii

0 75 150 km

Myotis daubentonii Plecotus auritus
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