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Abstract: An analysis of long-term changes in abundance of hibernating bats as revealed from the annual monitoring
programme conducted in four mountain regions of the Western Carpathians (Muranska planina Mts, Revicka vrchovina Mts,
Slovensky kras Mts, Stiavnické vrchy Mts) during the period 1992-2009 is providing in the paper. Data from 52 hibernacula
were analysed. Among 18 bat species recorded, an apparent population increase of three most abundant thermophilous and
originally cave dwelling species of bats, Rhinolophus hipposideros, R. ferrumequinum, Myotis myotis, was observed. In other
bat species (e.g., R. euryale, M. emarginatus, M. mystacinus, M. dasycneme, Barbastella barbastellus), population trends
could not be detected and because of data scarcity, they should be evaluated from more extensive datasets obtained from
a wide range of hibernacula or from a completely different type of evidence.
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Introduction

In many plant and animal species, considerable changes
in abundance and distribution patterns can be ob-
served in the last decades. These changes have sev-
eral causes, originating both from intensive human im-
pact and from natural processes. These causes may
include e.g. agricultural intensification, urbanisation,
hunting, trade and pollution on the side of human im-
pacts, and endogenous population changes, changes in
genetic structure or even global environmental changes
on the side of natural processes (Primack 2004). All
these impacts negatively affect also bat populations
and thereby this vertebrate group is considered to be
globally threatened (Hutson et al. 2001). Several tem-
perate bat species (e.g., Rhinolophus ferrumequinum,
R. hipposideros, Myotis myotis) have undergone rapid
population decline in western and central Europe since
the middle of the 20" century (e.g., Roer 1972; Barta
et al. 1981; Ransome 1989; Kokurewicz 1990; Wein-
reich & Oude Voshaar 1992; Rehak 1997; Bontadina
et al. 2000). However, a subsequent reversing trend and
population rebound have been observed in the above
mentioned species and also in several others (Myotis
emarginatus, Barbastella barbastellus) in some regions
of Europe since the 1980s (e.g., Kowalski & Lesinski
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1991; Zima et al. 1994; Rehdk & Gaisler 1999; Bonta-
dina et al. 2000; Gaisler & Chytil 2002; Horacek et al.
2005; Lesinski et al. 2005). Only in several species, no-
tably in Myotis daubentonii, stable or increasing popu-
lation numbers have been reported from the whole pe-
riod of the second half of the 20" century until now
(Daan et al. 1980; Gaisler et al. 1981; Rehak 1997;
Horécek et al. 2005).

While the latter positive trend in bat populations
in Europe has been recently mirrored also in higher
frequency of bats in owl diet (Lesinski et al. 2008), so
far little is known about reasons triggering such con-
siderable changes in numbers of various bat species.
Usually, direct human impacts, such as various distur-
bances in roosts (including mass bat ringing, e.g., Barta
et al. 1981) and accumulation of pesticides were consid-
ered to be the main threats affecting bat communities.
However, the changes were sometimes explained also
by global climatic or environmental oscillations seeing
that the development of bat numbers in hibernacula
conspicuously correlated with annual variation of global
temperature (Gaisler et al. 1981; Horacek 1984; Kulzer
1995; Horacek et al. 2005). The assumed correlation of a
long-term increase of M. daubentonii populations with
the growth of its main prey, i.e. water surface swarming
insects, caused probably by widespread eutrophisation
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Fig. 1. Map of study regions and sites in Slovakia. MP — Muranska planina Mts, RV — Revuacka vrchovina Mts, SK — Slovensky kras

Mts, SV — Stiavnické vrchy Mts.

of water bodies, was not supported by the analysis of
more extensive samples (Kokurewicz 1995). Similarly,
changes in prey abundance and possible competition
for food between expanding and declining bat species
were found unlikely to explain population changes in
R. hipposideros (Arlettaz et al. 2000; Bontadina et al.
2008).

Considering the above mentioned facts, accurate
monitoring and population data collecting with the
aim of tracking population changes are necessary for
understanding ecology of the species. Finally, assess-
ment of these data is essential for effective conserva-
tion and management planning (e.g., Spellerberg 1991;
Battersby & Greenwood 2004; Pereira & Cooper 2006).
Although it is rather difficult to find precise data on
the abundance of bats and their changes in particu-
lar regions (Thomas & LaVal 1988), in the temperate
zone long-term population variations can be well es-
timated by counting hibernating bats in their under-
ground roosts. Several programmes based on such win-
ter censuses have been performed in Europe, in some
cases for tens of years already (e.g., Gaisler 1975; Daan
et al. 1980; Baar et al. 1986; Bauerova et al. 1989;
Woloszyn 1994; The Bat Conservation Trust 2001;
Horécek et al. 2005; Boldogh & Esték 2007). Several
Slovak sites were included in the programme of census
of hibernating bats carried out in Czechoslovakia since
1969 (Gaisler 1975), however, later on these roosts were
checked rather occasionally. The winter census pro-
gramme in Slovakia was resumed in the last decade of
the 20t century, covering a considerably larger number
of winter roosts. Whereas only fragmented and region-
ally limited data have been published so far (e.g., Uhrin
1993, 1998a; Danko 1997; Lehotska 2002; Mihal 2004),
the aim of this study is to provide an analysis of long-
term population changes of hibernating bats as revealed
from the annual monitoring programme conducted in
four mountain regions of the Western Carpathians dur-
ing the period 1992-2009 and its comparison with the
trends already demonstrated in other regions of Eu-
rope.

Material and methods

Study sites

The data analysed in this study were gathered during winter
bat censuses in four distinct geomorphological units of the
Western Carpathians (Fig. 1).

(1) Muréanska planina Mts [MP] — karstic region situ-
ated in central Slovakia (approximately 20°01’ E, 48°46 N).
With the exception of one site (abandoned railway tunnel
Dielik), all monitored sites are limestone caves. Altogether,
data from 18 hibernacula coming from the period of 17 years
(1993-2009) were analysed. The mountain area is protected
as a national park.

(2) Revicka vrchovina Mts [RV] — region with var-
ied geological conditions in central Slovakia. Several under-
ground spaces in its central part (approximately 20°04’ E,
48°32" N) were checked (7 limestone caves, 2 abandoned
mines and 1 abandoned railway tunnel). These sites were
censused for the period of 13 years (1997-2009) only.

(3) Slovensky kras Mts [SK] — situated in the southern
part of central Slovakia (approximately 20°35 E, 48°35’
N) and represented by several karstic plateaus. Bats were
monitored in 12 limestone caves for the period of 18 years
(1992-2009). The region is protected as a national park.

(4) Stiavnické vrchy Mts [SV] — volcanic mountain
range in central Slovakia (approximately 18°53" E, 48°26’
N). Altogether 12 man-made underground sites (mines)
were monitored for the period of 16 years (1994-2009). The
region has a status of a protected landscape area.

Bat records from winter censuses from the above de-
scribed regions until 2001 were compiled and published in
the Catalogue of Bat Hibernacula of Slovakia (Hapl et al.
2002; Matis et al. 2002a; Uhrin et al. 2002b, c, d, e), together
with characteristics of the particular sites. For the purpose
of this study, data from 52 hibernacula were analysed (Ta-
ble 1). Since the two abandoned railway tunnels included
in the monitoring programme (Dielik — MP, Slavosovce —
RV) had different physical characteristics than the other
roosts and also the composition of their bat communities
was specific, they were excluded from the log-linear analysis
of population trends (see below).

Census method
The annual census was usually carried out in the last ten-
day period of January or the first ten-day period of February
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Table 1. Dominance (d) and frequency (F') of hibernating bats recorded in four regions of central Slovakia. Data from particular regions

are arranged according to species’ frequency.

MP (1993-2009)

RV (1997-2009)

Species d (%) F (%) Species d (%) F (%)
Rhip 22.1 82.0 Rhip 34.2 85.0
Mmyo 11.4 74.9 Bbar 60.5 42.9
Bbar 43.0 40.4 Mmyo 1.2 25.2
Rfer 0.4 36.9 Rfer 0.5 19.3
Paur 0.1 20.4 FEser 0.4 14.3
Mmys 0.2 19.2 Paus 0.4 11.2
Mema 0.4 16.9 Mdau 0.2 8.4
Mdau 0.1 14.9 Paur 0.1 5.9
Enil 0.1 11.4 Reur 0.2 5.6
Eser 0.0 7.8 Mema 0.1 5.6
Ppip 17.7 7.5 Mnat 0.1 5.6
Mnat 0.0 5.9 Mbech 0.1 2.8
Mdas 0.0 5.5 Mschr 2.0 1.7
Mschr 4.2 3.1 Mmys <0.01 0.9
Mbech <0.01 2.7 Ppip <0.01 0.8
Paus <0.01 1.6 Mdas - -
Reur <0.01 1.2 Enil - -
Nnoc <0.01 0.4 Nnoc - -
indet. <0.01 - indet. <0.01 -
No. of species 18 No. of species 15
No. of sites 18 No. of sites 10
No. of records 55958 No. of records 6213
Mean no. of Mean no. of

records/year 3291.6 records/year 477.9
SD 2931.5 SD 100.7

SK (1992-2009)

SV (1994-2009)

Species d (%) F (%) Species d (%) F (%)
Rhip 37.5 92.9 Rhip 54.2 95.5
Rfer 10.4 82.5 Mmyo 10.0 77.3
Mmyo 10.1 58.5 Rfer 24.4 29.5
Mema 2.5 34.4 Mema 1.3 28.0
Mdau 0.9 27.9 Bbar 8.0 26.5
Reur 29.4 23.0 Mdau 0.9 24.2
Bbar 4.6 21.3 Paur 0.3 12.9
Mdas 1.0 18.6 Mbech 0.1 7.6
Paus 0.2 12.6 Mmys 0.1 6.1
Paur 0.2 9.3 Mnat 0.2 5.3
Mmys 0.1 7.7 Paus 0.1 3.1
Eser 1.5 6.6 Eser <0.01 1.5
Ppip 0.8 6.6 Mschr <0.01 1.5
Enil 0.1 5.5 Enil <0.01 0.8
Nnoc 0.4 4.9 Ppip - —
Mnat 0.1 4.4 Mdas — -
Mbech 0.1 3.8 Reur — -
Mschr <0.01 1.1 Nnoc - -
indet. 0.2 - indet. 0.3 -
No. of species 18 No. of species 14
No. of sites 12 No. of sites 12
No. of records 13921 No. of records 7141
Mean no. of Mean no. of

records/year 773.4 records/year 446.3
SD 437.6 SD 219.2

Species abbreviations: Bbar — Barbastella barbastellus, Enil — Eptesicus nilssonii, Eser — E. serotinus, Mbech — Myotis bechsteini,
Mdas — M. dasycneme, Mdau — M. daubentonii, Mema — M. emarginatus, Mmyo — M. myotis, Mmys — M. mystacinus, Mnat —
M. nattereri, Mschr — Miniopterus schreibersii, Nnoc — Nyctalus noctula, Paur — Plecotus auritus, Paus — P. austriacus, Ppip —
Pipistrellus pipistrellus, Reur — Rhinolophus euryale, Rfer — R. ferrumequinum, Rhip — R. hipposideros. For region abbreviations see

Fig. 1.

on the same census track within the particular hibernacu-
lum and mostly by the same people. Hence, the data series
coming from the particular sites are well representative and
objective within the respective hibernaculum. Only very few
counts made in November or December were included in
the analysis. Non-tactile visual species determination and
counting of bats without disturbing them (e.g., by ringing)
were applied in the course of the census. For further assess-
ment we used the following method of bat species group clas-
sification, slightly modified after Bauerova et al. (1989): the
species pairs of Myotis myotis / M. blythii and M. mysta-
cinus / M. brandtii were assessed together as one species
(as M. myotis and M. mystacinus, respectively). According
to the previous studies (e.g., Gaisler & Handk 1973; Uhrin
1998b), the numbers of these sibling species (M. blythii, M.
brandtii) make up approximately one third (M. blythii) and
almost half (M. brandtii) of counted bats, respectively. Total
numbers of bat records and values of species dominance and
frequency are given in Table 1. The high variation is caused
by the considerable fluctuations in some species (e.g., form-
ing large aggregations), therefore the trends were calculated
only for separate species and not for the whole bat commu-
nity. Within the data sets from the four regions, there are
some missing counts in particular years and sites because
of different reasons. They represent 3.6% of the whole data
set in RV, 15.3% in SK, 17.3% in MP and 31.3% in SV.
It is recommended that the proportion of missing counts
should not exceed 50% of all analysed data (Pannekoek &
van Strien 2009), therefore our data are proper for further
analysis using the log-linear Poisson regressions.

Data analyses

We used the log-linear Poisson regression to estimate miss-
ing data and to model population trends (ter Braak et al.
1994). All procedures were run using the free TRends and
Indices for Monitoring data software (TRIM; Pannekoek
& van Strien 2009). To calculate population trends, a lin-
ear model with serial correlation between annual counts as
well as overdispersion from Poisson observations was used
in TRIM. To test the significance of slope parameters, the
Wald statistic was used. In Table 2 only data where enough
observations were available for the species / region pairs
are shown. Simple linear regression and correlation anal-
ysis were also used for demonstrating changes in particu-
lar species / site pairs. The variables were compared by
a non-parametric statistic (rs, Spearman rank correlation
test, 2-tailed). Linear regression, correlation analysis and
non-parametric statistic analyses were performed using the
Statistica software (StatSoft 2001).

Results

Altogether 18 bat species were recorded during winter
censuses in the four regions under study (Table 1). Only
in one species (Rhinolophus hipposideros), population
indices could be compiled using the log-linear regression
and patterns of its population trend could be shown for
all studied regions. In other six bat species (Rhinolo-
phus ferrumequinum, Myotis myotis, M. emarginatus,
M. mystacinus, M. dasycneme, and Barbastella bar-
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Fig. 2. Population indices for selected hibernating bat species in central Slovakia. Indices are abundances relative to the abundance in
the base year (index = 1). For region abbreviations see Fig. 1, for species abbreviations see Table 1.

bastellus) these indices were calculated only for some
of the regions. In the remaining species these indices
were uncertain because of the scarcity of data. Only
the results of linear regression and correlation anal-
yses per particular species-site pairs are given in Ta-
ble 3.

Horseshoe bats, Rhinolophus spp.
In the greater horseshoe bat (R. ferrumequinum), dom-
inance and species frequency varied within the ranges
of d = 0.4-24.4% and F = 19.3-82.5%, respectively
(Table 1). Only in the SK region where the frequency
of this species was the highest, a significant population
trend classified as a moderate increase (3% per year
within the period evaluated) could be recognised (Ta-
ble 3, Fig. 2). The values recorded in other regions did
not fit the model well, so any trends seem to be un-
certain. In the SV region (Table 3, Fig. 2), the slope
parameter (1.0048) suggests a stable population (Wald
test 0.11, P = 0.737, n.s.).

In the particular hibernacula of all the regions,

R. ferrumequinum showed stable (or not significantly
declining) or increasing numbers (Table 3). The only
exception was the Stard Domica cave (SK), but the
species’ abundance was low at this site.

The lesser horseshoe bat (R. hipposideros) was the
most frequent bat species in all four regions (F = 82.0—
95.5%). Values of its dominance varied within the range
of 22.1-54.2% and with the exception of the RV region,
the dominance of this species was always the highest
(Table 1). A general population trend found in this
species is given in Fig. 2 jointly for all four regions
monitored. While in three regions its hibernating pop-
ulations increased in numbers at the rate of 5-11% per
year (Table 2), they moderately declined in the RV
region (8% decrease per year within the whole study
period). This trend was mainly affected by a signifi-
cant decline in the Burda cave (rs = —0.84, P < 0.01)
and in the Zraz mine (rs = —0.62, P < 0.05; Table 3,
Figs 3A, B). Wintering population of R. hipposideros
in the Burda cave declined from the initial number of
243 bats in 1997 down to 38 in 2009. In other sites
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Table 2. Parameters of overdispersion (od), serial correlation (sc) and goodness of fit (Chi-square) taken into account by TRIM software
and slope (sl) parameters calculated by the linear model [with values of Wald-test (Wt) for its significance] and interpretation (overall
multiplicative trend model) of the trends for species / region data sets.

Region od sc Chi-sq

Rhinolophus ferrumequinum (Schreber, 1774)

MP 1.038 0.365 142.25
RV 1.355 -0.061 90.79
SK 2.369 0.143 402.69
SV 2.266 0.161 174.48

Rhinolophus hipposideros (Borkhausen, 1797)

MP 10.393 0.619 2203.35
RV 5.802 0.238 562.80
SK 8.113 0.290 1379.19
SV 4.181 0.234 497.50

Rhinolophus euryale Blasius, 1853
SK 120.848 0.144 12930.70

Myotis myotis (Borkhausen, 1797)

MP 3.364 0.340 743.45
RV 1.307 0.125 98.03
SK 2.290 0.251 389.28
SV 1.610 0.222 191.63

Myotis emarginatus (E. Geoffroy, 1806)

MP 1.567 -0.027 177.03
RV 0.924 -0.152 20.34
SK 2.295 0.082 305.18
SV 2.081 -0.008 206.03

Myotis mystacinus (Kuhl, 1817)

MP 1.981 -0.055 269.39
SK 1.109 -0.037 102.00

Myotis daubentonii (Kuhl, 1817)

MP 1.153 —-0.048 177.50
RV 1.026 0.016 58.46
SK 1.396 -0.025 205.19
SV 1.472 -0.116 153.10

Myotis dasycneme (Boie, 1825)

MP 1.392 —-0.004 112.76
SK 1.444 0.324 89.50

Myotis bechsteinii (Kuhl, 1817)

MP 0.922 -0.033 60.82
RV scarce data

SK 1.110 0.062 65.49
SV 0.920 -0.033 64.41

Myotis nattereri (Kuhl, 1817)

MP 1.308 -0.028 82.40
RV 0.899 -0.065 26.96
SK 1.366 -0.055 105.20
SV 0.990 -0.148 43.58

Plecotus auritus (L., 1758)

MP 1.011 -0.074 212.28
RV 0.939 -0.143 28.16
SK 1.210 0.112 89.55

SV 1.172 0.046 70.31

df

137

170
7

212

97
170
119

107

221

75
170
119

113
22
133
99

136
92

154

57
147
104

81
62

66

59
70

63
30
7
44

0.362
0.028
0.000
0.000

0.000
0.000
0.000
0.000

0.000

0.000
0.038
0.000
0.000

0.000
0.562
0.000
0.000

0.000
0.223

0.094
0.422
0.001
0.001

0.011
0.013

0.657

0.262
0.666

0.051
0.626
0.018
0.490

0.443
0.562
0.105
0.171

0.19
1.17
9.37
0.11

28.33
28.38
48.92
97.96

3.81

37.14
11.76
4.60
0.58

26.79
0.05
17.68
5.58

19.44
3.11

0.02
2.89
13.54
12.11

1.37
22.26

2.76

0.19
0.20

0.23
0.47
0.24
9.25

0.50
0.45
4.29
0.30

0.659
0.279
0.002
0.737

0.000
0.000
0.000
0.000

0.051

0.000
0.001
0.032
0.447

0.000
0.823
0.000
0.018

0.000
0.078

0.902
0.089
0.000
0.001

0.242
0.000

0.097

0.663
0.652

0.632
0.491
0.623
0.002

0.480
0.504
0.038
0.584

sl

0.990
1.023
1.030
1.005

1.052
0.926
1.079
1.114

1.044

1.039
0.880
1.030
0.987

1.120
0.962
1.108
1.138

1.135
1.114

1.003
0.996
1.148
1.182

1.173
1.176

0.809

1.073
0.985

0.975
0.834
0.947
1.489

0.981
0.904
1.288
1.010

SE

0.030
0.089
0.010
0.010

0.011
0.015
0.014
0.013

0.578

0.007
0.052
0.015
0.014

0.063
0.037
0.050
0.093

0.058
0.973

0.052
0.110
0.247
0.097

0.762
0.070

0.482

0.386
0.087

0.102
0.148
0.438
0.427

0.036
0.114
1.154
0.180

Trend

uncertain

uncertain

moderate increase**
stable

moderate increase**
moderate decline**
strong increase*
strong increase*

uncertain

moderate increase**
moderate decline*
moderate increase®
stable

uncertain
uncertain
moderate increase*
uncertain

moderate increase*
uncertain

uncertain
uncertain
uncertain
uncertain

uncertain
moderate increase*

uncertain

uncertain
uncertain

uncertain
uncertain
uncertain
uncertain

uncertain
uncertain
uncertain
uncertain
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Region od sc Chi-sq df P Wt (df =1) P sl SE Trend
Plecotus austriacus (Fisher, 1829)

MP scarce data

RV 2.830 -0.045 158.50 56 0.000 3.94 0.047 0.923 0.144 uncertain

SK 1.165 0.085 133.97 115 0.109 3.20 0.074 0.835 0.604 uncertain
Pipistrellus pipistrellus (Schreber, 1774)

MP 37.083 -0.018 964.16 26 0.000 1.49 0.223 1.549 2986.497 uncertain

SK 7.581 0.017 204.68 27 0.000 5.15 0.023 1.163 1.623 uncertain
Barbastella barbastellus (Schreber, 1774)

MP 2.718 0.120 415.82 153 0.000 0.27 0.605 1.006 0.022 stable

RV 2.158 -0.031 185.61 86 0.000 6.74 0.009 0.859 0.088 uncertain

SK 1.866 0.377 225.76 121 0.000 10.15 0.001 1.080 0.029 moderate increase**

SV 3.736 —-0.203 306.33 82 0.000 5.61 0.018 0.905 0.036 moderate decline**
Eptesicus serotinus (Schreber, 1774)

MP 1.355 -0.091 105.72 78 0.020 0.99 0.321 0.951 0.065 uncertain

RV 0.893 -0.110 29.46 33 0.644 0.00 0.980 1.001 0.048 uncertain

SK 56.055 -0.133 1569.53 28 0.000 2.13 0.145 0.779 1.732 uncertain
Eptesicus nilssonii (Keyserling et Blasius, 1839)

MP 1.120 -0.028 84.02 75 0.223 1.07 0.300 1.041 0.043 uncertain

SK 0.831 -0.049 23.27 28 0.719 5.09 0.024 1.244 0.838 uncertain
Nyctalus noctula (Schreber, 1774)

SK 6.107 -0.017 79.40 13 0.000 5.84 0.016 1.185 0.334 uncertain

Statistical significance: * P < 0.05, ** P < 0.01. For region abbreviations see Fig. 1.

within the RV region, both slow increases and slow de-
creases (not significant) or a stable state without any
remarkable changes could be observed (Table 3). In all
sites analysed in the SV region (Table 3) we observed
increasing numbers of this species (in some of the sites
the trend was not significant). In the large Schopfer
mine, a strong increase was detected (rs = 0.89, P
< 0.01). In the remaining two regions, MP and SK,
R. hipposideros showed population decrease in some
cave hibernacula, in several cases a significant one (Ta-
ble 3). Despite this, based on the changes in the num-
bers counted at other sites, R. hipposideros showed a
generally increasing trend of the numbers of wintering
individuals, supporting the model calculated using the
log-linear regression with imputed data. Even at the
sites inhabited by higher numbers of the lesser horse-
shoe bat, a slight population increase (Figs 3C-F) was
observed.

Occurrence of the Mediterranean horseshoe bat (R.
euryale) is restricted to karstic areas in the southern
part of central Slovakia (see also Uhrin et al. 1996), it
is absent from the SV region. Among the regions under
study, only in SK this species showed higher dominance
and frequency values (29.4% and 23.0%, respectively).
Neither log-linear nor linear regression and correlation
analyses showed any detectable population trends (Ta-
bles 2, 3).

Mouse-eared bats, Myotis myotis s.l.

Regarding species frequencies (F = 25.2-77.3%; Ta-
ble 1), mouse-eared bats represented the second to third
most frequent species unit within the regions under
study. A moderate increase (MP: P < 0.01; SK: P <
0.05) or stable population (SV) were observed (Fig. 2).
The rates of increase in the former two regions (MP,
SK) reached 3% per year and per site. At the most
populated site, the Martincova cave (MP), a slight in-
crease was observed (rs = 0.77, P < 0.01; Table 3). In
the RV region, an approximately 13 per cent decline
of the M. myotis populations was detected (P < 0.05)
within the study period. A significant decline of 9% per
year was observed (0.913, SE 0.027; Wald test 6.67, P
< 0.01) in the SK region in 2003-2009 (Fig. 2).

Small Myotis bats

Recorded abundances and frequencies of the small
Myotis bats were found low in the period under study
and their population trends were not detected and re-
main uncertain (Table 1). Only in the SK region a mod-
erate increase of M. emarginatus and M. dasycneme
populations was observed, estimated at 10% and 17%
per year, respectively. In M. dasycneme this general
trend corroborates with the picture from two hibernac-
ula (the Hacavskd and Marciho caves in the northern
part of SK), where this bat was the most frequent and
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Fig. 3. Changes in abundance of hibernating bats demonstrated by the linear regression (solid line) and its confidence limits at P =
0.95 (dashed lines) in selected species-site pairs (A — Rhip, RV, Burda cave; B — Rhip, RV, Zréaz gallery; C — Rhip, SK, Certova diera
cave; D — Rhip, SK, Marciho cave; E — Rhip, MP, Bobacka nova cave; F — Rhip, MP, Certova cave; G — Mdas, SK, Marciho cave; H
— Mdas, SK, Hacavska cave; I — Mema, SK, Marciho cave; J — Mema, SK, Certova diera cave; K — Mmys, MP, Havrania cave; L —
Mmys, MP, O¢i cave). For region abbreviations see Fig. 1, for species abbreviations see Table 1, for statistics see Table 3.

its numbers showed a significant increase (Table 4, Figs
3G, H). A similar trend was recorded also in the Mar-
ciho cave for hibernating populations of M. daubentonii
(rs = 0.57, P < 0.05; Table 3). In M. emarginatus we
observed an increasing abundance in four hibernacula
(Table 3), being significant in two of them (Figs 3L,
J). A moderate increase was detected in M. mystacinus
wintering in the MP region. Such a pattern was visible
mainly in the data from two hibernacula, where this
species was frequent and showed a significant increase
(Table 4, Figs 3K, L).

Barbastelle, Barbastella barbastellus
Very diverse trends were detected in numbers of win-

tering individuals of B. barbastellus (Fig. 2). While in
MP (with the exception of the Dielik tunnel) the pop-
ulations showed a stable nature, in the other three re-
gions we detected different pictures. Barbastelles in SK
showed a moderate increase (7% per year) but in SV
they experienced a moderate decline (ca. 10%). The
abandoned railway tunnels Dielik [MP] and Slavosovce
[RV] were not included in these models. In the Dielik
tunnel, mass winter aggregations of ca. 6,000 indi-
viduals were found in 1993 (Uhrin 1995). The win-
ter checks of the SlavoSovce tunnel started in 1998.
In these two separately evaluated sites, B. barbastellus
showed clearly distinct patterns in wintering and num-
bers. While in the Dielik tunnel we detected a rapid
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Table 3. Correlation of the actual abundances of particular species in the localities where their frequency was >50% to the respective
values predicted by linear regression models.

Site, region n 2 s P Site, region n 2 s P
R. ferrumequinum R. euryale

Bobacka nova, MP 17 0.170 —0.361 0.155 Ardovskd, SK 16  0.234 0.330  0.212
Dielik, MP 16 0.745 0.844  0.000 Domica, SK 16  0.076 —0.127  0.640
Husleho, MP 13 0.004 —0.049 0.874 M. myotis

Kostolik, MP 17 0.099 0.377  0.136 Bobacka nova, MP 17 0.021 0.158  0.545
Michnova, MP 17 0.283 0.532  0.028 Bobacka stard, MP 15  0.580 —0.755  0.001
Osiskéa, MP 15 0.019 —0.108  0.700 Brestova, MP 17 0.276 0.491 0.045
Burda, RV 12 0.081 0.250  0.434 Certova jaskyna, MP 16 0.316 0.646  0.007
Ardovska, SK 16  0.095 —0.443  0.086 Dielik, MP 16  0.810 0.918  0.000
Certova diera, SK 17 0.063 0.276 0.283 Havrania, MP 10 0.114 0.441 0.202
Domica, SK 16  0.080 0.241 0.368 Husleho, MP 13 0.076 —0.296  0.325
Hacavska, SK 16  0.545 0.661 0.005 Ladzianskeho, MP 17 0.381 —0.566  0.018
Liscia, SK 15 0.237 —0.566  0.028 Martincova, MP 17 0.638 0.772  0.000
Majkova, SK 18  0.077 0.282  0.257 Michnovéa, MP 17 0.027 0.124  0.634
Marciho, SK 15 0.009 0.143  0.612 Netopierov, MP 12 0.525 —0.728  0.007
Milada, SK 18  0.135 0.352  0.151 O¢i, MP 10  0.106 0.362  0.304
Stara Brzotinska, SK 15 0.420 0.574  0.025 Osiska, MP 15 0.126 0.373  0.171
Stard Domica, SK 12 0.349 —0.630  0.028 Zlatnica, MP 13 0.331 —0.632  0.021
Véapencova, SK 10 0.037 —0.274  0.443 Burda, RV 12 0.027 —0.142  0.660
Ignac, SV 16 0.033 0.182  0.500 Susiansky vrch, RV 8 0.013 —0.287  0.491
Schopfer, SV 15 0.190 0.143  0.611 Certova diera, SK 17 0.240 0.425  0.089
R. hipposideros Hacavska, SK 16 0.221 0.363 0.167
Bobacka nova, MP 17 0.887 0.941 0.000 Majkova, SK 18  0.000 —0.032  0.901
Bobacka stard, MP 15 0.311 —0.642  0.010 Marciho, SK 15 0.033 —0.177  0.527
Brestova, MP 17 0.348 0.633  0.006 Milada, SK 18  0.049 —0.193  0.444
Certova jaskyia, MP 16 0.758 0.870  0.000 Stard Brzotinska, SK 15  0.215 0.434  0.106
Dielik, MP 16  0.802 0.921 0.000 Ignéc, SV 16 0.085 0.356  0.176
Husleho, MP 13 0.005 —0.011 0.972 Laura, SV 16 0.538 —0.739  0.001
Kostolik, MP 17 0415 —0.623  0.008 Kamenny, SV 16 0.633 —0.806  0.000
Ladzianskeho, MP 17 0.405 0.695  0.002 Kunia, SV 9 0.169 —0.549  0.126
Martincova, MP 17 0.515 0.796  0.000 Kysihybel, SV 10  0.357 0.494  0.147
Michnova, MP 17 0.205 0.434  0.082 Nad Rabensteinom, SV 6  0.870 0.928  0.008
Netopierov, MP 12 0.714 0.951 0.000 Olovena, SV 9 0.192 0.411 0.272
Osiské, MP 15 0.207 —0.476  0.073 Rabenstein, SV 7 0.093 —0.464  0.294
Paseky, MP 9  0.192 —0.392  0.297 Schopfer, SV 15 0.000 0.135  0.631
Prandlovo, MP 12 0.045 —0.289 0.362 M. emarginatus

Burda, RV 12 0.595 —0.839  0.001 Bobacka nova, MP 17 0.177 0.426  0.088
Drienocka, RV 13 0.046 —0.250  0.409 Michrnova, MP 17 0421 0.660  0.004
Chvalovska, RV 13 0.097 —0.316  0.293 Certova diera, SK 17 0.235 0.574  0.016
Malé Driencanska, RV 12 0.059 0.384  0.217 Majkova, SK 18  0.044 0.486  0.041
Maruskin, RV 12 0.001 —0.180  0.577 Marciho, SK 15 0.776 0.851 0.000
Susiansky vrch, RV 8 0.306 —0.639  0.088 Milada, SK 18  0.032 0.115  0.648
Spartiopolské, RV 12 0.305 0.537  0.072 Olovena, SV 9 0.739 0.849  0.004
Velka Driencanskd, RV 13 0.158 —0.321 0.284 Schopfer, SV 15 0.077 0.658  0.008
Zraz, RV 12 0.474 —0.623 0.030 M. mystacinus

Ardovska, SK 16  0.144 0.371 0.157 Havrania, MP 10  0.519 0.743  0.014
Certova diera, SK 17 0.745 0.936  0.000 Oc¢i, MP 10 0.776 0.913  0.000
Domica, SK 16 0.004 0.196 0.468 M. daubentonii

Hacavska, SK 16  0.385 0.547  0.028 Certova jaskyna, MP 16  0.067 0.277  0.298
Liscia, SK 15 0.044 0.241 0.387 Hacavska, SK 16  0.128 0.446  0.083
Majkova, SK 18  0.014 —0.091 0.718 Marciho, SK 15 0.346 0.569  0.027
Marciho, SK 15 0.560 0.753  0.001 Milada, SK 18  0.082 0.119  0.639
Milada, SK 18  0.128 0.325  0.188 Ignac, SV 16 0.113 0.453  0.078
Stara Brzotinska, SK 15 0.145 0.264  0.342 Kysihybel, SV 10  0.255 0.409  0.241
Stara Domica, SK 12 0.431 0.579 0.049 M. dasycneme

Véapencova, SK 10 0.290 —0.457 0.184 Hacavska, SK 16 0.907 0.979  0.000
Ignac, SV 16 0.164 0.430 0.096 Marciho, SK 15 0.425 0.752 0.001
Laura, SV 16 0.452 0.681 0.004 P. auritus

Kamenny, SV 16  0.247 0.429 0.097 Hacavska, SK 16  0.654 0.836 0.000
Kysihybel, SV 10 0.785 0.894  0.000 P. austriacus

Kunia, SV 9 0.524 0.683  0.042 Stard Domica, SK 12 0.267 —-0.529  0.077
Nad Rabensteinom, SV 6 0.838 0.943 0.005 P. pipistrellus

Olovena, SV 9  0.800 0.845  0.004 Dielik, MP 16  0.677 —0.749  0.001
Pod Rabensteinom, SV 5 0.015 0.053  0.933 Zbojnicka, SK 15 0.321 0.599  0.018
Schopfer, SV 15 0.795 0.882 0.000 B. barbastellus

Rabenstein, SV 7  0.001 0.127  0.786 Bobacka stard, MP 15 0.016 —0.122  0.665
Repiste, SV 12 0.494 0.742  0.006 Brestova, MP 17 0.046 0.345  0.175
Zlaty Stol, SV 11 0.447 0.513  0.107 Certova jaskyna, MP 16  0.030 0.131 0.627
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Table 3. (continued)

Site, region n 2 s P

B. barbastellus (continued)

Dielik, MP 16 0.573 —0.753 0.001
Havrania, MP 10 0.067 —0.289 0.419
Martincova, MP 17 0.000 0.185 0.478
Netopierov, MP 12 0.246 —0.502 0.096
O¢i, MP 10 0.471 0.724 0.018
Chvalovska, RV 13 0.189 —0.407 0.167
Slavosovsky, RV 12 0.226 0.664 0.018
Susiansky vrch, RV 8 0.009 —0.258 0.538
Zraz, RV 12 0.059 0.193 0.547
Hacavska, SK 16 0.346 0.418 0.107
Kysihybel, SV 10 0.453 —0.652 0.041
Nad Rabensteinom, SV 6 0.241 —0.486 0.329
Pod Rabensteinom, SV 5 0.381 0.667 0.219
Rabenstein, SV 7 0.000 —0.143 0.760

Explanations: n — number of bat species; 2
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Site, region n 2 s P
E. serotinus
Oc¢i, MP 10 0.066 —0.235 0.514
Slavosovsky, RV 12 0.105 —0.304 0.338
Hacavska, SK 16 0.085 0.300 0.259
E. nilssonii
Havrania, MP 10 0.133 0.350 0.321
Oc¢i, MP 10 0.046 —0.244 0.497
Zlatnica, MP 13 0.026 0.134 0.662
Hacavska, SK 16 0.185 0.475 0.063
N. noctula
Zbojnicka, SK 15 0.253 0.537 0.039
M. schreibersii
Dielik, MP 16 0.177 —0.781 0.000

— coefficient of determination of the regression (squared Pearson’s r); rs — the respective

values of non-parametric Spearman correlation and their statistical significances (P). For region abbreviations see Fig. 1.

Table 4. Overview of bat population trends in central Slovakia (1992-2009).

Species Overall trend

Rhinolophus ferrumequinum
Rhinolophus hipposideros
Rhinolophus euryale

Myotis myotis

Myotis emarginatus, M. mystacinus,
M. daubentonii, M. dasycneme

stable

Barbastella barbastellus

decline (Table 4) of the numbers of bats in aggrega-
tions, in the SlavoSovce tunnel we observed a contin-
uous increase of abundance since the beginning of the
monitoring (Table 4). After the apparent decline of bar-
bastelles (and also of common pipistrelles, see below) in
the Dielik tunnel, a significant increase of other species,
not present or registered only in low abundance in the
hibernaculum prior to 1999, was observed (Table 4): R.
ferrumequinum (rs = 0.84, P < 0.01), R. hipposideros
(rs = 0.92, P < 0.01), M. myotis (rs = 0.92, P < 0.01)
(Table 3).

Other species

Several other species known to occur in the regions
under study were found occasionally during the mon-
itoring and their abundance and frequency was low
(Table 1). Thus, no dynamics in their numbers were
detected and their trends remain uncertain. In some
species, e.g., Plecotus auritus and/or Nyctalus noctula
(Schreber, 1774), certain development could be ob-
served in the particular sites (see the correlation analy-
sis, Table 3). Especially the rapid decline of the common
pipistrelles (Pipistrellus pipistrellus) and long-winged
bats Miniopterus schreibersii (Kuhl, 1817) in the Dielik
tunnel (Table 3) is noteworthy. In 1993-1998, aggrega-
tions of hundreds (min. 940, max. 2074, mean 1557) of
P. pipistrellus were observed at the site. After 1999 a
rapid breakdown was detected and in 2001-2009 only
individuals (min. 0, max. 72, mean 22) hibernated in

stable — (moderate) increase
(local) decline — moderate — strong increase

(local) decline — moderate increase

stable <> (local) moderate increase

(local) moderate decline « stable < (local) moderate increase + fluctuations

the roost. Aggregations of M. schreibersii (min. 214,
max. 1100, mean 589) accompanied the above men-
tioned species in the period 1995-1998. Since 2001 only
one individual of the long-winged bat has been ob-
served.

Discussion

In three most frequent species of hibernating bats (Rhi-
nolophus ferrumequinum, R. hipposideros, Myotis myo-
tis) we recorded stable population numbers or even
their obvious increase in more than one of the four stud-
ied regions. Such a pattern is very similar to the trends
documented in these species in several regions of cen-
tral Europe over the last 20 years (Rehék 1997; Rehak
& Gaisler 1999; Fuszara & Jurczyszyn 2002; Horacek et
al. 2005), where a continuous population growth can be
observed. During our monitoring period, the numbers
of the most common species, R. hipposideros, increased
markedly in three regions of central Slovakia similarly
as it was already documented in man-made (mines) or
natural (caves) hibernacula in eastern or western Slo-
vakia. While in the Dubnik mines in eastern Slovakia
numbers of this species doubled in 1987-1995 (Danko
1997), in two caves in the Lesser Carpathians in west-
ern Slovakia a rapid increase was observed in 1995-
2002 (Lehotska 2002). For instance, the increase in the
Plaveckd cave can be demonstrated by the recorded
number of ca. 40 bats in 1995 and ca. 190 bats in 2002
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(Lehotské 2002). In our study, numbers of R. ferrume-
quinum were found to increase only in the karstic re-
gion of the Slovensky kras Mts (SK), which is a re-
gion where almost a complete Slovakian population of
the species is concentrated during the vegetation pe-
riod (Uhrin et al. 1996). In other regions under study,
the populations of R. ferrumequinum seem to be stable
(SV) or the changes in numbers remain uncertain. The
Slovakian population is believed to be a part of a meta-
population inhabiting the northern margin of the Pan-
nonian lowland of southern Slovakia and northern Hun-
gary (Bihari 2001). In several sites of northern Hungary,
R. ferrumequinum (and also R. euryale) showed stable
population numbers although with remarkable fluctua-
tions (Bihari 2001; Boldogh & Esték 2007), but in some
roosts decline in numbers was recorded (Paulovics &
Marton 2008). In Switzerland an increase of a small
isolated population of the greater horseshoe bat was
documented within the period 1986—2006 in one sum-
mer colony, whose roost was restored (Bontadina et al.
2008).

In R. euryale we did not detect any clear popu-
lation trends. One of the possible reasons is that the
census method used could not cover changes in num-
bers between subsequent years because of high fluctua-
tion of “wintering colonies” of this species within par-
ticular parts of cave systems. Such fluctuations were
documented in the Domica-Baradla cave system, where
the population of approximately 1000 individuals of the
Mediterranean horseshoe bat was evidenced to occur
(Bobédkova 2002). During winter the population used
several particular sites within the whole cave system
for roosting and the bats were usually active through-
out the hibernation period. However, considering this
behaviour pattern and the observed presence of aggre-
gations throughout the respective winter periods, we
can estimate the population of this species as stable,
even slowly growing. This opinion is also supported
by the observations in summer, when a slight shift
in roost preferences was observed in this species and
its synanthropic roosting was documented (Horacek &
Zima 1979). At present, a remarkable portion of the
R. euryale population in Slovakia uses loft spaces as
summer roosts (Matis et al. 2002b).

Irrespective of the region and/or particular site,
the population of the greater mouse-eared bat, My-
otis myotis, was increasing or stable. In M. blythii, the
species whose numbers were included in the numbers
of the former species in this study, no clear increase of
abundance was observed in Slovakia and thus the de-
tected growth in numbers is most probably due to the
M. myotis population increase (Uhrin et al. 2008).

In the barbastelle, Barbastella barbastellus, a gen-
erally slow increase in counted numbers can be stated.
Polish populations seem to be stable or even increasing
in their numbers (Lesinski et al. 2005) and the bar-
bastelle numbers are evaluated as increasing in several
hibernacula of the Czech Republic (Rehdk & Gaisler
1999; Horacek et al. 2005). Indications of an increase
in numbers of hibernating barbastelles were reported
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also from the northern margin of its distribution range
in Lithuania (Baranauskas 2001). On the other hand,
especially in the hibernacula where mass winter aggre-
gations were found, complete destruction of such aggre-
gations with cascade patterns in consecutive years was
usually observed as a consequence of research activi-
ties, changes in microclimate in the roost or predation
(e.g., by the stone marten) (Obuch 1995; Danko 1997;
Horécek et al. 2005). This situation occurred most ob-
viously in the Dielik tunnel (MP). However, the gen-
eral trend in populations of this species indicates that
barbastelles are able to find relatively quickly an alter-
native winter roost with similar conditions and form
similar mass aggregations there. In our case it was
the SlavoSovce tunnel (RV), situated at the distance
of 20 km from the original aggregation site, the Dielik
tunnel (MP).

Several other species such as Myotis daubentonii,
M. bechsteinii, M. nattereri, Plecotus auritus, P. aus-
triacus, Eptesicus serotinus, E. nilssonii, occurred in
winter roosts in very low abundance and were found oc-
casionally. They were usually hidden in various crevices
and small holes in cave walls or ceiling and could be
easily omitted. Hence, their numbers could be under-
estimated. The potential of winter census as a method
of monitoring of these species seems to be rather low
(The Bat Conservation Trust 2001). On the other hand,
in some specific hibernacula with a limited amount of
crevices and fissures, such as mines or cellars, the num-
bers of bats can be counted more precisely. In these
types of winter roosts, increase of the numbers was
documented in several regions of central Europe (Re-
hak & Gaisler 1999; Horacek et al. 2005; Katiuch et al.
2008).

Considering causality of the changes in bat popu-
lations (mainly of their growth) during the last 20 or
30 years, one basic question can be raised: is this in-
crease only a manifestation of population recovery af-
ter the rapid decline in the preceding periods or does
it reflect a real population increase? Since the same
population trend can be found also on the basis of
data coming from region, where no research activities
(e.g., bat ringing) occurred in the period of the deepest
population decline, we can presume that the increas-
ing trends in numbers of several hibernating species do
reflect actual population growth (Horacek et al. 2005).
Most of our monitored sites are roosts where no ring-
ing was carried out during winter. Only the pattern
found in the Revtcka vrchovina Mts, where we doc-
umented a moderate decline of two most abundant
species, R. hipposideros and M. myotis, is question-
able. No methods causing disturbance of bats (ring-
ing) were used there during our study. Presumably this
pattern can be explained by intensive human distur-
bance in the region, including illegal visiting of caves,
fire making etc. (cf. Uhrin et al. 2002a). This is cer-
tainly true for the Burda cave, where a rapid decline
in numbers of R. hipposideros was recorded. On the
contrary, sites in the other studied regions are mostly
inaccessible, either are grilled/gated or have a gener-



Changes in abundance of hibernating bats

ally difficult access. All these sites are also situated
in large protected areas (national parks or protected
landscape areas) with a specific regime of human activ-
ities.

One of the causes of such population growth could
be climate changes to which the increase of some species
is conspicuously correlated (Horacek et al. 2005). In
our data we do not have exact evidence for this, but
most of the species with growing populations are ther-
mophilous species which may follow increasing temper-
ature. The impact of global temperature growth was
tested on the model of a North American temperate
bat, Myotis lucifugus (Le Conte, 1831). As predicted,
expansion of its wintering range northward was as-
sumed (Humphries et al. 2002). In our study, popu-
lation growth can be observed also in species which
reach margin of their distribution range in Slovakia
or even form isolated populations and are thus con-
sidered to be more vulnerable and more sensitive to
changes of environmental factors (Gaston 1994; Brown
1995). To support the pattern revealed from winter
census, it would be necessary to collect data on abun-
dance changes also in summer roosts (Warren & Witter
2002). Winter censuses can be used as a suitable mon-
itoring method only for a part of the European bat
fauna. On the other hand, potential influence of global
climate changes could be documented by apparent
range changes of several lithophilous or dendrophilous
bat species, e.g., Pipistrellus nathusii (Keyserling et
Blasius, 1839), P. kuhlii (Kuhl, 1817), Hypsugo savii
(Bonaparte, 1837) (Sachanowicz & Ciechanowski 2006;
Sachanowicz et al. 2006). Besides temperature increase
in consequence of global climate changes, several other
mechanisms causing population changes in bats have
been discussed. Regarding a continuous growth of M.
daubentonii populations in Poland, Kokurewicz (1995)
concluded that it could be caused by eutrophisation
of water bodies and consequently by the increase of
the most important prey of this species, non-biting
midges (Chironomidae). Arlettaz et al. (2000) stud-
ied potential food competition between the recently in-
creasing P. pipistrellus and declining R. hipposideros
and concluded that it could be an ecologically plau-
sible scenario. The increase of P. pipistrellus was at-
tributed to the use of a profitable food source repre-
sented by insects attracted around street lamps (Rydell
1989).

In conclusion, our data suggest an apparent pop-
ulation increase of thermophilous and originally cave
dwelling species of bats, R. hipposideros, R. ferrume-
quinum, M. myotis in Slovakia (Table 4), a trend
observed also in other regions of central Europe in
the last two decades. In other bat species, popula-
tion trends could not be detected and because of data
scarcity, they should be evaluated from more exten-
sive datasets obtained from a wide range of hibern-
acula or from a completely different type of evidence.
To identify causes of the population trends recorded
by our simple monitoring, a specially designed study is
needed.
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