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Abstract

Quantitative data on bats derived from the winter census (35 records), analysis of thanatocoqnoses
either in caves (16 records) or in rock crevices (18 records), and the owl pellets analysis (24
records) were applied to characterise the types of bat assemblages in Slovakia, which are demonst-
rated as clusters of diagnostic species showing positive deviations from the mean in modified
contingency tables. The results of analyses of the four quantitative data sets are compared.

Introduction

Long-term research on bats in Slovakia began in the fifties (Vac hold 1955,
1961). The important wintering sites were monitored by Gais ler & Ha-
n 4k (1972), and the summer sightings of bats were reviewedby Hordce k et
al. (1979). The results of the winter census carried out during the eighties have
not yet been published. At present, the winter census of bats in Slovakia is coor-
dinated by M. U hrin, and information on the current results have been inclu-
ded in the Newsletter of the Czech Bat Conservation Trust (CBCT). . _

The first summary of the subfossil osteological record of bats in erstwhile
Czechoslovakia was published by Hord¢ek (1976). Important findings of
bats in the food of owls were presented by Schae ffer (1972), and Obuch
(1985) reported on records (ascertained before 1980) of skeletal remnants inclu-
ding also rich bat fauna.

The results of bat studies performed in Slovakia have been evaluated from a
faunal point of view, bat protection in important hibernacula, and faunal deve-
lopment in the Holocene. This paper aims to apply the bulk of quantitative data
in characterisation of individual bat assemblages defined according to common
features of the species composition. Similarity patterns have been .derlved from
calculations of significant deviations in the composition of a particular sample
from average values (O buc h 1991).



Material and Methods

The collection sites are numbered from 1 to 67, and arranged according to geo-

(glge_lphigal regions of Slovakia. Several types of data were collected at each site
ig. 1). :
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Fig. 1. Location of the sites studied.

Unpublished results of winter censuses conducted in various regions of
Slovakia in 1979 to 1990, summarized by I. Hor4 ¢ e k, with participation of
P. Bu/rger, J.Cerveny, S. Danko, J. Gaisler, L. Gordon, V.
Hanak,J. Obuch andJ. Zima, are indicated as Hor4d ¢ ek et al., unpub-
lished. Unpublished results of winter censuses undertaken in the Slovakian karst
in 1992 and 1993, summarized by M. U hrin, with participation of Ful{in,
Leyepdovsky, Matis, Obuch, Pacenovsky and SitdSova,
are indicated as Uhrin et al,, unpublished. Unpublished results of winter
censuses performed by M. Uhrin in the Murdnska planina plateau in 1992
and 1993 are indicated as U hr i n, unpublished. Data by Uhrin were presen-
ted in the supplement of the CBCT Newsletter, No. 2.

A. Census in Hibernacula

Velka Fatra Mts.: Izbica cave, No. 9, total numbers (12. 2. 1961, 28. 2. 1963,
26.2.1964,Gaisler & Handk 1972); Gader valley, No. 12, total numbers
(1960 to 1993, original data); Belianska valley, No. 16, total numbers (1. 1.
1980, 28. 12. 1989, 7. 1. 1990, 9. 3. 1991, original data).

394

Chocéské vrehy Mts.: Liskovskd cave, No. 18, total numbers (14. 2. 1968, 11. 2.
1969, 6. 2. 1970, Gaisler & Handk 1972;6.2. 1983, Hordcek et al
unpublished).

Nizke Tatry Mts.: Deminovské caves, No. 20, total numbers (Vachold
1961;29.2.1964,Gaisler & Handak 1972).

Belianske Tatry Mts.: Belianska cave, No. 26, total numbers (1. 3. 1963, 1. 3.
1964, Gaisler & Handk 1972; 16. 2. 1990, Hordcek et al.
unpublished).

Slovensky raj Mts.: Stratenskd cave, No. 28 (15. 2. 1990, Hordcek et al.
unpublished); Dobsinské ladové cave, No. 29, total numbers (3. 3. 1963, 2. 3.
1964, 15. 2. 1968, Gaisler & Handk 1972; 1969 to 1973, Gaisler
1975; 21. 2. 1979, 8. 1. 1982, 19. 3. 1987, 4. 2. 1988, Hordcek et al
unpublished).

Murinska planina plateau: Michiiovd chasm, No. 33, total numbers
(Vachold 1955; 16. 2. 1961, Gaisler & Handk 1972; 5. 2. 1988,
Horaéek etal unpublished; 19.2.1993, Uhrin, unpublished); Netopierov
cave, No. 34 (Vachold 1955; 16.2. 1961, Gaisler & Handk 1972; 5.
2. 1988, Hor4&eket al. unpublished; 14. 1. 1993, Uhrin, unpublished);
Kostolik cave, No. 35a (V ac h o1d 1955); No. 35b, total numbers (15. 2. 1961,
Gaisler & Handk 1972;5.2.1988, Hord¢ ek et al. unpublished; 19. 1.
1993, U hrin, unpublished); Martincova cave, No. 36, total numbers (10. 4.
1979, 30. 10. 1981, 25. 10. 1983, original data; 5. 2. 1988, Hordc¢ek et al.
unpublished; 20. 11. 1992, Uhrin, unpublished); tunnel at Dielik, No. 38 (20.
2. 1993, U hrin, unpublished); Husleho cave, No. 39 (20. 2. 1993, Uhrin,
unpublished); Bobacka cave, No. 46, total numbers (20. 2. 1979, 7. 1. 1982, 5.
2.1988, Hord&ek et al: unpublished; 7. 3. 1993, Uhrin, unpublished);
Certova cave, No. 47 (9. 12. 1992, U h r i n, unpublished); Ladzianského cave,
No. 48, total pumbers (15. 2. 1961, Gaisler & Handk 1972; 20. 2. 1979,
7. 1. 1982, 5?2. 1988, Horadek et al. unpublished; 20. 2. 1993, Uhrin,
ynpublished).

Stiavnické vrchy Mits.: gallery at Antol, No. 50 (14. 11. 1970, Paldasthy
1971a).

Slovensky kras Mts.: Domica cave, No. 52a, total numbers (23. 2. 1979, 20. 2.
1980, 2.72.1988, Hor4a&ek et al. unpublished; 13. 2. 1993, Uhrin et al.
unpublished); Domica cave, No. 52b, total numbers (9. 12. 1988, Hordcek
et al. unpublished; 3. 12. 1992, Uhrin et al. unpublished); Certova diera cave,
No. 53a, total numbers (10. 12. 1956, 5. 2. 1958, Gaisler & Han ak 1972;
2.2.1988,12.2.1989, Hor4 & ek etal. unpublished); Certova diera cave, No.
53b, total numbers (1969 to 1973, Gaisler 1975;13.2.1993, Uhrin et al.
unpublished); Ardovskd cave, No. 54, total numbers (1969 to 1973, Gaisler
1975; 22. 2. 1979, 2. 2. 1988, Hor4d&ek et al. unpublished; 20. 1. 1993,
Uhrin et al. unpublished); Milada cave, No. 55, total numbers (2. 2. 1988, 16.
12.1988, Hor4&ek et al. unpublished; 13.2. 1993, Uhrin et al. unpublis-
hed); Majkova cave, No. 56, total numbers (14. 12. 1988, Hor4acek et al
unpublished; 14. 2. 1993, Uhrin et al. unpublished).; Ertia cave, No. 60, total
numbers (27. 1. 1989, Hor 4 & ek et al. unpublished; 14.2.1993, Uhrin et
al. unpublished); Hacavské cave, No. 62, total numbers (7. 2. 1958, Gaisler
& Hanak 1972; 13. 1. 1989, Hord&ek et al. unpublished; 14. 2. 1993,
Uhrin et al. unpublished); Drienoveckd vyvieratka cave, No. 63a, total

395



numbers (6. 2. 1958, 17. 2. 1961, Gaisler & Handk 1972); Drienoveckd
vyvieracka cave, No. 63b (16. 2. 1968, Gaisler & Han dk 1972); Drieno-
veckd vyvieracka cave, No. 63c (3. 2. 1988, Hord ¢ ek et al. unpublished);
Drienoveckd vyvieracka cave, No. 63d (25. 2. 1993, Uhrin et al. unpublis-
hed); Jasovska cave, No. 65, total numbers (8. 12. 1956, 16. 2. 1968,
Gaisler & Handk 1972; 1969 to 1973, Gaisler 1975; 22. 2. 1979, 21.
2.1980,9.1.1982, 19.3.1987,3.2. 1988, Horéd ek et al. unpublished; 12.
2.1993,Uhrin etal. unpublished).

Slanské vrchy Mts.: Dubnik mines, No. 66a, total numbers (Pald3thy &
(1)917%)3’1 r 1963, Paldsthy 1969); Dubnik mines, No. 66b (Paldsthy

B. Thanatocoenoses in Caves

Malé Fatra Mts.: Stratenec chasm, No. 7, subfossil remnants (18. 6. 1977, 28.
7. 1977, 15. 11. 1978, O bu c h 1985a); Maly Fatransky Krivai chasm, No. 8,
subrecent remnants (7. 10. 1977, O bu c h 1985a).
Velka Fatra Mts.: Ziarna cave, No. 2, recent remnants (26. 11. 1978, Obuch
1985a; 28. 12. 1989, original data).
Nizke Tatry Mts.: Ziskocie cave, No. 22, subfossil remnants (R y b 4t 1979);
g/lﬁt\)/ych netopierov cave, No. 23, subfossil remnants (30. 1. 1988, original
ata).
Belianske Tatry Mts.: Murdnska cave, No. 24, subfossil remnants (16. 10.
1977, Obuch 1985a); Alabastrovd cave, No. 25, subrecent remnants
(Hordacek 1976); Belianska cave, No. 26, recent and subrecent remnants
(Hordcek 1976).
Slovensky raj Mts.: Dobsinskd lTadovd cave, No. 29, recent and subrecent
remnants (Hor d ¢ ek 1976).
Murdnska planina plateau.: Mald Stozka chasm, No. 31, subrecent and
subfossil remnants (18.—~19. 7. 1974, 4. 4. 1976, 16. 5. 1979, O bu c h 1985a, b);
Hradové chasm, No. 32, subrecent remnants (2. 4. 1980, O buch 1985a, b);
Netopierov cave, No. 34, recent remnants (11. 7. 1981, Obuch 1985a, b);
Slaniniarka cave, No. 42, recent remnants (21. 9. 1993, leg. M. Uhrin
unpublished). ’
Slovensky kras Mts.: Zbojnicka cave, No. 58, subfossil remnants (19. 9. 1991,
original data); Ohnisté cave, No. 59, subfossil remnants (20. 9. 1991, original
ga';ag; Emia cave, No. 60, subrecent and subfossil remnants (14. 2. 1993, original
ata).

C. Thanatocoenoses in Rock Crevices

Strazovské vrchy Mits.: Brada, Cierna cave, No. 1a (16. 10. 1977, Obuch
1985a); Brada, probe, No. 1b (11. 10. 1971, leg. V.LoZek, Obu c h 1985a);
Slnecné skaly, Bujacka, No. 2a (25. 5. 1980, O buc h 1985a); Slne¢né skaly,
Martinsky komin, No. 2b (25. 5. 1980, O b u ¢ h 1985a).

Mala Fatra Mts.: Klatno, Mokrd valley, No. 3 (30. 9. 1979, O bu c h 1985);
Turie, Dolnd Roveii, No. 4 (23. 4. 1978, Obuc h 1985a); Visiiovskd valley,
Valentinov diel, No. 5 (25. 3. 1978, O bu ¢ h 1985a).

Velka Fatra Mts.: Sokolovo, ledge, No. 13 (14. 8. 1990, original data);
DedoSov4, ledge, No. 14 (30. 10. 1977, O bu ¢ h 1985a).
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Mursnska planina plateau: Mald StoZka, southern face, No. 31 (16. 5. 1979,
Obuch 1985a, b); Hrdzavé valley, Brestovd, No. 40 (7. 4. 1979, Obuch
1985a, b); Odstiepend skala, ledge, No. 41a (8. 4. 1979, Obuch 1985a, b);
Odstiepend skala, under crevice, No. 41b (8. 4. 1979, Obuch 1985a, b);
Kaster, No. 44 (30. 7. 1980, O bu ¢ h 1985a, b); Cigénka, southern face, No. 45
(31.7.1980,0buch 1985a, b).

Polana Mts.: Janosikova skala, narrow crevice, No. 49a (8.-10. 7. 1978,
O b u ¢ h 1985a); Janosikova skala rock, long crevice, No. 49b (8.-10. 7. 1978,
O buch1985a).

Slovensky kras Mts.: Zadielskd valley, under chimney, No. 61 (9. 5. 1978,
O buch1985a).

D. Owl Pellets

Mal4 Fatra Mts.: Stratiavy, Hyrov, No. 6, Strix aluco, subrecent remnants
(18.-19.3.1978, O bu c h 1985a, 1992a).

Velkd Fatra Mts.: Izbica cave, entrance hall, No. 9, S. aluco, recent remnants
(16. 4. 1980, O b u c h 1985a); Bystrickd valley, cave at a tunnel, No. 10a, S.
aluco, subfossil remnants (12. 7. 1978, 19. 11. 1978, Obuc h 1985a, 1992a);
Bystrickd valley, chimney, No. 10b, S. aluco, recent pellets (1978 to 1993,
original data); Havranovo, No. 11, S. aluco, subrecent and subfossil remnants
(7.5. 1976, 10. 6. 1976, O buc h 1985a); Necpaly, evangelic church, No. 15,
Tyto alba, recent pellets (14.7. 1982, O bu c h 1991).

Choéské vrchy Mts.: Predny Choé, Valovy, No. 19, S. aluco, recent pellets (20.
5.1978, O bu c h 1985a).

Nizke Tatry Mts.: Deminovskd valley, Okno cave, No. 21, S. aluco, recent
pellets (4. 5. 1990, original data).

Belianske Tatry Mts.: Murédnska cave, No. 24, S. aluco, subrecent and subfos-
sil remnants (Schaeffer 1973, O buch 1992a).

Slovensky*raj Mits.: Peklisko, No. 27, S. aluco, recent pellets (11. 7. 1990,
original data); Stratenskd cave, entrance, No. 28, S. aluco, recent pellets (15. 2.
1990, 9. 7. 1990, O b u ¢ h 1992a); Duca cave, entrance, No. 29, S. aluco, recent
pellets (9. 7. 1990, O b u ¢ h 1992a).

Murinska planina plateau.: MaSianske skalky, No. 30, S. aluco, subrecent
remnants (1979, leg. Darola, Obuch 1985a, b); Martincova cave, No. 36,
S. aluco, subfossil remnants (10. 4. 1979, O b u ¢ h 1985b); Sarkanica cave, No.
37, S. aluco, recent pellets (1979 to 1992, original data); Hrdzava valley, Bres-
tovd, No. 40, S. aluco, recent pellets (1979 to 1983, original data); Odstiepend
skala, No. 41, S. aluco, recent pellets (1979 to 1992, original data); Pod Maret-
kinou, No. 43, S. aluco, recent pellets (16. 5. 1978, 0buch 1985a, b).
Rimavskd kotlina basin: Rimavské Janovce, church, No. 51, T. alba, recent
pellets (25. 10. 1981, original data).

Slovensky kras Mts.: Silickd ladnica cave, No. 57, S. aluco, recent pellets
(1976 to 1985, original data); Zbojnicka cave, No. 58, S. aluco, recent pellets
(26. 10. 1981, 19. 9. 1991, 14. 2. 1993, original data); Ohniste cave, No. 59, S.
aluco, recent and subrecent remnants (29. 9. 1991, original data); Pri Hatinach
cave, No. 64, T. alba, subfossil remnants (25.9. 1977, original data).

Slovakia: No. 67, Bubo bubo, recent samples (1975 to 1992, original data).

397



Methods

The bat records were arranged quantitatively in contingency tables. The actual
numbers of the individuals found are given to the right of each column. The
levels of significance for deviations from the mean were applicable from the
differences between the actual and average numbers using coefficients of the
linear equation 1.2 a;+4 (Obuch 1991), and are given to the left of each
column. Species exhibiting significant deviations above the mean were grouped
together at a cluster. A similar method was applied previously to assess the
types of the diet of owls (Obuch 1992b). The lowest row of the tables
contains the values of the Shannon index of diversity, and dominance was
calculated from the total data. Relationships between diagnostic species in the
community types described are indicated using following symbols:

<—> close relationship, the same significance levels of positive differences
usually found in both species; —>, <— relationship between a significant and less
significant diagnostic species; .. relationship less significant, only few equally
significant differences found between the species.

The species considered: lesser horseshoe bat Rhinolophus hipposideros (R.
hip); greater horseshoe bat R. ferrumequinum (R. fer); Mediterranean horseshoe
bat R. euryale (R. eur); Bechstein's bat Myotis bechsteini (M. bec); greater
mouse-eared bat M. myotis (M. myo); lesser mouse-eared bat M. blythi (M. bly);
whiskered bat M. mystacinus (M. mys); Brandt's bat M. brandti (M. bra); Geoff-
roy's bat M. emarginatus (M. ema); Natterer's bat M. nattereri (M. nat);
Daubenton's bat M. daubentoni (M. dau); pond bat M. dasycneme (M. das);
northern bat Eptesicus nilssoni (E. nil); serotine E. serotinus (E. ser); parti-
coloured bat Vespertilio murinus (V. mur); common pipistrelle Pipistrellus
pipistrellus (P. pip); noctule Nyctalus noctula (N. noc); common long-eared bat
Plecotus auritus (P. aur); barbastelle Barbastella barbastellus (B. bar); Schrei-
ber's bat Miniopterus schreibersi (M. sch).

Results

A. Assemblages Found During the Winter Census
(Table 1)

I. Type: Rhinolophus spp.
Chart: R. eur —> R. fer <~ R. hip <— M. ema
Typical site: Jasovska cave (No. 65), Slovensky kras Mts.

This assemblage type occurs in warmer caves in the Slovakian karst. The
predominant species, R. ferrumequinum, was considerably more numerous there
as compared to the other parts of Slovakia, and it hibernated occasionally in
colonies. R. euryale occurred irregularly, sometimes in large colonies, and it
migrated during winter (e.g. in the Domica cave system). Vachold (1955)
reported this species from the Kostolik cave in the Muranska planina plateau. A
broad ecological valency was characteristic to R. hipposideros, and this species
was therefore related also to the type II. M. emarginatus occurs together with
the latter species irregularly, even in hibernacula situated outside the Slovensky
kras Mts. (e.g. the Michiiova cave or Dubnik mines).
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II. Type: R. hipposideros and M. myotis
Chart: R. hip —> M. myo <—> (M. bly?) '
Typical site: Bobacka cave (No. 46), Murdnska planina plateau. _

This type of assemblage occured in most caves situated in the middle and
higher altitudes of Slovakia. The numbers of wintering bats were not usually
high. Only one species, R. hipposideros and/or M. myotis, could predominate in
numbers, respectively. The species preferring cold habitats, mainly M. mystaci-
nus, P. auritus, B. barbastellus, were also sporadically found in assemblages of
this type. The relationship between presence of M. myotis and M. blythi was not
clear. The census results indicated a distinct decline in numbers of M. blythi
since the fifties, but the over-wintering bats were checked individually only up
to the seventies, and visual recording has largely been preferred recently so that
most M. blythi individuals may not have been identified.

III. Type: M. mystacinus and M. brandti
Chart: M. myo .. M. mys <—> M. bra .. E. nil <=> P. aur .. M. das
Typical site: Dobsinskd ladova cave (No. 29), Slovensky raj Mts. _ _
Except of the typical site, assemblages of this type were also found in certain
colder caves in the Deménovskd valley. The most important prerequisite to this
assemblage occurrence was probably the presence of extensive forests surroun-
ding the hibernaculum. Such habitats were preferred by the predominant species
in the vegetation period. The ratio of individuals of M. mystacinus to M. brandti
was 3 : 2 in mixed winter colonies (G aisler 1975). The succeeding censuses
were performed only visually, and the reliable distinction between both species
was thus difficult. A similar problem represented the distinction between P.
auritus and P. austriacus. These species, along with E. nilssoni, were associated
with colonies of M. mystacinus and M. brandti in colder parts of the cave. The
rare species of M. dasycneme was found regularly in the Dobsinskd ladovd cave.

IV. Type: B. barbastellus, P. pipistrellus and M. schreibersi

Chart: B~ bar .. P. pip .. M. sch

Typical site: tunnel at Dielik (No. 38), Murdnska planina plateau. '

All the diagnostic species have been found wintering in the typical site. Nume-
rous colonies of individual species were observed at other sites, e.g. the Erfia
cave (P. pipistrellus), the gallery at Antol (M. schreibersi), Or various accessory
species were present along with the diagnostic one (the Dubnik mines, Drieno-
veckd vyvieradka cave). Cold underground spaces with large entrances were
usually used as a hibernaculum. The numbers of wintering }nd1V1duals often
varied distinctly in such assemblages during winter as a possible consequence
of human disturbance or changes in weather.

B. Assemblages Found in the Thanatocoenoses
of Caves (Table?2)

Skeletal remnants have accumulated in certain parts of caves, which are then
called ,bat burial-grounds“. The accumulation may proceed through various
time periods and may result in a mixture developed in different periods when
various bat assemblages occurred in the site.
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I. Type: M. bechsteini and M. brandti
Chart:

M. dau
M. nat —> M. bec: .M. bra..V. mur
P. ;mr

Typical site: Stratenec chasm (No. 7), Mald Fatra Mts.

The typical site represented the largest sample of a thanatocoenosis found in
Slovakia. It originated probably in the period of the so called ,,forest optimum*
when no impairing human impact to the forest communities existed. The domi-
nance of M. brandti or M. bechsteini was characteristic to this type, M. nattereri
and partly also M. daubentoni represented the accessory species. P. auritus was
an intermediate species between the types II and III, V. murinus occurred quite
exceptionally in cave thanatocoenosis.

II. Type: M. mystacinus and M. dasycneme
Chart:

E. nil
P.aur. M. n;ys <-M. das
B. bar

Typical site: Mald Stozka chasm (No. 31), Murénska planina plateau.

This assemblage type was usually found in colder caves and was of a subre-
cent origin. Tl}lis type also included samples from the Dobsinskd Iadova cave
(No. 29), Maly Fatransky Krivaii chasm (No. 8) and Alabastrova cave (No. 25).
The sample from Zaskocie (No. 22) was intermediate between the types I and II.
An increase in the occurrence of M. mystacinus was associated with findings of

rare M. dasycneme. E. nilssoni and B. barbastellus were not closely related to
this type.

IIL. Type: M. myotis and R. hipposideros
Cha;‘t: M. bly —> M. myo .. R. hip <— M. ema
Typlqal site: Ziarna cave (No. 2), Velk4 Fatra Mts.

This type was represented by recent thanatocoenoses found in middle altitude
caves. The composition of thanatocoenoses resembled that of over-wintering bat
assemblages. M. myotis with mixture of M. blythi and/or R. hipposideros

accompanied by M. emarginatus represented the dominant components of
assemblages of this type.

IV. Type: P. pipistrellus
Chart: P. pip
Typical site: Erfia cave.
This type included recent to subfossil samples from certain smaller caves

with lardge entrances situated in the Slovensky kras Mts. No accessory species
occurred.
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Table 2. Thanatocoenoses in caves

Species/Site No. | 24 7 23 32 26 22 8 25 31

V. murinus 3+ 25 10 1
M. brandti 1+ 111 |1+ 1664| 227(1- 51(4- 10|1+282|1- 32|1- 5|1- 61
M. bechsteini 3- 1 365(2+203 |1+ 13 |1+ 68 |1+112(2- 3 5 51
M. nattereri 2 73 101+ 9|2+ 36|1+ 4+(1- 1(1- 1
M. daubentoni 1- 201+ 12 2 4 1

P. auritus 16 {1- 149{1+ 91 5 {2+ 147 41 |12- 3 2|1+ 52
M. mystacinus 31|1- 180|2- 22 412- 9{1+114|3+186 |1+ 10|1+ 59
B. barbastellus 2 7212- 112- 2— 1- 1+ 73+ 81
E. nilssoni 17 2 2+ 24
M. dasycneme 211- 8 5 211+ 9
M. blythi - 3 3

M. myotis 2—- 1- 88|2- 9 2+ 9912- 12|1- 6 312- 5
R. hipposideros |2— 6- 1{4- 313- 4— 3- 3-

M. emarginatus 1- 2

P. pipistrellus 2- 1]|6- 4- 1- 4- 4- 3- 4—

N. noctula 3

E. serotinus 3
M. schreibersi

Total 195 2635 574 45 376 608 231 35 347

Diversity index 1.76 1.84| 195 281| 215 209 096 267 272
H

Species/Site No. 29 16 42 34 58 59 60 Total | (%)

V. murinus 1 37 0.52
M. brandti 200 |5~ 2|2- 5- 22— 3- 6— 2605| 36.58
M. bechsteini 2- 18|2- 9 14- 11— 1- 5- 850 11.94
M. nattereri 1- 4 5 112- 1 2—- 184 2.58
M. daubentoni 1 221 0.31
P. auritus 40 [3- 3- 3 1- 4- 5491 7.71
M. mystacinus  |2+215|2- 4 14— 1- 1- 5- 835| 11.73
B. barbastellus |2- 1|1- 2 112- 1 1 2—- 169| 2.37
E. nilssoni 1 1 45 0.63
M. dasycneme 1+ 13 39| 0.55
M. blythi 1+ 121+ 9 27| 0.38
M. myotis 52 |3+ 215|3+ 30|13~ 2 1- 4 521 7.32
R. hipposideros |4- 1|1+ 417 4+ 482 1- 4— 534 7.50
M. emarginatus 2+ 16 18| 0.25
P. pipistrellus ~ |4— 3- 4- 3+ 40(3+ 58|4+574 673| 9.45
N. noctula 4 7 0.10
E. serotinus 1 1 5 0.07
M. schreibersi 1 1 0.01
Total 558 299 36 508 42 58 574 7121 100

Diversity index H 2.11 1.42| 1.05| 035/ 030{ 0.00] 0.00

C. Assemblages Found in the Thanatocoenoses of
Rock Crevices (Table3)

The samples were collected either directly from crevices situated in rocky faces
of various height, or in the ground after dropping out of the crevices. The
remnants were of a recent and subrecent origin. I also included in this type
certain samples containing rich remnants of bats along with numerous mixture
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of other vertebrate species (e.g. Strafiavy, Hyrov). These samples are now clas-
sified as remnants of S. aluco food.

I. Type: N. noctula
Chart: P. pip .. N. noc .. V. mur
Typical site: Odstiepend skala (No. 41), Murdnska planina plateau.

This type was represented mainly in samples collected in sunny and warm
rocky faces subdivided by large crevices. N. noctula dominated distinctly, and
the occurrence of V. murinus increased at colder sites. N. lasiopterus was found
among N. noctula individuals.

II. Type: P. pipistrellus
Chart: N. noc .. P. pip .. V. mur
Typical locality: Hrdzava valley, Brestovd (No. 40) Murénska planina plateau.

_ The samples of this type were collected mainly in narrow and short crevices,
situated often not high above the ground or in sites overshadowed by forest. The
mmdg&ncq of V. murinus increased in the latter sites, N. noctula was more nume-
rous in high rocky faces. E. serotinus and B. barbastellus occurrence may have
been incidental.

Table 3. Thanatocenoses in rock crevices

Species /Site No.| 45 31 13 1b 2b 4la | 41b 2a 44 5

N. noctula 1+ 146 |1+ 53|1+ 41{1+ 30|1+ 35]|1+108 |1+ 111 68|1- 9 |5- 1
V. murinus 2- 1}1- 5 1- 2|2- 1(1+29(1+13 |2+ 62
P. pipistrellus  |4— 3- 3- 2— 2- 1(2- 15|1- 41|3- 2 9 |1+109
E. serotinus 1 1 5
B. barbastellus 1 1

M. myotis 1 1 2

M. bechsteini

N. lasiopterus 1

P. auritus

M. schreibersi

Total 148 53 46 30 37 126 154 103 321 177

Diversity index H’ 0.09{ 0.00 | 0.48| 0.00{ 035| 0.69| 092| 1.24| 1.69| 1.14

Species /Site No.| 4 la 40 49b 3 14 49a 61 | Total | (%)

N. noctula 2- 7|2- 4(2- 4|2- 2|2- 1- 1

V. murinus 1+ 15 3 4 1 1 201- 8§ 2-222 ?%3 sgzgg
P.pipistrellus |1+ 5411+ 51|1+ 441+ 23|1+ 15(1+ 16 (1+104| 148| 632| 36.30
E. serotinus 2 1 1 11| 0.63
B. barbastellus 2 1 1 3 1| 10| 057
M. myotis 1 5| 029
M. bechsteini 1 1| 0.06
N. lasiopterus 1| 0.06
P. auritus 1 1| 0.06
M. schreibersi 1 1 0.06
Total 83 59 53 28 19 19 193| 381| 1741

Diversity index H’ 1.59] 0.74| 0.88| 1.01{ 0.90| 0.76{ 1.13| 1.09
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D. Assemblages Found in the Owls' Pellets (Table 4)

Samples of the food of Strix aluco were collected exclusively during the vegeta-
tion period. Certain owls specialise in hunting bats at the cave entrances, and
the composition of their diet resembles that found in samples obtained by
nettings. Other owls prey on bats roosting in crevices, and certain samples (con-
taining less than 1 % of bat remnants) might originated from accidental hunting.
Tyto alba only rarely hunts bats (e.g. the church in Necpaly), Bubo bubo preys
on bats quite exceptionally and only 123 items of bat remnants (i.e. 0.37 %)
were found in a total diet sample of this owl species containing 33 171 food
items.

1. Type: M. myotis

Chart: .. M. myo .. E. ser

Typical sites: 1) Izbica cave, entrance hall (No. 9), S. aluco, recent remnants,
Velkd Fatra Mts. 2) Necpaly, evangelic church (No. 15), T. alba, Velka Fatra

Mts.
The samples mainly included recent remnants of S. aluco pellets collected at

cave entrances, and/or pellets of 7. alba found in the buildings inhabited by
summer colonies of bats. M. myotis was clearly dominate but a number of other
species also occurred regularly.

I1. Type: B. barbastellus and other species
Chart:
M. bly..M. mys..M. bec..E. ser

P.pip..B. bar..P.aur.. M. bra. . E. nil
N.noc R hip V. mur

M. sch

Typical site: Bystrickd valley, cave at a tunnel (No. 10a), S. aluco, subfossil
remnants, Velkd Fatra Mts.

The samples originated from various altitudes and their age varied (the
Silick4 Tadnica cave, No. 57, recent remnants; the Murdnska cave, No. 24,
subrecent and subfossil remnants). Many bat species with various ecological
strategies were represented in the samples. B. barbastellus was abundant at
most sites, and other species varied in occurrence in samples.

III. Type: N. noctula

Chart:
E. ser

V.mur‘.Nr.zoc..M. mys

Typical site: Zbojnicka cave (No. 58), pellets of S. aluco, Slovensky kras Mts.
“Several findings of recent remnants from various mountain ranges in Slova-
kia were included here. The roosting site of an owl was usually situated in the
vicinity of a colony of N. noctula. Numerous mixtures of other species (V. muri-
nus, E. serotinus, M. mystacinus) were sometimes recorded.

405




407

0e0 LS'T LST (4N €01 €1'e [5x4 8C°0 S8'1 6LC $9C H xaput A)s1eAIq

001 1X4% 18¢ (453 99 81 L91 Ly T ov 1C €L (44 18101,

200 1 sna1doisv] ‘N

S0°0 [4 (4 wnumbawn.iiaf "y

60°0 14 I I snpudapwa W

Lo 9 wmouaqnop Y

710 9 1 ST 1 SNODLUSND

| LT0 L I 2wUILSOP "W
€0 €l I T U2L21DU "

08'1C |616 90t +C¢|0€C *¢|6C I vl -1 -1 - -1{01 L snjjpsidid “d

gLce  |08¢l s —vloc -T|ll -1{TT +I[|¥8 +I1 —|1 -1 —C —1)0¢ T -1 snulnl A

Sy Tl |STS € -g|Tl TS 78 +C|ST *¢|¥  FI|8¢ FC|0T +I|lc +I1 ppmdou "N

8¢€0 91 1 1549Q12.4Y2S "I

11T 68 1 -1( € 1 T 9 1 sodapisoddiy -y

L8'C 14! |y Il -1 € I (4 smpunp °d

9°S LET —€l 6l € |1 C 14 snjj2150qi0q °g

171 1< -1 1 1 1 oSS g

¥SC LOT -\ ¥ ! npuviq "W

8¢’1 86 -1 L € € 1 wm1215Y23q "W

990  |8C 4 (4 (4 I (4 miq ‘W

€C'T ¥6 |1 11 g+l 1 1 snupovisud

Pe'e vl ¢ 19 L +I|1 T -1 € (4 L +FI|1 SNuI043S "

) LL'6 (444 ~v|T €|V S —€|S 9 9 ¢ Il suokut ‘W

(%) [e10L 6S 9¢ q01 1C 61 8¢ |84 (34 oY 11 ¥9 "ON oUI§ / serads
panunuo)) *p dAqeL

w” (4 m%mw 8¢l 86T |L1T 00€  |¥T1 0€ 1€  |8TCT [L60 |€01  |vpO \H Xopur L)SIaAI(]

1£14! Y6 6CY 129 09 €Tl YT (44! 9¢ 6€ SS1 ®10],

! snuzpdoiso] ‘N

e wnumbawun.iiaf -y

€ I snIpUuISaowa "

I wouagnop "W

Z I € SNODLUYSHD g

! I I 14 I z I ¢ msuwwmﬂwn W

[ 101 -1 -L| 1  -T|8ST +T - - - _ _ _ _ ; u W

| -1|9L1 506 FIlc  —c|b1n ¢ - |m Mﬁ tw |w w |m |m — - snjpoussidid “q
| €IT +1|08I 1 -Zly - -1 -1l 41 z ¢ Tl 1 (4 -+ snuLmu A
f gl ﬁ o
(4 L9 +C -€1C - 1S42q124Y9S "I

L FI|pL +T|8 ¥ g lm w m w € 1 z hexmnwwmﬂ&a k4

! 0S +I|1__ —¥|8C +C¢|00T +¢ Ny “d

N C mx: | € [4 01 . #ﬁ A | snjja1spqUvq g

8 1|89 +I|SI +C -l £ 1 1 IS osspu "q

el T |9 Hi|v C¥1|1 9 5 [4 upuviq W

| I - 8 +I z 1 v I . I 1aisyo2q W
1 € 6l +I|vT +C|ET +C| S € ! by .§a3 4

m [4! HM 81 —T|81 +¢|1¢C € ___|6C +T|C (4 € -1 :mw_uﬁmwwgwnm

| 14 elv  p|1 -1t —€|0] 0 Fe|€C +1|TT FI|SL F¢|l6c +¢|Te +C|ovT +¢ stofu

",, ]

LE 01 144 0¢ 9 LS 6T L9 LT 6 59 Si 8¢ "ON IS / seroads

S[MO JO POOJ aUj UI sjeq *p dqe], -

0
=
<




IV. Type: P. pipistrellus
Chart: .. P. pip . . E. ser
ﬁ{[pical site: Ohniste cave (No. 59), recent remnants, S. aluco, Slovensky kras

.

The samples were found in various mountain ranges and their age varied. A
high number of species and the dominance of P. pipistrellus were typical of this
type. E. serotinus was found frequently in any type of bat records ascertained in
:hfthOd of the owls. This species was probably rather frequent in several habi-
at types.

L

Table 5. Comparison of four data sets informing on the occurrence of bats

Species / Total of data A B D C Total (%)
Pipistrellus pipistrellus 16991 [2- = 673 |1- 919 632 19215 34.21
Myotis myotis 4201 |1- 521 412 |5- 5 5229 9.31
Rhinolophus hipposideros 3994 534 |2- 89 |6- 4617 8.22
Mpyotis emarginatus 301 |1- 18 |2- 4 12— 323 0.58
Barbastella barbastellus 1+ 7418 (3- 169|2- 237 |4- 10 7834 13.95
Miniopterus schreibersi 1+ 5533 |8- 1(5- 16 |6— 1 5551 9.88
Rhinolophus ferrumeq. 1+ 1598 |6- 5— 2 |4- 1600 2.85
Rhinolophus euryale 1+ 913 |5- 5— 3- 913 1.63
Myotis blythi 1+ 873 |2- 27 |1- 28 |3- 928 1.65
Myotis brandti 3—  374|3+ 2605|1- 107 [5- 3086 5.49
Myotis bechsteini 7- 313+ 850 58 {3- 1 912 1.62
Mpyotis nattereri 4- 6|3+ 184 13 ]1- 203 0.36
Myotis mystacinus 1- 5712+ 835 94 |4- 1500 2.67
Myotis dasycneme 2- 9|2+ 39 7 55 0.10
Myotis daubentoni 1- 9 (2+ 22 5 36 0.06
Plecotus auritus 3- 78 |3+ 5491+ 121|3- 1 749 1.33
Eptesicus nilssoni 1- 92 |1+ 45 |2+ 51|1- 188 0.33
Eptesicus serotinus 3- 11 {2- 513+ 1411+ 11 168 0.30
Vespertilio murinus 8- 313- 37 |14+ 13802+ 150 1570 2.80
Nyctalus noctula 9- 4- 72+ 5254+ 929 1461 2.60
Plecotus austriacus 25 6 31 0.06
Nyctalus lasiopterus 1 1 2 0.00
Total 43093 7121 4216 1741 56171 100
Diversity index H’ 2.56 2.83 2.84 1.41

A: winter censuses, B: thanatocoenoses in caves, C: thanatocoenoses in rock crevices, D: bats in
the food of owls.

A Comparison of Synoptical Data

Synoptical data on 22 bat species obtained by four methods described above
were arranged in a contingency table (Table 5). The comparison of significant
deviations from the mean resulted in four clusters of species:

1. Highly dominant species without significant deviations above the mean
were P. pipistrellus, M. myotis, R. hipposideros and M. emarginatus. They were
the dominant species in certain recent hibernacula.

2. Species frequently occurring in over-wintering assemblages but rarely

ANR

found amongst skeletal remnants were M. schreibersi, R. ferrumequinum, R.

euryale, B. barbastellus and M. blythi.

3. Species distinctly dominant in the cave thanatocoenoses and occurring
moderately or frequently in the diet of S. aluco were M. brandti, M. bechsteini,
M. nattereri, M. mystacinus, M. dasycneme, M. daubentoni, P. auritus and E.
nilssoni. These species were numerous in caves in the period of the oceanic
climate and low human impact to the landscape in the lower Holocene.

4. Species occurring frequently in the thanatocoenoses of rock crevices and in
the food of owls, but sporadically represented in caves, were N. noctula, V.

murinus, and E. serotinus.

There were few data in the materials studied to evaluate precisely the position
of P. austriacus, N. lasiopterus, N. leisleri and P. nathusii.

Discussion

The bats represent a specific mammalian order characteristic by rapid and
extensive changes in time and space. Therefore, different methods often yield
controversial information on the numbers and species represented, and the

actual status of populations and commun

ities is documented in only a fragmen-

tary record. Certain types of species composition are, however, recorder repea-
tedly in spite of the different size of samples evaluated. The patterns in species
composition have been formed by a complex of factors, and it is difficult to

determine the essential influences. Every quantitative record is unique and unre-
peatable but its specificity may be evaluated only after comparison with other
data collected in a similar manner. The reliability of classifying species into
particular types of assemblages is largely dependent on the amount of such

comparative data.
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