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The family Rhinolophidac is represented in Eastern Europe by three rare species of Rhi-
nolophus, namely R. ferrumequinum (RF), R. hipposideros (RH) and R. euryale (RE). A
total of 275 collected specimens are represented by 187 RF, 87 RH and 1 RE? (coming
from Crimea). All species have clearly distinct body and skull measurements (forearm
52-57 mmin RF, 48 in RE, 35-40 in RH) and distinctive sound frequencies (80-85 kHz in
RF and 110-115 in RF). Differences between geographic samples of each species are not
significant, and most expressed in a pair of Carpathian and Crimean RH (external fea-
tures) and RF (skull dimensions). Detailed description of species ranges are presented by
their marginal localities, and all the questionable records are discussed. During the 20"
century their share in total bat samples continuously changed: a decrease in R (32.8 to
4.7 %, category “endangered”) and an increase in RH (1.9 to 11.2 %, category “lower
risk”).
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[. INTRODUCTION

Horseshoe bats (Rhinolophidae) are a very specialised mammalian group with a strict tendency
towards extinction throughout the Western and Central Europe (FELDMANN 1967; WOLOSZYN
1976; ROER 1984; KOKUREWICZ 1990). In Eastern Europe, the rhinolophids are characterised by
relatively low taxonomic abundance and small ranges in the south (ABELENTSEV & Porov 1956;
STRELKOV 1963; ZAGORODNIUK 1998). Representatives of this family are relatively rare in Eastern
Europe, and are included in the regional Red Data Books. Only four small publications specially de-
voted to this group exist (KROCHKO 1965; TATARINOV 1972; VASILIEV 1997; KOVALYOVA 1997).
As a result, species composition of Eastern European Rhinolophidae thus far has not been revised;
existing descriptions of species ranges were based on fragmentary and doubtful data, and the pro-
tection status of species was established without an analysis of their abundance. Preliminary results
of this investigation were presented at the First Conference on the Carpathian Bats (Krakow, 7-8
Dec. 1996).
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II. MATERIALS AND METHODS

The geographic scope of the region studied includes a territory between the western border of
the former Soviet Union and the eastern limit of Europe (Ural Mts. and the Kuma-Manych depres-
sion). Morphological materials were obtained from the main regional zoological museums: Ukrain-
ian Natural History Museum (UNHM), Zoological Museum of Kyiv University (ZMKU), and the
Lviv Natural History Museum (LNHM) [in the museums of the Odessa and the Kharkiv universities
rhinolophids are absent]. A total of 275 specimens from about 70 sites of the Carpathian region, Po-
dolia, Crimea and Northern Caucasus were investigated. The numbers of studied specimens are
summarized in Table I. Total of 11 body and skull measurements of 140 skins and 121 skulls were
analysed. These are: LB —body length, Ca — length of tail, Pl - length of foot, Au — ear length, W —
body weight, FA — forearm length (FA’ — on dry skin), Cra — skull length, CBL — condylobasal
length, CM? — length of upper toothrow, and Mand — length of mandible (except for Cra, the anterior
point of skull dimensions were the front side of canine).

Table I
Studied samples of Eastern European Rhinolophidae in some zoological museums
| i ,
Sample Acronym | UNHM | LNHM | ZMKU Total Share
Total collected bats = 840 35298 298 1431 - 100.0%
Total Rhinolophidac, i. e.:. e 206 49 20 5L 192 %
Rhinolophus hipposideros RH 52 32 3 S a6 et v
| Rhinolophus cf. euryale | RE ! 0.7 S0 el CR
| Rhinolophus ferrumequinum | RF 153 i | 17 17 187 13.0%

Species ranges are described by marginal localities using original and published data, museum
collections, and personal communications. Changes in species abundance are analysed using their
share in collections accumulated during long-term periods of fauna investigations (ZAGORODNIUK
& TKACH 1996). Field investigations were carried out in the caves of Podolia (Mlynky, Ugryn,
Kryshtaleva: 02.1976, 02.1999) and the Transcarpathians (Grebin, Druzhba, Dovgarunya: 10.1995,
02.1996, 07.1996). Bat sounds were studied using the “D-100 Pettersson” ultrasound detector.

III. SPECIES COMPOSITION AND VARIATION

Species of Eastern European’ Rhinolophidase

Eastern European horseshoe bats are represented by the single genus Rhinolophus LACEPEDE,
1799. According to a traditional point of view, there are two species in the fauna of the region,
namely R. ferrumequinum SCHREBER, 1774, and R. hipposideros BECHSTEIN, 1800 (ABELENTSEV
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& POPOV 1956; AVERIN & LOZAN 1965; KRYZHANOVSKY & EMELIANOV 1985). In the closest re-
gions, there are 5 Rhinolophus species, and BRAUNER (1911) and STRELKOV (1963) also assumed
the presence of R. euryale BLASIUS, 1853 in Crimea. The same assumption can be made for the
Transcarpathian region also.

Analysis of variation in main diagnostic characters has shown, that Rhinolophus makes two
compact groups: the lesser R. hipposideros and the greater R. ferrumequinum (Fig. 1) that present
2/3 and 1/3 of the total sample, respectively. The only “intermediate” specimen appeared in the
sample from Crimea (grotto Myshyna Shchel: ANNEX). Its main features are: FA=48 mm, CBL=18,
and both P, and P' are present and situated outside the toothrow, age ca. 1 year. All its significant di-
mensions (Table I) are higher than in those of any species of the “intermediate” group (see: Table
[1T) but the presence of R. euryale is the most probable in the region (STRELKOV 1963). An attempt
to reveal the same species in the Transcarpathians was unsuccessful, and only RF (n=52) and RH
(n=25) were identified in the total bat sample from this region.
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Fig. 1. Distribution of main body (above) and skull (below) measurements in the geographical samples of Eastern-European
Rhinolophidac (average values of these characters see in Table II).

"This specimen was also examined by Drs. WOLOSZYN, UHRIN, POKYNCHEREDA, and DZEVERIN: by tradi-
tional criteria (KUZYAKIN 1965 etc.) this representative of an “intermediate” group is more likely to pair bo-
charicus—mehelyi than euryale; but Dr. STRELKOV supposes it is a young RF.
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The existence of two centres of bat fauna abundance, in the west (Carpathians and Podolia) and
the east (the Crimea and Caucasus), allows us to expect distinctions among geographic samples of
Rhinolophus. No Rhinolophus intra-species taxa were established from Eastern Europe (ZAGOROD-
NIUK 1998). In spite of this, ABELENTSEV & POPOV (1956), STRELKOV (1963) and KOVALYOVA
(1997) considered these two geographic samples of each species as different subspecies, the nomi-
native in the western regions and the other one in the East: R. /. colchicus SATUNIN, 1914, and R. /.
minimus HEUGLIN, 1861.

Analysis of variations in six Rhinolophus samples (Table II) shows the existence of two com-
pact clusters. Relatively distant samples are the Carpathian RF and the Podolian RH, so intra-
species distance is minimal in the Southeast (Crimea; Fig. 2). Southern Rhinolophus (primarily Cri-

Table 11

Body and skull measurements in Eastern European Rhinolophus samples (in up-
per row are “min to max”, in lower row are average + standard deviation (n))

N
Measur. RF (ferrumequinum) RE (?) ; RH (hipposideros)
(mm). Carpathians Crimea Crimea Crimea Podolia Carpathians
52.0-71.0 50.0-73.0 - 37.0-45.0 36.0-43.0 34.0-49.0
o 62.5+4.3 (50) | 60.8+4.7 (67) 56.0 40.2£2.7 (11) | 38.542.1 (38) | 39.2+3.7(22)
31.0-45.0 28.0-46.0 ! = 24.0-31.0 25.0-31.0 | 23.0-30.0
i 37.9+3.1 (49) | 36.6£3.2 (67) ' 29.0 26.842.0 (9) | 27.7£1.6 (39) ! 26.8+2.1 (23)
9.5-13.0 8.0-13.0 j = 6.0-7.5 6.0-9.2 6.5-9.0
0w 11.1£0.7 (50) | 11.3£1.0 (54) E 10.4 7.120.6 (6) 74£0.8 37) | 7.6+0.5(23)
il 17.0-26.0 17.0-26.0 - 12.0-18.0 11.0-17.0 | 125-200 |
22.6+1.7 (50) | 22.6+2.0 (66) 23.8 14.6+1.7 (10) | 13.7£2.0 (39) | 16.2+1.7 (23)
Sk 52.0-59.0 52.0-60.0 = 37.0-39.4 36.0-400 | 353-405
55.2%1.5(50) | 56.1+1.8 (64) 50.7 38IE019:(5)0 1384712 (B7) | 38.3+1.5 (21)
i 53.0-58.0 S1E157.5 - 35.5-38.4 36.6-39.5 | 35.5-40.2
i i 55.2+1.3 (35) | 54.9£1.5 (62) 48.2 37.3£0.8 (14) | 38.1+1.0(8) 38@73(2;)7)
! 21.8-23.8 21.5-234 - 148-16.1 | 153-15.6 _15.1-15.9
o 22.8+0.5 (24) | 22.2+0.4 (56) 20.0 15.4£0.3 (13) | 15.540.1(8) | 15.6+0.2(11) |
19.3-20.4 18.5-20.4 = 13.5-14.2 13.5-14.0 13.6-14.2
b 19.8+0.3 (24) | 19.3£0.4 (55) 18.0 13.840.3 (13) | 13.740.2(6) | 13.9+0.2 (11)
14.3-16.1 14.2-16.2 - 10.0-10.3 9.9-10.3 9.7-10.3
M 15.6+0.4 (25) | 15.2£0.3 (59) 14.0 10.2+0.2 (2) 10.0£0.2 (7) | 10.1£0.2 (15)
8.3-8.7 7.7-8.6 - 52-5.5 52-55 5.3-5.6
T 8.5£0.1 24) | 8.1+0.2 (48) %3 5.4+0.2 (2) 5.320.1 (5) 5.420.1 (15)
13.0-27.0 14.8-17.0 - - 42-63 3.4-6.7
Weight 1 S
19:6£3.8 (33).| 1 15.7£0.9:(5). | 7.7 5.7(1) 4.8+0.5(16) | 4.8+1.0(18)
N (max) 50 67 i 1 14 39 23
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Fig. 2. Relationships among geographical samples of Rhinolophus from the Eastern Europe. Multi-dimensional scaling is
carried out using the Euclidean distance matrix calculated for the 11 body and skull measurements (using data given in the
Table II).

mean RH) have relatively dark fur and wings, and a smaller body size in comparison with the west-
ern samples. Traditional views on the taxonomy of Eastern-European Rhinolophus need correction.
First, placing the Crimean R. hipposideros to “minimus” seems to be erroneous: morphological
characters of this sample are similar to Carpathian R. hipposideros s. str. and essentially differ from
the minimus s. str. (Table III). Second, similarly to RH, there are no significant differences among
both western and eastern R. ferrumequinum also, therefore all the Eastern-European Rhinolophus
should be identified as the nominative taxa.

Sip eletiners itdeemit 1 £ 1 ¢ aktage n

A key proposed here for species identification includes all the available diagnostic features: ex-
ternal, cranial, dental, and sound data. All the used morphological data are precise and were tested
on the collected samples (Table IT). [ABELENTSEV & POPOV (1956) indicated a wide variation of
Rhinolophus, and just forearm length varied from 31 to 45 mm in RH and from 52 to 70.2 in RF,
which are twice more dispersed against our data, and covered the dimensions of the “intermediate”
group]. Sound frequencies were established under field conditions (Uholka reserved area). Both
species have clearly distinct sound frequencies, 80 to 90 kHz in RF (n=3) and 110-120 in RH (n=7).
All Rhinolophus were registered in rocky sites near caves in the evening (at 21:30 to 24:00 p. m). In
total, both available species differ as follows:

RF: forearm exceeding 50 (51-60) mm; superior

process of nose-leaf elongated and rounded; sound

frequency less than 100 kHz (80-90); skull length
exceeding 18 mm (18.5-20.5); toothrow more than 7.5 |
mm (7.7-8.7); upper canine and large premolar closed: ‘
a small premolar laying outside teethrow or absent.

with a blunt and short superior process; sound
frequency exceeding 100 kHz (110-120); skull length
less than 14.5 mm (13.5-14.2); toothrow less than 6
mm (5.2-5.6); upper small premolar acute and laying
on central line of teethrow; its top reaching 1/3 of
‘ canine.

RH: forearm shorter than 41 mm (35-40); nose-leaf \
|
|
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Table III
Variation of body and skull measurements in Rhinolophus from different regions

Sample (n) LB Ca Au FA L CBL | CM® | Ref
R. (hip.) minimus
N-Africa (7) 1 36-42 l 21-26 i 14.5-17.0 ‘ 35.0-36.0 ‘ 4 ‘ 12.9-13.5 ) 4.8-5.2 ‘ KK’91
R. hipposideros
Crimea (14) 37-45 24-31 12.0-18.0 | 35.5-38.4 6 13.5-142 | 52-55 Orig.
Carpathians (23) 34-49 2330 | 1252000 355402 | 3.7, 136142 | 5356 | Ong
Podolia (39) 36-43 25-31 11.0-17.0 | 36.6-39.5 4-6 13.5-14.0 | 5.2-5.5 Orig.
USSR (n-?) 32-45 = — 34.5-42.0 4-7 13.0-152 | 5.0-5.8 St’63
W-Europe (n-?) — - - 37.0-42.5 - 13.4-14.5 ih SG’89
Balkans (49) 39-50 22-32 13.2-17.4 | 35.8-40.7 - 13.5-14.4 - Kr'9l
R. blasii
USSR (7) 46-54 = = 43.5-49.0 - 15.8-16.9 | 6.4-6.9 St’63
N-Africa (23) 55-58 22-31 10.0-21.0 | 43.0-48.0 9-12 16.2-17.0 | 6.5-6.9 KK’91
W-Europe (n-?) - = - 45.0-48.0 - 15.8-16.7 - SG’89
Balkans (10) 54-63 23-31 17.8-19.5 | 45.2-49.5 9-12 16.4-17.2 - Kr’91
R. euryale
USSR (n-?) 43-51 = i 45.0-49.0 - 15.5-16.5 | 6.1-6.6 St’63
N-Africa (13) 50-54 22-28 18.5-22.0 | 46.0-49.5 8-11 15.2-16.5 | 5.7-6.4 KK’91
W-Europe (n-?) = - - 43.0-51.0 - 16.0-17.6 - SG’89
Balkans (23) 49-62 23-32 17.5-21.5 | 46.4-51.0 9-12 16.0-16.8 - Kr’91
R. mehelyi
USSR (n-?) 55-64 = = 50.0-55.0 - 16.6-17.6 | 6.6-7.2 St’63
N-Africa (81) 49-63 25-37 19.0-23.0 | 47.5-53.0 11-18 16.5-17.7 | 6.5-7.1 KK’91
W-Europe (n-?) - = = 50.0-55.0 - 16.6-17.5 = SG’89
R. “intermediate”
Crimea (1) ‘ 56 l 29 ’ 23.8 \ 48.5 ’ il } 18.1 1 7.5 | Orig.
R. ferrumequinum
Carpathians (50) 52-71 31-45 17.0-26.0 | 53.0-58.0 13-27 19.3-20.4 | 8.3-8.7 Orig.
Crimea (67) 50-73 28-46 17.0-26.0 | 51.1-57.5 15-17 18.5-20.4 | 7.7-8.6 Orig.
USSR (n-?) 52-70 = - 53.0-60.5 13-27 19.0-22.0 | 8.0-9.5 St’63
N-Africa (53) 58-71 30-42 19.0-25.0 | 51.0-59.0 13-22 18.9-20.1 7.6-8.7 KK’91
Balkans (20) 53-71 37-44 18.6-24.0 | 55.0-59.4 - 19.5-20.6 - Kr91
W-Europe (n-?) = W = 54.0-61.0 - 20.0-22.0 - SG’89

References: KK’91 — KOWALSKI & RZEBIK-KOWALSKA 1991 (Algeria; North-African “minimus” seems to
be a separate species of the hipposideros group); Kr’91 — KRYSTUFEK 1991 (Slovenia); SG’89 — SCHOBER
& GRIMMBERGER 1989 (Western Europe); St’63 — STRELKOV 1963 (former USSR).



