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The phylogenetic relationships within the genus Plecotus were assessed using molecular as well
as morphological methods. With only three species missing, our study is based on an almost
comprehensive taxonomic sampling. The genetic analysis comprised 151 individuals from
throughout the range. Sequences of two mitochondrial sections, parts of the 16S rRNA gene
(16S) and of the control region (CR) were analysed. The morphological analysis of cranial and
external characters comprised 697 individuals, including 10 holotypes and one lectotype. Data
from 15 craniometric characters of 442 specimens were used in the multivariate analyses. The
molecular data identiﬁed nine primary clades representing 11 species, 10 of which could be
assigned to described taxa, whereas one was described as a new species, Plecotus strelkovi
Spitzenberger sp. nov. The tree based on 16S revealed two major lineages, one consisting of
only one primary clade restricted to the Mediterranean, the other consisting of eight primary
clades representing Eurasian taxa. The morphological analysis revealed ﬁve additional species,
two of them not described. Together with the recently described P. taivanus, P. sardus and
P. balensis, which were not included in our analysis, the genus Plecotus comprises at least 19 more
or less cryptic species. Phylogenetic and phenetic analyses resulted in similar but not completely
concordant arrangements of the species. The proposed classiﬁcation relies mainly on the tree
based on 16S sequences. The current distribution indicates that 16 species can be linked to
arboreal refugia, three to eremial refugia. We assume that speciation within the gleaning, rather
slow ﬂying long-eared bats is due to a multitude of disruption and isolation processes within
a formerly continuous range of the broad-leaved Arcto-Tertiary forest in which Plecotus probably
originated. An exact calibrated molecular dating of the splits is not possible. The Early Oligocene
age of the presumed ancestor of the Plecotini and a correlation of the molecular diversiﬁcations
with palaeogeographic reconstructions suggest that the divergence of the two major lineages
may have occurred already during the Middle Miocene, 14.5 Mya.
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Introduction
The ﬁrst member of the presumed ancestral clade of the
Plecotini, Qinetia misonnei, was found in the Early Oligocene
of Belgium (Horácek 2001). The earliest remains of this tribe,
which comprises the extant genera Plecotus, Barbastella, Euderma,
Idionycteris and Corynorhinus (the relations to Otonycteris are
still debated — Hoofer & van den Bussche 2001, 2003) appeared
in Europe about 6 Mya in the Late Miocene. They belonged
to Corynorhinus, a genus of long-eared bats that disappeared
from Europe during the Early Pleistocene and is at present

restricted to North America and Mexico. The ﬁrst known
occurrence of Plecotus in Europe dates to the Early Pliocene
(Topál 1989), but the author assumed that it might have
existed here since the Miocene. Consequently, Horácek &
Dulid (2004) date the appearance of this genus to ‘at least
Middle Miocene’. The Pliocene fossils consisted of two species, P. pliocaenicus which showed similarities to P. austriacus,
and P. cf. abeli, a taxon that resembled the contemporary
P. macrobullaris. A near relative, P. abeli, persisted throughout
the Pleistocene in Europe. Handley (1959) assumed that the
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Plecotini originated in the Nearctic; Bogdanowicz et al.
(1998), however, found indications that the tribe originated
in the eastern hemisphere.
Recent phylogenetic evaluations of morphological and
karyological data (Frost & Timm 1992; Tumlison & Douglas
1992; Bogdanowicz et al. 1998) and mitochondrial ribosomal
sequences (Hoofer & van den Bussche 2001) corroborated
Tate’s (1942) taxonomic classiﬁcation by ranking Plecotus and
Corynorhinus as genera and limiting Plecotus to Palaearctic
species. Plecotus is distributed throughout the extensive
Palaearctic region from Ireland to Japan, including North
Africa and Ethiopia as well as Macaronesia.
All members of the genus Plecotus are characterized by very
long ears. Amplifying sounds in the low frequency range
(Coles et al. 1989), the large pinnae are useful for detecting
prey during surface gleaning; surface gleaners often use very
short FM calls of low intensity to receive echoes from close
targets without overlap with emitted echolocation sounds
(Norberg & Reyner 1987) and detect their prey mainly by
passive listening to sounds emitted by the prey (Anderson
& Racey 1991). Almost nothing is known about prey selection, foraging behaviour and socio-ecology of species other
than P. auritus and P. austriacus (summarized by Horácek &
Dulid 2004; Horácek et al. 2004). The typical forest species
P. auritus is mainly a foliage gleaner; P. austriacus, adapted to
more open habitats, gleans insects from vertical surfaces like
buildings and rocks, and from leaves, but is also a slow aerial
hawker, ﬂying at heights between 2 and 5 m. The ﬂight of
both species is slow and manoeuvrable (Norberg & Reyner
1987). Plecotus auritus is a non-migratory species; distances of
inter-colony movements measure < 1 km (Burland et al. 1999).
Plecotus austriacus leads a less sedentary life, with its longest
migrations less than 60 km.
Our aim was to produce a taxonomic revision of the genus
by combining genetic and morphological methods. While
previous taxonomic investigations concentrated on the Western
Palaearctic, our analyses include for the ﬁrst time also many
Eastern Palaearctic Plecotus taxa. With only a few exceptions
the samples analysed are from mostly old to very old museum
specimens. Therefore, only short DNA fragments could be
ampliﬁed, thus limiting the resolution, especially of the
deeper nodes in the trees. As marker sequences we employed
the highly variable section of the mitochondrial control region
(CR) which served to assign specimens to genetic clades, and
another section of the mitochondrial (mt) genome, a partial
sequence of the more conserved 16S rRNA gene for asessing
divergences among species and species-groups and resolving
the deeper splits.
Taxonomic history
Between 1838 and 1951, 12 Plecotus taxa were described
either as species (ariel, christiei, homochrous, mordax, ognevi,
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puck, sacrimontis, teneriffae, wardi) or as subspecies of P. auritus
(kozlovi, macrobullaris, meridionalis). (Plecotus leucophaeus
Severtzoff, 1876 is a synonym of Otonycteris hemprichi Peters,
1859.) While Allen (1938, 1939) had assigned all Plecotus taxa
known from China and Mongolia, Africa and Tenerife to
P. auritus, Tate (1942) recognized three Plecotus species (auritus,
ariel, mordax). Ellerman & Morrison-Scott (1951) considered
Plecotus to be monospeciﬁc and assigned hitherto named taxa as
subspecies to P. auritus. Strelkov (1963) recognized only auritus
and wardi as valid subspecies of P. auritus in the former USSR.
After Bauer (1960) had recognized the status of P. austriacus as
an independent species, for a long time all new forms were
described as subspecies of either the brown (begognae, uenoi)
or the grey long-eared bat (kolombatovici, macrobullaris, turkmenicus). Later taxonomic revisions (Hanák 1966; Corbet
1978; Pavlinov & Rossolimo 1987; Strelkov 1988a,b; Corbet
& Hill 1992; Koopman 1993, 1994) treated hitherto named
forms similarly as subspecies or synonyms of P. auritus or
P. austriacus. Even quite recently (Horácek et al. 2000), the
existence of only three Plecotus species (P. auritus, P. austriacus
and P. teneriffae) was reported for the Palaearctic region.
Ibáñez & Fernández (1985) were the ﬁrst to re-establish
speciﬁc rank of a Plecotus taxon that had been described as a
species but was later reduced to subspeciﬁc rank: P. teneriffae
Barret Hamilton, 1907. Their classiﬁcation was later conﬁrmed
by Pestano et al. (2003) and Juste et al. (2004). Starting from
1991, three new Plecotus species were described: P. taivanus
Yoshiyuki, 1991, P. balensis Kruskop & Lavrenchenko, 2000
and P. sardus Mucedda et al., 2002. Based on molecular and
morphological analyses two additional taxa originally described
as subspecies of P. auritus or P. austriacus were recognized to
be full species: P. kolombatovici (Kiefer et al. 2002) and
P. macrobullaris (Spitzenberger et al. 2003). Benda et al. (2004)
restored speciﬁc rank to P. christiei.
Recent genetic analyses (Mayer & Helversen 2001;
Spitzenberger et al. 2001, 2002, 2003; Kiefer & Veith 2002;
Benda et al. 2004; Juste et al. 2004) revealed that phenetically
very similar Plecotus species were often separated from each
other by high genetic distances. The existence of such sibling
(cryptic) species contributed to the taxonomic confusion
characteristic for this genus.

Materials and methods
Specimens investigated
Plecotus ariel: BM 11.2.1.6 (holotype); Plecotus auritus:
CNHM 5980, CNHM 5984, CNHM 6073–6074, L. Lapini
(Pleaur15), L. Lapini (Plesp10), L. Lapini (Plesp11), L. Lapini
(Plesp9), MFSN 483 (Plesp14), NMW 11576, NMW 12031,
NMW 16902 (Pleaur4), NMW 21500, NMW 24962, NMW
25152–25157, NMW 27793 (Ple27793), NMW 29448 –29449,
NMW 29457 (Pleaur9), NMW 29458, NMW 29797–29798,
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NMW 29873–29874, NMW 29881, NMW 30392, NMW
30402, NMW 30415, NMW 30416 (Pleaur8), NMW 31601
(Pleaur11), NMW 31602 (Pleaur13), NMW 33342 (Pleaur12),
NMW 33343, NMW 34250 –34252, NMW 36124 –36126,
NMW 36985, NMW 42555– 42557, NMW 42558 (Pleaur14),
NMW 42559 – 42562, NMW 43658, NMW 44302, NMW
50478–50480, NMW 50482, NMW 50484 –50485, NMW
50502, NMW 50504, NMW 50506 –50509, NMW 50511,
NMW 50513–50520, NMW 50523, NMW 50525–50526,
NMW 50528–50533, NMW 50535–50536, NMW 50540,
NMW 50544, NMW 50546 –50547, NMW 50718, NMW
50890–50892, NMW 51132–51136, NMW 51440 –51441,
NMW 52204, NMW 52244 –52245, NMW 53273, NMW
53513–53514, NMW 53985, NMW 55545, NMW 55549,
NMW 55738 (Pleaur1), NMW 55849, NMW 55850
(Pleaur10), NMW 55851–55853, NMW 55995, NMW
55997–55998, NMW 56004, NMW 56042, NMW 56216,
NMW 56636, NMW 57246–57248, NMW 57511, NMW
57520, NMW 62006 (Plesp4), NMW 62007 (Plesp5), NMW
63221 (PleKB271), NMW 63227 (PleKB173), UANK
10779/27, UANK 12296/32 (Ple219), ZIN 37928, ZIN 37931,
ZIN 37933, ZIN 37940 (Ple104), ZIN 37941 (Ple105), ZIN
4927, ZIN 49831 (Ple169), ZIN 64381 (Ple102a), ZIN
72329 (Ple98), ZIN 72330, ZIN 80862 (Ple102), ZIN 80911
(Ple198), ZIN 82466 – 82467, ZIN 82990, ZIN 82991 (Ple2),
ZIN 82992, ZIN 85699 (Ple142), ZIN 85700 (Ple143), ZIN
86315 (Ple160), ZIN 86490, ZIN 86668, ZIN 8692–8693,
ZIN 8815 ZMB 27773, ZMB 53162 A, ZMB 53164 C, ZMB
53165 D, ZMB 93448; Plecotus austriacus: BM 11.1.2.15,
BM 37.4.24.35–37.4.24.38, BM 37.4.24.40–37.4.24.44, BM
47.867– 47.873, BM 55.129, CNHM 6099 (Ple6099), IZHM 5557 (Ple146), NMW 10354, NMW 11242, NMW 11490
(Pleaus11), NMW 11497–11502, NMW 11513–11514, NMW
11577, NMW 11817, NMW 11890 (Pleaus7), NMW 11895,
NMW 12250 (Pleaus8), NMW 13492–13493, NMW 14333,
NMW 15005, NMW 18665, NMW 19335, NMW 19424,
NMW 19434, NMW 21009, NMW 25139–25151, NMW
25172, NMW 29443, NMW 29850–29853, NMW 29855–
29856, NMW 29858, NMW 30377–30380, NMW 34238–
34239, NMW 34241–34242, NMW 34244, NMW 34246–
34249, NMW 34418 (Pleaus12), NMW 34419 –34420, NMW
36127–3129, NMW 36131–3136, NMW 37262, NMW
46903, NMW 50455–50461, NMW 50464 –50465, NMW
50471–50474, NMW 50476, NMW 50715–50716, NMW
50895–50896, NMW 50898, NMW 50959, NMW 51137,
NMW 51387–51389, NMW 51391, NMW 51393–51394,
NMW 51488–51489, NMW 51492, NMW 52193–52200,
NMW 52202, NMW 52232–52233, NMW 52235–52240,
NMW 52242–52243, NMW 52836, NMW 52838–52846,
NMW 53326, NMW 53328–53329, NMW 54872, NMW
55740 (Pleaus1), NMW 55742 (Pleaus5), NMW 55848,
NMW 55855, NMW 55857–55867, NMW 55992–55993,

NMW 56040–56041, NMW 56148-56149, NMW 56214–
56215, NMW 56623–56624, NMW 56627, NMW 57250–
57256, NMW 63229 (Ple1297), NMW 63230 (PleKB92),
NMW F 848, UANK 14319, UANK 14476, ZIN 35067
(Ple162), ZIN 35068, ZIN 35070, ZIN 48069, ZIN 48070–
48071, ZIN 48143, ZIN 55675–55676, ZIN 55677 (Ple83),
ZIN 55678 (Ple84), ZIN 55679–55681, ZIN 59641, ZIN
60527, ZIN 61676, ZIN 72323–72325, ZMB 2692, ZMB
45291, ZMB 47910, ZMB 51819, ZMB 75668–75670, ZMB
75672–75673, ZMB 75675, ZMB 84117, ZMB 9255–9257;
Plecotus christiei: BM 3.12.8.5, BM 36.2.10.18, BM 49.2.8.35,
BM 64.12.17.1–64.12.17.2, BM 66a (holotype), BM 92.9.9.17–
92.9.9.19, ZMB 5353, ZMB 75679 (Ple66); Plecotus homochrous: BM 5.11.19.1 (holotype puck) (Ple125), BM 14.7.10.31,
BM 54.9.1.1 (holotype), BM 79.11.21.98–79.11.21.99; Plecotus
kolombatovici: BM 12.11.14.3, BM 54.7.13.1, BM 63.1591,
BM 91.10.15.2–91.10.15.5, BM un.reg., CNHM 6001 (Ple6001),
CNHM 6010 (Ple6010), CNHM 6113, CNHM 6114 (Ple6114),
CNHM 6155 (Ple203), NMW 27933 (Ple27933), NMW
27934 (Ple27934), NMW 27935 (Ple27935), NMW 27936–
27944, NMW 28694, NMW 29719, NMW 29721, NMW
29860, NMW 30132 (Ple30132), NMW 30133–30146,
NMW 30147 (Ple201), NMW 30148 (Ple202), NMW 37261
(PlespTR), NMW 45844, NMW 45860, NMW 62004
(Plekol1), UANK 12334/33, UANK 12335/5, ZIN 35072,
ZMB 17907; Plecotus kozlovi: BM 26.8.1.1 (Ple131) (holotype mordax), SMTD B 23294 (Ple81), SMTD B 23422
(Ple82), ZIN 13932, ZIN 14186, ZIN 14187, ZIN 5239–
5241, ZIN 5306, ZIN 5307 (Ple227), ZIN 5308 (Ple188),
ZIN 5309, ZIN 5310 (Ple190), ZIN 5311, ZIN 5879
(Ple225), ZIN 5880 (holotype), ZIN 70719, ZMB 97363
(Ple76); Plecotus macrobullaris: BM 63.1199–63.1201, BM
66.3227–BM 66.3229, BM 74.25, BM 77.843, BM 77.844
(Ple138), CNHM 5990, CNHM 5994 (Ple5990B), CNHM
6098 (Ple6098), CNHM 6112 (Ple6112), CNHM 6123–
6124, CNHM 6126, CNHM 6133 (Ple49), CNHM 6153,
CNHM 6154 (Ple50), L. Lapini (Plesp12), L. Lapini (Plesp13),
L. Lapini (Plesp18), L. Lapini (Plesp8), MFSN 1321 (Plesp16),
NMW 20651 (Ple20651), NMW 20652–20660, NMW
20663, NMW 28772, NMW 29859, NMW 29861, NMW
29869, NMW 29877, NMW 29880, NMW 33344, NMW
34417, NMW 34853–34856, NMW 34857 (Pleaus10),
NMW 34858–34859, NMW 36983–36984, NMW 42270–
42273, NMW 42563 (Pleaus13), NMW 42564 (Pleaus9),
NMW 42565–50470, NMW 51139, NMW 55502 (Pleaur3),
NMW 55994, NMW 56150, NMW 57249 (PlespK), NMW
57512, NMW 62008 (Plesp6), NMW 34421 (Ple34421),
UANK 12336 (Ple221), UANK 12337 (Ple222), ZIN
21442 (Ple91), ZIN 51415 (Ple28), ZIN 61746, ZIN 72326
(Ple88), ZIN 72327 (Ple89), ZIN 72328 (Ple90), ZIN 72366,
ZIN 85701 (Ple158), ZIN 85702 (Ple159), ZIN 8699, ZIN
87832 (1435) (holotype), ZMB 4481 A-C, ZMB 75674, ZMB
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92995 (Ple74); Plecotus ognevi: BM 10.1.1.1, NMW 62825
(Ple62825), ZIN 10848, ZIN 13925, ZIN 13926 (Ple209),
ZIN 13927–13928, ZIN 13929 (Ple173), ZIN 14185
(Ple172), ZIN 17155 (Ple213), ZIN 17687, ZIN 18957, ZIN
29288 (Ple195), ZIN 35975, ZIN 367 (Ple145), ZIN 41799
(Ple217), ZIN 41800–41801, ZIN 4699, ZIN 4720, ZIN
49735, ZIN 49830, ZIN 49842, ZIN 49843, ZIN 49845,
ZIN 49846, ZIN 49848, ZIN 50188, ZIN 5038, ZIN 5189,
ZIN 5352, ZIN 54400–54402, ZIN 56360 (Ple21), ZIN
56361 (Ple22), ZIN 56691 (Ple15), ZIN 5865–5866, ZIN
59604, ZIN 59605–59606, ZIN 59607 (Ple108), ZIN 59608,
ZIN 59715 (Ple14), ZIN 61749, ZIN 66104 – 66107, ZIN
66115, ZIN 66128 (Ple16), ZIN 70783, ZIN 72517, ZIN
8696, ZIN 875, ZIN 8820, ZIN 8821 (Ple207), ZIN 9294,
ZIN 9302, ZIN 9306–9307, ZIN 9470, ZMB 1435 (Ple79),
ZMB 5111, ZMB 97520 (Ple80), ZMM S-50952 (Ple191);
Plecotus sacrimontis: BM 7.2.7.3–7.2.7.4, NMW 62822
(Ple690), NMW 62823 (Ple147), NMW 62824 (Ple148),
ZMB 75676–75678, ZMB 93450 (Ple78); Plecotus strelkovi:
NMW 29871, ZIN 13917–13919, ZIN 13920 (Ple151), ZIN
13921, ZIN 13922 (Ple152), ZIN 13923, ZIN 14197 (Ple48),
ZIN 21283 (Ple214), ZIN 21284, ZIN 22346 (Ple216), ZIN
4745, ZIN 4929, ZIN 49818, ZIN 49829 (Ple185), ZIN
49837, ZIN 49840–49841, ZIN 5232, ZIN 5965–5967, ZIN
62182 (holotype), ZIN 62183 ZIN 62505, ZIN 63179
(Ple35), ZIN 63180 (Ple36), ZIN 63605 (Ple41), ZIN 63606
(Ple42), ZIN 65002 (Ple93), ZIN 69065 – 69066, ZIN 72367
(Ple96), ZIN 72368 (Ple97), ZIN 76921 (Ple153), ZIN
77321, ZIN 7888–7889, ZIN 8828 – 8829, ZMB 3089A
(Ple62), ZMB 3089 (Ple63), ZMB 34143–34146, ZMB 53078
(Ple61), ZMB 92998, ZMB 93000 (Ple56), ZMB 97359
(Ple75), ZMB A 140.06, ZMB A 164.11 (Ple54), ZMB A
164.11W, ZMB A 166.11, ZMB A 98.09 (Ple51), ZMM S19587 (Ple196); Plecotus teneriffae: BM 87.4.18.1 (holotype);
Plecotus turkmenicus: ZIN 50662 (Ple155), ZIN 50701
(Ple154), ZIN 51382, ZIN 51383 (lectotype), ZIN 51384,
ZIN 53947, ZIN 56661–56665, ZIN 56929 (Ple31), ZIN
56930 (Ple30), ZIN 58495 (Ple157), ZMM S-58154 (Ple192);
Plecotus wardi: BM 10.7.13.1, BM 10.10.12.4, BM 25.6.10.2,
BM 6.10.3.1 (Ple120) (holotype), BM 6.10.3.2, BM 77.433–
77.435, BM 8.7.6.1, BM 8.7.6.2– 8.7.6.3, NMW 62819,
NMW 62820 (Ple1640), NMW 62821, ZIN 84966 (Ple26);
Plecotus sp. nov. 1: ZIN 13930–13931; sp. nov. 1?: BM 15.2.21.6;
Plecotus sp. nov. 2: BM 8.11.25.1; Plecotus sp.?: BM No 2,
BM 51.525, BM 64.8.17.47.
For ease of reference and in anticipation of the results we
have listed the 745 museum specimens investigated according to
the valid species names as elaborated in the sections on nomenclature. For genetically analysed specimens the designation
of the genetic sample is also given. More information on the
specimens investigated (localities, geographical coordinates,
method of analysis for each specimen) is provided in a supplement
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ES Appendix 2, which is available online at http://www.nhmwien.ac.at/NHM/1Zoo/ﬁrst_zoological_department/web/
mammalia/sshp_22e.html.
This supplement also contains ES tables 2–28, presenting
cranial and wing measurements of all Plecotus species.
The material is held either in the Zoological Institute of
the Russian Academy of Sciences in St. Petersburg (ZIN) and
in the Natural History Museum in Vienna (NMW) or investigated at the Zoological Museum in Berlin (ZMB) and the
Natural History Museum in London (BM). It was also loaned
from the Croatian Natural History Museum in Zagreb
(CNHM), the Ukrainian Academy of Science in Kiev (UANK),
the National Zoological Museum in Dresden (SMTD) and
the Zoological Museum in Moscow (ZMM).
The material contained the holotypes and one lectotype
respectively of the following taxa described as belonging to
the genus Plecotus: ariel, christiei, homochrous, kozlovi, macrobullaris,
mordax, puck, teneriffae, turkmenicus and wardi. We could not
obtain material of P. auritus begognae, P. balensis, P. ‘auritus’ uenoi
and P. taivanus, which were previously analysed morphologically (Imaizumi & Yoshiyuki 1969; Yoshiyuki 1991; de Paz
1994; Kruskop & Lavrechenko 2000) and P. sardus, which
was analysed genetically and morphologically (Mucedda et al.
2002). The systematic rank of these taxa was assessed based
on their quite recent descriptions. Another drawback of
this study was the fact that in some species (e.g. P. christiei,
P. teneriffae, P. ariel and Plecotus sp. nov. 1 and 2) the available
material was both meagre in quantity and very old. Quite
often, specimens preserved in alcohol of which tissues were
analysed genetically were not made available for morphological investigation.
Figure 1 presents the localities of the specimens investigated. With a few exceptions, we did not investigate material
from the western European mainland. Our main study area
stretches from Austria and northern Italy eastwards to Japan,
and from Madeira and Tenerife to North Africa.
Samples analysed genetically
Of the 745 Plecotus museum specimens under study, 148 were
included in the genetic analysis. From an additional three
specimens material was obtained by biopsy. Only 99 genetically
analysed specimens were available for the morphological
investigation.
Specimens investigated genetically, collection localities,
year of collection and voucher numbers of museum specimens and GenBank accession numbers are listed in Appendix
1. The laboratory codes of most specimens consist of the
abbreviation ‘Ple’ and numbers (e.g. Ple26). In order to
enable comparisons with previously published trees we have
retained formerly used designations of specimens (from which
we published sequences previously); abbreviations may thus
appear to be somewhat arbitrary. With only a few exceptions
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Fig. 1 Collecting sites of specimens investigated. In Austria, Slovenia, Croatia, Caucasus, Crimea and Tajikistan not all localities are shown.
For details please refer to ES Appendix 2 (available online at http://www.nhm-wien.ac.at/NHM/1Zoo/ﬁrst_zoological_department/web/
mammalia/sshp_22e.html).

the samples analysed are from museum specimens. Therefore
only short DNA fragments could be ampliﬁed.
DNA extraction and PCR amplification
DNA extraction, PCR ampliﬁcation, cloning and sequencing
protocols were the same as described previously (Spitzenberger
et al. 2002). For the phylogenetic analysis a section of approximately 240 bp comprising the 3′-end of the mitochondrial
control region (CR) and a partial sequence of the mitochondrial tRNA-Phe gene (Spitzenberger et al. 2001) was ampliﬁed
using the PCR primers Ple2+ (5′-TCTTGCCAAACCCCAAAAAC-3′) and Phe- (5′-AAGCATTTTCAGTGCTTTGCTT-3′). From those Plecotus specimens (106 out of 258
available samples) of which ampliﬁcation of this fragment was
not possible (mainly very old material) we tried to obtain an
even smaller section (CR-sf) of only ∼150 bp using the primer
Ple2+ in combination with the internal primer Ple3- (5′AGGACATGTCTGTCTAAGGA-3′). Initially, the 16S
rRNA sequences (16S) were ampliﬁed using the primers
16SA (5′-CGCCTGTTTATCAAAAACAT-3′) and 16SB
(5′-CCGGTCTGAACTCAGATCACGT-3′) (Palumbi et al.
1991), which have been used in bats previously (e.g. Mucedda

et al. 2002) giving rise to a fragment of approximately 600 bp.
Since this primer pair favours ampliﬁcation of nuclear copies
of the 16S rRNA gene (numts) in the genus Plecotus (such
numts were obtained from ﬁve individuals in our study), a
new set of speciﬁc primers was designed on the basis of the
ﬁrst sequences (numts as well as functional mt sequences) to
optimize PCR ampliﬁcation of functional copies and to
exclude ampliﬁcation of numts: 16SPle1+ (5′-ACATCACCTCTAGCATAAAA-3′) in combination with 16SPle4–
(5′-CCGGTCTGAACTCAGATCACG-3′) yielding a PCR
fragment of ∼490 bp. From some older museum specimens
the 16S sequence was obtained in two fragments for which
internal primers were designed: 16SPle3- (5′-TTTATTCCGAGGTCGCCCCAACC-3′) in combination with 16SPle1+,
and 16SPle2+ (5′-AATAAGACGAGAAGACCCTA-3′) in
combination with 16SPle4–.
Sequence analysis
Editing of sequences was performed using BioEdit v. 5.0.9
(Hall 1999), and alignments were produced manually. Trees
based on the CR sequences (large fragment, CR-lf; short
fragment, CR-sf) were mainly calculated to assign individuals
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to the various groups and to assess the genetic diversity within
groups. For this purpose only distance-based trees (p-distances)
(neighbor-joining [NJ] algorithm; Saitou & Nei 1987) are
shown for these data sets. Moreover, p-distances often yield
better results where the number of sequences is large and the
number of nucleotides examined is relatively small (Nei &
Kumar 2000). These trees should mainly illustrate the raw
data (i.e. p-distances between individuals) rather than resolve
the phylogenetic relationships. To infer the phylogenetic
relationships the 16S data set was used and analysed with NJ,
MP and ML methods.
All trees were calculated with the software package PAUP
(Swofford 2002). Trees obtained with ML and MP methods
generally obtained lower bootstrap support which might be
caused by the shortness of the sequences. MP trees were
calculated with a heuristic search and the TBR (tree-bisectionreconnection) branch swapping algorithm with a random
taxon addition sequence (100 replicates) and delayed character
transformation (DELTRAN). For the MP analysis, gaps
were treated as ﬁfth character state. The robustness of NJ and
MP trees was tested with bootstrap analyses (1000 replications). The optimal substitution model for the ML analysis
was selected by the minimum theoretical information criterion using MODELTEST v.3.06 (Posada & Crandall 1998).
For the 16S data set the following model and parameters
were used: GTR + I + Γ with estimated base frequencies of
35.1, 20.3, 18.6, 26.0 and six substitution types (7.7, 60.0, 10.9,
8.9, 138.7), a gamma distribution shape parameter of 0.8032,
and an estimated proportion of invariable sites of 0.5767.
The ML tree was calculated with heuristic search and TBR
branch swapping using an NJ starting tree. Bootstrap support
values for ML tree were calculated from 100 replicates with
NNI branch swapping. For the 16S trees, published sequences
with the following accession numbers were included in
the analyses: P. auritus (Paur2, Zagreb, Croatia; AF529230),
P. macrobullaris (Pind1, Ristolas, France, AY134017; Pind5,
Tymphristos, Greece, AY134021), P. kolombatovici (Pkol2,
Greece, AY134026), P. austriacus (Paus3, La Junquera, Spain,
AY134024) (Kiefer et al. 2002), P. sardus (PsarSar13, Oliena,
Sardinia, AY175822) (Mucedda et al. 2002), and P. teneriffae
(PtEH#02, El Hierro, Spain, AJ431658) (Pestano et al. 2003).
Myotis bechsteinii was used as the outgroup for both data sets:
CR, AY030078 (Spitzenberger et al. 2001), 16S, AY134027
(Kiefer et al. 2002). Moreover, three additional GenBank
sequences from representatives of the most closely related
Nearctic genus Corynorhinus were included in the 16S analyses:
Corynorhinus mexicanus (AF326090), Corynorhinus raﬁnesquii
(AF326091), and Corynorhinus townsendi (AF263238) (Hoofer
& van den Bussche 2001).
For computation of distances the pairwise-deletion mode
was used (in this case the distance for each pair of sequences
is computed by ignoring only those gaps that are involved in
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the comparison). HKY85 distances were calculated with
PAUP. Average p-distances between clades and subclades were
calculated with PHYLTEST (Kumar 1996), and average
HKY85 distances were calculated manually. The sequences
determined in the course of the present study as well as those
from our previous studies are registered under the GenBank
accession numbers listed in Appendix 1.
Samples analysed morphologically
Of the 745 museum specimens investigated, 696 were available for morphological investigation. We not only examined
individuals represented by skin and skull, but also studied
specimens represented by skulls, study skins or complete
bodies preserved in alcohol alone. The numbers of males,
females, sexually undetermined specimens, skulls, study skins
and bodies preserved in alcohol are presented in the taxonomy
section of each species. As only specimens with complete skulls
were used, 442 specimens were included in the multivariate
data analyses (see ES Appendix 2).
Morphological characters used for the assignment of
individuals to species
Qualitative characters examined comprised shape and proportions of the skull as well as colour and texture of dorsal
and ventral fur, lengths and colour of dorsal and ventral hairs,
distribution of fur and hairs on face, tail membrane and toes,
structure of membranes and ears, peculiarities like face
masks. We could not, however, examine soft structures such
as glandular swellings in the face and pads on the lower lip
because of the poor condition of much of the material due to
old age. Additionally, we used the geographical origins of the
specimens as valuable clues for their taxonomic afﬁliation.
We took photographs of four aspects of the skulls of 62 specimens, belonging to 15 species.
Measurements included in the tables and statistics were
made by one person — Edmund Weiß. The following external
measurements were taken from all individuals using dial
calipers accurate to 0.01 mm: lengths of forearm (FA), thumb
(TH) and claw (CL), and occasionally also of metacarpalia
(MET) and ﬁrst and second phalanges (PH) of the third,
fourth and ﬁfth ﬁngers.
The following cranial measurements were taken with the
same instrument: Gsl — greatest skull length, Ccl — condylocanine length, Cbl — condylobasal length, Bh — height of
braincase, Bb — breadth of braincase, Mb — mastoid breadth,
Zb — zygomatic breadth, Iob — breadth of interorbital constriction, C-C — anterior palatal breadth, M3-M3 — maxillary
breadth, I1-M3 — length of upper tooth row from ﬁrst incisor
to third molar, C-M3 — length of upper tooth row from canine
to third molar, M — length of mandible from symphysis to
condylar process, I1-M3 — length of lower tooth row from
ﬁrst incisor to third molar, C-M3 — length of lower tooth row
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from canine to third molar, Corh — height of coronoid process, Dbt — diameter of tympanic bulla.
In the multivariate analyses (UPGMA and discriminant analysis)
we used all but two craniometric variables (Iob and Zb).
Testing the allocation of individuals to species with
multivariate analyses of skull measurements
We tentatively assigned the 597 individuals lacking genetical
identiﬁcation to the genetic clades, using those morphological
characters of the genetically identiﬁed specimens which we
considered to be diagnostic for the approriate clade. For
testing this arrangement we used skull measurements and
performed a UPGMA based on Euclidian distances on all individuals (not shown). The resultant groups we assigned to
described taxa by making use of the type specimens incorporated in our material, three of which were also analysed
genetically, and by comparing the groups and their geographic
origins with published descriptions and distribution areas of
existing taxa. For separating the groups with morphometric
methods we subjected them to discriminant analyses. Since
sample sizes within some groups were low, we did not apply
formal statistical tests in most cases. This was also the reason
why we did not divide the groups according to sex. In all analyses in which more than one species was involved, the ﬁrst
two axes explained more than 85% of the total variance and
the separation of the groups was always highly signiﬁcant, using
standard statistical procedures, Wilks’ lambda, P < 0.00001.
The discriminant analyses served as tools for assessing the
morphological differentiation among groups. For this, we
used ordinations based on the canonical scores. Since a ﬁrst
discriminant analysis carried out on skull measurements of
all taxa represented by more than ﬁve specimens failed to
group the specimens into separate clusters in a low dimensional space (not shown), we employed a stepwise approach
to portray morphometric differences characterizing the
skulls of the Plecotus taxa by dividing the taxa into Eastern and
Western Palaearctic forms, following de Lattin (1967). Finally,
we produced a UPGMA phenogram of 11 Plecotus species separated according to ecoregions based on 17 craniometric variables
with correlations measure of similarity (Sneath & Sokal 1973).

Results
Assignment of individuals to distinct genetic clades
As a ﬁrst step we used CR-lf, a fragment of ∼240 bp encompassing the 3′ part of the CR, which has been employed successfully in previous analyses. With this sequence, despite its
shortness, specimens can be unambiguously assigned to the
various clades. From 15 specimens (out of > 100), from which
ampliﬁcation of this fragment was not possible, the short
fragment (CR-sf) could be obtained. Among these specimens
were the holotypes of P. wardi (Ple120), P. puck (Ple125), and
P. mordax (Ple131).

The alignment of the CR-lf fragments had a length of 237
positions and included sequences of 137 individuals (including the outgroup Myotis bechsteinii), 83 from the present
study, and 54 previously published sequences (Spitzenberger
et al. 2001, 2002, 2003; Tvrtkovic et al. 2005). Based on this
alignment, a NJ tree (using p-distances) was calculated
(Fig. 2).
Nine clearly separated primary clades became apparent,
which were highly supported in the bootstrap analysis
(98–100%). Although clades 1 and 3 were further subdivided,
some of these subclades obtained only poor bootstrap support. Therefore we selected the nine highly supported clades
as the basis for further description and discussion.
Ranges of distances between the nine clades are given in
Table 1, while distances within clades are depicted in Fig. 3A–F.
Average distances between clades are relatively high, ranging
from 10.3 to 28.9%. Besides the distinctness of clades, the
relatively high distance values suggest that the clades represent species or even species-groups.
The trees based on the CR-sf alignment (not shown) reveal
the same pattern of nine distinct primary clades, although
bootstrap support is generally lower. Therefore we do not
show the complete CR-sf tree, but include afﬁliations of
specimens in the partial trees (Fig. 3A–F). As might be expected,
topologies within clades differ in the CR-sf based trees
compared to those from the CR-lf, since considerably fewer
substitutions are found in the shorter CR-sf sequences. In
the CR-sf tree, the sequence derived from the holotype of
P. puck (Ple125) does not belong to any of the nine clades.
It clusters with clade 2, although this is not well supported
in the bootstrap analysis (46%). The average p-distance
between this sequence and the members of clade 2 is rather
high (19.7%). A similar level of sequence divergence (20.7%)
is found also between the sequences of Ple125 and P. auritus
(clade 1). Average distances between Ple125 and the other
clades are higher, ranging between 22.2% (clade 4) and
40.2% (clade 9).
The comprehensive CR-lf tree was intended to illustrate
the degree of differentiation of clades and to provide an
overview about the geographic assignment of these groups.
Designations of specimens are not shown; instead, the tree
includes information about the geographic regions where the
samples originated (for details see Appendix 1). While the
nine clades are highly supported, some nodes representing
the relationships between clades have only low bootstrap
values. This is not surprising. Considering the high distance
values observed between branches, the phylogenetic signal is
obviously blurred by sequence saturation. Branches that are
not well supported are indicated by hatched lines. Yet, it was
not our intention to use the CR marker for analysing the
deeper nodes of the phylogeny. For that purpose we analysed
the 16S gene (see below).
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Fig. 2 Neighbor-joining tree based on the CR-lf alignment using p-distances. Bootstrap values > 50% for the nine clades (in bold) as well as for those
subclades described in the text (see also Fig. 3A–F) are given at the nodes (in italics). On the right, geographic afﬁliations of the clades are indicated.
Subclades belonging to speciﬁc regions are indicated separately. Clades 1–9 correspond to the following taxa: 1 = P. auritus, 2 = P. macrobullaris,
3 = P. christiei, P. kolombatovici, P. austriacus, 4 = P. strelkovi, 5 = P. kozlovi, 6 = P. ognevi, 7 = P. sacrimontis, 8 = P. wardi, 9 = P. turkmenicus.
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Table 1 Average distances (p-distances) between clades 1–9 for control region (CR) (above diagonal) and 16Sr DNA (below diagonal) sequences.

1 aur
2 mac
3 aus
4 str
5 koz
6 ogn
7 sac
8 war
9 tur
outgroup

1 aur

2 mac

3 aus

4 str

5 koz

6 ogn

7 sac

8 war

9 tur

outgroup

—
4.8 ± 0.9
8.2 ± 1.1
5.7 ± 1.0
6.8 ± 1.0
6.3 ± 1.0
8.6 ± 1.0
5.8 ± 1.0
7.3 ± 1.1
14.6 ± 1.6

15.9 ± 2.3
—
8.7 ± 1.2
5.8 ± 1.0
6.3 ± 1.1
5.8 ± 1.0
5.5 ± 1.0
5.2 ± 1.0
7.4 ± 1.1
15.0 ± 1.6

22.2 ± 2.5
28.9 ± 2.9
—
8.2 ± 1.1
9.2 ± 1.2
9.0 ± 1.2
8.4 ± 1.1
8.8 ± 1.2
8.1 ± 1.1
14.4 ± 1.5

20.8 ± 2.7
24.0 ± 2.9
23.0 ± 2.7
—
4.2 ± 0.9
3.7 ± 0.8
3.8 ± 0.9
5.4 ± 1.0
6.2 ± 1.1
14.8 ± 1.6

16.4 ± 2.4
23.7 ± 3.0
21.6 ± 2.6
17.5 ± 2.6
—
1.8 ± 0.6
3.1 ± 0.8
5.3 ± 1.0
8.2 ± 1.2
15.1 ± 1.6

20.0 ± 2.6
24.4 ± 3.0
21.7 ± 2.6
20.8 ± 2.8
10.3 ± 2.0
—
3.2 ± 0.8
5.2 ± 1.0
7.7 ± 1.2
14.6 ± 1.6

16.8 ± 2.5
21.4 ± 2.9
26.9 ± 2.9
24.1 ± 3.0
13.3 ± 2.3
16.1 ± 2.5
—
5.3 ± 1.0
7.4 ± 1.2
14.9 ± 1.6

20.3 ± 2.7
23.7 ± 3.0
23.9 ± 2.8
22.8 ± 2.8
20.1 ± 2.8
19.7 ± 2.8
17.5 ± 2.7
—
6.9 ± 1.1
13.3 ± 1.5

21.6 ± 2.7
22.2 ± 2.9
28.3 ± 3.0
26.4 ± 3.1
21.6 ± 2.9
23.7 ± 2.9
18.8 ± 2.7
13.7 ± 2.4
—
15.0 ± 1.6

27.5 ± 3.1
30.5 ± 3.3
30.6 ± 3.2
31.2 ± 3.4
27.3 ± 3.3
26.0 ± 3.2
28.5 ± 3.3
26.8 ± 3.3
27.0 ± 3.3
—

Note — aur, P. auritus ; mac, P. macrobullaris ; aus, austriacus complex; str, P. strelkovi; koz, P. kozlovi; ogn, P. ognevi; sac, P. sacrimontis ; war, P. wardi ; tur, P. turkmenicus ;
outgroup, M. bechsteinii.

Description of clades
The specimens analysed could be assigned unambiguously to
distinct genetic groups (clades, subclades). As in previous
studies on West Palaearctic taxa (Spitzenberger et al. 2001,
2002, 2003) the partial section of the CR, despite its shortness, proved also to be an excellent marker sequence for the
various taxa investigated in the present study. With this short
sequence of only approx. 200 bp it is possible to rapidly and
easily assign specimens to described taxa or even to detect
new clades. This will be an important advantage for future
analyses, especially of old museum material. However, successful PCR ampliﬁcation was not possible with all specimens;
thus the assignment has its limitations, which is especially
problematic when taxa are represented by only a few individuals
(or even a single individual). For different reasons, holotypes
of only three taxa (P. wardi, P. puck, P. mordax) could be included
in the genetic analysis. For all other taxa the conﬁrmation of
our clade assignment by analysis of type specimens with
molecular genetic methods remains to be done. Nevertheless, the condition of some of the holotypes raises doubts as
to whether this might be possible at all.
For more detailed analyses of the nine primary clades we
prepared partial data sets with separate alignments for clades
1, 2, 3, 4, 5 + 6 + 7, and 8 + 9 (Fig. 3A–F). Clades 5 + 6 + 7
and 8 + 9, respectively, are presented within single trees.
Although the clustering of clades 5 + 6 + 7 obtained only
moderate bootstrap values in the comprehensive CR-lf trees
(Fig. 2), it is well supported in the 16S trees (Fig. 4, phylogenetic relationships see below). Thus, it seems justiﬁed to treat
these clades as a single group of related species. For the clustering of clades 8 + 9 the two marker sequences give contradictory results. Nevertheless, since clade 8 has the lowest
distance to clade 9 in the CR data, these clades are presented
within one tree (Fig. 3F), where P. turkmenicus (clade 9) is
used as outgroup.

In the following structure and composition of the clades
are described and discussed in detail (Fig. 3A–F). Furthermore, assignment of those specimens, from which only the
CR-sf could be obtained, are indicated in the trees and type
specimens and specimens from the terrae typicae are framed.
Moreover, ranges of p-distances within and among subclades
are given.
Clade 1 (Fig. 3A)
This clade comprises four distinct subclades of P. auritus
(1a−1d). These subclades are separated by comparatively high
genetic distances (see Fig. 3A). The ﬁrst split separates specimens from the Caucasus (Georgia, Russian Federation;
clade 1a) from the rest. One subclade (1b) is formed by a single
individual from Spain (PleKB271), probably representing
P. auritus begognae de Paz, 1994. This subspecies was described
on the basis of morphological characters. Juste et al. (2004)
assigned a distinct monophyletic genetic clade to this subspecies consisting of individuals originating from localities south
of the Ebro. The genetic distance of this clade to other P. auritus
from Iberia, Switzerland, Germany, Denmark and Austria
was 7.7% for the cyt b. Interestingly, this value is similar to
those found for the CR distances between subclades 1b
(P. a. begognae), 1c (P. auritus West) and 1d (P. auritus East),
respectively. According to these comparisons, cyt b and CR
seem to evolve at similar rates in these taxa.
The remaining two subclades (1c, 1d) comprise individuals
from Austria, Greece, Italy, and Russia. Although for subclades 1c and 1d, there is, at ﬁrst sight, no clear separation of
individuals according to their geographic origin (representatives of both clades are found in the same areas, e.g.
in southern Austria and northern Italy), it should be mentioned that individuals from western Austria are found
exclusively in 1d, whereas those from eastern Austria, Greece
and Italy are located in 1c. Thus, the four subclades
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Fig. 3 A–F. Neighbor-joining (NJ) trees based on the control region (CR)-lf sequences of partial data sets. Specimens assigned to clades on
the basis of CR-sf sequences are depicted beside the trees. Their afﬁliation to clades or subclades is indicated by arrows (broken lines).
Genetically identiﬁed individuals from the terra typica are framed. Bootstrap values (> 50%) for subclades and deeper nodes are shown in
italics. —A. Clade 1, P. auritus. —B. Clade 2, P. macrobullaris; the holotype of P. puck (synonym of P. homochrous) is shaded grey. The broken
line indicates the unclear phylogenetic relationships of this species. Clade 3, austriacus species-complex: P. austriacus, P. kolombatovici, P. christiei.
Subclade 3b is further divided into three groups indicated by small numbers. —D. Clade 4, P. strelkovi. —E. Clades 5, 6, 7, sacrimontis speciescomplex: P. kozlovi, P. ognevi, P. sacrimontis. The holotype of P. mordax is shaded grey; —F. Clades 8, 9, P. wardi, P. turkmenicus. The holotype
of P. wardi is shaded grey. Bootstrap values (NJ, ML, MP) are not included in these trees; they are similar (in general higher) to those obtained
from the complete data set (see Fig. 2).
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Fig. 3 Continued.

represent four geographic regions: 1a, The Caucasus; 1b,
Spain; 1c, north-eastern, south-eastern and central Europe
and 1d, western and south-western Europe. The border
between the populations of 1c and 1d may be located in the
Alpine region. The relatively high genetic distances found
between subclades (CR, 16S) suggest subspeciﬁc division of
P. auritus.

Clade 2 (Fig. 3B)
This clade consists of specimens of P. macrobullaris. Moreover, it includes the holotype of P. puck, which clustered in
the CR-sf tree (not shown) with this clade.
Within P. macrobullaris two groups (subclades 2a and 2b)
can be distinguished corresponding to the eastern (2a) and
the western (2b) part of the distribution range which may
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Fig. 4 Neighbor-joining (NJ) tree calculated from 16S sequences using p-distances. Two major clades (A, B) are indicated. Bootstrap values
(>50%) obtained in the various analyses (NJ, ML, MP) are shown in italics. Published sequences derived from GenBank are indicated with
‘GB’ followed by the abbreviation used in the respective publications.

suggest two glacial refugia. In comparison to the subclades
of P. auritus the average genetic distance between subclades
2a and 2b is rather low. The geographic border between the
two groups may be located in the South Alpine region, since
the westernmost individual of the eastern clade (Plesp18)
originated from Scrutto, Italy. The other Italian samples
are found in the western subclade. Haplotype diversity
within the eastern subclade is much higher than in the western one. This result suggests that the western group could
have expanded rather rapidly from a glacial refuge, whereas
for the eastern group a genetic bottleneck during the last
Pleistocene cold period appears unlikely. Garin et al. (2003)
reported the presence of P. macrobullaris in the Spanish
Pyrenees (Ordesa), thus extending the distribution of this
species much further to the west. The corrected genetic distance determined by Garin et al. (2003) between the
Pyrenean samples and the western group (Western Alps) in
the nd1 gene (NADH dehydrogenase subunit 1) amounts to
0.2%, indicating that the Pyrenean populations are part of
the western haplogroup.
The sequence isolated from the holotype of P. puck (Ple125)
clusters with clade 2 in the analysis of the CR-sf sequences
(not shown). Since no 16S sequence could be obtained from
198

this specimen, the CR-sf sequence remains the only genetic
data available from this taxon so far. However, given the
relatively high distances, there is no doubt that it represents
a distinct lineage, which cannot be attributed to any of the
other clades. Although sequence divergences suggest that
P. macrobullaris might be the closest (although rather distant)
relative of P. puck, it should be stressed that the phylogenetic
relationships between this lineage and the remaining clades
are not resolved and therefore the sister group of P. puck
remains unknown.
Clade 3 (Fig. 3C)
Clade 3 comprises the three species P. austriacus, P. kolombatovici,
and P. christiei, corresponding to three subclades (3a, 3b, 3c).
We designated this species-group as austriacus-speciescomplex. Subclade 3a consisting of a single individual of
P. christiei splits off ﬁrst. The other two subclades represent
the species P. kolombatovici (3b) and P. austriacus (3c), respectively. Within P. austriacus low intra-group sequence diversity
is found in spite of the large geographic range extending from
Spain to Turkish Thrace up to Moldavia. In contrast, the
P. kolombatovici subclade (3b) is further subdivided into three
distinct groups with average distances ranging from 4.5% to
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7.1%. This genetic subdivision corresponds to three geographic
regions: (1) north-eastern Mediterranean (with a sequence
divergence of > 3% between Croatia and Turkey), (2) Libya,
and (3) Morocco. Group 1 has only low bootstrap support
(see Fig. 2). Thus, the position of the Turkish individual
within group 1 remains ambiguous. In the 16S tree (see below)
it clusters with the sample from Libya with high bootstrap
support. Groups 2 and 3, as well as the sister group relationship between groups 1 and 2, are highly supported in the
bootstrap analyses, which is also the case for the 16S tree.
The same relationships were found by Juste et al. (2004). But
the ﬁnding stands in contrast to to the 16S tree presented by
Benda et al. (2004), where the relationships between the
kolombatovici, Libya and Morocco clades are not clearly
resolved.
Clade 4 (Fig. 3D)
Clade 4 comprises specimens that were originally labelled
either as P. auritus, P. wardi or ‘undetermined species’. Yet the
genetic analysis shows that the specimens of this clade belong
to neither P. auritus nor P. wardi. Instead, they clearly form a
distinct mitochondrial clade representing a hitherto undescribed species. Geographically, clade 4 comprises specimens
from Central Asia (Iran to China). Intra-clade variability is
remarkably high (up to 7.7%). Despite the high within-clade
distances a clear subdivision into distinct subclades is not
observed. Moreover, there is no clustering of sequences
according to geographic origins of the specimens. Nevertheless, specimen Ple75, the only individual from Afghanistan,
appears rather separated from the rest. It may represent a
phylogenetically distinct group, but this has to be conﬁrmed
by additional samples from that area.
Clades 5–7 (Fig. 3E)
The tree in Fig. 3E presents three clades. The basal split
separates P. sacrimontis (clade 7) from the two other clades. It
includes exclusively individuals from Honshu, Japan. Plecotus
sacrimontis is separated from the other clades by high distance
values, underlining its status as a distinct species.
Clade 5 comprises specimens from Mongolia and China.
Five individuals were assigned to this clade on the basis of
their CR-sf sequences. Among them are four specimens
(Ple188, Ple190, Ple225, Ple227) from the terra typica of
P. kozlovi (E Qaidam Pendi, Quinhai, China) and the holotype of P. mordax (Ple131). Of course, the assignment of the
holotype of P. mordax has to be approached with caution, taking into account the poor condition of this single museum
specimen, since the possibility of contamination can never be
ruled out completely. Due to the small amount of available
tissue it was not possible to perform two independent extractions. Morphological corraboration is necessary to conclude
the conspeciﬁty of P. mordax and P. kozlovi.

Clade 6 comprises specimens which were originally
labelled either as P. auritus, P. sacrimontis or ‘undetermined
species’. Since high genetic distances separate clade 6 from
P. auritus and Japanese long-eared bats, these afﬁliations are
apparently incorrect. Thus, clade 6 represents another independent species. It comprises individuals from a huge
geographic region spanning from the Altai region, Central
Siberia, Mongolia, northern China to Eastern Siberia as far
east as Shantar, and Sakhalin Island. Four additional individuals were assigned to this clade on the basis of their CR-sf
sequences. Sequence diversity within this clade of up to 3.4%
is in accordance with expectations for a species with such a
wide distribution range. Since no further geographic substructure of this clade is found, this species may represent a
panmictic population without further subspeciﬁc division.
Although the clustering of clades 5, 6 and 7 is poorly supported in the CR trees, it obtained moderate to high bootstrap values in the 16S trees. According to distance values
found with both marker sequences, the sister clades 5 and 6
appear as the sister group which is the closest relative of
P. sacrimontis from Japan. Thus, the three species can be regarded
as a separate phylogenetic lineage of the Eastern Palaearctic,
which we designate the sacrimontis-species-complex.
Clade 8 (Fig. 3F)
Clade 8 corresponds to P. wardi. It contains the holotype of
P. wardi (Ple120) from Kashmir (India) and two other individuals, one from Nepal (Ple26) and one from Uttaranchal
(India). The independently ampliﬁed CR-sf sequence from
the holotype proved identical with the CR-lf sequence. Distance values between Ple120 and the other two specimens
(Ple26, Ple1640) are rather high (up to 4.4%) compared to
other intraspeciﬁc divergences. Moreover, the sequence of
Ple120 is further differentiated from both Ple26 and Ple1640
by characteristic length mutations: an 11 bp insertion (pos.
61–71) and a shortened C stretch of only 4 bp (pos. 41–44),
which comprises 11 bp in Ple26 and 9 bp in Ple1640. Since
these two differences occur within a short section only, the
distance value of 4.4% (which does not include gaps) might
be a considerable underestimate of the actual genetic differentiation of Ple120 from Kashmir with respect to the other
two samples (Ple26, Ple1640). In the CR tree, P. wardi appears
as the sister group of P. turkmenicus (average distance 13.7%,
range 12.5–15.1%), whereas in the 16S tree P. turkmenicus is
sister to the remaining auritus group, including P. wardi.
Clade 9 (Fig. 3F)
Clade 9 represents P. turkmenicus and includes mainly individuals
from Turkmenistan and one (Ple192) from Kazakhstan. It
is separated from the other clades by high distance values and
there is no doubt about its status as a distinct species. Nevertheless, the phylogenetic relationships to the other clades are

© 2006 The Authors. Journal compilation © 2006 The Norwegian Academy of Science and Letters • Zoologica Scripta, 35, 3, May 2006, pp187–230

199

Revision of the genus Plecotus • F. Spitzenberger et al.

not unambiguously resolved (see CR and 16S trees, Figs 2
and 4).
Phylogenetic relationships
In order to elucidate the phylogenetic relationships, the 16S
rRNA fragment (16S) was ampliﬁed from 21 individuals representing the nine primary clades, with one exception. It was
not possible to isolate the 16S sequence from P. christiei
(Ple66). For most species we obtained sequences from two
specimens; two clades are represented by only one individual:
clade 8 (P. wardi) and clade 7 (P. sacrimontis). From clades 1
and 3 (P. auritus and austriacus species-complex respectively)
we included representatives of the various subclades. Additional
published sequences from the following taxa were used:
P. auritus, P. austriacus, P. macrobullaris, P. sardus, P. kolombatovici
and P. teneriffae. Besides M. bechsteinii, which was deﬁned as
outgroup in the CR analyses, three other species of the genus
Corynorhinus (C. mexicanus, C. raﬁnesquii, C. townsendii, sequences
from GenBank) were included in the analyses. After cutting
off the 5′- and 3′- sections, which are not present in the
sequences derived from GenBank, the alignment had a length
of 496 sites.
The NJ tree in Fig. 4 shows the phylogenetic relationships
deduced from the 16S sequences. Seven of the clades obtained
in the CR trees are also found in the 16S trees, while the
remaining two clades are represented by single specimens
only. Since no 16S sequence could be obtained from P. christiei,
which was included in clade 3 of the CR tree, this species is
missing in the 16S tree.
In Fig. 4 we present the NJ tree based on p-distances
which obtained the best bootstrap support. Nevertheless, all
phylogenetic analyses (NJ, MP, ML) yielded very similar
topologies. In all analyses the ingroup is divided into two
well-supported major clades. The ﬁrst includes P. austriacus,
P. kolombatovici, and P. teneriffae and thus corresponds to clade 3
in the CR trees, which comprises the austriacus speciescomplex. The second contains all remaining clades. Named
after the two most prominent species, we have designated
these the austriacus and auritus clades, respectively.
The basal node within the auritus clade separating
P. turkmenicus from the rest, and the highly supported clustering of P. strelkovi (P. sacrimontis (P. kozlovi + P. ognevi)), i.e.
clades 4 + (7 + (5 + 6)), are found in almost all analyses. The
relationships among the other clades (1, 2, 8) are the same in
all trees: P. wardi (P. auritus (P. macrobullaris + P. sardus)). But
in all trees bootstrap support is low, and thus this branching
can be considered as an unresolved trichotomy. The ML tree
(not shown) differs only with respect to the position of
P. strelkovi (clade 4). It splits off from the auritus main clade
after the split of P. turkmenicus. However, bootstrap support
for this node is below 50% in the ML tree, whereas in the NJ
tree the grouping of clade 4 with clades 1, 2, and 8 is highly
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supported. The MP analyses (not shown) yielded four most
parsimonious trees (tree length = 339, CI = 0.569, CI = 0.783,
RC = 0.446) which differ only in the positions of P. wardi
(Ple26) and P. sardus (GBPsarSAR13). In each of the trees
one of the two species is the sister group of the auritus/macrobullaris clade, and, in contrast to the NJ trees, P. sardus does
not cluster with P. macrobullaris (GBind5, GBind1, Ple88).
These ambiguous relationships are also reﬂected by the low
bootstrap support in all analyses.
The topologies of the 16S tree and the CR tree are similar
in many aspects. Discrepancies are found with respect to the
following groupings: (1) In the 16S tree clade 4 clusters with
clades 7 + (5 + 6) (sacrimontis-species-complex), whereas in
the CR tree it is the sister group of clade 3 (austriacus-speciescomplex). (2) With respect to the austriacus-species-complex
subclade 3b (P. kolombatovici) is less well supported in the 16S
trees. Plecotus teneriffae is the sister group of P. kolombatovici,
which is divided into three branches (populations from Croatia,
Libya and Morocco) which correspond in their topology to
the three groups found in the CR trees. Yet the single individual from Turkey (PlespTR) clusters with the Libyan group
in the 16S tree with high bootstrap support, whereas in the
CR tree it clusters with the P. kolombatovici individuals from
Croatia. Concerning these two cases the nodes in the CR
trees are poorly supported and thus the clustering found in
the 16S trees seems more reliable. This is not the case with
the following discrepancies. (3) The subclades of P. auritus
(1a−1d) found in the CR based tree are also visible as distinct
branches in the 16S tree. Nevertheless, the clustering differs:
In the 16S tree the western clade (1d, represented by Pleaur9)
clusters with the P. auritus population from the Caucasus (1a),
whereas the eastern subclade (1c, represented by Pleaur1 and
GBaur2) clusters with the Spanish P. a. begognae individual
(1b, PleKB271). However, the topology of this clade in the
16S tree is only poorly supported, whereas in the CR tree
subclades 1c and 1d cluster with a bootstrap value of 87%.
(4) P. wardi and P. turkmenicus cluster in the CR tree with a
bootstrap support of 96%. This clustering was found in none
of the 16S analyses. Considering the low bootstrap support,
the position of P. wardi remains ambiguous in the 16S trees.
Morphological assignment of individuals to species
A discriminant analysis performed on the Eastern Palaearctic
specimens shows four distinct groups (Fig. 5) corresponding to P. kozlovi, P. ognevi, P. sacrimontis and P. turkmenicus.
The morphospaces occupied by two individuals belonging to
P. homochrous (N), one specimen from the Ch’in Ling Shan
mountains and one from Lake Palti (Q) and one specimen
from Gyantze (R) are clearly separated from the four main
clusters, whereas the holotype of P. ariel (O) lies in the morphospace occupied by P. ognevi (K). With the exception of
P. homochrous, none of these taxa were included in the genetic
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Fig. 5 Morphological separation of eight Plecotus species inhabiting
the Eastern Palaearctic (sensu de Lattin 1967) according to
discriminant component analysis. (I) P. kozlovi, (K) P. ognevi, (L)
P. sacrimontis, (M) P. turkmenicus, (N) P. homochrous, (O) P. ariel, (Q)
P. sp. nov. 1, (R) P. sp. nov. 2.

Fig. 6 Morphological separation of seven Plecotus species inhabiting
the Western Palaearctic (sensu de Lattin 1967) according to
discriminant component analysis. (A) P. auritus, (B) P. macrobullaris,
(C) P. austriacus, (D) P. kolombatovici, (E) P. christiei, (G) P. strelkovi,
(H) P. wardi.

analysis. As will be explained in the chapter on classiﬁcation,
we consider them to represent independent species.
A discriminant analysis undertaken on the Western
Palaearctic specimens (Fig. 6) shows two clusters, the ﬁrst
consisting only of P. auritus and the second consisting of six
overlapping taxa: P. austriacus, P. kolombatovici, P. christiei,
P. macrobullaris, P. wardi and one unnamed taxon. To resolve

Fig. 7 Morphological separation of four species of the Plecotus
austriacus species-group according to discriminant component
analysis. (C) P. austriacus, (E) P. christiei, (F) P. teneriffae, ()
P. kolombatovici (Balkans, Asia Minor), () P. kolombatovici (Morocco,
Algeria, Tunisia), () P. kolombatovici (Libya).

the second group we performed several separate discriminant analyses. In Fig. 7 we show that the overlap between
P. austriacus and P. kolombatovici is caused by the large-sized
Maghrebian populations of P. kolombatovici, whereas in the
area of sympatric occurrence (Balkan) the populations of
P. kolombatovici and P. austriacus are well separated. Plecotus
christiei is clearly separated from the Libyan and Maghrebian
populations of P. kolombatovici, and the holotype of P. teneriffae
occupies a morphospace of its own.
Figure 8 shows P. macrobullaris to be a variable species, which
is well differentiated from P. austriacus and P. kolombatovici in
the eastern Mediterranean (Croatia and Greece) (Fig. 9),
where these species occur in partial sympatry (Spitzenberger
et al. 2001, 2002, 2003, Benda et al. 2004, Tvrtkovic et al.
2005). The same is true for the Central Palaearctic. Fig. 10
separates P. macrobullaris populations distributed in Turkey
and Iran from one yet unnamed taxon, distributed from Iran
and Afghanistan to the mountain chains of Central Asia and
from P. wardi distributed in the Himalayas.
Phenetic (Fig. 11) and phylogenetic (Fig. 4) analyses result
in similar but not completely concordant arrangements of the
species. Both methods separate the taxa into two major branches,
but their composition differs. One of the phenetic branches
contains only species belonging to the genetic major clade
auritus (B in Fig. 4); in the second branch three species
belonging genetically to the auritus clade (P. strelkovi, P. wardi
and P. macrobullaris) cluster with species forming the genetic
major clade austriacus (A in Fig. 4). The phenetic similarity of
P. strelkovi, P. wardi and P. macrobullaris with members of the
austriacus clade explains why these species were confused with
P. austriacus for a long time.
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Fig. 10 Morphological separation of three Plecotus species inhabiting
the Central Palaearctic according to discriminant component
analysis. (B) P. macrobullaris, (G) P. strelkovi, (H) P. wardi.
Fig. 8 Morphological separation of four populations of Plecotus
macrobullaris according to discriminant component analysis. (A)
European deciduous forests and Eastern Alps, (B) Caucasus, (C)
Balkans, (D) Turkey and Syria.

Fig. 9 Morphological separation of three sympatric species in the
eastern Mediterranean according to discriminant component analysis.
(B) Plecotus macrobullaris, (C) P. austriacus, (D) P. kolombatovici.

Tentative classification of the genus Plecotus
As a result of the procedures described above, we allocated all
but three specimens (from Israel and Pakistan) to 16 taxa.
Their valid names, taxonomic positions, morphological
descriptions and distribution areas as well as their classiﬁcation are presented in this section. The arrangement of the
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taxa rests mainly on the clades and subclades as well as the
division into two main species-groups in the NJ tree calculated from 16S sequences (Fig. 4). Considering the fact that
some taxa are represented by only a few specimens and that
much of the museum material is very old, it can be expected
that parts of this classiﬁcation will prove to be preliminary.
The results of a biogeographic analysis (see Discussion)
undertaken after deﬁning and arranging the taxa, however,
support the classiﬁcation inferred from the genetic and morphological analyses.
Due to insufﬁcient sampling we refrain from providing an
identiﬁcation key for species. Since the taxonomy of the
genus Plecotus was so confused until recently, we refrain also
from correcting wrong identiﬁcations, inappropriate descriptions and measurements in previous papers based on the
investigation of morphological characters alone.
Genus Plecotus Etienne Geoffroy, 1818
There is no consistent morphological character distinguishing members of species-groups I and II, which correspond to
the major clades A and B. The mean length of the thumb
(< 6.0 mm in the P. austriacus group, > 6.0 mm in the P. auritus
group) distinguishes between the groups, but exceptions are
P. homochrous with a very short thumb, and P. teneriffae with a
long thumb. Bacular morphology (Strelkov 1989) provides
grouping at the species level.
I. Plecotus auritus species-group
I. 1. P. turkmenicus Strelkov, 1988a
Clade 9

Lectotype. ZIN 51383, , skin and skull, Sarykamysh basin,
Kurgankyr, Turkmenistan. 7.vi.1964, V. P. Dmitrijeva.
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Fig. 11 UPGMA phenogram based on 17
craniometric variables of 25 Plecotus taxa
separated also according to ecoregions.
Similarity matrix was based on correlations.
Abbreviations: aur, P. auritus; aus, P. austriacus;
chris, P. christiei; kol, P. kolombatovici; koz,
P. kozlovi; mac, P. macrobullaris; ogn, P. ognevi; sac,
P. sacrimontis; stre, P. strelkovi; turk, P. turkmenicus.
Regions: 1. European deciduous forest.
2. Eastern Alps. 3. Southern European
mountain forests. 4. Caucasus. 5. Urals.
9. Western Mediterranean. 10. Eastern
Mediterranean. 11. Ukranian-south Russian
steppes. 12. Irano-Turanian steppes. 14. Sahara.
15. Central Asian mountains. 16. Himalayas.
17. Southern Siberian steppes. 18. Central
Asian steppes and semideserts. 19. Central
Asian deserts. 21. Crimea. 22. Taiga. 23. Far
East deciduous forests.

P. turkmenicus analysed

morphologically

multivariate

genetically

Turkmenistan
Kazakhstan

2 , 9 ; 11 skulls, 9 skins
—

10

5
1

white, muzzle brown. Ears, wing and tail membranes thin,
semi-transparent, pallid. Toes covered sparsely with white
hairs, claws long, white and strongly curved.

Nomenclature. The name turkmenicus was introduced to designate a subspecies of P. austriacus by Strelkov (1985). Lacking
the designation of a holotype as well as a diagnosis and
description it remained a nomen nudum until it was properly
described by Strelkov (1988a).

Cranial characters (Fig. 12A). Skull very large (ES table 3),
rostrum shorter and heavier than in P. kozlovi. Zygomatic bone
robust, orbit elliptical, longer than in P. kozlovi. Resembles in
dentition P. kozlovi by having very broad molars (1.54–1.69
mm). C1 huge, longer and broader at base than in P. kozlovi.
Second upper incisor and P3 minute, noticeably shorter than
in P. kozlovi.

Description. Well distinguished from all other Plecotus species
by a rim of naked skin on posterior part of dorsum and
proximal part of femora, whitish in colour. Skull large, forearm and thumbs long. Dentition strong.

Baculum. Nos. 25–28 in Strelkov (1989).

External characters. For wing measurements see ES table 2
(ES tables 2–28 are avalaible in the online supplement; see
Materials and methods). Pelage not dense, face almost naked,
forehead covered with short downy hairs, tail membrane and
posterior part of dorsum, including skin covering the proximal
parts of the femora, naked or covered with few downy hairs.
In the female ZIN 56663 the skin covering the proximal parts
of the humeri also naked. Hairs in the mid-dorsal region
8.8 –13.2 mm long, on the ventral side 7.1–10.1 mm.
Dorsal and ventral colour clear white or greyish white.
Hairs on back tricoloured, basal zones almost black, contrasting with the white mid-zones. Tips buffy whitish. Ventral
hairs bicoloured, basal zones somewhat greyer than tips. Face

Distribution. North-western part of Karakum desert in Turkmenistan and western Ustyurt plateau and Mangyshlak in
Kazakhstan. Inhabits different types of temperate desert, where
it is found in natural caves and wells (Strelkov et al. 1978).
I. 2. P. auritus (Linnaeus, 1758)
Clade 1
Type locality. Sweden, no type specimen designated.
P. auritus analysed

morphologically

multivariate

genetically

Albania
Austria

1 ; 1 skull, 1 alc.
46 , 48 , 24 indet.;
118 skulls, 30 skins, 7 alc.

1
74

—
12
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P. auritus analysed morphologically

multivariate genetically

Bulgaria
Croatia
Georgia
Greece
Italy
Romania
Russ. Fed.
Serbia
Spain
Ukraine

1
2
3
—
3
1
8
1
—
4

1 indet.; 1 skull
2 , 1 ; 3 skulls
1 , 1 , 1 indet.; 3 skulls, 2 skins
1 ; 1 skull, 1 alc.
1 , 2 indet.; 3 skulls, 3 alc.
1 indet.; 1 skull
11 , 1 , 3 indet.; 14 skulls, 9 skins
1 indet.; 1 skull
—
7 ; 7 skulls

—
—
4
1
5
—
8
—
1
1

Taxonomy. The long-held opinion that P. auritus is distributed
from the British Isles to Japan and consists of numerous geographical races has to be rejected in the light of our results.

Instead, P. auritus is restricted to Europe including Ural and
Caucasus mountains; as deduced from CR sequences, it consists of four distinct genetic groups separated by high distances (Fig. 3A). So far, only the Spanish subclade has been
described as a subspecies based on morphometric characters:
P. auritus begognae de Paz, 1994. Whether in Iberia begognae
and auritus occur sympatrically and are segregated altitudinally (de Paz 1994) or inhabit adjacent distribution areas
( Juste et al. 2004) seems to be of crucial importance for
solving the question as to whether these two forms are true
species or subspecies.
Contrary to to the distinct genetic structure within P. auritus,
the morphological differentiation is quite weak. In the discriminant analysis (Fig. 13) the ﬁrst two axes explained only
76% of the total variance and the overall signiﬁcance level

Fig. 12 A–E. Skulls of Plecotus in lateral, dorsal, ventral and frontal aspect. —A. P. turkmenicus from Sarykamysh basin, Turkmenistan.
—B. P. auritus from Teberda, Caucasus. —C. P. auritus from Lower Austria. —D. P. macrobullaris (holotype) from Vladikavkaz, Caucasus.
—E. P. macrobullaris from the eastern Alps.
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Fig. 13 Morphological separation of six populations of Plecotus
auritus according to discriminant component analysis. () Caucasus,
() European deciduous forests, () southern European mountain
forests, () Eastern Alps, () Urals, () Crimea.

was relatively low (P < 0.005). While the basal split in the CR
tree separating the Caucasian subclade (1a) from the European clades West and East amounts to a difference of 7.3%
and 7.5%, respectively (Fig. 3A), the statistically signiﬁcant
craniometric differences between European and Caucasian
brown long-eared bats pertain to only one variable (length of
the mandible — ANOVA, F1,98 = 19.6511, P < 0.00005) (Fig. 14).
A scientiﬁc name has never been given to the Caucasian population. Also, its rank as species or subspecies is not known.
All other populations depicted in Fig. 13 belong genetically
to subclades 1c (auritus East) and 1d (auritus West). Given the
relatively small (4.4% — CR sequences) genetic distance
between them (Fig. 3A) and the fact that the genetic divergence
is not reﬂected in the morphometric analysis, a subspeciﬁc
rank of these two subclades seems likely.
The differentiation into two subclades has probably been
caused by re-colonisation from a western and an eastern
glacial refuge in postglacial times (Spitzenberger et al. 2001).
Individuals of subclade auritus West are known to occur in
northern Spain, southern Switzerland (Valais and Grisons —
Juste et al. loc. cit.), western Austria (Vorarlberg, Tyrol,
Carinthia) and north-eastern Italy (Veneto). Individuals belonging to subclade auritus East have been collected in northern
(Zürich) and western (Vaud) Switzerland, Germany (Rheinland Pfalz) and Denmark ( Jutland — Juste et al. loc. cit.),
north-eastern Austria (Lower Austria), Greece (Stereá Ellas)
and southern Ukraine (Crimean Peninsula) eastwards to the
Russian Federation (Ladoga and Ural mountains). Populations comprising both subclades coexist in Veneto and
Carinthia, indicating that the Southern Alps constitute the

Fig. 14 Box plots of mandibular length values of 94 European and
6 Caucasian specimens of Plecotus auritus. Top and bottom of the
boxes represent the lower and upper quartiles, and the boxes are
divided at the median. Whiskers depict the 1.5 interquartile ranges
and dots represent single observations outside of these ranges.

suture zone. Members of these two subclades were even
found in one maternity colony in Carinthia.
Description. (Contrary to the genetic analysis, the morphological analysis does not comprise P. a. begognae). Medium-sized
brown bat, with long thumb and claw, small skull with
absolutely and relatively small bulla tympani, dentition weak.
Distinguished from P. ognevi, which it resembles in many
aspects, by the lack of a pronounced concavity in the anterior
dorsal proﬁle of the skull and by shorter second phalanx of
third ﬁnger. No signiﬁcant sexual dimorphism.
External characters. For wing measurements see ES table 4.
Pelage not dense, soft, occasionally woolly, face almost completely furred, wing membranes naked, proximal part of the
uropatagium often covered with a few downy hairs. Hairs in
mid-dorsal region 11.2–13.9 mm, on ventral side 6.7–8.6 mm
long. Face brown, with dark brown mask extending from
anterior corner of eye to corner of mouth. Toes brown, covered
densely with brown hairs, claws brown.
In the Caucasus region dorsal colour middle to dark brown,
a littler darker than wing membranes, ventral colour yellowish
brown. Hairs on back tricoloured, basal zones dull dark
brown, lighter mid-zones narrow, tips light brown. Ventral
hairs bicoloured, basal zones blackish, tips yellowish. Ears,
wing and tail membranes semi-transparent, middle brown. In
the Eastern Alps dorsal colour middle brown with a warm
gloss, a little lighter than membranes. Ventral colour greyish
yellow. Basal zones of dorsal hairs dark brown, of ventral
hairs blackish brown. Animals from the Ural mountains are
greyish brown on the upper side, basal zones of dorsal hairs
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are dull brown, while basal zones of ventral hairs are dark
grey.
Cranial characters. Skull size small, males have slightly smaller
skulls than females, but the difference between the mean
measurements is not signiﬁcant (ES table 5). Diameter of the
auditory bulla very small. In relation to condylobasal length
the diameter of the bulla also small, as in P. ognevi and
P. sacrimontis.
Anterior part of the zygoma rises abruptly to form a
powerful orbital process in specimens from the Caucasus
(Fig. 12B), moderately steep to form a weak orbital process in
specimens of the Eastern Alps (Fig. 12C) and the Crimea.
Ventral line of the zygomatic bones is straight. Orbit round
(Caucasus), roundish to elliptical in other parts of the distribution area. Dentition weak. Upper canine slender, generally
less massive than in P. ognevi.
Bacula. From the Austrian Alps (Trins, N Tyrol) and from
the foothills of Parnassos (Greece) (not shown) agree in shape
and size with auritus bacula from Poland, Ukraine, Moldavia
and the Urals (nos. 1– 4, 6–7) and no. 5 from Krasnodar in the
northwest of the Caucasus, Russian Federation (Strelkov 1989).
Distribution. Evergreen boreal, mixed and deciduous forests
from Ireland and Spain to the Ural mountains, north to 63–
64°N (Entwistle in Mitchell-Jones et al. 1999). Widespread
in the Alps. In the south of Europe conﬁned to higher elevations, where mountainous forests provide the typical habitat.
Conﬁrmed records exist from Spain (P. a. auritus in the north,
P. a. begognae in the south — de Paz 1994; Garin et al. 2003),
Dinaric Alps (this paper), Greece (Helversen & Weid 1990
and this paper), and Bulgaria (Benda & Ivanova 2003),
Sardinia (Benda et al. 2004). An isolated part of the distribution
area stretches from the Crimea eastwards along the shore of
the Black Sea to the Caucasus. The speciﬁc identity of records
from Portugal, Italy south of the Alps (Entwistle loc. cit.) and
Anatolia (Albayrak 1991; Benda & Horácek 1998; Karatas
2003) needs conﬁrmation. It seems probable that in Anatolia
the distribution of P. auritus is conﬁned to the Pontus mountains.
I. 3. P. sardus Mucedda, Kiefer, Pidinchedda & Veith, 2002
P. sardus is the sister species of P. macrobullaris (Mucedda et al.
2002 and this paper). Its distribution is conﬁned to Sardinia.
It is distinguished from P. macrobullaris by the brown colour
of the dorsal pelage and shorter thumb (mean 6.07 mm) and
resembles this species in length of forearm (mean 41.65 mm),
white ventral colour and shape of penis. The baculum resembles
that of P. macrobullaris in shape, but is larger.
P. sardus occurs in the most wooded parts of the island, two
of the three known localities are situated in karstic areas, one
locality lies near the sea coast.
206

Baculum. Depicted in Mucedda et al. (2002).
I. 4. P. macrobullaris Kuzyakin, 1965
Clade 2
Holotype. Skull (without mandible) ZIN 87832 (collector’s
number 1435), skin ZMM S-47932, , near Vladikavikaz,
North Ossetia, Russ. Fed. 9.ix.1914, coll. L. B. Beme.
P. macrobullaris
analysed
Armenia
Azerbaijan
Austria
Bosnia-Hercegovina
Croatia
Georgia
Iran
Italy
Russ. Fed.
Slovenia
Syria
Turkey

morphologically

multivariate genetically

2 , 1 , 3 skulls; 1 skin
1 , 1 ; 2 skins
7 , 11 , 8 indet.;
26 skulls, 11 skins
1 , 1 ; 2 skulls, 2 alc.
4 , 5 , 2 indet.;
11 skulls, 10 alc.
1 ; 1 skull
3 , 3 , 3 indet.; 6 skulls,
2 skins, 5 alc.
1 , 3 indet.; 4 skulls, 1 alc.
3 , 3 ; 4 skulls, 5 skins
1 , 1 ; 2 skulls, 2 alc.
1 ; 1 skull, 1 alc.
2 , 11 ; 12 skulls, 5 skins, 8 alc.

1
—
22

2
2
5

2
6

1
4

1

—
1

—
1
1
1
11

5
5
1
—
3

Nomenclature and taxonomy. Based on morphological characters, Kuzyakin (1965) described P. auritus macrobullaris from
the vicinity of Vladikavkaz in North Ossetia, Russian Federation. Speciﬁc status of this taxon was ﬁrst recognized for
populations west of the Caucasus. Long-eared bats from
the Western Alps — P. ‘alpinus’ Kiefer & Veith, 2002, and the
Eastern Alps and Dinaric mountains — P. ‘microdontus’
Spitzenberger, 2002 in Spitzenberger et al. (2002) were erroneously described as new species. Based on genetic and morphological results, Spitzenberger et al. (2003) demonstrated
that P. alpinus and P. microdontus were junior synonyms of
P. macrobullaris, thus extending the known range of P. macrobullaris
westwards to the French Alps.
Benda et al. (2004) and Kiefer & Helversen (2004) suggested assigning P. macrobullaris populations from the Caucasus and Turkey, Pindhos and Crete/Greece and Friuli/Italy to
P. m. macrobullaris and all other European populations to
P. m. alpinus. In the light of other, partly contradictory,
genetic and morphological results, this subspeciﬁc division of
P. macrobullaris seems questionable. Juste et al. (2004) found
in their CR and cyt b trees that P. macrobullaris from Syria,
Iran, Iberia, Switzerland and Crete formed a single cluster
without geographic subdivision. Our CR tree (Fig. 3B) shows
a subdivision between P. macrobullaris of the Eastern Alps
(Austria, Friuli in Italy and Slovenia) and the Balkan (Croatia
and Bosnia and Hercegovina) in the west and the Caucasus,
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Turkey and Iran in the east. Interestingly, one of the specimens from Friuli belongs to the eastern clade (Spitzenberger
et al. 2003). Our craniometric analysis (Fig. 8), however,
shows that populations from the Caucasus and European
deciduous forests as well as the Eastern Alps overlap, while
populations from the Balkans, Turkey and Syria occupy morphospaces of their own.

of P. austriacus and P. kolombatovici, but is decidedly greater
than in P. auritus. Relative length of the rostrum (C-M3/Cbl)
longer than in P. auritus, a little shorter than in P. austriacus.
European populations of P. macrobullaris and P. kolombatovici
have very similar skull dimensions; only in C-M3 and C-M3
is the overlap very small when the sex of the individual is
considered.

Description. Body and skull size medium to large, subject to
remarkable geographic variation. Forearm longer than in
P. austriacus, P. kolombatovici, and P. auritus. Thumb and claw
shorter than in P. auritus, but longer than in P. austriacus and
P. kolombatovici. Length of thumb like that of P. strelkovi and
P. wardi. Compared to P. auritus and austriacus, the second
phalanges of the third and fourth ﬁnger larger in
P. macrobullaris. Dorsal colour drab, grey or buff, ventral fur
long, whitish, resembling P. wardi. A hard triangular pad on
the lower lip seems to be a unique character.

Bacula. Depicted in Spitzenberger et al. (2002) (Eastern
Alps) and Kiefer & Veith 2002 (Western Alps). They agree
with bacula from Armenia (no.19 in Strelkov 1989).

External characters. For wing measurements see ES table 6.
Pelage only a little less dense than in P. wardi. Face sparsely
furred, lower lip with a hard triangular pad. Tail membrane
naked. Hairs in the mid-dorsal region 9.6 mm, on the ventral
side 7.5 mm long (Eastern Alps). Dorsal colour greyish drab
(Eastern Alps), light buff to greyish buff (Caucasus), very
light grey in animals from Iran. Ventral colour yellowish or
greyish white (Eastern Alps), to whitish (Caucasus). Hairs on
back tricoloured, basal zones black, contrasting with light
straw coloured mid-zones. Tips buffy whitish or light greyish.
Ventral hairs bicoloured, basal zones black contrasting
with white tips. Face light; a brown facial mask extends from
the corner of the mouth to the anterior border of the eye.
Ears, wing and tail membranes, semi-transparent, middle
brown. Toes strong, brown, sparsely covered with brown
hairs, claws pallid.
Cranial characters. Analyses of the variation of the skull measurements between four adjacent geographic groups (ES table 7)
conﬁrmed the cline of decreasing size from east (Iran, Syria
and Turkey) via the Balkans to west (Eastern Alps; Fig. 12E)
with discontinuous steps in some measurements (Spitzenberger et al. 2003). The Caucasian population (Fig. 12D)
resembles in general skull size that of the animals from Turkey, Syria and Iran, but differs from them in skull breadth (Bb
and Mb), which is as narrow as in the Balkan population. Sexual dimorphism in skull size (Gsl, Ccl, Cbl, Mb, Zb, C-C)
large in the Eastern Alps and the Balkan, with males being
conspicuously smaller than females, but close to zero in the
Caucasus, Syria, Anatolia and Iran (not shown). Diameter of
the tympanic bulla much longer than in P. auritus, a little
longer than in P. kolombatovici, but shorter than in
P. austriacus. Height of the braincase, however, resembles that

Distribution. Altitudinal distribution from sea level (Pavlinid
& Tvrtkovid 2004) to 2800 m a.s.l. (Garin et al. 2003). Mainly
in the colline and montane belts of mountain chains. Prefers
karstic areas (Pavlinid and Tvrtkovid loc.cit.). Maternity roosts
frequent in churches. Conﬁrmed records from the Pyrenees
(Spain — Garin et al. 2003), Andorra (Kiefer & Helversen
2004) and Alps (France, Switzerland, Liechtenstein, Austria,
Italy, Slovenia), Dinaric Alps beginning in Postojna/Slovenia
in the west through the Croatian mountains in Istria,
Zumberak, Velebit, Biokovo and Bosnia in the east, Corsica
(Kiefer & Helversen loc. cit.), Greece (Timfristos — Kiefer &
Veith 2002, Crete — Juste et al. 2004), Toros mountains in
Anatolia, Armenian plateau, Great and Lesser Caucasus, and
the Zagros mountains from Mt. Sabalan in the north to the
Kuh range in the south of Iran; Anti-Lebanon (Jebel esh
Sharqi) mountains in Syria (Benda et al. 2004).
I. 5. Plecotus strelkovi sp. nov. Spitzenberger
Clade 4; Fig. 15A
Holotype. ZIN 62182, , KYRGYZSTAN, Teploklyuchenka.
20 km SE of Mikhaylovka near the eastern shore of Lake Yssyk
kul, 19.vii.1975, P. P. Strelkov. Skin and skull.
Paratypes. ZIN 62183, , 19.vii.1975, collected by P. P.
Strelkov, ZIN 63605–63606, Yssyk kul, 1975 (Ple41, Ple42).
Etymology. This species is named in honour of Petr Petrovich
Strelkov, who produced the ﬁrst modern revision of the
genus Plecotus in the former USSR. This served as a solid base
for the present revision, which has a broader geographic
scope and has also been able to use molecular techniques.
Other material

P. strelkovi analysed

morphologically

multivariate

genetically

Afghanistan
China

1 ; 1 skull, 1 skin
2 , 1 , 7 indet.;
7 skulls, 7 skins, 2 alc.

—
2

1
3
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P. strelkovi analysed

morphologically

multivariate

genetically

Iran
Kazakhstan
Kyrgyzstan

2 , 1 ; 3 skulls, 3 alc.
5 , 8 ; 13 skulls, 6 skins
2 , 10 , 5 indet.;
17 skulls, 3 skins, 6 alc.
—
3 , 3 , 1 indet.; 7 skulls, 1 skin

3
5
10

2
7
5

—
5

1
3

Mongolia
Tajikistan

Diagnosis. Medium sized, grey to buff long-eared bat.
Resembles in length of forearm P. ognevi, P. sacrimontis,
P. macrobullaris, and P. wardi. Distinguished from P. ognevi
and P. sacrimontis by much shorter thumb. Resembles in colour P. wardi and P. macrobullaris, but dorsal fur of P. strelkovi
less dense, its colour cold greyish-drab instead of buff or

brown and colour of membranes brown without reddish
touch. Collar of whitish hairs on neck and basal parts of
pinnae. Ventral fur longer and less dense than in the other two
species. Resembles in skull size P. ognevi, P. sacrimontis, and
the western populations of P. macrobullaris and P. wardi.
Differs from the brown bats P. ognevi and P. sacrimontis by on
average larger bullae. From P. ognevi it is also distinguished
by the lack of a distinct concavity in dorsal proﬁle and round
instead of elliptical orbit. Shape of skull distinctly different
from P. wardi (Fig. 15B) and P. macrobullaris (Fig. 12D,E).
Rostrum of P. strelkovi bulky, very high behind the rhinion;
dorsal proﬁle in the interorbital region elevated, attains its
highest point approximately in the middle of the braincase. The
high rostrum becomes specially apparent in frontal view. Upper
canines evidently stronger than in the other two species.

Fig. 15 A–E. Skulls of Plecotus in lateral, dorsal, ventral and frontal aspect. —A. P. strelkovi (holotype) from Kyrgyzstan. —B. P. wardi (paratype)
from Kashmir. —C. P. sacrimontis from Central Hokkaido, Japan. —D. P. ognevi from Manchuria, China. —E. P. kozlovi (holotype) from
Quaidam Pendi, China.
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Description
Measurements of the holotype () in mm. Head and body length
49.5, Tail length 51.0, Ear length 40.0, length of forearm
43.1, length of thumb 8.1, length of claw 2.87, weight 9.5g.
Gsl 17.52
Zb 8.90
M 11.22

Ccl 15.37
Iob 3.77
I-M3 7.17

Cbl 16.19
C-C 3.82
C-M3 6.03

Bh 7.37
M3-M3 6.40
Corh 3.20

Bb 9.04
I-M3 6.81
Dbt 4.51

Mb 9.39
C-M3 5.66

External characters. For wing measurements see ES table 8.
Dorsal pelage of medium density, ventral pelage not dense,
rather shaggy. Forehead covered with light, short, downy
hairs, chin covered with only a few, short hairs. A collar consisting of whitish hairs without dark bases covers the neck and
the basal part of the back of the pinna. Tail membrane
covered with downy hairs in its proximal part (not in all specimens). Hairs in the mid-dorsal region 8–12.8 mm long, on
the ventral side 7–9.8 mm. Dorsal colour greyish drab without warm brown tinge, ventral parts yellowish white. Hairs
on back tricoloured, basal zones black, middle part straw
coloured, tips pale yellow or greyish buff. Ventral hairs bicoloured, basal zones slate grey to black, strongly contrasting
with the white tips. Face light, with dark muzzle. Ears, wing
and tail membranes semitransparent, cold brown. Toes
brown and strong, densely furred with brown hairs, claws
long, pale.
Cranial characters (Fig. 15A). Skull size medium. No signiﬁcant sexual dimorphism in skull size (ES table 9). Also shape
of skull essentially the same in males and females; male skulls
tend to have a somewhat higher rostrum than those of
females. Intraspeciﬁc variability in skull form and size very
low (not shown); animals from Iran and Afghanistan have the
largest, those from Kazakhstan the smallest skull.
High rostrum and weak, but distinct, elevation in interorbital region. Braincase somewhat inﬂated, weak constriction
between frontalia and parietalia. Opisthocranium slightly
overhanging in lateral aspect. Exoccipital condyles are inconspicuous. Zygomatic bone robust, the relatively thin anterior
part rising abruptly to form a high orbital process, behind
which the posterior part retains almost the same breadth.
Orbit roundish. Anteorbital foramen well developed. Upper
canine long and slender.

to our results belong to P. strelkovi, as comparative material
under the name P. wardi without giving a reason for doing so.
He was followed by Ognev (1927). But Ognev (1928)
reported that he hesitated to include the long-eared bats
from Turkestan among P. auritus wardi and that Bobrinskoj
(in litt.) thought that this population rather belonged to
P. auritus matis (?). In fact, Bobrinskoj (1929) included the
series from Khrebet Russkii along with animals from Kashgar
and ‘the high mountains of west Turkestan’ again in P. wardi,
and wrote in the section on P. auritus auritus that it is possible
that the pale long-eared bats from N Semiretchie (Kopal
district) should be described as distinct form(s). Later, all
Russian authors designated the Turkestan long-eared bats as
P. austriacus wardi. Now there is undeniable genetic evidence
that the long-eared bats inhabiting the xeric mountain ranges
of Central Asia represent a hitherto undescribed species.
Distribution. Plecotus strelkovi inhabits the xeric mountain
ranges in Central Asia. Material was collected in the Pamir
massif (localities Muk and Dzharf) and its western chain, the
Hissar range (Dushanbe), in western Tienshan (Talasskii
Alatau, locality Khudshand), northern Tienshan (Kirgisikii
Alatau, locality Issyk Ata and Zailiiskii Alatau, locality Almaty)
and its western portion, the Dzungarskii Alatau (locality
Zaysan) und Tarbagatay (Ayaguz), central Tienshan (Terskei
Alatau, Naryn and Teploklyuchenko) and eastern Tienshan in
China (Tekes and Turpan). Nikolai M. Przewalskii collected
a series of this species on the northern slope of the Kunlun
mountain range which borders the Tarim basin in the south.
Three specimens of P. strelkovi in the Berlin and Vienna museums
from ‘Iran’ and one specimen in the Berlin museum from
Kabul in Afghanistan indicate a south-western extension of
the species’ range. As the north Iranian mountain chains are
connected through the Hindu Kush with the Pamir massif, it
is also possible that P. strelkovi is continuously distributed
from Iran to eastern Tienshan in China. The specimen ZIN
14197, collected in Gobi Altai, Mongolia, was determined in
the genetic analysis as P. strelkovi (Ple48). This locality lies far
outside the main distribution area. Since we could not study
this specimen morphologically, we consider either the locality
or the genetic determination to be uncertain.
The Pamir and Tienshan mountain ranges are generally
characterized by an extreme continental climate that resembles
that of the adjacent deserts. Some localities, however, are
characterized by a semi-arid or even temperate climate.

Bacula from south-east Kazakhstan, Kyrgyzstan and
Tajikistan (nos. 21–24) are depicted in Strelkov (1989). They
resemble those of P. austriacus, but are distinctly smaller.

I. 6. P. wardi Thomas, 1911
Clade 8

Nomenclature. In his description of P. kozlovi, Bobrinskoj
(1926) lists the Plecotus series from Kunlun Shan (‘Khrebet
Russkii’) and four specimens from Darvaz, which according

Holotype. BM 6.10.3.2, , skin and skull, Leh, Ladakh, Jammu
and Kashmir, India. 10.vi.1906, C. A. Crump coll., Col. E. A
Ward don.
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P. wardi analysed

morphologically

multivariate

genetically

India
Pakistan

3 , 3 ; 4 skulls, 6 skins
2 , 4 , 2 indet.; 4 skins,
6 skulls, 1 alc.
—

3
3

2
—

—

1

Nepal

Taxonomy. In spite of the pronounced genetic distinction
between the Himalayan specimens and the holotype of
P. wardi collected in the Karakoram and the considerable
variation in the dorsal colour between specimens from these
localities, a multivariate analysis of skull measurements
(Fig. 10) plots specimens here regarded as P. wardi in a plausible morphospace. We therefore provisionally treat our
material from Pakistan, India and Nepal as one species. A
slight overlap with P. strelkovi indicates the similarity of the
skulls of these two species.
Description. Middle- to large-sized bat with very dense
pelage, dorsal colour brownish, ventral colour whitish.
External characters. For wing measurements see ES table 10.
Dorsal pelage very dense but not woolly, ventral pelage a little
less dense. Face and chin sparsely furred with short hairs,
tail membrane naked or, in animals from Milam and Martoli,
covered with downy hairs in its proximal part. Hairs in the
mid-dorsal region 10.5–12.2 mm long, on the ventral side
6.3–7.7 mm.
In the type series from Leh, dorsal colour pale brown, ventral parts white or greyish white. Dorsal fur middle brown
with golden tips in specimens from Uttaranchal, or brownish
grey in the Hindu Kush (Hazara), ventral hairs grey with
white tips. Hairs on back tricoloured, basal zones dark brown
to black, followed by a narrow zone which is somewhat
lighter, tips brown. Ventral hairs bicoloured, basal zones dark
brown to black, tips whitish. Ears, wing and tail membranes
pale brown in the type series, middle brown in the bats from
Pakistan. Toes long (mean length of foot 8.23 mm, n = 7) and
slender, brown, covered with brown hairs, claws pale, curved
only at tip.
Cranial characters (Fig. 15B). Skull size medium (ES table 11),
rostrum short, slender and ﬂat, brain-case long and moderately high. Auditory bulla of medium size, in relation to
condylobasal length not very large. Orbital process long, its
dorsal proﬁle straight. Posterior part of the zygoma narrower
than anterior portion. Orbit round. Dentition weak.
Baculum. Not known.

Distribution. Hindu Kush (Hazara/Northwest frontier, Pakistan), Karakoram (Leh, 3000 m a.s.l., in Jammu and Kashmir/
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India) and the southern slopes of the Himalayas from Rattu
in Northern Areas/Pakistan in the west over Milam, 3740 m
and Martoli, 3575 m in Uttaranchal/India to Mustang in
Nepal in the east. From three specimens stored in the Natural History Museum London, collected by C. H. Stockley,
Crump and Ward, localities assigned to ‘Kashmir’ (Pundurhak, 1730 m, Sardallu, 2850 m and Pamdritton 1800 m a.s.l.)
could not be found on the map.
Cranial measurements of three Plecotus specimens collected by J. Martens at Phoksundo lake/Nepal (Kock 1996)
indicate that they belong to P. wardi and specimens of ‘Plecotus austriacus’ mentioned from Hari Parbat Hill, Srinagar by
Nath (1987) may also belong to this species. They inhabited
tunnels in the ﬂanks of the barren mountains.
In Kashmir and the central Himalayas, coniferous forests
have developed between 2800 and 3800 m, in Nepal between
2200 and 3800 m a.s.l. The type locality Leh, situated on the
southern slope of the Karakoram, is characterized by a very
dry climate.
I. 7. P. sacrimontis G. M. Allen, 1908
Clade 7
Holotype. Museum of Comparative Zoology Cambridge,
Mass. No. 6932, , alc., Mt. Fuji, Honshu, Japan. 4.xii.1906,
coll. Alan Owston, don. Thomas Barbour.
P. sacrimontis analysed morphologically
Japan

6 , 3 ; 9 skulls, 5 skins, 4 alc.

multivariate genetically
6

4

Nomenclature and taxonomy. For discussion of the taxonomic
position of Plecotus specimens from the Japanese Islands and
those from Sakhalin, Ussuri and Amur region, Transbaikalia
and Korea, see P. ognevi.
Description. Middle- to large-sized brown bat, with long
thumb and claws. Pelage woolly; conspicuous dark face mask;
elongated white hairs in the urogenital region occur at least
in some animals.
External characters. For wing measurements see ES table 12.
Pelage soft, woolly and dense, nose and cheeks sparsely furred,
forehead and chin covered with hairs. Face adorned with a
dark brown, very conspicuous mask extending from the
nostrils to the eyes. Hairs in the mid-dorsal region 13.2 mm
long, on the ventral side 6 mm. Ear, wing and tail membranes
quite thick, light to middle brown, tea-coloured. Proximal
part of dorsal side of the uropatagium furred in some specimens. Long and thin toes covered sparsely with brown
appressed hairs, claws short, pale yellow and strongly curved.
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Dorsal colour middle brown with reddish tinge, somewhat
reminiscent in colour and texture of Myotis emarginatus, ventral colour lighter, greyish with warm brown or yellowish
tinge. Hairs on back tricoloured, basal zones dull dark brown,
mid-zones long pale straw-coloured, tips light brown normally very short, but in some hairs elongated and creased.
Ventral hairs bicoloured, basal zones grey with brownish
tinge, tips pale straw-coloured. Yoshiyuki (1989) mentions
the existence of two colour types, a dark and a light one. Also,
our material contains one male from Honshu (NMW 62823)
which is remarkably darker than the other specimens examined. It was genetically identiﬁed as P. sacrimontis. Not mentioned in former descriptions are white hairs without dark
bases growing in the urogenital region, as found in three
females preserved in alcohol. This character was not noted in
dry skins.
Cranial characters (Fig. 15C). Skull and teeth of medium size
(ES table 13), subject to considerable variation in form and
size. As can be deduced from Yoshiyuki (1989), sexual dimorphism is a main reason for this variation. Zygoma robust,
orbital expansion long, dorsally ﬂattened in some individuals,
anterior and posterior portions of the arch are of more or less
the same breadth. Orbit can be more round or ellipticical.
Teeth medium in size, M2 1.25–1.51 mm (n = 9).
Bacula. Depicted in Yoshiyuki (1989).
Distribution. Occurs only on the Japanese islands Hokkaidô,
Honshû, Shikoku and Kyûshû at altitudes between 700 and
1700 m (Yoshiyuki 1989). This bat uses a wide array of habitats, such as forests and settlements; it was found in caves.
I. 8. P. ognevi Kishida, 1927
Clade 6
No holotype designated.
P. ognevi analysed

morphologically

China

2 , 2 , 1 indet.; 5 skulls,
3 skins, 1 alc.
2 , 1 indet.; 3 skulls, 2 skins
3 , 2 ; 3 skulls, 5 alc.
17 , 22 , 7 indet.;
40 skulls, 16 skins, 1 alc.

Kazakhstan
Mongolia
Russ. Fed.

multivariate

genetically

1

3

1
3
23

2
3
10

Nomenclature and taxonomy. The Siberian P. ognevi and the
European P. auritus resemble each other in coloration, external and skull features even more than other sibling species in
this difﬁcult genus. This, and the fact that long-eared bats
from Japan and Siberia also have many external and cranial
characters in common, led to taxonomic confusion that lasted
for more than 80 years.

In his description of P. sacrimontis G. M. Allen (1908) compared the type specimen from Mt. Fuji/Japan with P. auritus
from Europe and with P. homochrous (and its younger synonym P. puck) from the southern slopes of the Himalayas, but
not with ‘specimens from eastern continental Asia’. Allen
thought it possible that these bats ‘are not to be distinguished
from Japanese individuals’. Ognev (1911), comparing one
Plecotus specimen from the Ussuri region with specimens
from Central Russia, could not ﬁnd distinguishing characters. Two years later, Ognev (1913) compared the body and
skull measurements as well as coloration of two additional
Plecotus specimens from the Ussuri region not only with
Russian material of P. auritus auritus but also with the descriptions of P. sacrimontis Allen, 1908, P. homochrous Hodgson,
1847 and P. puck Barret Hamilton, 1907 and assigned the two
Ussuri specimens to the Japanese subspecies. Ognev (1927)
listed Sakhalin, Ussuri and Amur regions as well as Transbaikalia as part of the distribution area of P. auritus sacrimontis. He was contradicted by Kishida (1927), who assigned
the populations of P. auritus occurring east of the Altai
(Transbaikalia, Amur and Ussuri region and Sakhalin) to a
new subspecies: P. auritus ognevi Kishida, 1927. Kishida
reported that the holotype of ognevi was collected in Sakhalin,
but he did not designate a type specimen, nor did he provide
a diagnosis or description. His bibliographic reference to
Ognev (1911) was erroneous, because in this paper Ognev
had not assigned Plecotus specimens from the Far East to
P. sacrimontis. Kishida probably had Ognev’s (1913) paper in
mind. In that paper Ognev described and deﬁned the Plecotus
form occurring in the Ussuri region. Ognev’s (1913) notes
make ognevi Kishida, 1927 an available name, as they can be
taken as an ‘indication’ in the sense of Article 12 of the International Code of Zoological Nomenclature.
Bobrinskoj (1929) not only ignored the description of
ognevi Kishida, 1927, he also rejected Ognev’s (1913) assignment of Plecotus specimens from the Far East to P. a. sacrimontis, maintaining that the typical form is distributed from
Europe to Sakhalin and probably to Japan. Allen (1938) conceded that Bobrinskoj (1929) might have been very likely
right in believing that sacrimontis as described by Allen could
be a synonym of P. auritus. Also Strelkov (1988a) assigned the
long-eared bats from Altai, Siberia, Transbaikalia, the Far
East, northern Mongolia and north-east China, Korea and
Japan to P. auritus sacrimontis.
Our genetic results, however, show that the Plecotus populations occurring in Honshu/Japan are genetically distinct
from that on Sakhalin Island, the terra typica of P. ognevi,
and that European and Siberian brown long-eared bats are
separated by high genetic distances. With analyses of skull
measurements (Fig. 5) it is possible to differentiate Plecotus
specimens inhabiting the Japanese islands (L) and Siberian
Plecotus (K). The same is true for the Siberian Plecotus and the
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Fig. 16 Morphological separation of (A) Plecotus auritus, (I) P. kozlovi
and (K) P. ognevi according to discriminant component analysis
which included P. sacrimontis as well. This species is not shown to
enhance clarity of the ﬁgure; its position in the plane formed by the
ﬁrst two discriminant axes lies between P. kozlovi and P. ognevi, with
which it overlaps greatly. However, P. sacrimontis is separated from
the other species along the third discriminant axis, along which it
scores with higher values (P < 0.005).

European P. auritus (Fig. 16). We therefore conclude that all
three Plecotus forms that were treated as subspecies of
P. auritus until recently, are full species and their valid names
are P. auritus, P. ognevi and P. sacrimontis.
There is neither genetic nor morphological evidence for a
subspeciﬁc division in P. ognevi. Plecotus uenoi Imaizumi &
Yoshiyuki, 1969, described on the basis of one female from the
Kangwon-do province in South Korea, ﬁts in all published
body and skull measurements (with the exception of breadth
of braincase) and coloration within the variation of P. ognevi.
Characters published as diagnostic by Imaizumi & Yoshiyuki
(1969) are meanwhile known to be subject to intraspeciﬁc
variability. As Korea represents an arboreal refuge of its own
(de Lattin 1967), a genetic analysis may well prove P. uenoi to
be a separate species. At present, we follow Strelkov (1988a)
in regarding P. uenoi as a syonym of P. ognevi and including
Korea in the distribution range of this species.
Description. Medium-sized brown bat, with long thumb and
claws, pelage slightly woolly. A very pronounced concavity in
dorsal proﬁle of the anterior part of the skull is a distinctive
feature of this species. Elongated white hairs in the urogenital region occur at least in some Mongolian animals. A ‘mane’
of long light hairs at the sides of the neck and on the throat
was found in some animals.
External characters. For wing measurements see ES table 14.
Forearm slightly larger than in P. auritus, but shorter than in
P. sacrimontis. Thumb and claw relatively long, slightly longer
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than in P. auritus, distinctly shorter than in its sister species
P. kozlovi. No signiﬁcant sexual dimorphism in length of forearm. Intraspeciﬁc variability low, the largest animals occur in
China and Mongolia (not shown).
Dorsal fur dense and of slightly woolly texture, especially
on the back of the neck. In most specimens, a dark face mask
extends from nose to conspicuous muzzle gland above eye lid.
In many specimens, a brush consisting of very short dark
hairs was noted growing above each nostril. Membranes generally delicate and semitransparent, dark to middle brown.
Dorsal fur often covers proximal third of uropatagium and
basis of back of the pinna. In some specimens, long light hairs
covering sides of the neck and throat formed almost a mane.
Long hairs at middle of back 12–14 mm in length. Ventral fur
dense, individual hairs 7–12 mm in length. Toes brown,
covered densely with brown hairs, claws brown. Colour of upper
parts brown, washed with pale grey in the Altai mountains
and northern foreland of the Altai; warm, reddish in the
Krasnoyarsk area, dark to dusky from Transbaikalia through
Mongolia and northern China, pale brown in Primorje and
dusky to very dark brown in Sakhalin and Iturup, Kuriles.
Basal part of dorsal hairs blackish (Altai and its northern foreland) or brown (Transbaikalia, Mongolia and China,
Primorje, Sakhalin and Iturup) drab at middle, and tips dark,
occasionally with golden gloss at tip. Ventral colour varying
geographically from brownish to greyish, washed with pale
yellow. Colour of basal part of hairs varying from black,
blackish brown to greyish brown, of tips from drab to pale
yellowish. Foot dark, covered with dark hairs. In Mongolian
specimens conserved in alcohol, scrotum white and, like the
female’s urogenital region, adorned with short white hairs
lacking dark bases, much less conspicuous than in P. kozlovi.
Cranial characters (Fig. 15D). Skull of medium size (ES table
15); males have smaller skulls than females, but differences in
mean measurements not signiﬁcant. Intraspeciﬁc variability
in skull size low (not shown); animals from Sakhalin have the
largest skull, while in all other populations the skull is of more
or less equal size.
Plecotus ognevi has essentially the same skull measurements
as P. strelkovi, differing from it only by, on average, smaller
bullae and a broader rostrum (C-C and M3-M3) and skull
shape (see below). These two species are clearly separated in
morphospace in Fig. 17. In P. auritus the skull is shorter and
the braincase relatively lower, the proportions of rostrum and
bullae to condylobasal length more or less equal in both species. Skull smaller than that of P. kozlovi, with — in relation to
condylobasal length — smaller bullae and lower braincase.
Distinguished from its sister species also by narrower M2
(1.236–1.631 mm). In P. ognevi and P. sacrimontis the skull
length is similar, but P. ognevi has a shorter rostrum and lower
braincase.
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The western border of P. ognevi is situated at the western
rim of the Central Siberian highland. Like the sibling European species, P. auritus, P. ognevi apparently does not enter
the Western Siberian lowland.
I. 9. P. kozlovi Bobrinskoj, 1926
Clade 5
Synonym. P. mordax Thomas, 1926
Holotype. ZIN 5880, , skin and alc., Khyrma Barun Zasak,
near Khyrma Dsun Zasak, E Qaidam, China. 11.vi.1901, leg.
P.K. Kozlov.

Fig. 17 Morphological separation of (G) Plecotus strelkovi, (I) P. kozlovi
and (K) P. ognevi according to discriminant component analysis
which included P. sacrimontis as well. This species is not shown to
enhance clarity of the ﬁgure; its position lies in the gap between the
three other species, with some overlap with P. ognevi, and is separated
from these species by higher scores on the third discriminant axis
(P < 0.0005).

Dorsal proﬁle of P. ognevi characterized by a very pronounced concavity in frontal region, which is a distinctive
feature of this species. Zygomatic bone equally broad in anterior and posterior portion, orbital process of medium height,
ﬂattened in dorsal part. Ventral line of the zygomatic bones
straight or only moderately arched. Orbit elliptical.
Bacula from Altai, Transbaikalia, Primorskii kraj and Manchuria (nos. 8–13) are depicted in Strelkov (1989).
Distribution. Inhabits the taiga and southern Siberian mountain forests as well as temperate mixed and temperate deciduous forests in Sikhote Alin and the islands Sakhalin and
Iturup (Kuriles), the catchment of the River Amur (southern
Ussuri valley, Lake Khanka, Manchuria, Bureinskiy and
Yablonovy khrebet), the catchment of the River Yenissej (mountains of Transbaikalia and northern Mongolia and Sajany
ranges, north to Podkamennaya Tunguska) and the catchment of the River Ob (Altai in Kazakhstan and Russia
(Tcherginskii khrebet), north to Salair. Skins collected by
E. Eversmann in 1843 in Byisk (ZIN 41796 – 98) also belong to
P. ognevi. The southernmost record is represented by one
individual (ZIN 5189) from E of Duolun, Inner Mongolia. It
has to be approached with caution, as it consists only of a broken skull. The few measurements that can be taken do not
contradict inclusion in P. ognevi. As explained above, the distribution range of P. ognevi also comprises the Korean peninsula, from where P. auritus uenoi was described.

P. kozlovi analysed

morphologically

multivariate

genetically

China

8 , 4 , 1 indet.;
8 skulls, 1 skin, 12 alc.
4 , 3 ; 3 skulls, 1 skin, 6 alc.

6

5

3

3

Mongolia

Taxonomy. On the basis of CR-sf sequences, four specimens
of P. kozlovi Bobrinskoj, 1926 from the terra typica and the
holotype of P. mordax Thomas, 1926, whose type localities lie
2000 km apart, were tentatively assigned to clade 5.
The following measurements (in mm) were taken from the
holotype of P. mordax:
Gsl 17.76
C-M3 6.24

Ccl 15.3 Bh 7.49
M 11.46 C-M3 6.78

Bb 8.78
Corh 3.30

Mb 8.95
Dbt 4.45

C-C 3.96

M3-M3 6.95

In most measurements of skull length, height and width of
braincase and the diameter of bulla tympani, the holotype of
P. mordax not only ﬁts the variations of P. kozlovi (ES table 17)
but also of P. strelkovi (ES table 9) and P. wardi (ES table 11).
The dimensions of the dentition (C-M3, C-M3 and M3-M3),
however, are larger in the type of P. mordax than in the latter
two species and agree with the measurements of P. kozlovi. The
breadth of M2 (1.735 mm) of the type of P. mordax, which
has unworn teeth (Fig. 18A), even surpasses the highest value
of the type series of P. kozlovi (1.434–1.707 mm, n = 9). The
great size of the molars and reduction of the outer upper incisor
and very small ﬁrst upper premolar were mentioned by
Thomas (1926) as diagnostic characters of P. mordax. He noted
also that P. mordax resembles P. wardi in external characters
(size, light colour and length of thumbs) and is distinguished
from it by a longer and narrower skull, and smaller bullae.
Measurements of forearm and thumb, shape of orbit and
colour and structure of fur of the holotype of P. mordax agree
with the holotype of P. kozlovi. Diameter of tympanic bulla is
quite small in the holotype of mordax, but agrees with one
P. kozlovi specimen from Bomyn Gol. We therefore conclude
that P. mordax and P. kozlovi are conspeciﬁc, as suspected by
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Fig. 18 A–E. Skulls of Plecotus in lateral, dorsal, ventral and frontal aspects. —A. P. kozlovi (holotype of P. mordax from Kashi, China).
—B. P. homochrous (holotype) from Nepal. —C. P. sp. nov. 1 from Ch’in Ling Shan, China. —D. P. ariel (holotype) from Kangding, China.
—E. P. austriacus from Askania nova, Ukraine.

Ognev (1928). Plecotus kozlovi is the valid name for the taxon
represented by clade 5, because Bobrinskoj’s description of
P. auritus kozlovi was published in May 1926, while Thomas
published the description of P. mordax from Kashgar in September of the same year. For reasons already mentioned, we
consider P. mordax Thomas, 1926 to be the younger synonym
of P. kozlovi Bobrinskoj, 1926.
Description. Together with P. turkmenicus the largest member
of the genus Plecotus. Mean length of forearm even larger
than in P. turkmenicus, thumb and claw relatively long. Pelage
dense, dorsum light buff, venter whitish. Conspicuous white
elongated hairs in the urogenital region.
External characters. For wing measurements see ES table 16.
Dorsal and ventral pelage very dense. Face naked, forehead
214

and cheek covered with white hairs. A skin collected in 1998
shows a dark mask extending from corner of mouth to gland
above the eye. Testes huge, scrotum white, laterally adorned
with long white hairs which lack dark bases. One female from
Aj Bogdo also shows long white hairs in the urogenital
region. Hairs in mid-dorsal region 10.6 mm, on the ventral
side 6 mm long. Tail membrane naked, very light and semitransparent, ears thicker and very light. Toes white, very long
and slender (length of ﬁfth toe 6.25 mm) sparsely covered with
white hairs, claws very long. Dorsal colour light buff, bases
dark, tips greyish buff, ventral colour whitish sometimes with
yellow tinge, bases dark brown contrasting with the white tips.
Cranial characters (Figs 15E, 18A). Skull large with large bullae. Skull size (ES table 17) essentially as in P. turkmenicus, but
braincase tends to be higher. Rostrum more elongated than
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in P. turkmenicus. Zygomatic bone robust, equally broad in
anterior and posterior part, anterior part rises more steeply to
orbital process than in P. turkmenicus. Orbit elliptical, but
shorter than in P. turkmenicus.
Dentition resembles that of P. turkmenicus in molar width
(M2 1.43–1.73 mm, n = 10). Canine large, but not as large as in
P. turkmenicus. As described by Thomas (1926), second upper
incisor and P3 are small, but not as small as in P. turkmenicus.
Bacula from males from the terra typica and central Gobi
(nos. 29, 30) are depicted in Strelkov (1989).
Distribution. Inhabits the Gobi desert in southern Mongolia
north to Kerulen river (without a precise locality), with three
localities in the Gobi Altai and one in Inner Mongolia
(Khara Khoto) and the Taklamakan desert in Xinjiang Uygur/
China (Kashgar, now Kashi, the terra typica of P. mordax) and
the arid Qaidam basin in Qinghai/China (Barun Zasak, terra
typica of P. kozlovi and Bomyn gol, a locality that according to
Bobrinskoj 1926 lies in the Qaidam basin but could not be
localized on the map). Kashi and Barun Zasak are connected
by the Kunlun Shan mountains; the distance between them is
more than 1900 km.
I. 10. P. taivanus Yoshiyuki, 1991
Based on morphological characters, Yoshiyuki (1991)
described one Plecotus male and two females caught in tropical wet forest of An-ma Shan near Tai-chung Hsien, Taiwan
in 2250 m a.s.l., as a new species. Plecotus taivanus is one of the
smallest species of the genus (forearm 35–38 mm, thumb 6.1–
6.5 mm). The skull is characterized by short condylobasal
length (14.1–14.7 mm) and small bullae (4.1–4.3 mm). As in
P. balensis, P. sardus and P. homochrous, the bases of dorsal and
ventral hairs are blackish brown with buff brown tips. Membranes thin and blackish. Baculum not known.
I. 11. Plecotus homochrous Hodgson, 1847
Holotype: BM 54.9.1.1, , skull and alc., Nepal.
Synonym: Plecotus puck Barret Hamilton, 1907
Holotype: BM 5.11.19.1 , skin and skull, Murree, Punjab,
Pakistan. 20.viii.1905, Capt. E. T. Burrell.

P. homochrous analysed

morphologically

multivariate

genetically

Nepal

1 , 2 indet.; 1 skull,
2 skins, 1 alc.
1 ; 1 skull, 1 skin
1 ; 1 skull, 1 skin

1

—

—
1

1
—

Pakistan
India

Taxonomy. The holotype of P. homochrous Hodgson, 1847
consists of a body stored in alcohol in a very poor condition,

and a skull. The label mentions ‘Nepal’ as the locality and
Hodgson as the collector, but does not include the date of
collecting. In his description, Hodgson (1847) reported that
this animal was a male and that it was taken in the ‘central
region of sub-Himalayas’. The collection of the Natural
History Museum, London holds two more bats from the
‘Indian Museum, ex Coll. Hodgson’, BM 79.11.21.98
and 79.11.21.99. Both carry the name Plecotus homochrous
Hodgson, collecting locality is ‘Nepal’, and in 79.11.21.99
the name darjilingensis is added. Finally a third specimen
(1993.91), named Plecotus auritus, carries on the label the
following notes: ‘India, ? Darjeeling. Found in duplicate collection dried out, rehydrated’.
Hodgson’s imprecise indication of the type locality led to
different subsequent interpretations. Fide Kock (1996), Gray
(1863) restricted the type locality to Darjeeling. He was followed by Scully (1887 — ﬁde Bates & Harrison 1997), Sanborn
(1950) and Bates & Harrison (1997), because it was known
that Hodgson spent the years 1845–1858 in Darjeeling
(Sanborn 1950). Jerdon’s (1867) opinion was that Hodgson
had bats from different localities in his collections. Jerdon
reported that homochrous and darjilingensis, both described by
Hodgson, were probably conspeciﬁc with the ‘European bat’,
because ‘Blyth considered’ a specimen sent by Major Sherwill
from Darjeeling to be ‘identical with the European species’.
Contrary to this interpretation Hill (1992) mentions ‘Nepal’
as type locality of P. homochrous without further explanation.
Based on the comparison of the skulls of the holotypes of
P. homochrous and P. puck, we follow Thomas (1911), who
expressed doubts about the distinction of these two taxa, and
Corbet (1978), Hill (1992) and Bates & Harrison (1997) in
regarding P. puck Barret Hamilton, 1907 as a younger synonym of P. homochrous Hodgson, 1847.
Based on the fact that among the CR-sf sequences the
lowest distance is found between P. macrobullaris and the holotype of P. puck, it cannot be deduced that P. homochrous may
be the closest relative of P. macrobullaris. First, because the
shortness of the sequence does not allow any phylogenetic
conclusions. Second, because from the morphological and
biogeographic point of view, a sister-group relationship of
P. homochrous and P. macrobullaris seems arbitrary. Plecotus
homochrous is an Eastern Palaearctic species and most closely
resembles P. taivanus from Taiwan (see below).
Description. Characterized by small body and skull size, very
short thumb. Uniformly dark brown dorsal and ventral
pelage. Ventral pelage grizzled. Relatively large bullae. Teeth
minute.
External characters. Wing measurements (ES table 18) agree
well with those of P. taivanus Yoshiyuki, 1991 from Taiwan.
According to Yoshiyuki (1991) P. taivanus is closely related to
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P. homochrous and can be distinguished from it only by distinctly larger head and body and tail length. Pelage dense,
woolly, hairs in mid-dorsal region 8.9–10.0 mm long, on ventral side 5.0–6.1 mm. Dorsal fur covers a very narrow area of
the proximal part of the tail membrane. Dorsal and ventral
colour uniformly dark brown. Hairs on back bicoloured,
basal zones dark brown, comprise half of hair length, tips
inconspicuously lighter. Ventral hairs bicoloured, basal zones
comprising more than half of hair length dark brown or
blackish; tips white with yellowish tinge, which gives the
ventral side a grizzled appearance like that of Barbastella barbastellus. Face pallid (skins collected more than 90 years ago).
Ears, wing and tail membranes dark brown. Toes covered
sparsely with brown hairs, their claws short, brown and
strongly curved.

(1929). He wrote that ‘the presence of the typical small dark
long-eared bat in the W. part of Kan-su attracts great attention and arouses doubts as to the reality of “Plecotus areal
(sic!)” Thomas 1911’.
Wing measurements (ES table 20) and colour indicate that
ZIN 13930 and 13931 belong to the same species. Skull
measurements (ES table 20) and the position of ZIN 13931
and one Plecotus specimen from Lake Palti, south Tibet (BM
15.2.21.6) in the multivariate analysis of Eastern Palaearctic
Plecotus (Fig. 5) allow us to assume the conspeciﬁty of these
two specimens. Fig. 5 demonstrates also that P. ariel from
Szichuan as well as other East Palaearctic species are distinctly different from this undescribed species.

Cranial characters (Fig. 18B). Skull and teeth (ES table 19)
delicate as in P. taivanus. In all dimensions except diameter of
bulla tympani, which is of medium size and in relation to condylobasal length very large, the skull is among the smallest of
the genus. Only P. taivanus has an equally small skull. Rostrum low, dorsal proﬁle with a concavity in the frontal region,
zygoma weak, its expansion moderate, anterior and posterior
portions of the arch are of more or less the same height. Orbit
elliptical. Teeth minute, mean breadth of M2 1.22 mm (n = 3).

I. 13. Plecotus sp. nov. 2 from Gyantze, Tibet
One male specimen from Gyantze, Tibet (BM 8.11.25.1)
occupies clearly a morphospace of its own in Fig. 5. It is not
only different from the other Tibetan specimens mentioned
above, but also from P. ariel and from all other Eastern
Palaearctic species. We therefore conclude that it represents
an undescribed species.
It has the following measurements (in mm):
Forearm 42.96, thumb 7.16 and thumb claw 3.40 are huge.
The skull measurements are also large.

Baculum. Not known.
Distribution. Southern slopes of the Himalayas, in lower elevations than P. wardi. Westernmost record is the terra typica
of P. puck, Murree, Punjab, Pakistan, altitude 2500 m, southern
slopes of the Pir Panjal chain. Pokhra lies in Uttaranchal,
India, altitude between 2000 and 3000 m a.s.l. according to
the map (note on the label says 10 700 ft). These localities are
situated in oak-conifer mixed forest. The altitude of the Nepalese locality (Kasli Gandak river at Jomson) 3120 m a.s.l.
(Sanborn 1950) points to subtropical evergreen deciduous or
mixed forest. The easternmost locality is probably Darjeeling
( Jerdon 1867) in north-east India, West Bengal state, altitude
about 2000 m a.s.l.
Two Plecotus specimens from China and two from Tibet
probably belong to at least two new species. Conﬁdent that
the present revision will enhance taxonomic research on
Plecotus in China and thus make results of morphological and
genetic analyses of more specimens available, we refrain from
describing the very old material available to us as new species.
I. 12. Plecotus sp. nov. 1 from Ch’in Ling Shan, China
Two male Plecotus (ZIN 13930 — alc. and 13931 — skin and
skull — Fig. 18C), collected in the Ch’in Ling Shan mountains, west Nanshan, west Gansu, China by Petr K. Kozlov on
25.vii.1908, were regarded as P. auritus auritus by Bobrinskoj
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Baculum (no.14) depicted in Strelkov (1989).

Gsl 17.47
Zb 8.90
Corh 2.98

Ccl 15.2
Iob 3.78
Dbt 4.52

Cbl 15.91
M3-M3 6.39

Bh 7.75
C-M3 5.65

Bb 8.99
M 10.89

Mb 9.19
C-M3 6.08

I. 14. P. ariel Thomas, 1911
Holotype: BM 11.2.1.6, , skin and skull, Ta-tsien-lu (=
Kangding), west Sichuan, China. 28.vi.1910, Malcolm coll.
Besides the holotype, no other specimens are known.
Thomas (1911) described this species as most nearly allied
to P. wardi, from which it is clearly distinguished by its dark
colour. Yet the skull of the holotype of P. ariel most closely
resembles that of P. ognevi (Fig. 5). From this it is differentiated by the lack of the typical concavity in the frontal region,
distinctly larger bullae, a strikingly different colour and
larger wing dimensions. West Sichuan, where P. ariel was collected, represents an arboreal refuge of its own (de Lattin 1967).
We therefore consider P. ariel to be an independent species.
Description. Well distinguished from all other Plecotus species
by large body size and dark colour of dorsum and venter.
External characters. For wing measurements, see ES table 20.
Forearm, thumb and claw are among the largest in the genus.
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Dorsal colour grizzled brown; almost no difference in colour
of bases and tips of hairs, which are 9.4 mm long. Ventral colour
hardly lighter than dorsum, bases and tips of hairs almost
uniformly dark, only a few tips are lighter. Their length is
7.8 mm. Face blackish, forehead covered with light brown
hairs. Tail membrane naked; like wing membranes dark brown.
Toes dark brown, more robust than in wardi; the toe claws in
particular are stronger. Very few hairs on the toes.
Cranial characters (Fig. 18D). Skull of medium size (ES table
20), zygoma and orbital process weak. Orbit elliptical.
Distribution. Only known from the terra typica, Kangding in
west Sichuan.
II. Plecotus austriacus species-group
Clade 3
For relationships within the P. austriacus group see section on
P. kolombatovici.

II. 1. P. austriacus (Fischer, 1829)
Clade 3c
Type locality. Vienna, Austria; no type specimen designated.

P. austriacus analysed morphologically
Austria
Bosnia and
Hercegovina
Bulgaria
Croatia
France
Greece
Italy
Macedonia
Moldavia
Portugal (Madeira)
Romania
Serbia
Slovenia
Spain
Turkey
Ukraine

60 , 52 , 46 indet.;
151 skulls, 33 skins, 6 alc.
1 ; 1 skull, 1 skin

multivariate genetically
105

4

1

—

3 , 1 indet.; 4 skulls, 3 skins
3
6 , 5 ; 11 skulls, 11 alc.
6
1 ; 1 skull
1
3 , 4 ; 7 skulls, 1 skin, 6 alc.
7
1 , 2 indet.; 3 skulls, 1 skin, 2 alc.
3
1 ; 1 skull, 1 alc.
1
4 , 4 ; 8 skulls, 8 skins
7
2 , 1 ; 3 skulls
2
1 indet.; 1 skull, 1 alc.
—
5 , 4 , 1 indet.; 10 skulls, 2 skins
9
10 ; 10 skulls, 2 skins
10
—
—
4 ; 4 skulls, 4 skins
4
3 , 1 , 3 indet.; 5 skulls, 5 skins
2

—
1
1
1
2
—
2
—
—
1
—
1
1
—

Taxonomy. Until recently (Horácek et al. 2004), most authors
regarded the vast area from England and Iberia to Mongolia
and West China as the distribution range of P. austriacus and
many forms were attributed to the grey long-eared bat as
geographical races. However, our results show that this bat is
restricted to Europe, as Strelkov (1989), Horácek et al. (2000,
2004) had already suspected. Plecotus austriacus does not

exhibit subspeciﬁc variation, which is in accordance with the
low intraspeciﬁc genetic diversity described by Juste et al.
(2004) and in this paper, and with Horácek et al. (2004), who
report that the earliest records of P. austriacus are from the
Middle and Upper Pleistocene of continental Spain,
Mallorca and Bulgaria and that this species did not appear
in Central Europe before the Middle Holocene.
Two taxa pertaining to P. austriacus s. s. were described as
new subspecies of P. auritus before Bauer (1960) showed that
the grey long-eared bat was a separate species and that austriacus Fischer, 1829 was the oldest available name for this
taxon. V & E. Martino (1940) described P. auritus meridionalis
(holotype: BM 1937.4.24.40, , vi.1936. Coll. E. Martino)
from Sveti Miklavz pri Ormozu/Slovenia, and Bauer (1956)
described P. auritus hispanicus (Holotype: Museum A. Koenig
Bonn 46292, , 7.vii.1940. Coll. H. Grün) from Lagunilla,
Bejar/Spain. Kiefer et al. (2002), on the basis of three genetically analysed specimens, proposed a split within P. austriacus
into two genetic groups, the ﬁrst representing the nominate
form in Central Europe and the second P. a. hispanicus on the
Iberian Peninsula. This was contradicted by Juste et al.
(2004), who demonstrated that specimens from Madeira, the
Balearic Islands and continental Spain cluster with individuals
from Central Europe.
There is some geographic variation expressed in the coloration of P. austriacus specimens from different parts of
Europe, and skull measurements of specimens from south
Europe (Croatia, Bosnia and Hercegovina, Italy without
Sicily) tend to be somewhat smaller than those of Central
Europe (Switzerland, Austria, Slovenia, Bulgaria, Romania,
Macedonia, Serbia, Moldavia, Ukraine). But this phenetic
variation does not justify a subspeciﬁc classiﬁcation of this
species. External and cranial measurements of specimens
from Madeira, Corsica and Sicily also fall within the variation
of continental P. austriacus (ES table 23).
Description. Dorsal and ventral colour grey. Relatively short
forearm and short thumb, but large skull. Distinguished from
P. kolombatovici by longer forearm, from P. auritus and
P. macrobullaris by shorter thumb and claw.
External characters. For wing measurements see ES table 21.
Pelage dense, face completely furred and dark, tail membrane
naked, proximal part can be covered with downy hairs. Hairs
in mid-dorsal region attain a length of 11.5–12.7 mm, on
ventral side 7.0–9.6 mm. Toes covered sparsely with short
hairs, claws short.
In Central Europe dorsal colour dusky grey, ventral colour
greyish drab. Hairs on back tricoloured, basal zones black,
mid-zones dull drab, tips almost invisibly darker than mid
zones. Ventral hairs bicoloured, basal zones dull black
contrasting with lighter drab-grey tips. Ears, wing and tail
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membranes quite thick, dark greyish brown. Dark brown toes
covered sparsely with short dark hairs, claws grey. In Thrace,
dorsal colour drab, ventral colour dirty white with strawcoloured tinge. In some animals bases of pinnae lined with
conspicuously light fur. In eastern Europe (Moldavia, Ukraine)
dorsal colour blackish, in some animals with bronze-coloured
gloss. Ventral colour grey with yellowish tinge. Ears and wing
membranes dark, almost blackish.
Cranial characters (Fig. 18E). Skull large and robust (ES
tables 22, 23). Length of rostrum and diameter of bulla tympani large (larger only in P. kozlovi and P. turkmenicus); length
of rostrum in relation to condylobasal length largest of all
Plecotus species. Sexual dimorphism in skull measurements
pronounced. Dorsal proﬁle of skull without distinct concavity in the anterior part. Zygoma robust, orbit roundish.
Dentition robust, especially upper canine long and strong.
In skulls from Madeira, though of same size, dentition less
robust than in continental animals.
Bacula from the Transcarpathian and Ternopol regions and
Moldavia (nos. 15–18) are depicted in Strelkov (1989).
Distribution. Open habitats like agricultural areas and settlements in lower elevations. During hibernation and in the south
of Europe occasionally at higher altitudes up to 1500 m a.s.l.
Widely distributed in Spain. In the north, the distribution is
continuous from South England and the French Atlantic
coast to Moldavia and the Black Sea coast (Varna/Bulgaria,
Crimea/Ukraine), stretching north to 53°N. Conﬁrmed
records along northern coastlines of the Mediterranean Sea:
Aigues-Mortes, San Remo, Rome, Rovinj, Jablanac, Novi
Vinodolski, Franciskovac, Senj, Makri and Dhikella, Kilitbahir; on Mediterranean islands: Balearic Islands ( Juste et al.
2004), Sardinia (Mucedda et al. 2002), Corsica and Sicily;
also Madeira (Juste et al. 2004 and present paper). The
scattered distribution in the south may indicate multiple
pockets of survival in small local isolates during the last
glacial period.

that of P. teneriffae. Juste et al. (2004) and Benda et al. (2004)
corroborated the speciﬁc status of P. balensis with molecular
methods. The latter authors showed that it was a sister
species of P. christiei.
Bacula depicted in Kruskop & Lavrechenko (2000) and
Benda et al. (2004).
II. 3. P. christiei Gray, 1838
Clade 3a
Holotype: BM 66a, indet., skin, North Africa, Egypt. No
date. Presented by Dr Turnbull Christie. The type locality
was restricted to ‘Nile valley between Qena and Aswan’ by
Qumsiyeh (1985).
P. christiei analysed morphologically
Egypt
Sudan

multivariate genetically

5 , 4 , 1 indet.; 5 skulls, 1 skin, 9 alc. 5
1 indet.; 1 skin
—

1
—

Taxonomy. Gray (1838) named this species in honour of the
donor of the holotype, Dr Turnbull Christie, but spelled the
name incorrectly as christii. Thomas (1911) used the spelling
christiei, thus correcting the ‘incorrect original spelling’ by a
‘corrected subsequent spelling’ according to Articles 32.4 and
32.5 of the International Code of Zoological Nomenclature.
A correction in accordance with Article 32.5 is a ‘justiﬁed
emendation’ and the name thus corrected retains the authorship
and date of the original spelling (Article 19.2). Plecotus christiei
has remained in almost common usage since Thomas (1911).
Described as a full species and acknowledged as such by
Thomas (1911), later the Plecotus of the Egyptian desert was
for a long time assigned to P. auritus or P. austriacus (see
Benda et al. 2004). Hayman (1948) regarded christiei as a full
species, but he did not realize that it was different from other
North African Plecotus populations. Evidence for this fact was
ﬁrst provided by Hanák & Elgadi (1984) and later conﬁrmed
by Benda et al. (2004).

II. 2. P. balensis Kruskop & Lavrechenko, 2000
Based on morphological characters, Kruskop & Lavrechenko
(2000) described a series of eight Ethiopian specimens as a
new species. The holotype was caught in the upper belts
(2500–3000 m a.s.l.) of Harenna forest, Bale Mountains.
Plecotus balensis represents one of the small species of the genus
(mean length of forearm = 38.5 mm; mean length of thumb
5.8 mm, condylobasal length of the holotype 15.2 mm;
Kruskop & Lavrenchenko 2000). It is characterized by small
bullae (4.2 mm) and brown fur, blackish brown membranes
and toes. Interestingly, the baculum most closely resembles
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Description. Forearm and thumb small, as in Libyan
P. kolombatovici and in P. balensis. Colour pallid, skull small
with very broad braincase. Relatively large bullae compared
to its nearest relative, P. balensis.
External characters. For wing measurements see ES table 24.
Pelage not dense, face almost naked, forehead covered with
short white hairs, cheek with side-whiskers of longer white
hairs. Hairs in mid-dorsal region 8.5–9.3 mm long, on ventral
side 7.7–10 mm. Dorsal and ventral colour pallid, upperparts
light buff, underparts whitish. Hairs on back tricoloured,
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Fig. 19 A–E. Skulls of Plecotus in lateral, dorsal, ventral and frontal aspects. —A. P. christiei from El Tur, Sinai, Egypt. —B. P. teneriffae
(holotype) from Orotava, Tenerife. —C. P. kolombatovici from Lastovo, Croatia. —D. P. kolombatovici from Qasr Shadane, Libya.
—E. P. kolombatovici from Ksar-es-Souk, Morocco.

basal zones brown, mid-zones white and tips buff. Ventral
hairs bicoloured, basal zones somewhat greyer than tips. Face
uniformly pale grey. Wing and tail membranes thin, semitransparent, unpigmented. Ears also pallid, somewhat thicker
than membranes, their outer margin and ﬁrst inner pleat
lined densely with relatively long white hairs. Feet narrow
and delicate, toe claws white.
Cranial characters (Fig. 19A). Skull a little smaller (ES table
25) than in P. auritus, teeth delicate. Rostrum narrow and
long, braincase broad and inﬂated. Breadth of braincase
larger than the width between the zygomatic bones. Auditory
bulla large; in relation to condylobasal length, among the
largest in the genus. Zygoma weak with a moderate expansion, anterior and posterior portions of the arch are of more
or less the same height, orbit squarish.

Bacula from Libya and Egypt are depicted in Benda et al.
(2004).
Distribution. Subtropical desert and semidesert belt of the
Sahara. Conﬁrmed records are known from the Libyan and
Nubian desert, Sinai, the Nile valley from the 5th cataract of
the Nile in Sudan, to Cairo, the oases in the Siwa basin, and
El Tur on the eastern shore of the Sinai peninsula. Benda
et al. (2004) report conﬁrmed ﬁndings in the Quattar mountains east of the Red Sea. Harrison & Bates (1991) described
13 plecotine bats from Sinai, Israel and Syria as belonging to
P. austriacus christii. The description and photograph of the
skull are in accordance with specimens from Egypt, but most
of the measurements disagree. In order to solve the question
whether all individuals published by Harrison & Bates (1991)
belong to P. christiei, their material should be re-investigated.
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II. 4. P. teneriffae Barret Hamilton, 1907
Holotype: BM 87.4.18.1, indet., skin and skull, Orotava,
Tenerife, Spain. 3.iv.1887, coll. Ramon Gomez.
No other material than the type was investigated.
Skull measurements of the holotype:
Gsl 18.43
Zb 9.24
M 11.38

Ccl 16.15
Iob 3.72
I-M3 7.44

Cbl 16.70
C-C 4.05
C-M3 6.65

Bh 7.86
M3-M3 6.70
Corh 3.06

Bb 9.35
I-M3 7.16
Dbt 4.83

Mb 9.60
C-M3 6.14

Taxonomy. Barret Hamilton (1907) described this species on
the basis of one skin (interestingly, he mentions in the
description that the skull is missing) because of its large
wings. A multivariate analysis of cranial measurements
(Ibañez & Fernández 1985) positioned specimens from the
Canary Islands between Spanish P. auritus and P. austriacus.
This, and the fact that the baculum of one male from La
Palma very much resembled that of auritus, led to the taxonomic conclusion that P. teneriffae was a full species. Pestano
et al. (2003) were the ﬁrst to apply molecular methods to
populations of P. teneriffae. Like Ibáñez & Fernández (1985),
they used comparative material from Spain, but not from
Morocco.
The results of our genetic and morphological analysis
(Fig. 7) support the conclusion drawn by Juste et al. (2004),
who found evidence for a divergence on species level between
the Plecotus populations from the Canary Islands and
Morocco. We therefore treat the Canarian long-eared bat as
a full species (see below).
Description. Body (forearm 43.2 mm in holotype) and skull
(Fig. 19B) among the largest in the genus. Length of thumb
(6.1 mm) and claw (2.0 mm) characterize this species as
belonging to the P. austriacus group. On the other hand, ears
and wing membranes, dorsal and ventral colour are warm
brown, bases of hairs brown. Also, the shape of the baculum
resembles that of P. auritus.
Bacula depicted in Ibañez & Fernández (1985), Benda et al. (2004).
Distribution. Plecotus teneriffae inhabits pine and laurel forest
and was found at altitudes of up to 2000 m (Ibáñez &
Fernández 1985). It was recorded from Tenerife, La Palma
and El Hierro (Pestano et al. 2003).
II. 5. P. kolombatovici Dulid, 1980
Clade 3b
Holotype. University Zagreb, Department of Zoology 3007,
, skin and skull, 2.5 km NW Zrnovo, Korcula island, Croatia.
21.vii.1969, coll. B. Dulid & O. Sepl.
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P. kolombatovici analysed morphologically
Algeria
Croatia
Greece
Libya
Malta
Morocco
Tunisia
Turkey

multivariate genetically

2 , 1 ; 3 skulls, 3 skins
2
6 , 2 ; 8 skulls, 1 skin, 7 alc. 8
2 , 3 ; 5 skulls, 5 skins
5
11 , 6 ; 17 skulls, 16 skins 15
1 indet.; 1 skull, 1 skin
—
7 , 6 ; 13 skulls, 12 skins,
11
1 alc.
2 , 3 ; 2 skulls, 3 alc.
2
1 ; 1 skull, 1 skin
1

—
6
—
3
—
3
—
1

Taxonomy. Plecotus kolombatovici was described as a subspecies of P. austriacus, occurring on the Adriatic coast and
islands of Croatia (Dulid 1980). The author thought that
P. austriacus decreased in size from northern Croatia to the
Adriatic coast, with intermediate individuals in central
Croatia and Bosnia. As it turned out later, these intermediate
individuals actually represented P. macrobullaris (Spitzenberger et al. 2003).
Based on mitochondrial evidence, Mayer & Helversen
(2001) found two highly divergent clades within the former
P. austriacus, one pertaining to P. austriacus s. s., the other to
P. kolombatovici, for which they established speciﬁc rank.
Although P. kolombatovici was represented in their material by
one specimen from Turkey, Spitzenberger et al. (2001) erroneously assigned one of the four genetic clades in their material consisting of Austrian specimens to P. kolombatovici. It
subsequently emerged (Spitzenberger et al. 2003) that this
Austrian clade pertained to P. macrobullaris.
Hanák & Elgadi (1984) realized that pale-coloured Plecotus
from Morocco, Tunisia, Algeria and also the Libyan Cyrenaica should not be assigned to ‘Plecotus austriacus christiei’,
because of marked differences in coloration and size. They
restricted the distribution area of P. a. christiei to Egypt, and
noted that Libyan specimens resembled Plecotus populations
of Mediterranean islands, assessing their taxonomic status as
‘very close relatives of P. a. austriacus’. This opinion was conﬁrmed by de Paz (1994). In his phenogram appeared, in addition to P. auritus, four subspecies of P. austriacus, one branch
representing austriacus and the other teneriffae, kolombatovici
and christiei.
Analyses of sequences of mtDNA of Plecotus specimens
from the eastern Mediterranean, Asia Minor and North
Africa including the Canary Islands (Benda et al. 2004; Juste
et al. 2004) corroborated the existence of the four taxa as
described by de Paz.
In an NJ tree based on 16S rDNA sequences (Benda et al.
2004) the same topology was found as in our 16S data set:
The clade representing the Canarian population is the sister
group to a clade comprising specimens from North Africa,
Asia Minor and the Balkans. Nevertheless, those nodes are
not well supported in the bootstrap analyses. In an NJ tree
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based on cyt b sequences ( Juste et al. 2004) the sister-group
relationship of the Canarian clade and a clade containing the
mainland populations was also found, whereas in the CR tree
in that study, populations from Tenerife and Morocco form
the sister group of a clade comprising specimens from
Croatia, Turkey and Libya. In comparison with other trees,
bootstrap support for the Moroccan, Libyan, and Balkan subclades respectively is quite good in our CR tree (Fig. 2).
Nevertheless, P. teneriffae is not included in our CR tree. In the
papers by Benda et al. and Juste et al. the relationships were
interpretated differently. Benda et al. proposed that the mainland and Canarian populations were conspeciﬁc, and consequently that P. kolombatovici Dulid, 1980 was a younger
synonym of P. teneriffae Barret Hamilton, 1907. Juste et al.
however, maintained P. teneriffae as an endemic species of
the Canary Islands, extended the distribution range of
P. kolombatovici from the Balkans and Anatolia to Cyrenaica
and thought that the Maghreb population might represent an
undescribed taxon.
In Fig. 7 the isolated populations of the Balkans + Anatolia,
Cyrenaica (Libya) and north-western Africa (Morocco
through Tunisia) are well separated from each other and from
P. christiei. The holotype of P. teneriffae occupies a morphospace of its own. Thus, the morphological and genetic data are
congruent, indicating three distinct groups of P. kolombatovici
which are clearly different from P. teneriffae. There is no indication of conspeciﬁty of P. kolombatovici and P. teneriffae. The
principal evidence supporting the classiﬁcation put forward
by Juste et al. (2004) is the shape of the baculum of
P. teneriffae. Resembling the baculum of P. auritus and
P. balensis, it differs from the bacula of the other species
belonging to the austriacus-group in all respects. As the baculum is a valuable source of diagnostic information, especially in Vespertilioninae (Hill & Harrison 1987), we follow
Juste et al. (2004) in classifying the east Mediterranean and
North African bats of the austriacus-group into P. austriacus,
P. christiei, P. teneriffae and P. kolombatovici.
P. kolombatovici consists of the nominate form occurring
in Croatia and Greece, the Cyrenaican subspecies
(P. kolombatovici gaisleri Benda et al., 2004) and a population
inhabiting north-western Africa which has not yet been
described as a subspecies. The position of the Anatolian
population is ambiguous. Assigned with genetic methods
either to P. k. kolombatovici (Benda et al. 2004; Juste et al. 2004
and in our 16S rDNA tree) it clusters in our CR tree with the
Libyan specimens. The morphological assignment to the
nominate form is based only on one individual and should
therefore be approached with caution.
Description. Body and skull size small, dorsal colour brownish,
drab or sand-coloured, ventral colour whitish. Populations from the Balkans have signiﬁcantly smaller skulls than

those from Libyan Cyrenaica (ES table 28), whereas the differences between the medium-sized Libyan and large Maghrebian specimens were less obvious. Mean length of forearm
of European P. kolombatovici shorter than in P. auritus,
P. macrobullaris and P. austriacus, but similar to P. christiei in
the Libyan population of P. kolombatovici. Lengths of thumbs
and claws short, as in P. austriacus.
External characters. For wing measurements see ES table 26.
Pelage dense, face and chin completely furred, proximal part
of tail membrane covered with few downy hairs. Hairs in the
mid-dorsal region 11.7 mm (Libya) to 12.3 mm (Greece)
long, on the ventral side 7.5 mm (Greece) to 10.5 mm
(Libya). In Moroccan individuals pelage less dense, face and
chin completely furred. Dorsal hairs 10.4 mm long, ventral
hairs 8.5 mm. In the Balkan and Anatolian populations dorsal
colour drab with brown tinge to light sand-coloured, ventral
colour light drab with greyish tinge. Hairs on back tricoloured, basal zones blackish brown, mid-zones light strawcoloured, tips brownish drab. Ventral hairs bicoloured, basal
zones dark grey, tips greyish white. Those on face same
colour as on the back. Ears quite thick (but thin in the animal
from southern Turkey), wing and tail membranes somewhat
thinner than ears, semi-transparent, colour corresponds to
colour of the back. Brown toes covered with short light hairs,
claws short, pallid.
In Libyan populations colour essentially the same as in animals from the Balkans, but less brown. Bases of pinnae lined
with short light hair without dark basal zones. Elongated
hairs of this type form a lateral beard. Wing and tail membranes thin, mid-brown. In the Moroccan populations dorsal
colour pallid sand-coloured, ventral colour the same as in
Libyan animals. Face distinctly darker than back. Light
hairs at basis of pinnae form conspicuous tufts at sides of the
head.
Cranial characters. Skull variable (ES table 27). In specimens
from the Balkans (Fig. 19C) and Turkey mean condylobasal
length small (males 15.1 mm/females 15.4 mm); in the Libyan
(Fig. 19D) population medium (15.8 mm/16.0 mm) and
in the Moroccan (Fig. 19E) specimens large (15.9/16.2 mm).
Sexual differences between means of some skull measurements signiﬁcant in all compared populations. Diameter of
bulla in relation to condylobasal length medium as in
P. austriacus, but smaller than in P. christiei. Relatively short
rostrum in the European population, but larger in North
Africa. Relative skull height smallest in the Moroccan population. All available measurements of one specimen from
Malta (BM 54.7.13.1, no exact locality, date and collector),
consisting of a broken skull, fall into the variation of
Maghrebian P. kolombatovici, with the exception of diameter
of the bulla tympani, which is very small (4.17 mm), thereby
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corresponding to the dimensions reported by Felten &
Storch (1970) for specimens from Pantelleria.
Zygoma in all populations well developed. Course of dorsal proﬁle, position of the orbital process and accordingly
form of orbit vary between populations.
Bacula from the Balkan peninsula, Asia Minor, and Libya are
depicted in Benda et al. (2004).
Distribution. The distribution area of P. kolombatovici is fragmented into three parts: southern regions of the Balkans and
Asia Minor, Cyrenaica in Libya, and north-west Africa from
Tunisia to Morocco. Conﬁrmed records: Croatia (Tvrtkovid
et al. 2005): Boljun and Rovinj/Istria, Dalmatian islands from
Sveti Andrija in the north to Lopud in the south; continental
Greece (Sterea Ellas, Macedonia and the Peloponnese) and
Rhodos Island; Turkey: mediterranean coast and southern
foreland of Toros mountains (Ermenek/Karaman), from
Karadere (Mugla) in the west to Cevlik (Hatay) in the east
(Benda et al. 2004). 1500 km as the crow ﬂies separate this
population from the one inhabiting Cyrenaica in Libya, and
again 1000 km is the distance to the north-west African population, which extends from Douirat in Tunisia to the Rif and
Atlas mountains, including localites on the southern slope of
the Saharan Atlas, as far west as Agadir (Benda et al. 2004;
Juste et al. 2004 and own data). Plecotus kolombatovici inhabits
not only mountainous areas but was also found near the seaside (e.g. Cap Bon/Tunisia; Benda et al. 2004). South Mediterranean islands inhabited by P. kolombatovici are Pantelleria
(Benda et al. 2004) and Malta (this paper). Both populations
were reported under the name P. austriacus by previous
authors (Pantelleria — Felten & Storch 1970; Maltese Islands
— Borg et al. 1997). It is interesting to note that
P. kolombatovici has the best capacity of all Plecotus species to
inhabit very small islands.

Discussion
Phylogenetic relationships within Plecotus
Despite the fact that the phylogenetic relationships of the
various taxa are not completely resolved using the comparatively short fragment of the 16S gene, the genetic results provide initial estimations of divergences among species and
species-groups. Moreover, some well supported groupings
were identiﬁed, such as the two major clades (designated A
and B in Fig. 4) corresponding to the taxonomic P. austriacus
and P. auritus species-groups as well as the European and the
East Asian group within the P. auritus clade. The early separation of the eremic P. turkmenicus from the major auritus
lineage is well supported, whereas the positions of further
species occurring in the Central Asian mountain chains are
not unambiguously resolved. On the basis of the systematics established here it will be necessary to investigate the
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phylogenetic relationships within the genus Plecotus in more
detail using longer mitochondrial sequences as well as
nuclear markers. This will be dependent, however, on the
availability of fresh samples.
The 16S tree (Fig. 4) depicts the succession of the various
vicariant events in a temporal context referring to the
different levels of sequence divergence. The ﬁrst split
separated the Mediterranean austriacus clade (A in Fig. 4)
from the auritus clade (B in Fig. 4) distributed mainly outside
of the Mediterranean. Average sequence divergences
between the austriacus clade and the various lineages of the
auritus clade range from 7.2 to 11.3% (corrected HKY85
distances). Within the auritus clade P. turkmenicus split off
from the basal node, thus representing an old distinct
phylogenetic lineage. It is separated from the remaining
branches of the clade by genetic distances ranging from 6.2%
to 9.4%. Further radiation into ﬁve phylogenetic lineages
occurred in a time frame corresponding to a sequence
divergence of ∼5–8%: Within the austriacus clade P. austriacus
separated from the lineage leading to the remaining species
of this group. Within the auritus clade a trichotomic division
separates the auritus species-complex (P. auritus, P. sardus,
P. macrobullaris), from P. wardi and the branch leading to
P. strelkovi and the sacrimontis species-complex (P. sacrimontis,
P. kozlovi, and P. ognevi). Starting at a level of ∼3% sequence
divergence the diversiﬁcation within the species-complexes
leads to the extant species.
An exact dating of the splits is not possible since the fossil
record is too sparse for calibrating a molecular clock. The
ﬁrst occurrence of Plecotus in Europe dates to the Lower
Pliocene (5 Mya; Topál l989). Nevertheless, since the fossils
are not assigned to a certain lineage, this value cannot be
correlated with any speciﬁc split. The trivial conclusion that
the separation of the genera Corynorhinus and Plecotus must
have occurred before 5 Mya is not informative with respect
to the molecular clock. In fact this split probably occurred
millions of years earlier, as suggested also by the high
sequence divergences in the 16S gene (12.0 –17.7%). If
we correlated this fossil dating (5 Mya) with the split
Corynorhinus/Plecotus and used these distance values to
calibrate the molecular clock, the resulting substitution rate
would be ∼2.4–3.5% sequence divergence per Myr. This
value is higher than any estimate proposed so far for the 16S
gene in mammals (e.g. 1.08%: Johnson & O’Brien 1997;
1.4%: Lopez et al. 1997) or in reptiles (1.25%: Podnar et al.
2004). It is even higher than the commonly applied value of
∼2% (e.g. 1.8%: Brant & Orti 2003) for the cyt b gene, which
usually evolves considerably faster. For example, comparing
the cyt b data of Juste et al. (2004) with our 16S data we
conclude that the rate of cyt b is twice as high in the genus
Plecotus (see also Pestano et al. 2003). In any case, given the
wide range of divergence rates, dating of recent splits would

Zoologica Scripta, 35, 3, May 2006, pp187–230 • © 2006 The Authors. Journal compilation © 2006 The Norwegian Academy of Science and Letters

F. Spitzenberger et al. • Revision of the genus Plecotus

be meaningless. Moreover, the ﬁrst fossils may represent a
younger branch of Plecotus (e.g. the western branch of the ﬁrst
radiation, i.e., the austriacus clade). Nevertheless, even without applying a molecular clock, just considering the succession of splits deduced from the 16S tree and the distances
between the nodes may lead to plausible assumptions about
the upper time limits of the branching events. Considering
the order of magnitude assumed for the substitution rate of
the 16S gene (Johnson & O’Brien 1997; Lopez et al. 1997)
the ﬁrst major split within the genus Plecotus (7.2–11.3%
sequence divergence between austriacus and auritus clades)
should have occurred at the latest in the Lower Pliocene/
Upper Miocene, but probably occurred in the Middle
Miocene (rate 1.08%/Myr: split 5.1 Mya; rate 1.4%: split
10.5 Mya).
Phenetic variation
Within the general phenotypic design, which did not change
during the course of millions of years, as can be deduced from
the similarity between Plecotus and Corynorhinus, the morphological variation is weak. This phenomenon explains why
the existence of at least 19 more or less cryptic contemporary
Plecotus species was not recognized with phenetic analyses in
the past. Confusingly, those characters which are subject to
variability exhibit not only interspeciﬁc but also intraspeciﬁc
variability. Moreover, the extent of sexual dimorphism was
found to differ between populations of one species. Character
displacement — sympatric populations of different species
differ from each other morphologically, while allopatric
populations are more or less inseparable — was found to occur
at least in some species.
Nevertheless, the genetic and phenetic analyses resulted in
similar arrangements of the species. Only Plecotus strelkovi,
P. wardi and P. macrobullaris, which genetically belong to the
auritus clade, cluster in the UPGMA phenogram with species
belonging to the austriacus clade.
Biogeography and palaeoclimate
A biogeographical analysis of the distributional pattern of the
current species is helpful for elucidating their past history and
interpreting the genetic results.
For 16 of the 19 current Plecotus species, the distribution
areas can be linked to Palaearctic arboreal refuges or ‘expansion centres’ as deﬁned by de Lattin (1967). ‘Faunal elements’
of such refuges are taxa which retreated to the refuge during
unfavourable climatic conditions and either expanded from
there when conditions improved or remained there. At
present, the arboreal centres used by Plecotus are either connected to large regions of broad-leaved, deciduous or
summer green forest, merging locally into boreal coniferous
forest (Hyrcanian and Manchurian refuge) or small isolated
patches of relict forests, growing in climatically favoured

shelter provided by mountain ranges (typical examples are the
Yunnan refuge consisting of small patches of woodland in the
upper parts of the mountain valleys and the minute Sinotibetan
refuge in the Chi’in Ling Shan mountains; de Lattin 1967).
Western Palaearctic Plecotus species can be attributed to
the following arboreal refugia: P. auritus: Caspian or Hyrcanian refuge; P. sardus, P. austriacus, P. kolombatovici and
P. teneriffae: Mediterranean refuge; P. balensis: Afro-Alpine
refuge; P. strelkovi: Turkestan refuge; P. wardi: Sindh refuge;
P. macrobullaris has elements of more than one refuge (Mediterranean, Iranian and Syrian). Faunal elements of Eastern
Palaearctic arboreal refuges are P. ognevi: Manchurian refuge;
P. sacrimontis: Japanese refuge; P. taivanus: Sinopaciﬁc refuge;
P. ariel: Yunnan refuge; the unnamed species from the Chi’in
Ling Shan mountains: Sinotibetan refuge; P. homochrous:
Nepalesian refuge.
Three species, one pertaining to the austriacus clade
(P. christiei), two to the auritus clade (P. turkmenicus and
P. kozlovi), are faunal elements of eremic centres, the Afro-,
Turano-, and Sinoeremic centres.
Thus, today’s distribution of the genus Plecotus shows clear
traces of a multitude of disruption and isolation processes
within a formerly continuous range, caused by the Tertiary
and Quaternary climatic oscillations. Due to the low dispersal facility of long-eared bats, the isolated populations underwent vicariant speciation processes by adapting themselves to
the changing environment and evolving reproductive barriers.
In Holocene times, some species, for example P. auritus,
P. austriacus and P. macrobullaris, expanded their ranges and
now have overlapping distribution areas; other species
became locked in their refugia, like P. kolombatovici in the
eastern Mediterranean and North Africa and P. sardus in
Sardinia. Due to insufﬁcient sampling, the Asian species cannot
be assigned to relict or expanding forms.
It can be assumed that Plecotus originated in the broadleaved, summer- or evergreen, temperate Arcto-Tertiary
forests (Zohary 1973) that extended through the Holarctic
during the Eocene, Early Miocene, Late Miocene and Middle
Pliocene (Steininger 1985; Agustí & Antón 2002). From the
Early Oliogocene onwards, this biome contained a mosaic of
mesic and xeric habitats. During the Tertiary and Quaternary, large parts of the Arcto-Tertiary forest were repeatedly
replaced by open woodlands or ever drier biotopes; only in
western Europe was the forest preserved for a long time.
Remnants of the Arcto-Tertiary forests occur today in the
Black Sea-Caspian region (Hyrcanian or Caspian province),
in south-east Asia (Manchurian province) and western North
America.
In the following we will try to outline a phylogenetic
scenario correlating the molecular diversiﬁcation with palaeogeographic and climatic reconstructions (Zohary 1973;
Steininger 1985; Agustí & Antón 2002).
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The old age of the presumed ancestor of the Plecotini
(Early Oligocene of Belgium; Horácek 2001) and the high
sequence divergences point to an early origin of the genus
Plecotus. Following Horácek & Dulid (2004), who date the
ﬁrst appearance of this genus to ‘at least Middle Miocene’, it
can be hypothesized that the ﬁrst split into the auritus and
austriacus clades may have already been caused by the formation of the Irano-Turanian Province as deﬁned by Zohary
(1973), as a consequence of a high latitude cooling which
started 14.5 Mya in the Middle Miocene. It led to cooler
winters and decreased summer rainfall, and the evolution of
sclerophyllous vegetation and open habitats in a region reaching from north western Africa eastwards across Arabia
into Afghanistan north into the eastern Mediterranean and
northern China.
The ﬁrst split within the auritus clade separates
P. turkmenicus from the rest. This split may have been triggered by a desertiﬁcation process in the region between the
Caspian Sea and Lake Baikal, which now constitutes the
Turanoeremian centre.
Seemingly simultaneously, both major clades were affected
by a climatic event which probably occurred during the Late
Miocene, but cannot be dated precisely. The disruption of
the auritus clade into a western and an eastern Palaearctic
group reﬂects a major disjunction of the Arcto-Tertiary
forest. At present, the ranges of the forest dwelling species
P. auritus and P. ognevi are separated by the huge Siberian
lowland situated between the Uralid and Baikalid Mountains,
which during the glacial periods was covered by ice (de Lattin
1967). The evolution of P. wardi in the Sindh refuge, situated
in the Punjab and the Indus valley, may have been a result of
a faunal turnover from subtropical to temperate conditions in
the Siwaliks south of the Himalayas, which took place during
the Turolian whose climax occurred 8–7 Mya.
During the Turolian, members of the austriacus clade may
have occupied the open woodlands and grasslands, which at
that time covered the Mediterranean–Peritethyan region
from North Africa and Spain to Turkey and the Ukraine. The
fragmentation into the European P. austriacus and the African
members of this clade corresponds to a sequence divergence
of ∼5–6%. Africa and Eurasia had been connected via Asia
Minor and Arabia since the Early Miocene. During the
Messinian Crisis in the Late Miocene (6 Mya) a faunal
exchange between Eurasia and Africa across Iberia and
north-west Africa became possible. At that time, Palaearctic
mammals like Eliomys appeared in North Africa.
Pliocene Northern hemisphere glaciations (3.2 and
2.6 Mya) probably led to the diversiﬁcations within three
lineages. The western European P. auritus species-complex
diversiﬁed into the extant forest species P. auritus and a group
adapted to open habitats in the Mediterranean and IranoTuranian regions (P. sardus and P. macrobullaris), a split that
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corresponds to ∼4% sequence divergence. Within the
African branch of the austriacus clade, P. balensis and P. christiei
separated from a lineage which later divided into P. teneriffae
and P. kolombatovici. This could have been caused by the
development of the typical Mediterranean climate and
important changes in the vegetation of north-west Africa,
including the desertiﬁcation of the Sahara which happened at
that time. Molecular results suggest also that the Turkestan
element P. strelkovi became separated at about the same
time from the East Asian species-group sacrimontis–ognevi–
kozlovi, the latter inhabiting at present the Sinoeremic region
adjacent to the distribution area of P. strelkovi (Tienshan
mountains).
Finally, vicariant events during the Pleistocene led to the
diversiﬁcation within P. auritus (∼2% sequence divergence),
suggesting expansion from an eastern (Caucasus) and a western refuge (probably in Iberia), to the separation of P. kozlovi
and P. ognevi and to the disruption of the formerly continuous
range of P. kolombatovici into the Maghreb, Cyrenaica, Asia
Minor and Balkan populations.
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Appendix 1 Specimens investigated in the molecular analysis.
Sequence
Specimen

Voucher No./Source

Collecting site/Year

Species

CR

Ple2
Ple14
Ple15
Ple16
Ple21
Ple22
Ple26
Ple28
Ple30
Ple31
Ple35
Ple36
Ple41
Ple42
Ple48
Ple49
Ple50
Ple51
Ple54
Ple56
Ple61
Ple62
Ple63
Ple66
Ple74
Ple75
Ple76
Ple78
Ple79
Ple80
Ple81
Ple82
Ple83
Ple84
Ple88
Ple89
Ple90
Ple91
Ple93
Ple96
Ple97
Ple98
Ple102
Ple102a
Ple104
Ple105
Ple108
Ple120
Ple125
Ple131
Ple138
Ple142
Ple143
Ple145
Ple146
Ple147

ZIN 82991
ZIN 59715
ZIN 56691
ZIN 66128
ZIN 56360
ZIN 56361
ZIN 84966
ZIN 51415
ZIN 56930
ZIN 56929
ZIN 63179
ZIN 63180
ZIN 63605
ZIN 63606
ZIN 14197
CNHM 6133
CNHM 6154
ZMB A98.09
ZMB A 164.11
ZMB 93000
ZMB 53078
ZMB 3089A
ZMB 3089
ZMB 75679
ZMB 92995
ZMB 97359
ZMB 97363
ZMB 93450
ZMB 1435
ZMB 97520
SMTD B 23 294
SMTD B 23 422
ZIN 55677
ZIN 55678
ZIN 72326
ZIN 72327
ZIN 72328
ZIN 21442
ZIN 65002
ZIN 72367
ZIN 72368
ZIN 72329
ZIN 80862
ZIN 64381
ZIN 37940
ZIN 37941
ZIN 59607
BM 6.10.3.1
BM 5.11.19.1
BM 26.8.1.1
BM 7.844
ZIN 85699
ZIN 85700
ZIN 367
IZH-M5557
NMW 62823

Ai Petri, Crimea, Ukraine, 1997
near Krasnoyarsk, Russ. Fed., 1972
near Krasnoyarsk, Russ. Fed., 1972
Bogdarin, Buryatia, Russ. Fed., 1979
Arseniev, Russ. Fed., 1969
Arseniev, Russ. Fed., 1969
Mustang, Lupravil., Nepal, 2000
Armenia, 1963
SW Turkmenistan, Turkmenistan, 1970
SW Turkmenistan, Turkmenistan, 1970
near Khudshand, Tajikistan, 1976
near Khudshand, Tajikistan, 1976
Issyk-kul, Kyrgyzstan, 1975
Issyk-kul, Kyrgyzstan, 1975
Gobi-Altai, Mongolia, 1926
Apatisan, Velebit, Croatia, 2001
Livno, Bosnia-Hercegovina, 2002
Tekkes River, Xinjiang Uygur, China, 1909
Naryn, Kyrgyzstan, 1911
Naryn, Kyrgyzstan, 1906
Naryn, Kyrgyzstan, 1906
Iran
Iran
El Tur, Sinai, Egypt
Cilician Taurus, Turkey, 1904
Kabul, Afghanistan, 1953
Kerulen River, Mongolia, 1956
Chuzenji near Nikko, Honshu, Japan
Dailing, Heilongjiang, China, 1956
Dailing, Heilongjiang, China, 1955
Boon Tsagaan Nuur, Mongolia, 1998
Boon Tsagaan Nuur, Mongolia, 1998
Bygok, Tiraspol, Moldavia, 1969
Bygok, Tiraspol, Moldavia, 1969
Alagirskii r-n, N Ossetia, Russ. Fed., 1957
Alagirskii r-n, N Ossetia, Russ. Fed., 1957
Alagirskii r-n, N Ossetia, Russ. Fed., 1957
Elenovki, Armenia, 1931
Zailiskii Alatau, Kazakhstan, 1977
Zaysanskaya kotlovina, Kazakhstan, 1978
Zaysanskaya kotlovina, Kazakhstan, 1978
Krasnodarskii kraj, Russ. Fed., 1974
Teberda, Tcherkessia, Russ. Fed., 1994
Goryachiy Kluch, Russ. Fed., 1976
Nyrob, Russ. Fed., 1956
Nyrob, Russ. Fed., 1956
River Birjus, Krasnojarskii kraj, Russ. Fed., 1972
near Leh, Jammu and Kashmir, India, 1906
Murree, W Punjab, India, 1905
Kashgar, Xinjiang Uygur, China, 1926
Engdan, Arak, Iran, 1975
near Novorossiysk, Russ. Fed., 1970
near Maykop, Russ. Fed., 1984
Vladivostok, Russ. Fed.
Ragusa, Sicily, Italy, 2002
Iwate, Honshu, Japan, 1958

P. auritus
P. ognevi
P. ognevi
P. ognevi
P. ognevi
P. ognevi
P. wardi
P. macrobullaris
P. turkmenicus
P. turkmenicus
P. strelkovi
P. strelkovi
P. strelkovi
P. strelkovi
P. strelkovi
P. macrobullaris
P. macrobullaris
P. strelkovi
P. strelkovi
P. strelkovi
P. strelkovi
P. strelkovi
P. strelkovi
P. christiei
P. macrobullaris
P. strelkovi
P. kozlovi
P. sacrimontis
P. ognevi
P. ognevi
P. kozlovi
P. kozlovi
P. austriacus
P. austriacus
P. macrobullaris
P. macrobullaris
P. macrobullaris
P. macrobullaris
P. strelkovi
P. strelkovi
P. strelkovi
P. auritus
P. auritus
P. auritus
P. auritus
P. auritus
P. ognevi
P. wardi
P. puck
P. kozlovi
P. macrobullaris
P. auritus
P. auritus
P. ognevi
P. austriacus
P. sacrimontis

l
l
l
l
l
l
l
l
l
l
l
l
l
l
s
l
l
l
l
l
l
l
s
l
l
l
l
s
l
l
l
l
l
l
l
l
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l
l
l
l
l
l
l
l
l
l
l, s
s
s
l
l
l
l
l
l

16S

+

+
+

+
+
+
+

+

+

+

Accession No.
AY324404*
DQ294189
DQ294190
DQ294187
DQ294188
DQ294192
DQ294173, DQ294115
AY324416*
DQ294174
DQ294178
DQ294156
DQ294155, DQ294122
DQ294154, DQ294121
DQ294153
DQ294094
AY324413*
DQ010525*
DQ294160
DQ294161
DQ294162
DQ294157
DQ294163
DQ294092
DQ294211
AY324414*
DQ294152
DQ294180
DQ294101
DQ294194, DQ294124
DQ294193, DQ294126
DQ294182, DQ294118
DQ294181, DQ294119
DQ294201
DQ294202
AY324422*, DQ294123
AY324421*
DQ294148
AY324418*
DQ294158
DQ294164
DQ294169
DQ294142
DQ294138, DQ294120
DQ294135
DQ294144
DQ294145
DQ294195
DQ294171
DQ294095
DQ294096
DQ294149
DQ294146
DQ294147
DQ294196
DQ294200
DQ294185, DQ294114
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Appendix 1 Continued.
Sequence
Specimen

Voucher No./Source

Collecting site/Year

Species

CR

Ple148
Ple151
Ple152
Ple153
Ple154
Ple155
Ple157
Ple158
Ple159
Ple160
Ple162
Ple169
Ple172
Ple173
Ple185
Ple188
Ple190
Ple191
Ple192
Ple195
Ple196
Ple198
Ple201
Ple202
Ple203
Ple204
Ple207
Ple209
Ple213
Ple214
Ple217
Ple216
Ple219
Ple221
Ple222
Ple225
Ple227
Ple690
Ple1297
Ple1640
Ple5990B
Ple6001
Ple 6010
Ple6099
Ple6098
Ple6112
Ple6114
Ple20651
Ple27933
Ple27934
Ple27935
Ple27793
Ple30132
Ple34421
Ple62825
PleKB92

NMW 62824
ZIN 13920
ZIN 13922
ZIN 76921
ZIN 50701
ZIN 50662
ZIN 58495
ZIN 85701
ZIN 85702
ZIN 86315
ZIN 35067
ZIN 49831
ZIN 14185
ZIN 13929
ZIN 49829
ZIN 5308
ZIN 5310
ZMM S-50952
ZMM S-58154
ZIN 29288
ZMM S-19587
ZIN 80911
NMW 30147
NMW 30148
CNHM 6155
biopsy
ZIN 8821
ZIN 13926
ZIN 17155
ZIN 21283
ZIN 41799
ZIN 22346
UANK 12296/32
UANK 12336
UANK 12337
ZIN 5879
ZIN 5307
NMW 62822
NMW 63229
NMW 62820
CNHM 5994
CNHM 6001
CNHM 6010
CNHM 6099
CNHM 6098
CNHM 6112
CNHM 6114
NMW 20651
NMW 27933
NMW 27934
NMW 27935
NMW 27793
NMW 30132
NMW 34421
NMW 62825
NMW 63230

Iwate, Honshu, Japan, 1958
S Minfeng, Kunlun Shan, Xinjiang Uygur, China, 1885
S Minfeng, Kunlun Shan, Xinjiang Uygur, China, 1885
SSW Dzhambul, Kazakhstan, 1981
Onchaus, Turkmenistan, 1963
SW Kara-kum desert, Turkmenistan, 1970
Polvankyr, Turkmenistan, 1960
N Ossetia, Russ. Fed.
Checheno-Ingushetiya, Russ. Fed.
Ritsa lake, Georgia, 2002
Beograd, Serbia, 1931
Lagodekhi, Georgia, 1915
Hentyin nuruu, Mongolia
Ulaan Baatar, Mongolia, 1909
Zaysan, Kazakhstan
E Qaidam Pendi, Quinhai, China, 1900
E Qaidam Pendi, Quinhai, China, 1900
S Sakhalin, Russ. Fed., 1947
W Ustyurt, Kazakhstan, 1937
Shantar island, Russ. Fed., 1927
Bayan-auyl, Kazakhstan, 1957
Gori, Georgia, 1976
Wadi Kuf, Beida, Libya, 1981
Wadi Kuf, Beida, Libya, 1981
Boljun, Istra, Croatia, 2003
Boljun, Istra, Croatia, 2003
Manchuria, China, 1906
Hentiyn Nuruu, Mongolia, 1924
Katon Karagai, Altai, Kazakhstan, 1927
near Almaty, Kazakhstan, 1928
Katon Karagai, Altai, Kazakhstan, 1927
Dushanbe, Tajikistan, 1932
Kutaisi, Georgia, 1973
near Azizbekov, Aserbaidshan, 1987
near Azizbekov, Aserbaidshan, 1987
E Qaidam Pendi, Quinhai, China
E Qaidam Pendi, Quinhai, China
Akita, Honshu, Japan, 1959
Aigues-Mortes, France, 1960
Milam, Uttaranchal, India, 1968
Buljma, Velebit, Croatia, 1992
Sv. Andrija island, Croatia, 1996
Susac island, Croatia, 1997
Zagreb, Croatia, 1984
Vucjak, Velebit, Croatia, 1985
Babrovaca, Velebit, Croatia, 2001
Mrcara island, Croatia, 2001
Göreme, Nevsehir, Turkey, 1975
Mine de Plomb, Taza, Morocco, 1979
Grotte de Kef el Rhar, Taza, Morocco, 1979
Kef Aziza, Ksar-es-Souk, Morocco, 1979
Parnassos, Greece, 1933
Wadi Kuf, Beida, Libya, 1981
Alaman hani, Bitlis, Turkey, 1984
Tankhoy, Buryatia, Russ. Fed., 2001
Monteciuccoli, Lucca, Italy, 1960

P. sacrimontis
P. strelkovi
P. strelkovi
P. strelkovi
P. turkmenicus
P. turkmenicus
P. turkmenicus
P. macrobullaris
P. macrobullaris
P. auritus
P. austriacus
P. auritus
P. ognevi
P. ognevi
P. strelkovi
P. kozlovi
P. kozlovi
P. ognevi
P. turkmenicus
P. ognevi
P. strelkovi
P. auritus
P. kolombatovici
P. kolombatovici
P. kolombatovici
P. kolombatovici
P. ognevi
P. ognevi
P. ognevi
P. strelkovi
P. ognevi
P. strelkovi
P. auritus
P. macrobullaris
P. macrobullaris
P. kozlovi
P. kozlovi
P. sacrimontis
P. austriacus
P. wardi
P. macrobullaris
P. kolombatovici
P. kolombatovici
P. austriacus
P. macrobullaris
P. macrobullaris
P. kolombatovici
P. macrobullaris
P. kolombatovici
P. kolombatovici
P. kolombatovici
P. auritus
P. kolombatovici
P. macrobullaris
P. ognevi
P. austriacus

l
l
l
l
l
l
l
l
l
l
s
l
s
s
s
s
s
s
l
l
l
l
l
l
l
l
s
l
l
l
l
l
l
l
l
s
s
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
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16S

+
+

+

+

+

Accession No.
DQ294183
DQ294168
DQ294165
DQ294159
DQ294176, DQ294117
DQ294177
DQ294175, DQ294116
AY324417*
AY324423*
DQ294136
DQ294106
DQ294141
DQ294104
DQ294102
DQ294093
DQ294098
DQ294097
DQ294103
DQ294179
DQ294191
DQ294170
DQ294139
DQ294206
DQ294205, DQ294107
DQ010527*
DQ010528*
DQ294105
DQ294197
DQ294198
DQ294167
DQ294199
DQ294166
DQ294140
DQ294150
DQ294151
DQ294099
DQ294100
DQ294184
DQ294204
DQ294172
AY324412*
DQ010529*
DQ010530*
DQ010536*
AY324410*
AY324411*
DQ010531*
AY324415*
DQ294208, DQ294127
DQ294209
DQ294210
AY324403*
DQ294207
AY324419*
DQ294186, DQ294125
DQ294203
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Appendix 1 Continued.
Sequence
Specimen

Voucher No./Source

Collecting site/Year

Species

CR

16S

Accession No.

PleKB271
PleKB173
Pleaur1
Pleaur2
Pleaur3
Pleaur4
Pleaur8
Pleaur9
Pleaur10
Pleaur11
Pleaur12
Pleaur13
Pleaur14
Pleaur15
Pleaus1
Pleaus2
Pleaus5
Pleaus7
Pleaus8
Pleaus9
Pleaus10
Pleaus11
Pleaus12
Pleaus13
PlespTR
PlespK
Plesp4
Plesp5
Plesp6
Plesp8
Plesp9
Plesp10
Plesp11
Plesp12
Plesp13
Plesp14
Plesp16
Plesp18
Plekol1
Myobec1

NMW 63221
NMW 63227
NMW 55738
biopsy
NMW 55502
NMW 16902
NMW 30416
NMW 29457
NMW 55850
NMW 31601
NMW 33342
NMW 31602
NMW 42558
L. Lapini
NMW 55740
biopsy
NMW 55742
NMW 11890
NMW 12250
NMW 42564
NMW 34857
NMW 11490
NMW 34418
NMW 42563
NMW 37261
NMW 57249
NMW 62006
NMW 62007
NMW 62008
L. Lapini
L. Lapini
L. Lapini
L. Lapini
L. Lapini
L. Lapini
MFSN 483
MFSN 1321
L. Lapini
NMW 62004
biopsy

Linares de Riofrio, Spain, 1958
Ladoga, Russ. Fed., 1965
Matzelsdorf, Austria, 1992
Wetzleinsdorf, Austria, 2000
Zgornje Jezersko, Slovenia, 1984
Pauschenalm, Lunz, Austria, 1974
Schönenbach, Austria, 1980
Hohenems, Austria, 1977
Trins, Austria, 1955
Radurschltal, Pfunds, Austria, 1977
Heinfels, Austria, 1977
Radurschltal, Pfunds, Austria, 1977
Innervillgraten, Austria, 1984
Casera Doana, Belluno, Italy, 1997
Horn, Austria, 1992
Steinbrunn, Austria, 2000
Monastir de Poblet, Spain, 1985
Wiener Neustadt, Austria, 1967
Herzogenburg, Austria, 1968
Globasnitz, Austria, 1985
Lienz, Austria, 1980
Makri, Evros, Greece, 1966
Kilitbahir, Canakkale, Turkey, 1984
Döllach, Austria, 1984
Myra, Antalya, Turkey, 1986
Wernberg, Austria, 1997
Krems in Kärnten, Austria
Krems in Kärnten, Austria
Kirchbach, Austria
Cimolais, Pordenone, Italy, 1999
Portogruaro, Venezia, Italy, 1996
Belluno, Italy, 1999
Belluno, Italy, 2000
Pordenone, Italy, 2000
Porcia, Pordenone, Italy, 2000
S. Vito al Tagliamento, Pordenone, Italy, 1985
Gorizia, Italy, 1990
Scrutto, Italy
Lastovo island, Croatia, 2001
Herzogbirbaum, Großmugl, Austria, 2000

P. auritus
P. auritus
P. auritus
P. auritus
P. macrobullaris
P. auritus
P. auritus
P. auritus
P. auritus
P. auritus
P. auritus
P. auritus
P. auritus
P. auritus
P. austriacus
P. austriacus
P. austriacus
P. austriacus
P. austriacus
P. macrobullaris
P. macrobullaris
P. austriacus
P. austriacus
P. macrobullaris
P. kolombatovici
P. macrobullaris
P. auritus
P. auritus
P. macrobullaris
P. macrobullaris
P. auritus
P. auritus
P. auritus
P. macrobullaris
P. macrobullaris
P. auritus
P. macrobullaris
P. macrobullaris
P. kolombatovici
Myotis bechsteini

l
l
l
c
l
l
l
l
l
l
l
l
l
l
l
c
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
c
c

+

DQ294143, DQ294113
AY324402*, DQ294108
AY030068*
AY030077*
AY030075*
AY030069*
AY030067*
AY030064*, DQ294112
AY030062*
AY030065*
AY030070*
AY030066*
AY030063*
DQ294129
AY030056*
AY030054*, DQ294111
AY030060*
AY030055*
AY030057*
AY030076*
AY030071*
AY030058*
AY030059*
AY030072*
AY030061*, DQ294110
AY030074*
DQ294131
DQ294130
DQ294137
AY324409*
DQ294134
AY324405*
DQ294132
AY324406*
AY324407*
DQ294133
AY324408*
AY324420*
AF498260*, DQ294109
AY030078*, DQ294128

+

+

+

+

+
+

Note — CR: l, large fragment; s, small fragment; c, complete CR; *, CR sequence published previously (Spitzenberger et al. 2001, 2002, 2003; Tvrtkovid et al. 2005).
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