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In July 2002, several bats of the genus Plecotus (Geoffroy, 1818) were captured at two localities of ‘Ordesa
y Monte Perdido’ National Park (Central Pyrenees, Spain). They showed external characters that appeared
intermediate between those of P. auritus and P. austriacus. Morphometric and genetic analysis have revealed
that these long-eared bats should be ascribed to the recently recognized species P. macrobullaris. This study
extends the distribution of this new species, whose western limit was considered, until now, to lie in the Alps,

and adds a new mammal species to the Iberian fauna.
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INTRODUCTION

The understanding of evolutionary rela-
tionships, and taxonomic arrangement, of
Palaearctic long-eared bats have remained
entangled since the description of Plecotus
auritus (Linnaeus, 1758). Different forms
were proposed at specific and subspecific
level during the 19th and 20th centuries (see
Bree and Duli¢, 1963, for revision), but they
remained barely recognised (e.g., Miller,
1912 or Cabrera, 1914) due to the close
morphologic similarities and lack of unam-
biguous discriminating characters between
them. Consequently, only two sibling spe-
cies were typically recognised in the taxon-
omy of the group (Bauer, 1960), P. auritus
(Linnaeus, 1758) and P. austriacus (Fisch-
er, 1829), both coexisting in continental

Europe. New intermediate forms of long-
eared bats have been reported and/or de-
scribed in central Europe and the Balkans in
the last few years (see review in Spitzen-
berger et al., 2001), although identification
keys continue to be unreliable (Arlettaz et
al., 1997).

Molecular tools, particularly mitochon-
drial DNA sequencing, are helping to clari-
fy the situation. As a result of recent molec-
ular approaches, the distinction of P. auritus
and P. austriacus as two different lineages
has been validated (Mayer and Helversen,
2001; Juste et al., In press) and three more
species have been proposed for Europe: 1)
P. kolombatovici DPuli¢, 1980, a sister
species of P. austriacus found in lowlands
from Croatia to the Adriatic coast of Anato-
lia; 2) P. macrobullaris Kuzjakin, 1965
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(senior synonym of P. alpinus Kiefer and
Veith, 2002 and P. microdontus Spitzenber-
ger, 2002) — a highland sister species of P.
auritus found from the Caucasus through
Turkey and the Balkans to the Alps (Spi-
tzenberger et al., 2003); and 3) P. sardus
Mucedda, Kiefer, Pidinchedda et Veith,
2002 — a large bat also related to P. auritus
and endemic to the island of Sardinia.

The fact that the distribution of several
of the five species of long-eared bats over-
lap, coupled with the lack of discriminating
external characters, means that field identi-
fication is still difficult. Nevertheless, par-
ticularly from a conservation perspective,
delimitation of the distribution and ecologi-
cal requirements for each of these long-
eared bats is urgently required, as well as an
assessment of the variability and/or useful-
ness of some proposed physical identifica-
tion characters.

During an inventory of bat species pres-
ent in ‘Ordesa y Monte Perdido’ National
Park (Central Pyrenees, Spain), several Ple-
cotus individuals were captured that could
not be assigned to any of the known species
for the Iberian Peninsula. Detailed compar-
ative morphological and molecular analyses
have allowed us to identify these intermedi-
ate specimens as Plecotus macrobullaris.
These results confirm the presence of P.
macrobullaris (= P. alpinus) in the Pyre-
nees, a species that was recently cited (Kie-
fer et al., 2003) from a locality in the mid-
dle of this mountains range (Andorra). Con-
sequently, the known western distribution
limit of this new species should now be
considered to lie in the Pyrenees rather than
in the Alps, and a new mammal is added to
the Iberian fauna.

MATERIALS AND METHODS

Bat sampling was conducted in July 2001 and
2002 at 56 different points throughout the ‘Ordesa
y Monte Perdido’ protected area in the Pyrenees
Mountains. Following National Park regulations, all

captured specimens were released after being identi-
fied, sexed and measured. The altitudinal gradient in
the area ranged from 650 to 3300 m, and bats were
caught using mist nets at altitudes from 650 to 3080
m. Within the National Park, the landscape is domi-
nated by natural mixed-forests (Fagus sylvatica,
Abies alba, Pinus sylvestris and P. uncinata) below
1900 m. Pastures are dominant between 1900 and
2400 m and bareground predominates above 2400 m.
Cliffs and rocky outcrops are common at all altitudes.

Field identification of long-eared bats was based
on forearm length (FA); length of maxillary tooth row
(CM?); tragus width (TW) and thumb length exclud-
ing claw (ThL). Additionally, non-metric characters
were inspected such as pigmentation of the tragus and
overall dorsal and ventral colourations (Kowalski and
Ruprecht, 1981; Schober and Grimmberger, 1989; De
Paz and Benzal, 1990; Greenaway and Hutson, 1990).

For molecular analysis, wing membranes were
punched following Worthington Wilmer and Barratt
(1996) and samples preserved in ethanol 70%. DNA
was extracted by phenol/chloroform procedure modi-
fied from Higuchi et al. (1998). A fragment about 700
bp of subunit 1 of the mitochondrial NADH dehydro-
genase (ND1) gene was amplified using primers
ER65 (Mayer and Helversen, 2001) and ER66 (May-
er and Helversen, 2001). The PCR cocktail (20 pl re-
action volume) included 2 pl of DNA extract, 1 pl of
each primer (10 pM), 0.8 ul of MgCl, (50 mM), 0.16
pul ANTP (25 mM), 0.5 unit of tag-polymerase with
appropriate buffer and H,0. Thermocycling consisted
in 5’ initial denaturation at 94°C, followed by 40 cy-
cles at 94°C (30), 63°C (30”) and 72°C (1°30”),
with a final extension at 72°C (5”). The fragment was
sequenced directly from purified PCR product using
an ABI 3100 automated sequencer (Applied Biosys-
tems, Warrington, UK) following manufacturer’s pro-
tocols. To ease identification of the bats, we included
in the analysis orthologous sequences from Gen-
Bank of P. auritus (AF401374) and P. austriacus
(AF401367), both obtained by Mayer and Helver-
sen (2001), and P. macrobullaris (= P. alpinus,
AF516269) obtained by Kiefer et al. (2002). A se-
quence of P. sardus could not be used in the analysis
since only 16S rDNA fragments of this species are
deposited in GenBank.

Unambiguous alignments were constructed with
Sequencher 4.1 and inspected by eye. Only different
haplotypes were included in the analyses. The best fit-
ting substitution model was selected using hierarchi-
cal likelihood ratio tests (LRT) implemented in
Modeltest (Posada and Crandall, 1998). Genetic dis-
tances among haplotypes and main clades were then
obtained using MEGA v. 2.1 (Kumar et al., 2001). To
visualize phylogeographic relationships, a Neighbor-
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joining (NJ) reconstruction was performed using
PAUP* 4.0b10 software (Swofford, 2000). Robust-
ness of the produced topology was assessed through
bootstrapping (Felsenstein, 1985).

RESULTS

A total of 27 Plecotus were caught dur-
ing the survey; 15 were identified unam-
biguously as P. auritus, five as P. austria-
cus but seven showed intermediate mor-
phology between the former two species
(Table 1). These ‘intermediate Plecotus’
were captured on 19th July 2002 in two lo-
calities: an alpine meadows in ‘Plana Nar-
ciso’ (31TBH025472) at 2390 m (two lac-
tating females), and a rocky bareground in
‘Brecha de Rolando’ (31TBH025473) at
2807 m (3 83 and 2 ? ?, one lactating).

Morphological Analysis
The intermediate Plecotus captured in

our survey were large-sized bats (Table 1).
Dorsal fur coloration in the intermediate

long-eared bats was brownish similar to P.
auritus. Ventral fur colour was light creamy
turning to yellowish near the neck and
shoulders. All hairs were bicoloured with
blackish proximal side. The facial mask was
dark and the tragus was lancet-shaped and
flesh-coloured, lacking any dark pigmenta-
tion on the distal half.

Molecular Analysis

A 545 bp fragment of the ND1 mito-
chondrial gene was amplified from 8 long-
eared bats from the study area that were
identified in the field as: one P. auritus, two
P. austriacus and five ‘intermediate Pleco-
tus’. All unique haplotypes are deposited in
the GenBank (Accession Numbers in Ap-
pendix). The fragments were aligned with
the reference sequences obtained from the
GenBank. According to LTR tests, we as-
sumed in our analysis a HKY 85 model with
site heterogeneity (y-shape parameter =
0.59) and Ts:Tv ratio = 13.145. Correct-
ed sequence divergence among individuals

TABLE 1. Measurements (mm) of the long-eared bats of the genus Plecotus found in ‘Ordesa y Monte Perdido’
National Park (Pyrenees, Spain). FA: forearm length; CM3: upper canine to 3rd molar length; TW: tragus width;
ThL: thumb length excluding claw. Individuals used for DNA analysis are shown in bold

Species Code No Sex FA cM? ™ ThL
Plecotus sp. Psp804.1B ? 42.5 5.80 6.1 6.5
Plecotus sp. Psp805.1B ? 42.1 5.90 5.5 6.2
Plecotus sp. Psp806.1B 3 41.4 5.85 5.7 6.1
Plecotus sp. Psp872.1B 3 43.3 5.80 5.7 6.1
Plecotus sp. Psp873.1B Q 43.5 5.85 6.6 6.8
Plecotus sp. Psp874.1B 3 413 5.80 5.7 6.0
P, auritus Paur803.1B 3 38.9 5.25 5.35 6.6
P, auritus Paur870.1B 3 40.1 5.6 5.2 6.6
P auritus Paur871.1B 3 394 5.6 5.2 6.6
P. auritus Paur875.1B 3 39.8 55 53 5.7
P. auritus 10.7/1 Q 41.1 - 54 6.1
P, auritus 10.7/2 Q 42.0 - 54 6.1
P, auritus 13.7/1 3 40.3 - 5.0 6.1
P. austriacus 9.7/1 Q 39.9 - 5.9 54
P. austriacus 10.7/1b 3 40.1 - 5.8 54
P. austriacus 10.7/2b 3 39.6 - 6.3 5.1
P. austriacus 10.7/3b 3 40.9 - 6.1 5.6
P. austriacus Paus876 Q 39.9 - 5.9 54
P, austriacus Paus877 3 40.9 - 6.1 5.6
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confirmed field identification of the individ-
uals ascribed to P. auritus and P. austria-
cus. In fact, they showed small distances
with respect to the reference sequences
for these species (Table 2). The two haplo-
types from the ‘intermediate Plecotus’ and
the haplotype of P. macrobullaris from
the Swiss Alps showed reduced (< 2%)
corrected genetic distance among them
(Table 2).

The NJ reconstruction showed three
highly supported clades: two correspond
clearly to P. auritus and P. austriacus, and
a third clade that clustered with high boot-
strap support to the haplotype of P. macro-
bullaris and included all the intermediate
Plecotus samples (Fig. 1). The corrected
genetic distances among these groups,
ranged between 17.9 % (P. macrobullaris
versus P. auritus) and 20.7 % (P. auritus
versus P. austriacus).

DIscusSION

The intermediate Plecotus had a FA
larger than any P. auritus or P. austriacus
reported for the Iberian Peninsula (De Paz,
1994), and their measurements approached
the values reported for P. macrobullaris
(Tables 1 and 2). The intermediate bats had
shorter ThL than P. auritus, but larger than
P. austriacus and P. kolombatovici (Table

1. Garin, J. L. Garcia-Mudarra, J. R. Aihartza, U. Goiti, and J. Juste

3), and approached the range reported for
P. sardus (Mucedda et al., 2002). The inter-
mediate Plecotus had wider TW than P. au-
ritus, P. sardus or P. kolombatovici (Tables
1 and 2), and their C-M? fell within the
ranges reported for P. austriacus and P. ma-
crobullaris and were larger than for the oth-
er species (Table 3). Regarding the non-
metric characters, the facial mask was dark-
er in the intermediate Plecotus than in P.
auritus but not as dark as in P. austriacus.
The tragus was similar, both in shape and
coloration to P. auritus (Stebbings, 1986;
Schober and Grimmberger, 1989; De Paz
and Benzal, 1990; Swift, 1998). Finally,
none of the intermediate specimens exam-
ined showed the extremely whitish ventral
coloration, nor the dark grey dorsal fur and
facial mask described for P. macrobullaris
in the Alps (Kiefer and Veith, 2002). This
particular colour pattern was also shared by
the individual found in Andorra (A. Kiefer,
pers. com.).

In summary, the biometrics of the inter-
mediate Plecotus largely concurred with the
values given for P. macrobullaris (Kiefer
and Veith, 2002; Spitzenberger ef al., 2002,
2003). However, the colour pattern of the
intermediate long-eared bats from the Pyre-
nees did not fit that described for P. macro-
bullaris from the Alps and resembled more
closely that of P. auritus.

TaBLE 2. Corrected genetic distances (HKYS85 + G model; see Hasegawa et al., 1985) in a mitochondrial ND1
fragment among haplotypes of Plecotus from the Pyrenees and three homologous fragments of P auritus
(PaurAF401374.GE), P. austriacus (PausAF401367.GE) and P. macrobullaris (PmacAF519269.SW) obtained

from the GenBank

[4] [3] (6] (7] (8]

Haplotypes [1] [2] [3]
[1] PausAF401367.GE -
[2] PmacAF519269.SW  0.2004 -
[3] Psp804.IB 0.2055  0.0018 -
[4] Psp805.1B 0.2050  0.0018  0.0001
[5] Paus876.1B 0.0111  0.1947  0.1997
[6] Paus877.1B 0.0111 0.2059 0.2110
[7] PaurAF401374.GE 0.2214  0.1877  0.1896
[8] Paur870.IB 0.2004  0.1677  0.1696

0.1993 -

0.2106  0.0074 -

0.1893  0.2154  0.2155 -

0.1693  0.1948  0.1948  0.0485 -
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P. austriacus

Paus AF401367.GE
100

Paus 877.I1B
78

P. macrobullaris

100

Paus 876.1B

- Pmac AF519269.SW

100

P. auritus

100

—— 0.01 substitutions/site

— Psp 804.1B

Psp 805.1B
Psp 806.1B
Psp 873.1B
Psp 874.1B

91

Paur AF401374.GE

—— Paur 870.1B

FiG. 1. Neighbor-joining tree (using a HKY85 model, see text) based on haplotypes of a 545 bp fragment

of the mitochondrial ND1 gene of Plecotus. Sampling included specimens from the Pyrenees and three

homologous fragments of P. auritus (PaurAF401374.GE), P. austriacus (PausAF401367.GE) and

P. macrobullaris (PmacAF519269.SW) obtained from the GenBank. Bootstrap values are also shown. Species

codes: Paur = P. auritus, Paus = P. austriacus, Pmac = P. macrobullaris, Psp = indeterminate Plecotus.
Location codes: GE = Germany, IB = Iberia, SW = Switzerland

The phylogenetic reconstruction clearly
confirms the presence of three lineages at
specific level in the Plecotus of the Pyre-
nees. In fact, the corrected genetic distances
among these groups are similar to the values
reported among P. auritus, P. austriacus
and P. macrobullaris in previous molecular
analyses (Mayer and Helversen, 2001; Spi-
tzenberger et al., 2001, 2003; Kiefer et al.,

2002; Mucedda et al., 2002, Juste et al., In
press) and are clearly above the species lev-
el divergence in bats.

The phylogenetic reconstruction con-
firms the classification of the ‘intermediate
Plecotus’ from the Pyrenees Mountains as
P. macrobullaris (Fig. 1). The small cor-
rected genetic distance between the in-
termediate Plecotus and the haplotype of
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P. macrobullaris (= P. alpinus) from the
Swiss Alps (Table 3) indicates a close evo-
lutionary relationship among them, and dis-
cards any relationship between the inter-
mediate Plecotus from the Pyrenees and
the new P. sardus, since P. macrobullaris
and P. sardus show genetic divergence well
above species level (Mucedda et al., 2002).
Nevertheless, the amount of corrected ge-
netic distance between the haplotypes from
the Pyrenees and the Alps (1-2%) indicates
a relatively important period of isolation be-
tween both populations that would require
an overall phylogeographic study of this
new lineage to be fully understood.

In conclusion, both morphological and
molecular analyses indicate the presence of
P. macrobullaris in the Pyrenees, and ex-
tend the distribution of this new species
westwards; whose western limit was previ-
ously considered to lie in the Alps (Spitzen-
berger et al., 2003). The biometrical com-
parison suggests that this westernmost pop-
ulation of P. macrobullaris is larger than
any population known from the Alps (Table
2). This result challenges the suggestion of

a clinal variation towards a reduction in size
from East to West (Spitzenberger et al.,
2003). Clearly, more detailed studies and
larger samples size are needed in order to
fully understand any pattern of variation
within this newj species.

The two locations where the species
was caught are at higher altitudes than both
the 550-1200 m range reported for the
species in the Alps (F. Spitzenberger, E.
Haring and N. Tvrtkovi¢, in litt.) and the
1800 m reported in Greece (Kiefer and Vei-
th, 2002). Accordingly, some large Plecotus
specimens captured at 2000 m in Col de
Bretolet (Aellen, 1961), and other high alti-
tude populations in the Alps could also be-
long to P. macrobullaris as well, as Kiefer
and Veith (2002) have suggested. The high-
er altitudes of P. macrobullaris in the Pyre-
nees than in the Alps would reflect a gener-
al distributional pattern shown by orophyl-
lous faunal or floral species that are shared
by both mountain ranges (Dendaletche,
1982). It is expected that P. macrobullaris
will also be found at lower altitudes, mainly
in the northern slopes of the Pyrenees, as

TaBLE 3. Comparative measurements of the European species of Plecotus (measurements acronyms are
described in Table 1). Sample sizes are shown in parentheses. Data sources: a) Héussler and Braun (1991); b)
De Paz (1994); c¢) Kiefer and Veith (2002); d) Spitzenberger et al. (2002); ¢) Mucedda et al. (2002); f) authors’
own data from the Basque Country (Western Pyrenees); g) Spitzenberger et al. (2003)

Species (and region) FA cMm? ™ ThL Source

P. auritus 37.5-39.7 (D) 53-55() 45-55() - a
36.9-40.9 (7 4.9-5.7(7) 4.1-5.0 (7) 5.4-72 (7 b
35.1-43.2(88)  5.10-5.61 (92) - - d
36.8-42.1 (85) 48-5.6(41)  6,4-7,6 (41) f

P. macrobullaris
Western Alps 39.7-42.2 (5) 5.5-6.3 (5) 5.5-6.0 (5) 6.5-7.0 (5) c
Eastern Alps 39.6-43.5 (18)  5.36-5.74 (18) - - d
Caucasus 40.7-442 (11)  5.34-5.8 (4) - - g
P. austriacus 38.4-42.0 () 5.8-6.3 (7) 5.7-6.3 (7) - a
37.2-43.3 (?) 5.6-6.3 (?) 54-64(7)  47-63(?) b
33.9-42.1 (86)  5.40-6.29 (105) - - d
38.5-43.3 (26) - 5.6-6.4(19) 5.3-6.6(19) f
P. kolombatovici 36.2-39.3 (5) 5.16-5.42 (6) - - d
- - 4.5-5.0 (?) <6.5(?) e
P, sardus 40.9-42.3 (6) 5.75 (1) 6.0-6.5 (6) 6.0-6.4 (6) e
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suggested by the finding of a specimen
in Andorra (Kiefer et al., 2003). Only the
southern slopes of the Pyrenean range were
sampled, where most species show a higher
altitudinal range than in the northern slopes
(Dendaletche, 1982).

Finally, these [and Kiefer et al.’s (2003)]
findings imply the addition of a new spe-
cies to the Iberian mammal fauna. However,
further investigation is required to deter-
mine the presence of this species in other
suitable areas of the Pyrenees, or even other
mountain areas of Spain or France. The in-
ter-population variation of diagnostic mor-
phological characters (e.g., ventral colour)
needs to be assessed to define reliable phys-
ical characters to be used for accurate iden-
tification in the field. This aspect is particu-
larly important to permit the estimation of
population levels and the evaluation of eco-
logical requirements of P. macrobullaris to
allow the design of effective conservation
policies for this new species across its
range.

ACKNOWLEDGEMENTS

We are grateful to J. Aihartza, J. Garrido, J. No-
gueras, M. de Lucas and L. Garcia, the Société Spé-
léologique of Agadir (Morocco), and R. Arlettaz of
the University of Bern (Switzerland) for helping with
the collection of samples. We thank I. Blanco, A. Ca-
sis, D. Basarte and R. Garcia-Gonzalez for field as-
sistance. Carlos Ibanez critically commented and im-
proved first versions of the manuscript. This work
was funded by the CSIC-OAPN agreement for the
study of bats of the Ordesa y Monte Perdido National
Park. Jane Orr gently corrected the English style. This
research is supported by the projects REN2000-1639
and REN2002-01372 /GLO funded by the Direccion
General de Investigacion of the Spanish Ministry of
Science and Technology.

LITERATURE CITED

AELLEN, V. 1961. Le baguement des chauves-souris
au Col de Bretolet (Valais). Archives des Scien-
ces, Geneve, 14: 365-392.

ARLETTAZ, R., A. LUGON, A. SIERRO, and M.

249

DESFAYES. 1997. Les chauves-souris du Valais
(Suisse): statut, zoogéographie et écologie. Le
Rhinolophe, 12: 1-59.

BAUER, K. 1960. Die Sdugetiere des Neusiedlersee-
Gebietes (Osterreich). Bonner Zoologische Bei-
trage, 11: 141-344.

BRrEE, P. J. H. V., and B. BuLI¢. 1963. Notes on some
specimens of the genus Plecotus Geoffroy, 1818
(Mammalia, Chiroptera) from the Netherlands.
Beaufortia, 10: 7-18.

CABRERA, A. 1914, Fauna Ibérica. Mamiferos Museo
Nacional de Ciencias Naturales, Madrid, 441 pp.

DENDALETCHE, C. 1982. Guia de los Pirineos. Editor-
ial Omega S.A., Barcelona, 790 pp.

DE Paz, O. 1994. Systematic position of Pleco-
tus (Geoffroy, 1818) from the Iberian Peninsu-
la (Mammalia: Chiroptera). Mammalia, 58:
423-432.

DE Paz, O., and J. BENzAL. 1990. Clave para la iden-
tificacion de los murciélagos de la Peninsula Ibé-
rica (Mammalia, Chiroptera). Miscellania Zool-
ogica, 13: 153-176.

FELSENSTEIN, J. 1985. Confidence limits on phyloge-
nies: an approach using the bootstrap. Evolution,
39: 783-791.

GREENAWAY, F., and A. M. Hutson. 1990. A field
guide to British bats. Bruce Coleman Books, Ux-
bridge, 52 pp.

HaseGawa, M., H. KisHiNo, and T. A. YaNo. 1985.
Dating of the human-ape splitting by a molecular
clock of mitochondrial DNA. Journal of Molecu-
lar Evolution, 22: 160-174.

HicucHl, R., C. H. VoN BEROLDINGEN, G. F. SENs-
ABAUGH, and H. A. ERrLICH. 1988. DNA typing
from hairs. Nature, 332: 543-546.

JUSTE, J., C. J. IBANEZ MUNOZ, D. TRUJILLO, P. BEN-
DA, A. KARATAS, and M. RUEDL In press. Mito-
chondrial phylogeography of the long-eared bats
(Plecotus) in the Mediterranean Palaearctic and
Atlantic Islands. Molecular Phylogenetics and
Evolution.

Kierer, H., and M. VEITH. 2002. A new species of
long-eared bat from Europe (Chiroptera: Vesper-
tilionidae). Myotis, 39: 5-16.

KIiErer, A., F. MAYER, J. KosucH, O. VON HEL-
VERSEN, and M. VEITH. 2002. Conflicting molec-
ular phylogenies of European long-eared bats
(Plecotus) can be explained by cryptic diversity.
Molecular Phylogenetics and Evolution, 25:
557-566.

KIEFER, A., A. SEITZ, and M. VEITH. 2003. Neue Fle-
dermausarten in Europa. Biologie in unserer Zeit,
33: 80-81.

KowaLski, K., and A. L. RUPRECHT. 1981. Order:
bats — Chiroptera. Pp. 101-154, in Keys to

Downloaded From: https://complete.bioone.org/journals/Acta-Chiropterologica on 29 Jun 2024
Terms of Use: https://complete.bioone.org/terms-of-use



250

vertebrates of Poland. Mammals (Z. PUCEK, ed.).
PWN — Polish Scientific Publishers, Warsaw,
367 pp.

KuMAR, S., K. TAMURA, 1. B. JAKOBSEN, and M. NEL
2001. MEGA2: Molecular evolutionary genetics
analysis software. Arizona State University,
Tempe.

MAYER, F., and O. voN HELVERSEN. 2001. Cryptic
diversity in European bats. Proceedings of the
Royal Society of London, Series B Biological
Sciences, 268: 1825-1832.

MILLER, G. S., Jr. 1912. Catalogue of the mammals of
Western Europe (Europe exclusive of Russia) in
the collection of the British Museum. British Mu-
seum Natural History, London, 480 pp.

MUuUCEDDA, M., A. KIEFER, E. PIDINCHEDDA, and M.
VEITH. 2002. A new species of long-eared bat
(Chiroptera, Vespertilionidae) from Sardinia (Ita-
ly). Acta Chiropterologica, 4: 121-136.

Posapa, D., and K. A. CRANDALL. 1998. MODEL-
TEST: testing the model of DNA substitution.
Bioinformatics, 14: 817-818.

ScHOBER, W., and E. GRIMBERGER. 1989. Bats of Bri-
tain and Europe. Hamlyn Publishing Group, Lon-
don, 224 pp.

SPITZENBERGER, F., J. PIALEK, and E. HARING. 2001.
Systematics of the genus Plecotus (Mammalia,

APPENDIX

1. Garin, J. L. Garcia-Mudarra, J. R. Aihartza, U. Goiti, and J. Juste

Vespertilionidae) in Austria based on morphome-
tric and molecular investigations. Folia Zoologi-
ca, 50: 161-172.

SPITZENBERGER, F., E. HARING, and N. TVRTKOVIC.
2002. Plecotus microdontus (Mammalia, Vesper-
tilionidae), a new bat species from Austria. Natu-
ra Croatica, 11: 1-18.

SPITZENBERGER, F., P. STRELKOV, and E. HARING.
2003. Morphology and mitochondrial DNA se-
quences show that Plecotus alpinus Kiefer and
Veith, 2002 and Plecotus microdontus Spitzen-
berger, 2002 are synonyms of Plecotus macro-
bullaris Kuzjakin, 1965. Natura Croatica, 12:
39-53.

STEBBINGS, R. E. 1986. Which bat is it? A guide to bat
identification in Great Britain and Ireland. The
Mammal Society, London, 49 pp.

Swirt, S. M. 1998. Long-eared bats. Poyser Ltd.,
London, 182 pp.

SwoFFORD, D. L. 2000. PAUP*. Phylogenetic analy-
sis using parsimony (and other methods) Version
4.0b10. Sinauer Associates, Sunderland, Massa-
chusetts.

WORTHINGTON WILMER, J., and E. BARRATT. 1996.
A non-lethal method of tissue sampling for ge-
netic studies of chiropterans. Bat Research News,
37: 1-3.

Received 11 July 2003, accepted 12 October 2003

List of specimens of long-eared bats of the genus Plecotus used in the present study and accession numbers

of the haplotypes
Species Specimen ID Locality Geographic Accession No.  Voucher
coordinates

P. macrobullaris  Palp.SW Duvin, Switzerland ? AF519269 Biopsy
Plecotus sp. Psp.804.1B Ordesa, Huesca, Spain 42°40°N, 00°00°'W  AY328903 Biopsy
Plecotus sp. Psp.805.1B Ordesa, Huesca, Spain 42°40°N, 00°00°W  AY328904 Biopsy
Plecotus sp. Psp.806.1B Ordesa, Huesca, Spain 42°40°N, 00°00°'W  AY328904 Biopsy
Plecotus sp. Psp.873.1B Ordesa, Huesca, Spain 42°40°N, 00°00°W  AY328904 Biopsy
Plecotus sp. Psp.874.1B Ordesa, Huesca, Spain 42°40°N, 00°00°'W  AY328904 Biopsy
P. auritus Paur.GE Bavaria, Germany ? AF401374 Biopsy
P, auritus Paur.870.1B Ordesa, Huesca, Spain 42°40°N, 00°00°'W  AY328906 Biopsy
P. austriacus Paus.GE Bavaria, Germany ? AF401367 Biopsy
P. austriacus Paus.876.IB  Anisclo, Huesca, Spain ? AY328902 Biopsy
P. austriacus Paus.877.1B Escuain, Huesca, Spain AY328905 Biopsy
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