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Common Names

Lesser mouse-eared bat; Kleines Mausohr; Petit
murin; Murciélago ratonero mediano; Vespertilio
minore; Hounuria tpéxuseTHas

Taxonomy and Systematics,
Paleontology

The taxonomy and systematics of large Myotis in
Europe and Asia has been always contentious and
is still probably not fully resolved yet. The very
first member of this group was known over a
century as Vespertilio murinus Linnaeus, 1758,
until Miller (1897), arguing on some dental incon-
sistencies appearing in the original description,
reassigned it to the species Myotis myotis
(Borkhausen, 1797). A second, smaller species
in this group was described from southern Italy
by Monticelli (1885), who named it Vespertilio [=
Mpyotis] oxygnathus. This name prevailed in the
literature until Ellerman and Morrison-Scott
(1951), Topal (1971), and Strelkov (1972) made
global revisions of the large Myotis of the Old
World. These zoologists realized that the taxon
Vespertilio [= Myotis] blythii, described earlier
by Tomes (1857) from the Indian subcontinent,
was morphologically very similar to the European
oxygnathus and thus proposed to include the latter
as a junior synonym of M. blythii, the lesser
mouse-cared bat. These global revisions further
showed that the intervening populations from
Asia Minor were also similar to M. blythii, albeit
slightly larger, almost reaching in size as that of
M. myotis, and classified them as a distinct sub-
species, M. blythii omari Thomas (1905). A last,
isolated population from southern Siberia and

northern China was assigned to a fourth subspe-
cies, M. blythii ancilla Thomas (1910).

Most subsequent authors followed this system-
atic arrangement with little variation (e.g.,
Koopman 1994; Corbet 1978; Topal and Ruedi
2001), which was further supported by many uni-
variate and multivariate analyses based on
craniodental characters (e.g., Benda and Horacek
1995; Felten et al. 1977). Geometric morphomet-
ric analyses conducted with extensive Eurasiatic
skull material also showed that all these forms
associated to M. blythii were more similar to
each other than to sympatric M. myotis or to M.
punicus from North Africa, supporting again this
prevailing taxonomic view (Evin et al. 2008).
According to these studies, M. blythii s.l. was
considered as a widespread, polytypic species
with four distinct subspecies distributed as fol-
lows: the nominal M. b. blythii occupies the south-
ern belt of the Himalayas from Nepal west to
Afghanistan (Benda and Gaisler 2015) and parts
of Central Asia (Benda et al. 2011). In an area
coinciding with the Kopet Dagh Mountains (i.e.,
close to the oriental border of Iran), animals
appear distinctly larger and represent M. b.
omari, a subspecies commonly found elsewhere
in the Middle East, west to central Anatolia (Har-
rison and Lewis 1961; Benda et al. 2006; Benda
and Horacek 1998), in the Caucasus (Benda et al.
2011), in Cyprus (Benda et al. 2007, 2018), and
possibly in Crete (Georgiakakis et al. 2012). In
western Anatolia, lesser mouse-eared bats show a
clinal decrease of size toward the west (Felten et
al. 1977; Benda and Horacek 1998; Furman et al.
2014), which is reflected by a transition zone
between the larger M. b. omari and the smaller
M. b. oxygnathus, found in Europe. The last sub-
species is confined to Far Eastern Asia (Altai
Mountains and northern China) and is assigned
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to M. b. ancilla by most authors (Topal 1971,
Kruskop et al. 2012; Benda et al. 2011).

This view prevailed until the first DNA-based
comparisons between western European and Asian
samples were published (Ruedi and Mayer 2001;
Castella et al. 2000), which showed that mitochon-
drial lineages of M. myotis and M. b. oxygnathus
were much more closely related to each other
(sometimes even identical) than the latter were to
M. b. blythii from Kyrgyzstan. Given this puzzling
pattern and in an attempt to recover monophyletic
groups within this species complex, Simmons
(2005) proposed to split again the Indian and Euro-
pean taxa as two independent species (i.e., M.
blythii and M. oxygnathus) but failed to reconsider
the intervening (and at that time genetically
unsampled) populations representing M. b. omari.
This triggered new nomenclatural confusion, as
both names (M. blythii and M. oxygnathus) were
used by various authors to designate the same
European taxon (e.g., Bogdanowicz et al. 2009;
Furman et al. 2013; Dietz et al. 2007; Dietz and
Kiefer 2015; Russo et al. 2007).

To complicate the story further, new molecular
evidence based on both mitochondrial and nuclear
markers showed that European lesser mouse-eared
bat carry a mitogenome (mtDNA) that was partly
inherited through introgression from its sister spe-
cies, M. myotis, hence compromising species phy-
logenies based solely on mtDNA markers (Berthier
et al. 2006; Furman et al. 2014). Furman and col-
leagues (2013, 2014) further evidenced that
populations of M. blythii s.I. sampled from across
the entire Western Palaearctic region did not mark
any substantial genetic break coinciding with the
transition zone between M. b. oxygnathus and M. b.
omari in Turkey. This again suggested the existence
of a continuum of interbreeding populations across
vast areas of Europe and the Middle East, which
also contradicted the systematics arrangement pro-
posed by Simmons (2005).

Unfortunately, no comparable molecular tran-
sect has been conducted so far in other parts of the
Asian distribution range of M. blythii. Thus, no
definitive conclusion about the global species sta-
tus of those populations can be reached. However,
based on the rather modest genetic distances
evidenced between samples separated by

thousands of kilometers (see Fig. 1), we adopt
here the traditional view of considering all these
forms within a single, polytypic species M. blythii.
This conservative view is, for instance, reflected
in phylogenetic reconstructions based on multiple
genes (Ruedi et al. 2013; Morales et al. 2019) or
on simpler reconstructions based on barcode
(COI) sequences issued from all subspecies of
lesser mouse-eared bat (Fig. 1).

According to fossil-calibrated molecular phy-
logenies, Ruedi et al. (2013) estimated that ances-
tral M. blythii diverged from other large Eurasian
Mpyotis during the Early-Middle Miocene, some
13 MYA. Within that group, M. blythii s.l. started
diverging from its common ancestor with M.
punicus in the Late Miocene, about 6 MYA. Mod-
ern subspecies within M. blythii s.l. further radi-
ated during the Pliocene (about 3 MYA), but
because M. myotis was nested within this recent
radiation, exact dates based on molecular diver-
gences in this this group could not be inferred.

The fossil record largely corroborates these
divergence dates, as the most ancient remains
assigned to M. blythii s.l. discovered in the Hun-
garian locality of Osztramos are dated to the Mid-
dle Pliocene (Biozone MNI15, Topal 1983).
Further paleontological remains and ancient line-
ages of M. blythii were found in scattered places
of eastern and southern Europe throughout the
Pleistocene (see, e.g., Salari 2010; Salari et al.
2013; Topal and Ruedi 2001). The species, how-
ever, progressively disappeared from most of
Europe by the Late Pleistocene, suggesting that
all current populations of lesser mouse-eared bat
vanished at the onset of the Last Glacial epoch.
Exceptions might include the extreme southern tip
of the Apennine Peninsula, which apparently
supported cave roosts occupied by this species
even during the Last Glacial Maximum (Salari et
al. 2019). Globally, however, modern populations
of M. b. oxygnathus must have recolonized
Europe postglacially, probably from Anatolia
(Coraman et al. 2013), as suggested by the
increasingly common fossils of that species
found across this region in Holocene deposits
(e.g., Topal and Ruedi 2001; Kordos 1981;
Popov and Ivanova 1995). Interestingly whereas
fossilized M. myotis was reported without
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Fig. 1 Neighbor-joining tree illustrating haplotype rela-
tionships of large Myotis species based on an alignment of
their mitochondrial barcode gene (COI) recovered from
public repositories. The GenBank number of each
sequence is followed by its associated taxon name and
country of origin. This reconstruction is based on a matrix
of pairwise genetic distances (Kimura 2-parameter) and
with M. chinensis used as an outgroup. Values at the
nodes indicate the bootstrap support for 1000

interruption throughout Pleistocene deposits in the
Iberian Peninsula, no firmly identified fossils of M.
blythii dating from that epoch were recorded
(Sevilla 1988, 1989; Galan et al. 2019) implying
that M. myotis persisted during the Pleistocene in
Western Europe, but not M. blythii (Galan et
al. 2019).

Current Distribution

Previous surveys of morphological variation
(Benda and Horacek 1995; Topal 1971; Evin et
al. 2008; Spitzenberger 1996) show that most of

tHM541078 Myotis chinensis Myanmar
HM541079 Myotis chinensis Myanmar

R856733 Myotis punicus Sardinia

+(FR856732 Myotis punicus Sardinia
FR856734 Myotis punicus Sardinia

} M. chinensis (outgroup)

pseudoreplicates (filled symbols represent >95% support).
The inset is a sketch of approximate geographic distances
separating the samples, with letters indicating the type
localities of (A) M. b. oxygnathus (Italy), (B) M. b. omari
(Iran), (C) M. b. blythii (N India), and (D) M. b. ancilla (N
China). Notice that sequences of M. b. oxygnathus are
paraphyletic regarding those of M. myotis, which reflects
the massive introgression of mitochondrial genes which
occurred in Europe between these two species

the distribution range of M. blythii in Europe
refers to the subspecies M. b. oxygnathus. Excep-
tions are the islands of Cyprus (Benda et al. 2007),
and possibly Lesbos (Hanak et al. 2001;
Iliopoulou-Georgudaki  1984) and  Crete
(Georgiakakis et al. 2012), which are inhabited
by the slightly larger subspecies M. b. omari. The
lesser mouse-eared bat is notably absent from the
Mediterranean islands of Corsica, Sardinia, or
Malta, which are inhabited by another large
mouse-cared bat (M. punicus). In continental
Europe, M. b. oxygnathus is a typical thermophi-
lous species found from the Iberian Peninsula to
the Balkans and Turkey and along the northern
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coasts of the Black Sea, east to southern Crimea
(Fig. 2). Lesser mouse-eared bats hardly occur
beyond the latitude of 49° north. Indeed, M. b.
oxygnathus is, for instance, only marginally pre-
sent or very rare north of the Alps. In this region,
the northernmost nursery colonies are found in the
French department of Jura (46° 44’ N), although
few isolated individuals have been mentioned fur-
ther north (Caél 2018). Likewise, in Central
Europe, the northern margin of its breeding
range reaches the latitude of 49° north in the
mountainous regions of Slovakia (Uhrin et al.
2008). The marginal record of a single male
caught further north in a wintering site in the
Tatra Mountains, in extreme southern Poland
(Piksa 2006), also probably represents a vagrant
individual and is not a sign of permanent popula-
tion in this country (Uhrin et al. 2008). Most of the
breeding grounds of the species in Central Europe
are limited by the Sudetes and Carpathian moun-
tain ranges (Bachanek 2008). Further east, the
species is commonly found throughout the Bal-
kans, in the Transcarpathian region of Ukraine, up
to the southern parts of Crimea (Uhrin et al. 2008).

In the Caucasus (Sevilla 2016) and in parts of
Anatolia, this European form is replaced by the
larger subspecies M. b. omari, which extends its
distribution east across Transcaucasia to W Turk-
menistan (Benda et al. 2011). Elsewhere in the
Near East, M. b. omari is also present in the
Levant, south to northern Israel and Jordan (Men-
delssohn and Yom-Tov 1999; Benda et al. 2010),
and east across Syria, Iraq, and Iran (Benda et al.
2006, 2012). In the oriental parts of the Kopet
Dagh Mountains in Iran, this subspecies is
replaced by the nominal M. b. blythii, which is
widespread from Afghanistan to N India and
Nepal along the foothills of the Himalayas
(Benda and Gaisler 2015). In Central Asia, this
nominal subspecies is found up to Kyrgyzstan and
SE Kazakhstan and to W Turkestan (Benda and
Gaisler 2015). Finally, sparse records in the Altai
region of Siberia and northern China are attribut-
able to the fourth subspecies, M. b. ancilla (Benda
et al. 2011; Kruskop et al. 2012).

The lesser mouse-eared bat in Western Europe
is considered as rather rare, while it appears to be
more common in the Eastern countries (Juste and

Paunovi¢ 2016). However, exact figures of popu-
lation sizes and trends are very difficult to assess
because M. blythii often shares roosts with its
sibling species M. myotis. Visual counts or even
rough estimates of either species are thus gener-
ally impossible to realize (Uhrin et al. 2008;
Spitzenberger 2001), and local populations are
usually reported as a combined figure for the two
species (e.g., Nogeras and Garrido 2007; Bihari
1998). In the few countries where population
counts are available, for instance in Portugal,
this species is considered very rare with about
2000 individuals estimated, mainly located in the
Algarve and Tras-os-Montes regions (Rainho et
al. 2013; Cabral et al. 2005). Likewise, Spain and
France hold each less than 20,000 individuals,
with populations concentrating in the southern
parts of those countries (Juste and Paunovié¢
2016; Caél 2018). In Switzerland, the species is
considered as critically endangered due to sharp
declines in the last decades, with probably less
than 100 mature individuals surviving in 12
known breeding colonies (Bohnenstengel et al.
2014). In Austria, the situation is also critical,
with sharp decreases in the number of known
maternity colonies installed in the eastern regions
(Spitzenberger 2001).

No precise estimates have been done in Slova-
kia, but this species seems to be more common
and has been found in over a quarter of the surface
of the country, with several colonies numbering
over hundred females found in the southern,
karstic parts of the country (Uhrin et al. 2008).
In the Balkans (e.g., Greece, Romania, Bulgaria,
Hungary, etc.), and on several islands like Crete,
the lesser mouse-eared bat is considered both
widespread and common (e.g., Benda et al.
2009; Hanak et al. 2001), with some nursery col-
onies numbering several thousand individuals
(Dietz and Kiefer 2015). On Cyprus, however,
this is a rare bat only found in a couple of localities
(Benda et al. 2007, 2018). Outside of Europe, this
bat species is often reported as one of the most
widespread and abundant cave bats (e.g., Benda et
al. 2006, 2012; Asan et al. 2010; Sevilla 2016).
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Description

The lesser mouse-eared bat is a relatively large bat
weighting 15-30 g and with a wing span of 35—
40 cm. Its broad and long wings are typical char-
acteristics of gleaner species. As in other
vespertilionids, this species has no special struc-
tures on the nose, and its tail is completely
contained in the uropatagium. The general color
of the dorsal pelage is grayish-brown with dark
hair basis. Ventral parts are grayish-white with a
rather well-marked delineation between the dorsal
and ventral fur (Fig. 3). On the sides of the neck or
near the shoulders, the whitish fur is sometimes
tinged with yellow. Young and immature animals
born during the summer are distinctively grayer
dorsally and more whitish ventrally than adult
animals. They can also be recognized by a darker
chin spot, which becomes progressively flesh
color after 1 or 2 years (Arlettaz 1995). Animals
living in the southern, more desertic parts of its
range are lighter brown, almost fawn dorsally, and

have also lighter coloration of the naked parts
(ears, face, and wing membranes). In Europe, a
small white spot between the ears is present in a
variable proportion of individuals (Arlettaz et al.
1991). When present, this is a good discriminant
character as M. myotis lacks such a white spot.
The muzzle of lesser mouse-eared bats is also
more slender and narrower than that of the latter
species (Fig. 3). Wing membranes and
uropatagium are light brown and largely naked,
except for areas immediately adjacent to the body.
Hind feet have strong claws, and their size (mean
12.0 mm) is less than half the tibia length (mean
25.7 mm) (Topal and Ruedi 2001).

The unnotched ears of lesser mouse-eared bats
are relatively long (20-24.3 mm) and narrow (13—
16 mm). Both dimensions of the ear are larger in
M. myotis (>24 mm long and >16 mm wide), but
these distinctive metric characters are only valid
for European bats, as both species increase clini-
cally clinally in size in the Levant and Anatolia
regions (Spitzenberger 1996) or on some islands
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Fig. 3 Portrait of an adult male lesser mouse-eared bat
(Myotis blythii oxygnathus) from the Swiss Jura Moun-
tains. (Photo courtesy of Cyril Schonbéchler, CCO-
Geneva)

of the Eastern Mediterranean (Hanak et al. 2001).
The tragus is only slightly bent forward, the exter-
nal border being more convex that the internal
one, which is almost straight (Fig. 3). The tragus
height reaches about half the length of the pinna.
As seen in Fig. 3, lesser mouse-eared bats do not
have the distinctive darker spot at the very tip of
the tragus which is usually present in most greater
mouse-eared bats (Dietz and Kiefer 2015). This
character and the white spot between the ears have
not been thoroughly evaluated outside of Europe
but seem of limited value in the few South Asian
specimens examined (pers. obs.).

The mean forearm length of M. b. oxygnathus,
like many other measurements (see Table 1), is
also smaller than in M. myotis but with broadly
overlapping extreme values (Benda and Horacek
1995). Females have slightly larger forearms than
males (about 2 mm difference). To help differen-
tiate those two species, Arlettaz et al. (1997b)
proposed the following discriminant function

based on a combination of forearm length (FAL)
and ear length (EAL):

0.1084 = FAL
— 40.5907

+ 1.4166 * EAL

If the Z value is below —0.5, the measured bat
is likely M. blythii and if above 0.5 likely M.
myotis; animals showing intermediate values can-
not be identified. The ear length measurement is,
however, quite difficult to take accurately on live
animals, and other qualitative characters should
complement results from this classification
function.

For any of those phenetic characters and
including for this classification function, few
bats may present intermediate values and likely
represent atypical or hybrid individuals (see sec-
tions below). These bats are thus impossible to
assign to one of the parental species based on
morphology, unless the skull can be examined
(Bachanek and Postawa 2010; Galan et al.
2019). Nuclear, biparentally inherited markers
would be the only alternative to identify such
intermediate individuals and to assess their hybrid
status (Berthier et al. 2006).

Skull

The skull and dentition of lesser mouse-eared bat
are smaller and weaker than in greater mouse-
eared bats (see Table 2); most craniodental char-
acters are discriminant between those two species
living in sympatry (Ghazali 2009; Benda and
Horacek 1995; Galan et al. 2019). In particular,
the length of upper toothrow (CM3) is less than
9.3 mm (usually <9.0 mm) in M. b. oxygnathus,
while it exceeds 9.4 mm in M. myotis. This char-
acter can be measured readily on live animals, but
precautions must be taken to avoid injuring the
gum or the teeth and is best taken with a plastic
caliper. The total length of the skull (GLS
<22.6 mm) or the length of the mandible (LMd
<17.2 mm) also provide good characters to iden-
tify lesser mouse-eared bats. Contrary to some
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Table 1 External measurements (expressed in mm) of adult M. b. oxygnathus from both sexes captured in a population
from Valais, Switzerland. n sample size, mean mean value, min smallest value, max largest value, SD standard deviation;
WGT weight (in grams), FAL forearm length, 3 DGT third digit length, 5 DGT fifth digit length, EAL ear length, TAIL tail
length, TIBIA tibia length, and WSPAN wing span. (Data from Arlettaz et al. (1991))

M. b. oxygnathus

Males

n Mean Min Max
WGT 40 21.8 18.0 28.0
FAL 88 56.1 50.5 60.1
3 DGT 40 94.0 85.0 101.2
5 DGT 40 73.4 68.0 79.5
EAL 78 22.8 21.0 24.0
TAIL 12 56.3 52 65
TIBIA 12 25.7 24.5 26.5
WSPAN 12 379.4 365 389

external measurements of the wing, skull or dental
measurements do not show sexual dimorphism in
size (Galan et al. 2019; Bachanek and Postawa
2010).

Based on comparative geometric morphomet-
ric analyses of skulls, Evin et al. (2008) further
showed that all subspecies of M. blythii are char-
acterized by a relatively broader and higher cra-
nium, a longer lambda and occipital foramen, a
less rounded braincase, and a shorter rostrum
when compared to M. myotis or to M. punicus.
Furthermore, these multivariate analyses showed
that Anatolian M. b. omari and North African M.
punicus differ markedly in skull shape, although
both share very similar overall sizes. Conversely,
all analyzed subspecies of M. blythii share a sim-
ilar skull shape, while they do differ significantly
in terms of size (Evin et al. 2008).

Teeth

Like most species of Myotis, M. blythii possess 38
teeth, with two upper and three lower incisors, one
upper and lower canine, three upper and lower
premolars, and three upper and lower molars.
Their permanent dentition is thus 2.1.3.3/
3.1.3.3 = 38 teeth. The first two upper and lower
premolars are much smaller in both height and
crown area when compared to the third, a typical
feature of the genus. All lower molars have a
myotodont configuration (Menu and Sigé 1971).

Females
SD n Mean Min Max SD
0.6 44 21.8 17.5 29.5 32
1.8 79 58.0 54.2 62.0 1.5
34 44 96.9 91.5 103.0 2.7
2.4 44 74.7 70.4 81.4 23
0.6 68 23.0 20.8 243 0.6
4.0 6 56.8 51 60 3.1
0.6 6 25.7 24.5 26.8 0.9
7.8 6 383.3 368 408 13.9

In general, the smaller and less robust molars of
M. blythii are useful qualitative dental characters
to discriminate it from its sibling species M.
myotis. But a more reliable tooth character is the
unreduced talonid part of its third lower molar
(m3), which is thus relatively wider when com-
pared to the narrower third molar of M. myotis
(Topal and Tusnadi 1963). Galan et al. (2019) and
Ghazali (2009) give further details of teeth mea-
surements that are useful to identify fragmentary
material, but they also warn on the effect of age on
such craniodental-based identification, as skulls
of juvenile M. myotis may appear metrically
closer to M. blythii than to their own species.

Scent Glands

Numerous glandular cells are present on the sides
of the muzzle of lesser mouse-eared bats; they
exude a sebaceous secretion that is particularly
odoriferous in adult males. These secretions may
dye with a yellowish-orange tinge the sides of the
neck of their fur and are also used to mark hanging
places where those bats roost individually. Males
also probably rub these secretions against the
females during the mating period (Horacek and
Gaisler 1985-86).
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Physiology

Like most bats living in temperate regions, lesser
mouse-eared bat are able to thermoregulate
actively their body temperature (Altringham
2011). They are able to enter both into daily torpor
in order to optimize their energetic demands
(Johnson and Lacki 2014) or into deeper and
much more prolonged torpors for hibernation
(Ransome 1990). Outside the hibernating period,
M. blythii is clearly a thermophilous species that
seeks warm roosts in underground cavities or in
human constructions, for instance to establish its
nursery colonies. The availability of such thermi-
cally favorable summer roosts may be a limiting
factor explaining why it is largely restricted to the
Mediterranean or to the climatically warmest con-
tinental habitats. Alternative explanations involve
the availability of particularly profitable prey dur-
ing critical times of the year (Arlettaz et al.
2001a). In late autumn, lesser mouse-eared bat
favors colder and humid roosts located in more
northerly, more mountainous, or in underground
habitats at higher altitude to enter into hibernation
(Uhrin et al. 2008). Depending on the local cli-
matic conditions, these bats will enter into hiber-
nation in October and start emerging from winter
roosts in March or April. During hibernation,
these bats may roost alone or in small groups
hidden in crevices or fissures of caves or mines
or may form large wintering aggregate hanging to
the walls of these cavities. Animals stay in tight
contact and form wintering clusters that often
comprise other troglophilous bats (Topal and
Ruedi 2001).

Genetics
Chromosomes

The diploid number of chromosomes found in M.
blythii is 2n = 44, with a fundamental number
of chromosomal arms of FN = 54—56 (Asan et al.
2011; Arslan and Zima 2014). The female sex
chromosome (X) is a large metacentric, while
the Y chromosome is a small acrocentric. Stan-
dard Giemsa staining or higher resolution G- or C-
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banding methods used to differentiate chromo-
somes did not reveal any significant difference
between the karyotypes of the two sibling species
M. myotis and M. blythii (Asan etal. 2011; Karatag
et al. 2004, 2008; Volleth and Heller 2012). As
most other species of Myotis also share these
general characteristics, karyotypes appear of little
use for phylogenetic or taxonomic inferences in
that genus (Zima 1982).

Phylogeny and Phylogeography

The genus Myotis comprises nearly 130 nominal
species and is distributed worldwide (Burgin et al.
2018). In a comprehensive molecular analysis of
most species, Ruedi et al. (2013) showed that the
different lineages of M. blythii are part of a group
called the “large Myotis” and form a strong clade
together with M. myotis, M. punicus, M. nattereri
s.l., and M. chinensis. This clade occupies a rela-
tively basal phylogenetic position within other
Eurasian species that diverged some 13 MYA
from other sister taxa in the Old World. The sister
species of M. blythii s.1. is M. punicus from which
it diverged some 6 MYA. However, as mentioned
in the previous sections, the group containing the
different lineages of modern M. blythii s.l. also
comprise those of M. myotis, rendering the species
paraphyletic (Ruedi and Mayer 2001). This is, for
instance, exemplified by the relationships of mito-
chondrial barcode sequences of European origin
illustrated on Fig. 1 or on other reconstructions
based on different mtDNA genes (e.g., Mayer and
Helversen 2001; Bogdanowicz et al. 2009; Ibafiez
et al. 2006; Furman et al. 2013). These para-
phyletic relationships of European taxa reflect
the multiple introgression events which occurred
with the mitochondrial genome of those two spe-
cies in that region (Berthier et al. 2006) and might
therefore not reflect the phylogenetic relationships
of the species themselves (Ballard and Whitlock
2004). For that purpose, phylogenetic reconstruc-
tions based on multiple independent nuclear
markers would be necessary, as suggested by the
ongoing studies conducted by Morales and co-
workers (Morales et al. 2019).
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Table 3 Genetic diversity within mtDNA control region (HVII) haplotypes found in M. myotis (Mm) and M. blythii s.1.
(Mb) sampled across the Western Palaearctic. These haplotypes have been grouped into the six major clades found in this
region. Abbreviations: n sample size; H number of haplotypes; H,,, haplotypes exclusive to M. myotis; Hyz, haplotypes
exclusive to M. blythii s.l.; Hyg,ap haplotypes shared by both species; H? haplotypes belonging to unidentified
individuals; Hd haplotype diversity; p nucleotide diversity. (Data from Furman et al. (2013))

Clades n H Hym Hyp
A 599 39 31 4
B 106 10 10 0
C/E 69 11 6 3
D 354 100 16 71
F 55 16 7 8
Azokh 34 13 0 13
At  the intraspecific  level, several
phylogeographic studies based on mtDNA

markers have been conducted on M. blythii (e.g.,
Mayer and Helversen 2001; Bogdanowicz et al.
2009; Ibafiez et al. 2006; Furman et al. 2013;
Galimberti et al. 2010). All show that some mito-
chondrial lineages sequenced in European lesser
mouse-eared bat are minimally divergent (less
than 5%) or even absolutely identical to those of
greater mouse-eared bats. Even the highly vari-
able and rapidly evolving mtDNA control region
(HVII) can be identical (0% divergence; Table 3)
between those two species sampled over exten-
sive areas (Furman et al. 2013; Berthier et al.
2006). Within the Western Palaearctic region,
Furman and colleagues determined that the mito-
chondrial lineages found in M. blythii s.1. could be
subdivided into six major haplogroups (Table 3):
three of them (Clade A, Clade B, and Clade C/E)
are restricted to Europe west of the Bosporus, two
(Clade F and Clade D) are distributed in the Bal-
kans and Turkey, and one (Clade Azokh) is
endemic to the Caucasus. All of them, except
Clade B and Azokh, have been detected in both
M. myotis and M. blythii (see Table 3).

Given this phylogeographic pattern of diver-
gence and considering that most ancient
populations of M. blythii probably disappeared
from Europe during the Last Glacial Period
while the forest-adapted M. myotis persisted
at least in Southwestern Europe (see above chap-
ter on palaeontology), Furman et al. (2014) pro-
posed the following scenario to explain the
intricate evolution of both species during the

H i H? Hd p (%)
3 1 0.52 +0.03 0.30 + 0.02
0 - 0.61 = 0.05 0.94 +0.13
2 - 0.78 + 0.03 1.43 £ 0.09
10 3 0.94 + 0.01 1.38 4+ 0.06
1 - 0.87 £ 0.03 0.98 + 0.09
0 - 0.90 + 0.03 1.09 £ 0.16

Holocene: modern populations of M. blythii
expanded into Eastern Europe during the Early
Holocene from a glacial refuge in the Near East,
possibly located in Anatolia (Coraman et al.
2013). During this movement of recolonization,
the populations entering into the Balkans met and
hybridized locally with the resident M. myotis,
which triggered extensive mitochondrial intro-
gression (Berthier et al. 2006). This introgressed
population of M. blythii expanded further into the
rest of Western Europe to occupy the current
distribution of lesser mouse-eared bat (Fig. 2).
At the same time, M. myotis also expanded its
range beyond its former strictly European distri-
bution but in the opposite direction and entered
into the forested habitats of the Near East region.
Approximately, in the Bosphorus region, these
new invaders also hybridized locally with resident
M. blythii and acquired their mitochondrial line-
ages. Hence, according to this scenario of bi-
directional invasions by the two species, the West-
ermn European clades (Clades A, B, and C/E)
would be originally found only in preglacial
populations of M. myotis, while those from Ana-
tolia and the Caucasus (Clades D, F, and Azokh)
would be reminiscent from the original mitochon-
drial genome found in ancient M. blythii s.l. The
South and Central Asian components of M. blythii
remain so far unstudied with modern molecular
methods of phylogeographic reconstructions, and
thus their contributions in this scenario are
unknown.
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Genetic Diversity and Population
Structure

In accordance to their relatively recent (post-
glacial) movement of recolonization in Europe,
populations of lesser mouse-cared bat are only
very weakly structured over extensive areas.
This is supported by the analysis of 8 microsatel-
lite loci (i.e., hypervariable nuclear markers)
genotyped in 84 samples of M. blythii collected
throughout Europe and the Near East (Furman et
al. 2014). Indeed, population structure inferred
with a Bayesian assignation of genotypes
suggested no significant population subdivision
across this transect of over 1500 km. This con-
trasts with the higher level of population structure
measured at mtDNA markers, a pattern of
cytonuclear discordance commonly found
among other temperate bats (Castella et al. 2001;
Burland and Worthington-Wilmer 2001). Such
discordance among different classes of markers
is explained by the fact that females (which trans-
mit exclusively the mtDNA molecule to the next
generation) exhibit strong philopatry, whereas
males are much more vagile and may therefore
transmit biparentally inherited markers (such as
microsatellite loci) much further away from their
natal range than mitochondrial markers. This
male-mediated gene flow therefore may homoge-
nize markers over large geographic areas, whereas
mitochondrial ones move only locally.

M. Ruedi
Hybridization with Related Species

Since the advent of genetic methods to study wild
populations, the former controversy about the
species status of the two sibling taxa M. myotis
and M. blythii has been settled. Indeed, multiple
genetic  evidences including comparisons
throughout allozyme electrophoresis (Ruedi et
al. 1990; Arlettaz et al. 1991) or multiple micro-
satellite loci (Castella et al. 2000; Furman et al.
2014; Berthier et al. 2006) demonstrate that these
two taxa are well differentiated (see, for instance,
the large Fist values in Table 4) and are evolving
largely independently. However, more detailed
molecular surveys conducted in several areas of
sympatry in Switzerland, Italy, and France indi-
cate that the two species are not reproductively
fully isolated, as several genotyped individuals
showed traces of introgression (Berthier et al.
2006; Afonso et al. 2017). Although no first-gen-
eration hybrid (F1) was evidenced in these
regions, 10—15% of the surveyed bats were clas-
sified as late-generation hybrids or as backcrosses,
suggesting the existence of rare but ongoing
hybridization. These nuclear-based DNA studies
also showed that most admixed bats were issued
from asymmetric introgression of M. myotis
alleles into M. blythii genotypes (Fig. 4). In the
French Alps, all individuals showing traces of
hybrid genomes were females (Afonso et al.
2017) further indicating that selection against

Table 4 Genetic diversity within Myotis blythii s.l. (n = 84 individuals analyzed) and M. myotis (n = 113 individuals)
based on the genotype of 8 nuclear microsatellite loci. The fixation index (Fs¢) measured between the two species at each
locus and overall is also indicated. Beyond an Fist value of about 0.15, this index suggests that there is practically no gene
flow between the two assayed populations or species. Abbreviations: 4 number of alleles; Ho observed heterozygosity; He

expected heterozygosity. (Data from Furman et al. (2014))

M. blythii s.1.

Locus A Ho He

CI113 3 0.46 0.47
A2-Mluc 13 0.83 0.84
G2-Mluc 17 0.77 091
G6-Mluc 11 0.77 0.85
G25 6 0.17 0.16
H23-Mluc 17 0.80 0.89
A24-Mluc 19 0.87 0.93
D15-Mluc 16 0.88 0.85

M. myotis
A Ho He Fst
2 0.01 0.01 0.72
0.62 0.70 0.21
15 0.81 0.82 0.04
7 0.43 0.65 0.13
9 0.73 0.79 0.38
14 0.84 0.87 0.02
14 0.50 0.64 0.21
18 0.80 0.86 0.06

Overall 0.21
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Fig. 4 Hybrid index
showing the probability (Q
value) of an individual
genotype to belong to the
M. myotis parental form. In
this index, a Q value of

0 means a pure (parental) M.
blythii genotype, while a Q
value of 1 indicates a pure
M. myotis genotype. Q
values comprised between
0.3 and 0.7 likely represent
individuals with admixed
(hybridized) genotypes.
This index was calculated
for 160 large Myotis bats
sampled in Switzerland and
Italy and genotyped at 5
hypervariable microsatellite
loci. (Data redrawn from

40 50 60 70

Frequency
30

Distribution of NewHybrids Q values

B M. myotis
O M. blythii

Berthier et al. (2006))

Q value (0 = M. blythii; 1 = M. myotis)

male hybrids might occur in this system. How-
ever, at larger geographic scales, Furman et al.
(2014) found that the single probable F1 hybrid
(out of 197 bats analyzed) was an adult male,
implying that first-generation hybrid males are
viable if not fertile. The existence of porous bar-
riers between those two species in Europe, the
strong asymmetric gene flow, and their
contrasting demographic history led several
authors to propose a model of recurrent replace-
ment of the original mitogenome of M. blythii by
that of M. myotis (Berthier et al. 2006; Petit and
Excoffier 2009). This scenario also fits well with
the multiple evidences of cytonuclear discordance
observed in phylogenetic reconstructions (e.g.,
Furman et al. 2014; Castella et al. 2000).

Life History

The lesser mouse-eared bat follows the general
life cycle of most temperate bats, with narrowly
defined periods of reproduction, mating, and
hibernation. Sex segregation in roosts is also prev-
alent during most of spring and summer. Although
females may be sexually mature as early as at

3 months of age (Caél 2018), they usually start
breeding during their second year of existence
(Arlettaz et al. 2017). Females produce a single
pup per year. Parturitions take place in maternity
colonies that contain almost exclusively females,
while adult males roost separately in the periphery
or further away from these colonies. Most partu-
ritions generally occur in June, but depending on
the geographic location, this may happen in late
May in the south or in June or even early July at
higher latitudes (Uhrin et al. 2008; Dietz and
Kiefer 2015). Furthermore, Arlettaz et al.
(2001a) demonstrated that in Switzerland, this
parturition date may also depend on food avail-
ability. Indeed, these researchers showed that M.
blythii may postpone parturition date by several
weeks, from mid-June to early July, depending on
the availability earlier during the spring of a tem-
porally abundant prey, the cockchafer
(Melolontha melolontha). Such a food-dependent
parturition date was not observed in M. myotis,
which explains why the latter often gives birth to
their babies 1 or 2 weeks earlier than sympatric M.
blythii.

The newborns weight about 6 g and are
weaned after 4-10 weeks but are able to fly
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already after 1 month (Sharifi 2004; Sharifi and
Akmali 2006). The survival rate of juveniles in the
nursery colonies is highly dependent of weather
conditions, as colder and rainier summers can be
particularly harmful to juveniles. The maternity
colonies start to disperse by August, when the
adult females become receptive for copulations.
As in other temperate bats (Senior et al. 2005),
late summer or early autumn is the time when
mating occurs, generally in different roosts than
the nursery colonies. By the end of this breeding
period, the precise date being dependent on local
climatic conditions, lesser mouse-eared bats will
seek caves or other underground habitats that are
suitable for hibernation. Such caves are usually
more humid, have lower ambient temperatures,
and are located higher in altitude than those occu-
pied by the nursery colonies (Uhrin et al. 2008).
These bats may form large hibernating clusters or
may roost singly in crevices or other small inter-
stices. Hibernation will last until the first warmer
days of spring, usually in late March or April.

Lifespan

Like in many other bats, M. blythii has an unusu-
ally long life expectancy given its small size for a
mammal, with mean life expectancy probably
over 4-5 years (Caél 2018). Most mortality occurs
during the first year of life (Topal and Ruedi 2001;
Arlettaz et al. 2017). Ringing studies conducted in
southern and central Europe suggest that the vast
majority of controlled animals are of a minimum
age comprised between 1 and 6 years; only 4%
were in the age class of 7-10 years and 2% over
11 years (Topal and Ruedi 2001; de Paz et al.
1986). The maximum lifespan recorded in M.
blythii comes from two independent ringing stud-
ies: a male ringed presumably as a juvenile in a
church attic in Valais (Switzerland) and controlled
again in the same place 33 years later (Arlettaz et
al. 2002); another individual was banded in the
Szoplaki Orddglyuk cave in northern Hungary in
March 1952 and found 33 years and 8 months
later in the Michnova cave in central Slovakia
(Gaisler et al. 2003).

M. Ruedi

Known natural enemies preying more or less
regularly on lesser mouse-eared bats include large
owls (Bubo bubo, Strix aluco, and Tyto alba) and
few crepuscular raptors like Falco species (for
reviews, see Benda et al. 2012; Topal and Ruedi
2001). Small carnivores such as stone martens
(Martes foina) and domestic cats (Felis catus)
also predate regularly on mouse-eared bats
(Gebhard 1997), but no specific cases have been
reported for the lesser mouse-eared bat. When
these enemies enter into nursery roosts or estab-
lish themselves in the same attic, the whole colony
is strongly disturbed and may abandon the roost
(Caél 2018).

Habitat and Diet
Habitat

In the Mediterranean region, lesser mouse-cared
bats are gregarious and mostly troglophilous spe-
cies which seek natural caves, mines, and other
artificial underground shelters to establish their
colonies or to find adequate hibernating sites.
Isolated individuals, often males, may also roost
in fissures in ruined buildings or under stone brid-
ges (for a description of varied shelters, see, e.g.,
Benda et al. 2012). In more northern regions, M.
blythii are anthropophilous and mainly occupy
artificial roosts located in the attics of large houses
or churches, where temperature is particularly
elevated during the day (Uhrin et al. 2008). Such
artificial, thermally favorable roosts are used by
females to establish their nursery colonies, while
alternative, cooler roosts are used by males or by
nonreproductive individuals.

Lesser mouse-cared bats are typical inhabitants
of open habitats, avoiding the more densely for-
ested areas. Preferred foraging habitats include
natural grasslands or steppe habitats, sparsely
vegetated karstic landscapes, or open Mediterra-
nean matorral scrublands. In more northerly
regions such as in the Alpine Range, they also
use agricultural landscapes and exploit in particu-
lar extensive meadows and pastures (Arlettaz
1999, 1996), as well as traditionally cultivated
wetlands with dense grass cover (Giittinger et al.
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1998). All these habitats are rich in large ground
arthropods like orthopterans (grasshoppers and
crickets) and coleopterans, which are the preferred
preys of M. blythii (Arlettaz 1996). These bats are
known to hunt in such particularly cluttered hab-
itats (Arlettaz et al. 2001b) and rely on passive
listening of prey-generated sounds (Russo et al.
2007). Arlettaz and collaborators also established
that the ecological niche segregation between the
two sibling mouse-eared bat species is governed by
the density of ground vegetation, with M. myotis
favoring less-cluttered habitats as hunting grounds
(Arlettaz 1999). However, in arid landscapes such
as those found in Iran or Kyrgyzstan, where greater
mouse-eared bats are absent, M. blythii may also
hunt locusts and ground-dwelling coleopterans
over almost bare grounds (Benda et al. 2012;
Arlettaz et al. 1995; Benda et al. 2011), indicating
that the preferred habitats of this species may vary
considerably with geography.

Spatial Movements

Lesser mouse-eared bats are potent flyers able to
commute at moderate speed, 3040 km/h (up to
55 km/h; see Caél 2018), and over large distances to
find suitable hunting habitats (Arlettaz 1996). They
leave day roosts about 30 min after sunset and hunt
during most of the night, returning to their colonies
about an hour before sunrise (Barataud 1992).
Nursing females presumably return once during
the night to their roost for suckling their baby, but
this behavior was not observed in details (Arlettaz
1995). These mouse-eared bats can exploit foraging
grounds situated up to 25 km away from the mater-
nity roost, although hunting territories are usually
established within 4-6 km of the colonies (Arlettaz
1999). In general, both males and females show
pronounced site fidelity, whether in their summer
and winter roosts (Gaisler et al. 2003; Uhrin et al.
2008; de Paz et al. 1986). One extreme case
reported the presence of an individual roosting in
the same wintering cave up to 22 years and
7 months after its initial capture (Uhrin et al. 2008).

Most of the maternity colonies are installed in
the lowlands, usually below 800 m altitude, while
wintering roosts may be located up to ca. 2000 m
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in the Alps (reviewed in Topal and Ruedi 2001) or
even 2100 m in the Sierra Nevada in southern
Spain (Nogeras and Garrido 2007). In Slovakia
Uhrin et al. (2008) recorded 81% summer roosts
below 400 m, while 91% hibernacula were
located in the altitude range of 200-1000 m.

M. blythii is considered as a largely sedentary
species and usually limits seasonal movements to
few tens of or a little over 150 km between sum-
mer and winter roosts (reviewed in Hutterer et al.
2005). The longest distance recorded for this spe-
cies is that of a female ringed in May 1978 in a
maternity colony in Tarifa (southern Spain) and
controlled 10 months later in a cave in
Ciempozuelos (near Madrid), some 488 km straight
distance to the north. Such long-distance dispersals
suggest that lesser mouse-eared bats are able to
undertake longer journeys at least occasionally.

Diet

The lesser mouse-eared bat feeds on relatively
large arthropods, with a marked preference for
orthopterans  (Gryllidae, Tettigoniidae, and
Gryllotalpidae) and ground coleopterans like
Scarabaeidac and Carabidae (Benda et al. 2011,
2012; Arlettaz 1996). However, when this food
supply is scarce or only available as small larvae
(e.g., during the spring), M. blythii may forage on
other temporally abundant species such as cock-
chafers (Arlettaz 1996), suggesting that its hunting
strategy is very flexible. Given the large geographic
range inhabited by this species, its menu is also
very variable and may include lepidopteran larvae,
Tipulidae, hymenopterans or spiders in significant
numbers, indicating that M. blythii is an opportu-
nistic feeder (Arlettaz and Perrin 1995).

Behavior

Foraging Behavior

Lesser mouse-eared bat is a relatively large bat
feeding mainly by gleaning its preys on the

ground. Arlettaz (1996) summarized its hunting
strategy as follows: During the search flight, this
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mouse-eared bat would fly slowly and close
(<1 m) to the ground over grassy areas; if a prey
is detected, it will then hover briefly over it and
eventually will drop on it with outstretched wings;
the prey is then seized with the mouth, and the bat
takes off, consuming the captured arthropod on
the wing during a widely circling flight that lasts
less than a minute. Larger preys may also be
consumed while perched under a branch. Each
individual will be visiting one to several small
foraging patches (2-14 ha each) during a single
night. Other radio-tracking data reported by Caél
(2018) suggest that members of a single colony may
exploit a global area of several hundred hectares to
over 10,000 ha, depending on which method is used
to calculate the surface of hunting habitats.

In spring, when large concentration of cock-
chafers emerge locally, Arlettaz (1996) observed
that lesser mouse-eared bats were taking this tem-
porally abundant prey in the air by aerial-haw-
king, not by gleaning. This again is a clear sign
that this bat is rather opportunistic and may adapt
its hunting strategy and menu according to the
local food offer.

Resource Competition

The competition over the trophic niche and habitat
selection between the two sibling species M.
blythii and M. myotis has been investigated by
Arlettaz and co-authors (Arlettaz 1996; Arlettaz
et al. 1997a) by examining a range of fecal sam-
ples collected during the active season and by
radio-tracking experiments. They showed that
the two species may coexist in strict sympatry
owing to their general preferences for markedly
distinct hunting habitats: the greater mouse-eared
bat feeds mainly on ground beetles hunted in
forests, while the lesser mouse-eared bats hunt
preferentially ground arthropods in grasslands.
When both species exploit temporally the same
trophic resource (e.g., cockchafers in spring) or
occasionally hunt over the same feeding patch
during periods of high food abundance, they
don’t show agonistic behavior (Arlettaz 1995).
These authors thus concluded that habitat selec-
tion rather than active interspecific competition or
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exclusion was the underlying mechanism respon-
sible for their niche partitioning (Arlettaz et al.
1997a).

Social Organization

During the summer period, these highly gregari-
ous bats tend to live in sex-segregated colonies, as
is found in most other temperate bats (Senior et al.
2005). Females and their baby occupy the mater-
nity colonies, while males roost singly in places
away from these colonies. Nothing is known
about the interactions between mother-pup pairs
away from the nursery roosts, nor how juvenile
learn how to hunt or how they establish their own
territories. The behavior and social organization
adopted during the mating season are described in
more details in the section below, but it is only
during this time and while occupying winter roost
that these bats form mixed-gender aggregations.

Home Range

Radio-tracked females in the upper Rhone Valley
in Switzerland (Arlettaz 1999) were hunting
insects in foraging areas located about 4 km (up
to 9 km) away from their nursery colonies and
were recorded in feeding grounds at an altitude of
up to 2000 m a.s.1., whereas the roosts were found
at between 470 and 675 m altitude. These females
exploited a hunting territory of 38.1 + 11 ha,
mainly centered on south-facing slopes of the
valley, where steppe vegetation and abundant
ground arthropods were thriving. No comparable
data have been gathered outside the maternity
period nor in geographic settings outside the
Alps. It is thus difficult to estimate how this pat-
tern of habitat use applies to males, to other
regions, or to other seasons during the year.

Echolocation
The echolocation calls of M. blythii are strongly

frequency modulated (FM) signals starting at
about 40-100 kHz and, depending on the clutter
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level of the habitat, sweeping down to an end
frequency of 26-36 kHz (Russo and Jones
2002). Duration of each pulse is also highly
dependent on the habitat and behavior of the bat
(whether commuting in the open or hunting close
to the vegetation) and varies between 2 and 7 ms
(mean 4.3 + 1.23 ms). Echolocation calls are
emitted at intervals of 40-171 ms (mean
94.3 + 31.36 ms). These frequency-modulated
calls are very similar and generally indistinguish-
able from those emitted by free-flying greater
mouse-ecared bats (Barataud 2014; Skiba 2003).
However, under controlled and standardized con-
ditions, Russo and Jones (2002) showed that ultra-
sounds from both species recorded after being
hand released in an open habitat differed statisti-
cally, M. blythii emitting slightly higher-pitched
calls (mean frequency of maximum energy at
41.4 + 4.37 kHz versus 39.1 4+ 5.22 kHz in M.
myotis).

Reproductive Behavior

In late summer, the nursery colonies start to
decrease in numbers, as the adult females move
to seek for other shelters, in particular where
males have established small territories. The mat-
ing system and social organization of lesser
mouse-eared bats during this mating period have
been investigated in Greece (Hammer 1992), Aus-
tria (Spitzenberger 1988), the Czech Republic,
and Bulgaria (Horacek and Gaisler 1985-86),
and the general outlines emerging from these
studies probably apply to other parts of their Euro-
pean distribution as well. Throughout the year,
adult males stay in the periphery or further away
from the large nursery colonies, but in late sum-
mer, they occupy small (about 1 m?), individual
perching territories in the ceiling of caves or inter-
stice of attics of buildings and other man-made
structures. These day roosts are apparently occu-
pied by a single male, which rubs the hanging
place with the oily and odoriferous sebum
secreted by the facial glands. During the mating
time, which usually peaks in August and Septem-
ber, many such male territories are maintained in
the same cave system or in artificial
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undergrounds, often near the entrance. The resi-
dent male will apparently defend its favorite hang-
ing place against other male intruders but will also
attract females by various displays, especially
when bats return to the roost at dawn. Successful
males are usually found hanging tightly to 1—4 (up
to 6) females. They typically wrap these females
with their wings and try to maintain them actively
together in a dorsoventral position (see illustration
in Benda et al. 2010). These interactions may be
aggressive, the males biting or grasping the
females trying to escape. Copulations occur in
these small harems, but it is unknown whether
these relationships are maintained outside those
day roosts, nor whether the females will copulate
with one or several mates before being fecun-
dated. This polygynous, lek-like behavior charac-
terizing the mating system of M. blythii (Horacek
and Gaisler 1985-86) is therefore quite distinct
from the mating behavior of many other temperate
bat species visiting swarming sites during the
breeding period (Piksa et al. 2011; van Schaik et
al. 2015).

Parasites and Diseases

Lanza (1999) compiled the records of both endo-
and ectoparasites infesting M. b. oxygnathus from
Italy. Among the endoparasites, he listed several
unicellulars  (including the blood parasite
Trypanosoma dionisii), four species of cestodes
(including Vampirolepis acuta), over 20 species of
trematodes  (including several species of
Plagiorchis spp.), over 25 species of nematodes
(including several Capillaria spp.), and many
spiny-headed worms (Acanthocephala). Lanza
also listed ectoparasites such as over 50 species
of mites (including Macronyssus spp., Ixodes
spp., and Spinturnix spp. to name the most com-
mon genera), bat flies (Nycteribia spp.,
Penicillidia spp.), fleas (such as Ischnopsyllus
spp. or Pulex irritans), bugs (Cimex sp.), and an
unknown dermestid. Insular populations of lesser
mouse-eared bats have also been investigated by
Sevcik et al. (2013) in Crete and Cyprus, but only
two ectoparasite species were evidenced, namely,
Nycteribia latreillii and Penicillidia dufourii.



In the Middle East, Benda et al. (2012) report a
number of ectoparasites on M. b. omari, including
the bat flea (Ischnopsyllus dolosus), several bat
flies (Nycteribia latreillii, N. vexata, N. schmidlii,
Rhinolophopsylla unipectinata, and Penicillidia
dufourii), and mites (Spinturnix myoti,
Alabidocarpus calcaratus, and Nycteridocoptes
poppei). A compilation of older mentions of ecto-
parasites of M. blythii s.I. can be found in (Topal
and Ruedi 2001).

Although many of those parasites are known to
be widespread and in general are not particularly
host-specific (Bruyndonckx et al. 2009), Christe
and colleagues (Christe et al. 2003, 2007) showed
that the flight-membrane specialized mite
Spinturnix myoti was affecting significantly less
severely M. blythii than M. myotis where those
two sibling species coexist in mixed-species col-
onies. These researchers also showed that bats in
nutritionally good conditions, newborns, and
especially gravid females were more susceptible
to be infested by these blood-sucking mites,
suggesting that such parasites prefer not only vul-
nerable but also well-fed hosts. The prevalence of
these mites on wing membranes of juvenile lesser
mouse-eared bats was close to 100%.

Whereas positive serologic results of rabies
virus antibodies have been evidenced in M. myotis
from Spain (Serra-Cobo et al. 2002), similar sur-
veys failed to find the presence of this virus in M.
blythii in Europe (see review in Schatz et al.
2013). A related strain of the rabies virus in that
species, however, has been detected in Central
Asia (Kuzmin et al. 2003). Coronavirus have
also been detected in Iberian lesser mouse-eared
bat but in low prevalence (1 in 11 bats tested,;
Falcon et al. 2011).

Population Ecology

Lesser mouse-eared bats are highly gregarious
species that coexist with several other
troglophilous species in their roosts. Indeed most
maternity roosts of M. blythii found across Europe
are mixed colonies with M. myotis (Baratti et al.
1997; Uhrin et al. 2008; Spitzenberger 1988;
Arlettaz  1995; Nogeras and Garrido 2007).
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Exceptions include few Mediterranean islands
like Crete or Cyprus, which only support mono-
specific populations of lesser mouse-eared bats
(Georgiakakis et al. 2012; Benda et al. 2018),
but others like Sicily (Toschi and Lanza 1959) or
Lesvos (Hanak et al. 2001) host both species
breeding in sympatry. In addition to hosting M.
myotis, summer colonies of M. blythii may also be
intermingled with several other bat species,
including M. capaccinii, M. emarginatus, Mini-
opterus schreibersii, Rhinolophus euryale, or R.
mehelyi (Caél 2018). In winter M. blythii is also
found to roost together in mixed clusters with
several of these troglophilous bats (reviewed in
Topal and Ruedi 2001), suggesting that advan-
tages of multispecies assemblages such as com-
munal thermoregulation or lowered predation
risks may offset the potential costs such as ele-
vated parasite transmission induced by this gre-
garious behavior (Kerth 2008).

Conservation Status

Globally, the lesser mouse-eared bat is listed by
TUCN (2016) as of least concern because it is still
common in most of its Asiatic and East European
range. However, it is rare or declining in many
Western European countries and thus classified
locally as near threatened (e.g., in France; Caél
2018), vulnerable (e.g., in Iberia, Cabral et al.
2005; Nogeras and Garrido 2007), or critically
endangered (e.g., in Switzerland or Austria,
Bohnenstengel et al. 2014; Spitzenberger 2001).
One of the main threats in Europe is the
destruction or changes in its favorite hunting hab-
itats (see chapter Habitat). Indeed, although the
diet of lesser mouse-eared bat is rather eclectic, it
largely depends on large, grass-dwelling species
such as bush crickets or on seasonally abundant
cockchafers, both of which tend to disappear with
the intensification of agricultural practices (Marini
et al. 2008; Dietz and Kiefer 2015). In particular
large extensive steppes found in climatically
favorable places are being converted to vineyards
or intensive grasslands (Arlettaz 1995). Con-
versely, other threats to its main feeding habitats
also include the abandonment of extensive



Lesser Mouse-Eared Bat Myotis blythii (Tomes, 1857)

pastureland and a concomitant development of
woody vegetation, which provide less favorable
conditions as hunting grounds for M. blythii (see
chapter Foraging Behavior).

But perhaps the highest threat throughout the
entire range of M. blythii is the increasing anthro-
pogenic disturbance to roosts in caves and build-
ings. These troglophilous bats are easily disturbed
by the repetitive intrusion of humans such as
caving tourism, which induce large energetic
costs to hibernating bats or may lead to the aban-
donment of entire breeding colonies. This phe-
nomenon has been well documented in Spain
(Juste and Paunovi¢ 2016), where up to 90% of
the known roosts in Andalusia suffered from
major human disturbance (Nogeras and Garrido
2007). Likewise, a nursery colony installed in a
cave in Romania decrease by 95% due to increas-
ing speleological activities. Roosts located in
attics or steeples of churches may disappear fol-
lowing renovation or closure of accesses to avoid
the intrusion of birds.

Management

Bats in general are all protected by national and
international laws as most European countries
agreed to protect bat populations under the
UNEP/EUROBATS agreement (Hutson et al.
2015) and the BONN convention on migratory
species. However, critical conservation actions
to protect more specifically the lesser mouse-
eared bat should include a combination of man-
agement of hunting habitats and of roost protec-
tion. Controlling in particular the development of
speleological activities near roosts, both for tour-
istic and for caving enthusiasts, is critical to min-
imize disturbance for these sensitive troglophilous
bats (Juste and Paunovi¢ 2016). The maintenance
of pastures and open grasslands, including
throughout  extensive  grazing, is also
recommended to avoid the development of
encroaching woody vegetation (Kyherdinen et
al. 2019).

Future Challenges for Research and
Management

The current difficulties of differentiating M.
blythii from its sibling species M. myotis are a
major problem hindering the monitoring of popu-
lation trends in lesser mouse-cared bats. As M.
blythii is clearly more at risk due to widespread
declines of populations in most European coun-
tries, when compared to the great mouse-eared
bat, this taxonomic challenge should be urgently
solved. The taxonomic status of South Asian
populations of M. blythii s.I., especially across
the transition zones between omari and blythii,
should also be investigated in more details, as
the outcome of the biological interaction between
these two ecomorphs might challenge the current
taxonomic status of the European lesser mouse-
eared bats.

The closure of underground habitats with iron
gates and horizontal bar spacing is often a solution
to reduce human encroachment. However, it is
unclear whether such designs are appropriate for
all species, including M. blythii, and during the
entire life cycle of those bats (Tobin and Cham-
bers 2017). More research is needed in this field as
well.
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