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Bat remains (Mammalia, Chiroptera) from the Middle Pleistocene
site of Qesem Cave, Israel, with the first Pleistocene record of

fruit bats in the Mediterranean region

Ivan Horacek, Lutz Christian Maul, K.T. Smith, Ran Barkai, and Avi Gopher

ABSTRACT

Very few data are available on fossil bats of the Near East, a region of great bio-
geographic significance for that group in the Western Palaearctic. Here, we report on a
collection of fossil bats from the Middle Pleistocene site Qesem Cave, Israel, famous
for lithic artifacts, hominin remains and rich vertebrate faunas. We identified five micro-
chiropteran species, viz. Rhinolophus ferrumequinum, R. euryale, R. mehelyi, Miniop-
terus cf. schreibersii, and Myotis blythii, all typical cave-dwellers common also in extant
communities in the region. Their appearance suggests mild conditions with variegated
vegetation at the time of deposition. In addition, two tooth fragments, tentatively identi-
fied as cf. Rousettus sp., provide the first Pleistocene record of fruit bats beyond the
tropics. If these remains pass muster, the Quaternary history of fruit bats in this region
could be traced back to the Pleistocene, earlier than previously thought, and then the
extant extralimital population of Rousettus aegyptiacus could be seen as a palaeocho-
ric element of the Mediterranean biota. In general, the Pleistocene record of bats in the
Levant (including Qesem) is characterized by the absence of the Ethiopian elements
that dominate the extant Levantine fauna, while the vast majority of the fossil bat forms
are elements of the Palaearctic clades.
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INTRODUCTION

The Mediterranean is often regarded as one
of the most complex and diversified regions of the
world from an environmental and biogeographical
point of view (Quézel, 1985; Blondel and Aronson,
1999; Médail and Diadema, 2009; Blondel et al.,
2010). This holds true also for mammals: the
region is inhabited by 319 species (Temple and
Cuttelod, 2009) including the vast majority of the
253 European species (Aulagnier et al., 2009).
Compared to the Western Mediterranean, charac-
terized by predominant effects of palaeoendemism
(Ibanez et al., 2006), the Eastern Mediterranean,
including Middle East, represents a nexus in West
Palaearctic biotic history. Its extant fauna com-
prises palaeoendemic populations of European
elements as well as elements of Afro-eremial,
Irano-Sindian, or Turanian origin (Horacek et al.,
2000; Blondel, 2009). The unique features of that
region may be elucidated by studying the history of
faunal interchange directly in the local fossil record
(Tchernov, 1992). The present paper is a step in
this direction, focusing on bats, a group that, in
regards to its species richness and dispersal capa-
bilities, might serve a suitable model system for
such analyses.

The region of Eastern Mediterranean is cur-
rently inhabited by 64 bat species; 60 of these
reach the margin of their distribution there. Charac-
teristics of the Mediterranean bat communities
were found to be the most significant contributor to
structural diversity in Palaearctic bat faunas
(Horacek et al., 2000). The essential role of the
Eastern Mediterranean in emergence of phylogeo-
graphic diversity has been repeatedly confirmed
(e.g., Hulva et al., 2004; Juste et al., 2004; Bilgin et
al., 2006; Hulva et al., 2010; Hulva et al., 2012;
Salicini et al., 2012). Yet, the history of extant gen-
otypes inferred from phylogeographic analyses is
not always a history of the species. Furthermore,
the inferential nature of molecular phylogeography
does not dispose it to provide any direct informa-
tion on past distributions, on the role of species in
extant communities, on the contextual factors
determining the pathways of their actual history,
the history of community rearrangements, the
course of dispersal and extinction events or on
local variation in faunal history and phenotypic
rearrangements. Such information is available only
from fossil record. Thus, to reconstruct the path-
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ways producing current diversity of bat fauna in the
Eastern Mediterranean means first to turn attention
to the fossil record.

In contrast to Europe, where a very rich fossil
record of small mammals provides a detailed infor-
mation on faunogenetic history of the Late Ceno-
zoic, the available data from the Near East are still
rather scarce. Intensive archaeological investiga-
tions undertaken in the Levant in recent decades,
particularly in Israel, fill part of the gap with detailed
information from a series of sedimentary and fau-
nal sequences including the Middle and Late Pleis-
tocene (Tchernov, 1992; Frumkin et al., 2011).
However, most information on the Pleistocene his-
tory of small mammals in the Levant relates to
rodents, whereas for other groups, including bats,
data are very scarce. Partly because they are not
considered to be very significant from an archaeo-
logical viewpoint, bats have not often been treated
in detail, as can be seen in the following short over-
view.

The Early Pleistocene bat material from the
site of Ubeidiyah in Israel is referred to as Microchi-
roptera indet. (Haas, 1966). Middle Pleistocene bat
remains were recovered during the large scale
excavations at Tabun Cave, Mt. Carmel (Bate,
1937). The species identified included Megaderma
watwat (in layer F - late Acheulean), Myotis cf.
baranensis, Rhinolophus sp. (in layer Ed -
Acheulo-Yabrudian), and Myotis cf. baranensis (in
layer D - Mousterian). New excavations at Tabun
Cave (Goldberg et al., 1973) provided additional
bat remains, under investigation by B.W. Woloszyn
(Cracow) (R. Rabinovich pers. comm.). This
assemblage includes several bat species, domi-
nated by Rhinolophus ferrumequinum, Myotis bly-
thii, and Miniopterus sp. (pers. obs., |I. Horacek in
the Hebrew University collection, Jerusalem). At
the late Middle Pleistocene (late Lower Palaeo-
lithic) site of Oum-Qatafa, Haas (1951) identified
three mandibles of Rhinolophus, referred to as R.
ferrumequinum, R. euryale, and a Rhinolophus
species intermediate in size. Haas (1967, and a list
in Boutié, 1979) also reported a bat assemblage
from the Mousterian site Geula B (Mt
Carmel) composed of Rhinolophus ferrumequi-
num, R. hipposideros, R. blasii, R. euryale, R. sp.,
Myotis sp. (small) and Miniopterus sp. In a review
of the Mousterian sites of the Levant Boutie (1979)
quoted a record of Tadarida teniotis and Chiroptera



FIGURE 1. Location of the Middle Pleistocene Qesem
Cave.

indet. (identified by G. Haas) from the site of
Shoubbabiq (Shovakh) Cave. Unpublished osteo-
logical and dental material from the Late Mouste-
rian site of Kebara deposited in collections of the
Hebrew University, Jerusalem, includes remains of
at least three species: Rhinolophus cf. mehelyi,
Miniopterus sp. and Myotis cf. blythii. Tchernov
(1984) reported numerous remains of bats (which
«still require identification») from the Historical
Period (layers 2-5) of Sefunim Cave at Mt. Carmel
including Rousettus aegyptiacus, which was abun-
dant also in the Neolithic Period (layers 6-7).
Unidentified bat remains were excavated from the
same site in the Upper Palaeolithic layers 8a-8,
and in the Aurignacian layers 9-11 (op. cit.). To
sum up, the currently available fossil bat material
recorded from Israel is still not very rich.

The recent excavations of a multi-layered Middle
Pleistocene deposit at Qesem Cave provided a
particularly rich collection of small vertebrates
(Maul et al., 2011) amounting to thousands of iden-
tifiable specimens in a well-dated context, among
them bats. As in the aforementioned Pleistocene
sites, at Qesem the amount of bat material is also
unfortunately limited. However, regarding the scar-
city of fossil record in this region, the new data
improve our knowledge about the history of Levan-
tine bat faunas.

PALAEO-ELECTRONICA.ORG

QESEM CAVE SITE

The site of Qesem Cave (32.102142° N,
34.986627° E, 90 m a.s.l.) is located some 12 km
east of the present day Mediterranean coast, on
the moderate western slopes of the Samarian hills
(Figure 1). Presently, the area is situated within the
Mediterranean climatic zone with a mean annual
precipitation of 500-600 mm. The cave is a sedi-
ment-filled karstic chamber cave some 20 x 15 m
in size and ca. 10-12 m high. It is part of a larger
karstic system within the limestone of the B’ina
Formation (Turonian, Late Cretaceous). By the
Middle Pleistocene, the cave had been breached
by natural erosion allowing the entry of hominins
and anthropogenic sediment deposition (Frumkin
et al., 2009).

All layers of the 9.5 m stratigraphic sequence
of Qesem Cave were securely assigned to the
Acheulo-Yabrudian Cultural Complex - AYCC (late
Lower Palaeolithic, Middle Pleistocene) (Barkai et
al., 2003; Gopher et al., 2005; Gopher et al., 2010;
Barkai and Gopher, 2011). The Amudian industry
of the AYCC is dominant throughout the strati-
graphic sequence and is characterized by system-
atic blade production and a major component of
shaped blades and Naturally Backed Kbnives
(Barkai et al., 2005; Gopher et al., 2005; Shimel-
mitz et al., 2011). Amudian blades were mostly
used on soft tissues for cutting, butchering, and
defleshing and were practically conceived as dis-
posable tools, cut and throw-away implements
(Lemorini et al., 2006). Recently excavated areas
in Qesem Cave revealed the presence of the
Yabrudian industry of the AYCC (Barkai et al.,
2009; Barkai and Gopher, 2011).

To date, eight hominin teeth have been found
in the cave. Their morphometric analysis and a
wide-ranging comparative study show that the
teeth most closely resemble the Skhul-Qafzeh
samples of the Middle Palaeolithic Levant while a
Homo erectus assignment is clearly not tenable
(Hershkovitz et al., 2011). This is of great impor-
tance considering their Middle Pleistocene age
(420-200 ka) and may, conjoined with the cultural
transformations demonstrated at Qesem Cave,
point to the appearance of a new hominin lineage
in the Levant some 400 ka (Ben-Dor et al., 2011).
Moreover, the macrofaunal remains of Qesem
Cave comprise thousands of large vertebrate
bones, on which cut marks and signs of burning
are frequently observed (Stiner et al., 2009, 2011).

Microvertebrate bone concentrations were
found first near-by the eastern cave wall and later
another, earlier, concentration was uncovered far-
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FIGURE 2. Squares of the excavation area of the Middle Pleistocene Qesem Cave with concentration (green areas)

of microvertebrate fossils.

ther to the west. Preliminary investigations of the
small vertebrate remains (material of excavation
seasons between 2006 and 2008) from the first
concentration (squares L-N/13-15, see Figure 2)
enabled the identification of some 50% of 10,000
specimens to the generic and some hundreds to
the species level. The assemblage included a vari-
ety of small reptile and mammal taxa (Maul et al.,
2011). Thus far there is no evidence that the fauna
of the cave consists of taxa other than those occur-
ring in Israel today. However, the currently avail-
able material from the three excavation seasons of
2009 to 2011 (some 15,000 remains identified at
least to the generic level) including finds from both
the above mentioned concentration (including the
newly found concentration in squares H/16-17)
provides, at least for the vole population (Microtus
guentheri), clear morphometric differences com-
pared to the recent members of the species.

The ecological preferences of the nearest liv-
ing relatives of the recorded microvertebrate taxa

allowed inference of a palaeoenvironment with a
mosaic of open and woodland habitats. However,
comparing the lower with the upper levels of the
microfauna-bearing horizon of squares L-N/13-15,
a slight shift towards more wooded conditions
might be discernible (Maul et al., 2011). Radiomet-
ric dating gives an estimated age range for the fos-
siliferous sediments of c. 420-200 ka (Gopher et
al., 2010), while the microvertebrate-bearing strata
are clearly earlier than 250 ka (Mercier et al.,
2013).

MATERIAL AND METHOD

The material surveyed in the present paper
was obtained in the frame of detailed multi-disci-
plinary studies of the site conducted since 2004.
The sediment samples taken in the field were
screen-washed with 0.8 mm mesh size for
microvertebrates (Maul et al.,, 2011). All bat
remains originate from the two microvertebrate
accumulations in squares L-N/13-15 and H/16-17



(Figure 2). Morphological terms, including abbrevi-
ations for particular dental elements, as well as
measurements follow the standard convention as
surveyed by Woloszyn (1987) and Sevilla (1988).
The minimum number of individuals is calculated
from the most abundant bone or tooth from either
the left or right side of the animal. All measure-
ments are given in mm. Abbreviations: |, C, P, M, i,
Cc, p, m — upper (in upper case) and lower (in lower
case) incisors, canine, premolar, and molar teeth,
crH — coronoid height (height of ramus mandibu-
lae), H — height, L — length, md — mandible, MNI -
minimum number of individuals, tl — talonid, tr — tri-
gonid, W — width. The abbreviations in the cata-
logue numbers denote Tel Aviv University (TAU),
Qesem Cave (QC), and Chiroptera (CHIR) fol-
lowed by consecutive numbered specimens. Geo-
graphic setting of the region, scheme of the
Mediterranean vegetation zones and related terms
are mostly after Blondel and Aronson (1999), Dov
Por and Dimentman (2006), and Allen (2009). The
entire fossil material mentioned in this paper will be
stored in the Tel Aviv University. During the investi-
gation it is temporarily deposited at the Sencken-
berg Research Station of  Quaternary
Palaeontology in Weimar.

SYSTEMATIC PALAEONTOLOGY

Order CHIROPTERA Blumenbach, 1779
Family RHINOLOPHIDAE Gray, 1825
Genus RHINOLOPHUS Lacépede, 1799
Rhinolophus ferrumequinum (Schreber, 1774)
Figure 3.13-24

Material. Four cochleae (TAU-QC/CHIR-08, TAU-
QC/CHIR-09, TAU-QC/CHIR-38, TAU-QC/CHIR-
50: width = 3.62, 3.72, 4.00, 3.90), seven upper
canines (TAU-QC/CHIR-10, TAU-QC/CHIR-17,
TAU-QC/CHIR-22, TAU-QC/CHIR-31b, TAU-QC/
CHIR-34a, TAU-QC/CHIR-34b, TAU-QC/CHIR-45:
width x height = 2.47 x 4.05, 2.19 x ?, 2.34 x 4.41,
2.51 x4.30, 2.48 x 3.90, 2.42 x 4.51, 2.57 x 4.14),
1 ¢1 (TAU-QC/CHIR-11: 1.18x3.02), eight man-
dible fragments (TAU-QC/CHIR-12: Lmd 17.69, i-
m3 10.63, c-m3 10.17, p4-m3 8.30, m1-m3 7.03,
m1-m2 4.73, m2-m3 4.70, p4-m1 2.89, c-p4 3.10,
crH 4.51, symphysis? x 1.00, mdH 2.30, m1L 2.45,
m1itrL 1.48, m1trW 1.23, m1tlW 1.50, m2L 2.45,
m2trL 1.39, m2trW 1.38, m2tlwW 1.58, m3L 2.25,
m3trL 1.10, m3trWw 1.42, m3tIW 1.27, TAU-QC/
CHIR-16: m2-m3 4.39, m3L 2.13, m3trL 1.05,
m3trw 1.14, m3tIW 1.13, TAU-QC/CHIR-24: m1L
2.40, m1trL 1.23, m1trW 1.24, m1tlW 1.40, TAU-
QC/CHIR-26: m1-m3 7.22, m1-m2 4.92, m2-m3
4.68, mdH 2.15, m1L 2.34, m1trL 1.40, m1trW
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1.45, m1tlW 1.65, m2L 2.49, m2trL 1.42, m2trwW
1.46, m2tlW 1.71, m3L 2.22, m3trL 1.16, m3trW
1.34, m3tIW 1.34, TAU-QC/CHIR-27: m3L 2.27,
m3trL 1.18, m3trw 1.38, m3tlW 1.22, TAU-QC/
CHIR-28b: m1tr, TAU-QC/CHIR-46: m2-m3 4.66,
crH 4.77, mdH 2.75, m2L 2.36, m2trL 1.45, m2trwW
1.47, m2tIW 1.54, m3L 2.24, m3trL 1.23, m3trw
1.33, m3tiw 1.19, TAU-QC/CHIR-47: m1-m2 4.73,
mdH 2.49, m1L 2.30, m1trL 1.39, m1trW 1.31,
m1tiw 1.32, m2L 2.28, m2trL 1.48, m2trW 1.47,
m2tIW 1.35, three humerus distal epiphyses TAU-
QC/CHIR-05: ephipW 5.35, trochW 3.40, diapW
1.71, TAU-QC/CHIR-30: ephipW 5.38, trochwW
3.50, diapW 1.61, TAU-QC/CHIR-42: ephipW 5.50,
trochW 3.54, diapW 1.65, one humerus proximal
epiphysis TAU-QC/CHIR-39: diapW 1.62, one
radius fragment (TAU-QC/CHIR-25 b), one tibia
fragment (TAU-QC/CHIR-14a), five metacarpal
fragments (TAU-QC/CHIR-6, TAU-QC/CHIR-14b,
TAU-QC/CHIR-15, TAU-QC/CHIR-32, TAU-QC/
CHIR-41). MNI=7.
Remarks. All morphological details in the above
listed specimens correspond to the state character-
izing bats of Rhinolophus ferrumequinum group
(i.e., R. ferrumequinum s. str. and/or closely related
forms of uncertain taxonomic rank) — the clade
which predominates the Late Cenozoic fossil
record throughout the Western Palaearctic. The
extant form inhabits an extremely large geographi-
cal range from England and Morocco to Southeast
China and Japan. The current molecular (mito-
chondrial and microsatellite) data (Flanders et al.,
2009) demonstrate that, in spite of considerable
phenotype variation, all extant populations belong
to the same clade split into a western and an east-
ern group by a shallow divergence (about 5% in
ND2). Also, the genetic distances between the
west European and Near Eastern populations are
very shallow (1.2% in ND2), which suggests a
divergence time at around 300 ka (Bilgin, 2011).
Nevertheless, a significant cline in body size, with
enlargement from Northwestern Europe to South-
eastern Europe and the East Mediterranean, has
been convincingly demonstrated (Krystufek, 1993;
De Paz, 1995). This trend further continues to Iran
and the Near East, including the Levant (Spoutil,
2003; Benda et al., 2006). It seems that it termi-
nates just at the southernmost Eastern Mediterra-
nean populations of the species in Israel and
Jordan where skull dimensions represent maxi-
mum values of the species variation range (Men-
delssohn and Yom-Tov, 1999; Benda et al., 2010).
Worth mentioning is that in metric characteris-
tics, the Qesem Cave specimens exceed in most
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FIGURE 3. Remains of (3.1-6) Rhinolophus mehelyi Matschie, 1901, (3.7-12) Rhinolophus euryale Blasius, 1853,
and (3.13-24) Rhinolophus ferrumequinum (Schreber, 1774) from the Middle Pleistocene Qesem Cave: (3.1-3) TAU-
QC/CHIR-12b, left mandibular fragment, occlusal, buccal, lingual view; (3.4-6) TAU-QC/CHIR-25, left mandibular
fragment, occlusal, buccal, lingual view; (3.7-9) TAU-QC/CHIR-37, right upper canine, mesial, lingual, buccal view;
(3.10-12) TAU-QC/CHIR-03, right mandibular fragment, occlusal, buccal, lingual view; (3.13-15) TAU-QC/CHIR-10,
right upper canine, mesial, lingual, buccal view; (3.16-18), distal epiphysis of right humerus, TAU-QC/CHIR-05, inter-
nal, posterior, external view; (3.19-21) TAU-QC/CHIR-12a and (3.22-24) TAU-QC/CHIR-46, left mandibular frag-
ments, occlusal, lingual, buccal view;



instances the variation limits of extant populations
of the species including those from Jordan and
Israel (cf. Krystufek, 1993; Benda et al., 2006;
Benda et al., 2010). The same fact was stressed
by Bate (1937) for a specimen of Rhinolophus sp.
from Tabun Ed, i.e., a layer corresponding in age to
Qesem Cave (Frumkin et al., 2011). This seems to
corroborate that clinal size differences of this spe-
cies were already established by the Middle Pleis-
tocene and influenced the evolutionary history of
the clade in that region. In the Levant, the extant
range of R. ferrumequinum is confined to the ther-
momediterranean zone (in the sense of Blondel
and Aronson, 1999; Allen, 2009) in the Galilee,
northwest Judea and along the Jordan river, while
the arid habitats in the rift zone along the Dead Sea
are inhabited by the northernmost populations of
its African sister species Rhinolophus clivosus,
which differs in its distinctly smaller dimensions
(yet significantly larger than in R. mehelyi). In con-
trast to the regular occurrence of R. ferrumequi-
num s. str., the absence of R. clivosus in the
Levantine fossil record is noteworthy.

Rhinolophus euryale Blasius, 1853
Figure 3.7-12

Material. Upper canine (TAU-QC/CHIR-37: width
1.61, height 2.97), mandible fragment (TAU-QC/
CHIR-03: c-m1 (3.49, p4-m1 2.39, mdH 1.44, cL
(0.59), cW (0.38), p2L (0.35), p3L 0.17, p3W 0.13,
p4L 0.85, p4W 0.73, m1L 1.60, m1trL 0.84, m1trwW
0.76, m1tlw 0.92. MNI=1.

Remarks. The above listed elements belong
clearly to a medium-sized form of Rhinolophus.
Their metrical characteristics are below the lower
limits of variation in R. ferrumequinum, R. clivosus
and R. mehelyi, and above the upper limits of vari-
ation in the R. hipposideros group (from which they
differ by distinctly more robust dentition and mandi-
ble modelation). In the extant fauna three species
may be considered, R. euryale and R. mehelyi are
true Mediterranean elements and are more or less
restricted to that region, whereas R. blasii is an
Ethiopian element which reaches the northern mar-
gin of its distribution range in the Eastern Mediter-
ranean. R. blasii and R. euryale are almost
identical in size, and their discrimination is tradi-
tionally difficult. Besides the shape of the brain-
case, they differ in the relative size of p2 and p4.
The PR ratio comparing the crown occlusal square
of p2/p4 size was confirmed as a reliable discrimi-
nating criterion (cf. Popov and lvanova, 2002;
Benda et al., 2006). The Qesem specimen TAU-
QC/CHIR-03 exhibits a reduced size of p2 and rel-
atively less compressed premolar row which corre-

PALAEO-ELECTRONICA.ORG

sponds to the state in R. euryale. The p3 is
relatively large and p2 and p4 were most probably
not in contact. Besides smaller dimension this
character distinguishes R. euryale from R. mehelyi
where p3 is quite minute and completely displaced
from the tooth row.

All the mentioned species are strict cave-
dwellers and highly social sometimes forming very
large colonies throughout the year. In contrast to R.
blasii, R. euryale has appeared in the European
fossil record since the early Pliocene (e.g., Muse-
lievo, see Popov, 2004), supposedly as a descen-
dant of the European Late Miocene R. lissiensis
Mein, 1965. It was recorded in about 30 Pliocene
and Early Pleistocene sites in Spain, France, ltaly,
Hungary, Austria, and Slovakia, yet nowhere in
large numbers. At about a half of these sites it was
found syntopically with R. mehelyi, as is the case
at Qesem. R. euryale is reported also from the
Mousterian site Geula B (Haas, 1967).

Rhinolophus mehelyi Matschie, 1901
Figure 3.1-6

Material. Upper canine (TAU-QC/CHIR-33: width x
height = 1.90x3.68), three mandible fragments
(TAU-QC/CHIR-12b: i-m3 (8.09, c-m3 7.54, p4-m3
6.03, m1-m3 5.20, m1-m2 3.61, p4-m1 2.90, c-m1
4.25, symphysis 2.45 x 0.63, crH 2.68, mdH 1.70,
cL 0.93, cW 1.07, cH 2.07, p2L 0.76, p2W 0.66,
p4L 0.97, p4w 0.99, m1L 1.87, m1trL 1.22, m1trwW
1.03, m1tIW 1.13, m2L 1.74, m2trL 0.98, m2trw
0.98, m2tIW 1.11, m3L 1.53, m3trL 0.81, m3trW
1.00, m3tIW 0.89, PR = 0.522, TAU-QC/CHIR-23:
m1-m3 (4.79), m1-m2 (3.29, m2L (1.75, m2tIwW
1.25, 25a: Lmd (11.50), i-m3 (8.25, c-m3 7.45, p4-
m3 6.05, m1-m3 5.16, m1-m2 3.67, c-m1 4.21, p4-
m1 2.75, c-p4 2.37, symphysis 2.37 x 0.77, mdH
1.66, cL 0.93, cW 1.14, cH 2.2f, p2L 0.72, p2W
0.75, p4L 0.95, p4W 0.98, m1L 1.95, m1trw 1.11,
m1tiw 1.11, m2L 1.72, m2trwW 1.04, m2tiw 1.14,
m3L 1.57, m3trW 1.02, m3tIW 0.95, three radius
proximal epiphysis fragments (TAU-QC/CHIR-13a
width = 2.86, TAU-QC/CHIR-21a, TAU-QC/CHIR-
21b), one femur fragment (TAU-QC/CHIR-49), one
metacarpal fragment (TAU-QC/CHIR-21c).

Remarks. Assignment of the above mentioned ele-
ments to R. mehelyi (MNI = 3) is based essentially
on metrical characteristics (just in between the
ranges of variation of R. ferrumequinum-clivosus
and R. euryale-blasii, respectively) and structure of
the dentition, which is somewhat more robust than
that in R. euryale and R. blasii. The present mate-
rial also differs in having a more reduced and
bucally displaced p3 (and thus p2 and p4 are in
direct contact). R. mehelyi is a true Mediterranean
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element, which recently — in contrast to the preced-
ing species — does not appear beyond the limits of
the Mediterranean proper (Gaisler, 2001). Yet this
was not always the case, e.g., in the period along
the MN17/Q1 boundary (end of Gelasian) it is
recorded in seven sites in the Panonnian Basin in
Hungary and Austria (Janossy, 1996; Sapper,
1997). It is also reported from MN14 site Podlesice
in Poland (Woloszyn, 1987). R. neglectus (Heller,
1936) appearing in three MN15-16 sites of Ger-
many, Poland, and Hungary is considered to be
closely related to R. mehelyi (cf. Woloszyn, 1987).
Late Pliocene and Early Pleistocene records of R.
neglectus are also available from nine localities in
the Mediterranean region (Spain, ltaly, Bulgaria -
Sevilla et al.,, 1991; Popov, 2004; Tata and Kot-
sakis, 2005; Agusti et al., 2011). In contrast to the
Mediterranean Middle and Late Pleistocene
records, the Pliocene and Early Pleistocene speci-
mens of R. mehelyi are slightly larger than the
extant form and were often co-identified with the
form described from Ghar Dalam, Early Pleisto-
cene of Malta, as R. mehelyi birzebuggensis
Storch, 1974. However, all Qesem specimens fall
in the range of the extant species, including the
populations of the Levant, and are smaller than R.
m. birzebuggensis (c-m3L = 8.0 mm, m1L > 2.0
mm - cf. Storch, 1974). It should be noted that the
type material of R. euryale judaicus (Andersen et
Matschie, 1904) (type loc. Jerusalem) (nec. R. e.
judaicus sensu Mendelssohn and Yom-Tov, 1999)
was synonymized with R. mehelyi (cf. Kock, in litt.
and Benda et al., 2006).

Although recently R. mehelyi is perhaps the
rarest species of Rhinolophus in the Mediterranean
region, its fossil record is obviously relatively rich,
even more abundant than in the other two medium-
sized forms of Rhinolophus. It cannot be excluded
that the recently described Pliocene R. maghre-
bensis (Gunnell et al.,, 2011) from MN16 Ahl al
Oughlam, Morocco also belongs to the clade of R.
mehelyi-euryale, which would suggest a Pliocene
radiation of that group in the inner Mediterranean.

Family MINIOPTERIDAE Dobson, 1875

Genus MINIOPTERUS Bonaparte, 1837

Miniopterus cf. schreibersii (Kuhl, 1817)
Figure 4.1-9

Material. Two maxillar fragments (TAU-QC/CHIR-
07b: P4-M3 4.64, M1-M3 3.69, M1-M2 2.97, P4L
1.38, P4W 1.44, M1L 1.56, M1W1 1.71, M1W2
1.98, M2L 1.56, M2W1 1.86, M2W2 1.94, M3L
0.85, M3W 1.80, TAU-QC/CHIR-35: P4-M3 4.21),
M1-M3 3.42), M1-M2 2.89, P4-M1 2.60, P2L 0.87,
P2W 1.06, P4L 1.05, P4W 1.60, M1L 1.54, M1W1
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1.81, M1W2 2.05, M2L 1.45, M2W1 1.89, M2W2
1.92), seven mandible fragments (TAU-QC/CHIR-
01: c-p4 (2.06, p4L 0.66, p4W 0.64, TAU-QC/
CHIR-04: m1-m3 4.14), m1-m2 2.93, crH 2.55,
mdH 1.30, m1L 1.56, m1trL 0.80, m1trW 0.87,
m1tiw 1.03, m2L 1.43, m2trL 0.77, m2trW 0.91,
m2tIw 0.93, 07a: i-m3 (7.88, c-m3 (6.80, p4-m3
(5.05, m1-m3 4.25, c-p4 2.82, p2-p3 1.20, symphy-
sis 2.25 x 0.76, mdH 1.64, cL (0.73), cW (0.72),
p2L 0.65, p2W 0.69, p3L 0.59, p3W 0.72, p4L 0.88,
p4W 0.89, mi1L 1.54, m1trL 0.77, m1trW 1.07,
m1tiw 1.23, m2L 1.40, m2trL 0.68, m2trW 1.06,
m2tIW 1.07, m3L 1.32, m3trL 0.64, m3trW 0.92,
m3tIW 0.76, 18: m2L (1.38), m2trw 0.85, 20: mdH
1.70, TAU-QC/CHIR-28a: m2L 1.44, m2trL 0.66,
m2trw 0.91, m2tlw 1.00, TAU-QC/CHIR-48: Lmd
(10.80, i-m3 (7.00, c-m3 (6.18, p4-m3 4.61, m1-m3
3.90, c-p4 (2.43, p2-p3 (0.96), crH 2.59, symphysis
(1.85 x 0.82, mdH 1.52, p3L 0.49, p3W 0.59, p4L
0.76, p4W 0.81, miL 1.34, m1trw 0.85, m1tIwW
0.94, m2L 1.31, m2trW 0.91, m2tiw 0.92, m3L
1.25, m3trw 0.81, m3tIw 0.72. MNI=6.

Remarks. Except for two fragments lacking clear
discriminating characters (TAU-QC/CHIR-18, TAU-
QC/CHIR-20), the assignment of all the above
listed items to Miniopterus is unambiguous. Miniop-
terus is characterized by a specific arrangement of
upper dentition, with a large P2, rounded in sec-
tion, talon-like distal extensions of palatal cingulum
at upper molars, nyctalodont lower molars, large
p3 with two roots, conspicuously developed angu-
lus mandibulae, low processus coronoideus with
horizontal incisura sigmoidea, etc. Some of these
characters are unique among vespertilionoid bats
and support a separate family status of the genus
(Mein and Tupinier, 1977; Miller-Butterworth et al.,
2005).

The species identity of the fossil material is
uncertain, since recent molecular analyses (Miller-
Butterworth et al., 2005; Bilgin et al., 2006; Furman
et al., 2009) demonstrated that the extant Miniop-
terus schreibersii (Kuhl, 1817), which our material
clearly resembles, actually represents a complex of
cryptic species, two of which, M. schreibersii (Kuhl,
1817) and M. pallidus Thomas, 1907, occur in the
Eastern Mediterranean. Except for a narrow zone
of sympatry in Eastern Anatolia and Hatay their
ranges are allopatric. The northern Levant and
Syria (supposedly also most of Israel) are inhab-
ited by M. schreibersii while Iran, Jordan and other
regions of the Near East are inhabited by M. palli-
dus (Benda et al., 2010; Sramek, 2010; Sramek et
al., 2013) which is obviously an African element
closely related to the M. natalensis from South
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FIGURE 4. Remains of (4.1-9) Miniopterus cf. schreibersii (Kuhl, 1817), and (4.10-15) Myotis blythii (Tomes, 1857)
from the Middle Pleistocene Qesem Cave: (4.1-3) TAU-QC/CHIR-04, right mandibular fragment, occlusal, buccal, lin-
gual view; (4.4-6) TAU-QC/CHIR-07, left mandibular fragment, occlusal, buccal, lingual view; (4.7-9) TAU-QC/CHIR-
48, left mandibular fragment, occlusal, lingual, buccal view; (4.10-12) TAU-QC/CHIR-40, left mandibular fragment,
occlusal, buccal, lingual view; (4.13-15) TAU-QC/CHIR-02, left mandibular fragment, occlusal, buccal, lingual view.

Africa (Miller-Butterworth et al., 2005). It would
thus be quite important to establish a precise spe-
cies identity of the fossil material under study. The
respective information would address the liveliest
topics of the historical biogeography of Levant —
i.e., the course of replacement of the Palaearctic
and Ethiopian elements (M. schreibersii vs. M. pall-
idus) and the timing of particular events of that kind
(Tchernov, 1992). Yet the task is beyond the scope
of current possibilities.

Sramek (2010), who analysed a large
museum collection of Miniopterus from the Medi-
terranean region using both morphometric and
genetic techniques, did not succeed in finding
robust morphometrical differences discriminating
M. schreibersii and M. pallidus except for some-

what larger dimensions in the latter. It can thus be
concluded that the majority of elements under
study fall within the range of variation of extant M.
schreibersii, but one specimen (TAU-QC/CHIR-7a)
clearly exceeds it and corresponds well to the state
in M. pallidus. Unfortunately, the Qesem sample is
still too scarce to provide a robust proof of the
simultaneous occurrence of both species or to
allow any further conclusions. Both species (like all
other species of the genus) are strict cave-dwell-
ers, highly social, with large colonies in deep spa-
cious chambers. In time of seasonal migrations
they form  small groups  which  may
temporarily shelter even in small underground cav-
ities or rock shelters. This could be the case of the
remains appearing in Qesem Cave.



HORACEK ET AL.: QESEM BATS

Miniopterus as a typical cave-dweller appears
regularly in the fossil record of karstic sites in
Europe since the Miocene (MN6 M. fossilis Zapfe,
1950). It was reported from at least eight Pliocene
and 18 Pleistocene sites, from Spain, France,
Austria, Hungary, Czech Republic, Slovakia,
Romania, and Bulgaria. A vast majority of the fossil
material has been identified with extant type spe-
cies of the genus, M. schreibersii (Kuhl, 1817). Two
Pliocene forms were described: M. approximatus
Woloszyn, 1987 (MN14 Podlesice, Poland), differ-
ing from schreibersii by an archaic arrangement of
dentition (prolonged premolar row etc.), and M.
horaceki Gunnell et al., 2011 (MN16 Ahl al Ough-
lam, Morocco), which is considerably larger.

Family VESPERTILIONIDAE Gray, 1821
Genus MYOTIS Kaup, 1829
Myotis blythii (Tomes, 1857)

Figure 4.10-15

Material. Two mandible fragments TAU-QC/CHIR-
02: (c-p4 md fragment without teeth of a juvenile
individual), TAU-QC/CHIR-40: i-m3 (10.83, c-m3
(9.63, p4-m3 7.20, m1-m3 5.77, m1-m2 3.94, m2-
m3 3.83, p4-m1 3.40, c-p4 3.78, c-m1 5.75, sym-
physis 3.30 x 1.12, mdH 2.27, cL (0.97), cW (0.94),
p2L (0.64), p3L (0.54), p4L 1.38, p4W 1.00, m1iL
1.98, m1trL 1.03, m1trW 1.16, m1tlW 1.48, m2L
2.02, m2trL 1.05, m2trwW 1.37, m2tiW 1.49, m3L
1.76, m3trL 0.88, m3trW 1.26, m3tIW 0.88.
Remarks. It is a large-sized form of the genus
Myotis. The group is represented in the Western
Palaearctic by a complex of sibling, partly hybridiz-
ing species (Berthier et al., 2006). In the Levant,
the largest form of the group M. myotis macroce-
phalicus occurs in Lebanon together with distinctly
smaller M. blythii oxygnathus-omari. The Qesem
Cave fossils clearly fall in the variation range of the
latter form to which they correspond also in all den-
tal characters, including the premolar row which is
relatively less compressed than in M. myofis.
Worth mentioning is that one of the two specimens,
the toothless fragment TAU-QC/CHIR-02, obvi-
ously belongs to a juvenile individual of an age
close to weaning time. This might suggest the
presence in the vicinity of a breeding colony roost,
which for M. blythii in the Levant should be a large
spacious cave.

Bate (1937) identified a large-sized form of
Myotis in Tabun layer Ed (i.e., the layer synchro-
nous to Qesem Cave) as Myotis baranensis Kor-
mos based on a less reduced m3 and more
pronounced hypoconulid on that tooth. Yet, these
characters are not obvious in the type of M.
baranensis (Villany 3, MN17) that is generally
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smaller (c-m3 = 8.99, c-m1 = 5.26, m1-m3 = 5.39,
p4-m1 = 3.09 — own measurements). The differ-
ences mentioned by Bate (1937) seem to fall in the
range of variation of the extant M. blythii/oxyg-
nathus complex.

Family PTEROPODIDAE Gray, 1821
Genus ROUSETTUS Gray, 1821
cf. Rousettus sp.

Figure 5

Material. TAU-QC/CHIR-51: left C fragment of a
tooth tip without basal cingulum, W at the base
2.80, H (height of the crown without cingulum)
4.90, TAU-QC/CHIR-29: fragment of ?M1 (W 2.9).
MNI=2.

Remarks. The two tooth fragments are the most
exciting items in the Qesem Cave bat collection.
Their morphology excludes referral to any mamma-
lian order but Chiroptera. In size they exceed all
other bat remains from Qesem Cave.

The canine fragment is characterized by a
broad medial ridge at its concave distal face, which
is surrounded by distinct lateral grooves, and by a
broad smooth convex mesial face. The molar frag-
ment has a massive knob-like structure with a flat
central basin surrounded by a slightly inflated pala-
tal margin and relatively high blunt cusp at its buc-
cal margin. Teeth of such characteristics occur in
fruit bats, including the extant Levantine species
Rousettus aegyptiacus Geoffroy, 1810, for which
no fossil record older than Holocene was available
until now.

However, both fragments from Qesem Cave
differ in some respect from the extant R. aegyptia-
cus. First, they are larger. The canine fossil mea-
sures 2.8 mm (W) and 4.9 mm (H), compared with
the maximum values of 2.45 mm and 4.65 mm
found in a large sample of an Egyptian population
(the largest western Palaearctic form, n = 250).
The M1 width of the Qesem specimen is 2.9 mm, in
comparison to maximum values of 2.25 mm in the
extant species. Moreover, the fossil canine frag-
ment exhibits a more pronounced difference in
enamel thickness between its mesial and distal
faces than in the extant form. In extant R. aegyptia-
cus, despite certain variation, the M1 buccal cusp
is situated rather at the mesial part of the tooth and
tends to form a continuous ridge along the crown
margin (Figure 6). Metrically, the fragments from
Qesem might fall at lower variation limits of the
central African fruit bat Eidolon helvum, but its dif-
ferences in shape of the corresponding teeth are
even more pronounced than the differences to the
extant R. aegyptiacus. M1 of Eidolon is shorter and
more robustly built, and the canine is less curved,
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FIGURE 5. Remains of cf. Rousettus sp. from the Middle Pleistocene Qesem Cave: (5.1-3) TAU-QC/CHIR-26: right
?M1 fragment, occlusal, buccal, lingual view; (5.4-7) TAU-QC/CHIR-51: left C fragment, buccal, mesial, palatal, distal

view.

more rounded on section and its medial ridge is
much less distinct than in Rousettus (Figure 6).
The same holds also for other fruit bats (such as
Epomophorus spp., common in sub-Saharan
Africa) which are, moreover, distinctly smaller.

The difference between the fossil fruit bat
remains from Qesem Cave and the extant Rouset-
tus aegyptiacus obviously exceeds a level of intra-
specific variation. The morphological similarities,
however, support referral to the same genus.

DISCUSSION

Species Composition and Palaeoenvironmental
Context

The vast majority of the bat fossil record
comes from palaeokarst deposits. This is also the
case in the Levant. However, only about half of the
bat species are true cave-dwellers, and only some
of them are strictly confined to cave roosts. Among
the Near Eastern bats these are Rhinolophidae,
Hipposideridae, Miniopteridae and some species
of the genus Myotis (M. capaccinii, M. emargina-
tus, M. blythii, M. myotis). Naturally, these taxa pre-
dominate in the fossil record.

The five microchiropteran species identified at
Qesem Cave (Rhinolophus ferrumequinum, R.
euryale, R. mehelyi, Miniopterus cf. schreibersii,
Myotis blythii) are in full accordance with this con-
sideration. Their habitat requirements also support
quite well the preliminary reconstructions of the
palaeoenvironmental context of the site at the time
of deposition based on the hitherto recorded
microvertebrate assemblage (Maul et al., 2011) — a

variegated mosaic of open and woodland habitats,
corresponding to contemporary conditions of the
thermomediterranean vegetation zone of the
southern Levant (in the sense of Blondel et al.,
2010). All bat taxa recorded at Qesem Cave
belong to the most typical cave-dwelling species
characterizing bat communities of just that zone.
This is true also for fruit bats of the genus Rouset-
tus. Except for cf. Rousettus, all bats from Qesem
belong to clades disposed to respond to seasonal
or temporal temperature fluctuation characterizing
the contemporary thermomediterranean zones with
a prolonged torpidity or hibernation.

Rousettus aegyptiacus, which also belongs to
the extant bat fauna of Israel, was abundant since
the Neolithic period, possibly due to the anthropo-
genic spread of fruit trees such as Ficus sycamora
(Tchernov, 1984). The fruit bat from the Middle
Pleistocene of Qesem Cave (MNI = 1) tentatively
referred to this genus might then represent the first
real fossil record of Rousettus.

Palaeobiogeography

Although the fossil record of bats is still very
scarce in the Near East the current data suggest
several important palaeobiogeographic conclu-
sions. Some of them are supported also by the bat
record from Qesem Cave, despite its fragmentarity
and low abundance. Nevertheless, a few com-
ments can be made. First is the conspicuous corre-
spondence in species composition to other Middle
and Late Pleistocene fossil sites from the region.
The same species are presently the most typical
elements of the cave-dwelling bat assemblages of

1
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10 mm (24 -27)

FIGURE 6. Extant Rousettus aegyptiacus (Qualamun, Dakhla, Egypt, Coll. Univ. Praha): (6.1 —7) M1 and (6.8-23) C.
The views correspond to those of the fossil specimens figured in Figure 5. Upper dentitions of extant (6.24-25) Eido-
lon helvum (Malawi, Coll. Univ. Ceske Budejovice) and (6.26—27) Rousettus aegyptiacus (Rash130, Dakhla, Egypt,

Coll. Univ. Praha), lateral and palatal views.

the East Mediterranean. The repeating pattern in
all sites suggests remarkable stability of the fauna
and unexpectedly little variation in community com-
position. Yet, at the same time the above men-
tioned phenotypic differences of some Levant fossil
forms (e.g., for Rhinolophus ferrumequinum) indi-
cates that the common faunal structure is com-
bined here with stable local particularities.
Therefore unique faunal phenomena can be
expected.

First of all, it concerns the likely occurrence of
a fruit bat in the Qesem fauna. The extant popula-
tion of Rousettus aegyptiacus inhabiting the East-
ern Mediterranean and Near East regions presents
the only offshoot of the family Pteropodidae
beyond the limits of the tropics. Until now, no fossil
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record was available except for those of the Neo-
lithic and post-Neolithic in Sefunim cave (Tchernov,
1984). There are several Miocene records in the
Mediterranean region obviously representing Rou-
settus (at least four sites in southern France - Sigé
and Aguilar, 1987). Although the current distribu-
tion range of the species in the region was consid-
erably influenced by anthropogenic factors (Benda
et al., 2010), and although genetic data suggest a
recent star-like radiation (Hulva et al., 2012), there
are more reasons to believe that the genus
appeared in the region much earlier (Benda et al.,
2007). The Qesem record seems to support such a
possibility.

Another intriguing curiosity in the fossil bat
fauna of Israel concerns Megaderma, now a strictly



tropical genus, with Pakistan and SE Afghanistan
(Corbet and Hill, 1992) being its closest approach
to Levant. Our re-examination of the type material
of Megaderma watwat from Tabun layer F con-
firmed the reliability of Bate’s (1937) description,
including all its curious specificities. In comparison
to other megadermatids, it is of extremely large
size (larger than all extant species except for the
Australian Macroderma gigas), and it exhibits a
clear shortening of the premolar row, which indi-
cates a more pronounced emphasis on large-sized
prey. The genus Megaderma was widely distrib-
uted in Europe until the early Pliocene, with a last
appearance during MN15 at Osztramos 10 (Topal,
1974) and Seéte (Sigé, 1974). Its retreat from
Europe was obviously driven by a more pro-
nounced seasonality accompanying climatic
changes of the Late Cenozoic, which the represen-
tatives of bat clades incapable of hibernation (like
Megaderma) could not survive (Horacek et al.,
2000). The Pleistocene record of Megaderma wat-
wat suggests that in the Levant, the critical stress
of the Late Cenozoic climatic development was
much less pronounced, at least until the early Mid-
dle Pleistocene and that in this region, inde-
pendently of the other clades of the genus, a
remarkable phenotypic rearrangement evolved. In
short, the Levant could obviously act as a refugium
of West Palaearctic Neogene biota until the early
Middle Pleistocene and, per analogiam it can be
expected also for other taxa of similar range histo-
ries such as hipposiderids, emballonurids, and rhi-
nopomatids. Yet, the fossil record of these groups
from the Levant is still missing.

In these regards, the assumed first Pleisto-
cene record of Rousettus sp., reported in this
paper, is of particular importance. Correspondingly
to Megaderma, it suggests for the Rousette fruit
bat (a) a presence of a relict population in Levant
accompanied by (b) phenotypic rearrangements
including increased body size. Then, the specifici-
ties of the extant Levant population of Rousettus
aegyptiacus, i.e., a larger body size and higher
genetic diversity compared to neighbouring popu-
lations (cf. Benda et al., 2012; Hulva et al., 2012),
could be tentatively explained by assimilation of
the local relict form into the Holocene expansion of
Rousettus aegyptiacus promoted by anthropogenic
spread of its food resources (Phoenix dactylifera,
Ficus spp., Ceratonia siliqua, Morus nigra a.o.).

The particularity of the Levant fauna is corrob-
orated also by other small mammal taxa. Similar,
unresolved question concerns taxonomic identifi-
cation of a large-sized ‘Crocidura’ appearing in
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several fossil assemblages in the Levant, including
Qesem Cave (Maul et al., 2011), with Suncus muri-
nus. This species is naturally distributed today in
southern and SE-Asia (with western marginal
records in Afghanistan and Pakistan — cf. Corbet
and Hill, 1992), and extant occurrences in the Near
and Middle East (Iran, Yemen, Egypt) are believed
to originate from recent introductions into the
region. Tchernov (1992), however, also identified
the species in the Mousterian site Qafzeh in the
Lower Galilee and suggested the possibility that
Suncus murinus represents a palaeochoric ele-
ment in the Levant, though it does not appear there
at present (Mendelssohn and Yom-Tov, 1999).

It should be stressed that the Qesem assem-
blages of small ground mammals are almost exclu-
sively composed of Western Palaearctic elements
(perhaps except for Gerbillus and Meriones),
whereas none of the numerous Ethiopian and ere-
mial (xeric) elements, which comprise nearly half of
the species pool of the contemporary Levantine
fauna, is a significant component of the fossil
record during the Middle and Late Pleistocene.
Despite the fact that the fossil record of bats from
that region is still too scarce for any definite conclu-
sions, its structure suggests exactly the same. All
the elements appearing in the fossil record (includ-
ing those appearing in the Qesem assemblages)
are elements of the Palaearctic clades. Their sister
taxa characterizing Ethiopian influences (Rhinol-
ophus clivosus, R. blasii, Miniopterus pallidus) are
missing, notwithstanding the fact that other Ethio-
pian elements form a considerable part of the
extant Levantine fauna (Taphozous, Rhinopoma,
Otonycteris, Nycteris etc.). Megaderma and Rou-
settus (if the respective fossils belong indeed to the
genus), the current ranges of which are centered
beyond the limits of the Palaearctic region seem-
ingly contradict the above conclusion, call for a
special comment. Both these clades were present
in Miocene faunas of the Mediterranean region (for
Rousettus cf. Aguilar et al., 1986; Sigé and Aguilar,
1987; Sigé et al., 1997), and it cannot be excluded
that the relict populations of these clades survived
in the Levant region until Pleistocene or even (as
presumed for Rousettus) Holocene age, and both
these taxa could be considered as the palaeocho-
ric elements of the Palaearctic.

Together with the aforementioned implica-
tions, all this suggests considerable stability of the
chorologic setting of the Levantine biota during the
Middle and Late Pleistocene and their obvious
relation to the West Palaearctic—-Mediterranean
chorologic unit, for which the Levant supposedly
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has always provided one of the most important
refugia.

Taphonomy

Abundant fossil assemblages of bat remains
typically represent thanatocoenoses in context of
roosts of bat colonies. As the roost preferences of
individual bat species often differ quite consider-
ably, the species composition of such assemblages
provides quite reliable information on microclimate
and the contextual characteristics of the site in the
time of deposition. However, bats might also be
preyed upon by owls and other raptors in flight and
in their roosts. In particular areas and under partic-
ular ecological conditions, in owl pellets of the
opportunistic hunting owls (Tyto alba, Strix aluco)
bat remains are not too rare (e.g., Steiner, 1961;
Schmidt and Topal, 1971; Krzanowski, 1973; Var-
gas et al., 2002; Sommer et al., 2009).

At Qesem, bat remains do not occur in large
numbers. Instead, they comprise a rather low per-
centage of the microvertebrate finds — out of more
than 15,000 remains of microvertebrates identified
to the family, genus, or species level only some 53
skeletal and dental elements (< 0.3 %) belong to
bats. In most instances these are fragments of
mandibles and small fragments of long bones. Iso-
lated teeth (except for the largest - upper canine of
Rhinolophus ferrumequinum) are absent despite
the fact that soricid molars of similar size have
been recorded. This might be due to the greater
number of shrew remains (already the preserved
mandibles and maxillae are > 100) in the fossil
material.

At Qesem Cave the majority of microverte-
brate remains are concentrated in two areas:
Squares H/16-17 and L-M-N/13-15. Moreover, in
these squares these remains are restricted to spe-
cific stratigraphic horizons. All other squares
yielded none or only very few such finds (Figure 2).
All bat remains exclusively originate from these two
areas. Rhinolophus ferrumequinum, R. mehelyi, R.
euryale, and Miniopterus cf. schreibersii occur in
both microvertebrate rich areas, whereas Myotis
blythii is recorded only in Squares M-N/13-14. Both
fragments referred to Rousettus originate from one
square H/16. However, the molar fragment
occurred at the elevation 645-650 whereas the
canine was found at the elevation 680-685. It is too
speculative to conclude whether or not they belong
to one individual.

The scarce amount of recorded elements and
the disproportionate representation of particular
skeletal elements indicate an accumulation in owl
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pellets (e.g., Maul et al., 2011; Smith et al., 2013)
rather than a direct deposition in a roost, where
more complete skeletal material should be
expected. In other words most of the bat remains
seem to belong to a taphocoenosis rather than to a
thanatocoenosis. Even Rousettus might be prey of
Tyto alba; this is known at least for R. madagascar-
iensis, which is slightly smaller than R. aegyptiacus
(Goodman and Griffiths, 2006). In our own sample
of Tyto alba pellets from the E Mediterranean (20
sites, MNI >9,500) Rousettus aegyptiacus
appeared in two localities (S Turkey, Lebanon) with
a percentage of about 0.01% (SindelaF, 2012).

Except for one mandible fragment of M. blythii
(TAU-QC/CHIR-02), all the remains belong to adult
individuals. Yet the immature individual of M. blythii
at an age just about weaning in Squares M-N/14
could indicate presence of a breeding colony either
in the site or in close vicinity.

Summarizing, we suggest that the bat
remains, on account of their scarcity, do not indi-
cate presence of larger assemblages inside the
cave. However, it cannot be definitely excluded
that the cave was temporarily used by smaller colo-
nies or solitary individuals. All other microverte-
brate remains originate with high probability from
pellets concentrated in two places, thought to be
located underneath the owl roosts (Smith et al.,
2013).

CONCLUSION

Although only scarce bat specimens were
found among copious remains of small vertebrates
in Qesem Cave, their evaluation provides valuable
information concerning two major issues.

1. It supplements existing data on the palaeo-
ecological and palaeobiogeographical setting
of the fauna. (i) The bat remains are little dif-
ferentiated taxonomically or morphometrically
from extant local forms, which suggests
remarkable stability of the faunal structure of
the region. (ii) They indicate diversified habi-
tats at the time of deposition, corresponding to
present-day conditions of the thermomediter-
ranean zone. (iii) Rather than signs of active
visits of bats in the cave we consider the accu-
mulation of the remains as owl prey (cf. Smith
et al., 2013). (iv) In agreement with the signal
from other small vertebrates (cf. Maul et al.,
2011) the Qesem Cave bat fauna is domi-
nated by elements of the extant Western
Palaearctic faunal unit. The afro-eremial ele-
ments, now common in the southern Levant,



including Israel, were absent in the Middle
Pleistocene sites.

2. The record of Rousettus is of particular signifi-
cance. Rousettus, now known from Qesem,
like Megaderma (known from somewhat older
deposits of Tabun F), is a clade whose current
range is centered beyond the limits of the
Palaearctic region. The fossil record suggests
that relict populations of these clades survived
in the Levant region until Pleistocene or even
(as presumed for Rousettus) Holocene time
and that Rousettus could be a palaeochoric
element of the Palaearctic fauna. Taking into
account the absence of Afro-eremial elements
at Qesem Cave and other Pleistocene sites
as late as the Mousterian, all this suggests
considerable stability of the chorologic setting
of the Levantine biota during the Middle and
Late Pleistocene and their obvious relation to
the West Palaearctic—Mediterranean choro-
logic unit, for which it supposedly has always
provided one of the most important refugia.
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