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On the brink: micromammals from the latest Villanyian from B õçakçõ(Anatolia)
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The locality of Bõçakçõ(Çameli basin, Anatolia) has yielded a diverse fauna ofmicromammals. The arvicolines are the most diverse
and abundant group. Their stage in evolution shows that the fauna is late Villanyian in age and can be placed in the lower part of the
zone P of the Anatolian Neogene biozonation. Thus, it is on the brink of theimportant Villanyian/Biharian transition. The presence of
three species of hamster, in combination with the occurrence ofBorsodia, a high abundance ofKalymnomysand a near absence of
insectivores, suggests a dry, open landscape. However, the important contribution ofClethrionomysin the vole fauna indicates the
nearby presence of woodlands. Overall, the environment at the time of deposition appears to have been similar to that of the area
today. Copyright © 2015 John Wiley & Sons, Ltd.
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1. INTRODUCTION

Because of its central position between three continents, An-
atolia is a highly interesting area from a biogeographical per-
spective (� en, 1977). As luck will have it, a large part of the
history of the region has been preserved in sedimentary
rocks in its many intramontane basins. The role that Anatolia
played in the distribution of micromammals over the last
20 My is becoming clearer with every new locality that is
published. However, research to date has mainly focussed
on the Neogene (e.g.� en, 1977; Engesser, 1980; De Bruijn
and Saraç, 1991, 1992; De Bruijnet al., 1992, 2006; Van
den Hoek Ostende, 1992, 1995a, b, 1997; Ünayet al.,
2003; Alpaslanet al., 2010). In comparison, the Quaternary
micromammal record of Anatolia is scanty. One of the most
important publications is that of Ünay and De Bruijn (1998),
in which a series of small Plio-Pleistocene assemblages were
described. Given the large number of assemblages in this
paper, and the additional localities mentioned by Saraç
(2003), the limited knowledge of Quaternary faunas is

certainly not a matter of lack of material. Following the
discovery of Homo erectus in southwestern Anatolia
(Kappelmanet al., 2008), the micromammals of the area
have become of special interest, as they can help document
the environmental changes that accompanied the migration
out of Africa of early humans. This paper is a contribution
to that knowledge, as we introduce the micromammals from
the locality of Bõçakçõ.

Bõçakçõ is a new site for fossil micromammals in the
Çameli basin of southwestern Anatolia (Figs. 1 and 2). The
Çameli basin itself is a Neogene–Quaternary graben with a
� ll of terrestrial deposits, representing alluvial,� uvial and
lacustrine depositional settings. The basin� ll succession
has been attributed to a Late Miocene to Late Pliocene age
on the base of micromammal and macromammal associa-
tions (Alçiçek, 2001; Alçiçeket al., 2005). The Bõçakçõ
locality represents a distal alluvial-fan setting arriving in a
lacustrine environment and is located in the uppermost part
of the basin� ll succession. Initial studies have shown that
the area contains several fossiliferous layers to the lacustrine
marginal deposits and is thus a promising starting point to
� ll the gap in our knowledge on the micromammal fauna
of Anatolia as a whole.

The site was discovered by Gerçek Saraç at the end of the
last century and sampled by M. Cihat Alçiçek, who also
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documented the geology of the site. The faunal assemblage
was studied by Flemming Diepeveen as an MSc project
under the supervision of David Mayhew and Lars van den
Hoek Ostende. The latter, together with Alexey Tesakov,
prepared the manuscript. Our paper is intended as an
introduction to the micromammals of Bõçakçõ. The material
was collected as a bulk sample, but renewed study of the
section suggested that possible multiple fossiliferous layers
are present. As we found no major discrepancies in the
ranges of the various micromammals, we assume that
temporal mixing is limited. However, more detailed sam-
pling is required to see if there are environmental changes
recognizable within the section. A comprehensive paper,

dealing also with the other fossils from the site, is currently
being prepared (Wesselinghet al., research in progress).

2. MATERIALS AND METHODS

Most of the micromammals from Bõçakçõwere collected by
wet-screening fossiliferous sediment, but some of the speci-
mens described herein were surface� nds. All molars were
measured with a Leica MZ16A measuring microscope with
associated software. All of the measurements in this study
are given in millimetres. The material will be stored in the
collection of the Natural History Museum of EGE-University
(Izmir, Turkey).

Figure 1. (A) Regional tectonic map of the eastern Mediterranean (after Alçiçeket al., 2005,� g. 1). (B) Simpli� ed geologic map of SW Anatolia (based on Konak and� enel
2002). (C) Composite stratigraphy of the Çameli basin (not to scale, based on Alçiçeket al., 2005). This� gure is available in colour online at wileyonlinelibrary.com/journal/gj
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The dental terminology of the Cricetidae follows
Cuenca-Bescós (2003). Dental terminology for the Arvicolinae
is based on Van der Meulen (1973), and linea sinuosa
measurements and terminology follow Rabeder (1981). The
terminology for Muridae molars follows� en (1977), whereas
the Spalacidae dental terminology is based on descriptions by
De Bruijn and Van der Meulen (1975). For the Soricidae, we
follow Reumer (1984).

Some recent hamsters (Cricetulus longicaudatusand
Cricetulus barabensis) and fossil material from the Dutch local-
ity of Tegelen (Beremendia� ssidens) from the collections of
Naturalis in Leiden were used for comparison. For the
Apodemusmolars, a comparison was made with teeth (A.atavus,
A.mystacinusand A.dominans) from the collections of the
University of Utrecht. Also, theApodemusmolars were com-
pared withA.� avicollismolars from the collection of Naturalis.

Photos were taken with a scanning electron microscope
(SEM) at Naturalis. To facilitate comparison, all the
non-vole teeth have been shown as if coming from the left
side. Mirrored images are underlined on the plate. The clas-
si� cations in the study follow Wilson and Reeder (2005).

3. SYSTEMATIC PALAEONTOLOGY

Class Mammalia Linnaeus, 1758
Order Rodentia Bowdich, 1821
Family Cricetidae Fischer, 1817

Subfamily Cricetinae Fischer, 1817
GenusCricetulusMilne-Edwards, 1867

Cricetulusaff. migratorius(Pallas, 1773) (Fig. 3A–F)

Figure 2. The stratigraphic position of Bõçakçõbased on the Arvicolidae of the locality.
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Figure 3. The non-arvicolid micromammals of Bõçakçõ. A–F: Cricetulusaff. migratorius, A. M1 sin. EUNHM-PV 8528,B. M2 dext. (EUNHM-PV
8546), C. M3 dext. (EUNHM-PV 8533),D. m1 sin. (EUNHM-PV 8541),E. m2 dext. (EUNHM-PV 8532),F. m3 dext. (EUNHM-PV 8558).
G–L: Mesocricetusaff. primitivus, G. M1 dext. (EUNHM-PV 8500),H. M2 dext. (EUNHM-PV 8501),I . M3 dext. (EUNHM-PV 8506),J. m1 sin.
(EUNHM-PV 8539),K. m2 dext. (EUNHM-PV 8510),L. m3 sin. (EUNHM-PV 8517).N. Cricetussp. m2 sin. (EUNHM-PV 8552).M. Apodemus
cf. � avicollis M1 dext. (EUNHM-PV 8568).O–R: Apodemus atavus, O. M1 dext. (EUNHM-PV 8570),P. M2 dext. (EUNHM-PV 8576),Q. m1 dext.
(EUNHM-PV 8577),R. m2 sin. (EUNHM-PV 8574).S–V: Pliospalaxsp. S. M1 dext. (EUNHM-PV 8581),T. M3 dext. (EUNHM-PV 8584),U. M2
dext. (EUNHM-PV 8583),V. m2 dext. (EUNHM-PV 8686).W. Beremendiasp. p4 sin. (EUNHM-PV 8535).X–Y: Soricinae gen. et sp. indet.,X. P4

sin. (EUNHM-PV 8686),Y. m1 dext (EUNHM-PV 8687). Underlined letters indicate mirrored images.
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Material. 4 M1, 5 M2, 1 M3, 1 m1, 3 m2, 3 m3
Measurements.The measurements are listed in Table 1.
Description.M1 is rectangularly shaped and relatively short.

The two parts of the anterocone are similarly sized and clearly
separated from each other. One specimen (RGM 814893) has
a faint anterostyle. The main cusps are nearly in opposing posi-
tion. The anterosinus is L-shaped, ending at the base of the
paracone. The lophs between the main cusps join in the centre,
producing a conspicuous X-shape. The posteroloph runs
against the posterior side of the metacone. The sinuses are bor-
dered by cingulums, which vary in development between the
four specimens from weak to quite strong.

M2 is subrectangular, the anterior side being only somewhat
wider than the posterior side. The labial anteroloph is well de-
veloped and shows a tendency to connect to the paracone,
encircling a relatively wide anterosinus. On the lingual side,
an anterior cingulum is only found in the larger specimens.
The four cusps stand nearly in opposition, and low ridges encir-
cle deep pits between paracone and protocone, and metacone
and hypocone, respectively. The sinus and mesosinus are wide
and bordered by low cingulums. The posteroloph lies close to
the metaconid, leaving a very narrow posterosinus.

M3 is strongly reduced, particularly in the metacone area.
As a result, the molar has a sub-triangular outline. The
protoloph is strongly curved and connects to the paracone,
encircling a deep anterosinus. The mesosinus is bordered by
a high labial ridge; a low lingual cingulum borders the sinus.

m1 is slender, continuously widening backwards. The
main cusps are only slightly alternating. The anteroconid is

divided in a lingual cusp and a labial cusp, which are of sim-
ilar size. The anterolophulpid connects to the labial cusplet
of the anteroconid. The lingual sinusids are L-shaped; the
labial sinusids are straight and slightly anteriorly directed.
The mesolophid is absent. The posterolophid arches wide
in posterolingual direction.

m2 is subrectangular with slightly alternating cusps. The
anterolophid is well developed. It borders a wide
anterosinusid. The small part of the anterolophid continues
lingually, lying directly against the� ank of the metaconid.
The posterolophid bends sharply just behind the hypoconid
and curves to connect low to the entoconid. The lingual
sinusids are L-shaped and bordered by short lingual
cingulums.

m3 is a long molar, showing reduction in the entoconid re-
gion only. The anterolophid continues all along the anterior
side in two of the three specimens. Except for a lingual
connection, these specimens also have a second connection
to the metaconid by a short transverse ridge. In the third
specimen, the lingual part of the entoconid ends against the
anterior� ank of the metaconid. The protoconid–entoconid con-
nection shows a slight furcation at its end. The posterolophid is
strongly curved and ends high against the entoconid.

Remarks. AllocricetusandCricetulusare two closely re-
lated taxa and should most probably be considered a single
genus. According to Mayhew (1978),Allocricetus was
based on skull characteristics of uncertain taxonomic value,
and the dentition of the two genera is quite similar. Pur-
ported differences suggested by Tchernov (1968) were ac-
cording to this author not tenable. Hir (1993) demonstrated
that differences betweenCricetulusandAllocricetusdenti-
tions lay with the proportion of morphotypes in an assem-
blage and size and concluded that the two could only be
told apart with a suf� cient sample size. In our opinion, these
differences constitute differences between species, not gen-
era. Cuenca-Bescós (2003) regarded the two genera as sepa-
rate. AsCricetulusclustered with two species ofAllocricetus
(A. teilhardiandA. jesreelicus), she suggested that these two
should be included inCricetulus. However, in her analyses,
she used multiple species ofAllocricetus, whereas
Cricetuluswas included as a whole. Moreover, her matrix
contained several characters which Hír (1993) has demon-
strated to be variable within an assemblage and which are
also variable in the BõçakçõCricetulus. Given these uncer-
tainties, the cladogram (Cuenca-Bescós, 2003,� g. 2) only
indicates thatCricetulusand Allocricetusare indeed mor-
phologically very close. The only other taxon clustering with
these two isCricetus, again not separated into species.

Although a comprehensive review is needed to determine
the relationships between species, there can be little doubt
thatCricetulusandAllocricetusare congeneric. In this case,
Cricetulus Milne-Edwards, 1867, has priority over
Allocricetus Schaub, 1930. Nevertheless, Alpaslanet al.

Table 1. Length and width measurements and the number of molars
per element ofCricetulusaff. migratoriusfrom Bõçakçõ. Data from
the Pliocene locality of I� deli (Alpaslanet al., 2010) and the recent
C.migratorius(Hír, 1993; lengths only) have been added for comparison

Length

N

Width

Min Mean Max Min Mean Max

M1 Recent 1.49 1.62 1.78 97 — — —
Bõçakçõ 1.73 1.80 1.91 3 1.01 1.17 1.24
I� deli 1.73 1.75 1.78 4 1.10 1.15 1.23

M2 Recent 1.03 1.17 1.28 87 — — —
Bõçakçõ 1.44 1.59 1.66 5 1.30 1.37 1.44
I� deli 1.30 1.34 1.40 4 1.00 1.09 1.15

M3 Recent 0.94 1.02 1.11 66 — — —
Bõçakçõ 1.26 1 0.98
I� deli 1.00 1.09 1.25 7 0.80 0.96 1.02

m1 Recent 1.45 1.54 1.65 150 — — —
Bõçakçõ 1.52 1 1.00
I� deli 1.65 1.71 1.76 4 1.00 1.02 1.05

m2 Recent 1.17 1.25 1.35 138 — — —
Bõçakçõ 1.35 1.39 1.43 3 1.07 1.11 1.14
I� deli 1.45 1.48 1.50 4 1.05 1.08 1.15

m3 Recent 1.06 1.19 1.30 110 — — —
Bõçakçõ 1.32 1.33 1.33 3 0.97 1.02 1.06
I� deli 1.20 1.27 1.31 3 1.00 1.02 1.05
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(2010) describedCricetulusandAllocricetusfrom the Early
Pliocene Anatolian locality of I� deli, stating that for both
genera, it is the oldest record. From their tables (Alpaslan
et al., 2010, tables 4 and 5), it is clear that the two taxa are
equal in size. As two morphologically similar and equally
sized hamsters would certainly outcompete each other, it is
clear that we are, in fact, dealing with one taxon; based on
the descriptions and plates, the authors seem to have
separated the simple and complex morphotypessensu
Hír (1993). As the oldest record ofCricetulus, the I� deli
assemblage is very important. In Table 1, we have added
the measurements of this assemblage, as calculated weighted
means of the two tables of the original description. To the
table, we have also added the data from the recent Syrian
assemblage of Krak de Chevaliers (Pradel, 1981) as taken
from Hír (1993). Unfortunately, we only have length
measurement of the recent species.

Table 1 shows that three assemblages are all of similar
size. There is no speci� c size trend, but, notably, Bõçakçõ
is consistently larger than the RecentCricetulus migratorius.
The size of the M2 and M3 from Bõçakçõis clearly larger
than in the other two assemblages, with no overlap. Based
on this, the best classi� cation for the Bõçakçõassemblage is
Cricetulusaff. migratorius, pending a review of all recent
and fossil dwarf hamster species.

GenusMesocricetusNehring, 1898
Mesocricetusaff. primitivusDe Bruijn, Dawson

and Mein, 1970 (Fig. 3G–L)

Material. 2 M1, 3 M2, 4 M3, 3 m1, 10 m2, 16 m3
Measurements.The measurements are listed in Table 2.
Description. M1 is rectangular with a slightly concave

labial side. The anterocone is clearly divided in two, the
lingual cusp being slightly larger than the labial one.
The protocone and hypocone are somewhat larger than their
opposing labial cusps. The protolophule I is clearly lower than
the protolophule II; both connect to the paracone. The
posteroloph is slightly curved and ends against the postero-
labial � ank of the paracone, encircling a very narrow
posterosinus. There is a faint and short transverse connection
between the posterolophid and the posterolingual side of
the metacone.

M2 has a subrectangular outline, the anterior side being
wider than the posterior side. The protoloph is well devel-
oped and encircles an anterosinus which can be extremely nar-
row or relatively wide. One of the four specimens has a clear
anterior cingulum, but this structure is absent in the other three.
The sinus is wider than the mesosinus; both are bordered by low
cingulum. The posteroloph encircles a wide posterosinus. In
two specimens, the posteroloph shows a thickening at the
postero-labial corner of the molar. The metalophule is lacking
in one specimen, well developed in the others.

M3 is elongated; the anterior side is clearly wider than
the posterior side. The protoloph is short and encircles a
relatively wide anterosinus. The sinus and mesosinus are
of similar size and are both bordered by cingulums. The
hypocone and metacone are somewhat reduced, there is
no posteroloph.

m1 is very elongate, with nearly opposing cusps. The
molar widens slightly towards the back. The anteroconid
consists of two parts, the labial and lingual cusps being of
equal size. One specimen also has a tiny anterostylid. In
one relatively unworn specimen, the anterolophulid is also
double, connecting to both cusps of the anteroconid. The
specimen with the anterostylid also has a mesostylid and
shows a narrow basin between protoconid and metaconid.
This structure is absent in the other m1. The anterosinusid
and protosinusid, and the mesosinusid and sinusid are
simple and stand directly opposite of one another. The
posterosinusid is L-shaped. It is bordered by a thick and
low posterolophid.

m2 is rectangular with slightly alternating cusps. The
labial part of the anterolophid is relatively short and
borders an anterosinusid that lies conspicuously

Table 2. Length and width measurements and the number of molars
per element ofMesocricetusaff. primitivusfrom Bõçakçõ. Measure-
ments fromM. primitivusfrom the Pliocene localities of Çalta
(� en, 1977) and Maritsa (De Bruijnet al., 1970) are added for
comparison, as well as those of sub-recentM. auratusfrom the
locality of Meydan (Hír, 1992)

Element Locality

Length

N

Width

Min Mean Max Min Mean Max

M1 Meydan 2.26 2.36 2.85 68 1.20 1.49 1.62
Bõçakçõ 2.17 2.22 2.27 2 1.31 1.40 1.49
Çalta 2.07 2.15 2.25 3 1.31 1.36 1.42
Maritsa — — — — — — —

M2 Meydan 1.83 2.07 2.35 87 1.32 1.53 1.74
Bõçakçõ 1.80 1.81 1.84 3 1.37 1.41 1.44
Çalta 1.60 1.69 1.76 4 1.43 1.47 1.50
Maritsa 1.55 1.66 1.76 2 1.43 1.47 1.50

M3 Meydan 1.71 1.94 2.17 77 1.22 1.39 1.61
Bõçakçõ 1.47 1.49 1.50 4 1.18 1.24 1.33
Çalta 1.61 1 1.26
Maritsa 1.47 1.57 1.62 4 1.29 1.33 1.40

m1 Meydan 2.04 2.20 2.46 77 1.05 1.20 1.36
Bõçakçõ 1.92 1.93 1.95 3 1.09 1.12 1.19
Çalta 1.98 2.02 2.06 4 1.17 1.20 1.25
Maritsa — — — — — — —

m2 Meydan 1.72 2.18 1.94 101 1.18 1.33 1.53
Bõçakçõ 1.64 1.77 1.98 10 1.20 1.33 1.43
Çalta 1.66 1.74 1.83 5 1.3 1.35 1.40
Maritsa 1.52 1.71 1.85 5 1.31 1.37 1.47

m3 Meydan 2.00 2.16 2.52 71 1.23 1.34 1.65
Bõçakçõ 1.55 1.78 1.97 16 1.18 1.28 1.43
Çalta 1.67 1.77 1.87 4 1.31 1.34 1.38
Maritsa 1.72 1.74 1.75 2 1.28 1.31 1.34
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higher than the sinusid. The lingual part of the
anterolophid is also short and lies directly adjacent to
the metaconid. A short mesolophid is also present in

most specimens. The posterolophid is low and usually
ends against the entoconid. It borders a narrow,
L-shaped posterosinusid.

m3 is not reduced and quite variable in its shape; some
specimens are subrectangular with a rounded posterior
side, whereas others are clearly wider at the front than
at the back. The cusps stand in slightly alternating posi-
tions. The lingual part of the anterolophid is formed as
a ridge in about half the specimens. In the remaining mo-
lars, only patches of cingulum against the metaconid are
preserved at most. The labial part of the anterolophid is
rather short and slightly curved. In general, the
mesolophid is of medium length and either ends freely
just short of the metaconid or has a connection to that
cusp. Some specimens have a long mesolophid. In one

Figure 4. The arvicolids from Bõçakçõ. A–L: occlusal view, (X): labial view, (X)`: lingual view, (X)``: posterior view, (X)```.A, B: Mimomys pliocaenicus,
A. m1 sin. (EUNHM-PV 8582),B. M3 dex. (EUNHM-PV 8666).C, D: Mimomysgr. tornensis, C. m1 sin. (EUNHM-PV 8675),D. M3 dex. (EUNHM-PV 8684).
E, F: Pitymimomys pitymyoides, E. M2 dex. (EUNHM-PV 8693),F. M3 dex. (EUNHM-PV 8667).G, H: Borsodiagr. newtoni-arankoides, G. m1 sin.
(EUNHM-PV 8589),H. M3 sin. (EUNHM-PV 8675).I , J: Kalymnomyssp.,I . m1 sin. (EUNHM-PV 8588),J. M3 sin. unnumbered.K, L: Clethrionomys kretzoii,

K. m1 sin (EUNHM-PV 8586),L. M3 sin. (EUNHM-PV 8707). Occlusal and lateral scales, 1 mm.

Table 3. Measurements ofClethrionomys kretzoiifrom Bõçakçõ

Length

N

Width

Min Mean Max Min Mean Max

m1 2.33 2.40 2.44 4 0.99 1.04 1.06
m2 1.41 1.46 1.51 2 0.84 0.88 0.91
m3 1.22 1.36 1.41 4 0.69 0.73 0.77
M1 1.91 2.06 2.3 5 1.02 1.14 1.25
M2 1.63 1.66 1.76 6 0.93 1.04 1.27
M3 1.90 1.65 1.74 6 0.80 0.84 0.90
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specimen, the mesolophid is forked with both parts
connecting to the metaconid. There is little reduction in
the back part of the m3. The posterolophid is well
developed and connects to the entoconid, enclosing a
clear posterosinusid.

Remarks.Metrically, the middle-sized hamster from
Bõçakçõ� ts well with Mesocricetus primitivusfrom Çalta
and Maritsa (� en, 1977; De Bruijnet al., 1970). Apart
from the latter two localities, we have added in Table 2
the data of subfossilM. auratusfrom the Anatolian local-
ity of Meydan (Hír, 1992). The latter is clearly larger
than the Bõçakçõhamster.

De Bruijnet al. (1970) de� nedMesocricetus primitivusas
having well-developed mesolophids on m2 and m3, and a
relatively strong lingual branch of the anterior cingulum in
M2 and M3. The latter character was erroneously given in
the diagnosis as thelabial branch but correctly identi� ed
in the discussion. The lingual branch is poorly developed
in the BõçakçõM2 and M3. However, the mesolophids are
well developed, particularly on m3. All in all, the assem-
blage is somewhat intermediate between the Pliocene and
the recent representatives of the genus. Given the metrical
similarity with M. primitivus, including the relatively short
m2 and m3 which were considered typical for that species
by De Bruijn et al. (1970), we classify the middle-sized
hamster asM. aff. primitivus.

GenusCricetusLeske, 1779
Cricetussp. (Fig. 3N)

Material and measurements.1 m2 (2.05 × 1.61)
Description. The m2 is subrectangular, with a general

robust appearance. The main cusps are slightly alternat-
ing. The curved labial part of the anterolophid borders a
wide anterosinusid. The lingual part forms a cingulum
along the anterior � ank of the metaconid. The
mesolophid ends freely, just short of the metaconid.
The posterolophid is thickest at the posteriormost part
of the molar and curves to meet the entoconid,
enclosing the posterosinusid. The sinusid is clearly
wider than the mesosinusid. The various sinusids are
bordered by low cingulums.

Remarks.In size and morphology, the described molar� ts
well with Cricetus lophidensfrom Maritsa (De Bruijnet al.,
1970). However, based only on one specimen, no con� dent
determination to species level can be made. Other elements
of the dentition are needed to ascertain the identity of the
BõçakçõCricetus.

Subfamily Arvicolinae Gray, 1821
GenusClethrionomysTilesius, 1850

Clethrionomys kretzoii(Kowalski, 1958) (Fig. 4K, L)

Material. 6 M1, 6 M2, 6 M3, 5 m1, 2 m2, 4 m3
Measurements.See Table 3.
Description. Small-sized vole with rooted molars with

moderate cement accumulations and thick undifferentiated
enamel. This is a moderately hypsodont vole; enamel-free areas
(dentine tracts) are interrupted by wear at the stage of well-
developed roots. Dentine tracts of anterior molars are 2.1–
2.7mm high. The posterior rootof m2 is in semipleurorhiz con-
dition (partly shifted labially from the top of the incisor). All
molars have two roots, except for M1 where two closely spaced
anterior roots can separate in older specimens.

The m1 is composed of the posterior loop, three basic
triangles and the anteroconid complex including broadly
con� uent T4–T5 and the cap. The cap is variable in shape.
There is quite a broad connection between the dentine� elds
which tend to increase with wear. The anterior dentine tract
is typically bifurcated. The HH-index in the least worn spec-
imen (Fig. 4K`) reaches 3.6.

The M3 is subdivided into anterior loop, three broadly
fused intermediate triangles (T2–T4) and the posterior lobe.
The� rst labial triangle is widely fused with the anterior loop
except for early wear stages. The T3–T4 are characteristi-
cally broadly fused. The posterior loop has a shape of a
rounded triangle with moderately expressed lingual and la-
bial salient angles (LSA4 and BSA4). Dentine tracts range
between 1.3 and 1.9. PA-index 2.2–2.6 (n= 3).

Remarks.Small voles of the genusClethrionomys, an-
cestral to the modern European bank vole, are known in
arvicoline faunas since earliest late Villanyian. For the prior-
ity of ClethrionomysversusMyodes, see Tesakovet al.
(2010). The Bõçakçõ wood vole � ts the primitive earliest
Early Pleistocene speciesC.kretzoii in morphology and
hypsodonty level. Teeth of this small vole characteristically
lack any mimomyine characters (like theMimomysridge and
enamel islets) and show slightly negatively differentiated
enamel, and moderately developed external cement.
Hypsodonty indices of the Bõçakçõwood vole overlap and
slightly exceed the values known for its conspeci� cs from
Psekups, Tegelen and Schernfeld (Tesakov, 1996, 1998; Carls
and Rabeder, 1988). Thus, the hypsodonty level broadly
matches latest Villanyian populations ofC.kretzoii and is
lower than in early BiharianClethrionomys hintonianus.

Clethrionomys kretzoiishows strong similarity to the
modern European bank vole that inhabits broad-leaved and
mixed forests under temperate climatic conditions. The
speciesC. kretzoiiis the presumed direct Early Pleistocene
ancestor (chronospecies) of the modernC. glareolus(Carls
and Rabeder, 1988; Tesakov, 1996). Thus, a strong associa-
tion with wood vegetation is suggested forC. kretzoii.

GenusMimomysForsyth Major, 1902
Mimomys pliocaenicusForsyth Major, 1902 (Fig. 4A, B)
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Material. 2 M1, 2 M2, 7 M3, 5 m1, 6 m2, 5 m3
Measurements.See Table 4.
Description.A largeMimomyswith characteristic mimomyine

morphology with a strongly negatively differentiated enamel
band. This is the largest arvicolid found in the Bõçakçõlocality.
The hypsodonty level is advanced; dentine tracts in anterior
molars are between 3.5 and 5 mm. All molars have two roots
except some M1 in which two anterior roots can be still in-
completely fused.

The m1 consists of a posterior loop, three basic triangles and
the anteroconid complex. The connections between the dentine
� elds are nearly completely closed, as is the connection between
the T3 and the anteroconid complex. The m1 bears anterior
enamel islet and well-developedMimomysridge. Dentine tracts
in m1 are 3.5–4.5mm. HH-index is 5.3–6.05.

The m2 is situated labial to the incisor (pleurorhiz posi-
tion, Fig. 4B```).

The M3 consists of the anterior loop, triangle T2 and
posterior lobe with broadly con� uent elements and poste-
rior enamel islet. The islet is deep. It is apparent on the
occlusal surface until at least the crown height of
3.4 mm. In one specimen, the traces of the islet are visible
at crown height of 0.8 mm.Another specimen shows a
deep posterolingual re-entrant without enamel islet. The
dentine tracts of M3 range between 2.5 and 3.8 mm. Pa-
index is 3.4–4.9.

Remarks.The material was compared with descriptions
and measurements from Tegelen, Osztramos-3 and
Schernfeld (Janossy and Van der Meulen, 1975; Carls and
Rabeder, 1988; Tesakov, 1998). Morphologically and in
size, the Bõçakçõmaterial matches that from the other local-
ities well. The hypsodonty level of the Bõçakçõ vole is
slightly higher than that of the conspeci� c form from
Tegelen (Tesakov, 1998), but lower than inMimomys
ostramosensisfrom Schernfeld (Carls and Rabeder, 1988)
and possibly from Osztramos 3 (Ko� ciów and Nadachowski,
2002). The Bõçakçõvole differs fromM. ostramosensisin the
lack of separation of T4 from anteroconid and in more con-
� uent elements of the posterior lobe of M3.

Because of its size, this large vole is commonly
interpreted to be related in its ecology to riverine and lacus-
trine habitats. Some populations of this species group may
have been related to the ancestry of the European water
vole Arvicola.

Mimomysgr. tornensisJanossy and Van der Meulen,
1975 (Fig. 4C, D)

Material. 9 M1, 7 M2, 6 M3, 5 m1, 6 m2, 5 m3
Measurements.See Table 5.
Description.A smallerMimomysspecies showing hypsodont

molars and abundant crown cement. The enamel band shows
strong negative differentiation with leading edges thinner than
trailing ones. The m2 is positioned labial to the incisor
(pleurorhiz condition). Molars arevery hypsodont. Dentine tracts
are interrupted by wear at early stages of root formation; in young
specimens of m1 and M1, their height is more than 4.0–4.3mm.
All molars have two roots. The anterior root of M1 shows traces
of fused anterior andanterolingual roots.

The m1 consists of the posterior loop, three basic triangles
and the anteroconid complex. Triangles of occlusal surface have
rounded outlines. The connections between the dentine� elds
are nearly completely closed, due to the very deep re-entrant
folds. The connections in the anteroconid complex are broad.
The m1 do not show traces of an enamel islet even in the
youngest specimens. TheMimomysridge is strongly re-
duced in expression and depth; it is elevated above the
crown base at 3.7 mm. Dentine tracts are higher than
4.0 mm. HH-index of the least worn molar is close to 5.4.
The M3 consists of the anterior loop broadly con� uent with
T2 and a posterior lobe which bears posterior enamel islet.
The islet is apparent on occlusal surface at crown height
higher than 2.7–3.0 mm. This molar shows anterior dentine
tracts higher than 2.7–3.0 mm.

Remarks.The combination of characters excludes the at-
tribution of this species from the lineage ofMimomys hintoni-
reidi-pusillusand suggests its similarity with voles of theM.
tornensisgroup. This species group is abundant in latest
Villanyian assemblages of central and northwestern Europe
like those from Tegelen, Osztramos 3 and Schernfeld.

Morphologically, the material� ts well with that described
from Osztramos-3 and Schernfeld (Janossy and Van der
Meulen, 1975; Carls and Rabeder, 1988). However,Mimomys
tornensisof Bõçakçõis slightly smaller thanM. tornensisfrom
Ozstramos-3 and Schernfeld. The HH-index� ts well with the
Schernfeld material. The HH-index was also compared with
M. tigliensisfrom Tegelen (Tesakov, 1998), which seemed to
be a little higher than the Bõçakçõmaterial. The large amount
of crown cement and the very high HH-index suggest place-
ment inM. tornensisrather than inM. tigliensis.

Table 4. Measurements of m1 and M3 ofMimomys pliocaenicus
from Bõçakçõ

Length

N

Width

Min Mean Max Min Mean Max

m1 3.16 3.36 3.63 3/7 1.30 1.51 1.63
M3 1.73 2.03 2.17 7 1.05 1.12 1.18

Table 5. Measurements of m1 and M3 ofMimomysgr. tornensis
from Bõçakçõ

Length

N

Width

Min Mean Max Min Mean Max

m1 2.43 2.49 2.60 5 1.05 1.12 1.25
M3 1.35 1.45 1.55 5 0.74 0.79 0.87

L. W. VAN DEN HOEK OSTENDEET AL.238

Copyright © 2015 John Wiley & Sons, Ltd. Geol. J.50: 230–245 (2015)
DOI: 10.1002/gj



Mimomys tornensisbelongs to theMimomys(Tcharinomys)
group of small voles showing hypsodont molars with abun-
dant cement and reduction of mimomyine characters. Their
molar morphology strongly resembles that of rootless
Microtus s.l.of Early Pleistocene to Recent age, and it has
been suggested that this group of smallMimomysis ances-
tral to common voless.l. (Rabeder, 1986; Tesakov, 1998).
It is thus probable that this species indicates meadow habi-
tats characteristic for many extant species ofMicrotus.

GenusPitymimomysTesakov, 1998
Pitymimomys pitymyoides(Janossy and Van der

Meulen, 1975) (Fig. 4E, F)

Material. 2 M2, 2 M3
Measurements.Length and width of M2 are 1.70 × 1.06

and 1.76 × 1.02; those of M3 are 1.55 × 0.78 and 1.47 × 0.84.
Description. This small vole is only represented in the

fauna by upper molars which show the typical morphology
with broadly con� uent dentine� elds. The hypsodonty index
(HH-index) of M2 is higher than 5.65. The index of posterior
lobe to occlusal length (P) in M3 is 0.75 and 0.66.

Remarks.This extinct vole is common in European late
Villanyian faunas with dominance of voles adapted to mesic
habitats. The exact environmental preferences of this species
are unknown. The broadly con� uent elements of the occlu-
sal surface are similar to those of modern underground voles
of the genusTerricola, which have a burrowing life mode in
mesic, possibly meadow ecotopes.

GenusBorsodiaJanossy and Van der Meulen, 1975
Borsodiagr. newtoniForsyth Major, 1902–arankoides

Alexandrova, 1976 (Fig. 4G, H)

Material. 1 M2, 1 M3, 2 m1, 1 m2
Measurements.The single intact m1 (Fig. 4G): length 2.55,

width 1.04, anteroconid length 1.15, anterosinusid> 2.45,
hyposinusid> 2.05, hyposinulid> 2.28, HH-index> 3.2. The
damaged m1 (unnumbered): anteroconid length 1.09, width
0.9, anterosinusid> 2.62. m2: lengthca. 1.57, width 0.95, HH-
index > 2.9. M2: length 1.67, width 0.98, anterosinus> 3.60,
protosinus� 3.38, PA-index> 4.9. M3: length 1.61, width 0.89,
posterior lobe length 0.73, anterosinus 2.76, protosinus� 2.94,
PA-index� 4.03.

Description. The enamel band is positively differentiated
with leading edges thicker than trailing ones. The
hypsodonty level determined by the least worn molar M3
(Fig. 4H) is quite high. Dentine tracts in upper molars are
more than 3.0 mm.

The single intact m1 (Fig. 4G) consists of posterior loop,
three basic triangles (T1, T2 and T3) and the anteroconid
complex. The well-developed and deepMimomysridge has
a high mimosinuid tract. The connections between dentine

� elds are nearly completely closed. The connection between
the cap and the rest of the anteroconid complex is broad.

The M3 (Fig. 4H) consists of anterior loop, three alternating
triangles (T2–T4) and the posterior loop of rectangular shape.
The� rst lingual re-entrant (LRA2) shows a slight indentation,
known as a lagurine denticle. This feature is typical for rootless
lagurines of the Pleistocene, but rarely occurs in rooted
Borsodia. The posterior enamel islet is of rounded shape. The
index of posterior lobe (P/L) measured as the ratio of combined
length of T4 and posterior loopto the occlusal length is 0.43.

Remarks.This material resemblesBorsodia newtonibe-
cause of the characteristic features it shares with specimens
from East Runton and Schernfeld (Mayhew and Stuart,
1986; Carls and Rabeder,1988), such as positively differenti-
ated enamel, the absence of crown cement and the closed den-
tine � elds. This form has differentiated enamel, which
indicates it is a highly evolved form ofBorsodia(Tesakov,
1993). The hypsodonty level also matches that of latest
Villanyian Borsodiafrom the northern coast of the Black Sea
(Tesakov, 2004). The form closely resemblesBorsodiaof the
newtoni-arankoidescomplex (Tesakov, 2004). The deep
Mimomysridge in m1 and lagurine denticle in anterolingual
re-entrant of M3 may suggest the assignment toB.arankoides,
a presumed ancestor ofLagurodon arankae. More material is
needed for determining the species status of the Late Villanyian
Borsodia from Anatolia.

Genus Kalymnomysvon Koenigswald, Fejfar and
Tchernov, 1992

Kalymnomyssp. (Fig. 4I, J)

Material. 4 M1, 5 M2, 3 M3, 5 m1, 5 m2, 7 m3
Measurements.See Table 6.
Description. This vole has rootless molars. Enamel band is

uniformly thick with somewhat thinner portions inside re-
entrants. Younger molars show a slight trend towards positive
enamel differentiation (thicker leading and thinner trailing
edges). Occlusal elements alternate but show considerable
degree of con� uence.

The m1 has a posterior loop, three basic alternating trian-
gles and an anteroconid complex with constantly present
Mimomysridge (Fig. 4I). Occlusal elements are moderately
con� uent. Among the basic triangles, T2–T3 are most con-
� uent. The anteroconid has an elongated or rounded shape.

Table 6. Measurements of m1 and M3 ofKalymnomyssp. from
Bõçakçõ

Length

N

Width

Min Mean Max Min Mean Max

m1 2.24 2.37 2.47 5 0.95 0.97 0.99
M3 1.39 1.53 1.61 3 0.77 0.80 0.83
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The anteroconid index (A/L) ranges between 1.00 and 1.17,
with a mean value of 1.05 (n= 5).

The M3 consists of an anterior loop, three triangular ele-
ments (T2–T5) and a posterior loop. All elements broadly
communicate. The posterior loop has an elongated shape and
may have a poorly developed lingual salient angle (Fig. 4J).
The length of the posterior lobe (T4 + posterior loop) has a
range of 0.75–0.87 and mean 0.80 (n= 3), forming about half
the occlusal surface (P/L index is 0.49, 0.54, 0.54).

Remarks.This peculiar vole has an m1 that resembles that of
Pitymimomys pitymyoidesin general outline and broad commu-
nication of occlusal elements. However, it differs from the latter
form in having a uniformly thick enamel band and the lack of ce-
ment in the re-entrant folds. TheKalymnomysfrom Bõçakçõ,
characterized by its simple M3, apparently belongs to a yet
undescribed species ancestral toKalymnomys major, a species
widespread in early Biharian faunas of Anatolia and Greece
(Ünay et al., 1995). This taxon will be described elsewhere.
The primitive morphology and co-occurrence with large
Mimomys pliocaenicusin Bõçakçõand Havutçulu (Ünayet al.,
1995) localities indicate a late Villanyian age.Kalymnomysis
the � rst rootless arvicoline species in fauna of Anatolia and
southern Europe.

Family Muridae Illiger, 1811
Subfamily Murinae Illiger, 1811
GenusApodemusKaup, 1829

Apodemus atavusHeller, 1936 (Fig. 3O–R)

Material. 4 M1, 5 M2, 3 m1, 1 m2
Measurements.See Table 7.
Description. The M1 is a robust and elongated molar. There

is a strong connection between the t2 and t3; the connection be-
tween t2 and t1 is weaker. The accessory cusp t0 is absent. The
cusps t4, t5, t6 and t9 form a ring in which they are all strongly
connected. In most specimens, there is also a weaker connection
between the ring of cusps and t8. In completely worn teeth, the
t7 cusp is also connected to the ring. A small, well-developed
posterior cingulum is visible in most specimens. The specimens
have three or four roots.

The M2 has well-developed t1 and t3 cusps. The t4, t5, t6
and t9 cusps are strongly connected. There is also a weak

connection between t4 and t7. The t8 is well developed. In
some specimens, a clear posterior cingulum is present.

The m1 is an elongated molar. The cusps tE–tF, tC–tD and
tA–tB are all paired. They are separated by a valley between
the paired cusps. The antero-central cusp is quite large. In
one specimen, a weak connection between this cusp and the
tE–tF pair is visible. All three specimens have three accessory
cusps. These cusps are isolated and do not seem to fuse with
wear. The posterior cingulum is rounded. The postero-central
cusp is variable in size. The specimens have three roots.

The m2 has obviously paired tC–TD and tA–tB cusps. The tE
cusp, which is in the antero-labial part of the molar, is also well
developed and completely isolated. Only one weak accessory
cusp is visible, which has a weak connection with the tC cusp.
The terminal heel is rounded to oval-shaped and quite low. The
postero-central cusp is quite large. The specimen has two roots.

Remarks. Apodemusfrom Bõçakçõwas compared to con-
generic material from several other localities, Çalta (� en, 1977),
Maritsa (De Bruijnet al., 1970), Tourkobounia-I (De Bruijn and
Van der Meulen, 1975), and Yenice-I, Ta ova, Ortalica and
Tozaklar (Ünay and de Bruijn, 1998). The material from Bõçakçõ
is close to the earlier described material ofA.dominansandA.
atavusin both morphology and size (Table 3). Based on direct
comparison withApodemusassemblages in the collection of
UtrechtUniversity, thematerialwasassigned toApodemusatavus.

Apodemuscf. � avicollis Melchior, 1834 (Fig. 3M)

Material and measurements.1 M1 (2.05 × 1.37)
Description. The M1 is remarkably robust. A strong con-

nection is present between the t2 and the t3. A weaker
connection is present between t2 and t1. The accessory cusp
t0 is absent. The cusps t4, t5, t6, t8 and t9 form a ring which
has strong connections between them. Cusp t7 is isolated
from the ring. A small posterior cingulum is present. The
specimen has three roots.

Remarks.This molar cannot be placed with the other Bõçakçõ
Apodemusbecause of several morphological differences. First
of all, the molar is larger than theApodemus atavus. The molar
is also more robust, and the t8 cusp has a strong connection with
the rest of the ring of cusps, which is not the case inA.atavus. In
size, the molar falls in the range of the measurements from
Hatay, Turkey (Suata Alpaslan, 2011). The molar is both mor-
phologically and in size quite similar to the RecentA.� avicollis
from the Naturalis collection, in which, however, considerable
intraspeci� c variability can be seen. Therefore, the Bõçakçõ
species cannot be con� dently placed in the speciesA.� avicollis
based on one molar only and is best classi� ed asApodemus
cf. � avicollis.

Family Spalacidae Gray, 1821
GenusPliospalaxKormos, 1932

Pliospalaxsp. (Fig. 3S–V)

Table 7. Length and width measurements ofApodemus atavus
from Bõçakçõ

Length

N

Width

Min Mean Max Min Mean Max

M1 1.85 1.89 1.94 4 1.17 1.20 1.22
M2 1.24 1.33 1.40 5 1.15 1.17 1.23
m1 1.75 1.83 1.89 3 1.06 1.07 1.09
m2 — 1.24 — 1 — 1.02 —
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Material. 2 M1, 1 M2, 1 M3, 1 m2
Measurements.The measurements are listed in Table 8.
Descriptions.Both M1 are quite worn. A deep lingual re-

entrant fold is present in both specimens. The antero-labial
and postero-labial folds have become enamel islets around
the same wear stage of the molar. There is a plank-shaped
root (consisting of two merged roots) on the lingual side of
the molars and two roots with a circular cross section on
the labial side.

The M2 is also in a quite worn state; just like the available
M1, the occlusal surface is� at. The molar has a very deep
lingual re-entrant fold, and two enamel islets on the labial
side as remains of the antero-labial and postero-labial folds.
The roots are similar to the roots of the M1. On the lingual
side of the molar, there is a plank-shaped (merged) root,
and there are two roots with a circular cross section on the
labial side of the molar.

The M3 is shaped like a rounded triangle. The
occlusal surface of this molar is� at. The molar is in
such a far worn state that there are no re-entrant folds
left. There is a triangular enamel islet in the centre of
the crown surface. Just like in the other upper jaw
molars, there is a plank-shaped (merged) root on the
lingual side and two roots with a circular cross section
on the labial side of the molar.

The m2 is relatively unworn. The occlusal surface of
this molar is not� at, like the more worn upper jaw mo-
lars. The molar has one deep labial re-entrant fold; it
closes at around one third from the crown basis up. The
anterolingual re-entrant fold is quite deep and closes
around half-way up the crown. The posterolingual fold
is still present, which indicates that the molar represents
a very young individual.

Remarks.Kuss and Storch (1978) placed the genus
Pliospalax and the speciesSpalax cf. nehringi and
Microspalax nehringi in one group,Spalax. However,
the difference in labial re-entrant folds seems to be a clear
enough difference to distinguish between the groups even
if the wear state is taken into account.Pliospalax
tourkobouniensisfrom Tourkobounia-1 (De Bruijn and
Van der Meulen, 1975) differs from the Bõçakçõmaterial
in having a posterior cingulum and a mesoloph in the
M1. For Pliospalax macoveiifrom Çalta (� en, 1977),
the same difference can be seen. Morphologically, the
Bõçakçõmaterial is extremely similar toPliospalax sotirisi
from Maritsa (De Bruijnet al., 1970). However, the
Rhodes material is so much larger than the Bõçakçõ
specimens that placement in the same species is not
possible (Table 4). The sample is also too small to be
able to describe a new species. The material is therefore
assigned toPliospalaxsp.

Order Eulipotyphla Waddell, P. J., Okada, N. &
Hasegawa, M., 1999

Family Soricidae Fischer, 1814
Subfamily Soricinae Fischer, 1814
GenusBeremendiaKormos, 1934

Beremendiasp. (Fig. 3W)

Material and measurements.1 p4 (2.15 × 1.03)
Description. The p4 is a remarkably robust tooth. The tooth

has a long labial arm compared to the lingual arm. Only one
root is visible.

Remarks.A comparison was made with theBeremendia
� ssidensfrom Tegelen, described and measured by Reumer
(1984). The teeth are quite similar in size but differ morpholog-
ically in some aspects, such as the length of the labial arm. Also,
the Tegelen specimens appear to be more developed lingually.

Soricinae gen. et sp. indet. (Fig. 3X, Y)

Material and measurements.1 (P4 BL 1.54, PE 0.87 ), 1
m1 (1.47 × 0.67 × 0.84)

Description.The P4 is slightly damaged under the hypocone.
It is not very antero-posteriorly compressed. The protocone is
quite high. The parastyle and theparacone are both quite high.
The remainder of a valley separating the protocone and
hypocone is visible. Part of the hypoconal� ange is missing.
The parastylar crest is quite low and also quite short.

The m1 is an elongated molar which has a long talonid
and trigonid basin. A remarkable feature of the molar is that
the hypolophid is directly connected to the lingual cingulum.
No ectostylid is visible in between. The lingual cingulum
itself is slightly developed. A short entoconid crest is visible,
which is not very high. A weak buccal cingulum is present.
A small mesoconid is visible on the oblique crest.

Table 8. Length and width measurements and the number of
molars per element ofPliospalaxsp. from Bõçakçõ. Measurements
from P. sotirisifrom Maritsa (De Bruijnet al., 1970) are added for
comparison

Element Locality

Length

N

Width

Min Mean Max Min Mean Max

M1 Bõçakçõ 1.95 1.96 1.97 2 1.65 1.66 1.68
Maritsa — 2.54 — 1 — 2.45 —

M2 Bõçakçõ — 1.75 — 1 — 1.65 —
Maritsa 1.93 1.95 1.96 3 2.25 2.36 2.54

M3 Bõçakçõ — 1.51 — 1 — 1.34 —
Maritsa — 1.43 — 1 — 1.50 —

m1 Bõçakçõ — — — — — — —
Maritsa — 2.00 — 1 — 1.65 —

m2 Bõçakçõ — 1.48 — 1 — 1.33 —
Maritsa — 2.03 — 1 — 1.65 —

m3 Bõçakçõ — — — — — — —
Maritsa — — — — — — —

VILLANYIAN MICROMAMMALS FROM BIÇAKÇI 241

Copyright © 2015 John Wiley & Sons, Ltd. Geol. J.50: 230–245 (2015)
DOI: 10.1002/gj



Remarks.The two specimens can be placed in the Soricinae
because of the long talonid of the m1 and not much antero-
posteriorly compressed P4 (Marc Furio, personal communica-
tion). A remarkable feature of the m1 is the hypolophid that is
directly connected with the lingual cingulum, which to our
knowledge is not known from any other Pleistocene shrew.
This might indicate that we are dealing with a new taxon.
However, the material is too limited for a species or even
genus designation.

4. DISCUSSION

4.1. Age of the Bõçakçõfauna

The arvicoline association of Bõçakçõ enables an accurate
placement of the fauna in European and Eurasian
biochronological schemes (Fig. 2). The dominant
mimomyine voles are represented by hypsodont forms close
in evolutionary level to voles of late Villanyian (MN17)
faunas of Europe. Moreover, most vole species of the fauna
are common in late Villanyian faunas of northwestern, cen-
tral and eastern parts of Europe. Especially characteristic
are largeMimomys pliocaenicus, Mimomysgr. tornensis
and Pitymimomys pitymyoides. Lagurines are represented
by the widespread late Villanyian species,Borsodiaex gr.
newtoni-arankoides, andKalymnomyssp., a form endemic
to Anatolia, the Aegean islands and the Near East.
Kalymnomysare known to characterize Biharian faunas of
the region (Ünay and De Bruijn, 1998; Sarica, 2000). The
primitive morphological stage of this vole, however, also in-
dicates latest Villanyian. The primitive wood vole,
Clethrionomys kretzoii, is more advanced in its hypsodonty
stage than the late Villanyian conspeci� c forms (Tesakov,
1998) and less evolved than the BiharianC. hintonianus,
thus also con� rming the late Villanyian age of the fauna.
In terms of small mammal regional biochronological units
of Europe and western Asia, the Bõçakçõassociation matches
MNR1 zone de� ned as the concurrent range zone of
Borsodia gr. newtoni-arankoides and Mimomys
pliocaenicus(Tesakov, 2004; Tesakovet al., 2007). The
fauna also matches Zone P (Mimomys pliocaenicus–
Tibericola sakaryaensis) of the Anatolian Neogene
biozonation (Ünayet al., 2003). This zone can obviously
be subdivided into subzones. The lower subzone, where the
Bõçakçõ fauna should be placed, is de� ned by the co-
occurrence ofMimomys pliocaenicus, Borsodiaand earliest
Kalymnomys. The upper subzone hosts faunas with the� rst
rootless Arvicolinae–Tibericola and Allophaiomys co-
occurring with the advancedKalymnomysmajor. Thus, the
Bõçakçõarvicoline fauna immediately precedes the stage of
dramatic restructuring of Holarctic small mammalian faunas
near the Villanyian–Biharian transition marked by the mass

arrival of voles with rootless cheek dentitions such as
Allophaiomys, Prolagurus and Lagurodon, and decline of
primitive voles with rooted cheek dentitions (Tesakov, 2004;
Martin et al., 2008). In the international chronostratigraphic
scheme, the Bõçakçõ assemblage correlates with the Early
Pleistocene, latest Gelasian, and� ts the time interval between
ca. 2.2 and 1.9Ma (Tesakov, 2004; Mayhew, 2013).

The other micromammals� t the age range indicated by
the arvicolines. Two different species of murids have been
found in the Bõçakçõ material, Apodemus atavusand
Apodemussp. The last known record ofA. atavusdates from
the Early Pleistocene (Martin Suárez and Mein, 1998). It is
considered a descendant ofA. dominans, which lived
throughout the Pliocene (Martín Suárez and Mein, 1998).
In turn, A. atavus is believed to be the ancestor ofA.
� avicollis and A. sylvaticus. According to Martín Suárez
and Mein (1998), these two extant species must have arisen
after the Early Pleistocene.Apodemus� avicollishas been re-
ported since the Pliocene, but in Anatolia, it is known since
the Biharian (Suata Alpaslan, 2011). That would suggest
that theApodemuscf. � avicollis from Bõçakçõis the oldest
known occurrence of this species in Anatolia. Co-existence
of A. atavus and a species that resemblesA.� avicollis
closely con� rms an age near the Villanyian/Biharian transi-
tion. The hamstersCricetulus aff. migratorius and
Mesocricetusaff. primitivusboth represent, as could be ex-
pected, an evolutionary stage between the recent species
and their Neogene ancestors. The rare elements in the
Bõçakçõfauna areCricetussp.,Pliospalaxsp.,Beremendia
sp. and Soricinae indet. The hamster and the indeterminate
shrew are not very indicative. However,Pliospalaxranges
from Late Ruscinian to the Biharian (De Bruijn and Van
der Meulen, 1975; Ünay and de Bruijn, 1998;� en, 1977;
Koufos, 2001), and the genusBeremendiais known from as-
semblages from the Pliocene to the Middle Pleistocene
(Furió et al., 2010; Rofes and Cuenca-Bescós, 2009). Thus,
for both taxa, the age Bõçakçõfalls within the known range.

4.2. Palaeoecology

The most abundant groups from the locality of Bõçakçõare
the arvicolines and the cricetids. Given that we are dealing
with a Pleistocene fauna, the dominance of voles (63%) is
hardly surprising. However, the high proportion of hamsters
(27%) is remarkable. Murines (7%), spalacids (2%) and
shrews (1%) only represent small constituents to the fauna.

According to García-Alix et al. (2008), Cricetus,
CricetulusandMesocricetus, the three hamster genera found
in Bõçakçõ, all lived in an open steppe environment. The lat-
ter two have representatives living in Anatolia today;
Cricetushas a bit more northern distribution and is found
in eastern Europe and the open� elds of the Ukraine. The
presence ofBorsodiacertainly con� rms the presence of an
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open habitat. These primitive lagurines with rooted molars
dominate most faunas of the steppe belt in middle latitudes
of Eurasia throughout the Late Pliocene and beginning of
Early Pleistocene (Tesakov, 1993). The group is ancestral to
Pleistocene to Recent steppe-lemmings or lagurines special-
ized to steppe and semi-desert open habitats. However,
Borsodiais only present in small numbers (2%). The most
common vole isKalymnomys(19%). Unfortunately, its
environmental preferences are not known. However, by
analogy with Early Pleistocene to Recent‘steppe-lemmings’
of the tribe Lagurini, the rootless dentition ofKalymnomys
suggests a preference for open steppe-like habitats. The
same holds presumably true forPliospalax (5%). The
subterranean rodent is extinct, but its extant relativeSpalax
inhabits the open� elds and grass steppes of southeastern
Europe (Nowak, 1991).

Mimomys pliocaenicusis well represented in the fauna
(11%). Based on its size, this large vole is commonly
interpreted to be related in its ecology to riverine and lacus-
trine habitats. Some populations of this species group may
have been ancestral to European water voleArvicola.
Given the sedimentology of the site, the presence of a
semi-aquatic species is hardly surprising, and presumably it
lived close to the area of deposition.Mimomysgr. tornensis
strongly resembles in its molar morphology the rootless
Microtus s.l.of Early Pleistocene to Recent and has been sug-
gested to be ancestral to common voless.l. (Rabeder, 1986;
Tesakov, 1998). Thus, it is probable that this species, account-
ing for 15% of the Bõçakçõfauna, indicates meadow habitats
characteristic for many extant species ofMicrotus. Such
meadows can easily be envisioned in the direct surroundings
of the lake.

More puzzling is the high proportion ofClethrionomys
(14%). Clethrionomys kretzoiishows strong similarity to
the modern European bank vole that inhabits broad-leaved
and mixed forests under temperate climatic conditions and
is considered the direct Early Pleistocene ancestor
(chronospecies) of the modernC. glareolus (Carls and
Rabeder, 1988; Tesakov, 1996). Thus,C. kretzoiiindicates
the presence of a wooded environment. The same holds true
for the two species ofApodemus, which together constitute
7% of the fauna. Although some of the recent species of
Apodemus can also survive in scrublands, extant
Clethrionomysis associated with relatively moist woodlands
(Torre and Arrizabalaga, 2008).

Overall, the micromammals give a mixed picture of the
palaeoenvironment, in which the representatives of a
steppe environment hold the majority. Also, the virtual
absence of insectivores argues for a relatively dry envi-
ronment. Moreover, one of the two insectivores found is
a species ofBeremendia, which is considered to be an
opportunistic shrew (Reumer, 1984; Furióet al., 2010),
capable of surviving under relatively harsh conditions.

On the other hand,Clethrionomysand Apodemusrequire
woodlands. This mixture could result from mixing mate-
rial from different periods,but as the faunal composition
consistently indicates the same age, a spatial separation
of the two habitats is more probable. The Çameli Basin
lies in a mountainous region, in which different environ-
ments can be found at a relatively short distance. If this
is the case, the presumed agent of accumulation for most
micromammal assemblages, the pellets of owls and
raptors, would cause a bias in the thanatocoenosis.
Open� elds provide a far more suitable hunting environ-
ment for birds of prey than forest, leading to an
overrepresentation of the rodents indicating an open envi-
ronment. In order to get a more comprehensive view of
the palaeoenvironment of the site, a paper comparing
the results from different proxies is being prepared
(Wesselinghet al., research in progress).

5. CONCLUSIONS

The new locality of Bõçakçõ has yielded a diverse
micromammal assemblage, providing a glimpse of the Ana-
tolian small mammal community at the very end of the Early
Pleistocene. The age of the site is based on the stage of evo-
lution of the rodent assemblage and� ts the MNR 1 zone in
the biochronology of Europe and western Asia. In the Ana-
tolian mammal zonation of Ünayet al. (2003), it � ts the
lower part of zone P. The high proportion of steppe elements
and the very few� nds of insectivores suggest a dry, open
landscape. However,Clethrionomysis well represented in
the assemblage, which indicates that woodlands were pres-
ent in the surroundings of the site.
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