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Abstract The Cameli Basin in southwestern Anatolia pre-
serves a sequence of fossiliferous sediments that record the
Pliocene and early Pleistocene faunal development in the area.
Here, we present the fauna of Ericek, a locality near the bot-
tom of the sequence. The locality is rich in fish remains, par-
ticularly pharyngeal teeth of the cyprinids Barbus, Carassius
and Capoeta, but also includes rare tooth-bearing bones of a
possible cobitid and gobiid. The abundant fish remains agree
with the geological interpretation that the Ericek sediments
were deposited in a palaeolake. That interpretation is further
supported by the abundance of mollusc fossils. The gastropod
fauna is dominated by Pseudamnicola, Valvata and other
freshwater prosobranch taxa. The dominance of prosobranch
taxa over freshwater pulmonate species indicates a well-

This article is a contribution to the special issue “Old worlds, new
ideas. A tribute to Albert van der Meulen”

P4 Lars W. van den Hoek Ostende
Lars.vandenHoekOstende@naturalis.nl

James D. Gardner
james.gardner@gov.ab.ca

Lysanne van Bennekom
lysanne_bennekom@msn.com

M. Cihat Algicek
alcicek@pau.edu.tr

Alison Murray
ammurray@ualberta.ca

Frank P. Wesselingh
Frank. Wesselingh@Naturalis.nl

Hiilya Algigek
halcicek@pau.edu.tr

Published online: 09 July 2015

oxygenated lake environment. A range of aquatic, swamp
and terrestrial tetrapod taxa are also represented. The amphib-
ian fauna, documented mainly by anuran skull and postcranial
bones and by a single salamander jaw, is consistent with a
lacustrine setting for Ericek. Notable among the amphibian
fossils are two jaws that may document the second record of
palacobatrachid frogs from Anatolia. Reptiles are represented
by a few, incomplete vertebrae of colubroid and indeterminate
snakes. Micromammal molars suggest the presence of a for-
ested environment surrounding the palaecolake. Muridae are
represented by three species, of which Adpodemus cf.
dominans is the most abundant. The shrew Asoriculus is the
second most abundant species, which argues for a humid
palacoenvironment. The co-occurrences of the vole
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Mimomys occitanus and of the murids Orientalomys cf. similis
and Rhagapodemus cf. primaevus indicate a late MN 15 age
for the fauna, at an estimated age of 3.4 Ma.

Keywords Turkey - Mimomys - Palacobiogeography -
Palaeobatrachidae - Palaeolake - Palacoenvironment

Introduction

Anatolia, the Asian part of Turkey, is biogeographically inter-
esting due to its location at the junction between Africa, Asia
and Europe. It has been an important overland route for the
movement of non-marine animals and, thus, is potentially in-
formative for deciphering the evolution of faunas and ecosys-
tems in western Eurasia and elsewhere in the region.
Unfortunately, the fossil vertebrate record of Anatolia is
still poorly known. For example, our understanding of
micromammal faunas that are important for dating Cenozoic
fossil localities in western Eurasia is still incomplete and frag-
mentary. The vertebrate fossil record in Anatolia is especially
limited for the Plio-Pleistocene, which is unfortunate because
that is a critical interval leading up to the establishment of
modern faunal distributions in the region. Although a large
number of localities are known for this time frame (e.g. Unay
and De Bruijn 1998), the number of specimens per locality is
too limited for drawing definitive palacoenvironmental conclu-
sions or biostratigraphic schemes.

The Cameli Basin, located in southwestern Anatolia
(Fig. 1), is notable for containing several non-marine fossil
localities of Plio-Pleistocene age (Alcicek 2001; Sarac 2003;
Alcigek et al. 2005: table 1, fig. 4). The geological setting and
tectonic-sedimentary development of the Cameli Basin is well
understood (Algicek et al. 2005): it is a northeast-trending,
graben-type basin formed during the Neogene by three pulses
of crustal rifting, which were part of the larger scale and
more complex regional history of tectonism that occurred
during that period throughout the eastern portion of the
Mediterranean (Algigek et al. 2005). The present-day basin
is filled with terrestrial sediments that represent deposition in
fluvial, alluvial-fan and lacustrine settings from about the late
Miocene (Tortonian) through to the early Pleistocene
(Gelasian). A lacustrine succession within the basin is brack-
eted above and below by palustrine deposits (Fig. 1c); collec-
tively, these deposits document the expansion and contraction
of a freshwater lake and wetlands. There are localities within
the lower (Ericek) and upper (Bigake1) palustrine deposits that
contain fossils of vertebrates (fish teeth and bones; amphibian
and reptile bones; micromammal teeth), molluscs (shells), pol-
len and macroplant plant remains. Bicak¢t and Ericek were
sampled at the same time during field work conducted be-
tween 2010 and 2013. It soon became clear that there were
intriguing differences among the preserved vertebrate remains

@ Springer

at the two localities: Bigak¢1 yielded mainly large numbers of
rodent teeth, whereas Ericek was rich in fish teeth and bones,
yielded some amphibian and reptile bones and—compared to
Bigak¢i—contained relatively few micromammal molars. The
fauna and palacoenviromental setting of Bigak¢i and its age
determination have recently been reported (Van den Hoek
Ostende et al. 2015), with the palacoenvironment at the very
end of the Villanyian, at around 2 Ma, shown to consist of
open landscapes. Here, we present a first attempt at
reconstructing the environment at Ericek. Our accounts for
certain of the groups known from Ericek (e.g. mammals) are
preliminary; more detailed studies are planned for the future.

Material and methods

Vertebrate fossils reported in this paper were recovered from a
bulk sample of 200 kg of fossiliferous sediment collected from
various parts of the section that was subsequently screen
washed through 0.7-mm mesh. Matrix samples for molluscs
were taken from three levels and were processed separately
(Fig. 2).

Figured fish, amphibian and reptile fossils were all lightly
coated with ammonium chloride before being photographed
using either a Nikon DCM 1500 digital camera (Niko Corp.,
Tokyo, Japan) mounted on a Zeiss V8 Discovery stereo mi-
croscope (fish) (Carl Zeiss GmbH, Jena, Germany) or a Leica
IC80 HD digital camera (Leica Camera AG, Wetzlar,
Germany) mounted on a Leica MZ75 stereo microscope (am-
phibians and reptiles) (Leica Microsystems GmbH). Arvicolid
molars were drawn using a camera lucida, whereas the other
mammal teeth were photographed using a JEOL electron mi-
croscope (JEOL Ltd., Tokyo, Japan). The vertebrate material
will be stored at Natural History Museum of EGE University,
Izmir, Turkey, and bear catalogue numbers prefixed with the
abbreviation “EUNHM”. The molluscs are stored at the
Naturalis Biodiversity Center (prefix RGM).

The Ericek fauna
Molluscs

Molluscs were collected from three different levels in the Ericek
section (Fig. 2). Samples ErA and ErB are dominated by
Pseudamnicola spec., whereas sample ErC is dominated by
Valvata aff. macrostoma (Fig. 3d). Indeterminate opercula of
Bythinia are common in samples ErA and ErC. The lymnaied
Galba indet. is present in low numbers in all three samples, as are
a variety of unidentifiable “Gyrauliform”gastropods. Finally,
shells and remains of some rare landsnails (Vertigo s.l. spec.)
and a slug were found in sample ErC. No taxa could be identified
to the species level due to (1) limited experience with continental
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Fig. 1 Geological setting of the Ericek locality. a Regional map showing
the location of Anatolia. b Simplified geological map of southwestern
Anatolia (based on Senel 1997), showing the geographic positions of the
Ericek locality within the Cameli Basin. ¢ Composite stratigraphy of the

fresh water faunas in the region and (2) a lack of modern
Eurasian species. The latter are common in the Pliocene of the
nearby Baklan Basin (FW, personal observation). Even with the
very incomplete identification it is possible to assess the crude
ecology of the fauna (see below).

Samples differ in terms of preservation. Sample ErA consists
of very well-preserved shells with details of microsculpture.
Two colouration types are present, with one being bluish
slightly translucent and the other having a beige opaque colour.
The absence of any wear indicates lack of transport of the
material. Sample ErB consists of uniformly well-preserved
partially translucent shells. Fine details of microscupture are
present and traces of wear are lacking, implying that the
material has been preserved in situ. By contrast, Er-C contains
an admixture of preservation styles. Very well-preserved shells,

Cameli Basin-fill succession, showing the stratigraphic positions of
Ericek in basal and Bigakg1 in upper palustrine portions of the lacustrine
sequence (not to scale; based on Algicek et al. 2005)

some translucent, with fine microscopic details do occur, but
indurated, strongly worn (glossy) and discoloured shells were
also found in the sample. Almost all species occur in various
preservation states, indicating only local reworking and possi-
bly minimal time averaging. Part of the worn material may
derive from a “beach” setting, suggesting that ErC represents
an environment closer to the fringes of the lake than the other
two samples.

Fishes
The majority of the fish material from the site is represented
by pharyngeal teeth from a variety of cyprinids. Pharyngeal

teeth and the associated fifth pharyngobranchial bones of cyp-
rinids are considered to be of systematic value, particularly in

@ Springer
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Fig. 2 The Ericek section showing the levels in which the different types of fossils were collected

terms of the arrangement and number of teeth (e.g., Simons
and Mayden 1997); however, isolated pharyngeal teeth are
difficult to identify to lower taxonomic levels. The teeth on a
single pharyngobranchial of an individual may vary in mor-
phology depending on its position on the bone, ontogeny,
wear and frequency of replacement (e.g. Tadajewska 1998;
Wautier et al. 2001). Teeth vary among species based on the
fishes’ diet; however, similar diets among individuals of dif-
ferent species may also lead to similar tooth morphologies.

@ Springer

For these reasons, our identifications of the Ericek teeth to
the generic level are considered somewhat tentative.

The Ericek pharyngeal teeth represent a diversity of taxa
(Fig. 4), mostly from members of the Cyprininae, identified as
Barbus, Carassius, Capoeta and Capoeta cf. C. damascina or
cf. C. sieboldi. A single tooth is reminiscent of Squalius, of the
subfamily Leuciscinae (EUNHM PV-11028; Fig. 4j).
However, because we found only a single tooth that appears
to be from Squalius among hundreds attributable to other
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Fig. 3 Some common and ecological important gastropod species. a
RGM.794476. Bythinia indet., operculum, L 4.6 mm; b RGM.794477.
Hydrobia s.1. sp.1, H 2.2 mm; ¢ RGM.794478. Pseudamnicola sp. 1, H
3.2 mm; d RGM.794479. Valvata aff. macrostoma, H 1.6 mm; e

actinopterygian families, we are hesitant to positively identify
it as such and suggest it may instead be an aberrant tooth
belonging to one of the other genera found in the sample.
Tinca, the only genus of the cyprinid subfamily Tincinae,
may also be represented in the sample, but this identification
is also tentative. Although we have identified these teeth as
belonging to living genera, there are also extinct genera
known from articulated specimens from Anatolia, but, unfor-
tunately, their pharyngeal tooth morphology is unknown
(Riickert-Ulkiimen 1987; Gaudant 1993). Additional cyprinid
material includes centra and unbranched serrate fin rays.
There are also non-cyprinid fishes in the locality, with a single
tooth and attached partial pharyngeal bone (EUNHM PV-
11036; Fig. 4q) identified as probably belonging to a loach

RGM.794480. ?Gyraulus sp. 1, H 1.4 mm; f RGM.794481. Galba sp.
1, H 2.9 mm; g RGM.794482. Vertigo sp. 1, H 1.8 mm; h RGM.794483.
unidentified pulmonate gastropod, H 1.7 mm; i RGM.794476.
unidentified slug remains, L 4.2 mm. L Length, / height

(Cobitidae). A small jaw (EUNHM PV-11037; Fig. 4r) that
appears to belong to a fish was also collected from the de-
posits, but its identity is not certain. It has a low coronoid
process and a single row of tooth sockets. We tentatively sug-
gest it may be from a gobiid fish, mainly because it has a
gobiid-like structure and because members of this family are
today found in Turkey, but a lack of comparative material
prevents certainty. Other teeth that remain unidentified in
our sample may also represent jaw and pharyngeal teeth from
gobiids.

About 450 km north of Ericek, at Yalova, on the Sea
of Marmora and about 40 km southwest of Istanbul,
Riickert-Ulkiimen and Yigitbas (2007) found a similar
diversity of cyprinids in upper Miocene to lower

@ Springer
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Fig. 4 Representative fish fossils from the Ericek locality, Turkey. a—p
Cyprinidae pharyngeal teeth, ¢—r jaw bones. a-d Cyprininae, Capoeta sp.,
EUNHM PV-11019 (a), EUNHM PV-11020 (b), EUNHM PV-11022 (c),
EUNHM PV-11021 (d); e, f Capoeta cf. C. damascinaor cf. C. sieboldi,
EUNHM PV-11024 (e), EUNHM PV-11023 (f); g—i Cyprininae, Carassius
sp., EUNHM PV-11025 (g), EUNHM PV-11026 (h), EUNHM PV-11027 (i);

@ Springer

j Leuciscinae, ? Squalius sp., EUNHM PV-11028; k-m Tincinae, Tinca sp.,
EUNHM PV-11030 (k), EUNHM PV-11031 (1), EUNHM PV-11032 (m);
n—p Cyprininae, Barbus sp., EUNHM PV-11034 (n), EUNHM PV-11035
(0), EUNHM PV-11033 (p); ¢ EUNHM PV-11036 partial pharyngeal bone
with tooth, cf. Cobitidae; r EUNHM PV-11037 right dentary with two teeth,
?Gobiidae, in occlusal (/eff) and medial (right) views. Scale bars: 1 mm
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Pliocene deposits. Despite being of roughly a similar
age and location, the cyprinids reported and figured by
them differ from the Ericek fauna. Only the pharyngeal
teeth of Barbus sp. (Riickert-Ulkiimen and Yigitbas
2007: fig. 3-10) are very similar to those identified as
Barbus sp. from Ericek (Fig. 4n, p). The Yalova pha-
ryngeal teeth of Tinca sp. are somewhat similar to those
from Ericek, and those of Carassius are somewhat com-
parable between the two faunas, but the similarities end
there. Riickert-Ulkiimen and Yigitbas (2007) reported
two additional cyprinids, Scardinius and Leuciscus, from
Yalova along with a catfish (Silurus) and the pike
(Esox); none of these were found in Ericek. However,
at Ericek we have probably at least two species of the
cyprinid genus Capoeta, the tooth reminiscent of
Squalius, as well as a potential gobiid, none of which
were reported from Yalova. Both sites have produced a
loach; however, the teeth identified as Cobitus sp. from
Yalova (Riickert-Ulkiimen and Yigitbas 2007: figs. 3-11,
3-12) are quite different from the partial jaw with teeth
in Ericek (Fig. 4q).

Amphibians and reptiles

Amphibians are represented by a moderate number (n=14) of
fragmentary bones, all but one of which belong to anurans. The
ten anuran upper jaw bones include eight maxillae (Fig. Sa-1)
and two premaxillae (Fig. 5Sm, n). Each bears teeth, and the
external surface of the bone is essentially smooth, except for
scattered external nutritive foramina in some maxillary speci-
mens. The eight maxillary specimens (e.g. Fig. Sa-1) each pre-
serve a portion of the bone below or posterior to the orbital
region. Collectively, those specimens show that the maxilla is
low, becomes shallower posteriorly and is probably elongate,
that its orbital margin is essentially straight and that its lingual
(medial) surface bears a lamina horizontalis in the form of a
shallow and narrow shelf. The two premaxillae are even more
fragmentary. One example each of a maxilla and a premaxilla
[EUNHM PV-11000 (Fig. Sa—c) and EUNHM PV-11009
(Fig. 5m, n), respectively] are notable for having broken and
slightly inflated vertical bony struts (see arrows in Fig. 5¢)
between their tooth bases. Although broken, those bony struts
are reminiscent of the so-called “osseous knobs” that are char-
acteristic of at least some palaeobatrachid species (e.g. Sanchiz
1998, p. 41; Rocek 2004, text-fig. 8c; Venczel 2004, text-
fig. 3g, 1, j; Wuttke et al. 2012, table 1), and their presence
suggests that those jaws may pertain to that family. Two other
maxillae [EUNHM PV-11001 (Fig. 5d—f) and EUNHM PV-
11007 (Fig. 5g—i)] each preserve an intact tooth that is weakly
pedicellate and bears a labio-lingually bicuspid crown; these
differ from the non-pedicellate and monocuspid teeth of
palaeobatrachids. The largest maxillary specimen [EUNHM
PV-11003 (Fig. 5, 1)] lacks any intact teeth, but the apical ends

of its tooth pedicels are preserved as smoothly rounded rims
that suggest these teeth were also pedicellate. The taxonomic
identities of the non-palaeobatrachid jaws are uncertain. Of the
other seven anuran families known from the Pliocene to
Recent of Turkey (e.g. Rage and Sen 1976; Bohme and Ilg
2003; Venczel and Sen 1994; Frost 2014), the jaws can be
excluded only from Bufonidae on the basis of having teeth
and from Pelobatidae and the discoglossid Latonia gigantea
in lacking external ornament on the maxilla. Both iliac speci-
mens are from the right side and preserve incomplete acetabu-
lar regions. Differences in the preserved features suggest that
the ilia pertain to different taxa, but neither specimen can be
reliably assigned to a particular taxon. EUNHM PV-11011
(Fig. 50) is broken through the base of the iliac shaft, so noth-
ing can be said about that portion of the bone. However, the
ventrally projecting lower rim of the acetabulum and what
appears to be the broken base of an inter-iliac tubercle on the
medial surface of EUNHM PV-11011 are reminiscent of
palaeobatrachids and the bombinatorid Bombina. EUNHM
PV-11012 (Fig. Sp) preserves the basal portion of the shaft
and that region bears a dorsal tubercle along the posteriormost
portion of a low dorsal crest. Among anurans known from the
Pliocene to Recent of Turkey, an iliac crest is absent in
palacobatrachids, Bombina, pelobatids, pelodytids and
bufonids, but it is present in Latonia and many neobatrachians,
including ranids and hylids. The final anuran specimen
[EUNHM PV-11010 (Fig. 5q, 1)] is a taxonomically indeter-
minate vertebral centrum.

A fragmentary left dentary [EUNHM PV-11013 (Fig. 5s,
t)] that is broken anteriorly and posteriorly and preserves only
empty tooth slots can be identified as belonging to a urodele,
rather than a squamate, on the basis of the following suite of
features: (1) tooth slots are tall, narrow and loosely spaced
(which indicates the teeth had highly pleurodont attachments
and were small and closely spaced); (2) subdental shelf is
shallow and lingually narrow and dorsally lacks a subdental
sulcus; (3) Meckelian is groove deep and poorly demarcated,;
(4) ventral edge of bone is not strongly curved inwards, lacks a
ventral notch or facet and is inclined anteriorly; (5) labial
surface of bone is smooth and lacks external nutritive foram-
ina. Salamandrids are the only urodele family known from the
Pliocene to Recent of Turkey (e.g. Bohme and Ilg 2003; Frost
2014), but EUNHM PV-11013 is too fragmentary to be reli-
ably assigned to that or any other family.

Reptiles are documented by four incomplete snake verte-
brae (Fig. 5u—gg). The most nearly complete specimen
[EUNHM PV-11014 (Fig. 5u—=z)] is a caudal vertebra preserv-
ing the centrum and most of the neural arch, except for the pre-
and postzygapophyseal processes on the left side. The lightly
built structure, well-developed prezygapophyseal process and
overall appearance of the specimen support assigning it to
Colubroidea (e.g. Rage 1984; Holman 2000), but because
caudal vertebrae are not taxonomically informative (e.g.
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Fig. 5 Representative frog (a—r), salamander (s, t) and snake (u—z) fossils
from the Ericek locality, Turkey. a—¢ ?Palacobatrachidae indet. (Anura),
EUNHM PV-11000, fragmentary right maxilla, entire specimen in labial (a)
and lingual (b) views and close-up of part of tooth row in oblique lingual-
occlusal view (c), with arrows pointing at remnants of what appear to be
osseous knobs between bases of teeth. d-r Anura indet.: d—f EUNHM
PV-11001, fragmentary left maxilla, entire specimen in lingual (d) and
occlusal (f) views, both with arrow and asterisk pointing at intact tooth, and
close-up of intact tooth in oblique lingual-occlusal view (e) with labelled
arrows pointing at lingual (/) and labial (/z) cuspules of bicuspid tooth crown;
g-i EUNHM PV-11007, fragmentary right maxilla, entire specimen in labial
(g) and lingual (h) views, both with arrow and asterisk pointing at intact
tooth, and close-up of intact tooth in distal (= posterior) view (i); j, 1
EUNHM PV-11003, fragmentary left maxilla, in labial (j), lingual (k) and
occlusal (1) views; m, n EUNHM PV-11009, fragmentary right premaxilla, in
labial (m) and lingual (n) views; 0 EUNHM PV-11011, incomplete acetabular
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region of right ilium, in lateral view; p EUNHM PV-11012, incomplete
acetabular region of right ilium, in lateral view; ¢, r EUNHM PV-11010,
anteriorly incomplete trunk vertebral centrum, in left lateral (q) and ventral (r)
views. s, t Urodela indet., EUNHM PV-11013, fragmentary left dentary in
labial (s) and lingual (t) views. u—z Colubridae indet. (Serpentes), EUNHM
PV-11014, anterior or mid-caudal vertebra in right lateral (u), dorsal (v),
ventral (w), anterior (x), posterior (y) and oblique anterior-dorsal-right lateral
(z) views. aa—cc “natricine” Colubridae indet. or Elapidae indet, EUNHM
PV-11017, posterior trunk vertebra (centrum + bases of neural arch walls), in
left lateral (aa), dorsal (bb) and ventral (cc) views. dd—gg Serpentes indet.:
dd—ee EUNHM PV-11015, posterior trunk vertebra (centrum only), in left
lateral (dd) and ventral (ee) views; ff-gg EUNHM PV-11016, anterior or
mid-caudal vertebra (centrum only), in right lateral (ff) and ventral (gg) views.
All images are photographs. Images are at different scales: horizontal scale
bars are for entire specimens and are all 1 mm, vertical scale bars are for
close-up views and are at indicated magnifications
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LaDuke 1991), EUNHM PV-11014 cannot be identified more
precisely. The next most nearly complete specimen [EUNHM
PV-11017 (Fig. Saa—cc)] is a posterior trunk vertebra preserv-
ing an intact centrum and basal parts of the neural arch walls.
The elongate proportions and not especially robust build of
the centrum indicate it too is referable to the Colubroidea (e.g.
Rage 1984; Holman 2000). Among colubroids, the presence
on the ventral midline of a shallow, blade-like, and
ventroposteriorly-projecting hypapophysis is suggestive of
“natracines” and elapids (Rage 1984, personal communica-
tion 2014); viperids also have a prominent hypapophysis,
but in that family the hypapophysis typically is much deeper
and also the cotyle and condyle are relatively larger. The other
two specimens are centra from a posterior trunk vertebra
[EUNHM PV-11015 (Fig. 5dd, ee)] and from a caudal verte-
bra [EUNHM PV-11016 (Fig. 5ft, gg)]. Although their elon-
gate proportions are reminiscent of colubroids, considering
their fragmentary and otherwise unremarkable appearances
both centra are best regarded as being from indeterminate
snakes.

The Pliocene record of amphibians and reptiles in Turkey is
limited to the earlier part of the epoch. The youngest occur-
rences are at Ericek (this study) and Calta (Rage and Sen
1976), both of which are latest early to earliest middle
Pliocene (Ruscinian or MN 15) in age (e.g. Sen et al. 1998;
Algicek et al. 2005; this study). Older Ruscinian occurrences
are at Develikdy H 67, H 69 and H 128 (Riickert-Ulkiimen
et al. 2002) and at Tekman (33-4)-K 161¢ and Tekman (33-
5)-K161d (Sickenberg et al. 1975). The Safran coal section
(undifferentiated late Miocene to early Pliocene in age) near
Yalova has produced turtle shell fragments (Riickert-Ulkiimen
and Yigitbas 2007). The Turkish localities listed above have
yielded only modest numbers of amphibian and reptile fossils
and contain low-diversity herpetofaunas when compared, for
example, to assemblages of comparable age in eastern and
central Europe (e.g. Ivanov 2007) or to the modern Turkish
herpetofauna (37 amphibian species: Frost 2014; 138 reptile
species: The Reptile Database 2013). The non-Ericek
Pliocene localities are dominated by anurans and lizards, with
salamanders and turtles being less commonly represented.
The Ericek herpetofauna is notable for documenting the first
records of Pliocene snakes and, potentially, only the second
occurrence of palacobatrachid frogs in Turkey.

Mammals

Thirty-four isolated molars were recovered from Ericek.
These pertain to at least seven species distributed among four
rodent families (Arvicolidae, Muridae, Cricetidae, Gliridae)
and one insectivoran family (Soricidae). Our accounts below
for these specimens and taxa are brief; systematic descriptions
will be presented elsewhere.

The small collection of arvicolid (vole) fossils from Ericek
includes 13 molars and molar fragments representing a single
species of medium-sized brachyodont vole. The molar reen-
trants lack cement, and the hypsodonty level is very basal with
indentations of linea sinuosa not exceeding 1.0 mm at the
highest positions. The enamel is undifferentiated in thickness
in younger (higher crowned) specimens and shows a negative
(Mimomys) pattern in worn molars. The Schmelzmuster was
not studied, but the visually observable whitish rims along the
outer sides of trailing edges indicate tangental enamel, where-
as two discernible zones in leading edges may point to the
development of lamellar enamel. Therefore, we tentatively
interpret the presence of at least primitive pachyknem
Schmelzmuster typical for mimomyoid voles since the late
early Pliocene. Lower molars have two roots, and upper ones
(M2, M3) have three roots, although in M3, the anterior roots
are fused at the base (Fig. 6e, f). The most characteristic first
lower molar is represented in the material by three fragments.
The most complete specimen shows the anteroconid cap and
three basic triangles (Fig. 6a). This molar represents a very
young individual with a slightly worn occlusal surface and
high crown [crown height (H)=2.85 mm]. The posterior lobe
is not preserved. The island reentrant is deep and insulates at
the crown’s basal part at approximately 1.5 mm above the
crown base. The well-developed Mimomys-ridge is present.
The anteroconid cap bears six to seven juvenile folds less than
1 mm deep. The reconstructed length of this molar is close to
3 mm. Another m1 fragment (Fig. 6b) shows a structure of a
heavily worn (H = 0.85) anteroconid complex with just a
pinched-off enamel islet.

The morphology of the posterior root of the second lower
molar is visible (Fig. 6¢), indicating its position above the
incisor (acrorhiz condition). Two nearly complete third upper
molars and one fragmentary specimen are present in the ma-
terial. The youngest specimen (H=1.45) shows a transversely
elongated posterior enamel islet and a deep antero-labial reen-
trant (BRA1), which insulates at the crown height of 1.0 mm
(Fig. 6g). An older specimen (H=0.75) shows anterior and
posterior enamel islets (Fig. 6g).

The overall dental appearance and stage of hypsodonty in-
dicate a late early Pliocene mimomyoid vole of medium to
large size. In European taxonomic tradition, this morphology
is assigned to the species Mimomys occitanus, originally de-
scribed from the late Ruscinian (late early Pliocene) locality of
Séte (France) and well characterised in subsequent publications
(Michaux 1971; Chaline 1974; among others) and later recog-
nized in a number of coeval assemblages in France, Spain and
central and southeastern Europe. The species has been fre-
quently erroneously referred to the Villanyian species
M. stehlini. The late closure of the insular fold of m1 and the
seemingly increasing complexity of occlusal structure (transi-
tion from original 3 to 5 dental triangles) prompted Maul
(1996) to transfer the species to the genus Dolomys, a
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Fig. 6 Representative Mimomys
occitanus molars, from the Ericek
locality, Turkey. a—g Occlusal
view of lower (a—d) and upper
(e—g) molars. a EUNHM PV-
11072, ml sin., fragment, al
labial view; b EUNHM PV-
11073, ml sin. fragment, b1
labial view; ¢ EUNHM PV-
11074, m2 dex., c1 labial view, ¢2
anterior view; d EUNHM PV-
11075, m3 dex., d1 labial view,
d2 anterior view; e EUNHM PV-
11076, M2 dex., el labial view, €2
root view; f EUNHM PV-11077,
M3 sin., 1 labial view, f2 lingual
view, f3 posterior view, f4 root
view; g EUNHM PV-11078, M3
sin., g1 labial view. Scale bars are
for occlusal (above) and lateral
views (below)
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suggestion followed by authors of many subsequent publica-
tions (e.g. Fejfar et al. 1997; Minwer-Barakat et al. 2004;
Popov 2004). However, the genus Dolomys, based on
D. milleri 1898, is quite different in terms of the structure of
M3 (persistently deep LRA3 and loss or strong reduction of
insulation of BRA2). This morphology is traced back in time to
late Ruscinian (D. gromovorum) and latest Ruscinian/earliest
Villanyian (D. nehringi) species of central and eastern Europe
(Topachevsky and Nesin 1989; Radulescu et al. 1997), indicat-
ing that M. occitanus, with persistently present posterior insu-
lation in M3, may represent an independent lineage of generic
rank. Advanced mimomyoid voles and species of Dolomys
share the “Mimomys” (= pachyknem) Schmelzmuster
(Rabeder 1981). von Koenigswald (1980) found only radial
enamel in leading edges of the topotypic M. occitanus, which
indicates a still very primitive evolutionary stage.

The taxonomy of European mimomyoid voles of the early
Pliocene is not yet resolved. There are concerns with the
straightforward use of the name Mimomys for brachyodont
cementless arvicolids of Ruscinian age (Gromov and
Polyakov 1977, Tesakov 1998, 2004). Many of these forms
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belong to phyletic lineages giving rise to a number of vole
genera (Dolomys, Pliomys, Pitymimomys, etc.) that are distinct
from the clade containing the type species of the genus
Mimomys, namely M. pliocaenicus of the late Villanyian.
The phyletic status of “Mimomys” occitanus is not clear.
This group should not be mixed with the mid-early Pliocene
array of the medium-sized mimomyoid groups that show low-
er hypsodonty stages and lack delayed insulation of the insular
fold, including “Mimomys” moldavicus, “Mimomys”
davakosi and Promimomys antiquus. Alternatively, the group
of Mimomys occitanus may be a basal member of a Plio-
Pleistocene large Mimomys group related to M. pliocaenicus
(Chaline 1974; Fejfar and Heinrich 1982), an independent
blind lineage of the Ruscinian mimomyoid radiation (for
reasoning, see Maul 1996), or a polymorphic group contain-
ing members of different lineages (Kowalski 1960; Bachelet
1990; Fejfar et al. 1990). More data on morphotypes of M3
in the type and other representative faunas are needed to
help resolve this issue. Pending taxonomic clarification, we
classify the occitanus group under the genus Mimomys F.
Major.
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Muridae (rats and mice) are represented by at least three
genera and species. The most common is a species of
Apodemus documented by ten molars, for which examples
from all positions are available, except M1 (Fig. 7a—¢). These
teeth fit well within the known size range for Apodemus
dominans (Van de Weerd 1976; Storch and Dahlmann 1995),
a rather common species in the Pliocene of Europe (Van de
Weerd 1979). Our material is on average larger than the
Ruscinian-Villanyian 4. atavus and smaller than 4. gudrunae.
On morphological grounds, assignment to A. dominans is sup-
ported by the presence of a t7 in M2, a large antero-central
cuspid and well-developed accessory cusps on the labial cin-
gulum in m1. However, Apodemus species are similar in terms
of molar morphology, especially in their M2 and M3, and ex-
hibit variable size and morphology across species (Pasquier
1974). Therefore, for now we conservatively classify the
Ericek species as 4. cf. dominans. The other two murid species
are represented by fewer molars. A single M1 closely resem-
bles those described for Orientalomys similis from
Tourkabounia (De Bruijn and Van der Meulen 1975) in both
size and morphology (Fig. 6h). However, because only a single
tooth is available, we conservatively identify it as O. cf. similis.
Two molars (one each of M2 and m3; Fig. 7f, g) are referable to
Rhagapodemus. The M2 has a well-developed t1 (with t1 bis
present) and t3, t7 is separated from t4 and t12 is well devel-
oped. These characters fit well with Rhagapodemus
hautimagnensis from Ptolemais as reported by Van de Weerd
(1979), although the two Ericek molars seem to be larger than
examples from Greece (Van de Weerd 1979). Recently, Hordijk
and De Bruijn (2009) included all the material described by Van
de Weerd (1979) from Ptolemais in the morphologically close
R. primaevus, noting that this action meant an overlap in strati-
graphic ranges with R. hautimagnensis from western Europe.
This suggests that the distinction between the two species needs
to be revised. We follow Hordijk and De Bruijn (2009) in using
the name R. primaevus, but note that both of our specimens are
much larger and more morphologically advanced than the M2
and m3 of R. primaevus as described from the latest Miocene
locality of Maramena by Storch and Dahlmann (1995). The
Ericek material is smaller than the material reported in the type
descriptions for R. vanderweerdi De Bruijn and Van der Meulen
(1975) and R. ballesioi Mein and Michaux (1970).

Cricetidae (hamsters) are represented in the Ericek assem-
blage by an M3 and m3 of Cricetulus sp. (Fig. 71, j) [note that
we follow Mayhew (1978) in considering Allocricetus to be a
junior synonym of Cricetulus]. Gliridae (dormice) are docu-
mented by a fragment of an m1, which, unfortunately, was dam-
aged beyond repair before we could photograph it. Although
incomplete, that lower molar preserved a pair of characteristic
transverse ridges which indicate it belongs to Muscardinus sp.

Insectivores are well represented in the Ericek sample by
ten isolated molars that collectively document each position,
except for M3 (Fig. 7k—o0). Based on comparisons with

material described by Reumer (1984) and Doukas et al.
(1995), the Ericek molars are referable to an indeterminate
species of the shrew Asoriculus, a genus which is also known
from older deposits in the region (De Bruijn et al. 1970).

Discussion
Age of the Ericek fauna

Algicek et al. (2005) estimated the age of the Ericek locality at
between 3.8 and 3.2 Ma. That preliminary estimate was based
on the presence of Mimomys occitanus, a species that is only
known from MN 15 of Eurasia. The other mammalian species
identified from Ericek also have temporal ranges outside of the
Cameli Basin that are known to include at least a portion of
MN 15 (Fig. 8). Three different species of Muridae were iden-
tified in the Ericek material: Apodemus cf. dominans,
Rhagapodemus ct. primaevus and Orientalomys cf. similis.
Because Apodemus dominans is a wide-ranging species known
from MN 13 through to MN 17 (Van de Weerd 1976, 1979;
Storch and Dahlmann 1995), it cannot be used to further refine
the age estimate for Ericek. The other two murid species have
far shorter ranges: R. primaevus ranges from latest MN 13 up
to late MN 15 (Hordijk and De Bruijn 2009), whereas
O. similis ranges from late MN 15 through MN 16 (De
Bruijn and Van der Meulen 1975). The presence of R. cf.
primaevus and O. cf. similis at Ericek is the first reported in-
stance of these species co-occurring at a locality and further
constrains the locality’s age to the late, but not latest, MN 15,
within the late Ruscinian. We note that because our taxonomic
identifications are based on limited material and stratigraphic
ranges established for occurrences outside of Anatolia, caution
is advised in accepting our age estimate. The ranges for the
remaining mammalian genera (Cricetulus: MN 12 to present
(Unay 2006); Muscardinus: MN 5 to present (Daams 1999);
Asoriculus: MN 14 to 17; Reumer 1984; Furié and Angelone
2010) do not contradict our late MN 15 age estimate. None of
the fish, amphibian or squamate taxa reported here from Ericek
are informative for assessing the locality’s age.

Biogeographical considerations

From a biogeographical point of view, the fish fauna of Ericek
reflects the position of Anatolia at the cross roads of conti-
nents. The cyprinid fishes represent a mix of lineages from
diverse places. Barbus is the most diverse cyprinid genus
found in Ericek (over 300 accepted species; Froese and
Pauly 2013), with living species found throughout Europe,
Asia and Africa. Species of Squalius, a genus tentatively iden-
tified in Ericek, are also more widespread, but predominantly
found in Europe around the north shore of the Mediterranean,
from Spain and France in the west to Greece, Bulgaria and
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Fig. 7 Representative Muridae (a-h), Cricetidae (i, j) and Soricidae (k—o0)
molars from the Ericek locality, Turkey. a—h Apodemus cf. dominans: a
EUNHM PV-11051, ml dex., b EUNHM PV-11070, m2 dex., ¢ EUNHM
PV-11064, m3 sin., d EUNHM PV-11063, M2 dex., e EUNHM PV-11062,
M3 dex. Rhagapodemus cf. primaevus, f EUNHM PV-11059, M2 dex., g
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EUNHM PV-11071, m3 sin. Orientalomys cf. similis, h. EUNHM PV-11069,
M1 dex. Cricetulus sp. i, j Cricetidae: i EUNHM PV-11048, M3 sin., j
EUNHM PV-11049, m3 dex. 4soriculus sp. k—o Soricidae: k EUNHM PV-
11045, M1 sin., | EUNHM PV-11046, M2 sin., m EUNHM PV-11044, m1
dex., n EUNHM PV-11039, m2 dex., o EUNHM PV-11042, m3 sin
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Fig. 8 Stratigraphic ranges of =
mammal taxa found in Ericek. =
Based on these, the assemblage is © Su
best placed in the later part of unit f 39 2
MN 15 (see text for details) s 5 4 2 S
sl s | 82| 2
w o= =
22
2 oS
s
1 w
s
o)
E e)
®
] 21 pd
254 3 <
>
1 z
E <
3 —
] =
3 - >
359
E w
1 =
1 8
4 o z
] — <_(
1 ° z
4,5 ] 8
] -]
] e
5
i w =4
5,5 pzd <
] W o
] O o
i O x
1 = >

Turkey in the east. They also range into Iran and Azerbaijan.
Modern species of the genus Capoeta are found in Turkey and
areas to the east and south, including Iran, Mesopotamia,
western Pakistan and the Jordan River drainage into the
Levant (Froese and Pauly 2013), and may represent the more
endemic element of the ichtyofauna. The five living species of
Carassius are essentially Asian (China, Japan, Taiwan and
Siberia), with only two species found in central or eastern
Europe.

Because the non-palacobatrachid anuran specimens, the
urodele dentary and the snake vertebrae (Colubroidea indet.
and Serpentes indet.) from Ericek cannot be identified more
precisely, they are not biogeographically informative. The
possible presence of palacobatrachids at Ericek is notable be-
cause the only report of that family in Turkey to date is based
on as-yet undescribed material from an unspecified locality of
early Miocene age (Claessens 1997; Wuttke et al. 2012), on
which a paper is currently being prepared (Leon Claessens,
personal communication). The presence of palacobatrachids
in Turkey during the early Miocene and early Pliocene is
consistent with the notion that these frogs were pushed east-
wards out of western and central Europe after the Eocene due
to changing climatic conditions, before finally becoming ex-
tinct in the middle Pleistocene (Wuttke et al. 2012).
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Palacoenvironmental interpretation

The Ericek mollusc fauna is dominated by freshwater snails.
Based on our preliminary investigations, we identity about 15
species of aquatic snails and only four terrestrial species. The
fauna is dominated by Pseudamnicola and contains several
strict freshwater taxa (e.g. Galba, Planorbis, ‘Gyraulus’).
Prosobranch snails dominate over pulmonate snails. The oc-
currence of prosobranchs suggest a permanent (non-
ephemeral) lake, while that of Bythinia suggests a relatively
warm temperature, as the hatching of eggs is strongly delayed
in cool water (approx. 13 °C) (Richter and Wéchtler 1999).
The lack of unionoid bivalves might indicate isolation of the
lake from adjacent river systems. Galba and Vertigo likely
indicate that the lake margin was nearby.

The palaecoenvironment of the Ericek locality has been re-
constructed as marginal lake deposits; this is best supported by
the abundant fish remains that indicate the presence of perma-
nent freshwater bodies. Taking into account that most of the
vertebrate remains belong to fishes, we suspect the locality
predominantly samples more open parts of the palacolake.
The differences between the three mollusc samples show that
both intervals of more open lakes and ‘beach’ conditions are
preserved in the section, and as the vertebrates come from a
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bulk sample, these environments would be mixed. Indeed, the
occurrence of certain fish taxa (e.g. some species of
Carassius) also indicates the presence of vegetation and
slow-moving or still waters, whereas that of others (e.g. some
species of Barbus) indicates faster moving waters that
suggest the presence of nearby streams or rivers. Because
palacobatrachids are obligate aquatic frogs (e.g. Spinar
1972; Wuttke et al. 2012), their presence in the Ericek assem-
blage is consistent with geological interpretations (Alcicek
et al. 2005) and the fish assemblage that the deposit formed
in a marginal lacustrine setting. Other components of the
herpetofauna (non-palacobatrachid anurans, salamander
and snakes) are consistent with that palacoenvironmental
setting because these animals typically are plentiful
close to permanent water bodies.

The surrounding landscape can be reconstructed on the
basis of the micromammal fauna. In total, 34 small mammal
molars were identified. Slightly more than a quarter of the
molars belong to insectivores (in this case the shrew
Asoriculus sp.), whereas the rest belong to the Rodentia.
This is a rather striking pattern because, whereas soricids usu-
ally are present at clearly lower percentages in most Eurasian
Neogene localities, at Ericek, they are the second largest fam-
ily group. Litter decomposers (e.g. insects and worms) are an
important food source for insectivores; consequently, we ex-
pect them to be relatively more abundant in wooded areas than
in grasslands (Van den Hoek Ostende 2001; Furio6 et al. 2011).
Thus, a high percentage of insectivores in a fossil fauna is
suggestive of a more humid and wooded biotope. Despite
the relative abundance of insectivore teeth, it is notable that
just one species—namely Asoriculus sp.—appears to be rep-
resented in the sample. Although most insectivores today are
found in moist environments, some shrews are known to live
in semi-arid areas.

The largest mammalian family group at Ericek is the
Muridae, representing nearly 40 % of Ericek fauna. A total
of 14 murid molars were found, with the largest share belong-
ing to the wood mouse Apodemus cf. dominans. Most extant
Apodemus species have frugivorous to omnivorous diets,
which implies a rather humid and wooded environment for
the food source, rather than grasslands (Suata-Alpaslan
2010). Rhagapodemus is considered to be closely related
(Martin Suarez and Mein 1998) and presumably had a similar
ecological preference. Orientalomys is represented by a single
molar. Its species were adapted to relatively open and dry
environments based on their molars having a relatively large
width:length ratio and bearing a well-developed longitudinal
valley, indicating a strong power stroke. Their diet probably
included a more substantial fibrous component, which
may suggest a relatively drier and relatively more open
environment (Van Dam 1997).

The third largest mammalian family group, which makes
up exactly a quarter of the molars found in Ericek, is the
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Arvicolidae. All of the arvicolid specimens belong to the same
species, namely Mimomys occitanus. Unfortunately, not much
is known about the ecological preferences of this species.

The two smallest mammalian family groups in the Ericek
fauna are the Cricetidae and Gliridae. Recent Cricetulus spe-
cies are found in open dry country, such as steppes and the
borders of deserts; fossil species are presumed to also have
favoured similar environments (Garcia-Alix et al. 2008).
Some species of Cricetulus are still present in Anatolia now-
adays. The glirid Muscardinus, by contrast, is considered in-
dicative of forested environments. Its only recent species,
M. avellanarius, is a typical inhabitant of woodlands, where
it forages for food in shrubs (Bright and Morris 2009).

Overall, the micromammals from Ericek suggest that the
palacolake lay in forested surroundings. This early Pliocene
palacoenvironment of the Cameli Basin stands in sharp con-
trast to the far more open, early Pleistocene landscape recon-
struction suggested by the fauna from Bigake1 (Van den Hoek
Ostende 2001).

Conclusions

The locality of Ericek in the Cameli Basin has yielded a vari-
ety of fossils, including many remains of fishes, amphibians,
snakes and small mammals. The fauna, in combination with
that from the nearby early Pleistocene locality of Bigakei,
testifies to the tremendous changes which occurred in
palacoenvironmental conditions in the basin between the
Pliocene and Pleistocene. On the basis of the small mammals,
deposition of the Ericek section is placed in the late Ruscinian,
at an estimated age of 3.4 Ma. The fish and amphibian fauna
suggest a permanent water body that was connected to streams
or rivulets. In sharp contract to Bigakei, the landscape appears
to have been forested, and the high number of insectivores
(shrews) in combination with a predominance of wood mice
suggests relative humid surroundings. Sample sizes for the
amphibians, reptiles and mammals are still relatively small
and consist entirely of isolated elements. Not surprisingly,
our taxonomic identifications for these groups are preliminary.
Nevertheless, the fact that Ericek and Bicaker are clearly fos-
siliferous and show a pronounced localized change in
palacoenvironmental settings within a relatively short time
span of just a few million years demonstrates that the
Cameli Basin provides an excellent area to study changes in
the Anatolian ecosystems leading to the onset of the
Quaternary.
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