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1. Introduction
The Late Pliocene–Early Pleistocene is a transitional 
period for the paleoenvironment of southwestern 
Anatolia. During that period, southwestern Turkey had an 
open and steppe environment with vegetation limited to 
the surroundings of paleolakes and close to the shores of 
the Mediterranean Sea (Jiménez-Moreno et al., 2005; Suc 
and Popescu, 2005; Jiménez-Moreno et al., 2010, 2015). 
The warm and seasonally arid environment, which started 
from the Middle Miocene onwards, was succeeded by 
cooler conditions and a humid–arid alternation during 
the Pliocene (Eronen et al., 2009; Jiménez-Moreno et al., 
2015), eventually leading to the glacial–interglacial cycles 
of the Pleistocene (Popescu et al., 2010). The transition 
period from the Miocene to the Pliocene is characterised 
by an important role in the enrichment of the Eurasian 
vertebrate faunas (Koufos, 2013; Koufos and Vasileiadou, 
2015; Koufos, 2016; Hoek Ostende et al., 2020). However, 
our knowledge about the Miocene of Anatolia (e.g., De 
Bruijn et al., 2006; Kaya et al., 2007; Bilgin et al., 2021, 
2022) is much larger compared to that about the Pliocene. 
Despite a large number of Turkish Pliocene localities 
existing (Ünay and De Bruijn, 1998), the fossil record is 
still mainly unpublished (Hoek Ostende et al., 2015). This 
holds particularly true for the micromammals. 

During recent field campaigns of the project ‘’Surveys 
for the identification of fossil localities of Neogene and 
Pleistocene periods in the province of Afyon and Burdur’’ 
led by one of us (FAD), a large number of promising new 
localities were found. The study of the micromammals 
of these localities is part of the PhD thesis of the first 
author (PS). Among the new localities, the Afşar section 
is of special importance. It was recognized as a fossil 
mammal locality in the early 1990s by an MTA (Mineral 
Research and Exploration General Directorate) geologist 
Gerçek Saraç and features in his technical report on 
Anatolian mammal localities as Afyon–Sandıklı–Afşar 
(Saraç, 2003). The site was revisited in the framework 
of the Afyon and Burdur survey in 2017 (Demirel et al., 
2019) and subsequently sampled by one of us (MCA) 
from Pamukkale University, at which time two different 
fossiliferous layers were recognized. These are indicated 
as Afşar 1, situated at the lower part of the section, and 
Afşar 2, at the upper part of the section. The presence 
of two assemblages in superposition well separated in 
time is important, as it allows us to document successive 
changes in the composition and evolutionary levels of 
the assemblages. Based on the current research, the Afşar 
assemblages comprise murines, arvicolines, cricetines, 
gerbils, glirids, spalacines, lagomorphs, and insectivores, 
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as well as large mammals with equids (Hipparion), cervids, 
and carnivores (Baranogale).

In this paper, we describe the Cricetinae and 
Arvicolinae from the Afşar assemblages. Particularly the 
latter are excellent stratigraphic markers for dating the Plio-
Pleistocene assemblages and are therefore an important 
tool to date also the Afşar assemblages. However, despite 
their dominance in numerous Pliocene localities, detailed 
descriptions of both groups are usually rare. One of the 
clear evolutionary trends in Arvicolinae is their successive 
increase of crown height (hypsodonty). Rabeder (1981, 
1988) demonstrated that the hypsodonty of the molars can 
be quantified by describing and measuring the enamel-
free area (=linea sinuosa). Since then, many researchers 
have proved the importance of this character (e.g., Maul 
et al., 1998; Tesakov, 2004, Zhang et al., 2010). However, 
particularly in older literature, a detailed description of 
the arvicoline’s enamel-free areas is rare, more often than 
not limited to Hsd/L. This may provide an extra challenge 
particularly when identifying Pliocene representatives of 
the subfamily. In our description of the Afşar voles, we will 
provide a particular reference to the linea sinuosa.   
1.1. Geology
Western Anatolia is a territory of postorogenic crustal 
extensions from the Late Tortonian onward and prominent 
with a broad array of NE-trending basins represented by 
a synchronic, rather uniform superimposition of alluvial, 
fluvial, and lacustrine sediments (Alçiçek et al., 2019). 
Among these basins, the N-NW trending Dombayova 
graben hosting the Afşar locality resides on a Mesozoic–
Paleogene basement and is composed of Upper Miocene to 
Quaternary terrestrial sediments (Cihan et al., 2003; Balcı, 
2011) (Figure 1). The tripartite sedimentation sequence in 
the Dombayova graben comprises alluvial-fan, fluvial, and 
lacustrine deposits that overlie each other in a layer-cake 
style in the basin centre, interfingering laterally towards the 
basin margins. Sedimentation in the basin is documented 
by a transition from alluvial fans and axial fluvial systems 
into central lakes. The lignitic marsh-swamp deposits of 
Afşar, combined with the high number of desman fossils 
present in the assemblages, suggest humid local conditions 
during the Pliocene. Later on, the basin further subsided 
by subsequently deepening of the lakes as documented by 
thick and laterally extensive marly carbonate successions. 
The lakes later shrank due to renewed progradation 
of alluvial-fans and eventually filled up and dried out, 
reflected by marsh-swamp deposits at the top of a complete 
lacustrine succession that contain a diverse micromammal 
assemblage referable to MN16 in the locality of Gülyazı 
(Sickenberg et al., 1975). The Afşar locality is situated near 
Afşar village in Afyonkarahisar Province of Turkey, where 
some coal exploration was active during the last century. 
The assemblage mentioned in the technical report of Saraç 

(2003) is located in the coal mine lying at the bottom of the 
lacustrine succession. Afşar 1 was sampled from the same 
part of the section, while Afşar 2 is located several metres 
higher, at the top of the same lacustrine succession.

2. Material and methods
All material was collected by wet screening on a set 
of sieves with the finest mesh of 0.5 mm. It includes 26 
Cricetinae molars from which 8 (1 M1; 2 M2; 1 m1; 2 m2; 
2 m3) come from the lower layer (Afşar 1) and 18 (1 M1; 
4 M2; 2 M3; 6 m1; 2 m2; 3 m3) from the upper one (Afşar 
2).  Arvicolinae are represented by 345 molars from which 
33 (7 M1; 3 M2; 2 M3, 3 m1; 12 m2; 6 m3) come from 
Afşar 1 and 312 (54 M1; 46 M2; 43 M3; 65 m1; 55 m2; 49 
m3) from Afşar 2 (Table 1). The complete collection of this 
locality is stored in the Natural Museum of Ege University 
of İzmir in Turkey. 

The nomenclature used for Cricetinae molars (Figures 
2 and 3) follows López-Guerrero et al. (2013), that used 
for the Arvicolinae (Figures 4–13) follows Van der Meulen 
(1973) and Rabeder (1981). Photographs were taken with a 
Leica 16A microscope with Leica application suite software. 
The following measures were taken from the photographs: 
AL: Length of the Anteroconid complex, AS: height of the 
anterosinus, ASD: height of the anterosinuid, HSD: height 
of the hyposinuid, HSLD: height of the hyposinulid, L: 
maximum length of the occlusal surface, PRS: height of the 
protosinus, W: width of the occlusal surface. We calculated 
the PA-index =√PRS2+AS2 (protosinus-anterosinus height) 
and HH-index= √HSD2+HSLD2 (hyposinuid-hyposinulid 
height) according to Rabeder (1981). Comparative 
material comprises 35 m1 of Mimomys occitanus Thaler, 
1955 from its type locality of Séte, in France (SE 251 to 
285) and 14 m1 (TB1 681 to 691; TB1 693; TB1 694; TB1 
699) and 20 M3 (TB1 761 to 770; TB1 A761 to A770) of 
Pliomys graecus De Bruijn and Van der Meulen, 1975 from 
the locality of Toukobounia-1, stored in the Department 
of Earth Sciences in Utrecht University in the Netherlands.

3. Systematic paleontology
Order Rodentia Bowdich, 1821
Family Muridae Illiger, 1811
Subfamily Cricetinae Fischer, 1817
Genus Mesocricetus Nehring, 1898
Mesocricetus primitivus De Bruijn et al., 1970
Type locality: Maritsa I, island of Rhodes, Greece
Locality: Afşar 2
Measurements: Table 2
Description. M1 (Figure 2H) has a rectangular outline 

with opposite cusps. The lingual cusps are somewhat wider 
than the labial ones. The anterocone is clearly divided into 
two cusps. The two parts are connected to the lingual 
and the labial part of the anteroloph, respectively. The 
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protolophule I is lower than the protolophule II; both 
connect to the paracone. The mesoloph is absent. The 
posteroloph is transverse, ending on the posterolabial 
border of the molar, behind the metacone. The posterior 
flank of the latter is damaged, so it is not possible to 
observe a possible connection with the posteroloph. The 
roots are not preserved.

M2s (Figures 2I–2J) are subrectangular. The main 
cusps are positioned opposite, with the lingual ones being 
wider than the labial ones. The anterolabial cingulum is 

well developed and encircles a deep anterosinus. The 
anterolingual cingulum is present as well; in two out 
of the four specimens, it is more distinct, encircling a 
thin protosinus. The protolophule I connects with both 
the anterocone and the paracone. The protolophule II 
is strongly connected to the paracone. The mesoloph 
is absent. One of the specimens has an entostyle (PV-
AFS-14), on the posterior side of the protocone. The 
posteroloph encircles a wide posterosinus, ending on the 
posterior flank of the metacone. The molar has four roots.

Figure 1. (A) Geographic position of the Afşar locality. (B) Geological map of the Dombayova Graben 
with the Afşar locality (after Turan, 2002). (C) Stratigraphy of Dombayova Graben based on the fossil data 
by Saraç (2003), Cihan et al. (2003), Balcı (2011) and this study.
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M3 (Figure 2K) has a subtriangular outline. Its 
anterolabial cingulum is well developed, encircling a wide 
anterosinus. The anterolingual cingulum is absent. The 
protocone is the widest cusp with a small entostyle on 
its posterior flank in one out of the two specimens. The 
other molar (PV-AFS-18) is damaged, which makes the 
observation of the last character impossible. The metacone 
and the hypocone are both reduced in size, almost being 
incorporated into their respective lophs. M3 has three 
roots.

m1s (Figure 2A–2C) are very elongated with slightly 
alternating main cusps. The anteroconid is divided into a 
lingual and labial part. One out of the six specimens (PV-
AFS-2) has its lingual part wider than the labial one. Two 
of the specimens (PV-AFS-1, PV-AFS-4) have a wider labial 
part and two more have parts with almost equal size (PV-
AFS-3, PV-AFS-5). The last specimen (PV-AFS-6) is very 
worn and it is not possible to observe the morphology of the 
anteroconid. The anterolophulid is single and on its anterior 
side, it connects to both the parts of the anteroconid. In one 
specimen (PV-AFS-5), it is connected to the lingual cusp 
only. The mesolophid is absent and the wide mesosinusid 
is L-shaped. In three out of the four specimens (PV-AFS-1, 
PV-AFS-3, PV-AFS-6), an inconspicuous ectostylid is 
present, the other two are damaged in that area. The 
posterolophid is developed backwards, bounding a wide and 
open posterosinusid. The molar has a wide and transverse 
posterior root and smaller anterior one.

m2s (Figures 2D and 2E) have a rectangular outline. 
The main cusps are slightly alternating. The anterolabial 
cingulum is well developed bordering a wide protosinusid. 
The anterolingual cingulum is absent. The protoconid 
and the hypoconid are slightly wider than their 
opposite cuspids. Both specimens have a medium-sized 
mesolophid, which ends freely in the mesosinusid behind 
the metaconid. The sinusid is deep and wide with a strong 

labial cingulum. The posterolophid is curved. It encircles 
a wide posterosinusid, ending against the entoconid. The 
molar has two roots.  

m3s (Figures 2F and 2G) are subtriangular with slightly 
alternating cusps. The anterolingual cingulum is almost 
integrated into the metalophulid and the metaconid. The 
anterolabial cingulum is well developed and together with 
the widest cuspid, the protoconid, it borders a wide and 
deep protosinusid. The mesolophid is medium to long. 
The entoconid is reduced but keeps its cuspid form. The 
hypoconid is fused into the posterolophid. In one of the 
specimens (PV-AFS-9), the posterolophid is curved, 
ending freely in the posterosinusid. The molar has two 
roots.

Remarks. The molars of the middle-sized cricetine 
from Afşar 2 fits well with Mesocricetus primitivus from 
the Greek locality of Maritsa I and the Turkish localities of 
Bıçakçı and Çalta (De Bruijn et al., 1970; Şen, 1977; Hoek 
Ostende et al., 2015) (Figures 14–16). However, its m2 is 
slightly larger and somewhat closer to M. primitivus from 
Silata (Vasileiadou et al., 2003) and M. auratus from the 
Anatolian locality of Meydan (Hír, 1992). In addition, one 
of the two M3 (PV-AFS-17) seems to be reduced in size. 
The material from Afşar 2 differs from M. aff. arameus 
from Kızıleğrek (Erturaç et al., 2019) by its wider m2 and 
the smaller m3. Furthermore, it differs from M. brandti 
from Yolpınar (Erturaç et al., 2019) by a smaller m3. Apart 
from the metrical similarity, the clearly divided anterocone 
and the connection of the protolophule I to the metacone 
of the M1, the well-developed anterosinus of the M2 and 
M3, the absence of the mesoloph in the upper molars, 
the wide protosinusid of the m2 and m3 with their well-
developed mesolophids, confirm the classification of the 
hamster from Afşar 2 as M. primitivus. 

The oversplit of some genera and the excessive use 
of Allocricetus Schaub, 1930, places the taxonomy in 
flux (Kowalski, 2001; Hordijk and De Bruijn, 2009; 
López Jiménez et al., 2018). The genus is based on skull 
characters, with its dentition being similar to Cricetulus 
Milne-Edwards, 1867 (Mayhew, 1978). Hír (1993b) 
indicates that the morphological difference between the 
molars of the two genera is observed only by a sufficient 
sample size. Furthermore, the cladogram made by 
Cuenca-Bescós (2003, figure 2) shows the morphological 
similarity between the two genera. Based on the work 
of these authors, Hoek Ostende (2015) indicates that 
the differences between Allocricetus and Cricetulus are 
sufficient to separate species and not genera. According 
to the same author, the two hamsters are congeneric. The 
larger representatives of hamsters seem all to belong to 
genus Cricetus (Leske, 1779), the medium sized ones from 
SW Europe to Mesocricetus Nehring, 1898, and the small 
ones to Allocricetulus Argyropulo, 1932, and Cricetulus 

Table 1. List of the Cricetinae and Arvicolinae species identified 
in Afşar.

Locality Subfamily Species N

Afşar 2

Cricetinae Mesocricetus primitivus 18

Arvicolinae
Mimomys hassiacus 57
Mimomys gracilis 51
Pliomys graecus 204

Afşar 1

Cricetinae
Cricetulus cf. ehiki 5
Cricetulus sp. 3

Arvicolinae
Mimomys cf. gracilis 6
Pliomys sp. 26
Arvicolinae gen. sp. 1
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(Kowalski, 2001). The whole group of Cricetinae is 
generally connected to an open steppe environment 
(Musser and Carleton, 1993).

Genus Cricetulus Milne-Edwards, 1867
Cricetulus cf. ehiki (Schaub, 1930)   
Type locality: Villány (? 5), Kalkberg
Locality: Afşar 1
Measurements: Table 3 
Description. M1 (Figure 3, E) is rectangular. The labial 

main cusps are slightly wider than their opposite lingual 
counterparts. The anterior part of the molar is damaged. 

The anterocone is divided into two cusps. The two parts 
are connected to the lingual and the labial anteroloph, 
respectively. The parastyle is present. The protosinus is 
L-shaped. The protolophule I ends next to the paracone, 
without a connection. The protolophule II, on the other 
hand, is strongly connected to the paracone. The mesoloph 
is absent. A small entostyle is present on the anterolingual 
face of the hypocone. The posteroloph is transverse, ending 
on the posterolabial border of the molar. Close to its end, it 
becomes thicker and connects to the posterior side of the 
metacone. The roots are not preserved.

Figure 2. Mesocricetus primitivus from Afşar 2. m1: A (PV-AFS-1), B (PV-AFS-3), C 
(PV-AFS-4): m2: D (PV-AFS-7), E (PV-AFS-8): m3: F (PV-AFS-11), G (PV-AFS-9): M1: 
H (PV-AFS-12): M2: I (PV-AFS-13), J (PV-AFS-15): M3: K (PV-AFS-17). Underlined 
letter indicates inversed figure of the specimen.
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m1 (Figure 3A) is elongated, being wider on its 
posterior side. Despite the sole specimen being very worn, 
it is possible that the main cusps are slightly alternating. 
The mesoloph is absent. The posterolophid is developed 
backwards, ending on the posterolingual side of the molar. 
The molar has a wide and transverse posterior root and 
smaller anterior one.

The only available m2 (Figure 3B) is worn and has a 
rectangular outline with slightly alternating main cuspids. 
The labial cuspids are wider than the lingual ones. The 
anterolingual cingulum is absent. The anterolabial 

cingulum is well developed and curved, encircling a 
wide, shallow and posteriorly directed protosinusid. 
The mesolophid is short, ending on the posterior side 
of the metaconid. The sinusid is very wide with a wide 
ectostylide on the anterior flank of the hypoconid. The 
posterolophid is curved; it borders a thin and lingualy 
open posterosinusid and ends on the posterolingual side 
of the molar. The molar has two wide and transverse roots.

m3s (Figures 3C and 3D) have a subtriangular outline. 
Its anterior side is clearly wider than the posterior; its main 
cuspids are slightly alternating. The anterolabial cingulum 

Figure 3. Cricetulus cf. ehiki from Afşar 1. m1: A (PV-AFS-361), m2: B (PV-AFS-362), 
m3: C (PV-AFS-363), D (PV-AFS-364), M1: E (PV-AFS-360): Cricetulus sp. from Afşar 
1. m2: F (PV-AFS-368): M2: H (PV-AFS-367), G (PV-AFS-366). Underlined letter 
indicates inversed figure of the specimen.
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is well developed and together with the protoconid, they 
border a wide and deep protosinusid. The anterolingual 
cingulum is absent. One of the two specimens (PV-
AFS-363) has a long mesolophid, which ends on the 
posterolingual flank of the metaconid. The other specimen 
(PV-AFS-364) has a short mesolophid, which also ends 
behind the metaconid. The entoconid is reduced but keeps 
its cuspid form. The hypoconid is almost incorporated into 
the posterolophid. The latter is curved and thin; it encircles 
a wide posterosinusid and ends on the posterior flank of 
the entoconid. The molar has two wide roots.

Remarks. The second hamster from Afşar 1 is smaller 
than Mesocricetus primitivus from Afşar 2, and its molars 

fit well within the size range of Cricetulus ehiki from 
Maramena in Greece (Daxner-Höck, 1992), Tepe Alagöz in 
Turkey (Čermák et al., 2019), and Villány 3 and Osztramos 
3 in Hungary (Figures 17–19) (Hír, 1993a). Cricetulus ehiki 
from Muselievo in Bulgaria (Popov, 2004) is bigger than 
the molars from Afşar. Only one upper molar, a damaged 
M1, is preserved. The m1 and m2 are both worn. This 
damaged and scanty material prevents further implication. 
Morphologically, the finds are similar to C. ehiki (Schaub, 
1930). The anterocone of the M1 is divided, the parastyle 
present and the mesoloph absent, the protosinusid and the 
ectostylide of the m2 are wide and its mesolophid, although 
present, is underdeveloped. Based on this morphology, and 

Figure 4. Arvicolinae from Afşar 2, M1: Mimomys hassiacus: a (PV-AFS-65), 
a1 (lingual view), a2 (labial view), b (PV-AFS-67), b1 (lingual view), b2 (labial 
view). M. gracilis: c (PV-AFS-135), c1 (lingual view), c2 (labial view). Pliomys 
graecus: d (PV-AFS-250), d1 (lingual view), d2 (labial view), e (PV-AFS-251), 
e1 (lingual view), e2 (labial view). Underlined letter indicates inversed figure of 
the specimen.
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Figure 5. Arvicolinae from Afşar 2, M2: Mimomys hassiacus: a (PV-AFS-73), a1 (labial view), a2 (lingual view) b (PV-AFS-80), b1 
(labial view), b2 (lingual view). M. gracilis: c (PV-AFS-141), c1 (labial view), c2 (lingual view). Pliomys graecus: d (PV-AFS-301), d1 
(labial view), d2 (lingual view), e (PV-AFS-303), e1 (labial view), e2 (lingual view), f (PV-AFS-312), f1 (labial view), f2 (lingual view). 
Underlined letter indicates inversed figure of the specimen.

Figure 6. Arvicolinae from Afşar 2, M3: Mimomys hassiacus: a (PV-AFS-88), a1 (labial view), a2 (lingual view), b (PV-AFS-90), b1 
(labial view), b2 (lingual view). M. gracilis: c (PV-AFS-146), c1 (labial view), c2 (lingual view), d (PV-AFS-147), d1 (labial view), d2 
(lingual view), e (PV-AFS-148), e1 (labial view), e2 (lingual view). Pliomys graecus: f (PV-AFS-331), f1 (labial view), f2 (lingual view), 
g (PV-AFS-334), g1 (labial view), g2 (lingual view), h (PV-AFS-336), h1 (labial view), h2 (lingual view). Underlined letter indicates 
inversed figure of the specimen.
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particularly on the presence of the parastyle (Hír, 1989, 
1993b; Cuenca-Bescós, 2003), as well as the size similarity 
with other C. ehiki assemblages, the hamster from Afşar 1 
is classified as C. cf. ehiki. Kowalski (2001) synonymised 
the genera Allocricetus Schaub, 1930, Cricetinus Zdansky, 
1928, Cricetiscus Thomas, 1917, Phodopus Miller, 1910, 
Rhinocricetus Kretzoi, 1956, and Tscherskia Ognev, 1914, 
with the extant Cricetulus Milne-Edwards, 1867.

Cricetulus sp.
Locality: Afşar 1
Measurements: Table 4  
Description. M2s (Figures 3G and 3H) have a 

trapezoidal outline. The main cusps are almost opposite to 
each other and are of similar size. The anterolabial cingulum 
is well developed, encircling a wide anterosinus. In one 
of the two specimens (PV-AFS-366), the anterolingual 
cingulum is absent. The second one (PV-AFS-367) has it as 

a short ridge, bordering a thin protosinus. The paracone is 
connected with both the protolophule I and protolophule 
II. The sinus is very wide and the pits between the main 
cusps are rather deep. The posteroloph is curved and 
encircles a wide posterosinus, ending on the posterolabial 
border of the molar. In one of the two specimens (PV-
AFS-367), the posterior metaloph ends in the middle of 
the posteroloph and, in the other one (PV-AFS-366), at the 
end of that ridge. The molar has four strong roots.

m2 (Figure 3F) is subrectangular with slightly 
alternating main cuspids. The anterolabial cingulum is well 
developed and borders a shallow and wide protosinusid. 
Τhe anterolingual cingulum is present and there are 
inconspicuous patches of the cingulum at the base of the 
metaconid. The mesolophid is absent. The mesosinusid 
is wide and L-shaped and the sinusid very deep. The 
posterolophid is long, curved, and thin. It encircles the 

Figure 7. Arvicolinae from Afşar 2, m1, occlusal view: Mimomys hassiacus: 
a (PV-AFS-31), b (PV-AFS-36). M. gracilis: c (PV-AFS-94), d (PV-AFS-95). 
Pliomys graecus: e (PV-AFS-150), f (PV-AFS-156), g (PV-AFS-161), h (PV-
AFS-174), i (PV-AFS-182). Underlined letter indicates inversed figure of 
the specimen.
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posterosinusid and ends on posterolingual border of 
the molar. The molar has two wide, long, and vertically 
developed roots.

Remarks. The two M2 are metrically intermediate 
between Calomyscus minor from Maritsa I in Greece (De 
Bruijn et al., 1970), Cricetulus bursae from Cueva Negra 
in Spain (López Jiménez et al., 2018) and Cricetulus 
migratorius and C. bursae from the Turkish localities 
of Iğdeli and Bıçakçı (Suata-Alpaslan et al., 2010: Hoek 
Ostende et al., 2015). The sole m2 fits well in the range 
of Calomyscus minor, which is smaller than the Cricetulus 
species. M2 has the main cusps nearly opposite, and low 
ridges that encircle their deep pits between them, which 
is characteristic for Cricetulus migratorius from Bıçakçı. 
Based on the morphological similarity with the Cricetulus 

species and due to the scanty material of the layer, we refer 
the small hamster only generically to Cricetulus sp.

Subfamily Arvicolinae Gray, 1821
Genus Mimomys Forsyth Major, 1902
Mimomys hassiacus Heller, 1936
Type locality: Gundersheim-1 (Germany)
Locality: Afşar 2
Measurements: Table 5 
Description. M1s (Figures 4a and 4b) have three well-

developed roots. One out of the seven specimens (PV-
AFS-67) has an additional anterolingual root. The occlusal 
surface includes the anterior lobe, three wide triangles, 
and the metacone. The latter comprises the fourth triangle. 
None of them is isolated with the connection of T1 with 
T2 being the widest. The enamel differentiation follows the 

Figure 8. Arvicolinae from Afşar 2, m1, labial view: Mimomys hassiacus: a 
(PV-AFS-31), b (PV-AFS-36). M. gracilis: c (PV-AFS-94), d (PV-AFS-95). 
Pliomys graecus: e (PV-AFS-150), f (PV-AFS-156), g (PV-AFS-161), h (PV-
AFS-174), i (PV-AFS-182). Underlined letter indicates inversed figure of the 
specimen. 
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Mimomys type and the cement is present in the synclines. 
The protosinus is the highest enamel-free area, with a 
maximum height of 1.16 mm. 

M2s (Figures 5a and 5b) are square-shaped molars with 
three roots. In six out of ten specimens, the two posterior 
roots are merged into one; the roots are separated in the 
remaining four. In the occlusal view, the molar incorporates 
the anterior lobe (including T1), two wide triangles (T2 
and T3) and the metacone as the fourth triangle. The 
enamel differentiation is of the Mimomys-type. Inside the 
synclines, cement is present. The linea sinuosa is low, with 
the maximum height for the anterosinus of 0.71 mm and 
for the protosinus 0.83 mm. 

M3s (Figures 6a and 6b) are the smallest of the upper 
molars. It has a double anterior and a smaller posterior 

root. Its crown comprises the protocone, the anterocone, 
two triangles, the metacone, and the posterior lobe. The 
young specimens have a deep Sl3, connected to the enamel 
islet, which becomes isolated in the worn specimens. The 
islet is well developed, but it disappears when the level 
of attrition is high. The enamel differentiation is of the 
Mimomys type and cement is present. The enamel-free 
areas are closed and relatively low. The maximum values of 
the anterosinus and the protosinus are 0.57 mm and 0.44 
mm, respectively.

m1s (Figures 7a and 7b; 9a and 9b) are elongated and 
have two roots. The occlusal surface includes the posterior 
loop, three triangles, and the anteroconid complex; the 
latter contains two additional triangles and the enamel islet, 
which disappears in the worn specimens. The Mimomys-

Figure 9. Arvicolinae from Afşar 2, m1, lingual view: Mimomys hassiacus: 
a (PV-AFS-31), b (PV-AFS-36). M. gracilis: c (PV-AFS-94), d (PV-AFS-95). 
Pliomys graecus: e (PV-AFS-150), f (PV-AFS-156), g (PV-AFS-161), h (PV-
AFS-174), i (PV-AFS-182). Underlined letter indicates inversed figure of the 
specimen.
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Figure 10. Arvicolinae from Afşar 2, m2: Mimomys hassiacus: a (PV-AFS-48), a1 
(labial view), a2 (lingual view), b (PV-AFS-53), b1 (labial view), b2 (lingual view). M. 
gracilis: c (PV-AFS-101), c1 (labial view), c2 (lingual view), d (PV-AFS-104), d1 (labial 
view), d2 (lingual view). Pliomys graecus: e (PV-AFS-197), e1 (labial view), e2 (lingual 
view), f (PV-AFS-200), f1 (labial view), f2 (lingual view). Underlined letter indicates 
inversed figure of the specimen.

Figure 11. Arvicolinae from Afşar 2, m3: Mimomys hassiacus: a (PV-AFS-57), a1 
(labial view), a2 (lingual view), b (PV-AFS-58), b1 (labial view), b2 (lingual view), 
c (PV-AFS-62), c1 (labial view), c2 (lingual view). M. gracilis: d (PV-AFS-109), d1 
(labial view), d2 (lingual view), e (PV-AFS-117), e1 (labial view), e2 (lingual view). 
Pliomys graecus: f (PV-AFS-237), f1 (labial view), f2 (lingual view), g (PV-AFS-238), 
g1 (labial view), g2 (lingual view). Underlined letter indicates inversed figure of the 
specimen.
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ridge is well developed but short and tends to disappear with 
advanced wear. The triangles are wide and confluent but 
the connection of the T1 with the T2 is wider than the rest. 
The triangles on the lingual side of the molar are vertically 
developed compared to the triangles on the buccal side, 
which are posteriorly inclined. The enamel differentiation 
is negative (Mimomys type) and the cement in the synclines 

is irregular. When the cement is not preserved, its mark is 
visible. The hyposinuid and the hyposinulid are short with 
the maximum value of the first being 1.09 mm and the second 
0.77 mm. The anterosinuid has a vertical and acute shape. It 
is the highest enamel-free area with a minimum of 2.21 mm.  

m2s (Figures 10a and 10b) have a posteriorly and 
anteriorly compressed shape and two roots. Its occlusal 

Figure 12. Arvicolinae from Afşar 1. Pliomys sp.: a (M1, occlusal, PV-AFS-394), a1 
(labial view), a2 (lingual view), b (M1, PV-AFS-395), b1 (labial view), b2 (lingual 
view), c (M2, PV-AFS-401), c1 (labial view), c2 (lingual view), d (M2, PV-AFS-402), 
d1 (labial view), d2 (lingual view), f (M3, PV-AFS-406), f1 (labial view), f2 (lingual 
view); Mimomys cf. gracilis: e (M3, PV-AFS-415), e1(labial view), e2 (lingual view). 
Underlined letter indicates inversed figure of the specimen.
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surface is composed by the posterior loop and four 
triangles. T1 and T3 are wider and longer than the 
other two. The enamel is not differentiated and cement 
is present between the triangles. Both the labial and the 
lingual enamel-free areas are relatively low and closed. 
The hyposinuid has a maximum value of 0.97 mm and the 
hyposinulid 0.63mm.

m3s (Figures 11a–11c) have an elongated shape with 
two roots. The triangles are confluent. T1 and T2 as well 
as T3 and T4, widely communicate to each other. The 
enamel differentiation tends to be negative, mostly in worn 
specimens, and cement is present. The highest values of 
the hyposinuid and the hyposinulid are 0.45 mm and 0.42 
mm, respectively.

Figure 13. Arvicolinae from Afşar 1. Pliomys sp.: a (m1, PV-AFS-375), a1 (labial view), a2 (lingual view), e (m2, PV-AFS-377), e1 (labial 
view), e2 (lingual view), f (m2, PV-AFS-379), f1 (labial view), f2 (lingual view), h (m3, PV-AFS-391), h1 (labial view), h2 (lingual view); 
Mimomys cf. gracilis: b (m1, PV-AFS-408), b1 (labial view), b2 (lingual view), d (m2, Occlusal view, PV-AFS-410), d1 (labial view), d2 
(lingual view), g (m3, PV-AFS-412), g1 (labial view), g2 (lingual view); Arvicolinae gen. Sp.: c (m1, PV-AFS-417), c1 (labial view), c2 
(lingual view). Underlined letter indicates inversed figure of the specimen. 
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Figure 14. L/W scatter plot of the M1 and M2 molars from Mesocricetus primitivus from Afşar 2, Silata (MN 13/14), Çalta (MN 15), 
Bıçakçı (MN 17), Maritsa I (MN 15) (De Bruijn et al., 1970; Şen, 1977; Vasileiadou et al., 2003; Hoek Ostende et al., 2015); M. auratus 
from Meydan (Holocene) (Holocene) (Hír, 1992). Measurements were made in mm. 
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Remarks. This is the largest arvicoline in Afşar 2. The 
well-developed Mimomys-ridge and enamel islet in the 
m1, in addition to the negative enamel differentiation of 
the molars, indicate that the species belongs to Mimomys. 
Its molars are larger than those of M. gracilis, M. stehlini, 
and M. davakosi from Tomea Eksi (Hordijk and De Bruijn, 
2009). On the other hand, their size is similar to M. 
davakosi from Vorio 3 (Hordijk and De Bruijn, 2009), M. 
hajnackensis from Nagavskaya, Shirokino (Tesakov, 2004: 
tables 4.2, 4.3) and M. hassiacus from the type locality of 
Gundersheim-1 (Heller, 1936), Hajnáčka (Fejfar, 1961), 
Wölfersheim (Fejfar and Repenning, 1998; Dahlmann, 
2001) and Měňany 3 (Čermák et al., 2007). Finally, they 
are smaller than M. hassiacus from Tollo de Chiclana-1B 
(Minwer-Barakat et al., 2004; 2008) and Hambach (Mörs 
et al., 1998: figure 19, table 1) and M. polonicus from 
Kushkuna (Tesakov, 2004). The enamel-free areas are 
low and similar to those of M. hassiacus and M. stehlini. 
However, plotting the HH-index vs the length of the 
molars, we see that the Mimomys species from Afşar 2 
is situated in the same group as the former (Figure 20). 
Therefore, and also because of the presence of cement in its 
synclines, it will be referred to as M. hassiacus.

Mimomys hassiacus Heller, 1936 (MN 16), M. 
hajnackensis Fejfar, 1961 (MN 16), and M. stehlini Kormos, 
1931 (MN 15 to 16), made their appearance in the Pliocene 
localities of Europe. Some of them were considered 
synonymous by some researchers, but recognised as 
separate species by others. The species M. septimanus 
Michaux, 1971, and M. kretzoi Fejfar, 1961 from Deutsch-
Altenburg 9 and 20 in Austria (Rabeder, 1981), as well as the 
same species from Moreda in Spain (Bachelet et al., 1991), 
are considered junior synonyms of M. stehlini (type locality 
San Giusto at Empoli; Kormos, 1934). Fejfar and Storch 
(1990) synonymized M. hajnackensis with M. hassiacus 
based on the presence of crown cement in the molar’s 
synclines of the latter, something that Heller (1936) did 
not notice on the holotype from Gundersheim-1. Tesakov 

(2004), however, continues to use M. hajnackensis since 
he had doubts about the homogeneity of the sample that 
Fejfar and Storch studied (Mayhew et al., 2008). Therefore, 
he considers M. hajnackensis a primitive member of the 
M. polonicus Kowalski, 1960 – M. pliocaenicus Forsyth 
Major, 1902 lineage (Tesakov, 2004). After consulting the 
type material of M. hajnackensis, we agree that there are 
doubts on the homogeneity of the sample, but the holotype 
fits both in morphology and measurements well with M. 
hassiacus. Therefore, we agree with Fejfar and Storch 
(1990) in considering M. hajnackensis a junior synonym 
of M. hassiacus.

Mimomys gracilis (Kretzoi, 1959) 
Original reference: Cseria gracilis Kretzoi, 1959, p. 242
Type locality: Csarnóta 2 (Hungary)
Locality: Afşar 2
Measurements: Table 6 
Description. M1 (Figure 4c) has an elongated outline 

and three roots. Its occlusal surface is composed of the 
anterior lobe and four broad triangles. None of them 
is isolated, with the connection between the T3 and 
T4 being the widest. The vertices of the triangles are 
rounded and the enamel maintains the same width. Worn 
specimens, however, tend towards a Mimomys type enamel 
differentiation. The cement is absent and the enamel-free 
areas are short and closed. The anterosinus’ maximum 
value is 0.44 mm and the protosinus 0.80 mm high.  

M2 (Figure 5c) is elongated with two roots. Its occlusal 
surface is confluent and the buccal and the lingual triangles 
have a similar size. The enamel keeps the same thickness 
around the triangles and the cement is absent between the 
synclines. The enamel-free areas are short and closed with 
the maximum value of the anterosinus being 0.21 mm and 
the protosinus 0.22 mm high. 

M3s (Figures 6c–6e) have a triangular shape and two 
roots. Its crown is well developed, including the protocone, 
the anterocone, the triangles T2 and T3, the metacone and 
the posterior cap. The last two are almost symmetrical. The 

Table 2. Material and measurements of Mesocricetus primitivus from Afşar 2 (mm).

  Length       Width      

  N Min Max Mean N Min Max Mean

M1 1 2.23 2.23 2.23 1 1.42 1.42 1.42
M2 3 1.71 1.84 1.78 3 1.37 1.42 1.40
M3 2 1.40 1.54 1.47 2 1.07 1.19 1.13
                 
m1 3 1.97 2.03 2.00 3 1.18 1.25 1.22
m2 2 1.83 1.93 1.88 2 1.44 1.47 1.45
m3 2 1.73 1.87 1.80 2 1.26 1.40 1.33
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Figure 15. L/W scatter plot of the M3 and m1 from Mesocricetus primitivus from Afşar 2, Silata (MN 13/14), Çalta (MN 15), Bıçakçı 
(MN 17), Maritsa I (MN 15) (De Bruijn et al., 1970; Şen, 1977; Vasileiadou et al., 2003; Hoek Ostende et al., 2015); M. auratus from 
Meydan (Holocene) (Hír, 1992); M. aff. arameus from Kızıleğrek (Early Biharian) (Erturaç et al., 2019). Measurements were made in 
mm. 
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Figure 16. L/W scatter plot of the m2 and m3 from Mesocricetus primitivus from Afşar 2, Silata (MN 13/14), Çalta (MN 15), Bıçakçı 
(MN 17), Maritsa I (MN 15) (De Bruijn et al., 1970; Şen, 1977; Vasileiadou et al., 2003; Hoek Ostende et al., 2015); M. auratus from 
Meydan (Holocene) (Hír, 1992); M. brandti from Yolpınar (Early Toringian) and M. aff. arameus from Kızıleğrek (Early Biharian) 
(Erturaç et al., 2019). Measurements were made in mm.
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posterior enamel islet has a round shape. Two out of the 
three specimens have an additional anterior enamel islet. 
The islet of the third one is not formed yet due the level 
of the attrition. The enamel differentiation follows the 
Mimomys type, but its detection is difficult. The cement 
is absent and the enamel-free areas are relatively low and 
closed. The anterosinus height does not surpass the 0.13 
mm with the maximum value of the protosinus being 0.28 
mm. 

The m1 (Figures 7c and 7d; 9c and 9d) molars are 
elongated with two roots. The crown is composed of the 
posterior lobe and five triangles. The T4 and T5, as well as 
the round enamel islet and the underdeveloped Mimomys-
ridge, form the anteroconid complex. The enamel 
differentiation tends to be negative (Mimomys type) and 
the cement is absent. The enamel-free areas are closed and 
very low. The maximum value of the hyposinuid and the 
hyposinulid is 0.43 mm. The anterosinuid was able to be 
measured in one of the five molars, with its value being 
1.01 mm.

m2s (Figures 10c and 10d) has an anteriorly and 
posteriorly compressed shape and two parallel developed 
roots. Its occlusal surface is slightly confluent and 
composed by the posterior lobe and four triangles. The 
lingual triangles are perpendicular to the length axis and 
more elongated than the labial ones. T4 is the smallest of 
the triangles. The enamel has the same width throughout 
and the cement is absent. The enamel-free areas are short 
with the maximum value of the hyposinuid and the 
hyposinulid being 0.42 mm and 0.34, respectively.

m3s (Figures 11d and 11e) are elongated molars 
with two roots. It consists of the posterior lobe and four 
triangles. T1 and T3 are the most elongated ones and T4 
is the smallest and hardly distinguishable in some worn 
specimens. All triangles are perpendicular to the length 
axis of the molar. The occlusal surface of the molar is 
confluent and the connection between the T1 and T2 is 
the widest. The cement is absent and the enamel width 

is similar around the triangles. The enamel-free areas are 
short. The hyposinuid does not surpass the 0.39 mm and 
the hyposinulid the 0.34 mm.

Remarks. This is the smallest arvicoline in Afşar 
2. The low enamel-free areas, the size of the molar, and 
the almost undifferentiated enamel are typical for Early 
Pliocene Arvicolinae. In addition, the negative enamel 
differentiation observed in the worn molars, the number of 
the triangles, the development of the Mimomys-ridge and 
the enamel islet indicate a Mimomys species. This species 
has a size similar to those of M. gracilis from Csarnóta 
2 (Kretzoi, 1959; Michaux, 1971), Escorihuela A (Mein 
et al., 1990), Wölfersheim (Fejfar and Repenning, 1998; 
Dahlmann, 2001), Nimes and Węże (Michaux, 1971), and 
to M. cf. gracilis from Zverinogolovskoye (Pogodina and 
Strukova, 2016). However, our finds are more elongated 
than those from Escorihuela A. Its size is smaller than 
M. occitanus from the type locality of Sète (Thaler, 1955) 
and from Muselievo (Popov, 2004). Its occlusal surface is 
morphologically similar to M. occitanus and M. hassiacus; 
the linea sinuosa is similar to the first. However, its small 
size, the lack of the cement and the low enamel-free areas 
cause us to assign our specimens to Mimomys gracilis.

Kretzoi (1959) described M. gracilis, from the 
Hungarian locality of Csarnóta, as Cseria gracilis Kretzoi, 
1959. However, Kowalski (1960), Fejfar et al. (1998), and 
Hordijk and De Bruijn (2009) consider Cseria Kretzoi, 
1959 as a younger synonym of Mimomys. Furthermore, 
Ruiz Bustos and Sesé (1985) and Ruiz Bustos (1987) 
proposed the synonymization of M. stehlini, M. occitanus, 
M. gracilis, M. polonicus, and M. hassiacus. We do not agree 
with this latter suggestion since the mentioned species are 
morphologically different. In addition, these authors did 
not take into account the diagnostic height of the enamel-
free areas.

Mimomys cf. gracilis (Kretzoi, 1959)
Type locality: Csarnóta 2 (Hungary)
Locality: Afşar 1

Table 3. Material and measurements of Cricetulus cf. ehiki from Afşar 1 (mm).

  Length       Width      

  N Min Max Mean N Min Max Mean

M1 - - - - 1 1.36 1.36 1.36
M2 - - - - - - - -
M3 - - - - - - - -
                 
m1 1 1.95 1.95 1.95 1 1.13 1.13 1.13
m2 1 1.62 1.62 1.62 1 1.31 1.31 1.31
m3 2 1.64 1.72 1.68 2 1.20 1.23 1.21
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Measurements: Table 7
M2 has an elongated outline. Its roots are broken. The 

enamel surface of the triangles is confluent. The anterior 
lobe, the triangles T2, T3, and T4 are alternating and similar 
in size. The cement is absent and enamel differentiation 
follows the Mimomys type. The enamel-free areas are low; 
the maximum height of the protosinus is 0.25 mm.

M3 (Figure 12e) has a triangle shape. Its roots are broken. 
Its occlusal surface is confluent including the anterior lobe, 
the triangles T2 and T3, the metacone and the posterior 
cap. T3 is placed opposite the metacone. The posterior 
enamel islet is wide and perpendicular to the length axis 
of the molar. The anterior islet is present deeper in the Sb1 
syncline. The cement is absent and the linea sinuosa low.

The single m1 (Figure 13, b) molar is broken posteriorly. 
It preserves its anterior wide root. It is a young specimen 
and its anterior cap is decorated with additional ridges. The 
occlusal surfaces of the triangles are confluent. The triangles 
are perpendicular to the length axis of the molar and the 
labial ones are smaller than the lingual. The Mimomys-ridge 
is well developed and the enamel island is present in the 
lower parts of the molar. The enamel differentiation cannot 

be observed due to the wear stage and the cement is absent.
m2 (Figure 13d) is anteriorly and posteriorly 

compressed. It has two roots; the posterior one is wider than 
the anterior one. Only the connection between T1 and T2 
is wide. The triangles are perpendicular to the length axis of 
the molar and have a similar size. The cement is absent and 
enamel is not differentiated. The enamel-free areas are low. 
The maximum value of the hyposinuid is 0.26 mm and that 
of the hyposinulid 0.24 mm.

m3 (Figure 13g) is the smallest of the molars. Its occlusal 
surface incorporates the posterior lobe and four triangles. 
The lingual triangles are wider and more elongated than 
the lingual. All of them are perpendicular to the length axis 
of the molar. Other than the connection between T1 and 
T2, the rest of the dentine surfaces are connected through 
a narrow field. The cement is absent and the enamel is 
undifferentiated. The enamel-free areas are low with the 
maximum value of hyposinuid being 0.31 mm and the 
hyposinulid 0.23 mm

Remarks. The lack of the cement, the height of the 
enamel-free areas, the undifferentiated enamel, the 
enamel islet in the m1 and the wide posterior islet of the 

Figure 17. L/W scatter plot of the M2 from Cricetulus sp. from Afşar 1; C. ehiki from Osztramos 3 (MN 17), 
Villány 3 (MN 17 ), Maramena (MN 13) (Daxner-Höck, 1992; Hír, 1993a); C. migratorius from Iğdeli (MN 14)  
and Bıçakçı (MN 17) (Suata-Alpaslan et al., 2010; Hoek Ostende et al., 2015); C. bursae from Cueva Negra (late 
Early Pleistocene) (late Early Pleistocene) and Iğdeli (MN 14) (Suata-Alpaslan et al., 2010; López Jiménez et al., 
2018); Calomyscus minor, from Maritsa I (MN 13) (De Bruijn et al., 1970). Measurements were made in mm.
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Figure 18. L/W scatter plot of the m1 and m2 from Cricetulus cf. ehiki and Cricetulus sp. from Afşar 1; C. ehiki from Osztramos 3 (MN 
17), Villány 3 (MN 17), Alagöz (MN 14), Maramena (MN 13), Muselievo (MN 15) (Daxner-Höck, 1992; Hír, 1993a; Popov, 2004; 
Čermák et al., 2019),; C. migratorius from Iğdeli (MN 14) and Bıçakçı (MN 17) (Suata-Alpaslan et al., 2010; Hoek Ostende et al., 2015); 
C. bursae from Cueva Negra (late Early Pleistocene, Iğdeli and Muselievo (Popov, 2004; Suata-Alpaslan et al., 2010; Hoek Ostende et al., 
2015); Calomyscus minor, from Maritsa I (MN 13) (De Bruijn et al., 1970). Measurements were made in mm.
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M3 molar, indicate an Early Pliocene Mimomys species. 
The molars from Afşar 1 resemble those of M. occitanus 
from the locality of Ericek in Turkey (Hoek Ostende et al., 
2015). However, they are smaller than M. occitanus and 
similar in size to M. gracilis from Escorihuela A, in Spain 
(Mein et al., 1990; Figure 20). The broken single m1 molar 
prohibits the measurement of the posterior enamel-free 
areas, which is essential to determine the height of the 
molar. Therefore, and especially because of its small size, 
the species is assigned to M. cf. gracilis.

Genus Pliomys Méhely, 1914
Pliomys graecus De Bruijn and Van der Meulen, 1975
Type locality: Tourkobounia-1 (Greece)
Locality: Afşar 2
Measurements: Table 8
Description. M1s (Figures 4d and 4e) have three roots. 

The anterior lobe is narrower than T1 and T2; the latter 
has the widest dentine field. Other than the connection 
between the T3 and T4, the triangles’ communication is 
narrow. Enamel is not differentiated and cement is absent. 

Figure 19. L/W scatter plot of the m3 from Cricetulus cf. ehiki from Afşar 1; C. ehiki from Maramena (MN 13), Villány 3 (Villanyian) 
(Daxner-Höck, 1992; Hír, 1993a); C. migratorius from Bıçakçı (MN 17) (Hoek Ostende et al., 2015); C. bursae from Cueva Negra (late 
Early Pleistocene) and Iğdeli (MN 14) (López Jiménez et al., 2018; Suata-Alpaslan et al., 2010); Calomyscus minor, from Maritsa I (MN 
13) (De Bruijn et al., 1970). Measurements were made in mm.

Table 4. Material and measurements of Cricetulus sp. from Afşar 1 (mm).

  Length       Width      

  N Min Max Mean N Min Max Mean

M1 - - - - - - - -
M2 2 1.24 1.29 1.26 2 0.99 1.01 1.00
M3 - - - - - - - -
                 
m1 - - - - - - - -
m2 1 1.26 1.26 1.26 1 0.98 0.98 0.98
m3 - - - - - - - -

 



SKANDALOS et al. / Turkish J Earth Sci

49

Table 5. Material and measurements of Mimomys hassiacus, Afşar 2 (mm).

M1 N Min Max Mean Std.Dev. Std.error

Length 6 2.48 2.84 2.63 0.12 0.05

Width 6 1.54 1.73 1.66 0.08 0.03

AS 4 0.65 0.75 0.70 0.04 0.02

PRS 5 0.92 1.16 1.03 0.09 0.04

PA- index 4 1.14 1.37 1.24 0.09 0.05

M2 N Min Max Mean Std.Dev. Std.error

Length 8 1.80 2.20 2.04 0.14 0.05

Width 8 1.24 1.57 1.41 0.10 0.04

AS 5 0.40 0.69 0.54 0.13 0.06

PRS 5 0.33 0.67 0.53 0.14 0.06

PA- index 5 0.61 0.96 0.77 0.15 0.07

M3 N Min Max Mean Std.Dev. Std.error

Length 8 1.85 2.05 1.91 0.07 0.02

Width 9 1.04 1.21 1.15 0.06 0.02

AS 7 0.48 0.57 0.53 0.03 0.01

PRS 7 0.22 0.44 0.34 0.08 0.03

L PC 8 0.89 1.09 1.02 0.07 0.02

W PC 9 0.93 1.07 1.01 0.04 0.01

PA- index 6 0.53 0.71 0.63 0.07 0.03

LP/L 8 47.21 57.73 53.28 3.34 1.18

m1 N Min Max Mean Std.Dev. Std.error

Length 10 2.75 3.12 2.92 0.12 0.04

Width 9 1.34 1.61 1.46 0.08 0.03

ASD 1 2.21 2.21 2.21 - -

HSD 7 0.63 1.09 0.90 0.16 0.06

HSLD 10 0.25 0.77 0.48 0.20 0.06

AL 9 32.95 43.05 39.17 3.09 1.03

HH- index 7 0.73 1.29 1.07 0.21 0.08

m2 N Min Max Mean Std.Dev. Std.error

Length 7 1.70 2.00 1.88 0.12 0.05

Width 7 1.14 1.48 1.35 0.10 0.04

HSD 6 0.62 0.97 0.80 0.13 0.05

HSLD 5 0.47 0.63 0.55 0.06 0.03

HH- index 5 0.78 1.16 0.99 0.14 0.06

m3 N Min Max Mean Std.Dev. Std.error

Length 8 1.67 1.78 1.73 0.04 0.02

Width 8 0.95 1.11 1.06 0.05 0.02

HSD 5 0.33 0.45 0.39 0.05 0.02

HSLD 5 0.33 0.42 0.38 0.03 0.01

HH- index 4 0.49 0.61 0.55 0.06 0.03
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The enamel-free areas are relatively low with the highest 
of them being the protosinus. The maximum height of the 
latter is 0.68 mm while that of the anterosinus is 0.85 mm. 

M2s (Figures 5d–5f) have elongated shape but are also 
compressed on the anterior and posterior side of the molar. 
It has three well-developed roots, one in the anterior side 
and two connected ones posteriorly. The dentine fields 
of the triangles communicate with narrow connections 
that tend to become wider with wear. Three of the 32 
specimens (PV-AFS-300, PV-AFS-303, PV-AFS-315) have 
an additional syncline on the anterior side of the molar, 
next to the protosinus. The enamel is not differentiated 
and the cement is absent. The linea sinuosa is low and 
the enamel-free areas closed. The maximum height of the 
protosinus and the anterosinus are 0.43 mm and 0.44 mm, 
respectively.

M3s (Figures 6f–6h) have a triangle shape with the 
anterior part being wider than the posterior. It has two 
roots and its occlusal surface comprises the anterior lobe 

(including the protocone and the anterocone), two additional 
triangles (T2 and T3), the metacone, and the posterior lobe. 
The latter is almost isolated from the rest of the molar and it 
includes an additional small T4. Three out of the 31 molars 
have an anterior enamel islet and only one (PV-AFS-340) 
maintains an anterior one due to the T3 and T4 fusion. The 
enamel maintains the same width and the cement is absent. 
The maximum value of the protosinus is 0.34 mm while that 
of the anterosinus does not exceed 0.30 mm.

m1s (Figures 7e–7i and 9e–9i) are elongated with a 
wide anterior and a smaller posterior root. Its lingual 
triangles are much longer and wider than the labial ones. 
In addition, they are perpendicular to the length axis of 
the molar with the labial being posteriorly oriented. T4 
has an almost square shape and T6 and T7 are notably 
distinct. The occlusal dentine fields communicate with 
narrow connections and enamel is undifferentiated. The 
cement is absent. In younger specimens, the anterior part 
of the anterior cap is decorated with additional ridges that 

Figure 20. HH-index/L scatter plot of the m1 from M. hassiacus from Afşar 2, Gundersheim 1 (MN 16) (Heller, 1936), Hambach 
(Early Villanyian) (Mörs et al., 1998: figure 19, table 1), Hajnáčka (MN 16) (Fejfar, 1961, original assignment – M. hajnackensis) and 
Tollo de Chiclana-1B (MN 15) (taken from illustration, Minwer-Barakat et al, 2008: figure 2); M. hajnackensis from Shirokino (MN 16) 
and Nagavskaya (MN 16) (Tesakov, 2004: tables 4.2, 4.3, assignment of the present authors – M. stehlini); M. stehlini from Hajnáčka 
(Fejfar, 1961), Tollo de Chiclana-13 (MN 16) (taken from illustration, Minwer-Barakat et al., 2008: figure 3), Deutsch Altenburg DA20 
(MN 16) and Deutsch Altenburg DA9 (Pliocene) (Rabeder, 1981, original assignment – M. kretzoii); M. occitanus from Sète (MN 
15) (Thaler, 1955; Holotype) and M. occitanus from Sète (additional material); M. gracilis from Afşar 2, Escorihuela A (MN 15) and 
Zverinogolovskoye (MN 15/16) (Mein et al., 1990; Pogodina and Strukova, 2016); M. davakosi from Çalta (MN 15) (Şen, 1977); M. 
polonicus from Kushkuna (MN 16) (Tesakov, 2004). Measurements were made in millimetres.   
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Table 6. Material and measurements of Mimomys gracilis, Afşar 2 (mm).

M1 N Min Max Mean Std.Dev. Std.error

Length 4 1.93 2.22 2.12 0.13 0.06

Width 3 1.19 1.53 1.35 0.17 0.10

AS 5 0.34 0.44 0.38 0.04 0.02

PRS 5 0.38 0.80 0.55 0.17 0.08

PA- index 5 0.52 0.87 0.68 0.13 0.06

M2 N Min Max Mean Std.Dev. Std.error

Length 5 1.67 1.96 1.78 0.12 0.05

Width 5 1.05 1.41 1.20 0.15 0.07

AS 3 0.18 0.21 0.19 0.01 0.01

PRS 5 0.19 0.22 0.20 0.01 0.00

PA- index 3 0.27 0.30 0.28 0.02 0.01

M3 N Min Max Mean Std.Dev. Std.error

Length 3 1.53 1.68 1.60 0.08 0.04

Width 3 0.98 1.06 1.02 0.04 0.02

AS 1 0.13 0.13 0.13 - -

PRS 2 0.25 0.28 0.27 0.02 0.01

L PC 3 0.85 0.92 0.89 0.04 0.02

W PC 3 0.82 0.83 0.82 0.01 0.00

PA- index 2 0.25 0.31 0.28 0.04 0.03

LP/L 3 52.61 58.30 55.36 2.85 1.64

m1 N Min Max Mean Std.Dev. Std.error

Length 2 2.46 2.73 2.59 0.18 0.13

Width 3 1.10 1.52 1.26 0.23 0.13

ASD 1 1.01 1.01 1.01 - -

HSD 5 0.31 0.43 0.37 0.05 0.02

HSLD 4 0.24 0.43 0.31 0.09 0.04

AL 2 35.30 40.63 37.96 3.76 2.66

HH- index 3 0.42 0.54 0.48 0.06 0.03

m2 N Min Max Mean Std.Dev. Std.error

Length 8 1.34 1.60 1.47 0.08 0.03

Width 8 0.86 1.19 1.03 0.10 0.03

HSD 8 0.14 0.42 0.26 0.11 0.04

HSLD 9 0.08 0.34 0.21 0.08 0.03

HH- index 8 0.16 0.48 0.34 0.11 0.04

m3 N Min Max Mean Std.Dev. Std.error

Length 20 1.19 1.43 1.31 0.07 0.01

Width 20 0.75 1.03 0.89 0.07 0.02

HSD 19 0.12 0.39 0.24 0.08 0.02

HSLD 22 0.08 0.34 0.19 0.07 0.02

HH- index 19 0.13 0.52 0.30 0.10 0.02
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tend to disappear in worn specimens. The Mimomys-ridge 
is present but almost fused into the T4. Five of the 43 
specimens have an anterolingual enamel islet. The enamel-
free areas are low and closed. The highest of them is the 
anterosinuid with a maximum value of 1.28 mm.

m2s (Figures 10e and 10f) have an elongated shape 
with compressed anterior and posterior outlines. The 
posterior of the two roots is wider than the anterior. The 
occlusal surface is confluent, but in worn molars, the 
triangles tend to become isolated. The lingual triangles 
are vertically developed to the molar and wider than the 
posteriorly inclined labial ones. The cement is absent and 
enamel is not differentiated. The highest values of the 
hyposinuid and the hyposinulid are 0.70 mm and 0.51 
mm, respectively.

m3s (Figures 11f and 11g) have an elongated shape and 
two roots. The connection between the dentine fields of 

the occlusal view is narrow. The alternating triangles are 
posteriorly oriented. The lingual ones are wider and more 
elongated than the labial ones. The synclines lack cement 
and the enamel keeps the same width throughout. The 
highest value of the hyposinuid is 0.36 mm, while that of 
the hyposinulid is 0.31 mm.

Remarks. The most abundant rodent of Afşar closely 
resembles Pliomys graecus De Bruijn and Van der Meulen, 
1975 from its type locality Tourkobounia-1, in Greece. Its 
size is similar to the Greek assemblage and the M3 molars 
have two roots and a mostly isolated posterior lobe. It differs 
from the type assemblage in the height of the m1 enamel-
free areas, which are slightly lower than in Tourkobounia-1 
and the presence of a weak Mimomys-ridge (Figures 7F and 
7H) in young specimens. The Turkish arvicoline differs 
from Pliomys hungaricus (Kormos, 1934) in having only 
two-rooted M3. It is smaller than P. hungaricus from the 

Table 7. Material and measurements of Mimomys cf. gracilis, Afşar 1 (mm).

M2 N Min Max Mean Std.Dev. Std.error

Length 1 - - 2.02 - -
Width 1 - - 1.43 - -
AS - - - - - -
PRS 1 - - 0.25 - -
PA- index - - - - - -
M3 N Min Max Mean Std.Dev. Std.error
Length 1 - - 1.41 - -
Width 1 - - 1.07 - -
AS - - - - - -
PRS - - - - - -
L PC 1 - - 0.73 - -
W PC 1 - - 0.85 - -
PA- index - - - - - -
LP/L 1 - - 52.13 - -
m2 N Min Max Mean Std.Dev. Std.error
Length 1 - - 1.81 - -
Width 1 - - 1.30 - -
HSD 1 - - 0.26 - -
HSLD 1 - - 0.24 - -
HH- index 1 - - 0.35 - -
m3 N Min Max Mean Std.Dev. Std.error
Length 2 1.33 1.34 1.33 0.01 0.01
Width 2 0.87 0.89 0.88 0.02 0.01
HSD 2 0.11 0.31 0.21 0.14 0.10
HSLD 2 0.10 0.23 0.17 0.09 0.07
HH- index 2 0.15 0.39 0.27 0.17 0.12
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Table 8. Material and measurements of Pliomys graecus, Afşar 2 (mm).

M1 N Min Max Mean Std.Dev. Std.error

Length 31 1.95 2.45 2.29 0.11 0.02

Width 30 0.92 1.66 1.44 0.14 0.03

AS 27 0.21 0.85 0.37 0.11 0.02

PRS 29 0.24 0.68 0.41 0.11 0.02

PA- index 22 0.40 0.75 0.53 0.10 0.02

M2 N Min Max Mean Std.Dev. Std.error

Length 29 1.75 2.10 1.92 0.09 0.02

Width 26 1.08 1.49 1.33 0.10 0.02

AS 26 0.18 0.44 0.29 0.07 0.01

PRS 23 0.18 0.39 0.28 0.06 0.01

PA- index 21 0.25 0.55 0.40 0.08 0.02

M3 N Min Max Mean Std.Dev. Std.error

Length 25 1.40 1.83 1.64 0.10 0.02

Width 24 0.97 1.25 1.10 0.08 0.02

AS 12 0.10 0.30 0.20 0.06 0.02

PRS 13 0.10 0.34 0.22 0.08 0.02

L PC 26 0.80 1.15 0.98 0.09 0.02

W PC 24 0.69 1.00 0.88 0.07 0.01

PA- index 13 0.15 0.43 0.28 0.09 0.02

LP/L 25 51.18 65.81 59.83 3.63 0.73

m1 N Min Max Mean Std.Dev. Std.error

Length 18 2.53 2.92 2.73 0.10 0.02

Width 19 1.05 1.36 1.19 0.08 0.02

ASD 14 0.71 1.28 1.01 0.17 0.04

HSD 22 0.50 0.75 0.62 0.07 0.02

HSLD 21 0.24 0.63 0.40 0.09 0.02

AL 17 38.03 52.71 46.11 4.62 1.12

HH- index 19 0.58 0.95 0.74 0.09 0.02

m2 N Min Max Mean Std.Dev. Std.error

Length 33 1.54 1.92 1.71 0.08 0.01

Width 32 1.00 1.43 1.24 0.09 0.02

HSD 28 0.26 0.70 0.48 0.10 0.02

HSLD 28 0.21 0.51 0.33 0.08 0.02

HH- index 23 0.24 0.76 0.58 0.13 0.03

m3 N Min Max Mean Std.Dev. Std.error

Length 15 1.46 1.59 1.51 0.04 0.01

Width 13 0.80 1.12 1.00 0.09 0.02

HSD 15 0.13 0.36 0.22 0.06 0.01

HSLD 13 0.08 0.31 0.18 0.06 0.02

HH- index 12 0.19 0.47 0.29 0.08 0.02
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type locality of Csarnóta 2 in Hungary and from Muselievo 
in Bulgaria (Popov, 2004), but it is similar in size to the 
same species from Ptolemais in Greece (Hordijk and 
De Bruijn, 2009). The height of the HSD is similar to P. 
hungaricus from Csarnóta (Kormos, 1934) and Muselievo 
(Popov, 2004), but lower than that from Ptolemais. The 
morphology of the anterior cap in m1, with its additional 
triangles T6 and T7, distinguishes this vole from the 
species P. kowalskii Schevtschenko, 1965, P. jalpugensis 
Nesin, 1983, and P. destinatus Tesakov, 2005. The species 
from Afşar differs from P. ucrainicus (Topachevsky and 
Scorik, 1967) in the rounder anterior cap of the m1 with 
a less vergent reentrant fold, which is anteriorly developed 
to T7, the mimomyoid characters like the Mimomys-ridge 
and the presence of an anterior enamel islet on the M3. 
The molar size, the height of the enamel-free areas, and the 
two-rooted M3 molars with the isolated posterior dentine 
fields assign our specimens to Pliomys graecus. However, 
the mimomyioid characters like the weak Mimomys-ridge 
and the slightly lower enamel-free areas indicate a more 
primitive representative of the species.

According to Tesakov (2005), Pliomys graecus from 
the Greek locality of Tourkobounia-1 is identical to 
Pliomys ucrainicus (Topachevsky and Scorik, 1967). 
Pliomys hungaricus (Kormos, 1934) was first described 
as a Dolomys species. Kretzoi (1959), erected the genus 
Propliomys Kretzoi, 1959 based on the uniform enamel 
(“gleichmässige Schmelzdicke”) and the number of roots 
in the upper molars. De Bruijn and Van der Meulen (1975), 
however, emphasised that these characters are typical in 
most of the primitive species. Therefore, they placed the 
species in Pliomys. Here, we follow their suggestion. 

Pliomys sp. 
Locality: Afşar 1
Measurements: Table 9
Description. M1s (Figures 12a and 12b) are elongated 

with three long roots. None of the triangles is isolated; in 
worn specimens the connection between T1 and T2 is 
the widest. The triangles have similar size. The cement is 
absent and enamel is undifferentiated. The protosinus is 
the highest enamel-free area and it does not exceed 0.46 
mm. 

M2s (Figures 12c and 12d) have an elongated outline, 
compressed in the two edges of the molar. Both specimens 
have three well-divided and strong roots. The enamel 
surface of the triangles is confluent and tends to become 
wider with wear. The alternating triangles have similar 
size. The cement is absent and enamel is undifferentiated. 
The enamel-free areas are low; the maximum height of the 
protosinus and the anterosinus are 0.31 mm and 0.27 mm, 
respectively.

M3 (Figure 12, f) has an elongated but anteriorly 
compressed shape. The roots have not been preserved. The 

occlusal surface is confluent including the anterior lobe, 
the triangles T2 and T3, the metacone and the posterior 
cap. The enamel islet is absent. T2 is the widest and the 
more elongated triangle. The cement is absent. The enamel 
differentiation tends to be negative. The enamel-free areas 
are low. The maximum value of the protosinus is 0.25 mm 
while that of the anterosinus is 0.20 mm.

m1 (Figure 13a) is worn and has an elongated outline. 
It has a wide anterior root; the posterior one is broken. 
Its occlusal surface includes the posterior lobe, the 
triangles T1 to T3 and the anteroconid complex, which 
incorporates T4 to T6. None of the alternating triangles 
is isolated, with the lingual ones being wider and more 
elongated than the buccal ones. In addition, the lingual 
triangles are perpendicular to the length axis of the molar, 
while the buccal are posteriorly oriented. The reentrant 
folds are vergent and the enamel preserves the same width 
throughout. The cement is absent. The enamel-free areas 
are low with the anterosinuid being the highest one at 0.94 
mm height.

m2s (Figures 13e and 13f) have an elongated outline 
and two roots; the posterior one is wider than the anterior 
one. The dentine surface of the alternated triangles is 
confluent, but the connections are narrow. The buccal 
triangles are longer and more elongated than the lingual 
ones. The latter are posteriorly oriented. Enamel is not 
differentiated and cement is absent. The enamel-free areas 
are low. The hyposinuid does not exceed 0.49 mm and the 
hyposinulid 0.36 mm height.

m3 (Figure 13h) is an elongated molar with two 
roots. The occlusal surface of the posterior lobe and the 
four triangles is confluent. The connections between the 
posterior lobe and T1, and that of the T2 with T3, are 
narrow. The lingual triangles are posteriorly oriented and 
much larger than the buccal ones. The enamel has a similar 
width throughout and there is no cement in the synclines. 
The enamel-free areas are low; the maximum value of the 
hyposinuid is 0.36 mm and the hyposinulid 0.21 mm

Remarks. The number of alternating triangles, the 
small labial triangles, the low enamel-free areas, the 
elongated posterior lobe of the M3, the absence of cement 
and an enamel islet indicate that we are dealing with a 
species referable to Pliomys. Its size is similar to that of P. 
destinatus from Odessa in Ukraine (Tesakov, 2005) and 
P. graecus from Afşar 2. However, the wider anterior lobe 
and the additional T6 triangle of the m1 also resemble the 
situation in P. hungaricus from Csarnóta in Hungary and 
Ptolemais in Greece. Unfortunately, the diagnostic molars 
m1 and M3, are both represented by one specimen only, 
with the m1 being highly worn. Therefore, we deem it 
prudent to refer this species to Pliomys sp. 

Arvicolinae gen. sp. 
Locality: Afşar 1
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Table 9. Material and measurements of Pliomys sp., Afşar 1 (mm).

M1 N Min Max Mean Std.Dev. Std.error

Length 4 2.10 2.31 2.20 0.10 0.05

Width 4 1.32 1.51 1.40 0.10 0.05

AS 5 0.18 0.32 0.26 0.05 0.02

PRS 6 0.26 0.46 0.39 0.08 0.03

PA- index 5 0.41 0.56 0.49 0.06 0.03

M2 N Min Max Mean Std.Dev. Std.error

Length 2 1.92 2.03 1.97 0.08 0.06

Width 2 1.08 1.57 1.32 0.35 0.25

AS 2 0.20 0.27 0.23 0.05 0.04

PRS 2 0.21 0.31 0.26 0.07 0.05

PA- index 2 0.29 0.41 0.35 0.09 0.06

M3 N Min Max Mean Std.Dev. Std.error

Length 1 - - 1.67 - -

Width 1 - - 1.07 - -

AS 1 - - 0.20 - -

PRS 1 - - 0.25 - -

L PC 1 - - 1.05 - -

W PC 1 - - 0.88 - -

PA- index 1 - - 0.31 - -

LP/L 1 - - 62.66 - -

m1 N Min Max Mean Std.Dev. Std.error

Length 1 - - 2.61 - -

Width 1 - - 1.36 - -

ASD 1 - - 0.94 - -

HSD - - - - - -

HSLD - - - - - -

AL 1 - - 42.73 - -

HH- index - - - - - -

m2 N Min Max Mean Std.Dev. Std.error

Length 7 1.64 1.81 1.73 0.06 0.02

Width 7 1.14 1.37 1.25 0.09 0.03

HSD 8 0.24 0.49 0.34 0.10 0.03

HSLD 9 0.17 0.36 0.23 0.07 0.02

HH- index 7 0.31 0.61 0.42 0.11 0.04

m3 N Min Max Mean Std.Dev. Std.error

Length 3 1.54 1.60 1.58 0.03 0.02

Width 3 0.99 1.05 1.03 0.03 0.02

HSD 3 0.09 0.36 0.20 0.14 0.08

HSLD 4 0.10 0.21 0.17 0.05 0.03

HH- index 3 0.13 0.42 0.26 0.14 0.08
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A single m1 molar (Figure 13c) with an anterior part 
broken preserves the posterior lobe and the triangles T1 
to T3. The triangles are perpendicular to the length axis 
of the molar, having a similar size. The occlusal surface 
is confluent and the connections are narrow. The enamel 
differentiation is difficult to observe but tends to be 
negative. The cement is absent. The enamel-free areas 
are short and closed; the hyposinuid is 0.44 mm and the 
hyposinulid 0.19 mm height.

Remarks. The broken anterior part of the m1 molar 
hides important identification characters like the 
additional triangles, the morphology of the anteroconid 
complex and the enamel islet. The low enamel-free areas, 
lack of the cement and negative enamel differentiation 
suggests an Early Pliocene Mimomys species. The molar 
is larger than the corresponding teeth of the recorded 
Mimomys cf. gracilis and Pliomys sp. However, the level of 
wear and damage prevent the identification on a species 
and genus level.

4. Discussion
Cricetinae and the Arvicolinae species represent a sizable 
part of the fauna in Afşar. Particularly the latter are 
considered valuable stratigraphic markers for the Pliocene 
and Pleistocene. This usage is, however, somewhat 
hampered by the limited number of comparative metric data 
of Pliocene vole species in the literature. The morphology 
and height of the linea sinuosa is an important indicator of 
the degree of hypsodonty, and a main diagnostic character 
in Pliocene voles. However, the complete description of 
this important feature is, particularly in older literature, 
mostly absent. The issues that arise from these limitations 
are reflected in the history of the Mimomys and Pliomys 
species represented in the Afşar assemblages. 

The species Mimomys hassiacus, M. hajnackensis, M. 
occitanus, and M. stehlini have been considered separate 
species by some authors but synonymized by others (e.g., 
Ruiz Bustos and Sesé, 1985; Ruiz Bustos, 1987; Fejfar 
and Storch, 1990). In order to distinguish between these 
species, we have plotted the m1 length vs the HH-index as 
an indicator of the height of the enamel-free areas (Figure 
20). Mainly based on the HH-index, we distinguish four 
main groups. The first one includes the species with the 
lowest enamel-free areas, M. gracilis and M. occitanus. The 
second group includes the species M. hajnackensis and M. 
hassiacus, including their holotypes from Hajnáčka and 
Gundersheim-1, respectively. The third one is the group of 
M. stehlini and the last one, with the highest enamel-free 
areas, the M. polonicus group. Notably, the various groups 
almost completely overlap in the length of the m1. This 
may have led Ruiz Bustos and Sesé (1985) and Ruiz Bustos 
(1987) to synonymize the species, as it is clear that in order 
to differentiate them, the enamel-free areas need to be part 

of the identification. Fejfar and Storch (1990) synonymized 
M. hassiacus with M. hajnackensis, and their suggestion is 
confirmed, the two species showing a complete overlap. 
However, one of the two molars from Hajnáčka is included 
in the M. stehlini group, in line with the suggestion of 
Tesakov (2004) that the type series of M. hajnackensis was 
not homogeneous. Our own study of the material from the 
Slovakian locality confirmed that this specimen clearly has 
higher enamel-free areas than the holotype and it should 
be moved to M. stehlini, a species that is also present in the 
Hajnáčka fauna (Fejfar, 1961). In addition, M. hassiacus 
from Hambach (Mörs et al., 1998) and M. hajnackensis 
from Nagavksaya and Shirokino (Tesakov, 2004) also 
belong to the M. stehlini group, based on the height of 
the enamel-free areas in these assemblages. The material 
from Afşar 2 shows an acute shape of the m1’s ASD, a 
feature that is known from the Hajnáčka assemblage but 
not found in the type series of hassiacus. However, since 
there is no research indicating the intraspecific variation of 
this character in larger assemblages, its taxonomic validity 
cannot be assessed and we follow Fejfar and Storch’s (1990) 
suggestion and place Afşar species to M. hassiacus. 

Mimomys gracilis is the second Arvicolinae of Afşar 
2. Its occlusal surface and even its enamel-free areas are 
similar to M. occitanus. The holotype of the latter and the 
additional material from the locality of Séte have similar 
morphology and HH-index values with those from M. 
gracilis from Afşar and the locality of Escorihuela A, in 
Spain (Figure 20). However, the enamel-free areas of M. 
occitanus tend to be lower than in M. gracilis. The main 
difference between the two species is their dimensions. 
Mimomys occitanus is noticeably larger than M. gracilis. 
Kretzoi (1959) gave neither a complete morphological 
description of M. gracilis nor information on the variation 
of the species (Şen, 1977). However, the length of M. 
gracilis from the localities of Csarnóta 2, Węże 1, and 
Nimes varies between 2.5 and 2.84 mm (Şen, 1977, table 
8). The species from Afşar is located inside the same 
range but correlates to the higher length values. Based 
on the larger size, it is more advanced than the material 
of Escorihuela A. The most abundant Arvicolinae of the 
locality, Pliomys graecus, was first described by De Bruijn 
and Van der Meulen (1975). The authors, however, even 
though they comment about the enamel-free areas, did 
not provide measurements, as was common at the time. 
For the current research, we have therefore determined 
the height range of these enamel-free areas (Figure 21). 
In addition, we include additional material of P. graecus, 
from the type locality, stored at the Department of Earth 
Sciences of Utrecht University. Pliomys graecus is similar 
to P. hungaricus from the type locality of Carnóta, a species 
that has been described from an array of localities (Kretzoi, 
1959; Fejfar and Storch, 1990; Popov, 2004; Hordijk and De 
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Figure 21. HH-index/L scatter plot of the m1 and PA-index/L of the M3 of Pliomys graecus from Afşar 2, Tourkobounia-1 (MN 16) 
(De Bruijn and Van der Meulen, 1975) and P. destinatus from Odessa Catacombs (MN 15) (Tesakov, 2005). Measurements were made 
in millimetres.
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Bruijn, 2009; Hoek Ostende et al., 2015). Pliomys graecus 
and P. hungaricus are similar in the height of their enamel-
free areas as well as the general morphology of the occlusal 
surface (De Bruijn and Van der Meulen, 1975). The main 
difference between the two species lies in the morphology 
and number of roots of the M3. The two-rooted M3 
molars of P. graecus with their isolated posterior lobe 
differentiate the two species. We find the same characters 
in the arvicoline species of Afşar 2. According to De Bruijn 
and Van der Meulen (1975), P. hungaricus and P. graecus 
may belong to the same phylogenetic lineage with the first 
being more primitive than the last, based on the higher 
number of roots on the M3. Remnants of the Mimomys-
ridge are better developed in more primitive species, like 
P. destinatus and P. hungaricus. Based on this, the weak 
Mimomys-ridge found in P. graecus of Afşar and the slightly 
lower enamel-free areas than those from the Greek type 
locality, indicate a primitive representative of the species.

The present-day Eurasian Cricetinae inhabit mainly 
steppe environments (Musser Carleton, 1993). The recent 
species of Cricetulus live in an open and dry environment 
(Blain et al., 2012) and we may presume that its fossil 
species had the same preference (García-Alix et al., 2008). 
According to Popov (2004), Mesocricetus is indicative 
of a dry steppe environment. Furthermore, Arvicolinae 
inhabit the temperate and arctic zones of the Northern 
hemisphere (Chaline et al., 1999). The presence of these 
animal groups in Afşar 1 and 2 indicates an open dry 
environment near the area of deposition, in line with the 
steppe environment that Jiménez-Moreno et al. (2015) 
proposed for SW Turkey during the Late Pliocene. A more 
detailed paleoenvironmental reconstruction can only be 
made once the entire fauna has been studied.

Afşar 2 is the richer one of the two localities. The large 
number of its fossil elements led to the identification of 
Mimomys gracilis, M. hassiacus, Pliomys graecus, and 
Mesocricetus primitivus. The first occurrence of Mimomys 
gracilis is in the MN 15 locality of Wölfersheim (Fejfar 
and Repenning, 1998; Dahlmann, 2001). It is also part 
of the MN 15– MN 16 locality of Zverinogolovskoye 
(Pogodina and Strukova, 2016) and the MN 15 locality 
of Escorihuela A (Mein et al., 1990, Minwer-Barakat et 
al., 2008). Pliomys graecus is part of the MN 16 faunas of 
Tourkobounia-1 (De Bruijn and Van der Meulen, 1975) 
and Limni-6 (Koufos, 2006; Vasileiadou and Sylvestrou, 
2022) in Greece. However, based on the stage of evolution, 
the Afşar 2 assemblage seems to be older than the type 
locality Tourkobounia-1. Mimomys hassiacus is present in 
Europe from MN 15 (upper Ruscinian) to MN 16 (lower 
Villanyian) (Fejfar et al., 1998; Tesakov, 2004; Sabol et 
al., 2006). Its first occurrence is in the localities of Węże 
(Michaux, 1971) and Ivanovce (Fejfar, 1961). Mesocricetus 
primitivus is known from different localities, ranging 

from the Greek MN 13 locality of Maritsa I (De Bruijn 
et al., 1970) to the MN 16 locality of Kadiözü in Turkey 
(Ünay and De Bruijn, 1998). Summarising the different 
stratigraphic ranges of the species, we preliminarily 
correlate the locality of Afşar 2 to early MN 16, pending 
the study of the other faunal elements. Notably, the locality 
of Hüdaihamami, which is stratigraphically below Afşar 2, 
has been assigned to MN 17 (Cihan et al., 2003) based on 
the presence of Mimomys pliocaenicus. However, Cihan 
et al. (2003) only mention the species, without describing 
it. As we noticed above, the identification of arvicoline 
fossils requires careful study, including the description and 
measuring of enamel-free areas. This implies that some 
older identifications will need to be reviewed in order to 
improve both datings and our understanding of the faunal 
development in Anatolia. 

Afşar 1 assemblage comprises less material. It is 
stratigraphically below the MN 16 locality of Gülyazi 
(Sickenberg et al., 1975) and Afşar 2, which indicates that 
it is older than these assemblages (Figure 1C). The number 
and the condition of the fossils from this research do not 
provide us enough information to confidently correlate 
Afşar 1 at this point, but the presence of M. cf. gracilis in 
combination with its stratigraphic position would place it 
in MN 15 or early MN 16. The rest of the fauna will be 
described in a consecutive paper, as part of the PhD project 
of the first author, and it will provide a better insight into 
the age of Afşar 1.

5. Conclusion
This paper includes the description of the Arvicolinae 
and Cricetinae material from the Afşar section in western 
Turkey. From the top of the section, in the locality Afşar 
2, we distinguished the species Mimomys hassiacus, M. 
gracilis, Pliomys graecus, Cricetulus sp., and Mesocricetus 
primitivus. From Afşar 1, near the base of the section, we 
recovered Mimomys cf. gracilis, Pliomys sp., Arvicolinae 
gen. et sp. indet. and Cricetulus cf. ehiki. This material 
indicates the presence of dry and open spaced habitats and 
places the locality of Afşar 2 to early MN 16 with Afşar 
1 indicating similar or even older age so far, pending the 
study of the other faunal elements. 
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Supplementary material

Table 1. Material and measurements of Mimomys occitanus from the locality of Sète 
(additional material) stored in the Department of Earth Sciences in Utrecht University, in 
the Netherlands.*

m1 N Min Max Mean Std.Dev. Std.error

Length 33 2.49 3.33 2.92 0.19 0.03
Width 33 1.11 1.64 1.41 0.13 0.02
ASD 18 0.52 1.13 0.82 0.15 0.04
HSD 26 0.21 0.57 0.34 0.09 0.02
HSLD 31 0.11 0.30 0.22 0.05 0.01
AL 32 33.25 49.88 43.27 4.68 0.83
HH- index 34 0.18 0.65 0.36 0.11 0.02

*Measurements were made in millimetres.

Table 2. Material and measurements of Mimomys gracilis from the locality of Escorihuela A 
(Mein et al., 1990) stored in the Department of Earth Sciences in Utrecht University, in the 
Netherlands.

m1 N Min Max Mean Std.Dev. Std.error

Length 4 2.35 2.75 2.55 0.16 0.08
ASD 4 0.79 1.14 0.91 0.16 0.08
HSD 5 0.41 0.53 0.47 0.05 0.02
HSLD 4 0.21 0.28 0.25 0.03 0.02
AL 4 36.85 44.46 39.20 3.53 1.77
HH- index 4 0.52 0.57 0.55 0.03 0.01

*Measurements were made in millimetres.

Table 3. Material and measurements of Pliomys graecus from the locality of Tourkobounia 
1 (De Bruijn and Van der Meulen, 1975) stored in the Department of Earth Sciences in 
Utrecht University, in The Netherlands.

m1 N Min Max Mean Std.Dev. Std.error

Length 14 2.57 3.07 2.82 0.16 0.04
ASD 10 0.77 1.47 1.07 0.19 0.06
HSD 10 0.66 0.97 0.77 0.10 0.03
HSLD 13 0.34 0.70 0.48 0.11 0.03
HH- index 10 0.80 1.10 0.93 0.10 0.03
M3 N Min Max Mean Std.Dev. Std.error
Length 19 1.50 1.81 1.65 0.08 0.02
AS 16 0.14 0.35 0.20 0.05 0.01
PRS 16 0.23 0.44 0.35 0.06 0.01
PA- index 14 0.31 0.48 0.41 0.05 0.01

*Measurements were made in millimetres.


