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Spalacinae are an unusual component of the fossil record around the world with a limited geographical
distribution. The revisited section of Afs�ar includes one of the richest collections of Spalacinae in Turkey.
From Afs�ar 1, near the base of the section we recovered Pliospalax cf. macoveii while in Afs�ar 2, at the top
of the section we distinguish the species P. tourkobouniensis. The current research includes the first record
of the last-mentioned species outside of Europe. Both spalacines indicate a dry and open space environ-
ment and, in accordance with the Arvicolinae, suggest that Afs�ar 1 can be attributed to MN 15 while Afs�ar
2 is correlated to MN 16.
� 2024 Elsevier Masson SAS. All rights are reserved, including those for text and data mining, AI training,

and similar technologies.
1. Introduction

Turkey, positioned as a bridge between Europe, Asia and Africa,
has always been an area of particular interest to palaeontologists.
Focusing on the Late Miocene-Early Pliocene of this vast region, a
transition in the paleo-environment period can be observed. The
warm and seasonally arid environment of the Miocene, was suc-
ceeded by the cooler conditions and the humid–arid climate cyclic-
ity of the Pliocene (Eronen et al., 2009; Jiménez-Moreno et al.,
2015). This transition enriched the Eurasian vertebrate faunas
(Koufos, 2013; Koufos and Vasileiadou, 2015; Koufos, 2016; Van
den Hoek Ostende et al., 2020). However, despite the importance
of both periods, our understanding of the Pliocene of Turkey is lim-
ited (Erdal, 2017). Despite a large number of localities (Ünay and
De Bruijn, 1998), the fossil record remains largely unpublished
(Van den Hoek Ostende et al., 2015).

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) from Burdur Mehmet
Akif Ersoy University, revealed a vast number of promising new
localities. Part of this project was revisiting the Afs�ar section,
which was recognized as important for fossil mammals in the early
1990s by Gerçek Saraç (geologist at the MTA; Mineral Research and
Exploration General Directorate) (Saraç, 2003; Demirel et al.,
2019). The Afs�ar section is represented in the Dombayova graben
of the Western Anatolia, a territory of late Neogene postorogenic
crustal extension which is prominent with a broad array of NE-
trending orogen-top basins represented by a synchronic, rather
uniform superimposition of alluvial, fluvial, and lacustrine sedi-
ments (Alçiçek et al., 2019). In Afs�ar section, two different fossilif-
erous layers were recognized at the bottom and the top of the
lacustrine sediments, and they were designated as the Afs�ar 1
and Afs�ar 2 localities, respectively (Skandalos et al., 2023; Fig. 1).
The two assemblages comprise a rich variety of micromammal
taxa. The occurrence ofMimomys cf. gracilis (Kretzoi, 1959), Pliomys
sp. Méhely, 1914, and Cricetulus cf. ehiki (Schaub, 1930) in Afs�ar 1
places it in MN 15 or early MN 16, whileMimomys hassiacus Heller,
1936, M. gracilis, Pliomys graecus De Bruijn and Van der Meulen,
1975, Cricetulus sp. Milne-Edwards, 1867, and Mesocricetus primi-
tivus De Bruijn et al., 1970 in Afs�ar 2 correlate it to MN 16
(Skandalos et al., 2023). However, the rest of the fauna will better
test the proposed ages of both Afs�ar assemblages as well as render
a better assumption of their paleoenvironments.

In this paper, we describe the Spalacinae from the Afs�ar assem-
blages. The taxonomy of the group is complicated, even at the
suprageneric level. In zoological literature, blind moles are com-
monly referred to as the family Spalacidae, comprising the rhi-
zomyines, myospalacines, tachyorictines, and spalacines (Steppan
and Schenk, 2017; He et al., 2019). Paleontologists tend to empha-
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Fig. 1. A. Geographic position of the Afs�ar locality. B. Geological map of the Dombayova Graben with the Afs�ar locality (after Turan, 2002). C. Stratigraphy of Dombayova
Graben based on fossil data from Sickenberg et al. (1975), Saraç (2003), Cihan et al. (2003), Balcı (2011) and this study. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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sise the separate development of the subfamilies. Flynn (2009)
retained Spalacinae and Rhizomyinae (including the tachyoricti-
nes) as subfamilies within the Spalacidae and considered the
myospalacines presumably ‘‘derivatives of early rhizomyine evolu-
tion”. The same author underlines the need for additional research
on the relationship between the various taxa. De Bruijn et al.
(2015) state that spalacines and rhizomyines do not share the
same murid ancestor and recognize them as separate subfamilies
within the Muridae. This seems in sharp contrast to the tree given
by Steppan and Schenk (2017: fig. 1), that separates the spalacid
stock frommurids. However, as these authors point out, the molec-
ular data only provide information on the recent diversification.
Based on these data, we cannot assess the diversification of the Oli-
gocene stem group murids, which may provide the link between
the modern murid lineages and the, presumably separate, develop-
ment of the spalacine lineages. Therefore, we follow De Bruijn et al.
(2015) in their classification.

The Spalacinae have a restricted range in eastern Europe, Asia
Minor, parts of the Middle East up to western Siberia. They are
adapted to a subterranean life as inhabitants of steppic environ-
ments and grasslands (Sarıca and S�en, 2003). Notably, the fossil
range of the subfamily reflects very much its current geographic
distribution (Ünay, 1999; De Bruijn et al., 2015; He et al., 2019).
The fossil record is long and fairly continuous, dating back to the
Late Oligocene of southeastern Europe (De Bruijn et al., 2013,
2015). It comprises seven genera: Spalax Güldenstädt, 1770, Plios-
palax Kormos, 1932, Heramys Klein Hofmeijer and De Bruijn, 1985,
Debruijnia Ünay, 1996, Sinapospalax Sarıca and S�en, 2003, Vetuss-
palax De Bruijn et al., 2013, and Pannoniamys van de Weerd
et al., 2022. Although the subfamily appears in many fossil assem-
blages, it is usually represented by a few elements per locality only.
Presumably, the rarity in assemblages is linked to the fossorial life-
style, which makes spalacines a difficult target for birds of prey,
one of the main agents for the accumulation of fossil remains
(Andrews, 1990). Similar to other rare and remarkably rich locali-
ties such as Çalta (S�en, 1977), the Afs�ar assemblages stand out in
having a high number of specimens compared to other occurrences
of spalacines. As such, the spalacines of the Afs�ar sections provide
not only an important reference point for resolving taxonomical
problems of the genus, but also a chance to follow evolutionary
trends within a section.
2. Material and methods

The studied material has been collected from two stratigraphic
levels outside of the Afs�ar village in Afyonkarahisar Province of
Turkey. The specimens were collected by wet screening on a set
of sieves with the finest mesh used being 500 lm. The Afs�ar assem-
blages include 52 Spalacinae molars of which 10 (1 M1, 3 M2,
3 M3, 1 m1, 2 m3) occur in Afs�ar 1 and 42 (6 M1, 9 M2, 3 M3,
8 m1, 12 m2, 4 m3) are from Afs�ar 2. The complete collection of
the locality is stored in the Natural Museum of Ege University of
Izmir in Turkey. The specimens were illustrated as if they were
all right molars. The generic classification and the terminology
for the dental descriptions follow Sarıca and S�en (2003: fig. 1).
The maximum length (L) and width (W) of the occlusal surface
of cheek molars have been measured with a Leica 16A microscope
with Leica application suite software and are given in mm. In order
to describe the wear stages of the molars, we follow Skandalos and
Van den Hoek Ostende (2023: fig. 12).
3. Systematic palaeontology

Class Mammalia Linnae, 1758
Order Rodentia Bowdich, 1821.
13
Family Muridae Illiger, 1811.
Subfamily Spalacinae Gray, 1821.
Genus Pliospalax Kormos, 1932.
Species included: P. macoveii (= P. sotirisi) (Simionescu, 1930),

P. compositodontus (Topachevski, 1969), P. tourkobouniensis De
Bruijn and Van der Meulen, 1975, P. complicatus S�en and Sarıca,
2011.

Pliospalax cf. macoveii
Fig. 2
Type locality: Mǎlus�teni, Romania.
Locality: Afs�ar 1.
Measurements: see Table 1.
Description: The M1 (Fig. 2(A)) is elongated and has three

roots. The only available specimen is worn. The anterocone is fused
as almost perpendicular to the length of the anteroloph; the latter
connects to the protocone. The wide paracone is anteriorly ori-
ented, the mesoloph is absent and the metacone is fused into the
posteroloph. The anterosinus, the mesosinus and the sinus create
a ‘‘W” shape pattern. The presence of a posterosinus cannot be
observed due to the advanced wear stage of the molar.

The M2s (Fig. 2(B)) have a square shape and three roots. The
anterocone is fused into the anteroloph ending freely on the ante-
rior side of the paracone. The mesoloph is absent. The anterosinus,
the mesosinus and the sinus are deep and well-developed. The
metalophule and the posteroloph enclose a shallow posterosinus
that disappears in later wear stages.

The M3s (Fig. 2(C)) have a sub-triangular outline with one wide
root. The anteroloph connects to the protocone and the paracone. A
small emargination in the labial part of the anterior outline indi-
cates the presence of a shallow anterosinus that disappears in early
wear stages. The sinus is closed. The metalophule is connected to
the small hypocone. The posteroloph connects to the metacone
and together they enclose the shallow posterosinus.

The m1 (Fig. 2(D)) has two roots. The only available specimen is
in late wear stage C. The anterior border of the molar is rounded
with the anteroconid fused into the anterolophulid. The labial
anterolophulid connects to the protoconid lingually to the meta-
conid. The long posterior metalophulid connects to the hypolo-
phulid and the short mesolophid. This connection forms a
shallow enamel island. The sinusid and the mesosinusid are well-
developed. The posterolophid connects to the metaconid and the
posterosinusid is closed, shaped as an enamel island.

The m3s (Fig. 2(E)) have a sub-triangular shape and two roots.
The labial anterolophid connects to the protoconid. The well-
developed lingual anterolophid connects to the metalophulid with
its lingual end at the lingual border of the molar. A small anteros-
inusid is present. The short hypolophulid connects to the weak
ectolophid. The hypoconid is fused into the posterolophid, which
is connected to the entoconid. The mesosinusid and the sinusid
are well-developed and deep. One of the two m3s has an enclosed
posterosinusid (PV-AFS-473).

Remarks: The small to medium molar size, the round anterior
border of the m1 without the anterosinusid, the lack of the meso-
loph in the M1 and M2, the incorporated protocone of the M1 into
the anteroloph and the posteriorly oblique metalophule indicate
that the spalacine from the lower layer of Afs�ar belongs to Pliospa-
lax (Table 2). Its molars are similar in size to P. complicatus S�en and
Sarıca, 2011 from Amasya in Turkey (Figs. 3–5). However, the sam-
ple differs morphologically due to the absence of a long mesolo-
phid in the m1. The material from Afs�ar 1 differs from P.
compositodontus Topachevski, 1969 from Andreevka in Ukraine in
not having a well-developed mesoloph in M1 and M2. The size of
the M1, m1 and m3 from Afs�ar 1 is close to those of P.
tourkobouniensis De Bruijn and Van der Meulen, 1975. The M3s,



Fig. 2. Upper and lower molars of Pliospalax cf.macoveii from Afs�ar 1. A.M1, PV-AFS-465, in occlusal (A1) and labial (A2) views. B.M2, PV-AFS-466, in occlusal (B1) and labial
(B2) views (mirrored images). C. M3, PV-AFS-469, in occlusal view. D. m1, PV-AFS-472, in occlusal (D1) and labial (D2) views (mirrored images). E. m3, PV-AFS-473, in
occlusal (E1) and labial (E2) views. Scale bar: 1 mm.
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Table 1
Measurements (in mm) of Pliospalax cf. macoveii from Afs�ar 1.

Length Width

Tooth N Min Max Mean N Min Max Mean

M1 1 2.48 2.48 2.48 1 2.25 2.25 2.25
M2 3 2.03 2.25 2.13 3 1.90 2.13 2.04
M3 3 1.70 1.88 1.76 3 1.67 1.87 1.75
m1 1 2.22 2.22 2.22 1 2.12 2.12 2.12
m2 � � � � � � � �
m3 2 1.74 1.99 1.86 2 1.78 1.83 1.80

Table 2
Stratigraphic and geographic distribution of the Pliospalax species (Simionescu, 1930;
Topachevski, 1969; De Bruijn et al., 1970; De Bruijn and Van der Meulen, 1975; S�en,
1977; Popov, 2004; S�en and Sarıca, 2011).

Species Locality Country MN

P. tourkobouniensis De Bruijn and
Van der Meulen, 1975

Tourkobounia-1 Greece 16

P. macoveii (Simionescu, 1930) Mǎlus�teni Romania 15
Beres�ti 15
Çalta Turkey 15
Muselievo Bulgaria 15
Maritsa Greece 14

P. compositodontus (Topachevski, 1969) Andreevka Ukraine 13
P. complicatus S�en and Sarıca, 2011 Amasya Turkey 13

P. Skandalos, F.A. Demirel, M.C. Alçiçek et al. Geobios 86 (2024) 11–23
however, are larger than those from the Greek locality. The size dif-
ference and the lack of the lingual re-entrant fold in the M3, differ-
entiate the species from P. tourkobouniensis. The m1 from Afs�ar 1 is
similar to P. macoveii (Simionescu, 1930) from the type locality of
Mǎlus�teni (Topachevski, 1969; Crespo et al., 2023). The m3s, how-
ever, are larger than those from the type locality. Furthermore, the
M1s and M2s are larger in size than those from Beres�ti in Romania
(Crespo et al., 2023). The material from Afs�ar 1 is within the size
range of P.macoveii from Çalta. Despite the smaller M1 and the lar-
ger M3, the material from Afs�ar 1 resembles P. macoveii (De Bruijn
et al., 1970) from Maritsa, on Rhodes Island. The M1 and M2 are
similar to P. cf. macoveii from Muselievo in Bulgaria (Popov,
2004). The M3 and m1 are larger in size than those in the Bulgarian
locality. Morphologically, the spalacine from Afs�ar 1 is similar to P.
macoveii in the lack of the mesoloph in the M1 and M2, the sole re-
entrant fold in the M3, the lack of the anterosinusid, the short
mesolophid in the m1 and the size of the molars. Notably, the P.
macoveii assemblage from Muselievo does have a mesoloph in
the M1. De Bruijn and Van der Meulen (1975) stated that P. macov-
eii and P. sotirisi are closely related and possibly synonymous spe-
cies. Skandalos and Van den Hoek Ostende (2023), using virtual
reconstruction techniques to analyse the molars from diverse Plios-
palax species, distinguished different wear stages and categorising
P. sotirisi as an early phase C of P. macoveii, synonymized the two
species. In this study we follow these findings. However, since
the material from Afs�ar 1 is limited and the wear stage of the sole
m1 and M1 does not allow to observe important characters like the
anterosinusid and the protosinusid of the m1, it is classified as
Pliospalax cf. macoveii.

Pliospalax tourkobouniensis De Bruijn and Van der Meulen, 1975.
Figs. 6, 7
Type locality: Tourkobounia-1, Greece.
Locality: Afs�ar 2.
Measurements: see Table 3.
Description: The M1 (Fig. 6(A, B)) have a rectangular outline

and three roots. The anterocone and the protocone are fused into
the anteroloph. The paracone is wide and anteriorly oriented. The
mesoloph is absent. The metalophule is directed backwards and
15
connects to the strong posteroloph. The latter is developed perpen-
dicular to the length of the molar, ending on the labial border of the
molar, behind the metacone. The molars have four well-developed
re-entrant folds. Three are on the labial side of the molar. These are
the anterosinus, the mesosinus and the posterosinus. In later wear
stages, the specimens lack the latter (wear stage C). The lingual
side of the molar has one re-entrant fold, the sinus.

The M2s (Fig. 6(C)) have a square shape with three roots. The
anterocone is fused into the anteroloph. The paracone is elongated
with a posteriorly directed arm and the mesoloph is absent. The
metalophule is directed posteriorly. The posteroloph is developed
perpendicular to the length, ending freely at the labial border of
the molar. The anterosinus, the mesosinus, the sinus and the pos-
terosinus are present. In later wear stages, the anterosinus is closed
and the posterosinus disappears (wear stages B and C).

The M3s (Fig. 6(D) have a sub-triangular outline and a single
wide root. The anteroloph is connected both to the protocone
and to the protolophule. The protocone is fused to the latter. The
ectoloph is present and the molars lack the mesoloph. The metalo-
phule is connected to the small hypocone. The mesosinus commu-
nicates with the sinus. The posteroloph encloses a shallow
posterosinus that disappears in worn specimens (wear stage C).

The m1s (Fig. 7(A, B)) are elongated and have two roots. The
anteroconid is incorporated into the anterolophid. The labial ante-
rolophid meets the anterior part of the protoconid and its labial
end ends at the border of the molar. The posterior part of the lin-
gual anterolophid connects to the metalophulid. In early stages
of wear (wear stage B), the metaconid is incorporated into the
anterolophid. Both the anterosinusid and the protosinusid are pre-
sent. They are shallow and disappear in worn specimens (wear
stages C and D). The mesosinusid, the sinusid and the posterosi-
nusid are present. The posterior metalophulid connects to the
hypolophulid or it ends freely in the mesosinusid. The hypolo-
phulid connects with the posterolophid. The latter is rather per-
pendicular to the length of the molars. The posterosinusid is
present and in worn specimens it forms an enamel island (Fig. 7
(B1)). One of the eight specimens (PV-AFS-441) has the hypolo-
phulid with an additional, posteriorly directed ridge forming two
enamel islands (Fig. 7(A1)).

The m2s (Fig. 7(C, D)) have a square-shaped outline and two
roots. The labial anterolophid connects to the protoconid. The
lingual anterolophid connects to the metalophulid and to the
metaconid, enclosing a shallow anterosinusid; the latter
disappears in a later wear stage (wear stage B). The sinusid,
the mesosinusid and the posterosinusid are well-developed. The
mesolophid is short and ends freely in the mesosinusid. The pos-
terolophid ends in the lingual border of the molar. In worn speci-
mens, it connects to the entoconid, enclosing the posterosinusid
(wear stage C).

The m3s (Fig. 7(E, F)) have a sub-triangular shape and two roots.
One of the four specimens (PV-AFS-459) has the metalophulid iso-
lated. The other molars have the lingual anterolophid connected to
the metalophulid. The labial anterolophid encloses the shallow
protosinusid, which disappears in worn specimens (wear stage



Fig. 3. L/W scatter plot of M1 (A) and M2 (B) molars of Pliospalax macoveii (and P. cf.macoveii) from Afs�ar 1, Beres�ti, Maritsa 1, Çalta and Muselievo (De Bruijn et al., 1970; S�en,
1977; Crespo et al., 2023); P. tourkobouniensis from Afs�ar 2 and Tourkobounia-1 (De Bruijn and Van der Meulen, 1975); P. complicatus from Amasya (S�en and Sarıca, 2011); P.
compositodontus from Andreevka (Topachevski, 1969). Measurements in mm. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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Fig. 4. L/W scatter plot of the M3 (A) and m1 (B) molars of Pliospalax macoveii (and P. cf.macoveii) from Afs�ar 1, Mǎlus�teni, Maritsa 1, Çalta and Muselievo (Simionescu, 1930;
De Bruijn et al., 1970; S�en, 1977; Crespo et al., 2023); P. tourkobouniensis from Afs�ar 2 and Tourkobounia-1 (De Bruijn and Van der Meulen, 1975); P. complicatus from Amasya
(S�en and Sarıca, 2011); P. compositodontus from Andreevka (Topachevski, 1969). Measurements in mm. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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Fig. 5. L/W scatter plot of the m2 (A) and m3 (B) molars of Pliospalax macoveii (and P. cf.macoveii) from Afs�ar 1, Mǎlus�teni, Maritsa 1, Çalta and Muselievo (Simionescu, 1930;
De Bruijn et al., 1970; S�en, 1977; Crespo et al., 2023); P. tourkobouniensis from Afs�ar 2 and Tourkobounia-1 (De Bruijn and Van der Meulen, 1975); P. complicatus from Amasya
(S�en and Sarıca, 2011); P. compositodontus from Andreevka (Topachevski, 1969). Measurements in mm. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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Fig. 6. Upper molars of Pliospalax tourkobouniensis from Afs�ar 2. A. M1, PV-AFS-420, in occlusal (A1) and labial (A2) views (mirrored images). B. M1, PV-AFS-421, in occlusal
(B1) and labial (B2) views (mirrored images). C. M2, PV-AFS-433, in occlusal (C1) and labial (C2) views (mirrored images). D. M3, PV-AFS-435, in occlusal (D1) and labial (D2)
views. Scale bar: 1 mm.

P. Skandalos, F.A. Demirel, M.C. Alçiçek et al. Geobios 86 (2024) 11–23
C). The anterosinusid, the mesosinusid and the sinusid are well-
developed. A short mesolophid is developed. The hypolophulid
connects to the short ectolophid. The hypoconid is fused into the
19
posterolophid, which is connected to the entoconid. The pos-
terolophid encloses the small posterosinusid, which disappears in
a later wear stage (wear stage C).



Fig. 7. Lower molars of Pliospalax tourkobouniensis from Afs�ar 2. A. m1, PV-AFS-441, in occlusal (A1) and labial (A2) views. B. m1, PV-AFS-439, in occlusal (B1) and labial (B2)
views. C. m2, PV-AFS-449, in occlusal view. D. m2, PV-AFS-451, in occlusal view. E. m3, PV-AFS-459, in occlusal view. F. m3, PV-AFS-460, in occlusal view (mirrored image).
Scale bar: 1 mm.

P. Skandalos, F.A. Demirel, M.C. Alçiçek et al. Geobios 86 (2024) 11–23
Remarks: The four re-entrant folds in the m1, two in the labial
and two in the lingual side, the rounded anterior side, the short
mesolophid in the m2 and the protocone entirely incorporated into
the anteroloph in the M1 and M2 indicate that the species belongs
to Pliospalax (Sarıca and S�en, 2003; S�en and Sarıca, 2011). Except
for its m1s, the spalacine from Afs�ar 2 has larger-sized molars than
20
P. compositodontus and it lacks the well-developed mesoloph in the
M1 and the mesolophid in the m1 (Topachevski, 1969). Despite the
larger-sized m3s, the material from Afs�ar 2 has similarly-sized
molars as P. macoveii from the type locality of Mǎlus�teni
(Topachevski, 1969). Crespo et al. (2023) provided new measure-
ments for the Mǎlus�teni assemblage, but these show a huge



Table 3
Measurements (in mm) of Pliospalax tourkobouniensis from Afs�ar 2.

Length Width

Tooth N Min Max Mean N Min Max Mean

M1 6 2.67 2.89 2.78 6 2.10 2.60 2.33
M2 9 2.36 2.59 2.46 9 2.18 2.49 2.37
M3 3 1.96 2.08 2.03 3 1.83 1.89 1.87
m1 8 2.28 2.69 2.48 8 1.99 2.24 2.14
m2 11 1.99 2.28 2.16 11 2.04 2.30 2.13
m3 4 2.05 2.36 2.15 4 1.71 2.03 1.87
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variation for the m1 and m2 (Figs. 4, 5), casting some doubt on the
homogeneity of that sample. The molar size of the Afs�ar 2 assem-
blage is larger than those of the same species from Çalta. The high-
est values of Çalta’s m1 reach those of Afs�ar 2. The molars are also
larger in size than P. cf.macoveii fromMuselievo (Popov, 2004) and
from Beres�ti (Crespo et al., 2023). Finally, other than the similar
sized m1s, the other molars from Afs�ar 2 are larger than those of
P. cf. macoveii from Afs�ar 1. Regardless of the size differences, the
Pliospalax species from Afs�ar 2 differs from P. macoveii (including
P. sotirisi) from the former localities, by the presence of the
anterosinusid in the m1 and the well-developed posteroloph in
the M1. In addition, the material of this study differs from P. cf.ma-
coveii from Muselievo by the lack of the mesoloph in the M1. The
M1, M2, m1 and m3 are larger in size than those from P. complica-
tus from Amasya in Turkey (S�en and Sarıca, 2011). The presence of
the anterosinusid in the m1 is a character similar in both species.
However, m1 lacks the well-developed mesolophid of the species
from Amasya. In addition, the m2s have a much shorter mesolo-
phid compared to the strong one of P. complicatus. The size of the
molars from Afs�ar 2, especially that of the m1s, fits well within
the size range of P. tourkobouniensis from Tourkobounia-1 (De
Bruijn and Van der Meulen, 1975). However, the size of the M1
and M3 is larger than that from the Greek locality. It differs from
material from the type locality in the presence of a weak mesolo-
phid in the m3. The first description of the Greek species by De
Bruijn and Van der Meulen (1975) does not mention the presence
of the anterosinusid in the m1. However, additional material from
Tourkobounia-1 published by Skandalos and Van den Hoek
Ostende (2023) indicated that the character is present. In addition,
the presence and size of the M1 mesoloph varies. It can be strong,
weak or even absent (De Bruijn and Van der Meulen, 1975: pl. 6).
Based on the similar size, the presence of the anterosinusid and
both variations with one or two enamel islands between the
hypolophulid and the posterolophid in the m1, the well-
developed posteroloph in the M1 and the presence of two re-
entrant folds in the M3, the spalacine from Afs�ar 2 is classified as
P. tourkobouniensis. It is worth mentioning that one of its m1s
(PV-AFS-441) has a posteriorly oriented ridge on the posterior side
of the hypolophid. This character is similar to the hypolophid folds
present in older species like Debruijnia tintinnabulus from Zvonce in
Serbia (De Bruijn et al., 2022: fig. 1). It is also present in one of the
m1s of P. macoveii from Çalta (S�en, 1977: ACA-857, pl. 14, fig. 3a).
4. Discussion

Spalacinae are an unusual component in the fossil faunas. Even
though they have been found in numerous localities, they are gen-
erally represented by only a few specimens. In Afs�ar they represent
ca. 8% of the fauna which has been studied by Skandalos et al.
(2023) as part of the Ph.D. thesis of the first author (PS). The Arvi-
colinae and the Cricetinae material from the two localities of Afs�ar
indicate that the top part of the section, Afs�ar 2, is richer than the
lower, Afs�ar 1. Spalacines follow the same pattern with 41 and
10 molars, respectively. From Afs�ar 1, near the base of the section,
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Skandalos et al. (2023) recovered Mimomys cf. gracilis, Pliomys sp.,
Arvicolinae gen. et sp. indet., and Cricetulus cf. ehiki. From Afs�ar 2,
they recognized the species Mimomys hassiacus, M. gracilis, Pliomys
graecus, Cricetulus sp., and Mesocricetus primitivus (Skandalos et al.,
2023). In the classification followed here, the oldest representa-
tives of Pliospalax occurred at the end of the Late Miocene of east-
ern Europe and Anatolia (S�en and Sarıca, 2011). Sarıca and S�en
(2003) separated the Middle and early Late Miocene species of
Pliospalax into a genus of their own, Sinapospalax. De Bruijn et al.
(2022), however, tentatively grouped the genus in Pliospalax. Here,
we follow the classification of Sarıca and S�en (2003) and S�en and
Sarıca (2011). Pliospalax is present in nine assemblages with a reli-
able amount of material. In Greece, it is present in the MN 12 local-
ity of Samos, the MN 13/14 locality of Silata, and the MN 14 locality
of Maritsa with P. macoveii (De Bruijn et al., 1970; Vasileiadou
et al., 2003; Vasileiadou and Sylvestrou, 2009), as well as the MN
16 locality of Tourkobounia-1 with P. tourkobouniensis (De Bruijn
and Van der Meulen, 1975). The genus is also present in Turkey
with P. complicatus in Amasya (MN 13; S�en and Sarıca, 2010) and
P. macoveii in Çalta (MN 15; S�en, 1977). It is present in Ukraine
with P. compositodontus in the MN 13 locality of Andreevka
(Topachevski, 1969), in Romania with P. macoveii in the MN 15
locality of Mǎlus�teni and Berești (Simionescu, 1930; Crespo et al.,
2023), and also in the MN 15 locality of Muselievo in Bulgaria
(Popov, 2004). Afs�ar 2 is the first record of P. tourkobouniensis in
Turkey. The presence of P. tourkobouniensis is in line with the sug-
gestion of Skandalos et al. (2023) to place the locality in MN 16.
The number and the condition of the spalacine material from Afs�ar
1, like its few cricetines and its arvicolines, do not provide us
enough information to confidently correlate the locality at this
point (Skandalos et al., 2023). However, the presence of Mimomys
cf. gracilis (Skandalos and Van den Hoek Ostende, 2023) and P. cf.
macoveii (present work) in combination with its stratigraphic posi-
tion would suggest MN 15.

The Pliospalax species and their comparison with P. cf. macoveii
and P. tourkobouniensis from Afs�ar 1 and Afs�ar 2 highlighted a sig-
nificant obstacle on Spalacinae research. The occlusal morphology
of their molars changes rapidly with wear during the individual life
span of these species, some taxonomical problems arise (von
Koenigswald, 1993; Lopatin, 2003; Van Weers, 2005; Skandalos
and Van den Hoek Ostende, 2023). Skandalos and Van den Hoek
Ostende (2023) distinguish the wear stages of the Pliospalax m1s.
They identified morphological characters that are influenced by
wear and vary between the different spalacine species, including
P. macoveii and P. tourkobouniensis. One of these characters is a dis-
tinct and short ridge that starts from the hypolophulid and meets
the posterior metalophulid observed on the m1s of Pliospalax
macoveii from Çalta (S�en, 1977: ACA-857, pl. 14, fig. 3a), Maritsa
(Skandalos and Van den Hoek Ostende, 2023: fig. 7) and in the older
spalacine species Debruijnia tintinnabulus (De Bruijn et al., 2022: fig.
1). De Bruijn et al. (2022: fig. 1) name this character hypolophid
fold. The current paper adds to the work of Skandalos and Van
den Hoek Ostende (2023), providing an additional species carrying
this variable character, namely Pliospalax tourkobouniensis.
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Following García-Alix et al. (2008), we presume that the fossil
species had the same preferences as their recent counterparts.
Thus, the cricetines inhabit mainly steppic environments (Musser
and Carleton, 1993), while Arvicolinae inhabit the temperate and
arctic zones of the Northern Hemisphere (Chaline et al., 1999).
The fauna of Afs�ar 1 and 2 indicate dry and open spaced habitats
(Skandalos et al., 2023). The Spalacinae are known as inhabitants
of steppic environments and grasslands (Sarıca and S�en, 2003).
The current research confirms the assumptions of Skandalos
et al. (2023) about the paleoenvironmental conditions of Afs�ar as
well as Jiménez-Moreno et al. (2015), who proposed an open step-
pic environment in general for SW Turkey.

5. Conclusion

In the small mammal assemblages of the Afs�ar section from the
Pliocene of Turkey, the spalacines are well represented and two
species are distinguished. In the lower section (Afs�ar 1) we recog-
nize the species Pliospalax cf. macoveii. From the top section (Afs�ar
2) we distinguish the species P. tourkobouniensis. This is the first
record of the species in Anatolia, which increases its geographical
range to the East. Furthermore, the current research complements
the work of Skandalos et al. (2023), providing additional informa-
tion on the environmental conditions and the age of the Afs�ar sec-
tion. The species found are in line with assigning an MN 16 age to
Afs�ar 2 and an MN 15 correlation for Afs�ar 1. The abundant mate-
rial of Spalacinae, particularly in Afs�ar 2, confirms that the Pliocene
environments of Afs�ar were steppe-like at that time.
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