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Worm lizards (Amphisbaenia) constitute a bizarre and special-
ized clade of mostly limbless, burrowing reptiles. Their exact
affinities within other squamates have not yet been fully
resolved, with different phylogenetic topologies arising on the
basis of external morphology and/or skeletal anatomy (Estes
et al., 1988; Kearney, 2003; Conrad, 2008; Gauthier et al., 2012),
molecular data (Townsend et al., 2004; Vidal and Hedges, 2009;
Pyron et al., 2013; Reeder et al., 2015), and fossil finds (Miiller
et al., 2011; Cernansky et al., 2015a; Tatanda, 2016), with a sis-
ter-group relationship with lacertids seeming probable (Town-
send et al., 2004; Vidal and Hedges, 2009; Miiller et al., 2011;
Cernansky et al., 2015a). Blanus is an amphisbaenian genus,
long placed within Amphisbaenidae, until it was recently reallo-
cated to its own family, Blanidae, by Kearney (2003), who fur-
ther suggested a basal position within Amphisbaenia as a whole.
The genus currently comprises eight extant species, all limbless
forms, with a rather disjunct circum-Mediterranean distribution
(Sindaco and Jeremcenko, 2008). Two species complexes are
currently recognized: a western one, the Blanus cinereus com-
plex, distributed in the Iberian Peninsula and northwestern
Africa (Albert et al., 2007; Albert and Fernandez, 2009), and an
eastern one, the Blanus strauchi complex, distributed in southern
Anatolia, some islands of the Aegean Sea, and parts of Iraq,
Syria, Lebanon, and Israel (Sindaco et al., 2014). This disjunct
distribution of extant Blanus is apparently the relic of a much
wider distribution, as it is revealed from fossils attributed to bla-
nids originating from different European localities dating as far
back as the early Eocene (Augé, 2005, 2012; Folie et al., 2013)
and continuing until the Quaternary (Delfino, 1997, 2003). The
earliest occurrence of the genus Blanus, is represented by the
type material of Blanus thomaskelleri Cernansky, Rage, and
Klembara, 2015b, from the early Miocene (MN 2, Aquitanian)
of Amoneburg, Germany, although additional finds from
Oschiri, Sardinia, Italy, referred by Venczel and Sanchiz (2006)
to Blanus gracilis (Rocek, 1984), could be even older, as age esti-
mations of the latter locality range between MN 1 and MN 5.
Whereas fossils of Blanus are relatively common in central and
western Europe (Bolet et al., 2014), they appear to be absent
from the eastern Mediterranean region. Indeed, fossil remains of
the Iberian Blanus cinereus complex, are well known and readily
identifiable (Blain et al., 2007), but this is not the case for the B.
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strauchi complex, no fossils of which have been known up to now
(Villa et al., 2017). Furthermore, blanids can only be identified
in the fossil record on the basis of cranial remains, because
amphisbaenian vertebrae, which are frequently found in the
European Neogene, cannot be identified with certainty to the
family level (Estes, 1983; but see Augé [2012] for vertebrae of
certain Paleogene amphisbaenians). The only two published
records to date of fossil amphisbaenians from the eastern Medi-
terranean are based exclusively on vertebrae and originate from
the Miocene of Plakias, Greece (Georgalis et al., 2016b), and the
Pliocene of Calta, Turkey (Rage and Sen, 1976). Although on
the basis of a biogeographic rationale these two records probably
belong to blanids, no such assignment can be made with cer-
tainty, especially given the fact that the latter material was never
figured or adequately described. Here we describe a cranial ele-
ment from the middle Miocene locality of Gebeceler, Turkey,
that represents the first fossil find of a member of the Blanus
strauchi complex and the sole confirmed fossil occurrence of the
genus Blanus in the eastern Mediterranean region.

Institutional Abbreviations—EUNMH PV, Natural History
Museum of Ege University, Izmir, Turkey; MNCN, Museo
Nacional de Ciencias Naturales, Madrid, Spain; NHMC, Natural
History Museum of Crete, Herakleion, Greece; NHMW, Natur-
historisches Museum Wien, Vienna, Austria.

MATERIALS AND METHODS

The amphisbaenian dentary described herein originates from
the middle Miocene locality of Gebeceler, Turkey. The material
is permanently housed in the collections of the EUNMH PV and
is accessioned under the number 17151. Comparative skeletal
material of extant blanid specimens includes specimens housed
in the collections of MNCN, NHMC, and NHMW, as well as
published figures in Schleich (1985), Folie et al. (2013), and
Bolet et al. (2014).

LOCALITY

The Gebeceler Formation characterizes a middle Miocene
continental deposit situated in the Afyon region, western Tur-
key (Fig. 1). The formation is composed of alluvial deposits at
its base that grade upwards into volcanosedimentary lacustrine
sediments. It comprises syn-sedimentary volcanoclastic units of
alkaline volcanism and ends in a silicified limestone facies with
a 40 m thickness. The Gebeceler fossil locality is exposed at the
base of the lacustrine unit, characterized by fine clastics that
represent lacustrine shore-zone sedimentation. The greenish,
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FIGURE 1. Map of Turkey and nearby
regions, indicating the range of the extant Bla-
nus strauchi complex (circles) and the fossil
locality of Gebeceler (star). The distribution
of extant taxa follows Tok et al. (2012) and
Sindaco et al. (2014).

massive sandstone-claystone level has yielded a local mamma-
lian fauna consisting of the rhinocerotid Hispanotherium
grimmi, the equid Anchitherium sp., and the ruminants Tricero-
meryx sp. and Micromeryx flourensianus (Sarag, 2003).
Recently, the fauna was revised by Mayda et al. (2013), with
the rhinocerotid and ruminant remains being attributed to Cae-
mentodon cf. caucasicum, a new species of Giraffokeryx, and
Hispanomeryx sp., respectively, and a new spalacid record,
Sinapospalax cf. berdikensis, was added. The latter micromam-
mal from Gebeceler provides further support for assigning the
locality to late MN 6 or most probably to the base of MN 7/8 in
the European mammal zonation. This is also in agreement with
the age of the Susuz-Yaylacilar locality (MN 7/8) (Sickenberg
et al., 1975), which is located in the upper levels of the Gebe-
celer Formation.

SYSTEMATIC PALEONTOLOGY

REPTILIA Laurenti, 1768
SQUAMATA Oppel, 1811
AMPHISBAENIA Gray, 1844
BLANIDAE Kearney, 2003
BLANUS Wagler, 1830
BLANUS STRAUCHI (Bedriaga, 1884)
BLANUS cf. STRAUCHI
(Fig. 2)

Material —.EUNMH PV-17151, one right dentary (Fig. 2).

Description—EUNMH PV-17151 represents a right dentary.
The specimen is relatively small, with a maximum length of
3.6 mm. Its anterior-most portion, including the edge of the sym-
physis, is not preserved. The dentary bears six complete teeth
and one further incomplete tooth, but it seems that there is also
one other tooth position in the anterior part of the specimen.
Thus, the total number of teeth should equal eight. The dentition
is subpleurodont and highly heterodont, with all teeth differing
in terms of shape, height, and base diameter. The second pre-
served tooth (occupying the third tooth position in life), which is
not complete, seems to have been large, judging from the diame-
ter of its base. All teeth are monocuspid, conical, robust, slightly
recurved, although not all of them to the same degree, and bear
no striations. The apices of the teeth are oriented dorsally. The
fifth preserved tooth (the sixth in life) is the largest and most
robust. The posterior-most tooth is the smallest one. Resorption
pits are present and are circular in shape. The dentary increases
in height posteriorly. The coronoid process is not preserved and
therefore its extent cannot be assessed, but on the basis of the
curvature of the coronoid facet, which is also incomplete, it does
not seem to have been high. In lingual view, Meckel’s groove is

fully open, relatively narrow in the anterior part of the dentary
but wide in the posterior part (after the fifth preserved tooth),
and forms a narrow groove that runs parallel to the ventral bor-
der of the bone. The interdental distance is relatively large (as is
common for Blanus strauchi and the extinct Blanus gracilis),
with the exception of the first two preserved teeth, which are
rather closely spaced. Above Meckel’s groove, there is a rather
prominent and thickened subdental shelf (sensu Rage and Augé,
2010) that only narrows at the level of the posterior-most tooth
and has a ventral margin that is relatively curved, especially at
the level of the fifth preserved tooth. There is an acute angle
formed between the ventral margins of the dentary and the pos-
terior portion of the symphysis. The ventral margin of the den-
tary is relatively concave. The intramandibular septum is
preserved. In labial view, there are two rather enlarged labial
foramina, one at the level of the interdental gap between the sec-
ond and third preserved teeth, the other at the level of the inter-
dental gap between the fifth and sixth ones. An additional,
poorly preserved labial foramen seems also to be probably pres-
ent just anterior to the level of the first preserved tooth. In dorsal
view, the dentary is slightly convex labially. The sulcus dentalis is
not much expanded medially.

DISCUSSION

The Gebeceler dentary can be safely attributed to Blanus on
the basis of the shape of the teeth (conical, robustly built, and
slightly recurved, with their apices oriented dorsally) and the low
number of teeth (probably eight), of which the third is enlarged:
all features characteristic of the genus (Gans and Montero, 2008;
Bolet et al., 2014; Cerﬁansky et al., 2015b).

Eight fossil taxa have been attributed to Blanidae, all from the
European continent. The early Eocene taxon Blanosaurus prim-
eocaenus Folie, Smith, and Smith, 2013, from Belgium and
France, and the middle Eocene Cuvieribaena carlgansi
Cernansky, Augé, and Rage, 2015a, and Louisamphisbaena ferox
Augé, 2012, both from France, have been suggested to represent
the earliest named blanids (Augé, 2012; Folie et al., 2013;
Cernansky et al., 2015a), extending the fossil record of the clade
well back into the Paleogene. Furthermore, the Paleogene
record of the group appears not to be confined to these two taxa,
as judged by several other finds across the Eocene of France
(Augé, 2012) and Spain (Bolet and Evans, 2013) and the Oligo-
cene of France (Rage and Augé, 2015) and Germany (Schleich,
1988; Cernansky et al., 2016). Whether these Paleogene forms
indeed belong to blanids, however, remains to be tested on the
basis of more complete material and an extensive phylogenetic
analysis including multiple fossil amphisbaenians. During the
Neogene, blanids appear to have been diverse, especially across
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FIGURE 2. Dentaries of extinct and extant Blanus spp. A-C, right dentary (EUNMH PV-17151) of Blanus cf. strauchi from the middle Miocene of
Gebeceler, Turkey, in labial (A), lingual (B), and dorsal (C) views; D, right dentary (NHMC 80.3.111.24) of an extant, freshly dissected, B. strauchi

from Nisyros Island, Greece, in lingual view; E, right dentary (NHMW 18352:7) of an extant B. strauchi from Dodurga, Turkey, in labial view; F, left
dentary (MNCN 16533) of an extant B. cinereus from San Agustin de Guadalix, Madrid, Spain, in lingual view. Scale bar equals 1 mm.

do

the Miocene. Named forms include Blanus antiquus Schleich,

. 1985, from the middle Miocene of Austria, France, and Germany
= = (Schleich, 1985; Bohme, 1999; Miklas-Tempfer, 2003), Blanus
Qgracilis (Rocek, 1984) from the early Miocene of the Czech
Republic and Italy (Rocek, 1984; Venczel and Sanchiz, 2006),

wh=d  Blanus mendezi Bolet, Delfino, Fortuny, Almécija, Robles, and
e Alba, 2014, from the middle Miocene of Spain (Bolet et al.,
s 2014), Blanus thomaskelleri Cernansky, Rage, and Klembara,
2015b, from the early Miocene of Germany and the Czech
Republic (Cernansky et al., 2015b), and Palaeoblanus tobieni
Schleich, 1988, from the early Miocene of Germany (Schleich,
1988). The new Gebeceler blanid described herein appears to be
quite distinct from the Paleogene taxa in terms of general shape,
robustness of teeth, and curvature of the ventral margin of the
dentary; besides, it lacks the amblyodont dentition and the
increasing size of teeth towards the symphysis, features that are
characteristic of C. carlgansi. Among the Miocene taxa, resem-
blance is more notable. The new Anatolian form can be readily
differentiated from Palaeoblanus tobieni, because in the latter
taxon the first tooth is the most enlarged and bears dorsoventral
slopes on its tooth crowns (Schleich, 1988; Cernansky et al.,
2015b). In comparison with Blanus antiquus and Blanus mendezi,
the new specimen can be distinguished mostly by the shape of
teeth, the thickness of the subdental shelf, the size of interdental
gaps, and the different degree of heterodonty. In terms of size,
the Gebeceler form most closely approaches Blanus gracilis,
which is characterized by a rather small dentary size (Rocek,
1984). This fact is interesting, taking into consideration that the
latter species was considered as the probable sister group of

Blanus strauchi by Bolet et al. (2014). The geographically most
proximal fossil blanid to our new find is the material described as
Blanus cf. gracilis from the middle Miocene of Romania (Ven-
czel and Stiuca, 2008). This is also distinct from EUNMH PV-
17151 in terms of thickness of the subdental shelf, curvature of
the ventral margin of the dentary, and shape of the teeth,
although these characters may be related to intraspecific variabil-
ity. Referral of blanid material from the early Pleistocene of
Apulia, southern Italy, to Blanus cf. strauchi by Holman (1998)
was soon after shown to be erroneous by Delfino and Bailon
(2000), who figured and described that material in detail. Con-
cerning the extant taxa, EUNMPH PV-17151 can only be provi-
sionally differentiated from Blanus strauchi by the greater
robustness of its teeth, thicker subdental shelf, and a more
recurved ventral margin of the dentary, and from Blanus cinereus
by the different shape and curvature of the teeth, a larger inter-
dental gap, and a more open Meckel’s groove in the posterior
part of the dentary (Fig.2). Nevertheless, these differences
should be taken with caution, because there is great variability
observed within extant blanids; moreover, dentaries appear to
have less diagnostic characters in comparison with maxillae
(Bolet et al., 2014). Indeed, features such as the shape, curva-
ture, robustness, and number of dentary teeth appear to be
highly variable in extant Blanus spp., with different tooth counts
observed, ranging between seven and nine (Bailon, 1991;
Cernansky and Venczel, 2011; Bolet et al., 2014). Besides, a sple-
nial is not present in the new Anatolian fossil; however, this ele-
ment has been occasionally observed in certain specimens of
Blanus cinereus (e.g., Blain et al., 2007), and as such, this feature
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is subject to individual variation and has no taxonomic utility.
Furthermore, the splenial is usually an easily disarticulated bone,
and its absence from a specimen may not indicate true absence
from that individual in life. The coronoid process, a feature that
has often been used to diagnose extinct taxa (e.g., Rocek 1984;
Cernansky et al.,, 2015b), is not preserved in the Anatolian
specimen.

The new fossil find described herein originates from a locality
that is only situated a few kilometers outside the known geo-
graphic range of the extant Blanus strauchi complex in Anatolia
(Fig. 1). It is worth noting that a significant amount of cryptic vari-
ation has been observed in this complex (as is also the situation in
the Blanus cinereus complex), and as such, it has recently been split
by Sindaco et al. (2014) into distinct species: the nominal species
Blanus strauchi (Bedriaga, 1884) (with two subspecies, Blanus
strauchi strauchi and Blanus strauchi bedriagae [Boulenger,
1884]), distributed in western and southwestern Anatolia and cer-
tain islands of the eastern Aegean Sea (Samos, Fournoi, Leros,
Kos, Symi, Pserimos, Telendos, Nisyros, Rhodes, and Kastellori-
zon), Blanus aporus Werner, 1898, distributed in south-central and
southeastern Anatolia, and Blanus alexandri Sindaco, Kornilios,
Sacchi, and Lymberakis, 2014, from southeastern Anatolia and
parts of Syria, Iraq, and maybe Israel (Sindaco et al.,2014). Never-
theless, these taxa were defined solely on the basis of molecular
data and/or external morphology, and their skeletal differentiation
(if any exists) is not known. Given the great variability observed in
both extant and extinct blanids that was discussed above, we are
here reluctant to name EUNMH PV-17151 as a new taxon, and
considering its overall resemblance with the extant members of
the Blanus strauchi complex, and using also a biogeographic ratio-
nale, we refer this specimen to Blanus cf. strauchi. Of course, we
note here that the assignment of this Miocene specimen to Blanus
cf. strauchi does not necessarily indicate that the fossil form has
closer affinities with Blanus strauchi sensu stricto than with its
cryptic Anatolian congeners B. aporus and B. alexandri. Rather,
we use this taxonomic allocation as a convenience for denoting
assignment of the fossil material to the Blanus strauchi complex.

The new Blanus from Gebeceler confirms the presence of the
B. strauchi complex in Anatolia as far back as at least the mid-
dle Miocene (MN 6 or MN 7/8) and, furthermore, represents
the sole verified occurrence of the genus in the eastern Mediter-
ranean. Additionally, the new find represents the only Miocene
squamate currently described from Turkey, with the only
exception of recently reported anguid finds (Cernansky et al.,
2017). Frustratingly, the scarceness of fossil squamate material
from Anatolia and the southern Balkans hinders our under-
standing of the palaeobiogeography of Blanidae. The wide dis-
tribution of Blanus spp. in central Europe during the early and
middle Miocene is contradicted by the modern disjunct geo-
graphic range of the genus; however, the recent find of B. men-
dezi in the middle Miocene of Spain (Bolet et al., 2014) and the
new middle Miocene Turkish Blanus described herein both
confirm a much wider distribution and reveal that the present
range of the genus was already inhabited at least as far back as
that time. In any case, a post-Miocene southward restriction of
the blanid geographic range, as has been variously suggested
(e.g., Delfino, 2003), is also supported here and is reminiscent
of the case of certain other European reptile clades, such as
agamids, large-sized anguids, scolecophidians, boids, ‘Oriental
vipers,” geoemydids, giant testudinids, and pan-trionychids
(Szyndlar, 1991; Bailon and Blain, 2007; Chesi et al., 2007; Del-
fino et al., 2008; Georgalis and Kear, 2013; Rage, 2013; Georga-
lis et al., 2016a, 2017; Georgalis and Joyce, 2017). More fossil
squamates from Anatolia are definitely needed in order to clar-
ify paleobiogeographic assumptions, as this region has repeat-
edly acted as a ‘refugium’ for multiple reptile groups, a fact also
suggested by its current herpetofaunal synthesys and molecular
data (Kornilios et al., 2011).
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