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Text-fig. 2. Upper (a, c, e, g, j) and lower (b, d, f, h, i, k) cheek teeth of G. glis, Recent, Bulgaria (a, b), G. persicus, Recent, Iran (c, d),
G. sackdillingensis, Early Pleistocene, Kamyk (e, f), G. minor, Early Pliocene, Podlisice (g, h), G. major, Early Miocene, Oschiri (i),
G. apertus, Early Miocene, Weissenburg 6 (j, k). Modified from Krystufek et al. (2021), Kowalski (1963), de Bruijn and Riimke (1974),
Mayr (1979). Asterisked specimens are inverted to facilitate comparison.

Type locality. Gilan Province, Iran (Lay 1967: 193, Distribution. The species is not known from the fossil
Krystufek et al. 2021). record.

Characteristics. Size is large (the condylobasal length Glis sackdillingensis (HELLER, 1930)
of adult specimens is 35.4—44.6 mm, the M2 length is 1.90— Text-fig. 2e, f

2.35 mm, the total length of upper tooth row is 7.3—-8.4 mm).
The posterodorsal process of the premaxilla is considerably

wider than the posterior extent of the nasal. Except for having Synonyms. Glis antiquus Kormos, 1930.

larger cheek teeth, the dental morphology of G. persicus

appears to be closely similar to that G. glis, slightly differing Type locality. Sackdilling Cave, Germany; Pleistocene
in having a more rounded P4 and posteriorly tapered M3. (probably Early; see Kowalski 2001 for details).
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Glis apertus MAYR, 1979
Text-fig. 2j, k

Type locality. Weissenburg 6, Germany; Early
Miocene, early Aquitanian, early Agenian ELMA, MN 2.

Characteristics. Small species. The occlusal surface
of cheek teeth is slightly concave. The ridge pattern is
simplified, in a way similar to that in derived species
of the genus. The P4 is three-rooted, ellipsoidal, with
anteroloph, protoloph and metaloph lingually confluent.
The precentroloph and posterotrope are long and isolated.
The M1 and M2 possess seven to eight ridges: the four main
ridges, strong precentroloph that tends to extend onto the
lingual side of the occlusal surface, equally long anterotrope
and posterotrope, and variably present postcentroloph. The
lingual arms of the anteroloph, protoloph and metaloph end
free; the precentroloph, in turn, is connected to the paracone.
The structure of a single-rooted p4 is essentially the same
as in G. glis, with well-developed and partially fused
anterolophid and metalophid, mesolophid and posterolophid,
shortened centrolophid, and a posterotropid between them.
The lower molars show this pattern, but the metalophid
is mostly isolated, and the anterior valley is occupied by
a strong anterotropid.

Distribution. Known only from the type locality (Mayr
1979).

Glis vallesiensis AcusTi, 1981
Text-fig. 3a, b

Type locality. Ballestar, Spain; Late Miocene, early
Tortonian, early Vallesian ELMA, MN 9.

Characteristics. Large species, approaching in
size the smallest specimens of G. glis (the M2 length is
1.80-1.81 mm), morphologically similar to G. minor. The
occlusal surface of M1-2 and m1-2 is slightly concave.
The P4 precentroloph is long, the M1 and M2 often retain
the prototrope and postcentroloph. The mesolophid and
posterolophid of ml and m2 are separated, the m3 lacks
a centrolophid.

The P4 is large, almost as wide as M1. The trapezoidal
crown has six ridges, of which the anteroloph, precentroloph,
posteroloph and a small posterotrope are free; and the
protoloph and metaloph are in contact lingually. The
M1 and M2 have six to eight ridges. The main ridges,
the anteroloph, protoloph, precentroloph, metaloph and
posteroloph are free when unworn. Some specimens
demonstrate a weak postcentroloph. Three extra ridges
are rudimentary and variably present. Among them, the
anterotrope and prototrope are the weakest, and posterotrope
is the strongest crest. The M3 is triangular with a somewhat
irregular ridge pattern of the talon. The anterotrope is long
and strong. The p4 with roundly triangular outlines and five
to six ridges are reminiscent of those in the geologically
younger Glis species. The posterolophid and mesolophid are
separated, the centrolophid is small to absent. The m1 and
m2 mostly bear seven ridges: long anterolophid, metalophid,
mesolophid and posterolophid, and shortened anterotropid,

centrotropid and posterotropid. The ridges are mainly free,
except the pairs anterolophid-metalophid and posterolophid-
posterotropid, which show a tendency to form lingual
connections. The m3 is triangular occlusally and similar to
m2, but shows no distinct centrolophid.

Comments. Glis vallesiensis is a rare taxon with
a patchy fossil record, reported from the geographically
restricted early Late Miocene sites in Spain, central and
eastern Europe. The assignment of eastern European Glis
materials to G. vallesiensis was questioned by Daxner-Hock
and Hock (2009, 2015), who argued that the specimens from
Belchatow A (Poland) and Grytsiv (Ukraine) appear to be
closer to G. minor than to the typical G. vallesiensis from
Ballestar and Can Petit. The two species are different in size
and the absence of centrotropid on m3 of G. vallesiensis,
which occurs in nine out of the eleven m3s of G. minor
from the type locality Podlesice (Daoud 1993). Based on
these criteria, | suggest reattributing the population from
Belchatow A to G. minor, as proposed by Daxner-Hock and
Hock (2009, 2015), but retaining that from Grytsiv in G.
vallesiensis.

Distribution. Late Miocene (early Tortonian, early
Vallesian, MN 9) of Spain (Ballestar, Can Petit, La Bastida),
Germany (Petersbuch 14), Poland (Opole 2), Hungary
(Felsotarkany 3/2 and 3/10), and Ukraine (Grytsiv)
(Kowalski 1967, Agusti 1981, Bolliger and Rummel 1994,
Nesin and Kowalski 1997, Hir and Kokay 2010).

Glis galitopouli vAN DER MEULEN et DE BRULIN, 1982
Text-fig. 3¢, d

Type locality. Aliveri, isle of Euboea (Evia), Greece;
Early Miocene, Burdigalian, early Orleanian ELMA, MN 4.

Characteristics. Small species of the genus (M1 length
varies from 1.08 to 1.27 mm, an estimated average length of
upper dentition is 4.20 mm), with relatively high-crowned
cheek teeth bearing the postcentroloph, well-developed extra
ridges, including the prototrope, centrotropid, metatropid
and up to two posterotropids on the concave occlusal surface.
The occlusal surface of M3 and m3 is rather flat.

An oval and three-rooted P4 possesses six to seven
ridges. The anteroloph is either isolated or connected to the
lingual end of the protoloph. The protoloph, metaloph and
posteroloph are labially connected. The extra ridges include
anterotrope and posterotrope. The M1 and M2 are virtually
identical in size and morphology. There are nine ridges.
The protoloph and metaloph, as well as the metaloph and
posteroloph, are lingually connected in most specimens. The
labial connection between the metaloph and posteroloph is
observable in about half of the specimens. The anteroloph is
mostly free. The precentroloph is connected to the protoloph,
and the postcentroloph is isolated. There are the anterotrope,
prototrope and posterotrope on M1 and M2. The occlusal
surface of M3 is similar to that of M1 and M2 in the quantity
and arrangement of ridges. The protoloph, metaloph and
anteroloph are connected lingually. The anteroloph is
isolated in most specimens. The labial end of the prototrope
is free, the anterotrope is connected to the paracone. The p4
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Text-fig. 3. Upper (a, ¢, e, g, i, k) and lower (b, d, f, h, j, 1) cheek teeth of G. vallesiensis, Late Miocene, Ballestar, La Bastida, and Grytsiv
(a, b), G. galitopouli, Early Miocene, Aliveri (c, d), “G.” guerbuezi, middle Oligocene, Kocayarma (e, f), G. transversus, Early Miocene,
Harami 1 (g, h), G. complicatus, Early Miocene, Oberdorf 3 and 4 (i, j), G. mihevci, Middle to Late Pleistocene, Velika PireSica and
Crni Kal 2, 4 (k, I). Modified from Agusti (1981), Nesin and Kowalski (1997), van der Meulen and de Bruijn (1982), Unay (1989, 1994),
de Bruijn (1998), Aguilar and Michaux (2011). Asterisked specimens are inverted to facilitate comparison.

is trapezoidal. Its occlusal surface is formed by six to eight
ridges. The anterolophid and metalophid are connected both
lingually and labially. The labial arms of mesolophid and
posterolophid are fused. The extra ridges are represented by
a strong posterotropid, weaker anterotropid and occasionally
present centrotropid. The m1 and m2 are rectangular in
outline, with nine to ten ridges. The only irregular ridge is
a second posterotropid, present in one m2 from Aliveri. The
anterolophid, metalophid and centrolophid, as well as the
mesolophid and posterolophid, are connected lingually. The
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extra ridges are always isolated. The m3 crown is triangular
in occlusal outline. The number of ridges varies between
eight to ten. The second posterotropid is frequent; the
centrotropid and metatropid are rudimentary.

Distribution. The species has been reported from the
Early Miocene (middle to late Burdigalian, early — middle
Orleanian, MN 3-4) of Greece (Aliveri, Karydia), Turkey
(Bornova 183, Kesekdy, Sabuncubeli), and Switzerland
(Mittlerer Hegengraben) (van der Meulen and de Bruijn



1982, Unay 1994, Kilin 1997, Doukas 2003, de Bruijn et al.
20006, Bilgin et al. 2019).

“Glis” guerbuezi UNay 1989
Text-fig. 3e—f

Type locality. Kocayarma, Turkey; middle Oligocene,
late Rupelian, early Arvernian ELMA, MP 25.

Characteristics. The smallest (the M2 length is
0.84-0.95 mm) and morphologically the most primitive
species of the genus. The cheek teeth have a slightly concave
to almost flat occlusal surface. The protoloph, metaloph
and posteroloph on P4-M3 are connected lingually.
The occlusal outlines of P4 are oval; the ridge pattern is
represented by connected anteroloph, protoloph, metaloph,
posteroloph, precentroloph and occasionally, a rudimentary
postcentroloph. The M1 and M2 have eight to nine ridges: an
isolated or labially confluent with the paracone anteroloph,
protoloph, metaloph, posteroloph, long precentroloph and
postcentroloph, and weak anterotrope and prototrope. The
posterotrope is rare. The metaloph of M2 is bent posteriorly
and oriented obliquely relative to the protoloph. The
protoloph, metaloph and posteroloph are fused lingually.
The sub-oval p4 bears the four main ridges, a diminutive
centrolophid, and a strong posterotropid. The m1-2 has four
main ridges, a long centrolophid, and moderately developed
anterotropid and posterotropid. Some specimens possess an
additional centrotropid. The anterior and posterior valleys
are opened labially.

Comments. The attribution of the species to the genus
Glis is ambiguous, and has been doubted by several authors
(Vianey-Liaud 2004, Lu et al. 2021). Indeed, the species
does not possess the definitive dental features of Glis,
and its assignment to the genus is based primarily on the
characteristic V-shaped cross-section of lophs and lophids,
with extra ridges comparable in width and height to the
main ones (Unay 1989). However, the main ridges of its
upper teeth are often connected and converged lingually,
but not isolated, nor subparallel as in Glis. Additionally,
most M1 and M2 of G. guerbuezi lack the posterotrope,
found in all unambiguous members of the genus, indicating
its phylogenetic affinities with more basal glirid taxa. The
results of the phylogenetic analysis by Lu et al. (2021)
suggest a closer relationship between G. guerbuezi and the
genus Microdyromys than to any of the remaining species
of Glis. Although this hypothesis is the most parsimonious
interpretation of all the available evidence, the species also
lacks several diagnostic features of Microdyromys, such as
an irregular inner wall and lingually fused anteroloph and
protoloph in M1-2, which, in turn, make the attribution of
G. guerbuezi to Microdyromys dubious. Therefore, here
I conservatively place G. guerbuezi among fat dormice, with
a query, awaiting definitive evidence that will unravel the
phylogenetic placement of the species within the glirids.

Distribution. Middle Oligocene, late Rupelian, early
Arvernian of Turkey (Kocayarma and Kavakdere) (Unay
1989).

Glis transversus UNay, 1994
Text-fig. 3g, h

Type locality. Harami 1, Turkey; Early Miocene, early
Burdigalian, late Agenian ELMA, MN 2.

Characteristics. Small species (the M2 length is 1.07—
1.09 mm). The occlusal surface of cheek teeth is slightly
concave; the ridge pattern is complex, with strong and
long extra ridges, constantly present prototrope of M1-2,
and narrow valleys. In upper molars, the extra ridges are
subparallel and reach the lingual border separately; the
prototrope is the longest extra ridge. The medial wall of the
upper cheek teeth is crenulated. The p4 has two roots.

The P4 is very large, close to the molars in size, and
possesses three roots. There are eight long ridges on the
occlusal surface. The anterotrope and prototrope are isolated.
The anteroloph, postcentroloph and posterotrope are free
at their lingual end. The protoloph and precentroloph are
connected both lingually and labially, as are the metaloph
and posteroloph. The M2 is reminiscent of P4 in the
structure of the occlusal surface, with nine well-developed,
and virtually straight, transversal ridges. The extra ridges are
only slightly weaker than the main ones. The p4, as the upper
premolar, is molariform and large. The trapezoidal occlusal
surface bears eleven ridges, including four main ridges, the
centrolophid, metatropid, centrotropid, posterotropid, and
up to two ridges in the anterior valley. The m3 crown is more
nearly triangular, as seen occlusally. It has twelve ridges: the
lingually joined anterolophid, metalophid and centrolophid;
and isolated mesolophid and posterolophid with somewhat
shortened extra ridges between them. The centrolophid is
also short. The anterior and posterior valleys possess two
anterotropids and posterotropids respectively.

Distribution. The species is represented by seven
specimens from the type locality Harami 1, Turkey (Unay
1994).

Glis complicatus DE BRULIN, 1998
Text-fig. 31,

Type locality. Oberdorf 4, Austria; Early Miocene, late
Burdigalian, middle Orleanian ELMA, MN 4.

Emended diagnosis. Medium-sized species, similar to
G. minor in dimensions and cheek teeth morphology. Differs
from G. minor in having a postcentroloph in all M1-2 and
most P4. Further differs from G. apertus in being larger and
having labially isolated protoloph and precentroloph, as well
as a well-developed prototrope of M1-2, and non-confluent
mesolophid and posterolophid of m1-2 and m3.

Characteristics. Size medium, the M2 length is
1.47-1.53 mm. The P4 is two-rooted, with lingually
isolated protoloph and metaloph, constantly present
precentroloph, frequent postcentroloph, and occasional
antero- and posterotrope. The protoloph and metaloph are
isolated in M1-2; the pre- and postcentroloph, antero- and
posterotrope are invariably present; most specimens show
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a short prototrope. The molariform p4 has four isolated
main ridges, solitary centrolophid, as well as the antero-
and posterotropid. The m1 and m2 are similar in occlusal
pattern; the four main ridges are isolated labially; there are
somewhat weaker centrolophid and posterotropid. In one of
the two m3s, the mesolophid is lingually confluent with the
posterolophid, and the posterotropid ends free lingually.

Comments. Rich Early Miocene small mammal
communities of Oberdorf 3 and Oberdorf 4 fossil localities
in Western Styrian Basin, Austria (Daxner-Hock 1998),
yielded twenty-one isolated cheek teeth of a member of
the genus Glis, morphologically similar to G. minor. Based
on these specimens, de Bruijn (1998) described a new
subspecies of G. minor, G. m. complicatus, noting that (de
Bruijn 1998: 110) “The material from Oberdorf occupies an
intermediate position between G. apertus and G. minor in
many respects, but is closer to minor”.

In my opinion, G. complicatus differs so markedly from
G. minor that it seems necessary to regard it as a full species.
Although it resembles G. minor more nearly than any of the
other species, it differs from it by the presence of the posterior
centroloph in all M1-2 and in most P4. The morphological
disparity between the taxa is further accentuated by an
approximately 5.5 My gap separating G. complicatus and
the oldest undoubted record of G. minor.

Distribution. Known from the type locality Oberdorf 4
and Oberdorf 3 (de Bruijn 1998).

Glis mihevci AGUILAR et MICHAUX, 2011
Text-fig. 3k, |

Synonyms. Glis percoi AGUILAR et MICHAUX, 2011.

Type locality. Velika PireSica, Slovenia; Pleistocene
(either Middle or Late), late Biharian — Toringian ELMA,
MQ 1-2.

Characteristics. Large-sized Glis, slightly smaller
than living G. glis (M2 length is 1.88-2.11 mm). Cheek
teeth are morphologically indistinguishable from those of
G. glis, but have lingually confluent protoloph, metaloph
and posteroloph in about a half of M1 and M2.

Comments. Aguilar and Michaux (2011) described two
new species of the genus Glis based on abundant materials
(more than one thousand specimens) from the Pleistocene
karstic localities Velika Piresica, Crni Kal Quarry, SeZana
and Bestazovca in central and southwestern Slovenia. The
two species, G. mihevci and G. percoi, are very similar in
size and dental morphology; the only distinction between
the taxa reported by the authors is a slightly smaller size of
G. percoi. The taxa are considered here as conspecific, and
the senior synonym of the two, based on page priority, is
G. mihevci.

Distribution. Pleistocene of Velika Piresica, Crni Kal

2,4, Sezana, and BestaZovca localities, all Slovenia (Aguilar
et al. 1998, 2001, Aguilar and Michaux 2011).
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The origin and evolutionary history
of the genus Glis

Origin

Fat dormice have traditionally been viewed as a European
group. That view has been questioned by findings stemming
from the growing Anatolian and Greek late Paleogene
and early Neogene records that reveal supposedly the
oldest representatives of the genus, a mouse-sized “Glis”
guerbuezi from the middle Oligocene, some 30 Ma, of
Turkey (Unay 1989). The basal phylogenetic position
of “G.” guerbuezi is congruent with recent molecular
divergence dates that estimate the modern Glirinae genera
Glis and Glirulus to have diverged from each other around
25-29.5 Ma (Montgelard et al. 2003, Nunome et al. 2007).
The exact ancestry of the genus remains controversial.
Certain attempts to decipher the origin of Glis are hampered
by the incomplete nature of the available fossil data and the
lack of adequately preserved cranial remains. The glirines
are united by several morphological characters, such as
transverse Hunter-Schreger bands in the portio interna of
the enamel in lower molars, the lower incisors with a thick
prism-free outer layer of the portio externa, a short lateral
pterygoid process, reduced pterygoid fossa, and a non-
perforated angular process (von Koenigswald 1995a, Storch
1995). Despite providing a morphological characteristic of
the subfamily, these conditions are certainly plesiomorphic,
hence cannot be considered phylogenetically informative.

The origin of Glis is most often sought among the
Paleogene early glirid genus Gliravus, a cluster of three to
ten species of primitive glirids known from the Eocene and
Oligocene of western Europe (Mayr 1979, Daams 1981).
Daams and de Bruijn (1995a) placed Gliravus as a common
ancestor of several fossil and extant dormouse genera,
including Glirudinus, Muscardinus and Glis. Other workers
viewed the origin of Glis from the Oligocene Bransatoglis
and Paraglis (Chaline and Mein 1979). A third alternative
hypothesis has been recently proposed by Freudenthal and
Martin-Suarez (2013). The authors restricted the extinct
Glis to include only the late Neogene and Pleistocene taxa
deriving from the Oligo-Miocene species of Microdyromys.
This view was partially supported by the results of the
most recent and only phylogeny of extinct glirines using
numerical methods (Lu et al. 2021), which reconstructed
a paraphyletic Microdyromys in a basal position relative to
aclade containing, among other glirids traditionally arranged
within Glirinae and Bransatoglirinae, the representatives of
Glis.

The dental evidence is rather equivocal in deciphering
the origin of Glis. The problem is further complicated
by an unclear status of the purported earliest member
of the genus, the Oligocene “G.” guerbuezi. In terms of
cranial morphology, however, the living fat dormice retain
a generalized facial skull and mandible, characterized by
a primitively deep, slightly downcurved rostrum, strong
zygomatic arches, and a massive mandible with a deep
body and a well-developed angular process, lacking the
angular foramen. Based on these, the structural ancestor of
Glis can be depicted as a form descended from gliravines.



This would imply, however, that a purported transition
from a protrogomorphous condition, documented for
Gliravinae (Vianey-Liaud 1974), to the myomorphous one
in Glis occurred in the early stages of the evolution of the
genus. Alternatively, the early Glis could retain their cranial
morphology from members of Microdyromys, whose skull,
unfortunately, remains undescribed. This, together with the
lack of cranial data for early members of Glis, represents the
main obstacle in deciphering the origin of the genus.

Evolutionary history

As stated above, the fat dormice fossil record begins
with a small and morphologically generalized form, “G.”
guerbuezi in the middle Oligocene of Turkey (Text-figs
4-6). Besides retaining a suite of dental characters that are
generally considered primitive for the family and similar
to those inferred for the basal glirids, such as the lingual
connection of the protoloph, metaloph and posteroloph on
P4-M3, and convergent protoloph and metaloph on P4-M?2
with well-developed pre- and posterotrope, “G.” guerbuezi
is also characterized by firmly swollen, V-shaped in cross-
section ridges orientated rather transversal relative to the
long axis of the teeth, conditions that are inherited by all
known members of the genus (Text-fig. 3g—h). In this and
various other ways (e.g., small size, rounded P4, well-
developed anterotropid, centrotropid and posterotropid of
the lower molars, as well as relatively early appearance in
the fossil record), “G.” guerbuezi is sufficiently primitive to
be ancestral to all later species of Glis. On the other hand,
the very primitive morphology of “G.” guerbuezi makes its
attribution to the genus doubtful (Vianey-Liaud 2004, Lu
et al. 2021), which, however, is a common problem in the
interpretation of a morphologically generalized, potentially
basal form.

After a long gap spanning approximately 5.5 Ma, Glis
apertus, the first unequivocal representative of the genus,
appeared in the fossil record (Mayr 1979). Although it
is known only by a handful of teeth from a single fossil
site, Weissenburg 6 in Germany, the species possesses
a definitive dental morphology of Glis, with non-confluent
anteroloph, protoloph and metaloph on the upper, and
metalophid, mesolophid and posterolophid on the lower
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molars respectively (Text-fig. 6). Yet, it retains well-
developed extra ridges in the central valley and paracone-
precentroloph connection of P4-M3, a plesiomorphic
condition of basal glirids. When described, the species was
placed as a transitional form between a purported ancestral
glirid (the genus Gliravus) and more advanced species of
Glis (Mayr 1979). Despite the subsequent discovery of
even more primitive “G.” guerbuezi, the Early Miocene
G. apertus is still widely regarded as a transitional species
leading to the living fat dormice.

By the second part of the Early Miocene (late Agenian —
early Orleanian), the genus experienced its maximum
diversity and morphological disparity, and reached its
maximum body size (Text-figs 4—6). During this time
interval, traditionally associated with a long and stable
warm period between the late Oligocene cooling and
mid-Miocene climatic optimum, at least four species of
the genus had emerged: G. complicatus, G. galitopouli,
G. major and G. transversus (de Bruijn and Riimke 1974,
van der Meulen and de Bruijn 1982, Unay 1994, de Bruijn
1998). The high diversity of Early Miocene Glis further
supports the view that the Early Miocene was a time of
diversification for the genus rather than a time of origin.
The rapid diversification of the Early Miocene Glis is also
reflected by the increasing geographical distribution of the
genus. Its representatives are reported from western Asia,
southeastern and central Europe, and even the central
Mediterranean region (de Bruijn and Riimke 1974). In the
Early Miocene Sardinia, the stem Glis experienced insular
gigantism and evolved into G. major, the largest known
species, about 15 % to 20 % larger than the living edible
dormouse and almost twice the size of contemporancous
members of the genus (Text-fig. 6). Apart from the large
size and somewhat too molariform p4, G. major possesses
a dental pattern seen in geologically younger taxa (Text-fig.
2). In contrast, two other Early Miocene species are known
from southern Europe, G. transversus and G. galitopouli,
reveal an unusual combination of primitive features, such as
the retention of extra ridges, labially connected protolophs,
metalophs and posterolophs, as well as lingually connected
precentrolophs and postcentrolophs in upper cheek teeth,
and remarkably advanced traits (van der Meulen and de
Bruijn 1982, Unay 1994). Both species possess very long,
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Text-fig. 5. Geographic distribution of fossil Glis.

transversal anterotrope, prototrope, posterotrope, pre- and
postcentrolophs, anterotropid, centrolophid, centrotropid
and posterotropid, exceeding in these respects all other
members of the genus. Such a morphology indicates
G. transversus and G. galitopouli to be early offshoots of the
stem Glis, too specialized to be considered ancestral to any
later taxa (Text-fig. 6).

The early Late Miocene fossil record of Austria, the Czech
Republic and Hungary documents the first occurrence of
G. minor (Daxner-Hock 2005, Daxner-Hock and Hock 2009,
2015). The specimens, albeit somewhat smaller, demonstrate
a rather derived morphology seen in typical representatives
of G. minor. The species was a rather successful glirid, and
persisted into the earliest Pleistocene. As such, G. minor
represents the longest-lived dormouse, spanning around
eight million years (Text-fig. 4, 6). The latest Miocene
materials of G. minor from Greece (Daxner-Hock 1995)
predates the Pliocene flourishing of the species, whose
descendants dispersed westwards and eastwards across most
of Europe (Text-fig. 5). The second Late Miocene species,
G. vallesiensis, is close to G. minor, and despite some
morphological and size differences, could be conspecific
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with this species. Outside of the early Late Miocene
Spain, G. vallesiensis is known from several localities in
central and eastern Europe (Kowalski 1967, Agusti 1981,
Bolliger and Rummel 1994, Nesin and Kowalski 1997, Hir
and Kokay 2010). The late Neogene Glis, although well
documented by numerous findings in some local faunas,
maintain a relatively low diversity, never having more than
two co-occurring species in any biochron (Text-figs 4-6).
This apparent difference with the Early Miocene members
of the genus probably reflects the fact that the late Neogene
forms were largely restricted to a rather specialized forest-
dwelling lifestyle of the living species, while a diversity of
Early Miocene taxa filled a variety of ecological niches.
The Plio-Pleistocene history of the genus Glis is
associated with what is believed to be a single phylogenetic
lineage, deriving from G. minor and leading to G. glis
and G. persicus. Alongside a gradual increase in size, the
morphological evolution within the lineage is evidenced
by a tendency towards more heavily built, straightened and
transversal lophs on flattened occlusal surfaces, weaker
anterotrope and rudimentary accessory ridges, including
prototrope, centrotrope and postcentroloph (Text-fig. 6).
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Text-fig. 6. Temporally-calibrated size and morphology variation of M2 and m2 (m1 in case of G. major) in selected species of Glis.

Dashed lines indicate implied phylogenetic relationships.

Through a transitional G. sackdillingensis, known from the
Middle Pliocene, the extant species emerged in the Early
or Middle Pleistocene. By the middle Early Pleistocene
time, the recent species G. glis had presumably appeared in
Greece and Bulgaria (Koliadimou and Koufos 1995, Popov
2018), and by the Middle Pleistocene in Austria, Bulgaria,
the Czech Republic, Germany, Hungary, Poland and
Romania (Kowalski 2001). Thus, the south European record
seems to predate the central European ones, suggesting a
northwestward dispersal of this form (Text-fig. 5). These
conclusions about the palacobiogeographic history of edible
dormouse should be treated cautiously, considering that
precise relationships among the extant Glis species and its
predecessors, such as G. sackdillingensis, are not firmly
established, and further studies focused on the relationships
within the genus will likely alter and refine the current
palaeobiogeographic conclusions.
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