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A fos sil as sem blage of dor mice (Rodentia: Gliridae) was un cov ered at the (Lower?) Villafranchian site of Wê¿e 2 in south ern
Po land. Based on morphometric cri te ria, the di ag nos tic M1 and m1 spec i mens are as sign able to Glis mi nor and Glis
sackdillingensis, two spe cies which dif fer only in the di men sions of their cheek teeth. The pres ence of dor mice at Wê¿e 2 im -
plies that the fos sil as sem blage of this site rep re sents an at least partly wooded en vi ron ment. The enamel struc ture in the
glirids from Wê¿e 2 is formed pre dom i nantly by ra dial enamel. A thin layer of lamellar enamel, oc cur ring close to the
enamel-dentine junc tion, may be pres ent. Such a type of enamel struc ture is typ i cal of the Myomorpha, the clade of ro dents
en com pass ing the Muroidea (the mouse-like ro dents) and Gliridae.
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INTRODUCTION

This pa per de scribes the fos sil as sem blage of dor mice
(Rodentia: Gliridae) un cov ered at the Villafranchian (MN 16b?)
site of Wê¿e 2 in south ern Po land. Al though the site has been
known since the early 1960s (Sulimski, 1962), much of the fos sil
ma te rial col lected still awaits a sys tem atic de scrip tion. This study
is part of a larger pro ject in tended to pro vide a com pre hen sive re -
port on the ro dent fauna of Wê¿e 2. The data pro vided will con -
trib ute to cur rent knowl edge on the palaeobiogeography, palaeo -
ec ol ogy and evo lu tion of par tic u lar taxa.

The Gliridae (dor mice) are an an cient fam ily of om niv o rous
Old World ro dents. They first ap peared in the Eocene and un -
der went a ma jor ra di a tion dur ing the Mio cene. None the less, at
the end of the Mio cene sev eral phyletic lin eages be came ex -
tinct, which re sulted in the mod ern gen era be ing rather dis tantly
re lated (Nadachowski, 1989; Daoud, 1993; Rose, 2006; Kurtén, 
2007). The old est glirid fos sils from Po land are prob a bly the
Glirudinus sp. re mains from the MN 5–6 (Lower Mio cene) of
Be³chatów (Kowalski, 1990).

Mod ern dor mice are mostly as so ci ated with var i ous kinds of 
ar bo real and shrubby hab i tats, and gen er ally are ca pa ble climb -
ers, nest ing in tree hol lows or among branches. Caves are also
some times in hab ited and used as hi ber na cu la, and ar eas with
caves may be pre ferred by some spe cies (Nadachowski, 1989;

Kurtén, 2007; Kryštufek, 2010). It has been sug gested that fos -
sil dor mice dis played greater eco log i cal di ver sity than the sur -
viv ing taxa (Nadachowski, 1989). Among re cent gen era,
Eliomys dif fers from the typ i cal Gliridae as it is known to thrive in 
open rocky en vi ron ments and semi-desert ar eas of North ern
Af rica (Daoud, 1993; Amori et al., 2008).

There are nine ex tant gen era of glirids com pris ing 29 spe -
cies and grouped into three subfamilies (Holden, 2005). The
Glis ge nus is to day rep re sented by the fat dor mouse, G. glis.
This spe cies, as well as Glirulus japonicus (the Jap a nese dor -
mouse) be long to the Glirinae subfamily, which is thought to
have orig i nated in the Oligocene (Holden, 2005; Kurtén, 2007;
Holden and Le vine, 2009). The evo lu tion ary lin eage G. mi nor–
G. sackdillingensis– G. glis is com monly in ferred from the fos sil
re cord (Nadachowski, 1989; Daoud, 1993; Siori et al., 2014;
Striczky and Pazonyi, 2014). Here I re port the pres ence of
G.m inor and G. sackdillingensis at the Villafranchian (MN16?)
site of Wê¿e 2 in south ern Po land. Both spe cies are con sid ered 
to be as so ci ated with ar bo real en vi ron ments (de Bruijn, 1998;
Popov, 2004; Hellmund and Ziegler, 2012; Siori et al., 2014;
Striczky and Pazonyi, 2014; Colombero et al., 2017).

GEOLOGICAL SETTING

Wê¿e 2 is a Villafranchian site sit u ated on the NW slope of
Zelce Hill (51°06’00”N 18°47’30”E; 228 m a.s.l.) in the Wieluñ
Up land, near the vil lage of Wê¿e, in the vi cin ity of the town of
Dzia³oszyn, in Pajêczno County, south ern Po land (Fig. 1). The
site com prises a ver ti cal karst crev ice etched in Up per Ju ras sic
(Oxfordian) lime stone and infilled with fossiliferous sed i ment of
terra rossa type. The crev ice it self is a part of a larger karst cave 
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sys tem of the hill (Sulimski, 1962; Stefaniak, 1995; Stefaniak et
al., 2020) and is lo cated ~150–200 m north from the better
known Wê¿e 1 site, which has been dated as MN 15 (e.g.,
Sulimski, 1964; Fostowicz-Frelik, 2007).

The Wê¿e 2 site (ab bre vi ated as W2) was dis cov ered and
ini tially ex plored be tween 1958 and 1961 by Sulimski, who de -
tected an abun dant fos sil ver te brate fauna dom i nated by small
mam mal re mains, whereas the large mam mal fos sils were rare
and highly frag mented (Sulimski, 1962; Stefaniak et al., 2020).
The terra rossa de pos its (~3.5 t in to tal) were col lected dur ing
field work or ga nized by the De part ment of Paleozoology (now:
In sti tute of Paleobiology) PAS in War saw and the De part ment
of Paleozoology of Wroc³aw Uni ver sity (Sulimski, 1962).

So far, the fos sil re mains have been de scribed only in part,
more de tailed stud ies con cern ing cervids (Stefaniak, 1995;
Stefaniak et al., 2020), rhi noc er oses and elephantids
(Stefaniak et al., 2020), and lagomorphs (Fostowicz-Frelik,
2007). The pres ence of di verse ro dent and lipotyphlan fau nas
was men tioned (Sulimski, 1962; Nadachowski, 1989;
Rzebik-Kowalska, 1989), but these were not stud ied in de tail.

The ac com pa ny ing, gen er ally scarce rep til ian re mains in cluded 
Lacerta sp., Anguis cf. fragilis, Ophisaurus pannonicus, Tes -
tudo sp. and Emys wermuthi, while am phib i ans were rep re -
sented by rare and frag mented long bones of Rana sp.
(Sulimski, 1962). The Wê¿e 2 fos sil as sem blage is cur rently
dated to the Late Plio cene (Lower Villafranchian) MN 16b zone
(2.9–2.6 Ma) based on its fau nal com po si tion com pared to the
nearby site of Rêbielice Królewskie 1 (Sulimski, 1962, 1964;
Stefaniak, 1995; Stefaniak et al., 2020).

MATERIAL AND METHODS

The Glis ma te rial con sists of iso lated teeth and one man di -
ble frag ment with m1–m2 in situ (Fig. 2). All den tal loci are rep -
re sented in the sam ple, al though the most nu mer ous are
m1/M1 and m2/M2, whereas m3/M3 and p4/P4 are
underrepresented in the sam ple (see Ta ble 1). The bias re sults
most prob a bly from the size fac tor, the pre mol ars and the ul ti -
mate mo lars be ing the small est teeth in the den tal row, and thus 
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Fig. 1. Lo ca tion of Wê¿e 2 and other sites men tioned in Ta ble 2, the Wê¿e 2 area high lighted

1 – Oberdorf, Kohfidisch; 2 – Richardhof; 3 – Rudabánya, Osztramos, Kövesvárad, Tarkõ, Uppony Rock Shel ter 1; 4 – Moncucco Torinese; 5 
– Ma³a Cave, Raciszyn 1, Wê¿e 1, Wê¿e 2; 6 – Komanos 1, Notio 1; 7 – Pañska Góra, Podlesice, Rêbielice Królewskie, Kamyk, Kielniki,
¯abia Cave; 8 – Wölfersheim; 9 – Mont HélÀne; 10 – Moreda; 11 – Muselievo; 12 – Sondershausen; 13 – Vitošov; 14 – Grand Serre; 15 –
Hambach; 16 – Mas Rambault; 17 – Tourkovounia 1; 18 – Csarnóta, Somssich Hill 2, Beremend 14, Villány-Kalkberg-Nord; 19 – Kaiafas; 20
– Les Valerots; 21 – Monte la Mesa; 22 – Betfia; 23 – Kadzielnia, Kozi Grzbiet; 24 – Monte Argentario; 25 – Razvodje, Podumci; 26 –
Schernfeld; 27 – Untermassfeld; 28 – Chlum; 29 – Sackdillinger Cave; 30 – Trlica
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Fig. 2. Glis ex gr. mi nor-sackdillingensis from Wê¿e 2

A, C, D, E, G, H – G. ex gr. mi nor-sackdillingensis; B, F, J – G. mi nor; I – G. sackdillingensis; A – P4, B – M1, C – M2, D – M3, 
E – p4, F – m1, G – m2, H – m3, I – m1, J – left man di ble with m1 and m2; all in occlusal view



eas ier to over look dur ing col lect ing and prep a ra tion. The mor -
phol ogy of the teeth is typ i cal of Glis teeth de scribed from co -
eval lo cal i ties in Po land (Kowalski, 1960b, 1963; Daoud, 1993).

The re mains were re cov ered from the bone brec cia site of
Wê¿e 2 by hand pick ing. Some larger por tions of more cal ci fied
sed i ment were dis solved us ing ace tic acid and then the res i due
was sifted. The spec i mens were ex am ined, mea sured and pho -
to graphed with the Keyence VHX 900-F Dig i tal Mi cro scope
Sys tem.

The glirid den tal ter mi nol ogy fol lows Striczky and Pazonyi
(2014) and is il lus trated in Fig ure 3. The enamel microstructure
of the cheek teeth was made vis i ble us ing the method de -
scribed in Fostowicz-Frelik et al. (2012). It was then stud ied un -
der SEM (Philips XL20 at the In sti tute of Paleobiology PAS).
The ma te rial is housed in the col lec tion of the In sti tute of
Paleobiology PAS (ab bre vi ated ZPAL).

SYSTEMATIC PALAEONTOLOGY

Or der Rodentia Bowdich, 1821
Fam ily Gliridae Muirhead, 1819

Subfamily Glirinae Thomas, 1897
Ge nus Glis Brisson, 1762

Glis sackdillingensis (Heller, 1930)
Glis mi nor Kowalski, 1956

MATERIAL

Glis sackdillingensis, iso lated teeth: 6 m1 (ZPAL M.VIII/b/
G2/1–6).

Glis mi nor, iso lated teeth: 61 m1 (ZPAL M.VIII/b/G1/
16–76), 62 M1 (ZPAL M.VIII/b/G1/77–138); a frag ment of the
left man di ble with m1–m2 in situ (ZPAL M.VIII/b/G1/1).

Glis ex gr. sackdillingensis-mi nor, iso lated teeth: 6 p4
(ZPAL M.VIII/b/G1/2–7), 8 P4 (ZPAL M.VIII/b/G1/8–15), 48 m2
(ZPAL M.VIII/b/G1/139–186), 29 M2 (ZPAL M.VIII/b/G1/
187–215), 11 m3 (ZPAL M.VIII/b/G1/216–226) and 4 M3
(ZPAL M.VIII/b/G1/227–230).
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T a  b l e  1

Iso lated teeth of Gliridae from Wê¿e 2 – ma te rial and mea sure ments

Fig. 3. Sche matic draw ings of the M1 and m1 occlusal
 sur face of Glis ex gr. mi nor-sackdillingensis 
(af ter Striczky and Pazonyi, 2014, mod i fied)



DESCRIPTION

Glis sackdillingensis
 m1 (Fig. 2F)

A vaguely rect an gu lar, an te ri orly nar rowed tooth. The
anterolophid, the metalophid, the centrolophid, the mesolophid
and the posterolophid are pres ent. The metalophid, the
mesolophid and the posterolophid are clearly curved. Ex tra
ridges may be pres ent (Fig. 3). In W2 the length of the tooth
ranges from 1.65 to 1.84 mm and the width from 1.53 to
1.66 mm (Ta ble 1 and Fig. 4D).

Glis mi nor 
M1 (Fig. 2B)

A squar ish tooth with rounded cor ners. The anteroloph, the
protoloph, the an te rior centroloph, the metaloph and the
posteroloph are pres ent. The anteroloph is clearly rounded. Ex -
tra ridges may be pres ent (Fig. 3). In W2 the length of the tooth
ranges from 1.38 to 1.66 mm, and the width from 1.32 to
1.62 mm (Ta ble 1 and Fig. 4C).

m1 (Fig. 2F)

Mor pho log i cally in dis tin guish able from G. sackdillingensis
(Fig. 3). The anterolophid, the metalophid, the centrolophid, the
mesolophid and the posterolophid are pres ent. The length of
the teeth from W2 ranges from 1.34 to 1.63 mm and the width
from 1.32 to 1.65 mm (Ta ble 1 and Fig. 4D).

Glis ex gr. mi nor-sackdillingensis 
P4 (Fig. 2A)

The out line of the occlusal sur face is roughly oval. The
anteroloph, the protoloph, the metaloph, and the posteroloph
are pres ent. The length of the Wê¿e 2 spec i mens ranges from
0.97 to 1.04 mm, and the width from 1.05 to 1.14 mm (Ta ble 1
and Fig. 4A). These spec i mens, as are all the other non-di ag -
nos tic teeth, are at trib uted to G. ex gr. mi nor-sackdillingensis as 
an ex act spe cific as sign ment is not pos si ble with ad e quate cer -
tainty and both spe cies are pres ent at the site (see Striczky and
Pazonyi, 2014).

M2 (Fig. 2C)

A broad, squar ish tooth with its cor ners slightly rounded.
The anteroloph, the protoloph, the an te rior centroloph, the
metaloph and the posteroloph are pres ent. The length of the
Wê¿e 2 spec i mens ranges from 1.35 to 1.56 mm, and the width
from 1.48 to 1.7 mm (Ta ble 1 and Fig. 4E).

M3 (Fig. 2D)

 It is ap prox i mately tri an gu lar in shape, pos te ri orly nar -
rowed. The anteroloph, the protoloph, the an te rior centroloph,
the metaloph and the posteroloph are pres ent, as well as a re -
sid ual pos te rior centroloph, lo cated pos te rior to the an te rior
centroloph. The length of the M3 spec i mens col lected from
Wê¿e 2 ranges from 1.17 to 1.23 mm and the width from 1.31 to 
1.4 mm (Ta ble 1 and Fig. 4G).

p4 (Fig. 2E)

The shape of the occlusal sur face re sem bles a cir cu lar tri -
an gle. It is also the small est of the teeth (Fig. 4B). The
anterolophid, the metalophid, the mesolophid and the
posterolophid are pres ent. The length of the Wê¿e 2 spec i mens 
ranges from 0.87 to 1.06 mm and the width from 0.89 to
1.02 mm (Ta ble 1 and Fig. 4B).

m2 (Fig. 2G)

A vaguely rect an gu lar tooth, pos te ri orly nar rowed. The
anterolophid, the metalophid, the centrolophid, the mesolophid
and the posterolophid are pres ent. The length of the teeth col -
lected at Wê¿e 2 ranges from 1.4 to 1.63 mm and the width
from 1.4 to 1.64 mm (Ta ble 1 and Fig. 4F). 

m3 (Fig. 2H)

It is sim i lar to m2 but still more nar rowed pos te ri orly. The
anterolophid, the metalophid, the centrolophid, the mesolophid
and the posterolophid are pres ent. The length of the Wê¿e 2
spec i mens ranges from 1.3 to 1.56 mm and the width from 1.3
to 1.45 mm (Ta ble 1 and Fig. 4H).

Pre lim i nary ob ser va tions of the Wê¿e 2 ma te rial show the
ridges at the occlusal sur faces of the cheek teeth in Glis ex gr.
mi nor-sackdillingensis as be ing low and del i cate. The enamel
layer cov er ing the cir cum fer ence of the teeth and the ridges is
rel a tively thin, rang ing from 38 to 93 µm. It is usu ally thick est
along the ridges and at the lin gual and buccal mar gins of the
teeth. Also, its thick ness changes from the root to the crown (in
ver ti cal sec tions, as dem on strated by Koenigswald, 2004). The
most even enamel layer is ob served in p4 (Fig. 6).

REMARKS

In the in ferred G. mi nor–G. sackdillingensis–G. glis lin eage
a gen eral in crease in mo lar di men sions is sup posed to be ob -
served in the fos sil re cord (Kowalski, 1956; Daoud, 1993;
Striczky and Pazonyi, 2014). The cheek teeth of G. mi nor are
mor pho log i cally in dis tin guish able from those of G.
sackdillingensis (Striczky and Pazonyi, 2014). In stead, the two
spe cies ei ther have been ar bi trarily dis tin guished by the size of
their mo lars, or by their sup pos edly com ple men tary strati -
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Fig. 4. Bivariate plots show ing the mea sure ments of Glis teeth from Wê¿e 2



graphic ranges, with geo log i cally older ma te rial be ing rou tinely
as signed to G. mi nor (Ta ble 2). Us ing sta tis ti cal tools, Striczky
and Pazonyi (2014) have es tab lished that in G. mi nor the length 
of m1 is <1.65 mm (Fig. 5) while the width of M1 is <1.7 mm.

DISCUSSION

The ge nus Glis, which rep re sents the Glirinae lin eage of the 
Gliridae fam ily, is con sid ered to have orig i nated in the Mid dle
Oligocene of Anatolia and to be de scended from Gliravus
(Daams and de Bruijn, 1995). Sev eral ex tinct and one ex tant
spe cies (G. glis) are known (Daams and de Bruijn, 1995;
Holden, 2005; Holden and Le vine, 2009; Kryštufek, 2010). The
strati graphic range of the G. mi nor-sackdillingensis com plex
spans from the late Early Mio cene to the late Early Pleis to cene
and both forms are known pre dom i nantly from Cen tral Eu rope,
with clus ters of sites lo cated in Aus tria, Hun gary and Po land
(Ta ble 2 and Fig. 1). G. mi nor was first de scribed by Kowalski
(1956) as G. sackdillingensis mi nor, based on the ma te rial from
Podlesice, as the di men sions of the Podlesice form “are dis -
tinctly smaller than all the cor re spond ing di men sions of spec i -
mens from Ger many, which strongly sug gests its es tab lish ment 
as a sep a rate sub spe cies”. This smaller form was then raised to 
the rank of a spe cies (G. mi nor) by Kretzoi (1959), a de ci sion
which was sup ported by Kowalski (1963).

Two spec i mens of p4 seem sig nif i cantly smaller than the
rest (Fig. 4B) but spec i mens nar rower than 0.95 mm were al -
ready known from Wê¿e 1 (Kowalski, 1963) and
Sondershausen, and the mea sure ments of the Glis teeth from
Wê¿e 1, Wê¿e 2 and Rêbielice Królewskie of ten fall quite close
to the lower end of the typ i cal G. ex gr. sackdillingensis-mi nor
ranges (Hellmund and Ziegler, 2012). Fur ther more, Kowalski,

in his de scrip tion of some fos sil ro dent fauna from Rêbielice
Królewskie, re ported a find ing of a small (0.9 mm long, 0.9 mm
wide) de tached p4 that he clas si fied as cf. Glis sp. and con sid -
ered to pos si bly rep re sent “a thus far un known, very min ute
form of the ge nus Glis Brisson” (Kowalski, 1960b).

G. mi nor is con sid ered to be the im me di ate an ces tor of G.
sackdillingensis which in turn is thought to have evolved into the 
mod ern G. glis (Nadachowski, 1989; Daoud, 1993; Siori et al.,
2014; Striczky and Pazonyi, 2014). The di rect an ces tor of G.
mi nor has not been rec og nized. Al though a syn on ymy be tween
G. sackdillingensis and G. mi nor has been pro posed (de Bruijn
and van der Meulen, 1975), this sug ges tion has not gen er ally
been fol lowed and “com ple men tary strati graphic ranges” have
been cited as an ar gu ment in fa vour of keep ing the spe cific sta -
tus of the al leged smaller form (Popov, 2004). How ever, when
the cri te ria elab o rated by Striczky and Pazonyi (2014) are ap -
plied to the pre vi ously de scribed G. mi nor / G. sackdillingensis
ma te rial, there seems to be lit tle such complementarity (see Ta -
ble 2). At the same time, the sta tis ti cal anal y ses of Striczky and
Pazonyi (2014) seem to sup port the ex is tence of two sep a rate
spe cies, dis tin guish able only by morphometric cri te ria.

So far, the in ci sor enamel of the Glires (ro dents and
lagomorphs) has been stud ied more ex ten sively than that of the 
mo lars. In the case of the Gliridae, Koenigswald (1993) pro -
vided a de tailed study of their in ci sor enamel struc ture only. A
more com pre hen sive study by Koenigswald (2004) pro vided a
sur vey of the mo lar enamel struc ture in both fos sil and ex tant
ro dents, con cern ing three types of schmelzmuster (spa tial or -
ga ni za tion of enamel types) and their dis tri bu tion across the
phylo gen etic tree. The Gliridae are vir tu ally not men tioned
there, apart from Muscardinus and Leithia, a large, in su lar form
from the Pleis to cene of the Med i ter ra nean.
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Fig. 5. Bivariate plots show ing the mea sure ments of G. mi nor and G. sackdillingensis m1 spec i mens from Wê¿e 2 (black cir cles) 
and sev eral cen tral Eu ro pean sites stud ied by Striczky and Pazonyi 2014 (di a mond shapes)

Brown – Somssich Hill 2; yel low – Osztramos 1; or ange – Osztramos 1/E; red – Tarkõ; green – Kövesvárad; vi o let – Uppony Rock
Shel ter 1; blue – Sackdillinger Cave
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No. Lo cal ity Age Spe cies de tected Ref er ences

1.
Oberdorf

(Aus tria)
MN 4 G. mi nor de Bruijn (1998)

2.
Richardhof-Golfplatz

(Aus tria)
MN 9

G. mi nor,

*G. sackdillingensis
Daxner-Höck and Höck

(2009)

3.
Rudabánya

(Hun gary)
MN 9

G. mi nor,

*G. sackdillingensis
Daxner-Höck (2005)

4.
Richardhof-Wald

(Aus tria)
MN 10

G. mi nor

(* = G. sackdillingensis)
Daxner-Höck and Höck

(2009)

5.
Kohfidisch

(Aus tria)
MN 11 G. mi nor Daxner-Höck and Höck

(2009)

6.
Moncucco Torinese

(It aly)

MN 13

(5.41–5.33 Ma)

G. mi nor,

*G. sackdillingensis
Colombero et al. (2014,

2017)

7.
Ma³a Cave

(Po land)
MN 14

G. mi nor,

*G. sackdillingensis

Sulimski et al. (1979);

Nadachowski et al. (1989)

8.
Komanos 1

(Greece)
Late Turolian (?) G. mi nor Hordijk and de Bruijn (2009)

9.
Notio 1

(Greece)
Late Turolian G. mi nor Hordijk and de Bruijn (2009)

10.
Pañska Góra

(Po land)
Early Plio cene

G. mi nor,

*G. sackdillingensis

Bednarczyk (1993);

Daoud (1993)

11.
Wölfersheim

(Ger many)
Early Plio cene G. mi nor Dahlmann (2001)

12.
Podlesice

(Po land)
MN 14

G. mi nor,

*G. sackdillingensis

Kowalski (1956, 1963);

Sulimski et al. (1979);

Daoud (1993)

13.
Mont HélÀne

(France)
Ruscinian

G. sackdillingensis

(* = G. mi nor)
Aguilar et al. (1986)

14.
Moreda

(Spain)
Ruscinian G. sackdillingensis Mar tin-Suarez (1998)

15.
Muselievo

(Bul garia)
MN 15 G. mi nor Popov (2004)

16.
Raciszyn 1

(Po land)
MN 15 (?) G. mi nor

Nadachowski (1989);

Nadachowski et al. (1989)

17.
Sondershausen

(Ger many)
MN 15

G. mi nor,

*G. sackdillingensis
Hellmund and Ziegler (2012)

18.
Wê¿e 1

(Po land)
MN 15

G. mi nor,

*G. sackdillingensis

Sulimski (1964);

Daoud (1993);

Stefaniak et al. (2020);

19.
Vitošov

(Czechia)
MN 15/16

G. mi nor

(* = G. sackdillingensis)
Èermák et. al. (2016)

20.
Grand Serre

(France)
Late Plio cene G. sackdillingensis Aguilar et al. (1993)

21.
Hambach

(Ger many)
Late Plio cene

G. mi nor

(* = G. sackdillingensis)
Mörs et al. (1998)

22.
Mas Rambault

(France)
Late Plio cene G. sackdillingensis Aguilar et al. (2002)

23.
Rêbielice Królewskie

(Po land)
MN 16

G. mi nor,

*G. sackdillingensis

Kowalski (1963);

Daoud (1993);

Stefaniak et al. (2020)

24.
Tourkovounia 1

(Greece)
MN 16 (?) G. sackdillingensis Koufos (2001)

25.
Wê¿e 2

(Po land)
MN 16?

G. mi nor,

G. sackdillingensis

Sulimski (1962);

Stefaniak et al. (2020);

26.
Csarnóta

(Hungary)
Late Plio cene/Early Pleis to -

cene (?) G. mi nor
Kretzoi (1959);

Jánossy (1986)

27.
Kamyk

(Po land)
Late Plio cene/Early Pleis to -

cene
*G. mi nor,

G. sackdillingensis

Kowalski (1960a, 1963);

Daoud (1993)

T a  b l e  2

Oc cur rences of Glis ex gr. mi nor-sackdillingensis
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28.
Osztramos 1

(Hun gary)

Late Plio cene/Early Pleis to -

cene

G. mi nor,

G. sackdillingensis

Jánossy (1986);

Striczky and Pazonyi (2014)

29.
Osztramos 1/E

(Hun gary)
Late Plio cene/Early Pleis to -

cene
G. mi nor,

G. sackdillingensis
Striczky and Pazonyi (2014)

30.
Osztramos 7

(Hun gary)
Late Plio cene/Early Pleis to -

cene (?) G. mi nor Jánossy (1986)

31.
Osztramos 9

(Hun gary)
Late Plio cene/Early Pleis to -

cene G. mi nor Striczky and Pazonyi (2014)

32.
Kaiafas

(Greece)
MNQ 19 (?) G. sackdillingensis Koufos (2001)

33.
Les Valerots

(France)
Early Biharian G. mi nor Chaline (1972)

34.
Monte la Mesa

(It aly)
Early Biharian G. sackdillingensis Marchetti et al. (2000)

35.
Betfia

(Ro ma nia)
Biharian

(?) G. cf. mi nor,

(?) G. sackdillingensis
Terzea (1996)

36.
Beremend 14

(Hun gary)
Early Pleis to cene

G. mi nor,

*G. sackdillingensis
Pazonyi et al. (2016)

37.
Kadzielnia

(Po land)
Early Pleis to cene

*G. mi nor,

G. sackdillingensis

Daoud (1993);

Ur ban et al. (2019)

38.
Kielniki 3A

(Po land)

Early Pleis to cene

(Early Biharian)
(?) G. sackdillingensis

Nadachowski (1989);

Nadachowski et al. (1989)

39.
Kielniki 1

(Po land)

Early Pleis to cene

(Late Biharian)

G. sackdillingensis

(*= G. mi nor)

Nadachowski (1989);

Nadachowski et al. (1989);

Daoud (1993)

40.
Monte Argentario

(It aly)
Early Pleis to cene (?) G. sackdillingensis Siori et al. (2014)

41.
Osztramos 3

(Hun gary)
Early Pleis to cene (?) G. sackdillingensis Jánossy (1986)

42.
Osztramos 14

(Hun gary)
Early Pleis to cene (?) G. sackdillingensis Jánossy (1986)

43.
Razvodje

(Croatia)
Early Pleis to cene (?) G. sackdillingensis Paunovic and Rabeder

(1996)

44.
Schernfeld

(Ger many)
Early Pleis to cene

*G. mi nor,

G. sackdillingensis
Dehm (1962)

45.
Untermassfeld

(Ger many)
Early Pleis to cene G. sackdillingensis Maul (2001)

46. Villány-Kalkberg-Nord 
(Hun gary) Early Pleis to cene (?) G. sackdillingensis Jánossy (1986)

47.
¯abia Cave

(Po land)
Early Pleis to cene (?) G. sackdillingensis

Stefaniak et al. (2009);

Nadachowski et al. (2011)

48.
Somssich Hill 2

(Hun gary)
Late Early Pleis to cene

G. mi nor,

G. sackdillingensis
Striczky and Pazonyi (2014)

49.
Chlum 4

(Czechia)
Early/Mid dle Pleis to cene (?) G. sackdillingensis Horáèek et al. (2016)

50.
Kozi Grzbiet

(Po land)
Early/Mid dle Pleis to cene

G. mi nor*,

G. sackdillingensis

Nadachowski (1989);

Nadachowski et al. (1989);

Daoud (1993)

51.
Podumci

(Croatia)
Early Mid dle Pleis to cene G. sackdillingensis Malez and Rabeder (1984)

52.
Sackdillinger Cave

(Ger many)
Early Mid dle Pleis to cene G. sackdillingensis

Heller (1930);

Striczky and Pazonyi (2014)

53.
Trlica

(Montenegro)
Early Mid dle Pleis to cene (?) G. sackdillingensis Agadzhanian et al. (2017)

54.
Kövesvárad

(Hun gary)
Mid dle Pleis to cene

G. mi nor,

G. sackdillingensis
Striczky and Pazonyi (2014)

55.
Tarkõ

(Hun gary)
Mid dle Pleis to cene

G. mi nor,

G. sackdillingensis

Jánossy (1986);

Striczky and Pazonyi (2014)

56. Uppony Rock Shel ter 1 
(Hun gary) Mid dle Pleis to cene

G. mi nor,

G. sackdillingensis

Jánossy (1986)

Striczky and Pazonyi (2014)

* – re vised ac cord ing to the cri te ria given by Striczky and Pazonyi (2014); (?) – mea sure ments of di ag nos tic teeth not pro vided

Tab. 2 cont.



The ob ser va tions per formed for the pur pose of this study
show that the enamel struc ture is sim ple and sim i lar along the
whole tooth per im e ter. It is formed pre dom i nantly of ra dial
enamel. A thin layer of lamellar enamel, oc cur ring close to the
enamel-dentine junc tion (EDJ), may be pres ent (Fig. 6). The
lamellar enamel forms a struc ture known as the basal ring of
lamellar enamel (BRLE). Such a type of schmelzmuster, where
ra dial and lamellar enamel co-oc cur, was rec og nized as the
C-type (Koenigswald, 2004). Gen er ally, it is typ i cal of the
Myomorpha, the spe cies-rich clade of ro dents en com pass ing
the Muroidea (the mouse-like ro dents) and Gliridae
(Koenigswald, 2004; see also Nowakowski et al., 2018).

CONCLUSIONS

At the Villafranchian site of Wê¿e 2 the ge nus Glis is rep re -
sented by over 200 iso lated teeth and a par tially pre served
man di ble. The ma te rial be longs to G. mi nor and G. sack -
dillingensis, two spe cies that dif fer only in the di men sions of
their cheek teeth. Based on the morphometric cri te ria elab o -
rated by Striczky and Pazonyi (2014), the man di ble, all 62 iso -
lated M1 spec i mens, as well as 61 m1 spec i mens, are as signed 
to Glis mi nor, while 6 m1 spec i mens are as signed to Glis

sackdillingensis. The re main ing ma te rial is as signed to G. ex gr. 
sackdillingensis-mi nor, due to the lack of clear morphometric or
mor pho log i cal cri te ria per mit ting their at tri bu tion to one of the
spe cies with suf fi cient cer tainty. The pres ence of the dor mouse
ge nus Glis sug gests that the fos sil as sem blage of Wê¿e 2 rep -
re sents at least a partly ar bo real en vi ron ment.

The tra di tional two-spe cies par a digm for G. ex gr. mi -
nor-sackdillingensis is main tained in this study as the sta tis ti cal
anal y sis per formed by Striczky and Pazonyi (2014) on the Glis
ma te rial col lected at sev eral cen tral Eu ro pean sites seems to
sup port it. How ever, ap ply ing the cri te ria elab o rated through
that anal y sis to the pre vi ously de scribed G. mi nor/G. sack -
dillingensis ma te rial also shows these two spe cies as hav ing al -
most par al lel strati graphic ranges and not in fre quently co ex ist -
ing at the same site, which was pre vi ously not thought to be the
case. A more com pre hen sive sta tis ti cal anal y sis may be
needed to con firm or dis prove the ex is tence of two sep a rate
spe cies, as op posed to one spe cies, G. sackdillingensis, which
dis plays some intraspecific vari abil ity of morphometric traits
and a gen eral evo lu tion ary ten dency to in crease in size.

It is also pos si ble that fur ther stud ies of enamel struc tures
are go ing to pro vide some ad di tional means of dis tin guish ing
these spe cies as dif fer ences in diet and life style may have led to 
dif fer ences in enamel struc ture. Pre lim i nary ob ser va tions of the
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Fig. 6. Enamel struc ture of some Glis teeth from Wê¿e 2 in cross sec tion

 A–D – p4: A – gen eral view, B – anterolophid, C – protoconid, D – posterolophid; E – enamel struc ture of the posterolophid
of m1 show ing a BRLE (basal ring of lamellar enamel) near the base of the crown; EDJ – enamel-dentine junc tion



enamel of the dor mice from Wê¿e 2 show that the struc ture typ i -
cal of the Myomorpha is dis cern ible, formed pre dom i nantly by
ra dial enamel, with a thin layer of lamellar enamel oc cur ring
close to the enamel-dentine junc tion.
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