
INTRODUCTION

Fossil rodents are rare in the Tertiary mammal
bearing deposits of Italy. The few Paleogene sites did
not yield any rodent remains and only one among the
Neogene micromammalian assemblages is older than
Late Miocene (KOTSAKIS et alii, 1997). Abundant
rodent faunas are known from the Middle Pleistocene
and younger deposits. Our knowledge of the Gliridae
follows more or less the same pattern.

EARLY MIOCENE OF SARDINIA

The oldest glirids of Italy are known from the
Early Miocene lacustrine deposits of the Oschiri
basin (N Sardinia) where they occur associated with
ctenodactylids and insectivores (DE BRUIJN &
RÜMKE, 1974). The species poverty of the associa-
tion, the endemic character of its components and

the gigantism of some ctenodactylids and of Glis
indicate insular conditions. The different biogeo-
graphical origin of the taxa, ctenodactylids probably
from Asia through a Mesogean way (like that
hypothesized by GINSBURG & ANTUNES (1979) for a
more recent moment of the Miocene) and the
remaining fauna from Europe, suggests that the
respective ancestors arrived at different times (ESU

& KOTSAKIS, 1985). The glirids are represented by
three endemic species (DE BRUIJN & RÜMKE, 1974;
DAAMS, 1981): Peridyromys aff. P. murinus (POMEL,
1853), Microdyromys aff. M. koenigswaldi DE BRUI-
JN, 1966 and Glis major DE BRUIJN, 1974. The first
two species are morphologically similar but some-
what larger than their respective relatives from the
European mainland. All three above mentioned gen-
era are known from Early Miocene deposits of West-
ern and Central Europe, which is supposed to be the
area of origin of the endemic Sardinian species
(DAAMS & DE BRUIJN, 1995).
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LATE MIOCENE

In Italy four different biogeographical areas are
recognized in the Late Miocene for the continental
vertebrate faunas (KOTSAKIS et alii, 1997; TORRE et
alii, 2000): 

1) Romagna - Piedmont
2) Southern Tuscany - Sardinia
3) Abruzzo - Gargano
4) Sicily - Calabria

The late Turolian lacustrine deposits of Gravitel-
li in North-eastern Sicily yielded large mammals
only, and will therefore not be discussed here. The
mammalian fauna collected in the marine Clypeast-
er-bearing sands of Cessaniti (Calabria) also contains
large mammals only. TORRE et alli (2000) suggest an
African origin for both faunas.

The Late Turolian (late MN 13) fissure fillings of
Brisighella in Romagna contain numerous rodents,
but only one glirid, Myomimus sp. (DE GIULI, 1989).
Another glirid of the same age (MN 13), Muscardi-
nus sp., is reported from Ciabòt  Cagna (Piedmont),
collected with some other species of microvertebrates
in oligohaline Messinian deposits (CAVALLO et alii,
1994).

In South Tuscany (Baccinello, Casteani, Monte-
bamboli etc. from the Maremma area) the fossil
remains come from four different fluvio-lacustrine
levels (V0, V1, V2 and V3). The first three levels con-
tain mainly endemic mammals. The presumed
African origin of some large mammals of these lev-
els are questioned by TORRE et alii (2000) but for the
micromammals there is a general agreement about
their European origin. ENGESSER (1989) suggests an
Early Turolian age (MN 11) for level V0, a Middle
Turolian (MN 12) for V1 and a Late Turolian one
(MN 13) for level V2. Two endemic glirids are pres-
ent in level V1 (ENGESSER, 1983): Anthracoglis mari-
noi, ENGESSER, 1983 and a giant unnamed form,
which is represented by one tooth only. A. marinoi is
also present in level V2 of Baccinello, and a new,
unnamed species of Anthracoglis is present in level
V2 of Montebamboli. ENGESSER (1983) suggests that
the ancestors of Anthracoglis and of the unnamed
giant form are Microdyromys and Peridyromys
respectively. DAAMS & DE BRUIJN (1995) indicate
Dryomys as a possible ancestor of Anthracoglis. The
possibility of phylogenetic relationships between
Peridyromys and the giant unnamed form of Bac-
cinello V1 is rather difficult to accept because Peridy-

romys last occurence is reported in the MN 4 zone
whilst the arrival of the ancestors of the endemic
forms of Baccinello is supposed to be more recent.
ENGESSER (1989) supposes that the immigration(s) of
the ancestors of the two glirids took place during the
Late Aragonian (MN 7/8, Middle Miocene) or earlier
(for the bigger one). BENVENUTI et alii (2001) indi-
cate the Early Tortonian as a possible moment of the
colonisation of the area (or areas) of the Tusco-Sar-
dinian palaeobioprovince by the ancestors of the old-
er wave of immigrants. A similar fauna, correlated
with that of V2 level of Bacinello, has been signalled
in Fiume Santo (Sardinia) by CORDY et al. (1996).
These authors identify a glirid of big size among the
fossils collected in the sands and clays of this locality.

The fauna of level V3 of Baccinello shows conti-
nental European affinities and is thus completely dif-
ferent from the endemic faunas of the older levels
and much more similar to that of N Italy. ROOK &
TORRE (1995) assign a Late Turolian age to this
assemblage. Muscardinus aff. M. vireti HUGUENEY &
MEIN, 1965 is the only dormouse species present
(ENGESSER, 1989).

The Gargano promontory in Apulia yielded
numerous faunas from fissure fillings. These faunas
contain abundant remains of giant erinaceids, lago-
morphs, glirids, cricetitids and murids and dwarf
artiodactyls, typical for an insular environment. Phy-
logenetical reconstructions of erinaceids, cricetids,
murids and ochotonids allow placing the fauna of
each fissure filling in a chronological succession.
There is no agreement on the age of the faunal com-
plex. FREUDENTHAL (1985) suggests a Late Miocene
age, and DE GIULI et alii (1987b) propose an Early
Pliocene age, modified in Late Miocene and/or Late
Pliocene in ABBAZZI et alii (1996). The attribution of
the Apodemus from the Gargano fissures to Apode-
mus gorafensis RUIZ BUSTOS, SESÉ, DABRIO, PEÑA &
PADIAL, 1984  (FREUDENTHAL et alii, 2001), a typical
Ruscinian species (MARTIN SUAREZ & MEIN, 1998),
supports the hypothesis of ABBAZZI et alii (1996). An
Late Miocene – Pliocene age is proposed also by
PARRA et alii (1999). The affinities of the different
mammal species suggest that the Gargano archipela-
go has been colonized in different moments and from
different geographical areas. Hitherto only one glirid
has been described, the giant Stertomys laticrestatus
DAAMS & FREUDENTHAL, 1985 which the authors
(DAAMS & FREUDENTHAL, 1985) consider to be a
descendant of Glis. Other glirids are still under study,
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but several of them are provisionally assigned to
Eliomys (similar to its relatives from the mainland,
and scarcely represented in the faunas) and Peridy-
romys (DE GIULI et alii, 1990). The presence of
Peridyromys in these faunas is improbable because
the genus became extinct in Early Aragonian (MN
4B) (DAAMS, 1981; DAAMS & DE BRUIJN, 1995).
Affinities of these glirids from Gargano with
Myomimus seems more probable. 

PLIOCENE AND PLEISTOCENE OF THE
ITALIAN MAINLAND

The Plio-Pleistocene fossiliferous sites of main-
land Italy are assigned to several Faunal Units (F.U.) as
defined in GLIOZZI et alii (1997). Some assemblages
are transfered in this paper to a different F.U. or even
to a different Mammal Age (for a discussion of some
problems of this type and for the composition of the
assemblages see KOTSAKIS et alii, in press).

Hitherto glirids have not been found in the very
few Ruscinian (Early Pliocene) faunas of the Italian
mainland.

In the Early Villanyian (Middle Pliocene, MN 16)
lacustrine deposits of Triversa (Villafranca d’Asti,
Piedmont – Triversa F.U.) two glirids are present:
Glirulus pusillus (HELLER, 1936) and Muscardinus
sp., of which the latter one is different from the extant
M. avellanarius according to MICHAUX (1970).

Undescribed glirid species from the Late Vil-
lanyian (Late Pliocene) karst fauna of Rivoli
Veronese (Veneto – Costa San Giacomo F.U.) (SALA

et alii, 1994; SALA, 1996) are provisionally deter-
mined as Muscardinus pliocaenicus KOWALSKI, 1963,
Glis minor KOWALSKI, 1956 and Eliomys sp. (an
extinct species). Muscardinus sp. is mentioned from
the fissure filling of Montagnola Senese (Tuscany)
which age is presumably Late Villanyian (FONDI,
1972). Glis sp. from Casa Sgherri (Tuscany) is of
Late Villanyian age also (MARCOLINI et alii, 2000).

In the fauna of earliest Biharian age collected in a
fissure filling of Monte La Mesa (Veneto), two
species of glirids have been described (MARCHETTI et
alii, 2000): Muscardinus cf. M. dacicus KORMOS,
1930 and Glis sackdillingensis (HELLER 1930). In a
site of approximately the same age, the lacustrine
deposit of Steggio (Veneto), another glirid, Glis
minor, is reported in an abstract (PARONUZZI, 1994).
This last attribution should be checked (see DAUD,

1993 for the chronological distribution of some Plio-
Pleistocene glirids and the phylogenetical relation-
ships of G. minor – G. sackdillingensis).

The Early Biharian (Early Pleistocene, Pirro F.U.)
fauna of Palena (Abruzzi) yielded one tooth of Glis
cf. G. sackdillingensis (KOTSAKIS et alii, 1992). From
another fauna of the same age, Pirro Nord 24 (Apu-
lia) Muscardinus avellanarius and Eliomys sp. are
reported (DE GIULI et alii, 1987a). In the rich fauna
of late Early Biharian (latest Early Pleistocene) age
collected at Monte Peglia (Umbria) (VAN DER

MEULEN, 1973) only one tooth belonging to a small
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Fig. 1.- Fossiliferous localities of Italy with glirid remains. 1.
Oschiri; 2. Baccinello V1 and V2; 3. Montebamboli; 4. Fiume
Santo; 5. Gargano fissures; 6. Brisighella; 7. Ciabot Cagna; 8.
Baccinello V3; 9. Arondelli (Triversa); 10. Rivoli Veronese; 11.
Casa Sgherri; 12. Montagnola Senese; 13. Monte La Mesa; 14.
Steggio; 15. Pirro Nord; 16. Palena; 17: Monte Peglia; 18. Grotta
Breuil; 19. Capri Island; 20; Monte Pellegrino; 21. Spinagallo;
22. Contrada Fusco; 23. Mandriola; 24. Nuraghe Su Casteddu;
25. Capo Figari; 26. Monte Tuttavista. The localities of Toringian
age with glirids belonging to living species are ommitted (with
the exception of Grotta Breuil where D. nitedula is collected well
outside its present ditribution area).
Fig. 1.- Yacimientos fosilíferos de Italia en que se han hallado
restos de glíridos. No se han mencionado los yacimentos del Tori-
giense en que se hayan hallado restos de glíridos de especies
actuales (la única excepción es el yacimiento de Grotta Breuil,
por el hecho de que, en este caso, D. nitedula ha sido hallado en
un área muy lejana respeto a su distribución actual).



Glirulus sp. is signalled. All these assemblages are
collected from karstic deposits. 

In Toringian faunas  (middle and late Middle
Pleistocene and Late Pleistocene) Glis glis (LIN-
NAEUS, 1766), Muscardinus avellanarius (LINNAEUS,
1758) and Eliomys quercinus (LINNAEUS, 1766) are
present (KOTSAKIS et alii, in press). All three species
still live on the Italian peninsula. 

The first fossil evidence of Dryomys nitedula
(PALLAS, 1778), the fourth living Italian dormouse
species, is from Late Toringian (Late Pleistocene)
deposits of N Italy (BON et alii, 1991). In Peninsular
Italy this species (now living only in Calabria with a
disjunct population, D. n. aspromontis von LEHMANN,
1964; see STORCH, 1978) was found in deposits of the
Grotta Breuil (Monte Circeo, Latium), which are
assigned to Late Toringian (Late Pleistocene - Iso-
topic Stage 3) (KOTSAKIS, 1991).

CAPRI ISLAND

In the Late Pleistocene fauna of the Grotta “Vas-
cio ‘o Funno” at the island of Capri (Campania) two
species of rodents have been collected, a murid and a
glirid. The dormouse, a giant form, Muscardinus
malatestai GLIOZZI, 1995, is considered to be a
descendant of Muscardinuus avellanarius (CINQUE et
alii, 1985; GLIOZZI, 1995).

PLIOCENE / PLEISTOCENE OF SARDINIA

During the Messinian “Salinity Crisis” (Late
Miocene) Sardinia and Corse were colonised by ver-
tebrates from the European mainland, before the
establishment of insular conditions (ESU & KOTSAKIS,
1985). Another colonisation of Sardinia (and Corsi-
ca) took place during the latest Ruscinian (late MN
15) (ANGELONE & KOTSAKIS, 2001). Among the
invaders (for the glirids is impossible to distinguish if
they arrived during the first or the second colonisa-
tion), Eliomys is considered to be the ancestor of the
endemic Tyrrhenoglis. The type locality Capo Figari
I (NE Sardinia) of Tyrrhenoglis figariensis (ZAMMIT

MAEMPEL & DE BRUIJN, 1982) may be of Pleistocene
age but T. aff. T. figariensis is mentioned from the lat-
est Ruscinian (basal Middle Pliocene) lagoon deposit
of Mandriola (W Sardinia) (PECORINI et alii, 1974;
ZAMMIT MAEMPEL &  DE BRUIJN, 1982). Another fis-

sure filling at Capo Figari yielded Tyrrhenoglis
majori ENGESSER, 1976, the type-species of the
genus, which is larger in size than T. figariensis (cfr.
ENGESSER, 1976). The age of both fissure fillings of
Capo Figari is not known. In the Early Villanyian
(Middle Pliocene) faunule collected in lacustrine
clays of Nuraghe Su Casteddu (E Sardinia), a large-
sized dormouse is present whose systematic position
is not clear. It shows affinities to the endemic Hyp-
nomys from the Plio-Pleistocene of the Balearic
islands (ESU & KOTSAKIS, 1980, 1985; MEIN, 1983)
but an attribution to the genus Tyrrhenoglis seems
more probable. Many fossil assemblages have been
collected from fissure fillings of Plio-Pleistocene age
of Monte Tuttavista (Orosei, E Sardinia). In a few of
them remains of a glirid have been reported (CORDY,
1997). Very probably they belong to a member of the
genus Tyrrhenoglis. 

During the Pleistocene some new European ele-
ments (the ancestors of the arvicolid Tyrrhenicola
and some large mammals) arrived in Sardinia. Sever-
al of the endemic species survived this new wave
until Neolithic times, but others such as Tyrrhenoglis
became extinct (KOTSAKIS, 1981; ESU & KOTSAKIS,
1983). 

Glis glis is reported in the layer 1 of the Corbeddu
cave near Oliena (E Sardinia) associated with endem-
ic and non endemic micromammals and remains of a
Neolithic culture (Sondaar et alii, 1984).

PLEISTOCENE OF SICILY AND MALTA

Two endemic lineages of glirids evolved in Sicily
and Malta during the (?)Pliocene and Pleistocene.
The first lineage is that of Maltamys whose ancestor
is supposed to be Eliomys according to ZAMMIT

MAEMPEL & DE BRUIJN (1982). (Maltamys is consid-
ered as subgenus of Eliomys by ZAMMIT MAEMPEL &
DE BRUIJN (1982) like the other insular Plio-Pleis-
tocene endemic glirids of Western Mediterranean,
Hypnomys and Tyrrhenoglis, but they have been
assigned to separate genera by AGUSTÌ, 1986 and
DAAMS & DE BRUIJN, 1995). The most primitive form
of this lineage is present both in the ossiferous brec-
cias of Monte Pellegrino (Palermo, Sicily) (Leithia
n.sp. in THALER, 1972) and in Malta (Maltamys cf. M.
gollcheri in ZAMMIT MAEMPEL & DE BRUIJN, 1982).
The age of the endemic fauna of Monte Pellegrino is
presumably Early Pleistocene but the age of Maltese
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faunas cannot be given with more precision than
Pleistocene. Two more evolved species are present in
Malta: Maltamys gollcheri (BRUIJN, 1966) from
Mnaidra Gap and Malatamys wiedincitensis (ZAMMIT

MAEMPEL & DE BRUIJN, 1982) from Wiedincita. Both
species, are also present in Sicily in Middle Pleis-
tocene or early Late Pleistocene deposits (KOTSAKIS,
1996; BONFIGLIO et alii, 2001). 
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SARDINIA SICILY
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Table 1.- Biochronological distribution of fossiliferous localities mentioned in the text. In dark gray localities of the Tusco-Sardinian
palaeobioprovince. In pale gray localities of Apulian palaeobioprovince.
Tabla 1.- Distribución biocronológica de las localidades fosilíferas mencionadas en el texto. En gris obscuro, las localidades de la pro-
vincia Tosco-Sarda. En gris claro, las localidades de la paleobioprovincia de Apulia.
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AGENIAN / SARDINIA

Oschiri X aff. aff.

TUROLIAN / TUSCO-SARDINIAN PB

Baccinello V1 X X

Baccinello V2 X

Montebamboli X

Fiume Santo X

TUROLIAN- E. RUSCINIAN / APULIAN PB

Gargano fissures X X spp.

LATE TUROLIAN / MAINLAND ITALY

Brisighella X

Ciabot Cagna X

Baccinello V3 aff.

VILLANYIAN / MAINLAND ITALY

Arondelli (Triversa) X X

Rivoli Veronese X X X

Casa Sgherri X

Montagnola Senese X

BIHARIAN / MAINLAND ITALY

Monte La Mesa X cf.

Steggio ?

Pirro Nord X X

Palena cf.

Monte Peglia X

EARLY TORINGIAN / MAINLAND ITALY

Campani Quarry X

Boscochiesanuova X

San Giovanni di Duino X

Spessa II X

Campo dei Fiori X

LATE TORINGIAN / MAINLAND ITALY

Grotta Maggiore di S. Bernardino X X

Grotta San Leonardo X

Torre in Pietra, upper levels X

Grotta del Principe, lower levels X X

Montorio X

San Sidero 3 X

Grotta di Scario, level A X X

Grotta San Agostino X X

Grotta del Broion X X X

Mezzena Shelter X X X

Tagliente Shelter,lower levels. X X X

Grotta Cala X X X

Grotta di Castelcivita X X X

Moncucco Torinese X

Grotta Breuil X X X

Praia a Mare X X X

Grotta Paglicci, inner levels X X X

Tagliente Shelter, upper levels X X X

Grotta della Serratura X X X

LATE TORINGIAN / CAPRI ISLAND

Capri Island X

PLEISTOCENE / SICILY-MALTA

Monte Pellegrino aff.

Spinagallo X cf.

Some localities with E. falconeri  f.c. X X X

Contrada Fusco X X

Many Localities with E. mnaidriensis  f.c. X X

PLIO-PLEISTOCENE / SARDINIA

Mandriola aff.

Nuraghe Su Casteddu X

Capo Figari I X

Capo Figari (old collections) X

Monte Tuttavista spp.

Table 2.  Distribution of fossil glirid taxa of Italy . The endemic taxa are marked with an asterisk. 
Tabla 2.  Distribución de los taxones de glíridos fósiles de Italia. Los taxones endémicos están marcados por un asterisco.



The second lineage, that of Leithia, a genus whose
origin and affinities are not known includes species
of both medium and large size. The large-sized Lei-
thia melitensis (ADAMS, 1863) is known from many
cave deposits from both Sicily and Malta (RICHARD,
1954; BRUIJN, 1966; PETRONIO, 1971; ZAMMIT

MAEMPEL & DE BRUIJN, 1982; ESU et alii, 1986; BON-
FIGLIO et alii, 1997) and has been discovered also in
limnic or coastal deposits in E Sicily (BONFOGLIO &
INSACCO, 1992; KOTSAKIS, 1996). A form slightly dif-
ferent (Leithia aff. L. melitensis) is reported from
Wiedincita by ZAMMIT MAEMPEL & DE BRUIJN

(1982). A medium-sized species of the genus Leithia,
L. cartei (ADAMS, 1863) from Malta, is also present
in Sicily (Petruso, pers. com.). 

The Plio(?)-Pleistocene Sicilian mammalian (and
also other vertebrate) faunas have been grouped in
five Faunal Complexes (KOTSAKIS, 1979; BONFIGLIO

et alii, 2001). Fossil endemic glirids are present in the
first three Faunal Complexes: in the “Monte Pellegri-
no F. C.” (Maltamys aff. M. gollcheri), in the “Ele-
phas falconeri F. C.” (Maltamys gollcheri, Leithia
melitensis and Leithia cartei) and in the “Elephas
mnaideriensis F. C.” (Maltamys cf. M. wiedincitensis,
Leithia cf. L. melitensis) (BONFIGLIO et alii, 2001).
Glis glis make his first appearance in Sicily during
the Neolithic (PETRUSO, 2000).  

The fossil dormice of Sicily exhibit a greater vari-
ety in tooth size than those of Malta in both lineages
and also some morphological differences (PETRUSO

& MASINI, 2001). A Ph.D. thesis on the fossil glirids
of Sicily (Daria Petruso) is in progress. 

CONCLUSIONS

The Italian fossil mammalian assemblages reflect
the palaeogeographical situations of the area and are
characterised by the presence of peculiar endemic
faunas testifying insular conditions.

The glirids are rather common in these endemic
faunas: three genera (Peridyromys, Microdyromys
and Glis), each with one endemic species, are present
in the Early Miocene fauna of Oschiri. At least two
endemic genera (Anthracoglis and a giant unnamed
form) and three species characterise the Late
Miocene endemic associations of Tusco-Sardinian
palaeobioprovince; at least three genera (Stertomys
(endemic), Eliomys and (?)Myomimus) with many
species (only one described till now) are present in

the endemic insular assemblages of Late Miocene
Abruzzi-Apulian palaeobioprovince. 

The Plio-Pleistocene faunas of Sardinia are char-
acterised by an endemic genus of glirid
(Tyrrhenoglis) with at least two species whilst in Sici-
ly (and Malta) two endemic genera (Maltamys and
Leithia) with many species (four are officially erect-
ed) characterise the Pleistocene endemic faunas. An
endemic species of the genus Muscardinus is present
in an assemblage of very low biodiversity of late
Pleistocene age in the island of Capri.

Non-endemic glirids with normal continental dis-
tribution are rare in the fossil mammalian assem-
blages of Italy. Two genera (Muscardinus and
Myomimus) are reported from Late Turolian sites of
north and central Italy. Muscardinus, Glis, Eliomys
and Glirulus are present in Villanyian and Biharian
associations of mainland Italy with a rather low num-
ber of extinct species, whilst in Toringian the first
three genera are present in the same area each with
the single living species. During this period Glirulus
disappears and Dryomys makes it’s first appearance.
During Holocene Glis and Eliomys arrive in Sardinia
and Sicily; the last island is also reached by Mus-
cardinus. The Holocene colonisations are the result
of passive transport by man. 
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