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In this work we present a thorough analysis of 
the morphological variability of C. benericettii from 
Moncucco Torinese and Verduno in order to provide a 
better knowledge of this poorly known species.

GEOLOGICAL SETTING

The TPB can be considered as an episutural basin, 
filled by Late Eocene to Late Miocene sediments that 
unconformably cover the contact between the Alpine 
and Appennine units (Fig. 1). The TPB sediments crop 
out to the North in the Torino Hill-Monferrato arc and to 
the South in the Langhe, Alto Monferrato and Borbera-
Grue domains. A portion of the basin is currently sealed 
by the Pliocene to Quaternary deposits of the Savigliano 
and Alessandria basins (Rossi et al., 2009; Mosca et al., 
2010; Dela Pierre et al., 2011).

During the Messinian, the sedimentary processes 
were strongly influenced by the Messinian Salinity 
Crisis (MSC) (Dela Pierre et al., 2007, 2011; CIESM, 
2008). Both in the northern and southern sector of the 
TPB, the lower Messinian deposits consist of deep-
water marine sediments of the Marne di S. Agata Fossili 
Formation, constituted by hemipelagic marls and clays. 
These sediments are overlain by the evaporitic deposits 
of the Primary Lower Gypsum Formation (PLG) mainly 

INTRODUCTION

In the last years, two new vertebrate fossil-bearing 
localities, Moncucco Torinese and Verduno, have been 
discovered in the post-evaporitic Messinian deposits 
of the Tertiary Piedmont Basin (TPB) (Fig. 1), notably 
enlarging the knowledge of the vertebrate faunas at the 
end of the Miocene in the continental mainland of Italy 
(Sardella, 2008; Angelone et al., 2011; Colombero et 
al., 2013). Among other taxa, Moncucco Torinese and 
Verduno yielded a large amount of fossil mammals that are 
currently under study. Rodents are diverse and abundant 
(Angelone et al., 2011; Colombero, 2012; Colombero 
et al., 2013) especially as regards murids. One of them, 
Centralomys benericettii (De Giuli, 1989) is of great 
significance, as its remains are particularly scarce among 
Messinian rodents. Actually, until now, C. benericettii has 
been exclusively recorded in Central Italy at Brisighella 
(latest Messinian), Borro Strolla (Miocene/Pliocene 
boundary) and in Northern Italy at Ciabòt Cagna (latest 
Messinian, Piedmont) (De Giuli, 1989; Cavallo et al., 
1993; Abbazzi et al., 2008). In Southern Italy a single m1 
was assigned to Centralomys sp. (Kotsakis et al., 2003). 
Moreover, only the site of Brisighella yielded a sufficient 
amount of remains that allowed De Giuli (1989) to provide 
a consistent description of this species (De Giuli, 1989; 
Martín Suárez & Mein, 1991).

Centralomys benericettii (De Giuli, 1989) (Mammalia, Rodentia): a latest 
Messinian murid from Northern and Central Italy. New data from Piedmont 
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ABSTRACT - New remains of the small-sized stephanodont murid Centralomys benericettii (De Giuli, 1989), a Late Miocene form 
exclusively found in Italy, were recently collected in the post-evaporitic deposits of the Tertiary Piedmont Basin (Piedmont, NW Italy) in 
two new localities of latest Messinian age: Moncucco Torinese and Verduno. These data considerably enlarge the knowledge of this species, 
formerly documented only by the late Messinian record from Monticino gypsum quarry (Brisighella, Emilia Romagna, Central Italy) and 
from very sparse remains from Borro Strolla (Tuscany, Central Italy) and Ciabòt Cagna (Piedmont, Northern Italy) at the Mio-Pliocene limit.

The recently recovered remains of C. benericettii from Piedmont are described herein in order to better define the spectrum of variation 
of this poorly known form. The morphological differences between the populations of C. benericettii from Moncucco Torinese and Verduno 
can be related to palaeoenvironmental differences, even if further evidence is required to confirm this hypothesis.

RIASSUNTO - [Centralomys benericettii (De Giuli, 1989) (Mammalia, Rodentia): un muride del Messiniano terminale dell’Italia centro-
settentrionale. Nuovi dati dal Piemonte] - Nuovi resti fossili di Centralomys benericettii (De Giuli, 1989), un piccolo muride stefanodonte che 
rappresenta una forma italiana del Miocene terminale, sono stati recentemente rinvenuti nei depositi messiniani post-evaporitici del Bacino 
Terziario Piemontese (Piemonte, Italia) nelle due località di Moncucco Torinese (AT) e Verduno (CN). Questi dati ampliano notevolmente 
la conoscenza di questa specie, fin qui documentata solamente dal record di età Messiniano terminale proveniente dalla cava di gesso di 
Monticino (Brisighella, RA, Emilia Romagna, Italia centrale) e da alcuni rarissimi resti provenienti da Borro Strolla (SI, Toscana, Italia 
centrale) e Ciabòt Cagna (CN, Piemonte, Italia settentrionale) al limite Miocene-Pliocene.

In questo lavoro vengono descritti i resti fossili di C. benericettii rinvenuti recentemente nelle località piemontesi in modo da evidenziare 
lo spettro di variazione di questa forma così poco conosciuta. Le differenze morfologiche che si riscontrano tra le popolazioni di Moncucco 
Torinese e Verduno potrebbero essere messe in relazione a differenti condizioni paleo-ambientali.
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Moncucco Torinese
The site of Moncucco Torinese is located in a gypsum 

quarry in the northern sector of the TPB. The Messinian 
succession of this area is quite disturbed by sinsedimentary 
tectonic and diapiric processes, resulting in the in-situ 
dismemberment and consequent resedimentation of the 
pre-evaporitic (S. Agata Fossili Marls) and evaporitic 
(PLG) deposits during the subsequent phase that led to the 
formation of the Valle Versa chaotic complex (VVC) in 
the “MSC acme” (Dela Pierre et al., 2007). This complex 
succession was afterwards sealed, during the post-
evaporitic phase of the MSC, by the fresh and brackish 
water sediments of the Conglomerati di Cassano Spinola 
Formation. The unit is then overlain by the Zanclean 
marine marly clays of the Argille Azzurre Formation. 
The Sphaeroidinellopsis acme interval (5.30-5.21 Ma) 
is recognized slightly above the base of the Pliocene 
succession, thus corroborating the correlation to the MPl1 
Zone (Violanti et al., 2011).

Vertebrate fossils were recovered together with fresh 
and brackish molluscs and ostracods in the Conglomerati 
di Cassano Spinola Formation (Angelone et al., 2011). 
During the excavation campaign, nine levels were 
recognized in a 3 m-thick succession. Layers 3, 4, 5 and 7 
of Angelone et al. (2011) contain vertebrate fossil remains. 
The ostracod assemblage recovered in layer 1 is correlated 
with the Loxocorniculina djafarovi Zone (Angelone et al., 
2011) thus constraining the deposition of the investigated 
succession in the second post-evaporitic phase of the 
MSC between 5.40 and 5.33 Ma (CIESM, 2008; Grossi 
et al., 2011). Moreover, the taxonomical composition 
and the relative abundances of rodent taxa are very 
similar in each of the fossiliferous layers of Moncucco 
Torinese (Colombero, 2012). Therefore, we can suppose 
that the deposition of the studied succession occurred in 
a short time-lapse, at least less than 80 Ky, during the 
post evaporitic phase of the MSC under approximately 
unvarying palaeoecological conditions.

The occurrence of Prolagus sorbinii Masini, 1989 
and Centralomys benericettii indicates that the vertebrate 
assemblage can be referred to the MN13 unit (latest 
Messinian) (Angelone et al., 2011).

Verduno
The site of Verduno is located on the left bank of the 

Tanaro River, in the southern sector of the TPB. The 
studied layers belong to the Pollenzo section, one of 
the most complete Messinian sections composing the 
Alba succession (Bernardi et al., 2010; Dela Pierre et al., 
2011). The pre-evaporitic marls and euxinic shales of the 
topmost S. Agata Fossili Marls represent the base of the 
Messinian succession. The PLG, composed by alternated 
gypsum and shale beds, overlie the S. Agata Fossili Marls 
and record the terminal part of the evaporitic interval. 
The MSC acme is marked by an erosive surface on which 
slumped mudstones are present. The post-evaporitic phase 
is recorded by an 80-100 m thick succession of muddy, 
silty and gravelly beds that characterize the continental and 
brackish deposits of the Conglomerati di Cassano Spinola 
Formation. The succession is closed by the Pliocene marine 
sediments of the Argille Azzurre Formation. Because of 
the presence of the nannofossil species Reticulofenestra 
zancleana Di Stefano & Sturiale, 2010 the lowermost 

consisting of different gypsum lithofacies alternated 
with euxinic shales. This unit roughly corresponds to the 
evaporitic interval of the MSC and was deposited between 
5.96 Ma and 5.60 Ma (CIESM, 2008). The ciclicity 
observed in the alternation of gypsum and shale beds 
is believed to have been controlled by climatic changes 
linked to the Earth’s precession (Krijgsman et al., 1999). 
The second stage of the MSC, also known as “MSC acme” 
(5.60-5.55 Ma), corresponds to a sea-level drop occurring 
at the Mediterranean scale, caused by the strong reduction 
in the Atlantic connections that in some areas led to the 
erosion of the PLG with the formation of the Messinian 
Erosional Surface (MES) and the resedimentation of the 
erosive products (CIESM, 2008; Dela Pierre et al., 2011).

The uppermost portion of the Messinian succession of 
the TPB consists of fresh- and brackish-water sediments 
of the Conglomerati di Cassano Spinola Formation. This 
unit was deposited during the post-evaporitic phase of 
the MSC (5.55-5.33 Ma) (CIESM, 2008; Dela Pierre et 
al., 2011) a period that recorded the so-called Lago Mare 
events (CIESM, 2008). The TBP succession is then closed 
by the Zanclean deposits of the Argille Azzurre Formation 
that consist of marine shales and marls (Dela Pierre et al., 
2007; Rossi et al., 2009; Mosca et al., 2010).

THE FOSSIL SITES

In this section we describe in more detail the 
stratigraphical and geological context of the investigated 
succession of the two studied localities of Moncucco 
Torinese and Verduno.

Fig. 1 - Geographical and stratigraphical setting of the Tertiary 
Piedmont Basin (TPB). Arrows indicate the position of Moncucco 
Torinese and Verduno. TH: Torino Hill; MO: Monferrato. Modified 
from Clari et al. (1994).
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the t5-t6 connection. Normally, when present, this contact 
is feeble and the spur simply reaches the base of the t5 (Fig. 
3a), but in some rare specimens it could form a slightly 
more developed ridge. However no differences were made 
between these stages as it was impossible to precisely and 
objectively define the degree of development of such a 
connection. Therefore we prefer to simply indicate when 
the contact occurs or when the spur is free and does not 
reach the t5 or t5-t6 (Fig. 3b).

M2: t1-t5 connection. This characteristic can be 
considered present (Fig. 3c) when the posterior spur of 
the t1 reaches the t5. When the posterior spur of the t1 is 
free not even touching the base of the t5, the contact is 
absent (Fig. 3d). 

m1 and m2: longitudinal connection. For this feature 
two conditions are distinguished: when the longitudinal 
spur that develops from the posterior pair of cuspids 
(hypoconid-entoconid) reaches the protoconid-metaconid 
complex, the longitudinal connection is present (Figs 
3e, g); if the longitudinal connection does not reach the 
protoconid-metaconid pair, the connection is absent (Figs 
3f, h).

Tma: in C. benericettii the tma may be tiny or totally 
absent.

SYSTEMATIC PALAEONTOLOGY

Order rodentia Bowdich, 1821 
Family muridae Illiger, 1811

Genus Centralomys De Giuli, 1989

Centralomys benericettii (De Giuli, 1989)
Fig. 2 (a-l)

1989 Castillomys (Centralomys) benericettii de Giuli, p. 206, Pl. 
3, figs 1-10.

1991 Centralomys benericettii (De Giuli) - martín-Suárez & 
mein, p. 68, Pl. 2, figs 12-17.

1993 Castillomys sp. - Cavallo et al., p. 17, Fig. 8.
2008 Centralomys benericettii (De Giuli) - abbazzi et al., p. 622, 

fig. 6E, F.
2011 Centralomys cf. C. benericettii (De Giuli) - anGelone et al., 

p. 98.
2013 Centralomys benericettii (De Giuli) - Colombero et al., p. 

113, fig. 4, D-F, M-O.

Materials and Measures - Moncucco Torinese: 25 
M1s, 25 M2s, 3 M3s, 34 m1s, 30 m2s, 3 m3s. The studied 
specimens were collected during the 2008 excavation 
campaign and then catalogued with the acronym “MGPT-
PU” (Museo di Geologia e Paleontologia - Università 
di Torino) followed by a six-digit number. Verduno: 
40 M1s, 30 M2s, 6 M3s, 35 m1s, 36 m2s, 14 m3s. 
The studied specimens were collected during the 2010 
excavation campaign and then catalogued with acronym 
“V” (Verduno) followed by a three-digit number. For 
measures see Tab. 1.

Description - 
M1: t3-t6-t9 are aligned to form a straight labial 

margin. T1 and t5 are close and always connected. T1 bis 
is always present. In most of the specimens, the t3 presents 

portion of the Argille Azzurre Formation of the Pollenzo 
section can be assigned to the lower Zanclean MNN12a 
calcareous nannofossils subzone (Bernardi et al., 2010).

 The vertebrate fossils object of this work come from a 
2 m-thick succession that crops out in the Conglomerati di 
Cassano Spinola Formation. Five layers were recognized, 
but only levels 1, 2 and 5 are fossiliferous.

Vertebrate fossils from the trough cross-bedded gravels 
of layer 5 could have suffered transport as some of them 
are slightly abraded, while the discovery of partially 
articulated skeletal remains of small and large mammals 
in the clays of layers 1 and 2 seems to indicate a null or 
very low degree of displacing (Colombero et al., 2013). 
The rodent assemblages from layers 1 and 2 share an 
identical taxonomical composition and strikingly similar 
relative abundances of rodent species (Colombero et 
al., 2013). Therefore, we can assume that these two 
layers were deposited approximately under the same 
palaeoecological conditions. Layer 5 has a different 
taxonomical composition, probably due to different 
depositional environments (Colombero et al., 2013). 
The fossil rodents from Verduno can overall be referred 
to the MN13 unit, even if the presence of Apocricetus 
cf. A. barrierei (Mein & Michaux, 1970) indicates a 
biochronological age close to the MN14 unit (Colombero 
et al., 2013).

MATERIAL AND METHODS

The Centralomys fossil remains were found in the 
various layers of Moncucco Torinese (Angelone et al., 
2011) and Verduno (Colombero et al., 2013) successions 
described above. The specimens from Moncucco Torinese 
are housed in the Museo di Geologia e Paleontologia 
- Università di Torino whereas those of Verduno are 
housed in the Museo “Federico Eusebio” of Alba. Fossil 
remains were compared with those belonging to the type 
locality of Brisighella 1 (BRS 1) (Monticino quarry) 
and with unpublished remains from Brisighella 25 (BRS 
25) (Monticino quarry), deposited at the University of 
Florence. The material was also compared with remains 
of Occitanomys debrujini from the type locality of Maritsa 
and Castillomys gracilis from the type locality of Caravaca 
kept at the University of Lyon 1 and at the Institut of Earth 
Science (IVAU) of Utrecht. Measurements were taken 
with the stereo-microscope Leica M-205-C housed at 
the Dipartimento di Scienze della Terra of Torino using 
the digital equipment provided by the software Leica 
Application Suite V3.3.0. For the nomenclature of the 
dental elements we follow Van de Weerd (1976). The 
anterocentral cuspid of the m1 is indicated as tma. Capital 
letters indicate the upper molars (M1, M2, M3). Lower 
molars are indicated by lower-case letters (m1, m2, m3). 
The studied material consists of molar teeth that were 
studied focusing on morphological characteristics that 
are particularly diagnostic and also easily quantified on 
unworn specimens. These features are listed hereafter 
for each dental element, in particular M1, M2, m1 and 
m2. The main differences in the morphological states are 
defined in Fig. 3.

M1: t3-t5 connection. This connection is considered as 
present when the posterior spur of the t3 reaches the t5 or 
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complex towards the postero-lingual edge of the 
protoconid, very close to the junction with the metaconid. 
In some cases it can connect the protoconid-metaconid 
complex. The posterior heel is not well developed, in 
some cases barely sketched. The c1 is well developed and 
it can merge with the hypoconid. From it a labial cingulid 
develops connecting the anteroconid. The cingulid is not 
in contact with the protoconid. 

m2: the anterolabial cuspid is well developed and 
can be weakly connected with the protoconid. From the 
hypoconid-entoconid complex a weak longitudinal spur 
develops towards the protoconid-metaconid pair, rarely 
reaching its base. The c1 is small and can merge with the 
hypoconid. A low labial cingulid is present, developing 
from the anterolabial cuspid to the c1. The posterior heel 
is oval.

m3: the anterolabial cuspid is formed by a small 
swelling of the enamel. The posterior complex presents 
a very compressed and transversely elongated shape. The 
complex is slightly shifted on the lingual side and can be 
connected to the metaconid at high level of wear. 

Remarks - The molar teeth from the localities of 
Moncucco Torinese and Verduno are similar as regards 
both dimensions and morphology even if some slight 
differences occur. As a matter of fact, the remains from 
Verduno are slightly larger and the teeth exhibit a slightly 
higher degree of stephanodonty expressed by more 
frequent longitudinal connections both in upper and lower 
molars. These differences are more accentuated in the m1 
and M1 than in m2 and M2 (Tab. 2). A tiny tma is present 
in about one third of the specimens, both at Moncucco 
Torinese and Verduno (Tab. 2). In our opinion, these slight 
differences are definitely not sufficient to distinguish two 
different taxa. Therefore, we refer both populations to C. 
benericettii.

The morphological pattern of the specimens from 
Moncucco Torinese and Verduno excludes their attribution 
to the genus Castillomys for the more voluminous cusps, 
lesser degree of stephanodonty and more brachyodont 
teeth. On the other hand, the studied material cannot be 
included in the genus Occitanomys since they present 
more developed longitudinal connections in upper and 
lower molars and more slender cusps. Overall, the studied 
molars exhibit intermediate features between those of 

posteriorly directed longitudinal spurs. In some specimens 
they connect with the base of the t5 rarely forming a feeble 
ridge, while in the others they do not reach it. The cusps 
t4-t5-t6-t9-t8 form a complete stephanodont crown with 
low t4-t8 connection. The t12 is strongly reduced.

M2: the t1 can present short extensions towards the 
t5. T1 bis always present. The t3 is smaller than t1. T4-
t5-t6-t9-t8 form a stephanodont crown. T4-t8 connection 
is low. The t12 is very reduced or absent. Three or four 
(10%) roots may be present.

M3: the t1 is large. It extends labially toward the 
anterior margin of t5. The contact can be observed at 
advanced stages of wear. The t3 is absent. The t8 seems 
to be isolated in unworn specimens, while, at medium 
stages of wear, a connection with the t6 and, more rarely, 
with the t4 can be observed. Three roots.

m1: a tiny tma is visible in some specimens. The 
first two series of cuspids (anteroconid complex and 
protoconid-metaconid) are always in touch. A weak 
longitudinal spur extends from the hypoconid-entoconid 

Fig. 2 - a-c) Centralomys benericettii (De Giuli) from Moncucco 
Torinese, upper molars; a) MGPT-PU127107: left M1; b) 
MGPT-PU127246: right M2; c) MGPT-PU127344: left M3. d-f) 
Centralomys benericettii (De Giuli) from Verduno, upper molars; 
d) V072: left M1; e) V099: left M2; f) V074: right M3. g-i) 
Centralomys benericettii (De Giuli) from Moncucco Torinese, 
lower molars; g) MGPT-PU127157: left m1; h) MGPT-PU127298: 
left m2; i) MGPT-PU127909: left m3. j-l) Centralomys benericettii 
(De Giuli) from Verduno, lower molars; j) V030: left m1; k: V120: 
right m2; l) V126: right m3. Scale bar 1 mm.

Fig. 3 - Patterns of morphological variability of the occlusal 
surface of molars of C. benericettii. a-b) T3-t5 connection in M1; 
a) present; b) absent. c-d) t1-t5 connection in M2; c) present; d) 
absent. e-f) longitudinal connections in m1; e) present; f) absent. 
g-h) longitudinal connections in m2; g) present; h) absent. Modified 
from Martín-Suárez & Mein (1991). The arrows indicate the position 
of the analyzed morphological characteristics. 
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According to their description, the t3 of the M1 exhibits 
a posterior spur that never reaches the t5 and they did not 
notice any connection between the two posterior series 
of cuspids in the m1. As pointed out in Tab. 2 and in the 
descriptions, the specimens from Moncucco Torinese 
and Verduno display more developed longitudinal 
connections. Anyhow, we could directly compare our 
material with some specimens of C. benericetti from 
BRS 25 stored at the University of Florence. Overall, 
the morphological pattern of the upper and lower molars 
of C. benericettii from BRS 25 presents more developed 
longitudinal connections between tubercles and cusps 
in such a way similar to the population of Verduno. In 
particular, the t3-t5 connection is present in 58% of the 
M1s (upon 77 specimens). The discrepancy with the 
results of Martín Suárez & Mein (1991) could partially 
depend on the size of the sample examined in their work 
that, at least for the M1s, was probably too small.

The teeth of C. benericettii from Verduno and 
Moncucco Torinese are slightly smaller than those of 
Occitanomys debrujini from the type locality of Maritsa 
(Sen et al., 1989) and from Tomea Eksi 1 and Tomea Eksi 
2 (Hordijk & de Bruijn, 2009). On the basis of direct 
comparisons with some teeth of Occitanomys debruijni 
from Maritsa housed in the collection of the University 
of Lyon 1, C. benericettii differs in some morphological 

Castillomys and Occitanomys and can thus be referred to 
the genus Centralomys.

We made direct comparisons with the remains of 
C. benericettii from Monticino quarry (Central Italy) 
stored at the University of Florence. The average sizes 
of the teeth of these populations are very close to each 
other (for the size of C. benericettii from the Monticino 
quarry see Martín-Suárez & Mein, 1991), and they 
reveal a very similar morphology. As a matter of fact, 
they exhibit a low degree of stephanodonty expressed by 
rare t3-t5 connections in the M1s and rare longitudinal 
connections in the lower molars. More precisely, the 
specimens from Moncucco Torinese exhibit an high 
correspondence with those from the type locality of BRS 
1, whereas the teeth from Verduno present slightly more 
developed longitudinal connections between the tubercles 
of the upper and lower molars. However, the three m1s 
from BRS1 that we examined at Florence present a 
rather well developed longitudinal spur connecting the 
two posterior series of cuspids, thus slightly differing 
from the Moncucco Torinese specimens in which this 
character occurs more rarely. Nonetheless, the sample of 
C. benericettii from BRS1 is composed of few specimens 
and, consequently, the variability cannot be properly 
evaluated. A sample of teeth of C. benericettii from 
BRS 25 was studied by Martín Suárez & Mein (1991). 

Site Element Length Width

TNr mNr Min x Max σ mNr Min x Max σ

MCC

M1 25 21 1.54 1.70 1.89 0.0939 22 1.11 1.21 1.36 0.0589
M2 25 25 1.09 1.18 1.29 0.0645 25 1.06 1.15 1.31 0.0617
M3 3 3 0.74 0.82 0.86 0.0649 3 0.79 0.84 0.90 0.0530
m1 34 31 1.43 1.60 1.87 0.1114 28 0.93 1.04 1.27 0.0697
m2 30 27 1.03 1.15 1.24 0.0532 28 0.94 1.04 1.17 0.0620
m3 3 3 0.88 0.91 0.93 0.0265 3 0.81 0.82 0.83 0.0100

VRD

M1 40 34 1.65 1.76 1.87 0.0629 32 1,16 1.24 1.32 0.0408
M2 30 26 1.15 1.26 1.34 0.0649 26 1.10 1.21 1.32 0.0532
M3 6 6 0.84 0.90 0.98 0.0474 6 0.83 0.92 0.97 0.0533
m1 35 29 1.50 1.62 1.73 0.0667 28 0.97 1.07 1.18 0.0485
m2 36 34 1.10 1.23 1.33 0.0484 33 1.00 1.13 1.26 0.0590
m3 14 13 0.90 0.96 1.01 0.0310 13 0.83 0.88 0.95 0.0316

M1
t3-t5 connection

M2
t1-t5 connection

m1
long. connection

m2
long. connection tma

Pr. Ab. TOT Pr. Ab. TOT Pr. Ab. TOT Pr. Ab. TOT Pr. Ab. TOT

MCC
N 11 13 24 14 7 21 11 19 30 7 13 20 7 17 24

% 46% 54% 100% 67% 33% 100% 33% 67% 100% 35% 65% 100% 29% 71% 100%

Pr. Ab. TOT Pr. Ab. TOT Pr. Ab. TOT Pr. Ab. TOT Pr. Ab. TOT

VRD
N 25 12 37 20 6 26 14 12 26 13 14 27 9 18 27

% 68% 32% 100% 77% 23% 100% 54% 46% 100% 48% 52% 100% 33% 67% 100%

Tab. 2 - Morphological differences in the populations of Centralomys benericettii (De Giuli) from Moncucco Torinese (MCC) and Verduno 
(VRD). Pr.: condition present; Ab.: condition absent. See text and Fig. 3 for further details. N: number of specimens with detectable characteristic; 
%: relative percentage in relation to the total; TOT: total number of specimens with detectable characteristic.

Tab. 1 - Measurements of Centralomys benericettii (De Giuli) from Moncucco Torinese and Verduno; MCC: Moncucco Torinese; VRD: 
Verduno; TNr: total number of identified specimens for each dental element; mNr: number of measurable specimens (length or width) for 
each dental element; Min: minimum value; x: mean value; Max: maximum value; σ: standard deviation.
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degree of stephanodonty, lower than in Castillomys, they 
also pointed out the presence of four roots in the M2 as 
distinctive morphological characteristic of C. benericettii. 
More recently, García-Alix et al. (2008) analyzed a sample 
of Centralomys benericettii from BRS 25 and considered 
it as a junior synonym of O. alcalai. In particular, they 
underlined the high variability in the number of roots in 
the M2 of the species of Occitanomys, stating that this 
characteristic cannot be used to distinguish C. benericettii 
from O. alcalai. It is also our opinion that the number of 
roots of the M2 cannot be used to discriminate these two 
taxa. Nonetheless, before the recent discoveries from 
Piedmont, the morphological variability of C. benericetti 
was unknown. According to our analyses, the degree of 
stephanodonty of C. benericettii seems to be higher than 
in O. alcalai (Adrover et al. 1988, 1993; García-Alix et 
al., 2008; Minwer-Barakat et al., 2009a), and we currently 
prefer to distinguish these two forms maintaining the name 
Centralomys benericettii for the Italian species.  

The analyses of C. benericettii from Moncucco 
Torinese and Verduno add new important data for the 
knowledge of this poorly known species of murid. In 
particular, they confirm that C. benericettii displays a 
low to medium degree of stephanodonty, expressed in the 
presence of rare to relatively frequent feeble longitudinal 
connections in upper and lower molars (Tab. 2). Actually, 
some differences occur between the specimens from 
Moncucco Torinese and Verduno. On the whole, we can 
observe that specimens with more developed longitudinal 
connections (see Tab. 2) are present in both localities 
but are slightly more common at Verduno. This higher 
frequency of more stephanodont specimens at Verduno 
is not easy to interpret. One of the factors that could have 
influenced the selection of a more stephanodont pattern 
may be sought in the palaeoecological contexts of the 
two sites. Some authors (van Dam, 1996; van Dam & 
Weltje, 1999; Renaud & van Dam, 2002; Renaud et al., 
2005) relate the evolution of stephanodonty to particular 
abrasive-food diet, as the longitudinal connections 
would increase the teeth efficiency during mastication, 
thus associating the presence of stephanodont taxa to 
herbaceous/open habitats. On the whole, the rodent taxa 
recovered at Verduno seem to indicate the dominance of 
open habitats (Colombero et al., 2013). On the other hand, 
the rodent assemblages of Moncucco Torinese point to a 
more diverse palaeoenvironment, with the presence of 
both arboreal and herbaceous niches (Colombero, 2012). 
Moreover, the presence of Tapirus sp. (Angelone et al., 
2011) concurs to delineate a more humid/forested context 
for Moncucco Torinese. Therefore, the higher frequency 
of more stephanodont morphotypes among the specimens 
of C. benericettii from Verduno may be related to a drier 
palaeoenvironment. Nonetheless, this hypothesis should 
be confirmed by the study of all the faunal and floristic 
remains.

PALAEOBIOGEOGRAPHIC PERSPECTIVES

The sites of Moncucco Torinese and Verduno can be 
regarded as a useful opportunity to deeply investigate 
the palaeobiogeographic interconnections between the 
different areas of Europe as they are located in a poorly 

characteristics. In particular, the t1 of the M1 of O. 
debruijini is often well separated from the t2. On the 
contrary, this feature is very rare among the specimens 
from Moncucco Torinese and Verduno. Moreover, in 
the M1 of Occitanomys debruijni, the connection t4-t8 
is lower and the connection t3-t5 is less developed. The 
labial cingulid of the m1 is less developed in O. debrujini.

The average size of C. benericettii from Moncucco 
Torinese and Verduno is slightly smaller than that of 
Occitanomys alcalai Adrover, Mein & Moissenet, 
1988 from different localities of Spain (Adrover et al., 
1988, 1993; Minwer-Barakat et al., 2009a, b) even if 
the measurements of the samples from the Granada 
basin (García-Alix et al., 2008) are close to those of C. 
benericettii studied in this work. From the morphological 
point of view, O. alcalai differs from C. benericettii in 
the absence of t3-t5 connections in the upper molars, 
even if the t1 can be connected to the t5. In the m1 of 
C. benericettii, the longitudinal spurs seem to be more 
developed. The m1s of the type population of O. alcalai 
from Peralejos E (Adrover et al., 1988) never exhibit a 
tma, even if this character rarely occurs in some specimens 
from other locations such as Valdecebro 6 and La Gloria 
5 (Adrover et al., 1993), and Negratín-1 (Minwer-Barakat 
et al., 2009a).

C. benericettii is larger than Castillomys gracilis 
from many localities, including Caravaca, Orrios (van 
de Weerd, 1976), Purcal 13, Calicasas 3 and Calicasas 
4B (García-Alix et al., 2008) and is similar in size to the 
population from La Gloria 4 (Adrover et al., 1993). C. 
benericettii differs from C. gracilis in the less complete 
stephanodont crown in the M1 and in the less developed 
t3-t5 connections. The t1 bis of the M2 of C. gracilis 
is absent or rare whereas it is always present in C. 
benericettii. Moreover, the m1s of C. gracilis normally 
do not exhibit a tma, even if it is present but very reduced 
in one specimen from Calicasas-4b (García-Alix et al., 
2008) and display a more developed longitudinal spur and 
weaker labial cingulid than C. benericettii.

DISCUSSION

De Giuli (1989) described a very rich fossil rodent 
fauna discovered in the late Messinian deposits that 
fill the karst complex of the Monticino gypsum quarry 
located near Brisighella (Emilia Romagna, Central Italy) 
(De Giuli, 1989; Marabini & Vai, 1989; Vai, 1989). 
Among others, he identified a small murid with unknown 
characteristics that “hardly fit in any known form”. The 
low degree of stephanodonty and the little dimensions 
led him to the introduction of a new species accomodated 
in the genus Castillomys Michaux, 1969 under the new 
subgenus Centralomys De Giuli, 1989. De Giuli (1989, 
p. 205-206) points out the “intermediate geographical 
and morphological position among the small and medium 
sized murids of the Mediterranean area”. He named this 
new species Castillomys (Centralomys) benericettii. 
Slightly later, Martín Suárez & Mein (1991) upgraded 
Centralomys from subgenus to genus rank, underlining 
the uniqueness of its morphological traits, basing their 
analysis on a sample of C. benericettii from Brisighella 
25 (BRS 25) from the Monticino quarry. In addition to the 
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known sector of Europe. Actually, the western and 
eastern regions of the Mediterranean basin, i.e., the 
Iberian Peninsula, France and Greece, display a more 
abundant land-vertebrate palaeontological record than 
Italy. Italian data can represent an essential information 
source to outline the palaeobiogeographic context of 
Europe due to its central position in the Mediterranean. 
Unfortunately the Miocene palaeontological record of 
land vertebrates from Italy is very sparse (Kotsakis, 
1986; Rook et al., 2006). Nonetheless, Central-Northern 
Italian localities of latest Messinian age are relatively 
abundant representing an important spot in the very 
fragmented Italian palaeontological documentation. 
As a matter of fact, apart from Moncucco Torinese 
and Verduno, other important localities are Ciabòt 
Cagna (latest Messinian, Piedmont, NW Italy), Borro 
Strolla (Mio-Pliocene boundary, Tuscany, Central Italy) 
and Monticino (latest Messinian, Emilia Romagna, 
Central Italy). Despite some similarities, all sites are 
characterized by quite different vertebrate assemblages 
(De Giuli, 1989; Cavallo et al., 1993; Abbazzi et al., 
2008; Colombero et al., 2013) even if Centralomys 
benericettii is one of the rare taxa found in all these 
localities. Therefore, its occurrence in all post-evaporitic 
localities of Central-Northern Italy points to strong 
palaeobiogeographic relations between them. Further 
analyses of fossil vertebrate communities from this 
crucial region of Europe, will surely provide information 
for a better understanding of the biogeographical context 
of Italy at the end of the Miocene.

CONCLUSIONS

The occurrence of C. benericettii in the post-
evaporitic Messinian deposits of Moncucco Torinese 
and Verduno allows us to perform quantitative analyses 
of the morphological features of this poorly known 
taxon. According to these data, C. benericettii can be 
considered a valid taxon. Similar quantitative analyses 
of the samples of O. alcalai should be of great help in 
order to better delineate the differences between these 
two taxa. The higher frequence of more stephanodont 
specimens at Verduno can be related to different 
palaeoecological conditions. Remains of C. benericettii 
occur in many latest Miocene/earliest Pliocene localities 
of Central-Northern Italy, testifying the presence of 
palaeobiogeographical connections between these 
different areas.
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