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a  b  s  t  r  a  c  t

The  puma-like  cat Puma  pardoides  (Owen,  1846)  is reported  from  several  Eurasian  localities
dated to  the  Late  Pliocene–Early  Pleistocene,  but  its  Italian  fossil  record  is  really  poor;  in
fact, the  only  possible  occurrence  comprises  some  fragmentary  postcranial  material  from
the  Late  Villafranchian  locality  of Pirro  Nord  (1.6–1.3  Ma).  In  the present  paper,  we  describe
an isolated  left upper  carnassial  of  a medium-sized  felid  belonging  to  the  collection  of  fossil
mammals  from  Montopoli  (Tuscany,  Italy), the  type  locality  of  the  Middle  Villafranchian
Faunal  Unit  (∼2.6  Ma).  All the  morphological  and  morphometric  characters  of the  tooth  are
consistent  with  an  attribution  to  Puma  pardoides  (Owen,  1846),  which  comes  out  as  the
second  felid  species  from  Montopoli  together  with  Acinonyx  pardinensis  (Croizet  et Jobert,
1828) and  is,  possibly  with  the  specimens  from  Perrier-Étouaries,  the  earliest  occurrence
in western  Europe.

© 2013  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.

ots clés :
uma pardoides

r  é  s  u  m  é

Un  félidé  semblable  au puma  Puma  pardoides  (Owen,  1846)  est  signalé  dans  plusieurs  local-
ités d’Eurasie  du Pliocène  supérieur  au  Pléistocène  inférieur,  mais  ses  archives  fossiles  sont
ammifères fossiles
talie

ontopoli
illafranchien supérieur

très  pauvres  en  Italie  ;  en  fait, le  seul  signalement  – douteux  – concerne  certains  fragments
postcrâniens  dans  la  localité  du  Villafranchien  supérieur  de  Pirro  Nord  (1,6  à 1,3  Ma).  Dans
le  présent  article,  nous  décrivons  une  carnassière  supérieure  gauche  isolée  appartenant  à
un félin  de  taille  moyenne  de  la  collection  de  mammifères  fossiles  de  Montopoli  (Toscane,
Italie),  localité  type  de  l’unité  faunique  du  Villafranchien  moyen  (∼2,6 Ma).  Tous  les  carac-
tères  morphologiques  et morphométriques  de la dent  sont  compatibles  avec  une  attribution
à  P.  pardoides  (Owen,  1846),  ce  qui la fait  apparaître  comme  la seconde  espèce  de  félidés
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de  Montopoli  avec  Acinonyx  pardinensis  (Croizet  et Jobert,  1828)  ; elle  en  est,  éventuellement
avec les  spécimens  de Perrier-Étouaries,  l’occurrence  la plus  précoce  en  Europe  occidentale.

émie  d

never been supported, either by the identification of any
synapomorphy with the extant Puma spp., or by any strict
phylogenetic analysis. In the present paper, we  decided to
© 2013  Acad

1. Introduction

The felid tooth described in the present paper is stored
in the Natural History Museum of Florence University and
was examined by the senior author (M.C.) on the occasion
of a review of cheetah-like cat fossil remains related to the
description of new, still unpublished material of Acinonyx
pardinensis from central Italy. Although the tooth is labeled
as “Acinonyx sp.” in the museum catalog, its morphological
and dimensional features clearly indicate that it cannot be
referred to a cheetah, but to a puma.

The genus Puma Jardine, 1834 is represented today by
the two species Puma concolor (Linnaeus, 1771) and the
smaller Puma yagouaroundi (Lacépède, 1809) (Macdonald
et al., 2010). P. concolor – commonly known as puma,
cougar, or mountain lion – is a moderately large cat, with
average weight of 53–72 kg for adult males and 34–48 kg
for adult females (Macdonald et al., 2010); it shows an
increasing trend in size from the Equator to the poles
(Iriarte et al., 1991).

Pumas are distributed throughout the Americas, from
Canada to Patagonia, and live in a wide variety of habitats,
from tropical rainforests to semiarid scrublands, reflecting
their great adaptability to a wide range of environmen-
tal conditions (Hornocker and Negri, 2010; Murphy and
Macdonald, 2010). Prey ranges from mouse- to deer-sized
animals, but prey size varies with latitude: in temperate
areas this predator regularly preys on animals as large
as or larger than itself, whereas in tropical regions prey
normally weighs less than half the puma’s weight. This dif-
ference reflects the relative availability of different-sized
prey and possible competition with jaguars in the tropics
(Macdonald et al., 2010).

During the Late Pliocene–Early Pleistocene, Eurasia was
inhabited by the puma-like felid Puma pardoides (Owen,
1846) (Hemmer et al., 2004). Using skeletal and dental
predictors of body mass in carnivores (Van Valkenburgh,
1990), it has been possible to estimate for P. pardoides
a body size close to the extant P. concolor (Hemmer
et al., 2004; Turner and Antón, 1997). The only com-
plete cranium of this big cat has been found in the
Middle Villafranchian locality of Saint-Vallier (Fig. 1) and
described by Viret (1954) as Panthera schaubi. Later,
Hemmer (1965) attributed the French specimen to the
new genus Viretailurus, on the basis of differences from
pantherine cats and similarities to the American puma.
Sotnikova (1978) has been the first to refer the Saint-
Vallier cranium to a real puma (Felis (Puma) sp.), together
with some remains from central Asia. Finally, describ-
ing the Epivillafranchian remains from Untermassfeld
(Germany), Hemmer (2001) pointed out that all the
Eurasian puma-like remains could be referred to the

new combination P. pardoides (Owen, 1846), because the
generic name Viretailurus Hemmer, 1965 and the spe-
cific name schaubi Viret, 1954 are junior synonyms of
es  sciences.  Publié  par Elsevier  Masson  SAS.  Tous  droits  réservés.

Puma Jardine, 1834 and pardoides Owen, 1846, respec-
tively.

Nevertheless, because fossil remains are scarce, the tax-
onomic attribution of these forms to the genus Puma has
Fig. 1. Sequence of reconstruction of the head of Puma pardoides,  based
on the complete skull from Saint-Vallier, France. Artwork: Iurino D.A.
Fig. 1. Séquence de reconstruction de la tête de Puma pardoides,  sur la
base du crâne complet de Saint-Vallier, France. Dessin : Iurino D.A.
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ollow the most recent scientific literature in including the
urasian Plio-Pleistocene puma-like cat remains within the
pecies P. pardoides,  but we are aware that further discov-
ries are needed for confirming, or not, the validity of this
pecies.

The Eurasian record of P. pardoides includes the follow-
ng localities: Perrier-Étouaries (Hugueney et al., 1989),
nd Saint-Vallier (Argant, 2004; Viret, 1954), France; La
uebla de Valverde, Cueva Victoria, and Vallparadís, Spain
Madurell-Malapeira et al., 2010a); Red Crags, Great Britain
Owen, 1846); Untermassfeld, Germany (Hemmer, 2001);
vabebi, Georgia (Hemmer et al., 2004); probably Stránská
kála, Czech Republic (Hemmer, 2001); probably Varshets,
ulgaria (Spassov, 1997); Shamar, Mongolia and Bereco-
aya, Russia (Sotnikova, 1978). Other puma-like remains
ave been described from Tegelen, The Netherlands, by
emmer (2001), but O’Regan and Turner (2004) later

eferred this material to Panthera gombaszoegensis. Simi-
arly, the remains from Vallonnet, France (Moullé, 1992)
ould be attributed to Panthera pardus (Moullé et al., 2006).
ecently, a well-preserved proximal part of left ulna from
irro Nord, Italy has been attributed to P. pardoides by
etrucci et al. (2013).

Paleoenvironmental reconstructions of these differ-
nt sites show important variability in land cover, with
orests, woodlands, grasslands and transitional ranges
Hemmer et al., 2004). P. pardoides – like the closely-related
xtant P. concolor – was therefore characterized by a wide
cological tolerance, so does not provide detailed paleoen-
ironmental information.

P. pardoides seems to be present in Eurasia from the
ate Pliocene (Kvabebi, Georgia and Shamar, Mongolia,
ore than 2.6 Ma,  Hemmer et al., 2004) to the latest

arly Pleistocene (Vallparadís, Spain, layer EVT7, ∼0.83 Ma,
adurell-Malapeira et al., 2010b). The Montopoli local

auna has been correlated by Lindsay et al. (1980) to
he base of the Matuyama magnetic chron (∼2.6 Ma),
pproximately at the same age of Perrier-Étouaries, so the
pecimen described in the present work represents one of
he earliest records of P. pardoides.

Institutional abbreviations – DSTR: Dipartimento di
cienze della Terra, Sapienza University of Rome; GSM:
eorgian State Museum, Tbilisi; HNHM: Hungarian Natural
istory Museum, Budapest; IGF: Natural History Museum,
ection of Geology and Paleontology, Florence University;
HNB: Natural History Museum, Basel; MHNL: Natu-

al History Museum, Lyon; SBAU: Soprintendenza per i
eni Archeologici dell’Umbria, Italy; SPE: Natural History
useum, Section of Zoology “La Specola”, Florence Uni-

ersity; UCBL: Collections UFR des sciences de la Terre,
niversité Claude-Bernard–Lyon-1.

. Site and accompanying mammal  fauna

The town of Montopoli Val d’Arno is located in Tus-
any (central Italy), about 27 km east-southeast of Pisa and
0 km west-southwest of Florence. Most of the Montopoli

ollection comes from excavations made by Forsyth Major
n 1880 and was found in gravelly sands alternating with

arine littoral deposits. Continental mammal-bearing
ands outcropped in at least two localities: “l’Uccellatoio”
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hill and “Poggio di Montevecchio”, both located a few kilo-
meters southeast of the town of Montopoli (De Giuli and
Heintz, 1974). The felid tooth described in the present work
probably comes from the former locality. Fossil mammals
from Montopoli have been analyzed by several authors
since their discovery (Azzaroli, 1977; Benvenuti et al.,
1995; De Giuli and Heintz, 1974; Ficcarelli, 1984; Forsyth
Major, 1885; Merla, 1949). According to published data the
fauna is composed of the following taxa: A. pardinensis,  Nyc-
tereutes megamastoides, Pliocrocuta perrieri, Mammuthus
gromovi, Stephanorhinus jeanvireti, Stephanorhinus etruscus,
Equus livenzovensis, Axis lyra, Croizeratoceros ramosus,
Eucladoceros falconeri, Procapreolus cusanus, Gazella bor-
bonica, Leptobos stenometopon.

3. Material and methods

The tooth IGF 15358 from Montopoli (Fig. 2) is labeled as
Acinonyx sp. in the current IGF catalog, although the iden-
tification “Viretailurus schaubi” was written with a pencil
on the original paper catalog by an unknown past curator
of the Museum. Viretailurus schaubi is an older synonym of
Puma pardoides,  according to Hemmer (2001). Tooth mea-
surements were taken following Hemmer et al. (2004).

4. Description and comparison

The left upper carnassial IGF 15358 is in good state of
preservation, although the two  anterior roots are broken
(Fig. 2).

In occlusal view, the tooth shows a peculiar T mor-
phology (Argant, 2004), caused lingually by the advanced
position of the protocone, and labially by the bulging of
the antero-labial base of the parastyle, that does not form
a true ectoparastyle. This feature seems to be less evident
in the extant P. concolor (Fig. 3I), which is however charac-
terized by strong morphological variability in its dentition
(Hemmer et al., 2004).

The protocone is a well-developed cusp, slightly ori-
ented frontwards and noticeably low-placed toward the
root, as one can note in anterior view. The triangular pit
formed by the parastyle, paracone, and protocone is quite
deep, and a clear ridge runs from the paracone tip to the
protocone. The parastyle is globular and much worn on the
labial side. The indentation between the para- and meta-
cone is deep and open.

All these morphological characters have been described
for P. pardoides from various Eurasian sites (Argant, 2004;
Hemmer, 1965; Hemmer et al., 2004; Viret, 1954).

It is evident that the tooth from Montopoli does not
belong to a cheetah, Acinonyx sp., as indicated in the IGF cat-
alog. In fact, the Villafranchian giant cheetah, A. pardinensis,
is characterized by a larger and stronger carnassial, with a
very reduced and posteriorly-placed protocone (Fig. 3H).

Morphometric values for IGF 15358 are very close to
those of the holotype of “Panthera” schaubi from Saint-
Vallier (Hemmer, 1965; Viret, 1954), but smaller than those

of the other specimens from the same locality (Argant,
2004) and of P. pardoides from Kvabebi (Hemmer et al.,
2004). Also the Recent puma, P. concolor, shows higher
mean values for the upper carnassial (Table 1).
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Fig. 2. Left upper carnassial of Puma pardoides (IGF 15358) from Montopoli (Italy). A1–2: labial view; B1–2: lingual view; C1–2: occlusal view. Photographs
(A1-C1): Cherin M.;  artwork (A2-C2): Iurino D.A. Scale bar: 1 cm.

 Montop
e : 1 cm
Fig. 2. Carnassière supérieure gauche de Puma pardoides (IGF 15358) de
Photos  (A1-C1) : Cherin M.  ; dessins (A2-C2) : Iurino D.A. Échelle graphiqu

More detailed comparisons are needed for Lynx issiodor-
ensis. In fact, although this species is not reported at
Montopoli, it was undoubtedly present in Europe at the
beginning of the Middle Villafranchian (Werdelin, 1981).
In addition, as Kurtén highlighted (1978), the overall
morphology of the Issoire lynx was more “generalized”
than extant lynxes, thus resembling a puma in some
respects (larger head, longer neck, shorter limbs, and
heavier body). Nevertheless, dental differences between
L. issiodorensis and P. pardoides seem to be quite definite, as
Viret (1954) stressed in describing the fossils from Saint-
Vallier, where both species have been reported. Although
the two felids are dimensionally similar, the upper car-
nassial of P. pardoides is on average slightly larger than
that of L. issiodorensis (Table 1). The main morphological
differences lie in the following characters (for a graphic
comparison, see Fig. 3A–C for P. pardoides and Fig. 3D–F for
L. issiodorensis): P. pardoides has a stouter upper carnassial
on the whole, with a Panthera-like, massive, lingually-
projected protocone. The parastyle is stout and globular
as well. In addition, L. issiodorensis normally shows a well-
developed ectoparastyle (more prominent than in the
living lynx; Kurtén, 1978), which gives a sharp appear-
ance to the antero-labial angle of the tooth (black arrows
in Fig. 3D–F). On the contrary, the parastyle does not
bulge labially (T-shaped occlusal outline of P. pardoides).

The P4 protocone of L. issiodorensis is more slender than
in P. pardoides;  furthermore, its posterior margin strongly
recedes in occlusal view (grey arrows if Fig. 3D–F), whereas
in P. pardoides the protocone is more clearly isolated from
oli (Italie). A1–2 : vue labiale ; B1–2 : vue linguale ; C1–2 : vue occlusale.
.

the lingual wall of the tooth, coming off with a sharper
angle.

The length and maximum breadth of the examined
tooth are close to the smaller values for the extant leopard,
P. pardus (Table 1), but the latter normally shows a stronger
and stouter carnassial, with the absence of the typical T-
shaped occlusal morphology (Fig. 3G), as in L. issiodorensis.

5. Discussion

The Montopoli Faunal Unit is the earliest unit of the
Middle Villafranchian (Rook and Martínez-Navarro, 2010).
This large mammal  assemblage provides a clear indica-
tion of the strong environmental change that occurred
at the beginning of the Pleistocene, with the disappear-
ance of some of the taxa with subtropical affinities that
still characterize the previous Early Villafranchian Triversa
FU, as well as the dispersal of herbivores such as a prim-
itive species of the genus Mammuthus, the monodactyl
horse (Equus cf. livenzovensis) (the so-called “elephant-
Equus event” of Azzaroli, 1977), the large deer Eucladoceros
tegulensis,  and the bovid Gazella borbonica.  The Montopoli
FU – corresponding to the MN16b unit in the European MN-
system of Mein (1975) – was originally included in the Early
Villafranchian (Azzaroli, 1977; Gliozzi et al., 1997), but the

clear importance of the faunal turnover observable at the
transition from the Triversa FU to the Montopoli FU sug-
gested considering the latter as the basal FU of the Middle
Villafranchian (Rook and Martínez-Navarro, 2010).
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Table  1
Dental measurements (in mm)  of Puma pardoides from Montopoli, Saint-Vallier (data from Argant, 2004; Hemmer et al., 2004), and Kvabebi (data from
Hemmer et al., 2004), compared to Puma concolor, Panthera pardus,  and Lynx issiodorensis.
Tableau 1
Mesures dentaires (en mm)  de Puma pardoides de Montopoli, Saint-Vallier (données de Argant, 2004 ; Hemmer et al., 2004) et Kvabebi (données de Hemmer
et  al., 2004), par rapport à Puma concolor, Panthera pardus et Lynx issiodorensis.

TL MaxB BlaB ParL MetL

Puma pardoides
Montopoli

IGF 15358 sx 20.0 11.2 7.2 7.4 7.1
Saint-Vallier

MHNL  QSV.136 dx 21.0 11.6 7.5 8.4 8.1
MHNL  QSV.136 sx 20.0 11.4 7.5 8.7 7.4
MHNL  SV.97.020 sx 23.2 13.2 – 9.6 8.9
MHNB  StV.273 dx 23.2 11.3 8.2 9.8 9.1
MHNB  StV.273 ? 22.7 11.2 – – –

Kvabebi
GSM  K-243 dx 21.5 13.0 8.7 9.8 7.6
GSM  K-244 sx – 12.8 – 9.8 –

Puma  concolor
Schmid, 1940 (n = 8) 24.0 11.9 8.6 9.6 10.2
Young and Goldman, 1946 (n = 127) 22.4 11.3 – – –
HNHM  (n = 3) 21.3 11.4 – – –
Werdelin (n = 21)* 23.8 11.8 8.9 9.7 9.5

Panthera pardus
Schmid, 1940 (n = 156) 24.2 12.2 – – –
HNHM  and SPE (n = 17) 23.5 12.1 – – –
Werdelin (n = 31)* 25.1 12.9 8.6 10.1 9.9

Lynx  issiodorensis
Perrier-Étouaries

MHNB Prr200 20.4 9.6 6.5 8.2 8.7
MHNB  Prr201 20.5 9.6 6.4 8.7 8.7
MHNB  Prr411 19.6 8.9 6.8 8.2 8.2
MHNB  Prr8 19.9 10.3 6.4 8.5 7.6
IGF  12777 19.9 9.6 7.0 8.0 8.0
MNHN  583* 20.5 9.8 6.9 8.0 8.0

Saint-Vallier
MHNB  StV.767* 20.6 11.1 6.7 8.7 8.3
MHNL  QSV. . .* 19.4 9.4 6.3 8.0 7.2

Pantalla
SBAU  337624 18.2 8.7 6.3 7.3 7.3

Olivola
IGF  4399 18.0 8.4 – 7.1 –

Upper  Valdarno
IGF 13890 17.2 7.3 5.5 6.7 5.8
IGF  13894 16.9 7.8 – – –
IGF  893 17.7 8.7 5.7 7.4 6.9

Garfagnana
IGF  1445V 18.0 8.6 – – –

Pirro  Nord
DSTR. . . 20.1 9.0 6.9 7.5 7.2

TL: total length; MaxB: breadth at the protocone (maximum breadth); BlaB: blade (paracone + metacone) length; ParL: paracone length; MetL: metacone
length. For average data, sample size is indicated in brackets. Values indicated by an asterisk were kindly provided by Lars Werdelin.
T BlaB : lo
l n est ind
a

r
(
V
fi
S
a
1

p
f

L  : longueur totale ; MaxB : largeur au protocône (largeur maximale) ; 

ongueur métacône. Pour les données moyennes, la taille de l’échantillo
imablement fournies par Lars Werdelin.

The Montopoli large mammal  assemblage and the
elated Faunal Unit occur at the Gauss/Matuyama boundary
∼2.6 Ma)  (Lindsay et al., 1980). Therefore the Early/Middle
illafranchian transition corresponds to the newly rede-
ned Plio/Pleistocene boundary, lowered to the Global
tratotype Section and Point (GSSP) of the Gelasian Stage
t Monte San Nicola, Sicily (Gibbard et al., 2010; Rio et al.,

994).

Puma-like cats – which probably represent the most
oorly known carnivores within the European Pleistocene
aunas – spread into western Europe at the beginning
ngueur lame (paracône + métacône) ; ParL : longueur paracône ; MetL :
iquée entre parenthèses. Les valeurs marquées d’un astérisque ont été

of the Pleistocene and their diffusion can be considered
one of the bioevents that characterized the Early/Middle
Villafranchian faunal turnover (Hemmer et al., 2004).
As suggested by several authors (Hemmer et al., 2004;
Madurell-Malapeira et al., 2010a; Salles, 1992; Spassov,
2011; Van Valkenburgh et al., 1990), the puma is closely
related to the cheetah and the snow leopard (although

recent genetic analyses (Johnson et al., 2006) seem to put
the close affinities between the snow leopard and the
Puma-Acinonyx clade up for discussion). At present, the
incompleteness of the fossil record cannot provide clear
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Fig. 3. Upper carnassial of selected fossil and living felids in occlusal
view. A. Puma pardoides from Montopoli (IGF 15358). B. P. pardoides from
Saint-Vallier (cast IGF 13511). C. P. pardoides from Saint-Vallier (UCBL
SV.97.020). D. Lynx issiodorensis from Perrier-Étouaries (cast IGF 12777).
E.  L. issiodorensis from Upper Valdarno (IGF 13894). F. L. issiodorensis
from Saint-Vallier (cast IGF 15072). G. Panthera pardus (HNHM 65.52.1).
H.  Acinonyx pardinensis from Montopoli (IGF 12477). I. Puma concolor
(HNHM 66.269.1). The black arrows indicate the ectoparastyle in
L. issiodorensis. The grey arrows indicate the typical profile of the proto-
cone in L. issiodorensis. Drawings are not to scale.
Fig. 3. Carnassière supérieure de félidés fossiles et vivants en vue
occlusale. A. Puma pardoides de Montopoli (IGF 15358). B. P. pardoides de
Saint-Vallier (coulée IGF 13511). C. P. pardoides de Saint-Vallier (UCBL
SV.97.020). D. Lynx issiodorensis de Perrier-Étouaries (coulée IGF 12777).
E.  L. issiodorensis de Valdarno Supérieur (IGF 13894). F. L. issiodorensis de
Saint-Vallier (coulée IGF 15072). G. Panthera pardus (HNHM 65.52.1).
H.  Acinonyx pardinensis de Montopoli (IGF 12477). I. Puma concolor

(HNHM 66.269.1). Les flèches noires indiquent la ectoparastyle dans
L. issiodorensis. Les flèches grises indiquent le profil type de l’protocône
dans L. issiodorensis. Les dessins ne sont pas à l’échelle.

information on the origin and systematics of these small-
headed large cats, which are normally distinguished only
on the basis of craniodental features.

The Early and Middle Villafranchian European mam-

mal  assemblages are characterized by the occurrence
of different large felids such as two machairodontine
cats (Homotherium and Megantereon), the giant chee-
tah A. pardinensis, and L. issiodorensis, besides P. pardoides.
 12 (2013) 165–171

During the Late Villafranchian, the Eurasian jaguar Pan-
thera gombaszoegnesis also spread into Europe, together
with the giant hyaena Pachycrocuta brevirostris (“Pachycro-
cuta brevirostris event” of Martínez-Navarro, 2010) and the
first wolf/jackal-sized dogs of the genus Canis (“wolf event”
of Azzaroli, 1983) (Palombo et al., 2008). In the present
paper, we confirm that P. pardoides was present in western
Europe at least from the Plio/Pleistocene transition (while
its first occurrence in eastern Europe – Kvabebi, Geor-
gia – and Asia – Shamar, Mongolia – is probably slightly
older; Hemmer et al., 2004). Therefore, keeping in mind
that its youngest record is at Vallparadís, Spain, around
the latest Early Pleistocene (Madurell-Malapeira et al.,
2010b), we  can conclude that this species was present
in Europe for at least 2 Ma.  Probably, the presumed high
ecological adaptability of P. pardoides – inferred from the
very different paleoecological features of the sites where
this species has been found, as well as from the eco-
logical data for the closely-related extant P. concolor –
allowed this big cat to find space in the complex frame-
work of the Early Pleistocene carnivore guild. It is not
accidental that the disappearance of P. pardoides from
the Eurasian fossil record at the end of the Early Pleis-
tocene coincides with the arrival of an other ecologically
flexible large cat, the leopard P. pardus (probably first
recorded in the Vallonnet Cave at about 1.0 Ma,  Moullé
et al., 2006), which probably replaced the Eurasian puma
occupying the same ecological niche. Unfortunately, even
in this case the scantiness and ambiguity of the fossil
record make the definition of this ecological “transition”
unclear.

6. Conclusions

The occurrence of P. pardoides in the Montopoli assem-
blage is here documented thanks to the description of a
left upper carnassial stored at the IGF. This fossil there-
fore can be considered as the earliest evidence of this
species in Italy at the Plio/Pleistocene transition, when
this felid spread into western Europe possibly from Asia.
The Montopoli Faunal Unit, now referred to the Middle
Villafranchian (Rook and Martínez-Navarro, 2010), can be
related to an important faunal change driven by the cli-
mate change at the beginning of the Pleistocene, with the
dispersal and diffusion of elephantids, gazelles, antelopes,
and monodactyl horses. The puma-like cat P. pardoides was
one of the top predators, together with the giant chee-
tah, machairodontine cats, and – later on – pantherine cats,
that characterized the western Europe terrestrial ecosys-
tems for hundreds of thousands of years. This felid became
extinct at the end of the Early Pleistocene, when lions and
leopards spread widely into Europe.

Acknowledgments

We are indebted to Elisabetta Cioppi (IGF), Paolo Agnelli
(SPE), Gabor Csorba and Mihaly Gasparik (HNHM) for

their valuable technical support in exploring and studying
museum collections, and to Andrea Savorelli for the pho-
tographs at IGF. We  sincerely thank Lars Werdelin and a
second anonymous reviewer for their useful suggestions.



. Palevol

P
t
u

R

A

A

A

B

D

F

F

G

G

H

H

H

H

H

I

J

K

L

M

M

M.  Cherin et al. / C. R

This research received support from the SYNTHESYS
roject, http://www.synthesys.info/, which is financed by
he European Community Research Infrastructure Action
nder the FP7 “Capacities” Program.

eferences

rgant, A., 2004. Les Carnivores du gisement Pliocène final de Saint-Vallier
(Drôme, France). Geobios 37, S133–S182.

zzaroli, A., 1977. The Villafranchian stage in Italy and the Plio-Pleistocene
boundary. Giorn. Geol. 41, 61–79.

zzaroli, A., 1983. Quaternary mammals and the “end-Villafranchian” dis-
persal event – A turning point in the history of Eurasia. Palaeogeogr.
Palaeoclimatol. Palaeocol. 44, 117–139.

envenuti, M.,  Dominici, S., Rook, L., 1995. Inquadramento stratigrafico-
deposizionale delle faune a mammiferi villafranchiane (Unità
Faunistiche Triversa e Montopoli) del Valdarno Inferiore nella zona
a  sud dell’Arno (Toscana). Il Quaternario 8, 457–464.

e  Giuli, C., Heintz, E., 1974. Croizetoceros ramosus (Cervidae, Artiodactyla,
Mammalia) de Montopoli, nouvel élément de la faune villafranchienne
d’Italie. Atti Soc. Tosc. Sci. Nat., Mem.  A 81, 241–251.

iccarelli, G., 1984. The Villafranchian cheetahs from Tuscany and remarks
on  the dispersal and evolution of the genus Acinonyx. Palaeontogr. It.
73,  94–103.

orsyth Major, C.J., 1885. On the mammalian fauna of the Val d’Arno. Q. J.
Geol. Soc. Lond. 41, 1–8.

ibbard, P.L., Head, M.J., Walkers, M.J.C., the Subcommission on Qua-
ternary Stratigraphy, 2010. Formal ratification of the Quaternary
System/Period and the Pleistocene Series/Epoch with a base at
2.58 Ma.  J. Quaternary Sci. 25, 96–102.

liozzi, E., Abbazzi, L., Argenti, P., Azzaroli, A., Caloi, L., Capasso Bar-
bato, L., Di Stefano, G., Esu, D., Ficcarelli, G., Girotti, O., Kotsakis,
T.,  Masini, F., Mazza, P., Mezzabotta, C., Palombo, M.R., Petronio, C.,
Rook, L., Sala, B., Sardella, R., Zanalda, E., Torre, D., 1997. Biochronol-
ogy of selected mammals, molluscs and ostracods from the Middle
Pliocene to the Late Pleistocene in Italy. Riv. It. Paleontol. S. 103,
369–388.

emmer, H., 1965. Studien an “Panthera” schaubi Viret aus dem Vil-
lafranchien von Saint-Vallier (Drôme). Neues Jahrb. Geol. Palaeontol.
Abh. 122, 324–336.

emmer, H., 2001. Die Feliden aus dem Epivillafranchium von Unter-
massfeld. In: Kahlke, R.D. (Ed.), Das Pleistozän von Untermassfeld
bei Meiningen (Thüringen), Teil 3. Römisch-Germanisches Zentral-
museum, Bonn, pp. 699–782.

emmer, H., Kahlke, R.D., Vekua, A.K., 2004. The Old World puma –
Puma pardoides (Owen, 1846) (Carnivora: Felidae) – in the Lower Vil-
lafranchian (Upper Pliocene) of Kvabebi (East Georgia, Transcaucasia)
and  its evolutionary and biogeographical significance. Neues Jahrb.
Geol. Palaeontol. Abh. 233, 197–231.

ornocker, M.,  Negri, S., 2010. Cougar Ecology and Conservation. The Uni-
versity of Chicago Press, Chicago and London, 306 p.

ugueney, M., Guérin, C., Poidevin, J.L., 1989. Discovery of Trogontherium
minus Newton 1890 (Rodentia, Castoridae) in the Lower Villafranchian
Locality of Perrier-Étouaries (Puy-De-Dome, France) - Phylogenetic
Implications. C. R. Acad. Sci., Paris, Ser. II 309, 763–768.

riarte, J.A., Johnson, W.E., Franklin, W.L., 1991. Feeding ecology of the
Patagonia puma in southernmost Chile. Rev. Chilena Hist. Nat. 64,
145–156.

ohnson, W.E., Eizirik, E., Pecon-Slattery, J., Murphy, W.J., Antunes, A.,
Teeling, E., O’Brien, S.J., 2006. The Late Miocene radiation of modern
Felidae: a genetic assessment. Science 311, 73–77.

urtén, B., 1978. The lynx from Etouaries, Lynx issiodorensis (Croizet &
Jobert), Late Pliocene. Ann. Zool. Fenn. 15, 314–322.

indsay, E.H., Opdyke, N.D., Johnson, N.M., 1980. Pliocene dispersal of the
horse Equus and Late Cenozoic mammalian dispersal events. Nature
287, 135–138.

acdonald, D.W., Loveridge, A.J., Nowell, K., 2010. Dramatis personae: an
introduction to wild felids. In: Macdonald, D.W., Loveridge, A.J. (Eds.),

Biology and Conservation of Wild Felids. Oxford University Press, New
York, pp. 3–58.

adurell-Malapeira, J., Alba, D.M., Moya-Sola, S., Aurell-Garrido, J., 2010a.
The Iberian record of the puma-like cat Puma pardoides (Owen, 1846)
(Carnivora, Felidae). C. R. Palevol. 9, 55–62.
 12 (2013) 165–171 171

Madurell-Malapeira, J., Minwer-Barakat, R., Alba, D.M., Garces, M.,  Gomez,
M.,  Aurell-Garrido, J., Ros-Montoya, S., Moya-Sola, S., Berastegui,
X., 2010b. The Vallparadís section (Terrassa, Iberian Peninsula) and
the  Latest Villafranchian faunas of Europe. Quaternary Sci. Rev. 29,
3972–3982.

Martínez-Navarro, B., 2010. Early Pleistocene faunas of Eurasia and
hominin dispersal. In: Fleagle, J.G., Shea, J.J., Grine, F.E., Baden, A.L.,
Leakey, R.E. (Eds.), Out of Africa I: the First Hominin Colonization
of  Eurasia. Vertebrate Paleobiology and Paleoanthropology Series.
Springer, Dordrecht, Heidelberg, London, New York, pp. 207–224.

Mein, P., 1975. Résultats du groupe de travail des vertébrés : biozonation
du Néogène méditerranéen à partir des Mammifères, in: Senes, J., (Ed.)
Report on activity RCMNS Working Groups, 1971–1975. 6th Congress
of  the Regional Committee on Mediterranean Neogene Stratigraphy,
Bratislava, pp. 78–81.

Merla, G., 1949. I Leptobos Rütim. italiani. Palaeontogr. Ital. 46, 41–155.
Moullé, P.E., 1992. Les grands mammifères du Pléistocène inférieur de

la  grotte du Vallonnet (Roquebrune-Cap-Martin, Alpes-Maritimes).
Étude paléontologique des Carnivores, Équidés, Suidés et Bovidés.
Unpublished Ph.D. Thesis, Muséum National d’Histoire Naturelle,
Paris, 365 p.

Moullé, P.E., Lacombat, F., Echassoux, A., 2006. Apport des grands
mammifères de la grotte du Vallonnet (Roquebrune-Cap-Martin,
Alpes-Maritimes, France) à la connaissance du biochronologique de
la  seconde moitié du Pléistocène inférieur d’Europe. Anthropologie
110, 837–849.

Murphy, T., Macdonald, D.W., 2010. Pumas and people: lessons in the
landscape of tolerance from a widely distributed felid. In: Macdonald,
D.W., Loveridge, A.J. (Eds.), Biology and Conservation of Wild Felids.
Oxford University Press, New York, pp. 431–451.

O’Regan, H.J., Turner, A., 2004. Biostratigraphic and palaeoecological
implications of new fossil felid material from the Plio-Pleistocene site
of  Tegelen, The Netherlands. Palaeontology 47, 1181–1193.

Owen, R., 1846. A History of British Fossil Mammals, and Birds. John Van
Voorst, London, 560 p.

Palombo, M.R., Sardella, R., Novelli, M.,  2008. Carnivora dispersal in west-
ern  Mediterranean during the last 2.6 Ma.  Quatern. Int. 179, 176–189.

Petrucci, M.,  Cipullo, A., Martínez-Navarro, B., Rook, L., Sardella, R., 2013.
The Late Villafranchian (Early Pleistocene) carnivores (Carnivora,
Mammalia) from Pirro Nord (Italy). Palaeontogr. Abt. A. 298, 113–145.

Rio, D., Sprovieri, R., Di Stefano, E., 1994. The Gelasian stage: a proposal of
a  new chronostratigraphic unit of the Pliocene series. Riv. It. Paleontol.
S.  100, 103–124.

Rook, L., Martínez-Navarro, B., 2010. Villafranchian: the long story
of  a Plio-Pleistocene European large mammal biochronologic unit.
Quatern. Int. 219, 134–144.

Salles, L.O., 1992. Felid phylogenetics: extant taxa and skull morphology
(Felidae, Aeluroidea). Am.  Mus. Novit. 3047, 1–66.

Schmid, E., 1940. Variationsstatistische Untersuchungen am Gebiss
pleistozäner und rezenter Leoparden und anderer Feliden. Z.
Säugetierkunde 15, 1–179.

Sotnikova, M.V., 1978. Upper Pliocene carnivora of central Asia. Int. Geol.
Rev. 20, 335–338.

Spassov, N., 1997. Villafranchian succession of mammalian megafaunas
from Bulgaria and the biozonation of South-East Europe. Mem. Trav.
Ecole Prat. Hautes Etudes Inst. Montpellier 21, 669–676.

Spassov, N., 2011. Acinonyx pardinensis (Croizet et Jobert) remains from
the  Middle Villafranchian locality of Varshets (Bulgaria) and the Plio-
Pleistocene history of the cheetahs in Eurasia. Est. Geol. 67, 245–253.

Turner, A., Antón, M.,  1997. The Big Cats and Their Fossil Relatives: An
Illustrated Guide to Their Evolution and Natural History. Columbia
University Press, New York, 234 p.

Van Valkenburgh, B., 1990. Skeletal and dental predictors of body mass
in  carnivores. In: Damuth, J., MacFadden, B.J. (Eds.), Body Size in
Mammalian Paleobiology: Estimation and Biological Implications.
Cambridge University Press, Cambridge, UK, pp. 181–205.

Van Valkenburgh, B., Grady, F., Kurtén, B., 1990. The Plio-Pleistocene
cheetah-like cat Miracinonyx inexpectatus of North America. J. Vertebr.
Paleont. 10, 434–454.

Viret, J., 1954. Le loess à bancs durcis de Saint-Vallier (Drôme) et sa faune

de mammifères villafranchiens. Avec une analyse granulométrique.
Nouv. Arch. Mus. Hist. Nat. Lyon 4, 1–195.

Werdelin, L., 1981. The evolution of lynxes. Ann. Zool. Fenn. 18, 37–71.
Young, S.P., Goldman, E.A., 1946. The Puma: Mysterious American Cat.

American Wildlife Institute, Washington, DC, 358 p.

http://www.synthesys.info/

	Earliest occurrence of Puma pardoides (Owen, 1846) (Carnivora, Felidae) at the Plio/Pleistocene transition in western Euro...
	1 Introduction
	2 Site and accompanying mammal fauna
	3 Material and methods
	4 Description and comparison
	5 Discussion
	6 Conclusions
	Acknowledgments
	References


