
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [Consorci de Biblioteques Universitaries de Catalunya]
On: 27 May 2010
Access details: Access Details: [subscription number 919083124]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Vertebrate Paleontology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t917000010

New Craniodental Remains of Trocharion Albanense Major, 1903
(Carnivora, Mustelidae), from the Vallès-Penedès Basin (Middle to Late
Miocene, Barcelona, Spain)
Josep M. Roblesab; David M. Albabc; Salvador Moyà-Solàd; Isaac Casanovas-Vilarb; Jordi Galindob;
Cheyenn Rotgersab; Sergio AlméCijab; Raül Carmonaa

a Fossilia Serveis Paleontològics i Geològics, Sant Celoni, Barcelona, Spain b Institut Català de
Paleontologia Universitat Autònoma de Barcelona. Edifici ICP, Cerdanyola del Vallès, Barcelona, Spain
c Dipartimento di Scienze della Terra, Università degli Studi di Firenze, Firenze, Italy d ICREA at
Institut Català de Paleontologia and Unitat d'Antropologia Biològica (Dept. BABVE), Universitat
Autònoma de Barcelona. Edifici ICP, Cerdanyola del Vallès, Barcelona, Spain

Online publication date: 24 March 2010

To cite this Article Robles, Josep M. , Alba, David M. , Moyà-Solà, Salvador , Casanovas-Vilar, Isaac , Galindo, Jordi ,
Rotgers, Cheyenn , AlméCija, Sergio and Carmona, Raül(2010) 'New Craniodental Remains of Trocharion Albanense
Major, 1903 (Carnivora, Mustelidae), from the Vallès-Penedès Basin (Middle to Late Miocene, Barcelona, Spain)', Journal
of Vertebrate Paleontology, 30: 2, 547 — 562
To link to this Article: DOI: 10.1080/02724631003617712
URL: http://dx.doi.org/10.1080/02724631003617712

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t917000010
http://dx.doi.org/10.1080/02724631003617712
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Journal of Vertebrate Paleontology 30(2):547–562, March 2010
© 2010 by the Society of Vertebrate Paleontology

ARTICLE

NEW CRANIODENTAL REMAINS OF TROCHARION ALBANENSE MAJOR, 1903
(CARNIVORA, MUSTELIDAE), FROM THE VALLÈS-PENEDÈS BASIN (MIDDLE TO LATE

MIOCENE, BARCELONA, SPAIN)
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josep.robles@fossilia.com, cheyenn.rotgers@fossilia.com, raul.carmona@fossilia.com;
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ABSTRACT—Cranial and dentognathic remains of Trocharion albanense (Carnivora, Mustelidae, Leptarctinae) from the
Vallès-Penedès Basin (Barcelona, Spain), ranging from the middle to the late Miocene, are described. Most of the newly
described material comes from several sites of the Abocador de Can Mata (ACM) section (in the municipal term of els
Hostalets de Pierola), but remains from other Catalan localities (Sant Quirze, Castell de Barberà, and Can Llobateres) are
also described. The material from ACM includes two partial crania and several mandibles. This enables description of several
aspects of craniodental morphology previously unknown for this taxon, such as the presence of first upper premolars, as
well as the presence of a conspicuous and rhomboid double temporal crest. Accordingly, an emended diagnosis of the genus
Trocharion is provided, together with a differential diagnosis with respect to other leptarctine genera. A cladistic analysis
based on craniodental features is consistent with Trocharion being the basalmost member of the Leptarctinae, and suggests
that the carnassial notch (still present in this taxon) was independently lost in leptarctines and in other mustelids.

INTRODUCTION

The Genus Trocharion in the Iberian Peninsula

The mustelid subfamily Leptarctinae is characterized by sev-
eral craniodental features, which include among others the pres-
ence of a double temporal crest (Qiu and Schmidt-Kittler, 1982;
Wang et al., 2004). Leptarctines are widely distributed in Europe,
Asia, and North America during the Miocene, although occur-
rences of fossils are relatively rare. The type genus of the sub-
family, Leptarctus Leidy, 1856, is distributed both across North
America (Leidy, 1856; Wortman, 1894; Matthew, 1924; Olsen,
1957a, 1957b, 1958, 1959; Qiu and Schmidt-Kittler, 1982; Lim
et al., 2001; Lim and Martin, 2001) and Asia (Zhai, 1964; Qiu
and Schmidt-Kittler, 1982); the genus Mephititaxus White, 1941,
is currently considered a junior subjective synonym of the former,
and the genus Hypsoparia Dorr, 1954 (see White, 1941; Olsen,
1958; McKenna and Bell, 1997), is also synonymized with the for-
mer by some authors (Baskin, 2005), whereas others maintain it
as a separate genus (Lim and Martin, 2002). Other genera have
been reported from the above-mentioned continents, including
Kinometaxia Wang, Qiu and Wang, 2004, in Asia (Wang et al.,
2004), and Craterogale Gazin, 1936, and Schultzogale Lim and
Martin, 2000, in North America (Gazin, 1936; Lim and Martin,
2000, 2002). In Europe, however, leptarctines are represented
by the single genus Trocharion Major, 1903 (see also Helbing,
1936; Mein, 1958; Ginsburg, 1999); other putative leptarctines,
Trochotherium Fraas, 1870, and Gaillardina Ginsburg, 1999 (e.g.,
Ginsburg, 1999; Bonis, 2005), are currently excluded from this

*Corresponding author.

subfamily (Wolsan, 1999; Wang et al., 2004; see Discussion for
further details).

The single and type species of the genus Trocharion is T. alba-
nense. It was erected by Major (1903) on the basis of French ma-
terial from the late Astaracian of La Grive, and it has been later
reported from several other localities from Central Europe and
the Iberian Peninsula (see review in Ginsburg, 1999). The occur-
rence of T. albanense in the Iberian Peninsula is restricted to the
Vallès-Penedès Basin. It was first reported by Villalta Comella
and Crusafont Pairó (1944) on the basis of an m1 from the late
Aragonian site of Sant Quirze. Later on, further remains of this
taxon were reported from the early Vallesian of Can Llobateres
(Petter, 1967a) and the late Aragonian of Castell de Barberà
(Petter, 1976). Until recently, the available specimens of T. alba-
nense from this basin were relatively scarce and mainly consisted
on isolated teeth. More abundant and complete material, how-
ever, has been recovered during the last 5 years during paleonto-
logical field work at Abocador de Can Mata (ACM; Alba et al.,
2006a, 2006b, 2007). In this paper, all the available material of this
taxon from the Vallès-Penedès Basin is described, including not
only the material previously published by other researchers (Vil-
lalta Comella and Crusafont Pairó, 1944; Petter, 1967a, 1976), but
also the more complete and unpublished material from ACM.

Historical Background

The Vallès-Penedès Basin (Fig. 1), located at the province of
Barcelona (Spain), can be divided geographically into two dif-
ferent sectors: the Penedès sector, including the localities from
the municipal term of els Hostalets de Pierola; and the Vallès
sector, including localities situated near the towns of Sabadell,
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FIGURE 1. Geographical map showing the location of the Vallès-Penedès Basin within the Iberian Peninsula (top left), and schematic geological
map of this basin, showing the main geological units as well as some of the main middle and late Miocene sites (modified after Agustı́ et al., 1985, and
Garcés, 1995, reprinted from Casanovas-Vilar et al. 2008a). Abbreviations: ACM, Abocador de Can Mata; CB, Castell de Barberà; CM, Can Missert;
CL, Can Llobateres; CP, Can Ponsic; PI, Piera; SQ, Sant Quirze; TF, Torrent de Febulines.

Rubı́, and Terrassa, such as Can Llobateres, Castell de Barberà,
and Sant Quirze. Mario Guerı́n discovered the fossiliferous po-
tential of the former area and reported it to paleontologist Josep
Ramon Bataller, who surveyed the area and reported several pa-
leontological sites (Bataller, 1938). Subsequently, paleontologists
Miquel Crusafont and Josep F. de Villalta further collected abun-
dant fossil material from that area, which led to several publi-
cations during the following decades, including the discovery of
hominoid remains at Can Vila (Villalta Comella and Crusafont
Pairó, 1941).

Among the Trocharion-bearing localities from the Vallès sec-
tor, the first to be discovered was Sant Quirze, also known as
Trinxera del Ferrocarril (Bataller, 1924, 1938). Around 1930,
Crusafont discovered, together with Ramón Arquer, the Early
Vallesian site of Can Llobateres, about 3 km from Sabadell (Vil-
lalta Comella and Crusafont Pairó, 1943a; Crusafont Pairó, 1964).
From 1956 to 1960, additional fossils were recovered from this
site (Crusafont Pairó, 1964), because the discovery of fossil homi-

noids (Crusafont Pairó, 1958) led to a large sampling effort. With
more than 60 recorded vertebrate species, Can Llobateres 1 rep-
resents one of the most diversified mammal assemblages from the
Eurasian Miocene (Agustı́ et al., 1996).

The site of Castell de Barberà was not discovered until the
1970s (Crusafont-Pairó and Golpe, 1972), leading to interesting
discoveries of small suoids (Golpe-Posse, 1977) and pliopithecid
primates (Crusafont-Pairó and Golpe-Posse, 1981). During the
1970s and 1980s, paleontological surveys and excavations were
also carried out at the area of Hostalets (mainly at Can Mata I).
However, from the beginning of the 1990s, excavations were re-
sumed at Can Llobateres 2 (Moyà-Solà and Köhler, 1993, 1996),
and most of the attention was devoted to the Vallès sector. Dur-
ing the 1980s, a rubbish dump known as Abocador de Can Mata
had developed near Can Mata de la Garriga. Over the years, an
extension of the dump was planned, and a paleontological inter-
vention was devised in order to control the removal of Miocene
sediments by the excavators. From its beginning in November
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2002, this paleontological field work has continued almost with-
out interruption (Alba et al., 2006a, 2006b, 2007; Moyà-Solà et al.,
2004, 2009; Casanovas-Vilar et al., 2008b). The material of T. al-
banense thus far recovered in the Abocador de Can Mata (ACM)
is not only more abundant than that previously recovered from
the same basin, but is also more completely preserved than else-
where, thus showing some previously unknown craniodental fea-
tures of this taxon.

STRATIGRAPHY AND AGE

The material of Trocharion albanense included in this study
comes from several localities situated in the Vallès-Penedès
Basin, on the NE margin of the Iberian Peninsula (Barcelona,
Spain; Fig. 1). This basin is a NNE-SSW-oriented Neogene half-
graben, limited by the Littoral and Pre-littoral Catalan Coastal
Ranges, which originated due to the rifting of the NW Mediter-
ranean region during the Neogene. Some marine and transitional
sequences were deposited in this basin during the early and mid-
dle Miocene, although most of the basin infilling is attributable to
proximal to distal-marginal alluvial fan sediments (Cabrera and
Calvet, 1990, 1996; Bartrina et al., 1992; Roca and Desegaulx,
1992; Roca and Guimerà, 1992; Cabrera et al., 2004).

There are no magnetostratigraphic data available for either
Castell de Barberà or Sant Quirze. Their respective rodent as-
semblages, however, are essentially comparable, corresponding
to the Megacricetodon ibericus + Democricetodon crusafonti lo-
cal biozone (Alba et al., 2006b; Casanovas-Vilar, 2007:appendix
2.1), which is correlated to MN8 sensu Mein and Ginsburg (2002).
This contrasts with the situation of Can Llobateres, for which
both sedimentary (Begun et al., 1990) and magnetostratigraphic
(Agustı́ et al., 1996) data are available. The locality of Can
Llobateres 1 corresponds to the C4Ar.3r subchron and is at-
tributable to the Cricetulodon local biozone, whereas the local-
ity of Can Llobateres 2 corresponds to the C4Ar.2r subchron and
is attributable to the Progonomys + Cricetulodon local biozone
(Agustı́ et al., 1996, 2001; Casanovas-Vilar, 2007:appendix 2.1). In
other words, Can Llobateres 1 and 2 record the early/late Valle-
sian transition (i.e., that between MN 9 and MN10), with an es-
timated age of 9.7 and 9.6 Ma, respectively, for Can Llobateres
1 and 2 (Agustı́ et al., 1996). Unlike Can Llobateres, both Sant
Quirze and Castell de Barberà correspond to the late Aragonian.
Castell de Barberà is considered to be younger than Sant Quirze
(Crusafont-Pairó and Golpe, 1972; Aguilar et al., 1979; Agustı́
Ballester, 1981; Agustı́ et al., 1985; Casanovas-Vilar, 2007). There
has been, however, some confusion regarding the precise dating
of this site, which has been attributed to the early Vallesian by De
Bruijn et al. (1992). On the basis of the absence of hipparionine
horses in Castell de Barberà (see discussion in Casanovas-Vilar,
2007:74, footnote 16), this site is correlated to the latest Arag-
onian, as proposed by Agustı́ Ballester (1981) and Agustı́ et al.
(1985, 1997, 2001).

With regard to the Penedès sector, more than twenty classi-
cal ‘localities’ are known from the area of els Hostalets (Crusa-
font and Truyols, 1954; Golpe-Posse, 1974). Except for Can Mata
I, however, they do not correspond to a single stratigraphic
level but to fossil findings of uncertain stratigraphic provenance
(Agustı́ et al., 1985; Alba et al., 2006b). Accordingly, an accu-
rate dating of the remains from most classic Hostalets ‘local-
ities’ is not possible. Be that as it may, Trocharion albanense
has not been identified among the paleontological collections
from classical Hostalets localities. The dating uncertainties sur-
rounding these localities contrasts with the situation of the ACM
local stratigraphic series (Alba et al., 2006b; Moyà-Solà et al.,
2009), which currently comprises more than 125 mammal sites
distributed along a continuous late Aragonian section of nearly
300 m. Thanks to the extensive outcrops generated by the digging

activity, and to the continuous paleontological control, the ACM
stratigraphic series is based on firm lithostratigraphic, magne-
tostratigraphic, and biostratigraphic grounds, which allow a pre-
cise dating of the several localities thus far discovered.

The faunistic and biostratigraphic background of ACM have
been recently updated (Alba et al., 2006b; Casanovas-Vilar et al.,
2008a), and the geological background and magnetostratigraphic
correlation has been also published recently (Moyà-Solà et al.,
2009). On the basis of certain cricetid taxa, Alba et al. (2006b)
divided the ACM stratigraphic series into three local biozones.
The upper part of the sequence (the Megacricetodon ibericus
+ Democricetodon crusafonti local biozone) can be correlated
to the MN8 (sensu Mein and Ginsburg, 2002), whereas the
intermediate part (the M. ibericus + D. larteti biozone) can
be correlated to the MN7 (sensu Mein and Ginsburg, 2002).
BDL1, the oldest locality of the ACM series, corresponds to
subchron C5Ar.1 (12.7–12.4 Ma). On the basis of the limited
small mammal sample from this locality, Alba et al. (2006b)
initially proposed a tentative correlation to the MN6 for the
lowest portion of the ACM series. The most extensive rodent
assemblage from C9-A1 (unpubl. data), which is only slightly
above BDL1, indicates that this locality corresponds to MN7, so
that most of the series must be correlated to MN7 and MN8.

Most of the material of Trocharion reported in this paper
comes from the excavation of four different ACM localities: C4-
A1 (= C4-Ae), excavated in 2005, as well as C5-D1 (= C5-Da),
C6-A2, and C6-Cb, excavated in 2008. Additional isolated ma-
terial was recovered from two ACM sectors: BDA, during the
2002–2003 campaign, and C5-D, in 2008. The oldest record cor-
responds to the remains from BDA; although the exact strati-
graphic provenance of this finding was not recorded, localities
from this sector correspond to the M. ibericus + D. larteti local
biozone (Alba et al., 2006b) and can be therefore correlated to
MN7, with an estimated age of ca. 12.4–11.7 Ma on the basis of
magnetostratigraphic data (Moyà-Solà et al., 2009; authors’ un-
publ. data). The remaining Trocharion-bearing sites from ACM
correspond to the M. ibericus + D. crusafonti local biozone (Alba
et al., 2006b) and are therefore correlated to MN8, with an esti-
mated age of ca. 11.7–11.5 Ma (subchrons C5r.3r and C5.r.2n) on
the basis of magnetostratigraphic correlation (Moyà-Solà et al.,
2009; authors’ unpublished data).

MATERIALS AND METHODS

Nomenclature

The dental nomenclature employed in this paper is based on
Smith and Dodson (2003).

Abbreviations

Metric Abbreviations—BL, labiolingual breadth; ML,
mesiodistal length.

Institutional Abbreviations—BMNH, Natural History Mu-
seum, London, United Kingdom; IPS, Institut Català de Pa-
leontologia Barcelona, Spain; SMN, Staatliches Museum für
Naturkunde, Stuttgart, Germany.

Fossil Locality Abbreviations—ACM, Abocador de Can Mata;
BDA, Decanting Pond of Rainwater; C4, Cell 4; C5, Cell 5; C6,
Cell 6; CB, Castell de Barberà; CL1, Can Llobares 1; SQ, Sant
Quirze.

Cladistic Analysis Abbreviations—CI, consistency index; RI,
retention index; RC, rescaled consistency index.

Studied Material

All the fossil remains included in this study are housed at the
collections of the Institut Català de Paleontologia (Barcelona,
Spain). The remains of Trocharion from Can Llobateres were
previously described by Petter (1967a), those from Sant Quirze
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by Villalta Comella and Crusafont Pairó (1944), and those from
Castell de Barberà by Petter (1976). The latter author further at-
tributed to (?) T. albanense several deciduous teeth from Castell
de Barberà; these specimens, however, have not been included in
the present study, because on the basis of the morphological fea-
tures of the dP4, they are most likely attributable to the Mephiti-
dae (Petter, 1976). The remains from ACM, on the contrary, have
been collected from 2002 onwards (Alba et al., 2006a, 2007).

Comparative Sample

The material of T. albanense described in this paper has been
compared to material of this taxon from other European Miocene
sites on the basis of published descriptions, figures, and measure-
ments. These localities include Vieux-Collonges (= Mont Cein-
dre; Mein, 1958), La Grive-Saint-Alban (Major, 1903; Pilgrim,
1933; Helbing, 1936; Viret, 1951), and Baigneaux-en-Beauce
(Ginsburg, 2002) in France; Steinheim (Fraas, 1870; Helbing,
1936), Edelbeuren-Maurerkopf (Von Volker, 1999), and perhaps
also Melchingen (Pilgrim, 1933; Viret, 1951; see Discussion) in
Germany; and Spalte von Neudorf an der March (Zapfe, 1950) in
Slovakia.

Cladistic Analysis

In order to decipher the phylogenetic relationships of Trochar-
ion as compared to other leptarctine genera, we performed a
cladistic analysis based on Wang et al.’s (2004:table 2) matrix,
which includes a generic outgroup, several procyonids, and pu-
tative stem mustelids (see Wolsan, 1993, for further details on
these taxa) and four leptarctine genera. To this database, we
added Trocharion and further introduced several minor modifi-
cations (see Results for additional details). Gaillardina and Tro-
chotherium were not included in the analysis because they are no
longer considered leptarctines (see Discussion), and the aim of
the analysis was only to determine the phylogenetic affinities of
Trocharion. It is necessary to note that Wang et al.’s (2004) ma-
trix was based on the characters and taxa discussed by Wolsan
(1993: table 1), with the addition of some additional characters,
the removal of certain taxa and the addition of leptarctine gen-
era (other than Trocharion). Accordingly, the reader is referred
to the two papers mentioned above for details on character defi-
nition and coding (see also Results). The analysis was performed
with PAUP∗ (Swofford, 2003), by using maximum parsimony and
the ‘branch-and-bound’ option; characters were treated as or-
dered, and multiple state characters were treated with the default
PAUP∗ option ‘uncertain,’ which picks the character state that
minimizes tree length. Clade stability was asssessed by means of
bootstrap analysis (1000 replicates), and also by means of Bre-
mer decay analysis (Bremer, 1994); the latter measures branch
support as the extra steps required in order to ‘collapse’ a clade
in the consensus of near-most-parsimonious trees.

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order CARNIVORA Bowdich, 1821

Suborder CANIFORMIA Kretzoi, 1943
Infraorder ARCTOIDEA Flower, 1869
Parvorder MUSTELIDA Tedford, 1976

Superfamily MUSTELOIDEA Fischer von Waldheim, 1817
Family MUSTELIDAE Fischer von Waldheim, 1817

Subfamily LEPTARCTINAE Gazin, 1936, sensu Qiu and
Schmidt-Kittler, 1982

Type Genus—Leptarctus Leidy, 1856.
Included Genera—See the Introduction.
Emended Diagnosis—After Qiu and Schmidt-Kittler, 1982;

Wang et al., 2004. Skull with double temporal crests. Strong,
broad, and deep zygomatic arches. Strong postorbital processes

TABLE 1. Fossil material of Trocharion albanense Major, 1903, from
several localities of the Vallès-Penedès Basin (Barcelona, Spain).

Record
no. Locality Description

IPS28084 CL1 Partial right M1 germ
IPS28088 CL1 Left m1 with partial roots; very worn
IPS28096 CL1 Right M1 crown; unworn
IPS30991 SQ Left m1 crown with partial roots; advanced

wear
IPS31232 CB Left M1 crown with partial roots; moderate

wear
IPS33217a CB Left p2 crown with partial root; moderate

wear
IPS33217b CB Right p3 crown with partial root; moderate

wear
IPS33217c CB Left p4 crown with almost complete roots;

moderate wear
IPS33217d CB Left P3 crown with partial roots; moderate

wear
IPS33217e CB Left m1 (complete); advanced wear
IPS33217f CB Right p4 crown with partial roots; moderate

wear
IPS33217g CB Left M1 crown with partial roots; moderate

wear
IPS33217h CB Left P4 with partial roots; moderate wear
IPS33220 CB Right M1 crown; unworn
IPS33221 CB Left P4 crown with roots embedded in

sediment; unworn
IPS33222 CB Right M1 crown; unworn
IPS43203 CB Right p4 (complete); moderate wear
IPS43204 CB Right m1 crown; slight wear
IPS43205 CB Left m1 crown; unworn
IPS43206 CB Right m1 crown with partial roots; slight

wear
IPS29705 ACM/C4-A1 Right M1 crown with partial roots; slight

degree of wear
IPS29892 ACM/C4-A1 Right mandibular corpus with c1 and partial

postcanine series; moderate wear
IPS29979 ACM/BDA Partial skull with partial tooth series (with

moderate degree of wear), skull roof and
partial zygomatics, but lacking a large
portion of the palate, the neurocranium,
and the basicranium

IPS35022 ACM/C4-A1 Right m2 crown with partial roots; slight
wear

IPS41716 ACM/C4-A1 Right m1 crown; slight wear
IPS41723 ACM/C4-A1 Right M1 crown; slight wear
IPS41738 ACM/C4-A1 Right M1 partial crown with partial roots;

slight wear
IPS43128 ACM/C6-A Right partial mandibular corpus with p2–3;

moderate wear
IPS43358 ACM/C6-A2 Right m1 crown with partial roots; unworn
IPS43434 ACM/C6-A Left M1 crown; unworn
IPS43490 ACM/C5-D1 Right m2 crown with partial roots; slight

wear
IPS43761 ACM/C6-Cb Left m1 crown with partial roots; very

advanced wear
IPS43811 ACM/C5-D1 Left mandibular fragment with m1; slight

wear
IPS44028 ACM/C6-Cb Partial skull with partial tooth series (with

advanced degree of wear) and skull roof,
but lacking most of the neurocranium, the
basicranium, and the zygomatic arches

IPS44029 ACM/C5-D1 Left M1 crown
IPS44170 ACM/C5-D Complete right hemimandible and partial

left hemimandible

of the frontal. Small orbits. Partially roughened area on the tem-
poral. Bulla extending downwards, with longitudinal crest and
cleft. Postglenoid process and bulla in close contact. Postglenoid
foramen on the back of postglenoid process. Foramen ovale on
the lateral side of eustachian tube. Stylomastoid foramen deep in
a depression. Mandible with a strong subangular lobe and deep
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FIGURE 2. Cranial remains of Trocharion albanense Major, 1903 from two localities of the Vallès-Penedès Basin (Barcelona, Spain). A–D, partial
cranium IPS29979, A, dorsal; B, basal; C, left; D, right; E–H, partial cranium IPS44028, E, dorsal; F, basal; G, left; H, right.

masseteric fossa. m2 biradiculate, consisting of a large and deep-
basined trigonid and a reduced talonid.

Genus TROCHARION Major, 1903

Type Species—Trocharion albanense Major, 1903.
Emended Diagnosis—As for the type and only species.

TROCHARION ALBANENSE Major, 1903
(Figs. 2–5)

Lutra (Potamotherium) valetoni Geoffroy Saint-Hilaire, 1833:
Fraas, 1870:165, plate IV:fig. 18.

Trocharion fraasi Helbing, 1936:51 (conditional proposal).

Holotype—Right mandible with p4–m2 (BMNH 5307). This
specimen was first described by Major (1903), but was not figured
until Pilgrim (1933).

Type Locality—La Grive-Saint-Alban (Isère, France).
Studied Material—Isolated teeth from Sant Quirze, Can Llo-

bateres 1, and Castell de Barberà, as well as craniodental mate-
rial from several localities from Abocador de Can Mata (see list
in Table 1).

Measurements—See Table 2 for raw measurements, and Fig-
ure 6 for dental proportions.

Age and Distribution—In the Iberian Peninsula, this taxon is
exclusively known from the Vallès-Penedès localities discussed in
this paper (see also Villalta Comella and Crusafont Pairó, 1944;
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FIGURE 3. Mandibular remains of Trochar-
ion albanense Major, 1903, from several local-
ities of the Vallès-Penedès Basin (Barcelona).
A–C, right hemandible IPS44170, A, labial; B,
lingual; C, occlusal; D–F, left hemimandible
IPS44170, D, labial; E, lingual; F, occlusal;
G–I, right mandibular corpus IPS29892, G,
labial; H, lingual; I, occlusal; J–L, right par-
tial mandibular corpus IPS43128, J, labial;
K, lingual; L, occlusal; M–O, left mandibular
fragment IPS43811, M, labial; N, lingual; O,
occlusal.

Petter, 1967a, 1976; Alba et al., 2006b), ranging from the middle
to the late Miocene; in chronological order: ACM/BDA (MN7,
ca. 12.4–11.7 Ma); ACM/C5-D1, ACM/C5-D and ACM/C4-A1
(MN8, ca. 11.7–11.5 Ma), ACM/C6-Cb and ACM/C6-A2 (MN8,
ca. 11.5 Ma), Sant Quirze (MN8), and Castell de Barberà (MN8);
and Can Llobateres 1 (MN9, ca. 9.7 Ma). In the rest of Eu-
rope, the earliest record corresponds to the MN5 French local-
ities of Vieux-Collonges (= Mont Ceindre; Mein, 1958; Gins-
burg, 1990a, 2001), Baigneaux-en-Beauce, Lasse, Noyant-sous-le-
Lude, Savigné-sur-Lathan, Hommes, and Pont Boutard à Saint-
Michel-sur-Loire (Ginsburg, 1980, 1990a, 1990b, 2001, 2002),
and Edelbeuren-Maurerkopf (MN5) in Germany (Von Volker,
1999). Later on, this taxon is also present in several MN6 lo-
calities, including Hambach 6C in Germany (Mörs, 2002) and
Neudorf-Spalte in Slovakia (Zapfe, 1950). Finally, this taxon is
also present in late Astaracian localities roughly contemporane-
ous with those studied in this paper: La Grive M and L7 (MN7)
and La Grive L3 (MN8) in France (Pilgrim, 1933; Viret, 1951;
see Mein and Ginsburg, 2002, for further details on the fauna and
dating of the several fissure fillings from La Grive) and Steinheim
(MN7 and MN8) in Germany (Helbing, 1936). The youngest
record is attributable to Can Llobateres 1 (MN9); the attribution
to this taxon of remains from the MN9 site of Melchingen (Viret,
1951; Zapfe, 1950) is currently uncertain (see Discussion).

Emended Diagnosis—Small-sized mustelid with an elongated
cranium, long muzzle, and narrow palate, with the posterior bor-
der of the latter situated at the level of M1. Superiorly flattened
neurocranium with a well-developed, double temporal crest that

displays a rhomboidal shape, beginning at the level of the mod-
erate postorbital process of the frontal and posteriorly diverg-
ing until about the frontoparietal suture. Deep zygomatic arches.
Mandible with a low corpus, with two small and rounded men-
tal foramina under the p2 and p3. Shallow ramus originating just
behind the m2, with a narrow molar sulcus. Posterior mandibular
foramen situated behind the m2, and partial condyloid process
situated at level of the same molar. Deep masseteric fossa and
broad but thin coronoid process. Dental formula: 3.1.4.1/3?.1.4.2.
Spatulate upper incisors, the I3 being larger and more asymmet-
rical than the I1 and I2. Upper canine smooth without wrinkles.
P1 very small, unicuspid, and uniradiculate; P2 biradiculate with
an asymmetrical triangular profile in lateral view. From mesial
to distal, the premolars become increasingly larger and display a
greater development the occlusal relief, with the P2 and P3 be-
ing unicuspid and displaying a complete cingulum, whereas the
P4 is multicuspid. P4 with carnassial notch, and an elongated
but distinct protocone much larger than the hypocone. M1 very
similar in size to the P4, with a subtrapezoidal occlusal outline
longer on the labial moiety of the crown. Paracone, metacone,
and metastyle of M1 aligned on the labial side, and protocone,
hypocone, and metaconule linked to one another by a sharp crest;
continuous lingual cingulum around the base of the protocone.
M2 absent. Smooth lower canine. Lower premolars unicuspid, the
first one uniradiculate, the remaining ones biradiculate, increas-
ing in size from mesial to distal. The two lower molars are biradic-
ulate, low-crowned, and inflated, the first one being much larger
than the second one. m1 with a triangular trigonid displaying
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FIGURE 4. Isolated upper cheek teeth of Trocharion albanense Ma-
jor, 1903, from several localities of the Vallès-Penedès Basin (Barcelona,
Spain), all in occlusal view. A, left P3 IPS33217d; B, left P4 IPS33217h;
C, left P4 IPS33221; D, right M1 IPS28084; E, right M1 IPS28096; F,
right M1 IPS33222; G, right M1 IPS33220; H, right M1 IPS41738; I, right
M1 IPS41723; J, right M1 IPS29705; K, left M1 IPS33217g; L, left M1
IPS31232; M, left M1 IPS44029; N, left M1 IPS43434.

three equally low main cuspids and being as long as the talonid,
which displays three subequal cuspids enclosed within the dis-
tal marginal ridge. Tricuspid m2, with protoconid and metaconid
linked by a transverse cristid, and hypoconid situated on the dis-
tolabial corner of the talonid, which is subequal in size to the
trigonid.

Diferential Diagnosis—Cranially, Trocharion differs from
other Leptarctinae by the rhomboidal shape of the double tem-
poral crests, contrasting with the more parallel or even opposite
condition of other leptarctines. Trocharion further differs from
other leptarctines by the long and narrow muzzle, the more ante-
rior situation of the posterior border of the palate, and by the
more marked postorbital process of the frontal in the former.
With regard to mandibular features, Trocharion differs from Lep-
tactus by the lack of a second mental foramen under the p2 (con-
dition unknown in other leptarctines). Dentally, Trocharion dif-
fers from other leptarctines (but apparently not Gaillardina) by
the retention of a vestigial P1 and p1 (although the latter can be
only ascertained in Leptarctus and Hypsoparia). Trocharion also
differs from other leptarctines except Hypsoparia by the pres-
ence of a carnassial notch and, except from Leptarctus and Hyp-
soparia, by the more elongated and less distinct protocone on the
P4; Trocharion further differs from Leptarctus and Craterogale by
the lack of a distinct hypocone on the P4. Trocharion differs from

FIGURE 5. Isolated lower cheek teeth of Trocharion albanense Ma-
jor, 1903, from several localities of the Vallès-Penedès Basin (Barcelona,
Spain), all in occlusal view except for the c1 (labial and lingual) and m1
(occlusal, lingual and labial). A, right c1 IPS44170; B, left p2 IPS33217a;
C, right p3 IPS33217b; D, left p4 IPS33217c; E, right p4 IPS33217f;
F, right p4 IPS44170; G, right p4 IPS43203; H, right m1 (IPS43206);
I, right m1 IPS43204; J, right m1 IPS43358; K, right m1 IPS41716; L,
left m1 IPS28088; M, left m1 IPS33217e; N, left m1 IPS43205; O, left
m1 IPS43761; P, left m1 IPS30991; Q, right m2 IPS43490; R, right m2
IPS35022.
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TABLE 2. Dental measurements of Trocharion albanense Major,
1903, from several localities of the Vallès-Penedès Basin (Barcelona,
Spain).

Record no. Tooth BL MD Site

IPS28084 M1 — 8.1 CL1
IPS28088 m1 4.5 8.9 CL1
IPS28096 M1 6.2 6.8 CL1
IPS29705 M1 6.5 7.0 ACM/C4-A1
IPS29892 p4 4.0 6.2 ACM/C4-A1
IPS29892 m2 2.8 3.6 ACM/C4-A1
IPS29979 P4 8.0 8.7 ACM/BDA
IPS29979 M1 6.9 7.3 ACM/BDA
IPS30991 m1 4.7 9.1 SQ
IPS31232 M1 5.8 6.1 CB
IPS33217a p2 2.3 3.7 CB
IPS33217b p3 4.6 5.2 CB
IPS33217c p4 4.7 7.1 CB
IPS33217d P3 4.6 6.1 CB
IPS33217e m1 4.6 9.4 CB
IPS33217f p4 4.6 7.3 CB
IPS33217g M1 7.4 7.4 CB
IPS33217h P4 8.0 8.6 CB
IPS33220 M1 6.0 6.7 CB
IPS33221 P4 6.3 — CB
IPS33222 M1 6.0 6.3 CB
IPS41716 m1 4.3 8.9 ACM/C4-A1
IPS41723 M1 6.6 7.0 ACM/C4-A1
IPS41738 M1 — 7.9 ACM/C4-A1
IPS43128 p2 2.5 3.5 ACM/C6-A
IPS43128 p3 3.1 4.0 ACM/C6-A
IPS43203 p4 3.7 5.9 CB
IPS43204 m1 3.8 7.9 CB
IPS43205 m1 4.4 9.1 CB
IPS43206 m1 3.8 8.7 CB
IPS43358 m1 4.6 9.2 ACM/C6-A2
IPS43434 M1 6.2 6.9 ACM/C6-A
IPS43490 m2 3.2 4.3 ACM/C5-D1
IPS43761 m1 4.2 8.2 ACM/C6-Cb
IPS43811 m1 4.8 9.6 ACM/C5-D1
IPS44028 right C1 2.9 3.8 ACM/C6-Cb
IPS44028 right P2 1.9 3.6 ACM/C6-Cb
IPS44028 left P2 1.9 3.6 ACM/C6-Cb
IPS44028 right P3 3.8 5.2 ACM/C6-Cb
IPS44028 left P4 7.0 7.1 ACM/C6-Cb
IPS44028 left M1 6.7 7.4 ACM/C6-Cb
IPS44029 left M1 6.8 8.2 ACM/C5-D1
IPS44170 right c1 4.2 5.3 ACM/C5-D
IPS44170 left c1 4.5 5.9 ACM/C5-D
IPS44170 right p2 2.3 4.0 ACM/C5-D
IPS44170 left p2 2.3 4.2 ACM/C5-D
IPS44170 right p3 3.1 5.5 ACM/C5-D
IPS44170 left p3 3.3 5.5 ACM/C5-D
IPS44170 right p4 4.3 7.1 ACM/C5-D
IPS44170 left p4 4.4 6.9 ACM/C5-D
IPS44170 right m1 — 9.7 ACM/C5-D
IPS44170 left m1 4.7 9.6 ACM/C5-D
IPS44170 right m2 3.3 4.8 ACM/C5-D

other leptarctines except Leptarctus by having a M1 not mesiodis-
tally shorter than the P4 and with a more subquadrangular oc-
clusal outline (instead of being wider than long). Regarding the
lower dentition (unknown for Kinometaxia, Craterogale, Schult-
zogale, and Gaillardina), Trocharion differs from Leptarctus by
the shorter talonid of m2, and from both Leptarctus and Hyp-
soparia by the lack of a postcanine diastema.

Description

Preservation—The material of T. albanense from Sant Quirze
and Can Llobateres is very scarce: the former includes a single
m1 (Fig. 5P), whereas the latter includes two M1 (Fig. 4D, E) and
one m1 (Fig. 5L). The material from Castell de Barberà is much
more abundant, but similarly it only includes isolated teeth: one

P3 (Fig. 4A), two P4 (Fig. 4B, C), two M1 (Fig. 4G, K), one p2
(Fig. 5B), one p3 (Fig. 5C), three p4 (Fig. 5D, E, G), and four
m1 (Fig. 5H, I, M, N). Some of the specimens from Castell de
Barberà, catalogued under the record IPS33217, probably belong
to a single individual, which might include the right p2–4 series
and the left P3–M1 series; the left m1 IPS33217e (Fig. 5M), how-
ever, most likely belongs to a second individual, at least as judged
from its more advanced degree of wear. The material from ACM
is much more completely preserved, and includes two partial cra-
nia (Fig. 2) and several mandibular fragments (Fig. 3), besides
several isolated teeth: three M1 (Fig. 4J, M, N), one c1 (Fig.
5A), one p4 (Fig. 5F), two m1 (Fig. 5J, O), and one m2 (Fig.
5Q). All the mandibular specimens lack the symphysis but par-
tially preserve the sub-angular and the coronoid processes. The
two cranial specimens provide information from several anatom-
ical regions (the muzzle, the skull roof, and the orbits) that were
previously unknown for this genus. The basicranium is not well
preserved.

When all the available specimens together are taken into ac-
count, all the upper teeth are preserved, except for the crown
of the first upper premolar; the presence of this tooth, however,
can be unambiguously ascertained due to the preservation of its
alveolus in IPS44028 (Fig. 2F). The crown of the upper canine
is only partially preserved, because the apex is broken away in
both IPS29979 (Fig. 2C, D) and IPS44028 (Fig. 2F, H). Neither
the crowns nor the alveoli of the lower incisors are preserved in
any of the specimens. The crown of the p1 is neither preserved,
although its alveolus is present in both IPS44170 (Fig. 3F) and
IPS29892 (Fig. 3I). The crown of the lower canine lacks the apex
in IPS44170 (Fig. 3D–F) but is completely preserved in IPS29892
(Fig. 3G–I), although the latter specimen is partially corroded.
Besides the p1, the remaining lower cheek teeth are all preserved
when the several specimens are taken into account simultane-
ously. IPS44170 includes the two hemimandibles from a single
specimen (Fig. 3A–F), with a left partial series (c1, p2–3, and m1),
as well as the complete right c1–m2 series (although the c1, p4,
and m2 are detached from the mandible).

Cranium and Mandible—The skull (Fig. 2) is elongated,
flattened, and slightly inflated at the basicranial region. The
muzzle is long (about half skull length) and displays a large
nasal aperture and a narrow palate; the posterior border of the
latter reaches the level of the posterior teeth (M1). The nasals
are straight, with the frontonasal sutures ending behind the
anterior orbital rim and being aligned with the frontomaxillary
suture. The face is separated from the neurocranium by a mod-
erate postorbital constriction under the temporal ridge. There
are two well-developed, symmetrical temporal crests (i.e., a dou-
ble temporal crest) along all the preserved upper-lateral margins
of the neurocranium. These crests originate at the frontolacrimal
sutures, just over the moderate postorbital process of the frontal.
Initially they diverge from one another while progressively as-
cending, until reaching their maximum height behind the orbit, at
the level of the temporal fossa. Posteriorly from the frontopari-
etal suture, however, these crests progressively converge, thus
defining a rhomboid or diamond-shaped morphology; they might
have even merged together at the posterior portion of the neuro-
cranium, but this cannot be ascertained because this anatomical
region is not preserved in the available material. Between the
two crests there is a slightly roughened area without appreciable
sutures. Rugosities can be observed laterally below the crests, al-
beit they are discontinuous and not very marked. In lateral view,
the orbits are small but display stout margins. The zygomatic
arches, albeit incompletely preserved (being broken from the
level of M1 distalwards), appear robust and quite deep. There is
a single infraorbital foramen, which is large and rounded, being
situated at the level of P3/P4. The frontolacrimal sutures end
well into mid length of the orbital rim. In basal view, the palate
is relatively narrow, defining a U-shaped dental arcade.
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TABLE 3. Data matrix for PAUP∗ analysis.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Outgroup 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Amphictis 0 0 1 0 0 0 0 0/1 0 1 ? 0/1 0 0 0 0 0 1 0 0/2 1 0 0 0 0 0 0 0 0 0 0
Bavarictis 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 0/2 1 0 0 1 0 0 1 0 0 0 0
Pseudobassaris 0 0 0 0 1 0 1 0 2 1 0 1 0 1 0 0 0 0 0 0/2 1 0 0 1 0 0 0/1 0 0 0 0
Broiliana 0 0 0 1 1 0 1 0 2 1 0 0 0 0/1 0 0 0 1 0 0 0/1 0 0 2 0 0 0 0 0 0 0
Mustelictis 0 0 0 0 0 0 0 0 3 1 0 1 0 1 0 0 0 0/1 0 0/2 1 0 0 0/1 0 0 1 0 0 0 0
Franconictis ? 0 1 1 0 1 1 3 1 1 ? 0 1 0 0 0 1 0 2 1 0 0 0 0 0 1 0 0
Stromeriella 0 0 0 1 1 0 2 1 3 1 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
Bathygale 1 1 1 1 1 0 1/2 1 3 1 0 1 0 1 0 0 0 1 0 4 1 0/1 1 1 0/1 0 1 0 0
Plesictis 0 1 1 1 0/1 0 1 1 3 1 0 1 0 1 0 0 1 1 0 3/4 1 0/1 1 1 0/1 0 1 0 0 0 0
Paragale 1 0 1 1 1 0 2 2 4 1 ? 1 2 1 0 1 2 1 ? 4 2/3 1 2 1 1 0 1 0 0 0 0
Plesiogale 0 0 1 1 1 ? ? ? 4 1 1 1/2 2 1 0 1 2 1 ? 4 3 1 3 1 1 1 1 0 0 0 0
Schultzogale 0 1 ? 1 ? 0 2 2 5 1 ? 2 ? 1 0 1 0 1 ? 4 ? ? ? ? ? ? ? ? ? 1 1
Kinometaxia 0 1 1 1 1 0 2 2 5 ? ? 2 2 1 0 1 2 1 ? 4 ? ? ? ? ? ? ? ? 0 1 1
Craterogale 0 1 1 1 1 0 2 2 4 1 ? 2 2 1 0 1 0 1 ? 4 ? ? ? ? ? ? ? ? 1 2 1
Leptarctus 0 1 1 1 1 0 2 2 4 1 ? 2 1 1 1 0 0 1 ? 4 ? ? 1 3 0 0 1 0 1 2 1
Trocharion 0 1 0 ? ? ? ? ? ? ? ? 1 0 1 0 0 0 1 ? 4 1 0 1 3 0 0 1 0 ? 1 ?
Neomustelids 0 0 1 1 1 0 2 2 6 1 1 1/2 2 ? 0 1 2 1 ? 4 1 ? 0 0 1 0 1 0 0 0 0

All taxa except Trocharion and all characters are taken from Wang et al. (2004:table 2; char. 1–28 after Wolsan, 1993). A new state has been added
for character 13 ‘occurrence of P4 carnassial notch’: 0 = present, 1 = vestigial, 2 = absent. Character 2 in Bathygale has been coded as ‘1’ instead of
‘2’ because only two character states were defined by Wolsan (1999:351). Character 13 has been coded as ‘?’ in Schultzogale because the P4 is too
damaged to be certain on this feature (Wang et al., 2004:414). Characters 16 and 25 in Leptarctus have been coded as ‘0’ instead of ‘1,’ because in this
taxon the M1 is not smaller than the P4 (Qiu and Schmidt-Kittler, 1982:fig. 5) and the m2 is double-rooted (Olsen, 1957b:453; Qiu and Schmidt-Kittler,
1982:136). Character 23 in Leptarctus has been coded as ‘1’ instead of ‘4,’ because the m1 metaconid is subequal in height to the paraconid, as in
Trocharion.

The mandible (Fig. 3) is low, moderately high, and slenderly
built. The shape of the symphysis cannot be ascertained. In lat-
eral view, the corpus is low, maintaining the same height from
the canine until the level of the m2. There is no molar sulcus, be-
cause the ramus does not overlap with the m2. On the labial side,
there are two small and rounded mental foramina under the p2
and p3. The ramus begins just behind the m2; it is relatively broad
and much higher than the corpus. The angular process is not pre-
served; the mandibular condyle is also incompletely preserved
and deformed. The masseteric fossa is shallow but marked. On
the lingual side there is a posterior mandibular foramen behind
the m2. There is a shallow but marked insertion area for the tem-
poral, inferiorly limited by a marked ridge that begins distally
from the m2 and ends on the condyle. The coronoid process is
broad and thin.

Upper Dentition—The three upper incisors (Fig. 3F–H) are
small, uniradiculate, and spatulate, very similar to one another
except by the fact that the I3 is larger than the remaining ones,
from which it further differs by being asymmetrical. The canine
crown (Fig. 3B, C, F–H), as far as it can be ascertained, displays
an elliptical basal profile, and in lateral view it is slightly curved
distally. On the base of the crown, there is no trace of cingulum,
whereas on the distal aspect of the crown, there is a shallow crest
that starts in the base of the crown and finishes in the apex.

There are four premolars (Figs. 2B–D, F–H, 4A–C). No crown
of the P1 has been preserved, but this tooth was undoubtedly
present at least in some specimens, as shown by the alveoli pre-
served in IPS44028, which further indicates that this premolar
was small, uniradiculate, and presumably unicuspid. The P2 is
also unicuspid, displays a triangular occlusal outline, and pos-
sesses a subtle cingulum on the distal margin of the crown. The
P2 is presumably higher than the P1 and lower than the P3. The
P3 (Fig. 4A) is globular and low-crowned, and like the P2 shows
a triangular occlusal outline. It displays a well-developed, single
main cusp (the paracone) on the labial moiety of the crown, al-
though somewhat mesially from it there is also a small parastyle.
In the lingual side in IPS33217d and IPS44028, it can be appre-
ciated that the crown base is surrounded by a continuous cingu-
lum. On the latter side of the crown, there is a vestigial talonid

that bears no cusp. The P4 (Fig. 4B, C), like the preceding pre-
molar, also displays a triangular occlusal outline, although being
labiolingually broader. Moreover, this premolar is clearly larger
than the preceding ones, and displays a more developed occlusal
relief. As shown by IPS29979, IPS44028, and IPS33217h, on the
labial moiety of the crown there is a large and conical paracone
as well as an elongated metacone, separated from one another
by a moderately developed depression (carnassial notch) on the
labial moiety of the crown. Next to these cusps, there is also a
small parastyle, mesially separated from the paracone and meta-
cone by a deep groove. On the lingual side, which is lower than
the labial one, there is a crest containing the elongated but dis-
tinct protocone and the much smaller hypocone. There are also
two secondary cusps: a small and conical paraconule, situated
mesially from the protocone; and a small accessory cuspule, situ-
ated on the distolingual corner of the crown, and separated from
the hypocone by a deep groove.

With regard to the M1 (Figs. 2B, D, F–H, 3D–N), it is very
similar in size to the P4, but displays a subtrapezoidal occlusal
contour, with the labial moiety of the crown being longer than
the lingual one. This tooth displays five main cusps; the para-
cone, situated on the mesiolabial corner of the crown, is a con-
ical and well-defined cusp. Occasionally, as shown by IPS41738,
IPS29705, and IPS28096, there is a badly developed paraconule
on the mesiolabial corner of the crown. Depending on the spec-
imen, the paraconule can join the paracone directly (IPS28096),
join it by through a subtle crest (IPS41738), or be completely iso-
lated from it (IPS29705). The similarly conical and equally pro-
truding metacone is situated somewhat more distally than the
paracone. A well-developed and continuous labial cingulum is
present from the paraconule (when present) or from the meta-
cone until the metastyle; the latter, situated on the distolabial
portion of the crown, is usually individualized, although in some
specimens (IPS33220 and IPS41738) it is subdivided into two
accessory cuspules. The paracone, metacone, and metastyle are
linked by a sharp and mesiodistally aligned crest, except in some
cases (IPS31232) where the metastyle is situated more distolabi-
ally than the metacone and paracone. On the lingual side, besides
the two main cusps (protocone and hypocone), there is a small
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FIGURE 6. Dental proportions of Trocharion albanense Major, 1903, from several localities of the Vallès-Penedès Basin (Barcelona, Spain), as
compared to other European localities. Data for the latter were taken from the following references: Zapfe (1950) for Spalte von Neudorf a. d.
March (Slovakia); Pilgrim (1933) and Viret (1951) for La Grive-Saint-Alban (France); Helbing (1936) for Steinheim (Germany); Mein (1958) for
Vieux-Collonges (= Mont Ceindre; France); Ginsburg (2002) for Baigneaux-en-Beauce (France); Von Volker (1999) for Edelbeuren-Maurerkopf
(Germany).

secondary cusp (hypoconule) situated on the distolingual portion
of the crown, as well as, in some specimens (IPS29705), an ad-
ditional accessory cuspule situated between the hypoconule and
the metastyle. The protocone, transversely aligned on the mesi-
olingual portion of the crown, is the largest cusp. It displays a
continuous lingual cingulum around its base. This cusp is linked
to the base of paracone by a crest that sometimes displays sev-
eral wrinkles or even accessory cuspules. The protocone is also
connected to the conical hypocone, which is situated on the dis-

tolingual portion of the crown, by a mesiodistal crest, which fur-
ther incorporates the hypoconule and finishes on the base of the
metastyle. Depending on the specimens, this crest can be sharp or
rather rugose, even displaying two or three additional accessory
cuspules between the hypoconule and the metastyle in some spec-
imens (IPS29705, IPS41738, IPS29979). The M2 is not present.

Lower Dentition—No lower incisors are preserved, so that
their number and morphology cannot be ascertained. The lower
canine (Figs. 3D–I, 5A) is low-crowned and moderately curved in
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distal direction, displaying an elliptical basal contour, and smooth
lingual and labial sides. In IPS29979, a wear facet can be appre-
ciated, extending from the mesiolingual portion of the apex un-
til the distolabial portion of the crown base, resulting from wear
against the upper canine.

There are four lower premolars (Figs. 3A–L, 5B–G), which in-
crease in size from p1 to p4. The morphology of the p1 can be only
partially ascertained due to incomplete preservation, although it
is unicuspid and uniradiculate. The remaining premolars are sim-
ilar to one another, by being low-crowned, inflated, biradiculate,
and unicuspid. The single main cusp tends to be mesially situated,
although the p2 (Fig. 5B) displays a less asymmetrical contour
than the p3 (Fig. 5C). The latter displays a subtle lingual cingulid
close to the crown base. The p4 (Fig. 5E–G), with a triangular
lateral profile, displays a narrow lingual cingulid. This premolar
displays a single main mesial cuspid, linked by a weak crest to a
small and badly developed cuspulid situated on the mesial por-
tion of the crown. On the distal portion, there are two blunt and
wrinkled (in IPS44170) or smooth (in IPS29892 and IPS33217c)
crests, which originate from the single main cusp, ending on a val-
ley on the distal portion of the crown.

With regard to the lower molars, the m1 (Figs. 3A–F, M–O,
5H–P) is biradiculate, with an inflated and very low crown (lower
than that of the p4) that displays a rectangular occlusal profile,
being longer than wide. Generally, the crown is widest at the
level of the mesial cuspids (protoconid and metaconid), although
in some specimens (IPS43205) both the mesial and distal por-
tions of the crown are equally wide. The trigonid has a triangular
shape and bears three main cuspids, connected to one another by
a blunt crest: the protoconid, situated on the mesiolabial portion
of the crown, and which usually represents the highest area of the
trigonid; the paraconid, which is the mesialmost cusp, being posi-
tioned on the lingual side; and the more distal metaconid, which
is as protruding as the paraconid. The talonid, which is half lower
than the trigonid, consists of three different well-developed main
cuspids: the entoconid, situated close to the metaconid, on the lin-
gual side; the smaller hypoconid, on the labial side; and the even
smaller hypoconulid, situated on the labial side of the crown near
hypoconid; there is no entoconulid. These cusps of the talonid are
linked by a sharp crest that distally closes the talonid basin, which
depending on the specimen can be sharp (IPS43811), wrinkled
(IPS41716), or even display some accessory cuspulids (IPS43204
and IPS44170). The trigonid and talonid are partially separated
from one another by a labial and a lingual cleft. The m2 (Figs.
3G–I, 5Q–R) is a biradiculate tooth much smaller than the m1
(about half its size). It displays a rectangular occlusal profile, be-
ing longer than wide. The trigonid displays two distinct cuspids
linked to one another by an oblique cristid: the protoconid, cen-
tered on the midline of the mesiodistal crown axis; and the meta-
conid, situated on the mesiolingual side. The talonid is subequal
in size to the trigonid and displays a single cuspid, the hypoconid,
situated on the distolabial side of the crown.

CLADISTIC ANALYSIS

The data matrix employed in the cladistic analysis is reported
in Table 3; character states were taken from Wang et al. (2004),
except for the addition of Trocharion—which the latter authors
did not include in their analysis, due to the lack of cranial
material—and for some minor changes and corrections. In par-
ticular, character 2 in Bathygale Wolsan, 1993, and character
23 in Leptarctus were coded as ‘1,’ because the character states
employed by Wang et al. (2004) were not defined by Wolsan
(1993). Also, characters 16 and 25 in Leptarctus were coded as
‘0’ (contra Wang et al., 2004), because the M1 of this taxon is not
smaller than the P4, and its m2 is two-rooted (Qiu and Schmidt-
Kittler, 1982). Furthermore, an intermediate stage has been intro-
duced regarding character 13, ‘presence/absence of the carnassial

FIGURE 7. Results of the cladistic analysis by means of the Branch and
Bound option of PAUP∗ on a 18 × 31 data matrix (Table 3). A, The
single shortest tree (length = 75 steps) recovered by using all charac-
ters; CI = 0.6400, RI = 0.7955, RC = 0.5091. B, The single shortest tree
(length = 71 steps) recovered by removing character 13 (i.e., ‘pres-
ence/absence of carnassial notch’); CI = 0.6479, RI = 0.7967, RC =
0.5162. Bremer decay indices are given above each non-terminal clade,
whereas bootstrap proportions for 1000 replicates are given below (only
for clades found in more than 50% of the replicates). The geographic
provenance of each taxon is signaled by the following abbreviations (fol-
lowing Wolsan, 1993): EU, Europe; AS, Asia; NA, North America; neo-
mustelids display a wider distribution across North and South America,
Eurasia, and Africa.

notch.’ As previously noted by Qiu and Schmidt-Kittler (1982),
Trocharion and Hypsoparia display a true carnassial notch. Al-
though the latter is lacking in several leptarctines such as Cratero-
gale, in Leptarctus the paracone and metacone are separated
by a long depression that stretches to the crown base (Qiu and
Schmidt-Kitter, 1982), which we interpret as a vestigial condition.

The results of the cladistic analysis are reported in Figure 7.
The analysis yields a single shortest tree with a length of 75
steps (Figure 7A). This tree closely resemble the strict consensus
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obtained by Wang et al. (2004:fig. 5A), according to which a lep-
tarctine clade (including Leptarctus, Craterogale, Kinometaxia,
and Schultzogale) is sister to the clade including neomustelids
(or ‘mustelids of modern aspect’; Baskin, 1998) and Paragale
Petter, 1967b + Plesiogale Pomel, 1847 (which are here con-
sidered stem neomustelids). It must be stressed, however, that
if Trocharion is included within the Leptarctinae, the most-
parsimonious tree fails to recover the monophyly of this group,
because Trocharion is placed in a very basal position, preced-
ing the divergence between leptarctines and neomustelids. The
neomustelid and mustelid clades (if Mustelictis is excluded) are
relatively well supported by bootstrap results (77% and 64%,
respectively) and Bremer indices of 2. On the contrary, neither
the leptarctine clade that excludes Trocharion nor the leptarc-
tine + neomustelid clade is particularly well supported (boot-
strap results only slightly above 50% and Bremer indices of 1).
The clade including neomustelids, leptarctines, and the putative
stem mustelids Bathygale and Plesictis Pomel, 1846 (‘clade E’ of
Wolsan, 1993), is the best supported, with bootstrap proportion
of 82% and a Bremer index of 4. To sum up, the cladistic analysis
reported in Figure 7A is quite inconclusive regarding the phylo-
genetic position of Trocharion, although it clearly shows that this
taxon occupies a more basal position than previously hypothe-
sized by Wang et al. (2004).

To a large extent, the exceedingly basal position of Trocharion
stems from the retention of a carnassial notch in the P4, among
other plesiomorphic features. Because the loss of this feature has
been previously suggested to be homoplastic with non-leptarctine
mustelids (Qiu and Schmidt-Kittler, 1982), we re-ran the analysis
by removing character 13, ‘presence/absence of carnassial notch.’
The resulting analysis yields a single shortest tree (Figure 7B),
with a length of 71 steps. This most-parsimonious tree yields very
similar results to the preceding analysis, but this time it does re-
cover a monophyletic Leptarctinae, in which Trocharion occupies
the basal-most position. Nevertheless, the leptarctine clade is not
stable, irrespective of whether Trocharion is included into it or
not, as indicated by bootstrap proportions below 50% and a Bre-
mer index of 1.

DISCUSSION

Comparison with Other Middle Miocene European Musteloids

The craniodental differences between Trocharion and other
leptarctines are reported in the differential diagnosis. With re-
gard to other middle Miocene musteloids from Europe, besides
the diagnostic characters of the Leptarctinae, there are several
dental features that enable the distinction between them and
Trocharion. An exhaustive list cannot be provided here, because
this is outside the scope of this paper. Nevertheless, the most
obvious differences relate to P4, M1, m1, and m2 proportions
and occlusal details. Thus, as compared to the musteline Martes
Pinel, 1792, and to the gulonines (including Trochictis von Meyer,
1842), Trocharion differs by the more elongated (less conical)
protocone and the presence of a carnassial notch in P4, the rel-
atively much broader M1 crown (which is longer labially than lin-
gually), by the protoconid of the m1 subequal in size relative to
paraconid and metaconid, and by the biradiculate m2. The coni-
cal protocone of the P4, together with the trigonid much higher
than the talonid in m1, further serve to distinguish Trocharion
from lutrines such as Paralutra Roman and Viret, 1834, and the
potamotheriine Potamotherium Geoffroy Saint-Hilaire, 1833; the
latter genus further differs from Trocharion by the reduced meta-
conid relative to paraconid in m1. As compared to melines such
as Taxodon Lartet, 1851, and Palaeomeles Villalta Comella and
Crusafont Pairó, 1943b, Trocharion differs by the M1 occlusal
morphology (which displays more elongated, labiolingually com-
pressed cusps and a more reduced hypocone), the presence of a
distinct entoconid in m1, and the biradiculate m2; more specif-

ically, Palaeomeles further differs from Trocharion by the nar-
rower crown of the P4, the higher size discrepancy between the
M1 and the much smaller P4, and the extremely long talonid of
the m1. Finally, Trocharion differs from mephitids such as Prop-
utorius Filhol, 1890, by the occlusal morphology of the M1 (which
lacks a distinct hypocone and displays a continuous cingulum)
and of the m1 (which displays a protoconid much higher than the
remaining cuspids and lacks a distinct entoconid), as well as by
the biradiculate m2.

Nomenclatural and Taxonomic Issues

Trocharion albanense was originally described by Major (1903)
on the basis of the lower dentition, but the holotype mandible
from La Grive was not figured until Pilgrim (1933), who pro-
vided an extended diagnosis of this genus and species on the
basis of dental features. Just a year before the original descrip-
tion of the species, Schlosser (1902) erected a new species of
the genus Promephitis Gaudry, 1861 (Musteloidea, Mephitidae),
P. gaudryi, on the basis of an isolated m1 from Melchingen
(Germany). This specimen was later referred to Trocharion
by Pilgrim (1933), but most recently Ginsburg (1999) listed P.
gaudryi as a valid species. Given the scarcity of the available ma-
terial of the latter taxon, its taxonomic status must remain uncer-
tain until more complete material becomes available (Wang and
Qiu, 2004). It should be noted, however, that if it finally proved to
be synonymous with T. albanense, the nomen Trocharion gaudryi
(Schlosser, 1902) would have priority over T. albanense Major,
1903.

Besides T. albanense, two other putative leptarctines are
known from Europe: Trochotherium cyamoides Fraas, 1870, and
Gaillardina transitoria (Gaillard, 1899). With regard to the for-
mer, Trochotherium is recorded together with Trocharion in the
late Aragonian sites of Steinheim (Helbing, 1936) and La Grive
(Viret, 1935, 1951). The dentitions of the two genera are very dif-
ferent: whereas Trocharion displays an essentially primitive mor-
phology, Trochotherium shows several extremely derived fea-
tures, such as the presence of multiple roots on the P4 and m1,
further displaying a peculiar carnassial morphology with almost
a single-domed cone without other distinct cusps (Fraas, 1870;
Wolsan, 1999; Wang et al., 2005). Moreover, some taxonomic
and nomenclatural issues arise regarding some cranial material
from Steinheim, as a result of Helbing’s (1936) attribution to T.
albanense of a basicranial specimen that had been previously em-
ployed as the holotype of Palaeomephitis steinheimensis Jäger,
1839 (SMN 4743). According to Helbing’s view, Palaeomephi-
tis steinheimensis should be considered a junior subjective syn-
onym of T. albanense. Qiu and Schmidt-Kittler (1982), however,
disputed the adequacy of this synonymy on the basis of mid-
dle ear features, which rather suggest a mephitid status for this
taxon (Wolsan, 1999). According to the latter, Palaeomephitis
steinheimensis would be a senior subjective synonym of Tro-
chotherium cyamoides, and Palaeomephitis Jäger, 1839, a senior
subjective synonym of Trochotherium Fraas, 1870. Given the un-
certainties surrounding the association of this material, for the
time being we will continue employing the nomen Trochotherium
cyamoides, albeit noting that it should be excluded from the Lep-
tarctinae and that, in any case, P. steinheimensis cannot be con-
sidered a synonym of T. albanense.

Regarding Gaillardina, recorded from La Grive (MN7 and
MN8; Mein and Ginsburg, 2002), it was classified into the Lep-
tarctinae by Ginsburg (1999), given the possession of a double
temporal crest. However, as noted by Wang et al. (2004), the
M1 of this taxon does not display the typically bunodont lep-
tarctine morphology, but rather a derived mustelid condition, as
shown by the expanded lingual cingulum around the protocone
(a morphology more typical of the Guloninae and Melinae). On
this basis, Wang et al. (2004) consider it more likely that the
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double temporal crest of this taxon is an independent acquisi-
tion, so that it must be excluded from the Leptarctinae. As such,
Trocharion remains as the only representative of the Leptarcti-
nae in Europe. Apparently, this genus is represented by a single
species. Helbing (1936), when describing the Trocharion mate-
rial from Steinheim (Germany), concluded that the differences
with respect to the material from the type locality (La Grive) did
not justify a distinction at the species level. Nevertheless, this au-
thor conditionally proposed the species Trocharion fraasi Hel-
bing, 1936, in case future discoveries might substantiate such dis-
tinction. Although according to the International Code of Zoo-
logical Nomenclature, new names proposed conditionally before
1961 may be available (ICZN, 1999:Article 15.1), later authors
have customarily included the Steinheim material within the hy-
podigm of T. albanense (Villalta Comella and Crusafont Pairó,
1944; Mein, 1958; Petter, 1976; Qiu and Schmidt-Kittler, 1982;
Ginsburg, 2002). This view is consistent with the cheek teeth pro-
portions of the material from the Vallès-Penedès Basin reported
in this study, which largely overlap from the range displayed by
the material from other European sites previously attributed to
T. albanense (see Fig. 6).

Systematics and Phylogeny

The lack of cranial material of T. albanense hindered for many
years the understanding of the species in a broad taxonomic con-
text. The upper dentition, for example, was not described and
compared with other leptarctine genera until Qiu and Schmidt-
Kittler (1982), who first classified Trocharion into this family. In
their revision of the Leptarctinae, however, these authors did not
provide any formal diagnosis of the genus Trocharion.

The features shown by the newly recovered, more complete
material of Trocharion from ACM indicate that this taxon fits
with previous diagnoses of the Leptarctinae, based on cranioden-
tal characters (Qiu and Schmidt-Kittler, 1982; Wang et al., 2004),
except for the retention in this genus of both upper and lower
first premolars. On the other hand, the ACM cranial material
of T. albanense from ACM shows several details of cranioden-
tal anatomy that were previously unknown for this genus, and
which do not fit previous assumptions based on other members
of this group (Wang et al., 2004). This requires the proposal of an
emended diagnosis for T. albanense, which is the type and only
species of the genus Trocharion. This emended diagnosis incor-
porates previously unknown cranial features, such as the rhom-
boidal shape of the double temporal crests, as well as the pres-
ence of the long muzzle compared with the length of the skull,
and the shape of the palate. Dentally, the presence of P1 and p1 is
confirmed in this taxon. These features, together with several oc-
clusal details of the P4 and M1, are unique among the Leptarcti-
nae, and allow us to distinguish Trocharion from the remaining
genera of this subfamily, as stated on the differential diagnosis
that is proposed in this paper.

Regarding the phylogenetic affinities of Trocharion, in the
past it was sometimes considered a Melinae (Viret, 1946;
Petter, 1967a), although most classical works (Pilgrim, 1933; Hel-
bing, 1936; Villalta, 1944; Petter, 1976) considered it a member
of the Mephitidae closely allied to Mephitis É. Geoffroy Saint-
Hilaire and G. Cuvier, 1795. The leptarctine status of Trocharion
has been noticed from Qiu and Schmidt-Kittler (1982) onwards,
being later accepted by Ginsburg (1999) and further confirmed by
the results of the present study. This notwithstanding, several fea-
tures of Trocharion do suggest a remarkably plesiomorphic posi-
tion for this taxon within the Leptarctinae. The previous cladis-
tic analysis of Wang et al. (2004) concluded that leptarctines are
characterized by several synapomorphies, including: (a) a double
temporal crest; (b) presence of a partially roughened temporal re-
gion; (c) short rostrum; (d) small orbits; and (e) deep zygomatic
arches. On the basis of their results, Wang et al. (2004) further

suggested that “Trocharion should have a cranial morphology at
least as advanced as Kinometaxia or Schultzogale” (Wang et al.,
2004:417). Unfortunately the transverse foramen and the ven-
tral projection of the bulla that can be observed in Kinometaxia,
and which apparently represents an autapomorphy of the latter
taxon (Wang et al., 2004), cannot be ascertained due to incom-
plete preservation in Trocharion.

The leptarctine status of Trocharion is strengthened by sev-
eral features reported in this paper, such as the double temporal
crest and deep zygomatic arches. At the same time, however, this
genus lacks several of the putative leptarctine synapomorphies
hypothesized by Wang et al. (2004), as shown by the long muz-
zle, the less roughened temporal area, the retention of P1, and
the possession of a true carnassial notch in the P4. On the basis
of the latter feature, Qiu and Schmidt-Kittler (1982) argued that
Trocharion was a primitive leptarctine, although they suggested
that Craterogale occupied a more basal position. The results of
the cladistic study reported in this paper are not conclusive re-
garding the phylogenetic position of Trocharion, although they
indicate that this taxon occupies a more basal position than pre-
viously suspected. In particular, our results fail to conclusively
support that Trocharion is more closely related to leptarctines
than to leptarctines + neomustelids, suggesting that this taxon
is either a basal leptarctine or a more primitive mustelid. The
failure to show conclusively the leptarctine status of Trocharion
is attributable to the lack of several leptarctine derived features
(which would be expected if it is a basal member of the group),
as well as to the lack of fossil material showing the condition for
several middle-ear features.

The unexpected phylogenetic placement of Trocharion in a
very basal position, even preceding the leptarctine-neomustelid
splitting, depends to a large extent on the possession of a car-
nassial notch in the former. According to Baskin (1998:155), the
primitive retention of a carnassial notch would characterize the
paraphyletic group of the ‘paleomustelids,’ and the cladistic anal-
ysis by Wang et al. (2004) further suggests that the loss of the
carnassial notch might be a synapomorphy of the clade consti-
tuted by leptarctines and neomustelids. Although the presence
of this notch in the P4 is primitive for mustelids (Wolsan, 1993;
Baskin, 1998), there are good reasons to suspect that it was in-
dependently lost in leptarctines and in other mustelids (Qiu and
Schmidt-Kittler, 1982). This was recently disputed by Wang et al.
(2004), who further considered that Trocharion merely displays a
remnant carnassial notch. In fact, however, both Trocharion and
Hypsoparia (the latter sometimes synonymized with Leptarctus)
still retain a true carnassial notch (Qiu and Schmidt-Kittler, 1982;
Lim and Martin, 2002:271), whereas only Leptarctus s.s. displays
a truly vestigial condition. The leptarctines Craterogale and Ki-
nometaxia do not display a carnassial notch, whereas in Schultz -
gale this condition cannot be ascertained on the basis of currently
available material (Wang et al., 2004). Taken together, the den-
tal similarities between Trocharion, Leptarctus, and Hypsoparia
strongly suggest that the retention of a carnassial notch is primi-
tive for the Leptarctinae and should not be taken as evidence as
to exclude the former genus from this subfamily. We therefore fa-
vor the interpretation that Trocharion is the basal-most member
of the Leptarctinae and that the carnassial notch was indepen-
dently lost twice, while noting at the same time that further data
are required to test the monophyly of leptarctines, some of which
might be alternatively interpreted as successive stem mustelids.

Zoogeographic Remarks

If the hypothesis favored here—that Trocharion is the
basalmost member of the Leptarctinae—is correct, interesting
zoogeographic considerations arise. Given the presence of lep-
tarctines across North America, Asia, and Europe, the ques-
tion arises as to where this group originated. The almost
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simultaneous appearance in the fossil record during the Early
Miocene of Schultzogale, Craterogale, and Leptarctus in North
America, and of Kinometaxia in Asia, certainly indicates a previ-
ous history of diversification of the family that has left no known
record (Wang et al., 2004). In spite of its putative more ple-
siomorphic status, Trocharion does not appear until somewhat
later, during the earliest middle Miocene of Europe. As noted by
Wang et al. (2004), the higher diversity of leptarctines in North
America may suggest an origin there. On the contrary, the den-
tal and middle-ear similarities of leptarctines with Early Miocene
European basal musteloids such as Paragale and Plesiogale point
out towards an Eurasian origin (Qiu and Schmidt-Kittler, 1982).
Given the fact that Paragale and Plesiogale, preceding by several
million years the appearance of the earliest leptarctines, appear
to be more closely related to neomustelids (Qiu and Schmidt-
Kittler, 1982; Wang et al., 2004; this study), it is likely that both
groups diverged during the late Oligocene, so that the earliest
leptarctines remain to be discovered or recognized in either Eura-
sia or North America. The basal position of Trocharion within the
Leptarctinae proposed here tends to favor the former paleobio-
geographic scenario. However, given such a gap in the leptarctine
fossil record, it is not possible to reconstruct with any certainty
the leptarctine dispersal events that must have taken place dur-
ing the Early Miocene.

CONCLUSIONS

All the available craniodental remains of the leptarctine
carnivoran Trocharion albanese from the Vallès-Penedès Basin
(Barcelona, Spain) are described. Several of these specimens
had been previously described and figured by several authors,
but most of the material, recovered from several localities of
the Abocador de Can Mata series, remained unpublished. This
new material shows several important craniodental features
previously unknown for this taxon, such as the retention of p1
and P1, and the presence of double temporal crests with a rhom-
boidal shape. Accordingly, an emended diagnosis of this species
(the type and only species of the genus Trocharion), together
with a differential diagnosis with respect to other leptarctine
genera, and an emended diagnosis of the subfamily Leptarcti-
nae, are provided. The genera Gaillardina and Trochotherium,
traditionally classified into this subfamily, are best classified into
other taxa: the Melinae or Guloninae in the case of Gaillardina,
and the Mephitidae in the case of Trochotherium. As such,
Trocharion is the only Leptarctinae that has been currently
recorded in the European continent. A cladistic analysis based
on craniodental features is consistent with Trocharion being the
basalmost member of the Leptarctinae, and suggest that the
carnassial notch (still present in this taxon) was independently
lost in leptarctines and other mustelids, although the monophyly
of the Leptarctinae is not well supported even if Trocharion is
excluded from it. Although the putative plesiomorphic status of
Trocharion tends to favor a Eurasian origin of the family, this
issue is far from being settled.

ACKNOWLEDGMENTS

This study has been supported by the Comissionat
d’Universitats i Recerca de la Generalitat de Catalunya (pre-
doctoral fellowship 2006 FI 00065 to S.A., SOMHI project and
GRC 2005 00397-GGAC) and the National Science Foundation
(‘Revealing Hominid Origin Initiative’ RHOI-Hominid-NSF-
BCS-0321893). We are also indebted to Cespa Gestión de
Residuos, S.A., for financing the field work, and to the Ajunta-
ment dels Hostalets de Pierola and the Departament de Cultura i
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Neógeno de la fosa del Vallés-Penedés. Paleontologia i Evolució
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Roca, E., and J. Guimerà. 1992. The Neogene structure of the east-
ern Iberian margin: structural constraints on the crustal evolution
of the Valencia Trough (Western Mediterranean). Tectonophysics
203:203–218.

Roman F., and J. Viret. 1834. La faune de Mammifères du Burdigalien
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