


phology of the astragalus, which is, according to Tedrow et al.
(1999: 492) •nearly identical with [that of]Ailurus fulgensŽ,
support a sister group relationship of the Simocyoninae to the
Ailurinae. In addition, although these latter authors and some
others include both subfamilies within the Procyonidae, sevŠ
eral recent results of molecular biologists reject the hypothesis
thatAilurus fulgensis included within, or is the closest sister
group of, either the Ursidae or Procyonidae (see Flynn et al.
2000).

As pointed out by Wang (1997: 184), the enigmatic nature
of Simocyonpartly results from its •sudden appearance [in the
fossil record] without an immediate predecessorŽ. The genus
is only known from North America (late early Hemphillian,
i.e., latest late Miocene; Baskin 1998; Tedrow et al. 1999), EuŠ
rope (Neogene European Land Mammal Zones MN 9ŠMN 13,
i.e., late Miocene; Kretzoi 1952: 28; Morlo 1997; Ginsburg
1999, but the mention ofS. hungaricusfrom Polgardi is incorŠ
rect) and China (late middle Miocene…early Pliocene; Wang
1997; Wang et al. 1998). Previous studies clearly demonstrate
a strong similarity among the species ofSimocyon. NevertheŠ
less, as previously pointed out (e.g., Wang 1997; Roussiakis
2002), a review of the species ofSimocyonis still necessary.

The primary goal of our contribution is to present new
discoveries ofSimocyonfrom BatallonesŠ1, Spain. We deŠ
scribe the most complete Spanish material ever found for the
genus Simocyon, previously documented by two poorly
known species. We discuss the systematic status of the speŠ
cies ofSimocyonand also propose some functional interpreŠ
tations of the morphological differences between the mateŠ
rial from BatallonesŠ1 and the type species of the genus,S.
primigenius, which is also well documented.

Locality and geological setting
Cerro de los Batallones is a fossiliferous area of several hectŠ
ares situated near the village of Torrejón de Velasco, 25 km
south of Madrid, Spain (Morales et al. 1992, 2004; Pozo et al.
2003, 2004). As indicated by its name, the area is a low hill,
approximately 720 m above sea level. The sediment, comŠ
posed mainly of sepiolite, green clay, micaceous sand, carŠ
bonates and flint, was deposited during the late Vallesian (9
Ma) (Morales et al. 2000; Pozo et al. 2003, 2004). Since
1991, sepiolite mining has allowed the discovery of seven
different fossil localities, numbered BatallonesŠ1 to BatalŠ
lonesŠ7. The taxonomic association found in the Batallones
localities is typical of the MN 10 Zone (Morales et al. 2000,
2004). To date, only BatallonesŠ1 has been deeply excaŠ
vated, yielding an exceptionally rich fauna mostly composed
of Carnivora, approximately 60% of the total number of indiŠ
viduals (Antón and Morales 2000: fig. 2.99). The locality of
BatallonesŠ1 is the largest site, up to 7 m wide and 12 m long.
Bones are found in more or less laminated deposits that are
distinctive and display abrupt lateral contacts with the host
rocks (Pozo et al. 2003, 2004). As with other localities from
Cerro de los Batallones, BatallonesŠ1 is interpreted to have

been formed by an underground drainage (piping or tunnel
erosion, combined with chambering) followed byin situgypŠ
sum dissolution resulting ultimately in the formation of a sinŠ
gle hole. The accumulation of bones then took place in small
and shortŠlived lakes which filled the holes and acted as traps
for numerous animals, mainly carnivorans (Pozo et al. 2003,
2004). The great percentage of carnivorans, the almost comŠ
plete absence of bone displacement and the overall structure
of the hole suggest a natural trap (Antón and Morales 2000;
Pozo et al. 2003, 2004). The carnivoran palaeoguild of BatalŠ
lonesŠ1 is diverse, with 11 species assigned to five families:
Felidae, Amphicyonidae, Mustelidae, Hyaenidae, and AiluŠ
ridae. A few remains of other vertebrates are also repreŠ
sented, including large herbivores (Bovidae, Suidae, CerŠ
vidae, Rhinocerotidae, Gomphotheriidae, and Equidae),
rodents, birds, turtles, lizards, snakes and amphibians (MoŠ
rales et al. 2000, 2004). As a result of the large number of
carnivoran remains, the study of the predator palaeoguild of
BatallonesŠ1 has been our primary focus in recent years (e.g.,
Antón and Morales 2000; Antón et al. 2003, 2004).

Institutional abbreviations.„AFI, Geological Institute, BuŠ
dapest; DGUV, Departamento de Geología de la Universitat
de València; IVPP, Institute of Vertebrate Paleontology and
Paleoanthropology, Beijing; MNCN, Museo Nacional de
Ciencias NaturalesŠCSIC, Madrid; MNHN, Muséum natioŠ
nal d•Histoire naturelle, Paris; MSB, Museo del Seminario,
Barcelona; BMNH M, mammal collections at the Natural
History Museum, London.

Throughout the text, a lower case letter is used for lower
teeth, upper case for upper teeth.

Systematic palaeontology
Order Carnivora Bowdich, 1821
Suborder Caniformia Kretzoi, 1943
Infraorder Arctoidea Flower, 1869
Family Ailuridae Gray, 1843
Subfamily Simocyoninae Dawkins, 1868
GenusSimocyonWagner, 1858
Simocyon batalleri(Viret, 1929)
Figs. 1…11; Tables 1…8.

Cephalogale batalleri; Viret 1929: 565, pl. 8: 1, 2.
pars Simocyonsp.; Fraile et al. 1997: table 1.
Simocyonsp.; Morales et al. 2000: 186.
Simocyonsp.; Antón and Morales 2000: 190…193.
Simocyonsp.; Salesa and Fraile 2000: 253, fig. 2.140.
Holotype: MSB 24933, fragment of right maxilla with P4…M2 (Viret
1929: pl. 8: 1, 2).
Type locality: Sabadell, Barcelona Province, Spain.

Referred material from BatallonesŠ1.„MNCN BŠ3620,
nearly complete skull with left P2, P4…M1 and right P1…P2,
P4…M1; MNCN BŠ3392 and MNCN BatŠ1ŠD7Š7Š2001 left
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and right hemimandibles from the same individual with
p1…m1; MNCN BŠ386, right C1; MNCN BŠ3235, left M2;
MNCN BŠ4337, right c1; MNCN BŠ4733, left m2; MNCN
BŠ3238, right m2. MNCN BŠ3458, nearly complete skull
with left P2…M1 and right P1…P2, P4…M1; MNCN BŠ5430,

fragmentary right hemimandible with worn dentition: p2,
p4…m2; MNCN BŠ1890, left C1; MNCN BŠ5431, right C1;
MNCN BŠ1721, left c1. All specimens are from BatallonesŠ1
and housed in the palaeontological collection of the MNCN.

Our study suggests that the material from BatallonesŠ1
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Fig. 1.Simocyon batalleri(Viret, 1929), MNCN BŠ3620, BatallonesŠ1, Madrid Province, Spain, cranium in ventral view.A. Photograph.B. Schematic
drawing showing the main anatomical features of this view (artwork by M. Antón).



represents two individuals, which, from the dental wear,
clearly differ in individual age. The older specimen shows
marked dental wear and is slightly smaller than the other one;
it is composed of the specimens MNCN BŠ3458, MNCN
BŠ5430, MNCN BŠ1890, MNCN BŠ5431, and MNCN
BŠ1721. The second specimen, a young adult, consists of all
remaining specimens: MNCN BŠ3620, MNCN BŠ3392,
MNCN BatŠ1ŠD7Š7Š2001, MNCN BŠ386, MNCN BŠ3235,
MNCN BŠ4337, MNCN BŠ4733, and MNCN BŠ3238.
Postcranial remains are associated with the craniodental maŠ
terials from BatallonesŠ1. Because we here mainly focus on
the systematics rather than on the functional morphology and
locomotor adaptations ofSimocyon, the postcranial material
will be treated in another paper.

Distribution and age.„Spain only: Sabadell, Vallesian, late
Miocene; BatallonesŠ1, Mammal Zone MN 10, late ValŠ
lesian, late Miocene.

Differential diagnosis.„ Simocyon batalleridiffers from S.
diaphorus(Kaup, 1832) in having a more reduced p3; fromS.
primigenius(Roth and Wagner, 1854) in having a less reduced
p3 and a mandible with coronoid process less developed
anteroposteriorly, more posteriorly oriented, postmolar space
longer, angular process longer and ventrodorsally flattened,
mandibular condyle lower relative to the occlusal plane.

Description
Skull (Figs. 1…3, Table 1).„The two specimens are nearly
complete but mostly compressed and fragmented. They are
too damaged, however, to provide an accurate measurement
of their basal cranial length. The nasomaxillary, palatinoŠ
maxillary, and frontomaxillary sutures are not distinct on the
two skulls and may have been fused as in other cranial speciŠ
mens previously described (Wang 1997). As far as we can
see, there are no major differences in the overall shape and
morphology between these skulls and the single complete
skull assigned to the genus described by Wang (1997: fig.
2B, IVPP V12162, basicranial length is ca. 175 mm). As in
the latter specimen, the material from BatallonesŠ1 has a
short rostrum and a palate which strongly widens posteriorly
to P3, a small postorbital process on the frontal and a more
reduced one on the jugal, a high and thinŠbladed sagittal and
posteriorly projected nuchal crests, a strongly arched zygoŠ
matic, a posteriorly extended palatine border, a wellŠdevelŠ
oped postglenoid process, and a basicranial morphology with
a similar disposition of foramina, similarly developed and
oriented processes, and a littleŠinflated auditory bulla with a
long external auditory meatus. In details, however, the skulls
from Batallones display some differences or provide addiŠ
tional information. Thus, the infraorbital foramina are
smaller and more transversely compressed than in the ChiŠ
nese skull from Fugu. Only the right major palatine foramina
is distinct in MNCN BŠ3620; it is small and at the level of
M1. On the skull MNCN BŠ3458, the palatine sulcus is visiŠ

ble on the right side from the level of the distal border of the
canine to that of the mesial border of M1. In addition to a
strong postglenoid process, there is also a significant, laterŠ
ally located, preglenoid process which contributes to secure
the articulation with the mandible like in, although slightly
less developed than, e.g.,Gulo andMeles.

Upper dentition (Figs. 1, 3, 4A, 5; Table 2).„No incisors
are preserved on the two skulls. From alveoli, I1 and I2 were
similar in size while I3 was markedly larger than the others.
A 2 mmŠlong diastema separates I3 from C1. This latter has
an inflated root having mesially, and slightly lingually on
some specimens (e.g., MNCN BŠ1890), a groove which
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Table 1. Measurements of the cranium and mandible ofSimocyon batalŠ
leri from BatallonesŠ1 (in millimeters).The young individual consists of
the specimens MNCN BŠ3620, 3392, 386, 3235, 4337, 4733, 3238,
MNCN BatŠ1ŠD7Š7Š2001; the old individual consists of MNCN BŠ3458,
1890, 1721, 5430, 5431. Abbreviations: …, measurement not applicable;
*, estimate; BL, distance from anterior tip of premaxillary to the anteriorŠ
most margin of the foramen magnum; D, depth of mandibular ramus; Dia,
length of diastema; HCP, shortest distance from the tip of the coronoid
process to the ventral margin of the mandible below the masseteric fossa;
Lcond…m1, distance between the condyle and the carnassial notch; Linc…
magnum, distance between the posteriormargin of incisive foramen to the
anteriormost margin of the foramenmagnum; Lpalate, distance from the
anteriormost margin of premaxillary to the posteriormost margin of the
palate; Lp1…m2, distance between the mesial alveolar margin of p1 and
distal alveolar margin of m2 (other distances are similarly defined); Lt md,
total length of the mandible, from anterior tip of the ramus to the posteriorŠ
most margin of the condyle; nmes, dimension non measurable (e.g., tooth
partly and/or poorly preserved); np,tooth not preserved; Tp3, maximum
thickness of the mandible below the main cusp of p3 (measured below the
m1 protoconid for Tm1).

Young individuals Old individual
Mandible right left right left
Tp3 10.5 10.2 11.8 …
Tm1 12.5 12.7 13.1 …
Lp1…m2 71.0 71.0 72.7 …
Dp2…p3 22.6 22.6 22.2 …
Dp3…p4 22.0 21.8 24.0 …
Dp4…m1 23.9 23.5 27.0 …
Dm1…m2 25.3 25.9 29.0 …
Ddistm2 29.2 29.2 31.0 …
HCP 65.2 65.8 np …
Lcond…m1 82.5 83.0 np …
Lt md 135.0…140.0* nmes …
Skull
Dia P1…P2 … … … 2.3
Dia P2…P4 12.7* 9.6 … 8.4
LP1…M2 nmes 63.5 58.2 …
LP4…M2 43.6 42.3 41.1 42.0
Linc…magnum nmes 154.5
Lpalate 111.1 90.0
BL 180.6 nmes
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Fig. 2.Simocyon batalleri, MNCN BŠ3458, BatallonesŠ1, Madrid Province, Spain, cranium in dorsal view.A. Photo.B. Schematic drawing showing the
main anatomical features of this view (artwork by M. Antón).



reaches the root tip. The crown is short, with a marked linŠ
gual and, on MNCN BŠ386 (Fig. 4), buccal cingulum. Two
prominent ridges are present distally and mesiolingually. A
groove is present on the distal half of the buccal face. The P1
is absent on the left tooth row in MNCN BŠ3458. When preŠ
served, it is very reduced and singleŠrooted, with a simple
and moderately elongated crown. A short diastema separates
the P1 from P2. This latter is twoŠrooted, larger, and more
elongated than P1. Its main cusp is also more prominent and
mesially located. The P3 is present only on the left side of the
skull MNCN BŠ3458 (Fig. 3); otherwise, a significant
diastema separates P2 from P4 (Table 1). That tooth is very
similar to, but slightly larger and with a main cusp taller than,
P2; a short diastema separates P3 and P4. The P4 is robust
and trenchant. Its paracone is high and followed by a short
metastyle. A wellŠdeveloped parastyle is present and sepaŠ
rates from the paracone by a distinct yet small notch. The
protocone is absent as a discrete cusp and replaced by a
strong cingulum marked by a small depression; it is located
across the level of the notch separating the paracone and
parastyle. The cingulum is visible all around the tooth, but
well developed only lingually. The M1 is very large and
roughly triangular in shape. The paracone is markedly larger
and more buccally located than the metacone; the two cusps

are separate by a deep notch. The protocone and trigon crests
are low; a small but distinct metaconule is present, located at
the distal border. The central basin is shallow. The lingual
cingulum is developed and restricted to the distolingual corŠ
ner. The distal border of the tooth is very concave and lacks
any cingulum. In contrast, the buccal and mesial cingula are
marked, the former the most developed. The M2 is threeŠ
rooted, with the two buccal roots closely disposed. The
crown is low and transversely elongated. In occlusal view,
the lingual half curved backward resulting in a strongly conŠ
cave distal border. The paracone is much larger than the
metacone. The trigon crest is very low and consists of a curve
running from the mesial basis of the paracone to the distoŠ
lingual angle. Except on the distal border, the cingulum is
visible but remains reduced (Fig. 5).

Mandible (Fig. 6, Table 1).„It is more slender in the younŠ
gest individual (MNCN BŠ3392 and MNCN BatŠ1ŠD7Š7Š
2001) than in the oldest one (MNCN BŠ5430). Its anteriorŠ
most part is not preserved on the material. The ramus and, in
particular, the cheek tooth row, display a marked outward
curvature, with p4 being the most buccally located tooth. The
ramus is shallow throughout its anteroposterior length. The
ventral rim is gently curved over most of its length, being conŠ
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Table 2. Dental measurements ofSimocyon batallerifrom BatallonesŠ1
(in millimeters). The young individual consists of the specimens MNCN
BŠ3620, 3392, 386, 3235, 4337, 4733, 3238, MNCN BatŠ1ŠD7Š7Š2001;
the old individual consists of MNCN BŠ3458, 1890, 1721, 5430, 5431.
Abbreviations: …, measurement not applicable; H, height of the crown of
cuspid, i.e., shortest distance from the tip to the dentineŠenamel junction;
Hpam1, greatest distance from the tip to the dentineŠenamel junction on
the mesiobuccal face of m1 paraconid; HpaP4, shortest distance from the
tip of the paracone to the dentineŠenamel junction on the buccal face of
P4; Hprdm1, shortest distance from the tip to the dentineŠenamel junction
on the buccal face of m1 protoconid; L, mesiodistal length; nmes, dimenŠ
sion non measurable (e.g., tooth partlyand/or poorly preserved); np, tooth
not preserved; abs, tooth absent; LlingP4, length from the mesial border
of the protocone to the distal border of the metastyle of P4; W, buccoŠ
lingual width; Ltrd, maximum length of the trigonid; WdistM1, greatest
distance between the buccal border of the metacone and the lingual marŠ
gin of M1.

Young individual Old individual
right left right left

Lc1 11.0 np np 11.0
Wc1 8.3 np np 7.7
Hc1 ling 14.3 np np nmes
Hc1 lab 20.1 np np nmes
Lp1 5.7 4.6 np …
Wp1 3.5 3.7 np …
Lp2 7.4 7.8 6.9 …
Wp2 4.3 4.4 3.5 …
Hp2 4.1 4.0 3.5 …
Lp3 8.4 8.1 np …
Wp3 4.4 4.3 np …
Hp3 3.3 3.9 … …
Lp4 13.5 13.7 11.9 …

Wp4 7.9 7.9 7.4 …
Hp4 8.7 8.6 nmes …
Lm1 24.3 24.4 24.0 …
Wm1 10.5 10.4 8.9 …
Hprdm1 12.4 12.4 nmes …
Hpadm1 9.9 9.7 nmes …
Ltrdm1 19.1 18.8 nmes …
Lm2 16.0 16.0 15.9 …
Wm2 8.4 8.4 7.6 …
Ltrdm2 8.0 7.9 nmes …
LC1 11.6 np 11.2 11.6
WC1 9.0 np 8.3 8.4
HC ling 18.2 np nmes nmes
HC lab 22.8 np nmes nmes
LP1 np np 4.6 abs
WP1 np np 3.2 abs
LP2 nmes 6.60 6.5 6.5
WP2 nmes 3.90 3.3 3.3
HP2 3.7 3.90 nmes 3.3
LP3 abs abs abs 7.3
WP3 abs abs abs 3.6
HP3 … … … 3.7
LP4 20.9 20.4 19.5 19.4
WP4 12.3 12.2 11.4 11.6
LlingP4 19.2 19.3 19.0 19.0
HpaP4 12.2 12.4 nmes nmes
LM1 17.0 16.7 15.7 16.2
WM1 20.0 19.7 18.6 18.7
WdistM1 16.6 16.6 15.4 15.6
LM2 np 7.5 np np
WM2 np 13.2 np np



cave beneath the masseteric fossa. A large mental foramen is
present below the distal root of p2, and a smaller one lies beŠ
neath the mesial root of p4. The posterior part of the mandible
is particularly well preserved and allows a valuable compariŠ
son withSimocyon primigenius, the only species of the genus
that also preserves this part. The coronoid process is tall and,
in contrast toSimocyon primigeniusfrom Pikermi and China,
markedly more backwardly oriented and less anteroposterŠ
iorly developed at its top. The postmolar space in the Spanish
material is longer than inS. primigenius. The masseteric fossa
is very deep in comparison with, e.g.,Ailurus, Guloor Meles,
which may indicate a greater development of the pars proŠ
funda of the masseter muscle. A horizontal ridge delimits the
dorsal border of the fossa; its ventral border expands laterally
as a strong ridge, which corresponds to the diagonal ridge deŠ
scribed by Gaspard (1964: fig. 1) in extant canids. This ridge

continues posteriorly to the angular process, which is markŠ
edly longer than inSimocyon primigenius(Fig. 9; see also
Wang 1997: fig. 1), projecting backward below the condyle.
In comparison with that of canids, the angular region of
Simocyonis more simply structured. Laterally, except for a
strong diagonal ridge and a small mesial tubercle, no addiŠ
tional facets and crests can be distinguished. The facet for the
muscle pterygoideus lateralis is a shallow, anteroposteriorly
expanded depression. The internal crest is very thin and sepaŠ
rates this depression from the small, narrow, and elongated atŠ
tachment area for the muscle pterygoideus medialis. VenŠ
trally, a low ridge separates this latter surface from the attachŠ
ment area for the muscle masseter superficialis. The condyle
is transversely developed and is most similar to that ofGulo
gulo, except that the dorsal part of the articular surface is
more developed forward in the latter.
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Lower dentition (Figs. 4B, 6, Table 2).„No incisors are
preserved. The lower canine is about the size of the upper
one, except that it has a shorter crown. The latter is strongly
recumbent and has a slight distal ridge and a much stronger

mesiolingual one. The cingulum is nearly as developed as in
upper canines. A small basal prominent cusp (cuspŠlike
structure) is present at the intersection between the cingulum
and the mesiolingual ridge. A groove is present on the buccal
face, similarly developed and placed as in upper canines. In
occlusal view, the cheek tooth row appears markedly curved
labiad as in other species ofSimocyon. Teeth are closely set
together and there is no diastema. All premolars are present
and very reduced. The p1 is a singleŠrooted and tiny tooth
with a very simple and ovalŠshaped crown. The p2 is larger
and twoŠrooted; it is more elongated and has a main cusp loŠ
cated mesially, a tiny but distinct mesial accessory cusp, and
a small heel. The p3 is very similar in shape and morphology
to p2, and it is only slightly more elongated. In comparison to
these teeth, p4 is much larger and more laterally inflated. The
crown has its widest part at the level of the main cusp, which
is clearly lower than the m1 paraconid. There is no mesial acŠ
cessory cusp, but a prominent ridge that curves lingually. A
wellŠdeveloped distal accessory cusp is present. The cingulid
is absent buccally, littleŠmarked lingually, and wellŠdevelŠ
oped distally. The m1 is distinguished by a reduced, crestŠ
like metaconid, which is located distolingually on the protoŠ
conid. The metaconid distal face is very oblique in lingual
view. The talonid is about the width of the trigonid and one
third of the total length of m1. The hypoconid crest is low,
slightly trenchant, and located buccally. A shallow notch
separates the hypoconid crest from the protoconid. The linŠ
gual border is lower than the buccal one, and displays a
slightly prominent entoconid distally. There is no trigonid
basin but a shallow, longitudinal groove located distal to the
metaconid. The m2 is elongated and has a low crown. The
paraconid is reduced to a small crest located on the mesialŠ
most border of the tooth and transversely oriented. The
protoconid and metaconid are blunt cuspids. The protoconid
is pyramidal and the metaconid, which is lower, is clearly
distal to it. The talonid is very long, about the half of the total
m2 length (see Table 2). It is clearly narrower than the
trigonid and tapers posteriorly. It has a shallow depression
lingually. The only distinct feature is the presence of a buccal
ridge, which consists of two low crests separated by a shalŠ
low notch. These may correspond to the vestigial hypoconid
and, distally, the hypoconulid. The lingual border displays
no ridge. The cingulum is not distinct, except mesiobuccally
where it remains little developed, however.

Comparisons and discussion
As many as seven species have been assigned toSimocyon.
Some of them are poorly documented and their taxonomic
status, diagnosis, and/or geographic distribution have not
been well defined in previous studies. To promote clarity and
facilitate morphological comparisons, we first review these
details for the species previously assigned toSimocyon. TaŠ
bles 3 and 4 present the measurements of the species of
Simocyon.
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Fig. 4.Simocyon batalleri, BatallonesŠ1, Madrid Province, Spain.A. MNCN
BŠ386, right upper canine in , lingual (A1) and buccal (A2) views.B. MNCN
BŠ4337, right lower canine in lingual (B1) and buccal (B2) views.



Simocyon diaphorus (Kaup, 1832).„This is the earliest
known European species of the genus. It comes from the early
Vallesian locality of Eppelsheim (Mammal Zone MN 9; Fig.
8) and was described by Kaup (1832) on the basis of a fragŠ
ment of left mandible with p2…m2, which is the only known
specimen for the species. Although the original specimen has
been lost since 1861 (fide Morlo 1997: 13), a plaster cast,
which is housed in the Natural History Museum, London, has
been here studied (BMNH M 412; see also Lydekker 1885:
145). Unfortunately, the cast does not perfectly preserve every
detail. In addition, it displays marked differences from Kaup's
illustrations, including p3 longer, no evidence for the presence
of a mesial cuspid on p4, m1 metaconid less posteriorly loŠ
cated and in a similar position to that in otherSimocyonspp.

Simocyon primigenius (Roth and Wagner, 1854).„This is
the type species of the genus. In Spain, it is known only by an
isolated right M2 (CGŠS/S in the collection of MNCN; see
Alcalá 1994: pl. 4: a) from the middle Turolian locality of
Cerro de la Garita (Mammal Zone MN 12), also named
Concud, after a small village very near the locality (Alcalá
1994; Fraile et al. 1997). The species is better known from
Pikermi (MN 12, Greece), the type locality of this species
(Fig. 8) and from China, where it has been described under
different names. Two species are distinguished there:S.
zdanskyiKretzoi in Kadic and Kretzoi, 1927 andS. primiŠ
geniusfrom the Baode and Yushe Basins. Both species are
known by cranial material described by Zdansky (1924: 4…9,
pl. 1: 2, 3, pl. 2: 1, 2) and Wang (1997) respectively. Kretzoi
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Table 3. Measurement of the lower teeth ofSimocyonspecies.Abbreviations: …, measurement not applicable; *, estimate; abs, tooth absent; H, height
of the crown of cuspid, i.e., shortest distance from the tip to the dentineŠenamel junction; Hpam1, greatest distance from the tip to the dentineŠenamel
junction on the mesiobuccal face of m1 paraconid; Hprdm1, shortest distance from the tip to the dentineŠenamel junction on the buccal face of m1
protoconid; L, mesiodistal length; Ltrd, maximum length of the trigonid; m, mean; nmes, dimension non measurable (e.g., tooth partly and/or poorly
preserved); np, tooth not preserved; W, buccolingual width. If applicable, sample size is indicated between brackets following the mean. Except for
ratios, all measurements are in millimeters.1 From personal data and Roussiakis (2002);2 from Wang (1997);3 from Tedrow et al. (1999).

S. batalleri
from BatŠ1

S. primigenius1
from Europe

S. primigenius2
from China

S. hunŠ
garicus

S. diaŠ
phorus Simocyon marshi3

m range m range m range type type m range
Lc1 11.00 (2) 11.00…11.00 12.20 (3) 12.00…12.60 10.85 (2) 10.60…11.10 … np np …
Wc1 8.00 (2) 7.70…8.30 9.38 (2) 8.85…9.90 8.55 (2) 8.50…8.60 … np np …

Lc1/Wc1 1.38 (2) 1.32…1.42 1.31 (2) 1.27…1.36 1.27 (2) 1.23…1.31 … … … …
Lp1 5.15 … np or abs … 5.25 (2) 5.20…5.30 … np abs …
Wp1 3.60 … np or abs … 4.00 (2) 3.60…4.40 … np abs …
Lp2 7.25 (2) 6.90…7.60 abs … 6.30 … abs np abs …
Wp2 3.93 (2) 3.50…4.35 abs … 3.90 … abs np abs …
Hp2 3.78 (2) 3.50…4.05 … … nmes … … … … …
Lp3 8.25 … abs … 6.90 … 7.20 9.70 abs …
Wp3 4.35 … abs … 3.70 … 3.50 5.40 abs …
Hp3 3.85 … … … nmes … 3.20 nmes … …
Lp4 12.75 (2) 11.90…13.60 14.24 (7) 13.50…15.10 13.45 (2) 13.20…13.70 12.20 14.40 15.10 (2) 13.80…16.40
Wp4 7.65 (2) 7.40…7.90 9.03 (5) 8.75…9.20 8.20 (2) 7.90…8.50 7.30 7.60 8.60 (2) 8.00…9.20
Hp4 8.65 … 10.15 (2) 9.90…10.40 nmes … 8.50 np … …

Lp4/Wp4 1.66 (2) 1.61…1.72 1.56 (5) 1.50…1.67 1.64 (2) 1.55…1.73 1.67 1.89 1.75 (2) 1.73…1.78
Hp4/Lp4 0.64 … 0.72 (2) 0.70…0.75 … … 0.70 … … …

Lm1 24.18 (2) 24.00…24.35 23.38 (8) 22.50…25.00 21.90 (3) 21.00…23.00 22.80 26.40 23.45 (2) 22.50…24.40
Wm1 9.68 (2) 8.90…10.45 10.13 (8) 9.70…11.00 9.77 (3) 9.50…9.90 9.80 10.90 10.55 (2) 10.00…11.10

Hprdm1 12.40 … 12.18 (3) 12.05…12.30 nmes … nmes 13.20* nmes …
Hpadm1 9.80 … 9.50 (2) 9.30…9.70 nmes … nmes nmes nmes …
Ltrdm1 18.95 … 17.43 (4) 16.80…17.90 nmes … 16.70 20.00 nmes …

Ltrdm1/Lm1 0.78 … 0.76 (4) 0.75…0.77 … … 0.73 0.75 … …
Lm1/Wm1 2.51 (2) 2.33…2.70 2.31 (8) 2.26…2.40 2.24 (3) 2.19…2.32 2.33 2.42 2.22 (2) 2.20…2.25

Lm2 15.95 (7) 15.90…16.00 16.49 (7) 15.50…17.40 15.07 (3) 14.00…15.90 np 16.80 17.20 …
Wm2 8.00 (2) 7.60…8.40 8.68 (6) 8.40…9.10 8.50 (3) 8.10…8.80 np 9.50 9.70 …

Ltrdm2 7.95 … 8.54 (5) 7.90…9.20 nmes … … nmes nmes …
Lm2/Wm2 2.00 (2) 1.90…2.09 1.91 (6) 1.72…2.02 1.77 (3) 1.73…1.81 … 1.77 1.77 …
Lp3/Lp4 0.61 … … … 0.52 … 0.59 0.67 … …
Lp4/Lm1 0.53 (2) 0.50…0.56 0.61 (7) 0.59…0.64 0.60 (2) 0.57…0.63 0.54 0.55 0.64 (2) 0.61…0.67
Lm2/Lm1 0.66 (2) 0.66…0.66 0.71 (7) 0.64…0.75 0.69 (3) 0.67…0.73 … 0.64 0.70 …



(in Kadic and Kretzoi 1927) and Zdansky (1924), in the deŠ
scription of the holotype ofS. zdanskyi, did not provide diagŠ
nostic characters to distinguish this species fromS. primiŠ
genius. These species are very similar indeed, which is also
indicated by the loss of P2…P3 and p2…p3 and a coronoid proŠ
cess vertically oriented (nearly at a right angle with the
ramus) with a wellŠrounded tip. Following Pilgrim (1931)
and Wang (1997), we consider the differences between these
two species insufficient to support a specific distinction.
Simocyon zdanskyiis therefore a junior synonym ofS. primiŠ
genius. Wang (1997) considers all ChineseSimocyonconŠ
specific withS. primigenius, stating that the morphological
differences distinguishing the Chinese specimens from the
Pikermi sample result from individual variation. The Fugu
skull described by Wang (1997) differs fromS. primigenius
from Pikermi and Baode by the presence of P2 and p2…p3 but
it otherwise has similar dental and mandibular morphology
(e.g., subŠvertical coronoid process). The only North AmeriŠ
can species,S. marshi(Thorpe, 1921), is known from fragŠ
mentary lower dentitions from the Rattlesnake Fauna (John
Day Basin) of eastern Oregon, from southŠeastern Idaho and
from Nevada (Baskin 1998; Tedrow et al. 1999). The morŠ
phology ofS. marshiis very similar to that ofS. primigenius
(e.g., absence of p2…p3), which indicates a close relationship
according to Wang (1997) and Tedrow et al. (1999). We
agree with Wang (1997) that the North American species is,
at best, a geographic subspecies ofS. primigenius.

The material assigned toSimocyon primigenius, S. marshi,
and S. zdanskyiis used as a single sample in subsequent
analyses.

Simocyon hungaricus Kretzoi in Kadic and Kretzoi (1927).
„This species was first mentioned in Kadic and Kretzoi
(1927: 9) on the basis of three specimens discovered at
Csákvár (Mammal Zone MN 11, Hungary; Fig. 8), but no type
specimen was selected in this publication. Kretzoi (1951)
briefly described and selected the most complete syntype
specimen, a fragment of right hemimandible with p3…m1
(AFIŠOB 3791) as the lectotype specimen (not a holotype as
indicated by Kretzoi 1951). The species has never been illusŠ
trated. On the cast of the lectotype that we studied, the single
alveolus of p1 is closely applied against that of the canine.
There is no evidence of a p2, which is confirmed by the obserŠ
vation of the original material (Michael Morlo personal comŠ
munication to SP 11.07.2003). A 7 mmŠspace separates p1
from p3, which is as reduced as inS. primigenius.

Simocyon batalleri (Viret, 1929).„This species, which is
known only from the Vallesian of Spain, was originally
assigned toCephalogale(Viret 1929) and, subsequently,
to Metarctos (Pilgrim 1931; Viret 1933a; Crusafont and
Casanovas 1973), which is a junior synonym ofSimocyon
(Lydekker 1885; Thenius 1949; see also Wang 1997).S.
batalleri has been considered either as valid (e.g., Wang
1997; Roussiakis 2002), or synonymized withS. primigenius
(e.g., Morlo 1997), or even not mentioned (e.g., Werdelin
1996). We here confirm the generic assignment of this SpanŠ
ish species.Simocyon batalleriwas described by Viret
(1929: pl. 8: 1, 2) on the basis of a right maxilla fragment
with P4…M1 (MSB 24933; Fig. 7A) found by Dr. Bataller in
sediments exposed by the excavation of an underground railŠ
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Fig. 5.Simocyon batalleri, BatallonesŠ1, Madrid Province, Spain.A. MNCN BŠ3235, left M2 in occlusal view (showed inverted).B. MNCN BŠ3620, upper
right toothrow in occlusal view.



way below the city of Sabadell (Villalta and Crusafont 1943).
The stratigraphic provenance of the specimen is not precise
but localities in the Sabadell area are mainly Vallesian in age
(Fig. 8; Agustí et al. 1983…1984).Simocyon batalleriis also
known from a left M1 described by Villalta and Crusafont
(1948: fig. 1, pl. 1: 1) from •Bóvila SaguésŽ, a site which beŠ
longs to a complex of late Vallesian (Mammal Zone MN 10)
localities located between the villages of Tarrasa and ViladeŠ
cavalls (Crusafont 1952); Sant Miguel de Taudell is a name
also used by later authors (e.g., Fraile et al. 1997:Simocyon
sp. therein) in reference to this specimen. The M1 from
•Bóvila SaguésŽ is morphologically similar to that of the
holotype.

Simocyon simpsoni (Crusafont and Kurtén, 1976).„
Crusafont and Kurtén (1976: figs. 16, 17) describedProŠ
tursus simpsonion the basis of a left m2 from Can Llobateres
(Vallesian, Spain). According to these authors, this species
was an ursid closely related toUrsavus. Thenius (1977),

however, demonstrated thatProtursuswas not an ursid and
synonymized it withSimocyon. We agree thatProtursus
simpsoniis more closely related toSimocyonthan to bears;
the synonymy betweenProtursusandSimocyon, however, is
not well supported. The m2s ofP. simpsoniandSimocyon
spp. display an overall similarity regarding the elongation of
the tooth and the relative proportion of the talonid and triŠ
gonid. In details, however, the m2 ofSimocyondiffer from
that of Protursusin being much larger overall, more elonŠ
gated and in having no paraconid, a smaller and more posteŠ
riorly located metaconid, and a talonid less structured: two
low crests occupy the buccal rim inSimocyon, whereas two
crestŠlike •hypoconidsŽ in addition to one •hypoconulidŽ in
the distalmost part are present inProtursus(using the dental
nomenclature of Crusafont and Kurtén 1976). Moreover, the
lingual rim does not have any cusp inSimocyonfrom e.g.,
BatallonesŠ1, whereas there are •two distinct, faintly defined
cuspsŽ inP. simpsoni(Crusafont and Kurtén 1976: 23). We
therefore disagree with the assignment of the speciessimpŠ

http://app.pan.pl/acta50/app50Š219.pdf

PEIGNÉ ET AL.„ SIMOCYONFROM THE LATE MIOCENE OF SPAIN 229

20 mm

p1 p2

p3

p4
m1

m2

Fig. 6.Simocyon batalleri, BatallonesŠ1, Madrid Province, Spain.A. MNCN BATŠ1ŠD7Š7Š2001, right hemimandible with p1…m1 in lingual (A1), lateral
(A2), and dorsal (A3) views.B. MNCN BŠ3238, right m2 in occlusal view.



sonito the genusSimocyonand propose to retain the generic
nameProtursusproposed by Crusafont and Kurtén (1976).
The talonid elongation and structure of m2 ofP. simpsoni
place this species within the Ailuridae along with other taxa
previously placed in this family, the generaAilurus, ParaŠ
ilurus, Simocyon, MagerictisGinsburg, Morales, Soria, and
Herraez, 1997, andAlopecocyonCamp and Vanderhoof,
1940 (= AlopecodonViret, 1933b); for the assignment of
these genera, see Ginsburg et al. (1997) and Baskin (1998).
According to Baskin (1998), the North American genus
ActiocyonStock, 1947 and at least some species ofAmphictis
Pomel, 1853 are closely related to this clade.

Simocyon sp.„Besides BatallonesŠ1, several additional ocŠ
currences ofSimocyonsp. are recorded from the late MioŠ
cene of Spain: a proximal fragment of right Mc IV (MNCN
14663) from the area of Concud (Montoya and Alberdi 1995:
fig. 7.2) and a fragment of right Mc IV (DGUVŠCR16Š22)
from CrevillenteŠ16 (MN 10; Montoya and Alberdi 1995:
fig. 7.1). Both specimens are very similar to the Mc IV of
Simocyon from BatallonesŠ1 (MNCN BŠ3780, MNCN
B/SŠ218; see Montoya and Alberdi 1995: fig. 7.3), though

MNCN 14663 is more gracile and belongs to a smaller indiŠ
vidual. The generic assignment is confirmed here for these
fragmentary specimens of Mc IV. This material is not diagŠ
nostic at a specific level, though the stratigraphic origin sugŠ
gests that the specimen from Concud (Mammal Zone MN
12) belongs toS. primigeniusand that from CrevillenteŠ16
(MN 10) belongs toS. batalleri. The mention by Fraile et al.
(1997) of the presence ofSimocyonsp. from the Turolian loŠ
cality of Venta del Moro (MN 13) is not confirmed here by a
reŠexamination of the material discovered since the review of
Morales (1984).

Other remains that have been assigned toSimocyonsp.
include an individual from Montredon, France (MN 10, late
Miocene; Fig. 8), represented by a fragmentary mandible
with p4…m2 on both sides. The description and illustrations
provided by Beaumont (1988) indicate a great similarity beŠ
tween this individual and our material. According to BeauŠ
mont, if p3 is present, it should be well separated from p4.
The space in front of p4 may result from the absence of p3 in
this individual, however. There is no evidence that the preŠ
molar reduction inSimocyonsp. from Montredon reached
that occurring in specimens from Pikermi (loss of p2…p3 and
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Table 4. Measurements of the upper teeth ofSimocyonspecies. Abbreviations: …, measurement not applicable; abs, tooth absent; H, height of the crown
of cuspid, i.e., shortest distance from the tip to the dentineŠenamel junction; HpaP4, shortest distance from the tip of the paracone to the dentineŠenamel
junction on the buccal face of P4; L, mesiodistal length; m, mean; nmes, dimension non measurable(e.g., tooth partly and/or poorly preserved);
LlingP4, length from the mesial border of the protocone to the distal border of the metastyle of P4;np, tooth not preserved; W, buccolingual width;
WdistM1, greatest distance between the buccal border of the metacone and the lingual margin of M1. Sample size isindicated betweenbrackets followŠ
ing the mean. Except for ratios, all measurements are in millimeters.1 From personal data and Roussiakis (2002);2 from Wang (1997).

S. batallerifrom BatŠ1 S. primigeniusfrom Europe1 Simocyonfrom China2 S. batallerifrom Catalonia
m range m range m range m range

LC1 11.50 (2) 11.40…11.60 14.00 … 10.85 (2) 10.70…11.00 … …
WC1 8.68 (2) 8.35…9.00 10.05 … 8.25 (2) 7.70…8.80 … …

LC1/WC1 1.33 (2) 1.29…1.37 1.39 … 1.32 (2) 1.25…1.39 … …
LP1 4.60 … 6.00 … 5.55 (2) 5.10…6.00 … …
WP1 3.20 … 4.00 … 3.90 (2) 3.90…3.90 … …
LP2 6.55 (2) 6.50…6.60 abs … 5.90 … … …
WP2 3.60 (2) 3.30…3.90 abs … 3.70 … … …
HP2 3.55 (2) 3.30…3.80 abs … nmes … … …
LP3 7.30 … abs … abs … … …
WP3 3.60 … abs … abs … np …
HP3 3.70 … abs … abs … np …
LP4 20.05 (2) 19.45…20.65 21.05 (2) 20.50…21.60 19.40 (3) 19.10…19.80 20.20 …
WP4 11.88 (2) 11.50…12.25 12.55 (2) 12.00…13.10 11.63 (3) 10.80…13.10 12.70 …

LlingP4 19.13 (2) 19.00…19.25 nmes … nmes … 18.90 …
HpaP4 12.30 … nmes … nmes … nmes …

LP4/WP4 1.69 (2) 1.69…1.69 1.68 (2) 1.65…1.71 1.68 (3) 1.51…1.79 1.59 …
LM1 16.40 (2) 15.95…16.85 15.85 (2) 15.50…16.20 15.20 (2) 14.90…15.50 15.50 (2) 15.00…16.00
WM1 19.25 (2) 18.65…19.85 19.88 (2) 19.00…20.75 18.20 (2) 17.00…19.40 18.50 (2) 17.00…20.00

WdistM1 16.05 (2) 15.50…16.60 18.50 … nmes … 17.20 …
WM1/LM1 1.17 (2) 1.17…1.18 1.25 (2) 1.23…1.28 1.20 (2) 1.10…1.30 1.19 (2) 1.13…1.25

LM2 7.50 … 8.87 (3) 8.50…9.10 8.15 (2) 7.90…8.40 8.50 …
WM2 13.20 … 14.50 (3) 14.00…14.90 13.80 (2) 13.00…14.60 13.90 …

WM2/LM2 1.76 … 1.64 (3) 1.60…1.66 1.69 (2) 1.65…1.74 1.63 …



presence of diastema between p1 and p4). Some specimens
from the German locality of DornŠDürkheimŠ1 (Mammal
Zone MN 11, Turolian; Fig. 8) have been described by Morlo
(1997). The material is very fragmentary and does not disŠ
play marked differences with the material from BatallonesŠ1.
The main differences regard p4, which is less elongate than
in our material and has a surprisingly strong mesial accessory
cusp, much larger than the tiny cusp observed in Pikermi or
Chinese specimens. The lingual fragment of M1 illustrated
by Morlo (1997: pl. 1: 2) presents no marked differences in
comparison with our materials. Recently, a smallSimocyon
sp. has also been described from the late middle Miocene of
Junggar Basin, China (Wang et al. 1998), hence documentŠ
ing the earliest appearance of the genus.

Morphological variation within Simocyon.„A central issue
concerning the systematics of the genusSimocyonis whether
S. diaphorus, S. batalleri, andS. hungaricusare distinct from
each other and from the type speciesS. primigenius. We invesŠ
tigated morphological variation withinSimocyonon the basis
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Table 5. Summary statistics of the lower teeth and mandible for the studŠ
ied sample ofSimocyonspecimens. Abbreviations: CV, coefficient of
variation; D, depth of mandibular ramus; Dia, length of diastema; H,
height of the crown of cuspid, i.e., shortest distance from the tip to the
dentineŠenamel junction; Hpam1, greatest distance from the tip to the
dentineŠenamel junction on the mesiobuccal face of m1 paraconid;
Hprdm1, shortest distance from the tip to the dentineŠenamel junction
on the buccal face of m1 protoconid; L, mesiodistal length; Lt md, total
length of the mandible, from anterior tip of the ramus to the posteriorŠ
most margin of the condyle; Ltrd, maximum length of the trigonid; N,
sample size; m, mean; SD, one standard deviation; Tp3, maximum
thickness of the mandible below the main cusp of p3 (measured below
the m1 protoconid for Tm1); W, buccolingual width.

N m range SD CV

Lc1 7 11.44 10.40…12.60 0.77 6.97

Wc1 6 8.64 7.70…9.90 0.73 8.78

L/Wc1 6 1.32 1.21…1.43 0.07 5.89

Lp3 4 8.01 6.90…9.70 1.27 16.78

Wp3 4 4.24 3.50…5.40 0.86 21.46

L/wp3 4 1.90 1.80…2.06 0.11 6.17

Lp3/Lp4 4 0.60 0.52…0.67 0.06 11.00

Lp4 15 13.93 11.90…16.40 1.10 8.03

Wp4 14 8.38 7.30…9.20 0.69 8.44

L/Wp4 14 1.67 1.50…1.89 0.12 7.29

Hp4 4 9.36 8.50…10.40 0.93 10.60

H/Lp4 4 0.69 0.64…0.75 0.05 7.02

Lp4/Lm1 15 0.59 0.50…0.67 0.05 7.78

Lm1 17 23.36 21.00…26.40 1.27 5.53

Wm1 17 10.02 8.75…11.10 0.65 6.55

Ltrdm1 6 17.94 16.70…20.00 1.30 7.58

Hprdm1 5 12.43 12.05…13.20 0.45 3.80

Hpadm1 3 9.60 9.30…9.80 0.26 2.99

Hprd/Lm1 5 0.52 0.50…0.54 0.02 3.08

Hpad/Lm1 3 0.41 0.40…0.42 0.01 2.36

Ltrd/Lm1 6 0.76 0.73…0.78 0.02 2.36

L/Wm1 17 2.34 2.19…2.70 0.14 5.97

Lm2 14 16.18 14.00…17.40 0.92 5.78

Wm2 14 8.91 7.60…12.00 1.04 11.88

L/Wm2 14 1.83 1.33…2.09 0.19 10.31

Ltrdm2 3 8.42 7.95…9.20 0.68 8.78

Ltrd/Lm2 3 0.50 0.49…0.53 0.02 4.60

L/Wm2 14 1.83 1.33…2.09 0.19 10.31

Lm2/Lm1 14 0.69 0.64…0.75 0.04 6.25

Wm2/Wm1 14 0.89 0.80…1.09 0.07 7.72

Tp3 4 11.67 10.35…12.95 1.06 9.69

Tm1 5 13.46 12.60…14.00 0.61 4.73

Diac…p4 5 17.53 14.50…21.15 2.52 15.11

Dp3…p4 5 23.33 20.00…26.00 2.38 10.73

Dp4…m1 6 26.83 22.00…29.50 3.27 12.70

Dm1…m2 6 27.98 23.00…31.50 3.11 11.56

Ddistm2 5 30.96 29.20…32.60 1.20 4.08

Lt md 2 129.57 119.00…140.15 14.96 12.98

20 mm

Fig. 7.A. Simocyon batalleri, MSB 24933, Sabadell, Barcelona province,
Spain, right maxilla with P4…M2 in occlusal view.B. Simocyon primiŠ
genius, MNHNŠPIK 3017, Pikermi, Greece, fragmentary left mandible
with p4…m1 in lingual (B1), lateral (B2), and dorsal (B3) views.



of dental measurements and proportions between the species
of the genus. For comparison, we used statistics for lower
tooth row measurements and ratios for the entire studied samŠ
ple of Simocyonspp. (Table 5) andS. primigenius(Table 6).
The coefficient of variation (CV) of each measurement has
been calculated, as corrected by Scherrer (1984) for the samŠ
ples: N = (1+1/(4×N))×(100×SD/m), with N = sample size;
SD = standard deviation; m = mean. In the entire sample of
Simocyonspp., most of the CVs are similar to those found for
dental measurements of extant species, e.g.,Vulpes vulpes
(see Szuma 2000) andMartesspp. (Wolsan et al. 1985). CVs
of the lower tooth measurements range from 2.99 to 21.46; the
least variable tooth is m1 and the most variable one is p3. ThirŠ
teen variables show a CV approaching or greater than 10 but
for six of these (especially those regarding m2), this is only or
mainly due to the great individual variation observed inSimoŠ
cyon primigenius(see Table 6). The seven other variables
showing a high CV may provide a basis for distinguishing
more than one species in the entire sample ofSimocyonspeciŠ
mens (see also Gingerich 1974 for the use of CVs to distinŠ
guish closely related sympatric species). These variables reŠ
gard especially p3 and the depth of the mandibular corpus. A

232 ACTA PALAEONTOLOGICA POLONICA 50 (2), 2005

Table 6. Summary statistics of the lower teeth and mandible for the samŠ
ple ofSimocyon primigenius. Abbreviations: …, measurement not appliŠ
cable; CV, coefficient of variation; D, depth of mandibular ramus; Dia,
length of diastema; H, height of the crown of cuspid, i.e., shortest disŠ
tance from the tip to the dentineŠenamel junction; Hpam1, greatest disŠ
tance from the tip to the dentineŠenamel junction on the mesiobuccal
face of m1 paraconid; Hprdm1, shortest distance from the tip to the
dentineŠenamel junction on the buccal face of m1 protoconid; L, mesioŠ
distal length; Lt md, total length of the mandible, from anterior tip of the
ramus to the posteriormost margin of the condyle; Ltrd, maximum
length of the trigonid; N, sample size; m, mean; SD, one standard deviaŠ
tion; Tp3, maximum thickness of the mandible below the main cusp of
p3 (measured below the m1 protoconid for Tm1); W, buccolingual
width.

N m range SD CV

Lc1 5 11.62 10.40…12.60 0.87 7.84

Wc1 4 8.96 8.50…9.90 0.64 7.61

L/Wc1 4 1.29 1.21…1.36 0.06 5.08

Lp3 1 6.90 … … …

Wp3 1 3.70 … … …

L/wp3 1 1.86 … … …

Lp3/Lp4 1 0.52 … … …

Lp4 11 14.25 13.20…16.40 0.91 6.55

Wp4 10 8.71 7.90…9.20 0.49 5.80

L/Wp4 10 1.64 1.50…1.80 0.12 7.21

Hp4 2 10.15 9.90…10.40 0.35 3.92

H/Lp4 2 0.72 0.70…0.75 0.04 5.62

Lp4/Lm1 11 0.62 0.57…0.67 0.03 4.39

Lm1 13 23.05 21.00…25.00 1.07 4.72

Wm1 13 10.02 8.75…11.10 0.61 6.18

Ltrdm1 3 17.33 16.80…17.90 0.55 3.44

Hprdm1 3 12.18 12.05…12.30 0.13 1.12

Hpadm1 2 9.50 9.30…9.70 0.28 3.35

Hprd/Lm1 3 0.53 0.53…0.54 0.00 0.93

Hpad/Lm1 2 0.41 0.41…0.42 0.01 2.31

Ltrd/Lm1 3 0.76 0.75…0.77 0.01 2.02

L/Wm1 13 2.30 2.19…2.62 0.11 4.97

Lm2 11 16.17 14.00…17.40 1.02 6.47

Wm2 11 9.02 8.10…12.00 1.08 12.20

L/Wm2 11 1.81 1.33…2.02 0.19 10.81

Ltrdm2 2 8.65 8.10…9.20 0.78 10.12

Ltrd/Lm2 2 0.51 0.49…0.53 0.03 6.38

L/Wm2 11 1.81 1.33…2.02 0.19 10.81

Lm2/Lm1 11 0.70 0.64…0.75 0.04 6.09

Wm2/Wm1 11 0.90 0.84…1.09 0.07 7.96

Tp3 1 12.95 … … …

Tm1 2 14.00 14.00…14.00 … …

DiacŠp4 4 17.84 14.50…21.15 2.80 16.69

Dp3Šp4 2 25.38 24.75…26.00 0.88 3.92

Dp4Šm1 3 29.43 29.30…29.50 0.12 0.43

Dm1Šm2 3 30.10 29.00…31.50 1.28 4.60

Ddistm2 3 31.53 31.00…32.60 0.92 3.17

Lt md 2 129.57 119.00…140.15 14.96 12.98
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log ratio diagram incorporating the measurements of the lower
teeth and mandible also support distinct values for these variŠ
ables at a specific level (Fig. 9). Statistics for the upper tooth
row are presented in Table 7 (entire sample ofSimocyon) and
Table 8 (S. primigenius). CVs of the upper teeth measureŠ
ments range from 4.05 to 11.72; the least variable tooth is P4
and the most variable one is C1. The dimensions of the upper
canine show a great variation in the entire sample (Table 7) but
this is because of the marked intraspecific variation of this
tooth inS. primigenius(Table 8). There is hence no basis in
measurements or proportions of upper teeth for distinguishing
more than one species in the studied sample ofSimocyon
specimens.

Comparisons.„We describe in this paper the new material of
Simocyonfrom the locality BatallonesŠ1 from Spain, which
we assign toSimocyon batalleri(Viret, 1929). The new mateŠ
rial from BatallonesŠ1 differs insignificantly from the holoŠ
type of S. batallerifrom Sabadell, Barcelona province (Fig.
7A) in having a more transversely elongated M2. Other differŠ
ences concern the structure of P4, which in specimens from
BatallonesŠ1 shows a slightly less developed parastyle and a
more distally expanded protocone cingulum. We regard these
differences as ranging within the individual variation, and we
see no reason to erect a new species ofSimocyonfor the new
material described herein.

As the material from BatallonesŠ1 is more rich and better
preserved than that previously known ofS. batalleri from
Sabadell, we base the comparisons ofS. batalleriwith other
species ofSimocyonmostly on the material from BatalŠ
lonesŠ1.

Simocyon batalleridiffers fromS. diaphorusin having a
deeper mandible and a more reduced p3 (Fig. 9). The depth

of the mandible is not diagnostic and may be related to the
individual age. This character is strongly variable among
BatallonesŠ1 specimens, with the old individual from BatalŠ
lonesŠ1 having a markedly deeper mandible than the young
one (Table 1).

The dentition ofSimocyon batallerifrom BatallonesŠ1 is
very similar to that ofS. primigenius. The lack of P2…P3 and
p2…p3, which is relatively constant inS. primigeniusfrom
Pikermi, is not diagnostic. Thus, the premolar number is variŠ
able inS. batallerifrom BatallonesŠ1 (MNCN BŠ3458 lacks

http://app.pan.pl/acta50/app50Š219.pdf

PEIGNÉ ET AL.„ SIMOCYONFROM THE LATE MIOCENE OF SPAIN 233
L

c
1

W
c
1

L
p

1

W
c
1

L
p

2
W

p
2

L
p

3
W

p
3

L
p

4
W

p
4

H
p

4

L
m

1
W

m
1

L
tr

d
m

1

H
p

rd
m

1
H

p
a

d
m

1

L
m

2

W
m

2
T

p
3

T
m

1
D

p
3

-p
4

D
p

4
-m

1
D

m
1

-m
2

D
d

is
tm

2

Simocyon primigenius

S. batalleri

S. hungaricus (lectotype)

S. diaphorus (holotype)

Fig. 9. Ratio diagram showing the species ofSimocyon. The standard is a
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assigned toS. zdanskyiandS. marshi.

Table 7. Summary statistics of theupper teeth for the studied sample
of Simocyonspecimens. Abbreviations: CV, coefficient of variation;
distM1, greatest distance between the buccal border of the metacone
and the lingual margin of M1; H, height of the crown of cuspid, i.e.
shortest distance from the tip to the dentineŠenamel junction; L, mesioŠ
distal length; N, sample size; m, mean; SD, one standard deviation;
W, buccolingual width.

N m range SD CV

LC1 5 11.74 10.70…14.00 1.31 11.72

WC1 5 8.78 7.70…10.05 0.87 10.38

L/WC1 5 1.34 1.25…1.39 0.06 5.06

LP4 8 20.08 19.10…21.60 0.83 4.28

WP4 8 12.06 10.80…13.10 0.90 7.68

L/WP4 8 1.67 1.51…1.79 0.09 5.33

LP4/WM1 7 1.05 0.99…1.16 0.06 5.50

LM1 7 15.84 14.90…16.85 0.62 4.05

WM1 7 19.24 17.00…20.75 1.20 6.48

WdistM1 4 16.93 15.50…18.50 1.24 7.81

L/WM1 7 0.83 0.77…0.91 0.05 6.25

LM2 5 8.38 7.50…9.00 0.54 6.83

WM2 5 14.14 13.20…15.00 0.69 5.13

L/WM2 5 0.59 0.57…0.61 0.02 3.45

Table 8. Summary statistics of the upper teeth for the sample ofSimoŠ
cyon primigenius. See Table 7 for abbreviations.

N m range SD CV

LC1 3 11.90 10.70…14.00 1.82 16.61

WC1 3 8.85 7.70…10.05 1.18 14.39

L/WC1 3 1.34 1.25…1.39 0.08 6.58

LP4 5 20.06 19.10…21.60 1.02 5.32

WP4 5 12.00 10.80…13.10 1.10 9.64

L/WP4 5 1.68 1.51…1.79 0.11 6.62

LP4/WM1 4 1.07 0.99…1.16 0.07 7.15

LM1 4 15.53 14.90…16.20 0.53 3.64

WM1 4 19.04 17.00…20.75 1.55 8.66

WdistM1 1 18.50 18.50…18.50 … …

L/WM1 4 0.82 0.77…0.91 0.07 8.43

LM2 3 8.63 8.40…9.00 0.32 4.03

WM2 3 14.53 14.00…15.00 0.50 3.75

L/WM2 3 0.59 0.58…0.61 0.02 3.04



the left P1 and the right P3 while MNCN BŠ3620 lacks both
P3) and, especially, inS. primigeniusfrom China. We did not
find a clear difference in the dental morphology or proporŠ
tions of S. batalleri from BatallonesŠ1 andS. primigenius,
except a more reduced p3 in our material compared to that in
S. primigenius. In contrast, the mandible displays distinct
morphological changes. A fundamental difference between
S. batalleriandS. primigeniusconcerns the morphology of
the posterior part of the mandible. The specimens ofS.
batalleridiffer fromS. primigeniusin having a coronoid proŠ
cess distinctly more posteriorly oriented, a lesser anteroŠ
posterior development of the top of the process, a shorter
postmolar space and a longer angular process (Fig. 10). Such
differences have biomechanical implications that we discuss
in the next section dealing with the functional and adaptive
aspects of the masticatory apparatus.

Compared to the lectotype ofS. hungaricus, the speciŠ
mens ofS. batallerifrom BatallonesŠ1 do not show morphoŠ
logical differences. The lack of p2 inS. hungaricusis not diŠ

agnostic at a specific level. The status ofS. hungaricusreŠ
mains unresolved.

Summing up, we recognize three valid species ofSimoŠ
cyon, the most primitive of which isS. diaphorus, known
from early Vallesian of Germany, the most derivedS. primiŠ
geniusfrom the Turolian of Europe and China;S. batalleri
described herein in detail on the basis of the new Vallesian
material from Spain (locality BatallonesŠ1) is in some reŠ
spects morphologically intermediate betweenS. diaphorus
andS. primigenius.

Functional and adaptative aspects
of the masticatory apparatus
The trend in the dentition ofSimocyonindicates an emphasis
on the crushing function of the posterior premolars, at the exŠ
pense of the anterior premolars and of the grinding posterior

234 ACTA PALAEONTOLOGICA POLONICA 50 (2), 2005

20 mm

Fig. 10. A. Simocyon batalleri, MNCN BATŠ1ŠD7Š7Š2001, BatallonesŠ1, Madrid Province, Spain, right hemimandible with p1…m1 in lateral view.
B. Simocyon primigenius, MNHNŠPIK 3020, Pikermi, Greece, right hemimandible with c, p4, m1 and m2 in lateral view.
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20 mm

Fig. 11. Skull (A) and life appearance (B) of Simocyon batalleri(artwork by M. Antón).



molars, while the cranioŠmandibular features allow the mastiŠ
catory muscles to provide the necessary power for a strong
crushing bite at the level of P4/p4. Along with these trends,
Simocyonalso displays an emphasis on the shearing action of
the carnassials, indicating a more carnivorous diet than that of
any other ailurid or procyonid. These two trends involve craŠ
nial, mandibular, and dental features. Thus, the shortening of
the rostrum is greater in more advanced species such asS.
primigeniusin relation to the loss of some premolars. AlŠ
though the number of premolars may vary in the different speŠ
cies, it remains clear that earlier species (S. diaphorus, S.
batalleri) did not have reduced premolars (in particular p3)
that are as they are inS. primigenius. Another feature accomŠ
panying theses trends is the displacement of the mandibular
condyle above the level of the occlusal plane of the dentition,
which is particularly clear fromS. batallerito S. primigenius.
We also note inS. primigeniusfrom Pikermi the reduction of
the angular process and a deeper masseteric fossa relative toS.
batalleri, in which the angular process is relatively long (Fig.
10). The insertion areas for the pterygoid muscles are very
well preserved in the Spanish individuals, and that for the
pterygoideus lateralis much more expanded than that for the
pterygoideus medialis. Whether these differences are only of
specific value or related to masticatory biomechanics has to be
confirmed. The relative verticalization of the coronoid process
is a distinct feature differentiatingS. primigeniuscompared to
S. batalleri, in which the process remains posteriorly oriented
(Fig. 10). The meaning of this difference is not clear, but the
presence of a more vertical ramus implies some modifications
in the muscles masseter and temporalis, which insert in this
part of the mandible; inS. primigeniusthe fibres of the
temporalis muscle would be disposed more vertically than in
S. batalleri, suggesting a more powerful and efficient crushing
bite. Together with the reduction and/or loss of premolars, one
possible trend to be confirmed with additional specimens is
the enlargement of the p4 (especially the height of the main
cusp) inS. primigeniuscompared to other species. The p4 thus
becomes the main boneŠcracking tooth as in specialized boroŠ
phagine canids (e.g.,Borophagus; see Werdelin 1989).
Finally, the vaulting of the skull is a common trend in species
of Simocyon.

The development of the above listed features inSimocyon
reveals a marked convergence with the later members of the
canid subfamily Borophaginae, especiallyBorophagus(seŠ
nior subjective synonym ofOsteoborus, see Werdelin 1989;
see also Wang et al. 1999). These derived borophagines were
hunters and scavengers with a considerable ability for bone
crushing, as evidenced not only by their cranioŠdental morŠ
phology, but also by the heavy apical wear in their dentition.
The resemblance betweenSimocyon(as reconstructed here
in Fig. 11) and these canids undoubtedly indicates some simŠ
ilarity of feeding and/or diet. However, in contrast toSimoŠ
cyon, the crushing function of the dentition inBorophagusis
more developed, as supported by heavy apical wear of P4/p4,
and extended to an m1 that also displays a heavy wear and
therefore loses its cutting edge (Werdelin 1989). It appears

that bone cracking inSimocyonwas not so important as in
borophagines. A less extreme development of crushing preŠ
molars and smaller body size inSimocyonalso argue against
a borophagineŠlike, boneŠcrushing niche. One possible interŠ
pretation is that the adaptations for crushing inSimocyon
were related to a full utilization of prey items, possibly
smallŠsized mammals, which were eaten complete with
bones and all. At any rate, it has been suggested that the niche
overlap betweenSimocyonand the borophagines was imporŠ
tant enough to seriously limit the expansion of the former in
the Miocene of North America, where the latter were evolvŠ
ing a successful radiation, especially theBorophaguslineage
(Tedrow et al. 1999). A similar niche overlap may result in
the absence of large hyaenids in BatallonesŠ1, although these
were well diversified in other late Miocene localities. The
BatallonesŠ1 assemblage includes another carnivoran with
boneŠcrushing abilities,Amphicyon, very similar in some
dental traits toSimocyon, such as the reduction of the anterior
premolars. Nevertheless,Amphicyonalso reduced the p4, foŠ
cusing the crushing function on the posterior molars. Thus,
these two models of crushing carnivorans probably reflect
different diets, which, besides the body size, much larger in
Amphicyonthan inSimocyon, would have given place to a
complete ecological separation between them.

Acknowledgements
We thank all people who participated in the excavations at BatalŠ
lonesŠ1, and the Comunidad Autónoma de Madrid (Dirección General
de Patrimonio Histórico) for the continuous funding support and the reŠ
search permissions. Particular thanks are due to Dr. Sebastián Calzada
(MSB) for loaning the holotype ofSimocyon batalleri, to Dr. Jerry
Hooker (Natural History Museum, London) for access to the only cast
of the holotype ofSimocyon diaphorus, to Prof. Louis de Bonis (UniŠ
versity of Poitiers) for access to a cast of the lectotype ofS. hungaricus,
to Prof. Pascal Tassy and Dr. Claire Sagne (MNHN) for access to mateŠ
rials from Pikermi, to Dr. Jordi Agustí (Institut Miguel Crusafont,
Sabadell) for providing information about the material from the
VallèsŠPenedès area, and to Prof. Alan Turner (Liverpool John Moores
University) for reviewing the English of the manuscript. We are grateŠ
ful to the reviewers of this work, Prof. Jon A. Baskin and Prof. MieczysŠ
›aw Wolsan, for their constructive comments that greatly improved the
manuscript. Part of this study was financially supported by the project
MCYTŠDGI BTE2002Š00410 (Dirección General de InvestigaciónŠ
MCYT), EX2003Š0243 (Secretaría de Estado de Educación y UniversiŠ
dades and European Social Funding), Grant 6964Š01 (National GeoŠ
graphic Society), and by the Fondation SingerŠPolignac, Paris to the
senior author.

References
Agustí, J., Cabrera, L., and MoyàŠSolà, S. 1983…1984. Sinopsis estratigráfica

del Neógeno de la fosa del VallésŠPenedés.Paleontologia i Evolució18:
57…81.

Alcalá, L. 1994.Macromamíferos neógenos de la fosa de AlfambraŠTeruel.
554 pp. Instituto de Estudios Turolenses, Museo Nacional de Ciencias
NaturalesŠCSIC, Teruel.

236 ACTA PALAEONTOLOGICA POLONICA 50 (2), 2005



Antón, M. and Morales, J. 2000. Inferencias paleoecológicas de la asociación
de carnívoros del yacimiento de Cerro Batallones.In: J. Morales, M.
Nieto, L. Amezua, S. Fraile, E. Gómez, E. Herráez, P. PeláezŠCampoŠ
manes, M.J. Salesa, I.M. Sánchez, and D. Soria (eds.),Patrimonio PaleŠ
ontológico de la Comunidad de Madrid, 191…201. Arqueología PaleontoŠ
logía y Etnografía, monográfico 6, Serie de la Consejería de Educación,
Comunidad de Madrid.

Antón, M., Salesa, M.J., Morales, J., Peigné, S., PelaezŠCampomanes, P.,
and Fraile, S. 2003. Early radiation of felid sabertooths documented in
carnivoreŠtrap fossil site in the late Miocene of Spain.Journal of VerteŠ
brate Paleontology23 (Supplement to 3): 30A.

Antón, M., Salesa, M.J., Morales, J., and Turner, A. 2004. First known comŠ
plete skulls of scimitarŠtoothed catMachairodus aphanistus(Felidae,
Carnivora) from the Spanish Late Miocene site of BatallonesŠ1.Journal
of Vertebrate Paleontology24: 957…969.

Baskin, J.A. 1998. Procyonidae.In: C.M. Janis, K.M. Scott, and L.L. Jacobs
(eds.),Evolution of Tertiary Mammals of North America. Volume 1: TerŠ
restrial Carnivores, Ungulates, and Ungulatelike Mammals, 144…151.
Cambridge University Press, Cambridge.

Beaumont, G. de 1964. Essai sur la position taxonomique des genres
AlopecocyonViret et SimocyonWagner (Carnivora).Eclogae GeoloŠ
gicae Helvetiae57: 829…836.

Beaumont, G. de 1988. Contributionà l•étude du gisement miocène supérieur
de Montredon (Herault). Les grands mammifères. 2 … Les Carnivores.
Palaeovertebrata,Mémoire Extraordinaire: 15…42.

Berta, A. and Adams, P.J. 2001. Evolutionary biology of pinnipeds.In:
J.ŠM. Mazin and V. de Buffrénil (eds.),Secondary Adaptation of TetraŠ
pods to Life in Water, 235…260. Verlag Dr. Friedrich Pfeil, Munich.

BinindaŠEmonds, O.R.P., Gittleman, J.L., and Purvis, A. 1999. Building large
trees by combining phylogenetic information: a complete phylogeny of
the extant Carnivora (Mammalia).Biological Reviews74: 143…175.

Bowdich, T.E. 1821.An Analysis of the Natural Classifications of Mammalia
for the Use of Students and Travellers. 115 pp. J. Smith, Paris.

Bruijn, H. de, Daams, R., DaxnerŠHöck, G., Fahlbusch, V., Ginsburg, L.,
Mein, P., and Morales, J. 1992. Report of the RCMNS working group
on fossil mammals, Reisensburg 1990.Newsletter on Stratigraphy26:
65…118.

Camp, C.L. and Vanderhoof, V.L. 1940. Bibliography of fossil vertebrates
1928…1933.Geological Society of America Special Papers27: 1…503.

Crusafont, M. 1952. Los jiráfidos fósiles de España.Memorias y ComunicaŠ
ciones del Instituto Geológico8: 1…239.

Crusafont, M. and Casanovas, L. 1973. Mammalia Tertiaria Hispaniae.
Fossilium Catalogus. I. Animalia121: 1…198.

Crusafont, M. and Kurtén, B. 1976. Bears and bearŠdogs from the Vallesian
of the VallésŠPenedés Basin, Spain.Acta Zoologica Fennica144: 1…29.

Dawkins, W.B. 1868. Fossil animals and geology of Attica, by Albert
Gaudry. (Critical summary).Quaterly Journal of the Geological SociŠ
ety of London24: 1…7.

Flower, W.H. 1869. On the value of the characters of the base of the cranium
in the classification of the order Carnivora, and on the systematic posiŠ
tion of Bassarisand other disputed forms.Proceedings of the ZoologiŠ
cal Society of London1869: 4…37.

Flynn, J.J., Nedbal, M.A., Dragoo, J.W., and Honeycutt, R.L. 2000. Whence
the Red Panda?Molecular Phylogenetics and Evolution17: 190…199.

Fraile, S., Pérez, B., De Miguel, I., and Morales, J. 1997. Revisión de los
carnívoros presentes en los yacimientos del Neógeno español. In: J.P.
Calvo and J. Morales (eds.),Avances en el conocimiento del Terciario
Ibérico, 77…80. III Congresso del G.E.T., Cuenca.

Franzen, J.L. 1981. Eine turolische (obermiozäne) Waldfauna aus RheinŠ
hessen.Alzeyer Geschichtsblätter1981: 192…202.

Gaspard, M. 1964. La région de l•angle mandibulaire chez les Canidae.
Mammalia28: 249…329.

Gaudry, A. 1861. Note sur les carnassiers fossiles de Pikermi (Grèce).BulleŠ
tin de la Société géologique de France, 2èmesérie18: 527…538.

Geoffroy SaintŠHilaire, E. and Cuvier, F. 1825. Panda.In: E. Geoffroy
SaintŠHilaire and F. Cuvier (eds.),Histoire naturelle des Mammifères,

avec des figures originales, coloriées, dessinées d•apres des animaux
vivans,3 (50), 1…3. A. Belin, Paris.

Gingerich, P.D. 1974. Size variability of the teeth in living mammals and the
diagnosis of closely related sympatric fossil species.Journal of PaleonŠ
tology48: 895…903.

Ginsburg, L. 1999. Order Carnivora.In: G.E. Rössner and K. Heissig (eds.),
The Miocene Land Mammals of Europe, 109…148. Verlag Dr. Friedlich
Pfeil, Munich.

Ginsburg, L., Morales, J., Soria, D., and Herraez, E. 1997. Découverte d•une
forme ancestrale du Petit Panda dans le Miocène moyen de Madrid
(Espagne).Comptes Rendus de l•Académie des Sciences de Paris, SciŠ
ences de la Terre et des planètes325: 447…451.

Gray, J.E. 1843.List of the Specimens of Mammalia in the Collection of the
British Museum. 216 pp. British Museum (Natural History) PublicaŠ
tions, London.

Kadic, O. and Kretzoi, N. 1927. Vorläufiger Bericht über die Ausgrabungen
in der Csákvárer Höhlung.Barlankutatás14…15: 1…21.

Kaup, J. 1832. Vier neue Arten urweltlicher Raubthiere, welche im zoologiŠ
schen Museum zu Darmstadt aufbewahrt werden.Archiv für Mineralogie,
Geognosie, BergbauŠ und Hüttenkunde5: 150…158.

Kretzoi, M. 1943.Kochictis centenniin. g. n. sp., ein altertümlicher CreoŠ
donte aus dem Oberoligozän Siebenbürgens.Földtani Közlöny73:
10…17, 190…195.

Kretzoi, M. 1951. TheHipparionŠFauna from Csákvár.Földtani Közlöny
81: 402…417.

Kretzoi, M. 1952. Die Raubtiere der Hipparionfaun von Polgárdi.Annales
Instituti Geologici Publici Hungarici40: 1…35.

Lydekker, R. 1885.Catalogue of the fossil Mammalia in the British Museum
(Natural History) Cromwell Road, S.W. Part I. Containing the orders
Primates, Chiroptera, Insectivora, Carnivora, and Rodentia. 268 pp.
Taylor and Francis, London.

McKenna, M.C. and Bell, S.K. 1997.Classification of Mammals above the
Species Level. 631 pp. Columbia University Press, New York.

Montoya, P. and Alberdi, M.T. 1995. Crevillente 15 y Crevillente 16, dos
nuevos yacimientos con macromamíferos en el Miocene superior de
Alicante (España).Estudios Geologicos51: 159…182.

Morales, J. 1984.Venta del Moro: su macrofauna de mamíferos y biostratiŠ
grafia continental del Mioceno terminal mediterráneo. 340 pp. Ph.D.
thesis, Universidad Complutense, Madrid. (unpublished).

Morales, J., Alcal L., AlvárezŠSierra, M.A., Antón, M., Azanza, B., Calvo,
J.P., Carrasco, P., Fraile, S., GarcíaŠParedes, I., Gómez, E., Hern dez
Fernández, M., Merino, L., van der Meulen, A., Mart Escorza, C.,
Montoya, P., Nieto, M., Peigné, S., Pérez, B., PeláezŠCampomanes, P.,
Pozo, M., Quiralte, V., Salesa, M.J., Sánchez, I.M., SánchezŠMarco, A.,
Silva, P.G., Soria, M.D., and Turner, A. 2004. Paleontolog del sistema
de yacimientos de mam eros miocenos del Cerro de los Batallones,
Cuenca de Madrid.Geogaceta35: 139…142.

Morales, J., Alcalá, L., Amezua, L., Antón, M., Fraile, S., Gómez, E.,
Montoya, P., Nieto, M., Pérez, B., Salesa, M.J., and Sánchez, I.M. 2000.
El yacimiento de el Cerro de los Batallones.In: J. Morales, M. Nieto, L.
Amezua, S. Fraile, E. Gómez, E. Herráez, P. PeláezŠCampomanes, M.J.
Salesa, I.M. Sánchez, and D. Soria (eds.),Patrimonio Paleontológico
de la Comunidad de Madrid, 179…190. Arqueología, Paleontología y
Etnografía, monográfico 6, Serie de la Consejería de Educación, ComuŠ
nidad de Madrid.

Morales, J., Capitán, J., Calvo, J.P., and Sesé, C. 1992. Nuevo yacimiento de
vertebrados del Mioceno Superior al Sur de Madrid (Cerro Batallones,
Torrejón de Velasco).Geogaceta12: 77…80.

Morlo, M. 1997. Die Raubtiere (Mammalia, Carnivora) aus dem Turolium
von DornŠDürkheim 1 (Rheinhessen). Teil 1: Mustelida, Hyaenidae,
Percrocutidae, Felidae.Courier ForschungsŠInstitut Senckenberg197:
11…47.

Morlo, M. and Kundrát, M. 2001. The first carnivoran fauna from the
Ruscinium (Early Pliocene, MN 15) of Germany.Paläontologische
Zeitschrift75: 163…187.

Pilgrim, G.E. 1931.Catalogue of the Pontian Carnivora of Europe in the

http://app.pan.pl/acta50/app50Š219.pdf

PEIGNÉ ET AL.„ SIMOCYONFROM THE LATE MIOCENE OF SPAIN 237



Department of Geology. 174 pp. The British Museum (Natural History),
London.

Pomel, A. 1853.Catalogue méthodique et descriptif des vertébrés fossiles
découverts dans le bassin hydrographique supérieur de la Loire, et
surtout dans la vallée de son affluent principal, l•Allier. 193 pp. J.ŠB.
Baillière, Paris.

Pozo, M., Calvo, J.P., Morales, J., Silva, P., PeláezŠCampomanes, P., and
Nieto, M. 2003.The Cerro de Batallones Site: A Case Study for MamŠ
mal Trap Lakes. Abstract Volume, 220…221. 3rd International LimnoŠ
geological Congress, Tucson, Arizona.

Pozo, M., Calvo, J.P., Silva, P., Morales, J., PeláezŠCampomanes, P., and
Nieto, M. 2004. Geología del sistema de yacimientos de mamíferos
miocenos del Cerro de los Batallones, Cuenca de Madrid.Geogaceta
35: 143…146.

Roberts, M.S. and Gittleman, J.L. 1984.Ailurus fulgens. Mammal Species
222: 1…8.

Roth, J. and Wagner, A. 1854. Die fossilen Knochenüberreste von Pikermi in
Griechenland.Abhandlungen der mathematischŠphysikalischen Classe
der Königlich Bayerischen Akademie der Wissenschaften7: 371…464.

Roussiakis, S.J. 2002. Musteloids and feloids (Mammalia, Carnivora) from
the late Miocene locality of Pikermi (Attica, Greece).Geobios35:
699…719.

Salesa, M.J. and Fraile, S. 2000. Los Carnívoros fósiles del Neógeno
madrileño.In: J. Morales, M. Nieto, L. Amezua, S. Fraile, E. Gómez, E.
Herráez, P. PeláezŠCampomanes, M.J. Salesa, I.M. Sánchez, and D.
Soria (eds.),Patrimonio Paleontológico de la Comunidad de Madrid,
248…255. Arqueología Paleontología y Etnografía, monográfico 6,
Serie de la Consejería de Educación, Comunidad de Madrid.

Scherrer, B. 1984.Biostatistique. 850 pp. Gaëtan Morin, BouchervilleŠQuéŠ
bec, Canada.

Schlosser, M. 1899.Parailurus anglicusundUrsus böckhiaus den Ligniten
von BaróthŠKöpecz, Comitat Háromszék in Ungarn.Mitteilungen aus
dem Jarhbuch der Königlichen Ungarischen Geologischen Anstalt13:
66…95.

Stock, C. 1947. A peculiar new carnivore from the Cuyama Miocene, CaliŠ
fornia. Bulletin of the Southern California Academy of Sciences46:
84…89.

Szuma, E. 2000. Variation and correlation patterns in the dentition of the red
fox from Poland.Annales Zoologici Fennici37: 113…127.

Tedrow, A.R., Baskin, J.A., and Robinson, S.F. 1999. An additional occurŠ
rence ofSimocyon(Mammalia, Carnivora, Procyonidae) in North AmerŠ
ica. In: D.D. Gillette (ed.),Vertebrate Paleontology in Utah, 487…493.
Utah Geological Survey, Salt Lake City.

Thenius, E. 1949. Zur Herkunft der Simocyoniden (Canidae, Mammalia).
Eine phylogenetische Studie.Sitzungberichten der Österreichischen

Akademie der Wissenschaften, MathematischŠnaturwissenschaftliche
Klasse Abteilungen I158: 799…810.

Thenius, E. 1977. Zur systematischen Stellung vonProtursus(Carnivora,
Mammalia). Anzeiger der Österreichischen Akademie der WissenŠ
schaften, mathematischŠnaturwissenschaflichen Klasse3: 37…41.

Thorpe, M.R. 1921. Two new fossil Carnivora.American Journal of SciŠ
ence1: 477…483.

Villalta, J.F. de and Crusafont, M. 1943. Los Vertebrados del Mioceno conŠ
tinental de la cuenca del VallésŠPanadés (provincia de Barcelona); I,
Insectivoros; II, Carnívoros.Boletin del Instituto de Geologia y
Mineralogia de España, serie 356 (16): 147…336.

Villalta, J.F. de and Crusafont, M. 1948. Nuevas aportaciones al conocimiento
de los carnivoros pontienses del VallésŠPenedés.Publicaciones del InstiŠ
tuto de Geologia de Barcelona •Miscelánea AlmeraŽ7 (1): 81…121.

Viret, J. 1929.Cephalogale batallericarnassier du Pontien de Catalogne.
Bulletin de la Société d•Histoire Naturelle de Toulouse58: 567…568.

Viret, J. 1933a. Nouvelles observations sur un Simocyonide du Pontien de
Catalogne.Géologie de la Méditerranée Occidentale3: 3…5.

Viret, J. 1933b. Contributionà l•étude des Carnassiers miocènes de la Grive
SaintŠAlban (Isère).Travaux du Laboratoire de Géologie de la Faculté
des Sciences de Lyon21 (18): 1…31.

Wagner, A. 1858.Geschichte der Urwelt, mit besonderer Berücksichtigung
der Menschenrassen und des mosaischen Schöpfungsberichtes(2nd
edition). 528 pp. Leopold Voss, Leipzig.

Wang, X. 1997. New cranial material ofSimocyonfrom China, and its impliŠ
cations for phylogenetic relationships to the red panda (Ailurus). JourŠ
nal of Vertebrate Paleontology17: 184…198.

Wang, X., Tedford, R.H., and Taylor, B.E. 1999. Phylogenetic systematics
of the Borophaginae (Carnivora: Canidae).Bulletin of the American
Museum of Natural History243: 1…391.

Wang, X., Ye, J., Meng, J., Wu, W., Liu, L., and Bi, S. 1998. Carnivora from
middle Miocene of Northern Junggar Basin, Xinjiang autonomous reŠ
gion, China.Vertebrata PalAsiatica36: 218…243.

Werdelin, L. 1989. Constraint and adaptation in the boneŠcracking canid
Osteoborus(Mammalia: Canidae).Paleobiology15: 387…401.

Werdelin, L. 1996. Carnivores, exclusive of Hyaenidae, from the later MioŠ
cene of Europe and Western Asia.In: R.L. Bernor, V. Fahlbusch, and
H.ŠW. Mittman (eds.),The evolution of Western Eurasian Neogene
mammalian faunas, 271…289. Columbia University Press, New York.

Wolsan, M. 1993. Phylogeny and classificationof early European Mustelida
(Mammalia, Carnivora).Acta Theriologica38: 345…384.

Wolsan, M., Ruprecht, A.L., and Buchalczyk, T. 1985. Variation and asymŠ
metry in the dentition of the pine and stone martens (Martes martesand
M. foina) from Poland.Acta Theriologica30: 79…114.

Zdansky, O. 1924. Jungtertiäre Carnivoren Chinas.Palaeontologica Sinica,
Series C2: 1…149.

238 ACTA PALAEONTOLOGICA POLONICA 50 (2), 2005


