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phology of the astragalus, which is, according to Tedrow et deen formed by an underground drainage (piping or tunnel
(1999: 492) *nearly identical with [that ofjilurus fulgenZ, erosion, combined with chambering) followedibygitugypS
support a sister group relationship of the Simocyoninae to tisem dissolution resulting ultimately in the formation of asin
Ailurinae. In addition, although these latter authors and songge hole. The accumulation of bones then took place in small
others include both subfamilies within the ProcyonidaeSseand shortSlived lakes which filled the holes and acted as traps
eral recent results of molecular biologists reject the hypothed@ numerous animals, mainly carnivorans (Pozo et al. 2003,
thatAilurus fulgenss included within, or is the closest sister2004). The great percentage of carnivorans, the almos$com
group of, either the Ursidae or Procyonidae (see Flynn et alete absence of bone displacement and the overall structure
2000). of the hole suggest a natural trap (Antén and Morales 2000;

As pointed out by Wang (1997: 184), the enigmatic natur@ozo et al. 2003, 2004). The carnivoran palaeoguild of Batal
of Simocyorpartly results from its ssudden appearance [in theonesS1 is diverse, with 11 species assigned to five families:
fossil record] without an immediate predecessorZ. The gerfeslidae, Amphicyonidae, Mustelidae, Hyaenidae, and\ilu
is only known from North America (late early Hemphillian,ridae. A few remains of other vertebrates are also ®pre
i.e., latest late Miocene; Baskin 1998; Tedrow et al. 19995 Esented, including large herbivores (Bovidae, SuidaeSCer
rope (Neogene European Land Mammal Zones MN 9SMN 28dae, Rhinocerotidae, Gomphotheriidae, and Equidae),
i.e., late Miocene; Kretzoi 1952: 28; Morlo 1997; Ginsburgodents, birds, turtles, lizards, snakes and amphibian$S(Mo
1999, but the mention &. hungaricusrom Polgardiisinca® rales et al. 2000, 2004). As a result of the large number of
rect) and China (late middle Miocene...early Pliocene; Wacarnivoran remains, the study of the predator palaeoguild of
1997; Wang et al. 1998). Previous studies clearly demonstr&atallonesS1 has been our primary focus in recent years (e.g.,
a strong similarity among the speciesSifnocyonNeverth& Antén and Morales 2000; Anton et al. 2003, 2004).
less, as previously pointed out (e.g., Wang 1997; Roussiakis
2002), a review of the species 8imocyoris still necessary. Institutional abbreviationsAFI, Geological Institute, BuS

The primary goal of our contribution is to present newdapest; DGUV, Departamento de Geologia de la Universitat
discoveries ofSimocyorfrom BatallonesS1, Spain. We de@e Vakncia; IVPP, Institute of Vertebrate Paleontology and
scribe the most complete Spanish material ever found for tifaleoanthropology, Beijing; MNCN, Museo Nacional de
genus Simocyon previously documented by two poorly Ciencias NaturalesSCSIC, Madrid; MNHN, Muséum natioS
known species. We discuss the systematic status of the spald-Histoire naturelle, Paris; MSB, Museo del Seminario,
cies ofSimocyorand also propose some functional interpreBarcelona; BMNH M, mammal collections at the Natural
tations of the morphological differences between the matefstory Museum, London.
rial from BatallonesS1 and the type species of the g&us,  Throughout the text, a lower case letter is used for lower
primigenius which is also well documented. teeth, upper case for upper teeth.

Locality and geological setting  Systematic palaeontology

Cerro _cile I?SdBata”OtEeS Iﬁ afos?i!irferog§ a(rjea\?flseveragle;@rder Carnivora Bowdich, 1821
ares situated near the village of Torrején de Velasco, : - .
south of Madrid, Spain (Morales etal. 1992, 2004; Pozo et a _uborder Canlf(?rmla Kretzoi, 1943

2003, 2004). As indicated by its name, the area is a low hillnfraorder Arctoidea Flower, 1869

approximately 720 m above sea level. The sediment&oframily Ailuridae Gray, 1843

posed mainly of sepiolite, green clay, micaceous san@ c&ubfamily Simocyoninae Dawkins, 1868

bonates and flint, was deppsﬁed during the late VaIIesw_m @enusSimocyorWagner, 1858

Ma) (Morales et al. 2000; Pozo et al. 2003, 2004). Since, .

1991, sepiolite mining has allowed the discovery of seve§'m0cy0n bataller{Viret, 1929)

different fossil localities, numbered BatallonesS1 to Batdfigs. 1...11; Tables 1...8.

lonesS7. The taxonomic association found in the Batallonesphalogale batalleriViret 1929: 565, pl. 8: 1, 2.

localities is typical of the MN 10 Zone (Morales et al. 2000pars Simocyosp.; Fraile et al. 1997: table 1.

2004). To date, only BatallonesS1 has been deeplySex&inocyorsp.; Morales et al. 2000: 186.

vated, yielding an exceptionally rich fauna mostly composegimocyorsp.; Antén and Morales 2000: 190...193.

of Carnivora, approximately 60% of the total number of $djSimocyorsp.; Salesa and Fraile 2000: 253, fig. 2.140.

viduals (Antén and Morales 2000: fig. 2.99). The locality of1olotype MSB 24933, fragment of right maxilla with P4...M2 (Viret
Batallones$1 is the largest site, up to 7 m wide and 12 m lortg2®: P! 81, 2). ‘ .

Bones are found in more or less laminated deposits that g€ locality Sabadell, Barcelona Province, Spain.

distinctive and display abrupt lateral contacts with the hoReferred material from BatallonesSMNCN BS3620,

rocks (Pozo et al. 2003, 2004). As with other localities fronmearly complete skull with left P2, P4...M1 and right P1...P2,
Cerro de los Batallones, BatallonesS1 is interpreted to ha¥4...M1; MNCN BS3392 and MNCN BatS1SD757S2001 left
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Fig. 1. Simocyon bataller{Viret, 1929), MNCN BS3620, BatallonesS1, Madrid Province, Spain, cranium in ventraAvieWotographB. Schematic
drawing showing the main anatomical features of this view (artwork by M. Anton).

and right hemimandibles from the same individual witdragmentary right hemimandible with worn dentition: p2,
pl...m1; MNCN BS386, right C1; MNCN BS3235, left M®4...m2; MNCN BS1890, left C1; MNCN BS5431, right C1;
MNCN BS4337, right c1; MNCN BS4733, left m2; MNCNMNCN BS1721, leftcl. All specimens are from BatallonesS1
BS3238, right m2. MNCN BS3458, nearly complete skudnd housed in the palaeontological collection of the MNCN.
with left P2...M1 and right P1...P2, P4...M1; MNCN BS5430Qur study suggests that the material from BatallonesS1

http://app.pan.pl/acta50/app505219.pdf
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represents two individuals, which, from the dental weafapie 1. Measurements of the cranium and mandib&abcyon batdl
clearly differ in individual age. The older specimen showseri from Batallones$1 (in millimeterdhe young individual consists of
marked dental wear and is slightly Smallerthap the other on@ée specimens MNCN B$3620, 3392, 386, 3235, 4337, 4733, 3238,
it is composed of the specimens MNCN BS3458, MNCIMNCN Bat$15D75752001; the old individual consists of MNCN BS3458,
BS5430, MNCN BS1890, MNCN BS5431, and MNCN890, 1721, 5430, 5431. Abbreviations: ..., measurement not applicable;
BS1721. The second specimen, a young adult, consists ofadktimate; BL, distance from anterior tip of premaxillary to the ant&rior
remaining specimens: MNCN B§3620, MNCN B§339most margin of the foramen magnum; D, depth of mandibular ramus; Dia,
MNCN BatS$1SD75752001, MNCN BS386, MNCN BS32e®jth of diastema; HCP, shortest distance from the tip of the coronoid
MNCN BS4337, MNCN BS4733, and MNCN BS323@rocess to the ventral margin of themdéble below the masseteric fossa;
Postcranial remains are associated with the craniodental nk&ond...m1, distance between the candgitl the carassial notch; Linc...
terials from BatallonesS1. Because we here mainly focus Bagnum. distance between the posteriergin of incisive foramen to the

the systematics rather than on the functional morphology afpteriormost margin of the foramemagnum; Lpalate, distance from the

locomotor adaptations @imocyonthe postcranial material anteriormost margin of premaxillary to the posteriormost margin of the
will be treated in another paper palate; Lpl...m2, distance betweenrttesial alveolar margin of p1 and

distal alveolar margin of m2 (other distances are similarly defined); Lt md,
Distribution and age,Spain only: Sabadell, Vallesian, late total length of the mandible, from anirtip of the ramus to the posterfr
Miocene; BatallonesS1, Mammal Zone MN 10, lateS/amost margin of the condyle; nmes, dimension non measurable (e.g., tooth
lesian, late Miocene. partly and/or poorly preserved); poth not preserved; Tp3, maximum

Differential diagnosis, Simocyon batalleriliffers from S thickness of the mandible below the main cusp of p3 (measured below the
diaphorus(Kaup, 1832) in having a more reduced p3; fr8m m protoconid for Tm1).

primigeniugRoth and Wagner, 1854) in having a less reduced Young individuals old individual
p3 and a mandible with coronoid process less developgfandibie right left right left
anteroposteriorly, more posteriorly oriented, postmolar spacg,3 105 102 11.8
longer, angular process longer and ventrodorsally flatteneg, . 125 127 131
mandibular condyle lower relative to the occlusal plane. Lpl..m2 71.0 71.0 727
Dp2...p3 22.6 22.6 22.2
.. Dp3...p4 22.0 21.8 24.0
Descrlptlon Dp4...m1 23.9 235 27.0
Dm1...m2 25.3 25.9 29.0
Skull (Figs. 1...3, Table 1).,The two specimens are nearlypdistm2 20.2 209.2 31.0
complete but mostly compressed and fragmented. They afgp 65.2 65.8 np
too damaged, however, to provide an accurate measuremgibnd... m1 825 83.0 np
of their basal cranial length. The nasomaxillary, palatino$g; ,q 135.0...140.0* nmes
maxillary, and frontomaxillary sutures are not distinct on the\SkuII
two skulls and may have been fused as in other cranial Sp Hia Pl P2 o3
mens previously described (Wang 1997). As far as we cag. - :
T . TDig P2...P4 12.7 9.6 8.4
see, there are no major differences in the overall shape :l,';ﬁl V2 s 635 58 2
morphology between these skulls and the single complete—== : :
skull assigned to the genus described by Wang (1997: f-,J,._'P4...M2 436 423 411 42.0
2B, IVPP V12162, basicranial length is ca. 175 mm). As iimc...magnum nmes 154.5
the latter specimen, the material from BatallonesS1 hasLaalate 111.1 90.0
short rostrum and a palate which strongly widens posteriorl{L 180.6 nmes

to P3, a small postorbital process on the frontal and a more

reduced one on the jugal, a high and thinSbladed sagittal a5 on the right side from the level of the distal border of the
posteriorly projected nuchal crests, a strongly arched 3ygeanine to that of the mesial border of M1. In addition to a
matic, a posteriorly extended palatine border, a wellS8evetrong postglenoid process, there is also a significant Jater
oped postglenoid process, and a basicranial morphology Willy [ocated, preglenoid process which contributes to secure

a similar disposition of foramina, similarly developed anghe grticulation with the mandible like in, although slightly
oriented processes, and a littleSinflated auditory bulla with&ss developed than, e.Gulo andMeles

long external auditory meatus. In details, however, the skulls

from Batallones display some differences or provide SddUpper dentition (Figs. 1, 3, 4A, 5; Table 2).,No incisors
tional information. Thus, the infraorbital foramina areare preserved on the two skulls. From alveoli, 11 and 12 were
smaller and more transversely compressed than in th§ Ckimilar in size while 13 was markedly larger than the others.
nese skull from Fugu. Only the right major palatine foramin& 2 mmSlong diastema separates 13 from C1. This latter has
is distinct in MNCN BS3620; it is small and at the level ofin inflated root having mesially, and slightly lingually on
M1. On the skull MNCN BS3458, the palatine sulcus isSrissome specimens (e.g., MNCN BS1890), a groove which
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Fig. 2.Simocyon batallefiMNCN BS3458, BatallonesS1, Madrid Province, Spain, cranium in dorsalAvi@hoto B. Schematic drawing showing the
main anatomical features of this view (artwork by M. Antén).

http://app.pan.pl/acta50/app505219.pdf
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Table 2. Dental measurementsSifnocyon batallerirom BatallonesS1 Wp4 7.9 7.9 7.4
(in millimeters). The young individu@onsists of the specimens MNCN Hp4 8.7 8.6 nmes
BSSGZQ, 3392, 386, 3235, 4337, 4733, 3238, MNCN BatSlSD7S7S,:BH1]1; 243 244 240
the old _|n<_j|V|dua| consists of MNCN BS3_458, 1890, 1_721, 5430, 546J\Nm1 105 10.4 8.9
Abbreviations: ..., measurement not applicable; H, height of the crown-of
cuspid, i.e., shortest distance from the tip to the dentineSenamel junct Mrdml 124 12.4 nMes
Hpamd1, greatest distance from the tip to the dentineSenamel junctiorpﬂpadml 9.9 9.7 nmes
the mesiobuccal face of m1 paraconid; HpaP4, shortest distance from|thdm1 19.1 18.8 nmes
tip of the paracone to the dentineSenamel junction on the buccal faceldh? 16.0 16.0 15.9
P4; Hprdm1, shortest distance from the tip to the dentineSenamel junctigé¥im?2 8.4 8.4 7.6
on the buccal face of m1 protoconid; L, mesiodistal length; nmes, @melrLtrdm2 8.0 7.9 nmes
sion non measurable (e.g., tooth paaihy/or poorly preserved); np, tooth | L Cc1 11.6 np 11.2 11.6
not preserved; abs, tooth_absentngP4, length from the mesial border | \yc1 9.0 np 8.3 8.4
Qf the prgtocone to the.dlstal border of thg mgtastylg of P4; W, [iccq - ling 18.2 np nmes nmes
Ilngual width; Ltrd, maximum lengthfdhe trigonid; WdIStM:!., greate:st HC 1ab 208 np nmes nmes
distance between the buccal bord&the metacone and the lingual rgar
gin of M1, LP1 np np 4.6 abs
WP1 np np 3.2 abs
Young individual Old individual LP2 nmes 6.60 6.5 6.5
right left right left WP2 nmes 3.90 3.3 3.3
Lcl 11.0 np np 11.0 HP2 3.7 3.90 nmes 3.3
Wcl 8.3 np np 7.7 LP3 abs abs abs 7.3
Hcl ling 14.3 np np nmes WP3 abs abs abs 3.6
Hcl lab 20.1 np np nmes HP3 3.7
Lpl 5.7 4.6 np LP4 20.9 20.4 19.5 19.4
Wp1l 3.5 3.7 np WP4 12.3 12.2 11.4 11.6
Lp2 7.4 7.8 6.9 LlingP4 19.2 19.3 19.0 19.0
Wp2 4.3 4.4 3.5 HpaP4 12.2 12.4 nmes nmes
Hp2 4.1 4.0 3.5 LM1 17.0 16.7 15.7 16.2
Lp3 8.4 8.1 np WM1 20.0 19.7 18.6 18.7
Wp3 4.4 4.3 np WdistM1 16.6 16.6 15.4 15.6
Hp3 3.3 3.9 LM2 np 7.5 np np
Lp4 135 13.7 11.9 WM2 np 13.2 np np

reaches the root tip. The crown is short, with a marked liré3e separate by a deep notch. The protocone and trigon crests
gual and, on MNCN BS386 (Fig. 4), buccal cingulum. Tware low; a small but distinct metaconule is present, located at
prominent ridges are present distally and mesiolingually. #e distal border. The central basin is shallow. The lingual
groove is present on the distal half of the buccal face. The Ringulum is developed and restricted to the distolingua$cor
is absent on the left tooth row in MNCN BS3458. WherSpraner. The distal border of the tooth is very concave and lacks
served, it is very reduced and singleSrooted, with a simglay cingulum. In contrast, the buccal and mesial cingula are
and moderately elongated crown. A short diastema separatearked, the former the most developed. The M2 is threeS
the P1 from P2. This latter is twoSrooted, larger, and moreoted, with the two buccal roots closely disposed. The
elongated than P1. Its main cusp is also more prominent aggbwn is low and transversely elongated. In occlusal view,
mesially located. The P3 is present only on the left side of thge lingual half curved backward resulting in a strongly $on
skull MNCN BS3458 (Fig. 3); otherwise, a significantave distal border. The paracone is much larger than the
diastema separates P2 from P4 (Table 1). That tooth is vafetacone. The trigon crest is very low and consists of a curve
similar to, but slightly larger and with a main cusp taller thangynning from the mesial basis of the paracone to the 8isto

P2; a short diastema separates P3 and P4. The P4 is roliggfual angle. Except on the distal border, the cingulum is
and trenchant. Its paracone is high and followed by a shajisible but remains reduced (Fig. 5).

metastyle. A wellSdeveloped parastyle is present andSsepa

rates from the paracone by a distinct yet small notch. THéandible (Fig. 6, Table 1).,It is more slender in the yOLfBI
protocone is absent as a discrete cusp and replaced bgest individual (MNCN BS3392 and MNCN BatS1SD7S7S
strong cingulum marked by a small depression; it is locate2001) than in the oldest one (MNCN BS5430). Its antSrior
across the level of the notch separating the paracone am@st part is not preserved on the material. The ramus and, in
parastyle. The cingulum is visible all around the tooth, buytarticular, the cheek tooth row, display a marked outward
well developed only lingually. The M1 is very large andcurvature, with p4 being the most buccally located tooth. The
roughly triangular in shape. The paracone is markedly largeamus is shallow throughout its anteroposterior length. The
and more buccally located than the metacone; the two cusgantral rim is gently curved over most of its length, being$on
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Fig.. 3.Simocyon batallefiMNCN BS3458, BatallonesS1, Madrid Province, Spain, cranium in left lateral AiedhotographB. Schematic drawing
showing the main anatomical features of this view (artwork by M. Antén).

cave beneath the masseteric fossa. A large mental foramenasitinues posteriorly to the angular process, which is Bark
present below the distal root of p2, and a smaller one 1i€s bedly longer than irSimocyon primigeniugFig. 9; see also
neath the mesial root of p4. The posterior part of the mandibWang 1997: fig. 1), projecting backward below the condyle.
is particularly well preserved and allows a valuable congparin comparison with that of canids, the angular region of
son withSimocyon primigeniyshe only species of the genusSimocyoris more simply structured. Laterally, except for a
that also preserves this part. The coronoid process is tall asttong diagonal ridge and a small mesial tubercle, noSddi
in contrast tdsimocyon primigeniusom Pikermi and China, tional facets and crests can be distinguished. The facet for the
markedly more backwardly oriented and less anterop®stenuscle pterygoideus lateralis is a shallow, anteroposteriorly
iorly developed at its top. The postmolar space in the Spaniskpanded depression. The internal crest is very thin andsepa
material is longer than i6. primigeniusThe masseteric fossa rates this depression from the small, narrow, and elongafed at
is very deep in comparison with, e.gilurus, Guloor Meles  tachment area for the muscle pterygoideus medialis.SVen
which may indicate a greater development of the par$ prtrally, a low ridge separates this latter surface from the aftach
funda of the masseter muscle. A horizontal ridge delimits theent area for the muscle masseter superficialis. The condyle
dorsal border of the fossa; its ventral border expands lateralfytransversely developed and is most similar to tha®olo

as a strong ridge, which corresponds to the diagonal rid§e dgilo, except that the dorsal part of the articular surface is
scribed by Gaspard (1964: fig. 1) in extant canids. This ridgaore developed forward in the latter.

http://app.pan.pl/acta50/app505219.pdf
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Fig. 4.Simocyon batalleriBatallonesS1, Madrid Province, SpAnMNCN
BS386, right upper canine in , lingualjAand buccal (A) views.B. MNCN
BS4337, right lower canine in lingual,)Band buccal (B) views.

Lower dentition (Figs. 4B, 6, Table 2).,No incisors are
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mesiolingual one. The cingulum is nearly as developed as in
upper canines. A small basal prominent cusp (cuspSlike
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 8fmocyonTeeth are closely set
together and there is no diastema. All premolars are present
and very reduced. The pl is a singleSrooted and tiny tooth
with a very simple and ovalSshaped crown. The p2 is larger
and twoSrooted; it is more elongated and has a main c8sp lo
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 itis 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 mestl ac
cessory cusp, but a prominent ridge that curves lingually. A
wellSdeveloped distal accessory cusp is present. The cingulid
is absent buccally, littleSmarked lingually, and wellS&vel
oped distally. The m1 is distinguished by a reduced, crestS
like metaconid, which is located distolingually on the p&to
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 linS
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 mesialS
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 aSshal
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 assigngohtocyon
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

preserved. The lower canine is about the size of the uppeetails for the species previously assigne@imocyonTaS
one, except that it has a shorter crown. The latter is stronghyes 3 and 4 present the measurements of the species of
recumbent and has a slight distal ridge and a much strongg&mocyon
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Table 3. Measurement of the lower teett®ahocyorspecies. Abbreviations: ..., measurement not applicable; *, estimate; abs, tooth absent; H, height
of the crown of cuspid, i.e., shortest distance from the tip to the dentineSenamel junction; Hpam1, greatest distance from the tip to the dentineSen:
junction on the mesiobuccal face of m1 paraconid; Hprdm1, shortest distance from the tip to the dentineSenamel junction on the buccal face of
protoconid; L, mesiodistal length; Ltrd, maximum length of the trigonid; m, mean; nmes, dimension non measurable (e.g., tooth partly and/or poor!
preserved); np, tooth not preserved; W, buccolingual width. If applicable, sample size is indicated between brackets following the mean. Except f
ratios, all measurements are in millimetérisrom personal data and Roussiakis (209fhm Wang (1997)3 from Tedrow et al. (1999).

from BatS1 S o Earope o Goma. | gt | phores | Smocyon marshi
m range m range m range type type m range
Lcl 11.00 (2)) 11.00...112.00 12.20(3) 12.00...12.60 10.85(2) 10.60...11.10 np np
Wcl 8.00 (2)| 7.70...8.30 9.38 (2) 8.85...9.90 8.55(2) 8.50...8.60 np np
Lcl/Wcl | 1.38(2)| 1.32...1.42 1.31 (2) 1.27...1.36 1.27 (2) 1.23]..1.31 .
Lpl 5.15 np or ahs 5.25(2) 5.20...5.30 np abs
Wpl 3.60 np or abs 4.00((2) 3.60...4.40 np abs
Lp2 7.25(2)| 6.90...7.6( 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 6.9( 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
Wp4 7.65(2)| 7.40...7.90 9.03 (%) 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.Y5 0.70
Lml 2418 (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
Wml 9.68 (2)| 8.90...10.45 10.13(8) 9.70...11.00 9.77 (3) ..9.90 9.80 10.90 |10.55(2) 10.00...11..
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
Ltrdml/Lm1| 0.78 0.76 (4 0.75...0.Y7 0.73 0.75
Lml/Wml | 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 0.5p 0.59 0.67
Lp4/Lml | 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/Lml | 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

Simocyon diaphorus (Kaup, 1832).,This is the earliest

Simocyon primigenius (Roth and Wagner, 1854).,This is

known European species of the genus. It comes from the ediiye type species of the genus. In Spain, it is known only by an
Vallesian locality of Eppelsheim (Mammal Zone MN 9; Fig.isolated right M2 (CGSS/S in the collection of MNCN; see
8) and was described by Kaup (1832) on the basis of &fraglcala 1994: pl. 4: a) from the middle Turolian locality of
ment of left mandible with p2...m2, which is the only knowg@erro de la Garita (Mammal Zone MN 12), also named
specimen for the species. Although the original specimen h@sncud, after a small village very near the locality (Alcala
been lost since 1861ide Morlo 1997: 13), a plaster cast, 1994; Fraile et al. 1997). The species is better known from
which is housed in the Natural History Museum, London, haBikermi (MN 12, Greece), the type locality of this species
been here studied (BMNH M 412; see also Lydekker 188%Fig. 8) and from China, where it has been described under
145). Unfortunately, the cast dorot perfectly preserve every different names. Two species are distinguished th&re:
detail. In addition, it displays marked differences from Kaup'gdanskyiKretzoi in Kadic and Kretzoi, 1927 an§. primS
illustrations, including p3 longeno evidence for the presencegeniusfrom the Baode and Yushe Basins. Both species are
of a mesial cuspid on p4, m1 metaconid less posteriofy I&known by cranial material described by Zdansky (1924: 4...9,

cated and in a similar position to that in ottf&mocyorspp.

pl. 1: 2, 3, pl. 2: 1, 2) and Wang (1997) respectively. Kretzoi

http://app.pan.pl/acta50/app505219.pdf
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Fig. 5.Simocyon batalleriBatallonesS1, Madrid Province, SpAnMNCN BS$3235, left M2 in occlusal view (showed invert@)MNCN BS$3620, upper
right toothrow in occlusal view.

(in Kadic and Kretzoi 1927) and Zdansky (1924), in the deSmocyon hungaricus Kretzoi in Kadic and Kretzoi (1927).
scription of the holotype 08. zdanskyidid not provide diagS ,This species was first mentioned in Kadic and Kretzoi
nostic characters to distinguish this species fi®nprimiS (1927: 9) on the basis of three specimens discovered at
genius These species are very similar indeed, which is alsdsakvar (Mammal Zone MN 11, Hungary; Fig. 8), but no type
indicated by the loss of P2...P3 and p2...p3 and a coronoidgise&imen was selected in this publication. Kretzoi (1951)
cess vertically oriented (nearly at a right angle with theriefly described and selected the most complete syntype
ramus) with a wellSrounded tip. Following Pilgrim (1931)pecimen, a fragment of right hemimandible with p3...m1
two species insufficient to support a specific distinctioningicated by Kretzol951). The species has never been Slus
Simocyon zdanskis therefore a junior synonym &. prim - yrated. On the cast of the lectotype that we studied, the single
genius Wang (1997) considers all ChineSémocyornconS  4jyeolus of pl is closely applied against that of the canine.
specific withS. primigeniusstating that the morphological Therg is ng evidence of a p2, which is confirmed by the dbser
di_fferen_ces distinguishing th_e (_Zhinese sp_eqimens from W&tion of the original material (Michael Morlo personal c®m
Pikermi sample result from |nd|V|(_juaI variation. _The _FUQLfnunication to SP 11.07.2003). A 7 mmSspace separates pl
skull described by Wang (1997) differs fro& primigenius rom p3, which is as reduced ash primigenius
from Pikermi and Baode by the presence of P2 and p2. ..p3fbut ’ '
it otherwise has similar dental and mandibular morpholog¥imocyon batalleri (Viret, 1929).,This species, which is
(e.g., subSvertical coronoid process). The only North Anekinown only from the Vallesian of Spain, was originally
can speciesS. marshiThorpe, 1921), is known from fr&) assigned toCephalogale(Viret 1929) and, subsequently,
mentary lower dentitions from the Rattlesrjake Fauna (Joh® Metarctos (Pilgrim 1931; Viret 1933a; Crusafont and
Day Basin) of eastern Oregon, from southSeastern Idabo &@whanovas 1973), which is a junior synonymSafocyon
from Nevada (Baskin 1998; Tedrow et al. 1999). The &orLydekker 1885; Thenius 1949; see also Wang 19%7).
phology ofS. marshis very similar to that oB. primigenius batalleri has been considered either as valid (e.g., Wang
(e.g., absence of p2...p3), which indicates a close relationst®97; Roussiakis 2002), or synonymized vithprimigenius
according to Wang (1997) and Tedrow et al. (1999). Wge.g., Morlo 1997), or even not mentioned (e.g., Werdelin
agree with Wang (1997) that the North American species i$8996). We here confirm the generic assignment of this Span
at best, a geographic subspecieS gprimigenius ish species.Simocyon batalleriwas described by Viret
The material assigned 8mocyon primigeniy$. marshi  (1929: pl. 8: 1, 2) on the basis of a right maxilla fragment
and S. zdanskyis used as a single sample in subsequentith P4...M1 (MSB 24933; Fig. 7A) found by Dr. Bataller in
analyses. sediments exposed by the excavation of an undergrour@l rail
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Fig. 6. Simocyon batalleriBatallonesS1, Madrid Province, SpainMNCN BATS1SD75752001, right hemimandible with p1...m1 in linguaigal
(A,), and dorsal (4 views.B. MNCN BS3238, right m2 in occlusal view.

way below the city of Sabadell (Villalta and Crusafont 1943)however, demonstrated thRtotursuswas not an ursid and
The stratigraphic provenance of the specimen is not precisgnonymized it withSimocyon We agree thaProtursus

but localities in the Sabadell area are mainly Vallesian in aggmpsonis more closely related t8imocyorthan to bears;
(Fig. 8; Agusti et al. 1983...1988)mocyon batalleris also  the synonymy betwedprotursusandSimocyonhowever, is
known from a left M1 described by Villalta and Crusafontnot well supported. The m2s &. simpsoniand Simocyon
(1948: fig. 1, pl. 1: 1) from «Bdvila SaguésZ, a site whiclSbespp. display an overall similarity regarding the elongation of
longs to a complex of late Vallesian (Mammal Zone MN 10}he tooth and the relative proportion of the talonid an8 tri
localities located between the villages of Tarrasa and Viadgonid. In details, however, the m2 8fmocyondiffer from
cavalls (Crusafont 1952); Sant Miguel de Taudell is a nanfbat of Protursusin being much larger overall, more efsn
also used by later authors (e.g., Fraile et al. 1®ifiocyon gated and in having no paraconid, a smaller and more Poste
sp. therein) in reference to this specimen. The M1 frorfiorly located metaconid, and a talonid less structured: two
*Bévila SaguésZ is morphologically similar to that of thdow crests occupy the buccal rim 8imocyonwhereas two

holotype. crestSlike *hypoconidsZ in addition to one *hypoconulidZ in
the distalmost part are presentRrotursus(using the dental
Simocyon simpsoni (Crusafont and Kurtén, 1976).,  nomenclature of Crusafont and Kurtén 1976). Moreover, the

Crusafont and Kurtén (1976: figs. 16, 17) descri®@@S lingual rim does not have any cusp 8imocyorfrom e.g.,
tursus simpsoron the basis of a left m2 from Can LlobateresBatallonesS1, whereas there are stwo distinct, faintly defined
(Vallesian, Spain). According to these authors, this speciesspsZ irP. simpson{Crusafont and Kurtén 1976: 23). We
was an ursid closely related tdrsavus Thenius (1977), therefore disagree with the assignment of the spesiragS

http://app.pan.pl/acta50/app505219.pdf
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Table 4. Measurements of the upper teetBiofocyorspecies. Abbreviations: ..., measurement notapjg; abs, tooth absent; H, height of the crown
of cuspid, i.e., shortest distance from the tip to the dentineSenamigijuitpaP4, shortest distance from the tip of the paracone to the dentinesie
junction on the buccal face of P4; L, mesiodistaldéh; m, mean; nmes, dimension non measurghlg, tooth partly and/or poorly preserved);
LlingP4, length from the mesial border of the mrodne to the distal border of the metastyle of ®g;tooth not preserved; W, buccolingual width;
WdistM1, greatest distance between the buccal border of the metacohe éingual margin of M1. Sample sizeiislicated betweebrackets follovs
ing the mean. Except for ratios, all measurements are in millimétErem personal data and Roussiakis (2082jom Wang (1997).

S. batallerifrom BatS1 S. primigeniugrom Europé Simocyorfrom Chin& 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...16.0(
WM1 19.25 (2) 18.65...19.85 19.88 (2 19.00...20.75 18.20 (2) 17.004..19.40 18.50 (2) 17,00...20.0
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) 1.138...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

sonito the genusSimocyorand propose to retain the genericMNCN 14663 is more gracile and belongs to a smaller3ndi
nameProtursusproposed by Crusafont and Kurtén (1976)vidual. The generic assignment is confirmed here for these
The talonid elongation and structure of m2Rfsimpsoni fragmentary specimens of Mc IV. This material is not &ag
place this species within the Ailuridae along with other taxaostic at a specific level, though the stratigraphic originSug
previously placed in this family, the genefdlurus, ParaS gests that the specimen from Concud (Mammal Zone MN
ilurus, SimocyonMagerictisGinsburg, Morales, Soria, and 12) belongs tdS. primigeniusand that from CrevillenteS16
Herraez, 1997, andlopecocyonCamp and Vanderhoof, (MN 10) belongs t&. batalleri The mention by Fraile et al.
1940 (=AlopecodonViret, 1933b); for the assignment of (1997) of the presence &imocyorsp. from the Turolian I8
these genera, see Ginsburg et al. (1997) and Baskin (199&)lity of Venta del Moro (MN 13) is not confirmed here by a
According to Baskin (1998), the North American genuseSexamination of the material discovered since the review of
ActiocyonStock, 1947 and at least some speciesrophictis Morales (1984).

Pomel, 1853 are closely related to this clade. Other remains that have been assigne&itaocyonsp.

. , " " . include an individual from Montredon, France (MN 10, late
Simocyon sp.,,5e5|des BatallonesS1, several addltlonal'::bc Miocene; Fig. 8), represented by a fragmentary mandible
currences oSimocyorsp. are recorded from the late N0 \ith p4...m2 on both sides. The description and illustrations
cene of Spain: a proximal fragment of right Mc IV (MNCN provided by Beaumont (1988) indicate a great similarit$ be
14663) from the area of Concud (Montoya and Alberdi 1993iveen this individual and our material. According to BSau
fig. 7.2) and a fragment of right Mc IV (DGUVSCR16S22)nont, if p3 is present, it should be well separated from p4.
from CrevillenteS16 (MN 10; Montoya and Alberdi 1995The space in front of p4 may result from the absence of p3in
fig. 7.1). Both specimens are very similar to the Mc IV ofthis individual, however. There is no evidence that theSpre
Simocyon from BatallonesS1 (MNCN BS3780, MNCNmolar reduction inSimocyonsp. from Montredon reached
B/SS218; see Montoya and Alberdi 1995: fig. 7.3), thoughat occurring in specimens from Pikermi (loss of p2...p3 and
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Table 5. Summary statistics of the lower teeth and mandible for th& stud
ied sample oSimocyorspecimens. 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
dentineSenamel junction; Hpam1, greatest distance from the tip to the
dentineSenamel junction on the mesiobuccal face of m1 paraconid;
Hprdm1, shortest distance from the tip to the dentineSenamel 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 post®rior
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
Lcl 7 | 11.44 | 10.40...12.60 0.77 6.97
Wcl 6 8.64 7.70...9.90 0.73 8.78
L/wcl 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
A Lp4 | 15| 1393 | 11.90..16.40 110  8.03
M, Doy Wp4 | 14| 838 | 7.30..920  0.69 8.4
Fyastt LWp4 | 14| 167 | 150..1.89 012  7.29
Hp4 4 9.36 8.50...10.4¢( 0.93 10.60
H/Lp4 4 0.69 0.64...0.75 0.05 7.02
Lp4/Lm1l | 15| 0.59 0.50...0.67 0.0 7.78
Lmi 17| 23.36 | 21.00...26.40 1.27 5.58
wm1l 17| 10.02 8.75...11.10 0.65 6.56
Ltrdm1 6 | 17.94 | 16.70...20.00 1.30 7.58
Fig. 7.A. Simocyon batalleriMSB 24933, Sabadell, Barcelona province, Hprdm1 ° 12.43 12.05...13.30 0.45 3.80
Spain, right maxilla with P4...M2 in occlusal vieBi. Simocyon pring Hpadml | 3 9.60 9.30...9.8( 0.26 2.99
genius MNHNSPIK 3017, Pikermi, Greece, fragmentary left mandible Hprd/Lm1 | 5 0.52 0.50...0.54 0.02 3.08
with p4...m1 in lingual (B lateral (B), and dorsal (B views. HpadiLml| 3 0.41 0.40...0.47 0.01 2 36
Ltrd/Lm1 6 0.76 0.73...0.78 0.02 2.36
presence of diastema between pl and p4). Some specimengyym1 | 17| 2.34 219..2.70 0.14 597
from the German _Iocali_ty of DornSDUrkheim_Sl (Mammal Lm2 14| 1618 | 14.00..17.40 0.92 5 78
Zone MN 11, Turol!ang Fig. 8) have been described by I\/lorl_u Wm2 14 8ol 7 60..12.00 104 1188
(1997). The material is very fragmentary and does nds di
play marked differences with the material from BatallonesS1. L/Wm2 | 14| 1.83 1.33...2.09 0.19 10.31
The main differences regard p4, which is less elongate thanttdm2 | 3 | 8.42 7.95...9.20 0.68 8.78
in our material and has a surprisingly strong mesial accessorytrd/Ltm2 | 3 | 0.50 0.49...0.53 0.02 4.6(
cusp, much larger than the tiny cusp observed in Pikermi pr L/Wm2 | 14 | 1.83 1.33...2.09 0.19 10.31
Chinese specimens. The lingual fragment of M1 illustratedLm2/Lm1 | 14| 0.69 0.64...0.75 0.04 6.25
by Morlo (1997: pl. 1: 2) presents no marked differences inym2/wm1| 14| 0.89 0.80...1.09 0.07 7.7D
comparison with our materials. Recently, a sngthocyon Tp3 41 11671 1035.1295 1.06 9.69
sp. has also been described from the late middle Miocene|of 1., 5 | 1346 | 12.60..14.00 0.61 478
qUnggar qum, China (Wang et al. 1998), hence docusnent Diac. p4| 5 1753 145021015 252 1511
ing the earliest appearance of the genus.
Dp3...p4 5 23.33  20.00...26/00 2.38 10.73
Morphological variation within Simocyon.,A central issue Dp4..ml| 6 26.83]  22.00...29/50 3.27 12,70
concerning the systematics of the geirmocyoris whether Dml..m2| 6 27.98  23.00...31/50 3.11 11.56
S. diaphorusS. batallerj andS. hungaricusare distinct frorp Ddistm?2 5 30.96 29.20...32.60 1.20 4.08
each other and from the type specegrimigeniusWe inve$ Lt md 2> | 12957 | 119.00..140/15 14.96 12.08

tigated morphological variation withi§imocyoron the basis

http://app.pan.pl/acta50/app505219.pdf
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ple of Simocyon primigeniugé\bbreviations: ..., measurement not &pli

cable; CV, coefficient of variation; D, depth of mandibular ramus; Dia, @ %
length of diastema; H, height of the crown of cuspid, i.e., shorteSt dis ¢ S N Spai R
. L ; . - .| tof E
tance from the tip to the dentineSenamel junction; Hpam1, greatsst |§’ = § pain est of =urope
tance from the tip to the dentineSenamel junction on the mesiobuccé® | = | 3 |Mya
face of m1 paraconid; Hprdm1, shortest distance from the tip to the — 5
dentineSenamel junction on the buccal face of m1 protoconid; L, Segio M3
distal length; Lt md, total length of the mandible, from anterior tip of the Venta del Moro
ramus to the posteriormost margin of the condyle; Ltrd, maximum 13 M2
length of the trigonid; N, sample size; m, mean; SD, one standard$levja — 6
tion; Tp3, maximum thickness of the mandible below the main cusp )fz
p3 (measured below the m1 protoconid for Tm1); W, buccolingual < M1
width. 6’ .
7 Cerro de la Garita
B C d
N m range SD cv = oncu Pikermi
Lcl 5 11.62 10.40...12.60  0.87 7.84
Wcl 4 8.96 8.50...9.90 0.64 7.61
L/Wci 4 1.29 1.21...1.36 0.06 5.08 K 8
Lp3 1 6.90 1 Dorn-Durkhein-1
Wp3 1 3.70 Csakvar
L/wp3 1 1.86 J3 9 Batallones-1
Lp3/Lp4 1 0.52 > | 10[J2 Crevillente-16 Montredon
Lp4 11| 14.25 13.20...16.40  0.91 6.55 % I “Bovila Sagués”
Wp4 10 8.71 7.90...9.20 0.49 580 |W
L/Wp4 10 1.64 1.50...1.80 0.12 7.21 ?;:' I —10
Hp4 2 10.15 9.90...10.4( 0.35 3.92 9 Eppelsheim
HiLp4 2 0.72 0.70...0.75 0.04 5.62 H
Lp4/Lm1 | 11 0.62 0.57...0.67 0.03 4.39
Lmi 13 23.05 21.00...25.00 1.07 4.72 Fig. 8. Stratigraphic distribution of the European localities discussed in the
text. Stratigraphic data are from Bruijn et al. (1992) except that for BatalS
Wm1 13 10.02 8.75...11.1¢ 0.61 6.18 lonesS1 (Morales et al. 1992, 2000, 2004), CrevillenteS16 (Montoya and
Ltrdm1 3 17.33 16.80...17.90 0.56 344 Alberdi 1995) and Bévila SaguésZ (see Crusafont 1952) which is in the

Hprdm1 3 12.18 12.05...12.30 0.13 1.12 area of Tarrasa (or Terrassa).

Hpadm1 2 9.50 9.30...9.70 0.28 3.35

Hprd/Lml | 3 0.53 0.53...0.54 0.00 0.98 of dental measurements and proportions between the species

Hpad/Lml| 2 0.41 0.41...0.42 0.01 2.31 of the genus. For comparison, we used statistics for lower

Ltrd/Lml | 3 0.76 0.75...0.77 0.01 2.02 tooth row measurements and ratios for the entire studie®sam
LUwmil | 13| 230 2.19..262] 011 497 ple of Simocyorspp. (Table 5) an&. primigeniugTable 6).

Lm2 11| 1617 | 14.00..17.40 1.02 6.47 The coefficient of variation (CV) of each measurement has
wm2 11 9.02 8.10...12.0( 108 1240 been calculated, as corrected by Scherrer (1984) for th& sam
Lwm2 | 11| 181 | 1.33..202 019 1081 PlestN = (1+1/(4xN))x(100xSD/m), with N = sample size;
SD = standard deviation; m = mean. In the entire sample of
Ltrdm2 2 8.65 8.10...9.20 078 1012 _. -

Crdimz | 2 1 4 ] Simocyorspp., most of the CVs are similar to those found for
trd/Lm 0.5 0.49...0.53 0.03 638 Jental measurements of extant species, ®glpes vulpes
Lwmz | 11| 181 133..2.02) 019 1081 (see Szuma 2000) andartesspp. (Wolsan et al. 1985). CVs

Lm2/Lml | 11 0.70 0.64...0.75 004  6.09 ofthe lower tooth measurements range from 2.99 to 21.46; the

Wm2/Wml| 11 0.90 0.84...1.09 0.07 7.96 leastvariable tooth is m1 and the most variable one is p3SThir
Tp3 1 12.95 teen variables show a CV approaching or greater than 10 but
Tmi 2 14.00 14.00...14.00 . ... forsix of these (especially those regarding m2), this is only or

DiacSp4 4 17.84 14.50...21.15 2.80 16,69 mainly due to the great individual variation observe&imd
Dp33p4 2 25.38| 24.75..26.00 0.88 3,92 cyon primigeniug(see Table 6). The seven other variables
Dpadm1 3 2943 29.30..2950 012 0.43 Showing a high CV may provide a basis for distinguishing
Dmism2 | 3 3010 29.00. 3150  1.28 450 More than one species in the entire samplgiofocyorspech _

. mens (see also Gingerich 1974 for the use of CVs to dstin

Ddistm2 3 31.53 31.00...32.60 0.92 3.1 . . . L=

guish closely related sympatric species). These variab&s re
Lt md 2 | 129.57 | 119.00...140{15 14.96  12.98

gard especially p3 and the depth of the mandibular corpus. A
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A1 N TR S N TR B T R R O N A B B Table 7. Summary statistics of thper teeth for the studied sample
N — Simocyon primigenius of Simocyorspecimens. Abbreviations: CV, coefficient of variation;
015} X - ® - S. patalleri 4 distM1, greatest distance between the buccal border of the metacone
i _: g Zf’”ia”'c“sé"*ldowpe) and the lingual margin of M1; H, height of the crown of cuspid, i.e.
ook i - diaphorus (holotype) | shortestdistance from the_tiptothedentineéenameljunction;_L,_ﬁwesio
. : distal length; N, sample size; m,ean; SD, one standard deviation;
Jmy W, buccolingual width.
0.05 o R A 1
F ol . ‘.1 . A A N m range SD %Y
0 Y o= "‘,- LC1 5 | 11.74| 10.70..14.00 1.31 1172
. : LY .y = wC1 5 | 878 770..1005 087 10.88
oosk W ® % R LA L/wC1 5 | 134] 125..139 006 506
woiow LP4 8 | 2008 19.10...21.60 0.83  4.28
010} “ 1 WP4 8 12.06| 10.80...13.10 0.90 7.68
A LIWP4 8 | 167| 151.179 009 533
-0.15 e mmvvv \'—\;‘I—;‘;&&«S\I—&"—m‘l& LP4/WM1 7 1.05 0.99...1.16 0.06 5.50
5252 5558352555 5655°F25EE LMm1 7 | 1584 | 14.90..16.85 062  4.05
JFe 885 2 WM1 7 | 19.24| 17.00..20.75 120  6.48
WdistM1 4 16.93| 15.50...18.50 1.24 7.81
Fig. 9. Ratio diagram showing the speciesSiocyonThe standard is a L/WM1 7 0.83 0.77...0.91 0.04 6.25
2sz?gn(;fdtrtlg?gggizsggéeséf;w;&yh?n primigeniysncluding the material \I/-V'\:AZZ 2 lj‘?l'i 17352%91;)%0 %5649 658]-33
L/WM2 5 0.59 0.57...0.61 0.02 3.45

log ratio diagram incorporating the measurements of the lower
teeth and mandible also support distinct values for these variS B
ables at a specific level (Fig. 9). Statistics for the upper toottble 8- Summary statistics of the upper teeth for the sameno6S
row are presented in Table 7 (entire sampl&iofiocyopand =~ “Y°" primigeniusSee Table 7 for abbreviations.

Table 8 6. primigenius CVs of the upper tgeth measu.re?” N m range ) cv
ments range from 4.05to 11.72; the Iegst varlable tooth is P4 LC1 3 | 1190 | 1070 .14.00 187 1661
and the most variable one is C1. The dimensions of the upper 1

canine show a great variation in the entire sample (Table 7) but wel 3 8.85 7.70...10.08 1.18 14.39
this is because of the marked intraspecific variation of thijs L/'WC1 | 3 134 | 1.25..1.39 0.08 6.58
tooth inS. primigeniugTable 8). There is hence no basis in  LP4 5| 2006 | 19.10..21.60  1.02 5.32
measurements or proportions of upper teeth for distinguishing Wpr4 5 12.00 | 10.80...13.10 1.10 9.64
more than one species in the studied sampl&iofocyon L/WP4 5 1.68 1.51...1.79 0.11 6.62
specimens. LP4/WML | 4 1.07 0.99...1.16 0.07 7.15
Comparisons.,We describe in this paper the new materialof | LM1 4 | 1553 | 14.90..16.20  0.53 3.64
Simocyorfrom the locality BatallonesS1 from Spain, which  wMm1 4 19.04 17.00...20.75 1.55 8.66
we assign t@&imocyon batallerfViret, 1929). The new ma& | wdistM1 | 1 18.50 | 18.50...18.50 i
rial from BatallonesS1 diffe insignificantly from the hol8 | | w1 | 4 082 | 077..091 0.07 8.48
type of S. _batallerifrom Sabadell, Barcelona province (Fig, | 2 3 8.63 8.40..9.00 032 4.08
7A) in having a more transversely elong_ateq M2. O_ther diffe WM2 3 | 1453 | 14.00..15.00 054 375
ences concern the structure of P4, which in specimens from

BatallonesS1 shows a slightly less developed parastyle and YWM2 | 3 0.59 0.58...0.61 0.02 3.04

more distally expanded protocone cingulum. We regard these

differences as ranging within the individual variation, and wef the mandible is not diagnostic and may be related to the

see no reason to erect a new specieSimfocyorfor the new individual age. This character is strongly variable among

material described herein. BatallonesS1 specimens, with the old individual from Eatal
As the material from BatallonesS1 is more rich and bettemesS1 having a markedly deeper mandible than the young

preserved than that previously known $f batallerifrom one (Table 1).

Sabadell, we base the comparisonSobatalleriwith other The dentition ofSimocyon batallerirom BatallonesS1 is
species ofSimocyonmostly on the material from Batal very similar to that of5. primigeniusThe lack of P2...P3 and
lonesS1. p2...p3, which is relatively constantSnprimigeniusrom

Simocyon batallerdiffers fromS. diaphorusn havinga Pikermi, is not diagnostic. Thus, the premolar number isSvari
deeper mandible and a more reduced p3 (Fig. 9). The degthle inS. batallerifrom BatallonesS1 (MNCN BS3458 lacks

http://app.pan.pl/acta50/app505219.pdf
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Fig. 10.A. Simocyon batallefiMNCN BATS1SD75752001, BatallonesS1, Madrid Province, Spain, right hemimandible with p1...m1 in lateral view
B. Simocyon primigeniy$MNHNSPIK 3020, Pikermi, Greece, right hemimandible with ¢, p4, m1 and m2 in lateral view.

the left P1 and the right P3 while MNCN BS3620 lacks botagnostic at a specific level. The status®fhungaricugeS
P3) and, especially, i. primigeniugrom China. We did not mains unresolved.
find a clear difference in the dental morphology or prdpor  Summing up, we recognize three valid specieSiofidS
tions of S. batallerifrom BatallonesS1 arfdl. primigenius cyon the most primitive of which isS. diaphorus known
except a more reduced p3 in our material compared to thatfiom early Vallesian of Germany, the most deriv@&dprimiS
S. primigenius In contrast, the mandible displays distinctgeniusfrom the Turolian of Europe and Chin§; batalleri
morphological changes. A fundamental difference betweetescribed herein in detail on the basis of the new Vallesian
S. batalleriandS. primigeniusoncerns the morphology of material from Spain (locality BatallonesS1) is in som® re
the posterior part of the mandible. The specimensSof spects morphologically intermediate betwe®ndiaphorus
batalleri differ from S. primigeniusn having a coronoid pr® andS. primigenius
cess distinctly more posteriorly oriented, a lesser aftero
posterior development of the top of the process, a shorter
postmolar space and a longer angular process (Fig. 10). Syghyynctional and adaptative aspeCtS
differences have biomechanical implications that we discuss )
in the next section dealing with the functional and adaptiv®f the mastlcatory apparatus
aspects of the masticatory apparatus.

Compared to the lectotype &. hungaricusthe spes The trend in the dentition d8imocyorindicates an emphasis
mens ofS. batallerifrom BatallonesS1 do not show morfhoon the crushing function of the posterior premolars, at ti& ex
logical differences. The lack of p2 B. hungaricuss notdiS  pense of the anterior premolars and of the grinding posterior
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Fig. 11. Skull A) and life appearanc®) of Simocyon batallerfartwork by M. Anton).

http://app.pan.pl/acta50/app50S219.pdf
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molars, while the cranioSmandibular features allow the $agtiat bone cracking isimocyorwas not so important as in
catory muscles to provide the necessary power for a strobgrophagines. A less extreme development of crushing pre
crushing bite at the level of P4/p4. Along with these trendsnolars and smaller body size 8imocyoralso argue against
Simocyoralso displays an emphasis on the shearing action aborophagineSlike, boneScrushing niche. One possibf inter
the carnassials, indicating a more carnivorous diet than thatttation is that the adaptations for crushingSimocyon

any other ailurid or procyonid. These two trends involveScravere related to a full utilization of prey items, possibly
nial, mandibular, and dental features. Thus, the shorteningohallSsized mammals, which were eaten complete with
the rostrum is greater in more advanced species su& adones and all. Atany rate, it has been suggested that the niche
primigeniusin relation to the loss of some premolars.SAl overlap betweeSimocyorand the borophagines was imgor
though the number of premolars may vary in the differenSspgant enough to seriously limit the expansion of the former in
cies, it remains clear that earlier speci€ (liaphorusS. the Miocene of North America, where the latter were egolv
batalleri) did not have reduced premolars (in particular p3)ng a successful radiation, especially Berophagudineage

that are as they are B. primigeniusAnother feature accogh (Tedrow et al. 1999). A similar niche overlap may result in
panying theses trends is the displacement of the mandibullae absence of large hyaenids in BatallonesS1, although these
condyle above the level of the occlusal plane of the dentitiowere well diversified in other late Miocene localities. The
which is particularly clear fron$. batallerito S. primigenius ~ BatallonesS1 assemblage includes another carnivoran with
We also note ir8. primigeniugrom Pikermi the reduction of boneScrushing abilitie®ymphicyon very similar in some

the angular process and a deeper masseteric fossa rel&ive tiental traits t&Simocyonsuch as the reduction of the anterior
batalleri, in which the angular process is relatively long (Figpremolars. Nevertheles&mphicyoralso reduced the p4, ¥

10). The insertion areas for the pterygoid muscles are vegysing the crushing function on the posterior molars. Thus,
well preserved in the Spanish individuals, and that for théese two models of crushing carnivorans probably reflect
pterygoideus lateralis much more expanded than that for tdéferent diets, which, besides the body size, much larger in
pterygoideus medialis. Whether these differences are onlyAmphicyonthan in Simocyonwould have given place to a
specific value or related to masticatory biomechanics has to Bemplete ecological separation between them.

confirmed. The relative verticalization of the coronoid process

is a distinct feature differentiatirg. primigeniugompared to

S. batallerj in which the process remains posteriorly orientegdd kN ow|edgement5

(Fig. 10). The meaning of this difference is not clear, but the

presence of a more vertical ramus implies some modificatiop thank all people who participated in the excavations at Batal$
in the muscles masseter and temporalis, which insert in thisiesS1, and the Comunidad Auténoma de Madrid (Direccién General
part of the mandible; inS. primigeniusthe fibres of the de Patrimonio Histérico) for the continuous funding support and the reS
temporalis muscle would be disposed more vertically than fgarch permiss.ions. Particular than!<s are due to Dr. .Sebastién Calzada
S. batalleri suggesting a more powerful and efficient crushing 3 T Hra, & 0ol o tooe P2 el the oy cas
bite. TogetherWIth the red_uctlon andlor |0_S_S of premo_lars, Ol the holotype ofSimocyon diaphorygo Prof. Louis de Bonis (US
possible trend to be confirmed W'_th add't'on"_’ll SPECIMENS {3ysity of Poitiers) for access to a cast of the lectotyp®.dfungaricus

the enlargement of the p4 (especially the height of the maigprof. Pascal Tassy and Dr. Claire Sagne (MNHN) for access tdmate
cusp) inS. primigeniugompared to other species. The p4 thusals from Pikermi, to Dr. Jordi Agusti (Institut Miguel Crusafont,
becomes the main boneScracking tooth as in specialized b&abadell) for providing information about the material from the
phagine canids (e.g.Borophagus see Werdelin 1989). VallesSPened area, and to Prof. Alan Turner (Liverpool John Moores

; : ; ; -_WUniversity) for reviewing the English of the manuscript. We are @ate
E;nsailln)]/(,)g;/%:]/aultlng of the skullis a common trend in SpeCIegul to the reviewers of this work, Prof. Jon A. Baskin and Prof. Mie&ys

. B >aw Wolsan, for their constructive comments that greatly improved the
The development of the above listed featureSimocyon  manuscript. Part of this study was financially supported by the project

reveals a marked convergence with the later members of tieYTSDGI BTE2002500410 (Direccion General de Investigacion$S

canid subfamily Borophaginae, especiadligrophagus(seS MCYT), EX200350243 (Secretaria de Estado de Educaciény Uidversi

nior subjective synonym dDsteoborussee Werdelin 1989; dades and European Social Funding), Grant 6964S01 (National Geo

see also Wang et al. 1999). These derived borophagines Wgrr%phlc Society), and by the Fondation SingerSPolignac, Paris to the

hunters and scavengers with a considerable ability for bore " author.

crushing, as evidenced not only by their cranioSdentamor

phology, but also by the heavy apical wear in their dentitiorR

The resemblance betwe&imocyon(as reconstructed here eferenCGS

in Fig. 11) and these canids undoubtedly indicates som® sim 3

i|arity of feeding and/or diet. However, in Contrasts")’n(s Agusti, J., Cabrera, L., and Ma$Sadl, S. 1983...1984. Sinopsis estratigrafica

cyon the crushing function of the dentition Borophaguss gsl Nsefgeno de la fosa del VallésSPendeiglsontologia i Evolucid8:

more developed, as supported by h_eavy apical wear of P4/Qf&alé, L. 1994 Macromamiferos nedgenos de la fosa de AlfambraSTeruel
and extended to an m1 that also displays a heavy wear andss4 pp. Instituto de Estudios Turolenses, Museo Nacional de Ciencias

therefore loses its cutting edge (Werdelin 1989). It appears NaturalesSCSIC, Teruel.
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