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a  b  s  t  r  a  c  t

The  present  work  provides  for the  first time  a  detailed  description  of teeth  attributable
to metatherians  in  the  Miocene  fossil  record  of  Spain,  and  justifies  their  generic  and  spe-
cific ascription.  The  fossil  elements  found  correspond  to Amphiperatherium  frequens,  the
last herpetotheriid  that inhabited  Europe.  This  is so  far the  southernmost  occurrence  of
this species,  thus  showing  that its geographic  range  extended  further  southward  than
previously  thought.

© 2012  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All rights  reserved.
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Ce  travail  donne  la  première  description  détaillée  d’un  métathérien  trouvé  dans  des  sédi-

riidae

Alcora

ments miocènes  de l’Espagne  et déterminé  au  niveau  de  l’espèce.  Les  fossiles  trouvés
appartiennent  à  l’espèce  Amphiperatherium  frequens,  le  dernier  herpétothériidé  ayant  peu-
plé l’Europe.  Il  s’agit  de  la  découverte  la plus  méridionale  pour  les  métathériens,  étendant
ainsi considérablement  leur  aire  géographique,  une  avancée  nouvelle  dans  l’étude  des
faunes du  Miocène  européen.
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ssil material described in the present work comes
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n in eastern Spain (Agustí et al., 1988; Anadón,
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l remains. The five beds recording the presence of
eriids have provided a total of almost 200 fossil

 teeth. The small mammal  assemblages in these
 are detailed in Table 2.
sociation of Megacricetodon primitivus and Lige-

ther florancei or ellipticus) in the four localities
 frequens is present is indicative of their Lower
age (Lower Aragonian, zones B and/or C) (Daams
denthal, 1988). The only site not recording
todon and Ligerimys is Mas  de Torner 1. Never-

ts stratigraphic position with respect to the other
lities is unequivocally indicative of a similar age
chez et al., 2010).

atic paleontology and description

lass: METATHERIA Huxley, 1880
: HERPETOTHERIIDAE Trouessart, 1879
: Amphiperatherium Filhol, 1879

iperatherium frequens (von Meyer, 1846) (Fig. 2)

MAB5-400; Fig. 2A, E: L = 1.34; W = 1.65; MAB5-
 2B, F: L = 1.41; W = 1.78; MTR1-4; Fig. 2C, G:
W = 1.68; BC1-30; Fig. 2D, H: L = 1.42; W = 1.74).
cone is the highest cusp. The paracone is only
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ridge originates from the top of the paracone.
ocone is much lower than the metacone. The
le is discernible as a two-branch divergence of
rotocrista in MAB5-400 and BC1-30, but it is
ed in MAB5-447 and MTR1-4. The centrocrista
ilambdodont (more straight) than in definitive
olars. The anterolabial corner is much protru-
clusal view. In MAB5-400, the ectoflexus is rather
nd it displays stylar cusps A, B and C as small
s placed at the labial edge. However, these stylar

 absent in MTR1-4, MAB5-447 and BC1-30 (only
ter specimen there is a weak cusp A). In all the
d, cusp D is always discernible and it is clearly the

e of the stylar shelf. The metaconule is difficult to
n MAB5-400, the metaconule is represented by
elling of the postprotocrista. The roots are not

 in any specimen.
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Table 1
Biostratigraphic chart with the localities with fossil remains of Amphiperatherium. In MN1 to MN4  from France and Germany, the order established by
Ziegler  (1999) prevails when no other indication of relative position exists.
Tableau 1
Cadre  biostratigraphique, avec les localités qui ont fourni des restes fossiles d’Amphiperatherium.  De MN1  à MN4  en France et en Allemagne, l’ordre établi
par  Ziegler (1999) est suivi quand aucune autre indication sur la position relative n’existe.

France Switzerland Germany Austria Czechia Spain

Datation Aguilar et al. (1999,
2003)

Kälin (1997) Heissig (1997) Daxner-Höck et al.
(1998)

Fejfar (1990) Ruiz-Sánchez et al.
(2010)
This  paper

Heissig (1989) Kälin and Kempf
(2009)

Ziegler (2006) Harzhauser et al.
(2002)

Kempf  et al. (1997) Abdul Aziz et al.
(2010)

Mein (1989)

MN7+8 Ergetenb

Greuterschbergb

MN6 Collet-Redona Schwamendingen Gallenbach 2b
Zeglingen Gisseltshausen
Rümikon  Unterzolling
Sagentobel  Laimering 3
Uzwil-
Nutzenbuech
Chatzloch

MN5 Vermes 1 Altenstadtc Teiritzberg
Hambach  6C Obergänsendorf
Eitensheim
Oggenhausen
Oggenhof
Affalterbach
Massendorf
Sandelzhausen
Puttenhausen
Niederaichbach
Münchsmünster
Langenmoosen

MN4 Vieux-Collonges  Eiboden Forsthart Oberdorf 3+4 Dolnice Mas d’Antolino 5
Port-La-Nouvelle Hubertingen Rembach Mas d’Antolino 4
La  Romieu Glovelier Rauscheröd 1b Mas d’Antolino 0B

Erkertshofen 1 Barranc de
Campisano 1

Erkertshofen 2 Mas de Torner 1
Petersbuch 2

MN3  Beaulieu Goldinger Tobel 8 Schnaitheim Maigen
Estrepouy  Bierkeller
St.Vincent-de-
Lamontjoie

Wintershof-West

Serre  de Verge Stubersheim 3

MN2 Balizac Schaffhausen Ulm-Uniklinik
Bouzigues La Mèbre 698 Haslach
La Brète La Chaux 7 Eggingen
Laugnac Budenheim
Montaigu Frankfurt-

Nordbassin
MN1  Saulcet Ulm-Westtangente

Plaissan Hochstadt
St. Gérand-Ie-Puy Ravolzhausen
Pyrimont-Challonges Lautern 2
Les Cévennes Weisenau
La Paillade Weissenburg 6
Paulhiac
Relais  des Cathares
N.F.M.-Montpellier

a The age of this locality is still under discussion ranging from MN5  to MN7 (Aguilar and Clauzon, 1979; Heissig, 1989).
b These localities are considered MN8  sensu Kälin and Kempf (2009).
c Amphiperatherium was not found in new samplings from Altenstadt (Prieto et al., 2009). Data from Aguilar and Clauzon, 1979; Aguilar et al., 2003;

Böttcher  et al., 2009; Daxner-Höck et al., 1998; Engesser and Mödden, 1997; Engesser et al., 1993; Fejfar, 1990; Kälin, 1997; Kälin and Kempf, 2009; Mein,
1989;  Prieto, 2011a, b; Ziegler, 1999, 2000.
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Fig. 1. Map  showing the countries with previously known Miocene occurrences of Amphiperatherium (grey-shaded). The new localities from Ribesalbes-
Alcora  Basin in Spain are indicated with an arrow.
Fig.  1. Carte montrant les pays où la présence d’Amphiperatherium au Miocène était déjà connue (en gris). Les nouvelles localités du bassin Ribesalbes-Alcora
en  Espagne sont indiquées par une flèche.

Table 2
Small  mammal  assemblage in the five localities from the Ribesalbes-Alcora Basin with fossil teeth of Amphiperatherium.
Tableau 2
Assemblage de micromammifères des cinq localités du bassin de Ribesalbes-Alcora, avec des dents fossiles d’Amphiperatherium.

MAB0B MAB4 MAB5 MTR1 BC1

Lithology Marls Marls Marls Marls Marls

n  mammal  teeth 8 6 150 10 22

Amphiperatherium frequens x x x x x

Plesiodimylus sp. x x

Erinaceidae indet. x

Talpidae  indet. x

Insectivora indet. x x x

Sciuridae indet. x x

Democricetodon/Fahlbuschia sp. x x x

Megacricetodon cf. primitivus x x x x

Glirudinus cf. modestus x

Microdyromys sp. x

Simplomys cf. julii x x

Pseudodryomys cf. ibericus x

Myomiminae indet. x

Gliridae indet. x x x

Ligerimys aff. florancei x  x

Ligerimys ellipticus x x
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Fig. 2. Amphiperatherium frequens from MAB0B, MAB4, MAB5, MTR1 and BC1, Ribesalbes-Alcora basin, Spain. A. MAB5-400, left dP3 (labial view). B. MAB5-
447,  left dP3 (labial view); C, MTR1-4, left dP3 (labial view). D. BC1-30, left dP3 (labial view). E. MAB5-400, left dP3 (occlusal view). F. MAB5-447, left dP3
(occlusal  view). G. MTR1-4, left dP3 (occlusal view). H. BC1-30, left dP3 (occlusal view). I. MAB5-394, right M1  (labial view). J. MAB5-395, right M3 (labial
view).  K. MAB0B-6, left M4  (labial view). L. MAB5-394, right M1  (occlusal view). M. MAB5-395, right M3  (occlusal view). N. MAB0B-6, left M4 (occlusal
view).  O. MAB4-5, undetermined upper molar or premolar (occlusal view). Scale bar equals 1 mm.
Fig. 2. Amphiperatherium frequens de MAB0B, MAB4, MAB5, MTR1 et BC1, bassin de Ribesalbes-Alcora, Espagne. A. MAB5-400, dP3 gauche (vue labiale). B.
MAB5-447, dP3 gauche (vue labiale). C. MTR1-4, dP3 gauche (vue labiale). D. BC1-30, dP3 gauche (vue labiale). E. MAB5-400, dP3 gauche (vue occlusale). F.
MAB5-447, -30, dP
J.  MAB5-39 94, M1  d
N.  MAB0B-6 re indét
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sin; Daams, 1976, 1977). Nonetheless, a lesser

f humidity in this region with respect to Central
uld have resulted in less abundant populations of
atherium than in Germany, Switzerland or France.
er  point to consider is the age of the sites, which

 with the Middle Miocene Climatic Optimum
a,  Zachos et al., 2001). Not by chance, the extinc-
phiperatherium in central Europe also coincides

 end of this climatic event. The warm temper-
uld have played an important role permitting
ern expansion of environments and populations

 limited to Central Europe. The Ramblian and
ition to the Early Aragonian are characterized by
orested areas in some parts of Spain (DeMiguel
10). This picture suggests that the Ribesalbes-
pulations were close to the southern boundary

uitable range, and more fragile to any climatic or
ental change. In last term, a northern retraction
undary combined with the fragmentation of the

the
of  

sul
pe
fig
of  

the
ern
rec

Ac

ble
by
de
Eco
ral
fro
Ge
me
an
qu

Re

Abd

Agu

Agu

Agu

Agu

Agu

Agu

Agu

Ana

Bad

Böt
ns could have resulted in the regional extinction
peratherium in the Iberian Peninsula.

 case, this is the first time that the presence of
totheriid A. frequens is adequately documented in

from th
hausen

Casanovas-
forcing
geogr. P
71–377

ene of Spain. Former references to the presence
totheriids in the Neogene of the Iberian Penin-
e limited to identifications at the family level or
communications to authors, giving no details nor
he material found. Consequently, this occurrence
ens in the Early Aragonian (late Early Miocene) of
albes-Alcora Basin represents the hitherto south-
presence of this species in Europe, and the last

 a metatherian mammal in the Iberian Peninsula.

edgements

ank E. Navarro and A. Ibáñez (SCSIE, UV) for capa-
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